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Executive Summary 

111fro(/11ctio11 

-The o r lg ln i  o f  Rcl/iid [ : I I~~II~~III I I~~II~~~~ . ~ . \ . Y ~ ~ , \ Y I ~ I ~ , I I ~  (K1.A) I I ~  111 N/\'l'O's po\ t -Told \Var h ~ f t  i n  n11lita1-) focu5 
lo \ \ard\  regional el-isis response ollcratlon\. N A T O  M;rl-~tilne Force5 are no\\  I lkc ly  to he l l lc lead clclllcnts for  
ally N:\TO ~ l ~ \ , o l v c r n c ~ ~ ~  In  crlsls due to thclr ~ l l l l c~ -e l l t  IIIOI~III~>. Tllc L I I ~ C ~ S ~ ~ I I I I I ~  111 the p ~ e ~ e l l t  bts;~teg~c CIIIII;IIC 
Il lcani tll;~t lllcsc i i )~-ccs ln.14 have 111tlc adv;ll~cc notlcc ol'tl le locatloll. rllnc or 11atu1-c 01' ~ l l c  operatloll. 

( ' o n d u c l ~ l ~ g  c l -~s ls  response opcl-at~onh. pohs~b ly  beyond the l lor lnal N1\'1'0 ;u-c:rs ol' r c s p o n s ~ h ~ l ~ t y .  Iias 
t i ~ n d u m c ~ ~ l a l l y  changctl the natul-c o r h l l l ~ t a r y  Oceanogral>h~c (TLIII-OC) sul>l>ort ~ - c q ~ ~ i l - c ~ n c ~ ~ t s .  Fuluvc sLq>porr 
111ust 131-ov~dc deta~lc t i  :rnd accur;itc r n t i ) r ~ l l a l ~ o ~ l .  i l l  rlc:lr real-t~lnc. l o  O l > c l ~ c ~ t ~ o ~ l n l  C ' ~ ) ~ ~ l ~ l i a n d c r \  I>l-clxlrlng to 
deploy III:II-I~III~C ftrl-ee\. (111 s1ii11-I I I O I ~ C ~ .  11110 111g111y v;~l.~:rhle const;rl \vatel-\ ~ l l a t  arc 1101 ivcl l  k11o\v11 and I l lay 
pchc a signll ' ical~t Ihl-c;rl. 

111 1005 tI1c Supl-cnlc / l I I ~ c i i  C 'o~l l l~~andcr .  ; \ l lal i t~c (S t \C I_AUTI  1dc11lilii.d III':\ a \  a Ire\\ I, '~ider\\~;r~cr \ \ 'a~- f :~~e 
o ~ > c ~ - i ~ t l o ~ l ~ ~ l  ~C~LIII-CIIICIII. T i l l \  \I;II~II~CII~ ~ c i c l ~ t ~ l i c d  1112 ( 'oi l l lna~lt icr ' \  rccllllrclncllt tirr a c , lp ;~h~I~ry to ;lccu~-atcl!t 
dclcmlinc Ikcy t'eatul-cs of the 111arit11ne 11lto1-al en\ iro11111~11t 121-101- I,) N A T O  lirrccs c l ~ l c l - ~ l l g  coai t ;~ l  opcrat i~ lg  
21-ens. Rcslxr l l t i~np to Ill is ~ rcq~~ l rc l l l cn t .  SAC'l_i\N'l' Ll ldcr\ea Rcrca1cl1 Ccntl-c tlcsiplinlccl I l l :A as ollc o l ' ~ r \  l i \ ,c 

-, 1 - '11 c 1 r l l l -u\t  .Areas. 

III that hamc year Ihc. NATO ( i r o ~ ~ p  on  h l ~ l ~ t a r y  Occa~lography (U,4TO blILOC Grouli)  ngrccd to focus on 
1cil111g i111tl c \ i ~ l ~ l a t ~ ~ ~ g  III:A du l - i~ lg  11s ncut tlircc MILO(:' Surveys. l9Oh-98. T I~csc  sul-\cy\. R a p ~ t l  liesponsc CIO. 
'17 and CIS. \vc~.c orga~l izcd bq tlic [\llI.OC' C i r o ~ ~ p  a.; ;I col lahorat~vc effort 111\*olving VATO marlt l l l lc llarlolis. 
c o ~ l l l i i a n d  and SAC'I.,-\hTC'tS. T l ~ c  p ~ ~ r p o \ c  o f t h e  \111-\cys \\,as ro test cmcrglng RF.4 \\'\[ern\ ancl ~>l-occdurc\ 
In an opcr;~f~onal .;cll~lig hy  c n ~ l l l o y ~ n g  the ~i i . \c cnpnh l l~ l~cs  to supl>or-t hAT;TC) lilt-ces elrrrlng m i l ~ l a r y  cxcl-cisc\. 

.-A\ part ol':i coopcratlvc 1nvcst1gatlo11 into al-ens o f  c n l ~ ~ l n o ~ l  intcrc\t. the Supl-clnc AII lct l  ('olnm;lntlc~.. Atlantic 
(S,AC'L.ANTI ;III~ C)ltl I)OI~IIIIOII I l ~ l ~ v e ~ - s ~ l y ' \  Ccntc~-  lirr C'oa.;l;ll I ' l iyh~cal Occanogr,il l l~y c l c t c r ~ ~ ~ ~ ~ l c ~ i  that a n  
cclu~\~alcnt i l~tcrest In I{F.tZ exist\ 111 tllc c l \  1l1;11i oeet1110gr;1pli1~ c o l l l ~ ~ i i ~ l l i t y .  /\ I\ ~clc 1ra11gc ~I';IC~~CIIIIC. ~ L I S I I I C S ~  

:III~ g o v c l - ~ i ~ ~ ~ c n t  agcl~cics ha\<c a gro\r.ing ~-cclulrclncnt l i rr  near ~-caI-( i lnc Inol l l lor lng o fco ;~ \ ta l  area\. ~p~-lmarlI)  
l irr c n \ , , i ~ . o ~ ~ l ~ l c i ~ t a l  protcctlon and l p~ -c t I i c t~o~~ .  

curt he^ ~ l ~ v c c t ~ g a t i o n  111to t h ~ \  tol,~c d~sclosctl  ;Ill array ~ r F ~ n ~ t ~ ; l t ~ v c \  currellrly u~ldcl-\va! OII val-loLr\ ;~spcct> 01' 
II l-A. SAC'I.ANT ;rlld O l d  I )o l r l~n ion U l ~ ~ v c r s ~ t y  agrcccl that a j o in t l y  spo~i \orcd colllkrcncc co-liostcd 11) 

SACLAN'I'(.'EN anti 111c C'enlcl- lirr Coa\t;lI I 'hy\ic:~l Occnnogl.apl~y \\foulel ~provldc all cxcel lcl l l  lorum t i 1 1  
c \  alu;lt~ng tI1csc i n i t ~ a ~ ~ \ , c i .  T~II\ collfcrcncc \v1II all,~lyzc cut-re111 lpl-ograln\. i lc l inc ~ I - ~ \ C I I I  \ ~ B ~ L I \  i r l ~ d  [l1~0[2051' 
lu t~ l l -e  dcvcloplnellt o1'11'.4. 

111 h i \  opclii l lg rcmal-h\ to confe~-c~lcc IlartlclllaIitb. L i ce  Adlnlral Ian (.i;rl-l~ett. I IN .  I l c p ~ ~ t y  SAC'LANT. cliallcngctl 
~pnrtlcipnnt\ l o  ~ > r o d ~ ~ c c  ;r lplan o l 'act~on t l e \ c r ~ l > ~ ~ l g  the \\,a!. n11c;ld lirr l i E A  h! adcirc\\~ng key ql1cst1o115 sucll a%.  

Lf'l1:rt ; ~ r c  the 111ost crlt1c:rl \Iiortfalls 111 cul-rcnr c;rj>:~b~l~ties ~1111 11o\\, ~ 1 0  \\'c 111akc good the \Ilol-tlhlls'.' 

\$'hiell lopic arcas ;Ire most Iprolrrlilng li)l- SLI~LI~C ~rcse:~rcI~:' 

\\:I1;11 IIC\V org;11117;1tic)ii;1l \II.IICIIII-es IIILIYI he crc;~~ecI to i ~ l l p l r ~ ~ i c ~ i l  RF ,&I-\.' 

\\'11;11 14  ;~c l~ iev;~hlc  ~ i o \ v  \1 1111 our CLII-I-CII~ ~ c e l ~ ~ ~ i r l o g ~ c a l  C;II~;II~IIIIIC~'! 

I:ollo~1111g t l ~ c  ec~r~i 'ere~~ce. ;I s ~ ~ b - c ~ ~ ~ l ~ l i ~ t t e c  ~( ' /> ;~I -~~cI I~; I I I I~  e~alu;rtccl t l ~ c  ~rcsults o f the  procccdlngs ;IIICI ~prcpnrctl 
1l1c h l l o \ \ , i ~ ~ g  sLlmm,1rlc.; , ~ d d r c \ \ ~ l l g  the Ad11111-al'b l i t ?  I \ \ L I C ~  ;I\ IIIC~ ~relatc l o  I?)LII- p r ~ l l c ~ p i ~ l  RL .,\ I t l n c t ~ o n ~ l l  
;\rc;ls: 

. A s s i ~ n ~ l a t ~ o ~ ~  and TLlodelillg 

I l l c a s u ~ - c ~ ~ ~ e n r  Sy\Iclns 

l ic i l lotc Scnslng 

<;sogr;~phlc In fo ] -~nn t~on  Sy\lcms 



Assimilation and niodelling 
Albert D Kil-\van. JI . Al lan K I lobl l lson 

The three plll;~rs o f  1Cl.A 81-c data collcclion. d;~ln syntlicsis and assessment. and timely d~s\c ln inat~ol l  ol'asscsslnclir 
p ~ ~ d u c t s  IO ;lctioli 31-o~11x .ASSII~II~;I~I~II and ~nodi.llng ~ncthodologles arc crltlcal f o ~ .  \ ~ ~ c c c s s f ~ ~ l  \ynthssl\ alltl 
asrcismcnl / \ l t l l o ~ ~ g I ~  COIICC~I~ IICIC 1s sy~it l lc\ ls and asscs\llient. 11 1s ~lnportanr l o  note ~ h a l  these thl-cc componcnls 
IIILIS~ not be \ ~curct l  ill iso la l io l~ I n  racl, l l lc  concepl ~I';III ovcl-:ill syslcn, 1i11 K E A  ~~owc; ls ts  and li,rccasts IS 

csscntlal 1 I1e \!sLelli COIIII~IICIII\ ;ire at1 observational 11ct\\ork. a \el o f  dylrallllcal model\. ;lnd a data assilnilut~oll 
\theme. I I1e lirst ctfi)l-l to filsc Ihc ie co~nponcnts i l l lo  nn en\ ~ l o ~ l l n e n t a l  nsscssmcnl 111 811 oper;r~lonnl hettlnp 
w;rs tlie N/\I 0 eael-cl\c I I A P I D  II I :SPONSI< 06. This cxcl-cise cstnhlislicd that ~ l s c f i ~ l  cnv11-on~iientnl assessments 
:I!-c now ~ i o \ \ i h l c  l i ~ r  some coaslal i lnd sllallo\\ water cl-l\ls rcspollsc opel -a l~o~ls  

T \ \o  11nport;111t p c r \ l l c c ~ ~ \ c \  on i lat;~ s>nrhc\is c ~ ~ n d  n\rc\\ lncnt for I(1S.A cmclged t i - o ~ n  tllc cunf 'cre~~cc One \\;I\ 
tllc rcal lsnr~on that c~ lv~ronrnel l ta l  asscssmcllt ~rcc l~~i l -c \  pllysical. c l l c ~ n ~ c a l  and h~ologica l  data. A l l  c ~ ~ v ~ ~ - o n m c n ~ n l  
tl;~tn can collrl-lbule to Ilo\\casts 0 1  liirccasts ol'al7ccitic \ ;rrlables such as currcl~l.; o~ soulld vclocily I (~ l v~ l -on lncn~n I  
;1\\c\il l1cll~ tr~11y is I I ~ I ~ I C ~ ~ ~ ~ ~ ~ ~ I I I ; I I - ~ .  

111c secolld I ~ \ L I ~  b l - o ~ ~ g l l t  out ar l l lc confcrcllcc \\as the clncrgencc ofnoucasl \ .  01- dynal l i~cal ly  ac!j~lstcd mcldcd 
dar;r est~lnalcs, as an i l l lpoltanl I~I-O(ILICI oI'r ;~pid envil-on~nental asscsslncnl. Ilnpreccdcntcd q u a l ~ t ~ t ~ c s  o f  I l igl i  
~ -c \o lu t i o l~  data. suc l~  a \  ohtainccl li-om H F  1-;1cl:1r. SAH. ;IIILI passi ic I-cmolc sellsing. r l o ~ r  ;Ire reqtrir-cd fol- ni iuly 
\Iruarlolis ~IIC spatlal ~ r c s o l u t ~ o ~ i  ot' thcsc tl:rtn ma? he l iner than \\hat I\ l i r o \ ~ d e d  hy c.\istlnp Ilo\\cast ,rllct 
liirccust niodels O~III I I~I~ ~ICII~IIIF ~I'SLICII (i;113 \\.it11 1110dcIs to P I O V I ~ C  US~I'III P I - O ~ L I C ~ S  ill operations \\ill be ollc 
ol ' lhc Inqol -  challcnpcs in  coml l lg  years. 

I'I11ee c l  ~ t ~ c a l  shortS;~IIs emerged 1'1-om tlie conli.rcnce. Perhaps tlic most urge111 i r  fbl- rnplil Ilowcasts 2nd forecasts 
oI ' \ \a \e.  cul-I-cnt and hortoln gcorccl~l l ical ~I . ( I I>CI-~IC~ 111 tllc \ i c i l l i l y  o f the  ~ L I I - 1  /one ant1 111 the pl-c\c~lcc o t ' t~dc \ .  
1111s 111 I-cilull-c d c \ c l o p ~ n g  nlctliotis to use I It radar. SAIt.  ;ulid opllcal dnt:~ cl'li.ct~\cly l'hc secolld IS to hlcnt l  
cl~sparntc dalcr l nc lud i l~g  h ~ o l o g ~ c n l  ~ u i d  cl lcl l l ical data \ v ~ l l i  nowcast and li)rccnat models ill an optllnal fashio l~.  
I.'in;llly ~ l i e r c  i s  a ncctl l o  S~~r t l ic r  i lc\  clop alltl clLltomntc ;rdaptl\c \al l lpl ing i l l -a~cgies. 

I:our p r o ~ n l \ i n z  area\ o f  ~-c \ca lc l l  \\ere lclentified at the conl 'c~-cncc One IS to col l l i l lue dcvclopmcnt 01. 
~nc t l l odo log~cs  \hat hlcni l  phys~c;ll. acou\t~c;ll. optical. lh~ologic i~ l  and chelnlc;~l ilara \r ill1 t l ynam~c  ~nodc.l> 711c 
\ccond is IO t lc\clop ~ ~ i c t h o d s  l o  1nli.1- suhs~~l. lhcc condllions firom h ~ g h  ~rcsolu l~on sul-lhcc data. 1 l ic tlill-d i s  IO 

clnsslfy gc.11~1 ic proccsscs llnportalll i n  coastal and <stLlar!llc nowcasls and fi)l-ccasts F l~ ln l ly ,  compal,ntlve st~ldics 
ol'coastal l-cpion.; ncctl to be lnaclc to ~ d c l ~ t ~ l ?  doinillallt processes and to i l c \ c l o l ~  sl111lll1fic.d 111oilcls for tllcsc 
1p1-ocesses t11;lt could bc used In tlnt;r intcrprct;rtlon and n \ \ ~ r n ~ l a t ~ o l l .  Impol-la111 ~netl iodoloplcs ineluric the LISC of- 
tlc(c1.1ninlstlc ;111d st;lt~slical ~ C ~ I ~ L I I - C  ~ l lodc ls  ;III~ the cal-rylng o ~ l t  ol'0hsc1-vatlol~al System S ~ l n u l a t ~ o n  I:apcr~mcnts 
(OSSEs)  

T\\ o pel-lnanc~lt o l - g ; ~ ~ l ~ s i ~ t i ~ l l s  ~ l r e  ~ e c ~ ~ i i ~ ~ ~ e ~ ~ i l e d  OIIC 15 ~111 o\e1-\1y11t ~ I - ~ L I I ?  \\ llose ~LIIICIIOII \ \ o L I ~ ~  be to 1110111101 
~ ~ u b l c ~ n  III d a ~ n  > I I I I I ~ ~ ~ ~  n11d ;I\\e\slnellr 111;lt a r l x  ~III-III~ opcrallons. allti clncrglng 1cc1inolop1c.s that coulcl 
11;rvc an 1111l>act on RI:A This botly sI10~1l t l  cstablislr st;l~ldards ;IIICI t l ~ l i ~ l i f i c i ~ l l o ~ l s  fol- ~ I - O C C ~ L I I - ~ S  l i ) ~ -  operatio~l\ .  
1~111s gro~112 ~ \ o ~ ~ l d  also sene  as all ~ntcr t i lce hct\?.ecn l l lc lnllital-y u\cl-s and Ihose maki l ls  Ihc assc\\lncnts Tl ic 
orllel. 01-ganlsatlon \\auld be a ~pcl-~llanellt data sqnthc\~\  and assc\slnent tcaln \\it11 stare o f t h c  art r c c h ~ ~ o l o g y  
a\ai lablc OII sllol-I 11orlc.e 





Measurrmcr~t systems 

I lcnl-lh Sch~l i ld t  

lllt~olluct;oll 

The fenel-al cotlsensus o l ' t l ~ c  RI::"\ol~l'crcncc can he \u t~~n~ar i zec i  a \  l i i l lo\vs: 
The ~ncl-cased c l n p I ~ ; ~ s ~ s  on sIi;~llo\\, water c . t ~ \ * ~ ~ - o ~ ~ ~ n e n t ; ~ l  a\scssmenl I \  ;~ssociatcd \ v ~ t h  ]net-cased 
s ~ g n ~ f i c : ~ l ~ c c  of small spatial scalcs 2nd sllol-t 111uc scalcs \ v h ~ c l ~  \\ere oi.110 01- l t l ~ l c  s~g~i~l '~c:uncc in  111c 
decpcl- occan pr-oblcl~l. Conscquc~~l ly .  high-resolut ion and I-apid data col lccl ion ~ u l d  rea l - t ime analysis 
has bcco l l~c  c \ t r c ~ ~ ~ c l \  crlticnl. 
The .;l~;~llo\v \vatc1-a\\cs\lncnt p ~ i l ? l c l n  cannot he ;rtidrcsscd ~solatcd a \  an c n \ ! ~ r i ~ ~ ~ ~ n e t i t a i  s;llnl>l~ng problcln. 
The ocean e n ~ i r - o n ~ n c ~ ~ t  w i l l  ;~l\v;rys I-cmatn u n d c r  sampled both spat~al lq  ;rlld te~npol-;~l ly. and t l ~ c  
mcasurclncnts have Io he 1nte1-polatcd u ithour v~o la t lng  lhc l i l ~ ~ t i a ~ n e n t a l  p l~ys lcs ol'tlic occan dynamlch. 
The ~ I I L  ~ronment;~l :~\.rc\slncnl Inu\l  Ihcrcforc he pel-forlnetl by :rss~m~lating I l ~ c  dntc~ collccrctl I I I ~ ~  accul-;~tc 
d > n a ! ~ ~ ~ c n l  ~nodc l \ .  

The c~ iv~ ronment ;~ I  assessment is I ~ t g h l y  dcpc11de111 on  adccl~~:rtc sampllny o f  tllc ocean ~ ~ ~ c o s u ~ - e l ~ ~ c n r s .  
Thlls. accut-ate shallou water en\ i ro l~mcntn l  asscsslncnl rcqu11-c.; Inca\urcmcnls ; r l  lnu l t ip lc  scales, ranging 

l'l.om hnsin-wide ci l-culat ion esl1lllatcs to  I l lapplng o f  near-s l~orc p h c ~ ~ o l l ~ c l i a  c u l - r c ~ ~ l a  n l ~ d  f ro l~ ts .  
C 'on \cc l~~c~~ t l y .  the Illc:i\LircnlcnI >vslcln rn~ ts l  I ~ ~ o I ~ c ' I - I ~  \ \ ' C I ~ / I  l l ic C O I I ~ ~ ~ C I I I I ~  rcqlllreliicI11\ LO envc1.;12c 
,lnd rcsoiu~lon. 'I.aycreJ' mcasLlrclllcnt sq \ t c l l~ \  covering all scalcs o f  \ i g n ~ l i c a l ~ c c  ln l l s t  be opi.1-atcd 111 

COIICCI-I. to :111o\\ opti l l i ;~l  ~ I ~ L ~ ~ ~ I I I I I C I I L : I ~  ~ISSC~~IIICIII t11roc1gI1 c1;11:1 ;ISS~IIII~:IIIOII ; I I ~  111e1del111g. 
T11c resources \+ 111 always be I ~ t ~ ~ i t c d .  anti t l ~ c  co lnb~ncd  m c a s ~ ~ r c ~ ~ ~ c n t  and ~ ~ ~ o d c l i n g  ohsc~-v :~ t~on  systclns 
mnqt tahc ol?t1111;1l ael\.anL:~gc o l ' r l l c~ r  now-castins and f o re -ca \ r l~~g  c a p a b ~ l ~ c ~ c \  10 pro\ itlc li.ctl-hack to tI1c 
I I I C X ~ ~ I - ~ I ~ ~ I I ~  pl ; i t t 'o~-l~~s 10 allo\v ad;tptive envlrontncntal i ;~ l l~ l l l l t i g .  
The t cc l~no logy  and expert ise cr t~s l \  l i ~ r  dcvcloplny 1'11lly ~ntcgl-arcd mcasurclncllt and r n o d c l ~ l ~ g  systclns. 
I- lowc\cr. the s o l u l i o ~ ~  ~rcq~tlres a tr l l ly n~n l t t -d i sc l l l l ~na~-y  1-escalcl~ ;rlid de\clol,lncl~t efl'ort. 111\o1\<ing b o t l ~  
i*ei.ric.(ii iiiic2jii.rr/ioi~ hclween bas~c oce:ui scielrcc ,IIIC~ applied IIIO~I~IIII~ :111cl 1eel111~11ugy d c ~ c l o p ~ ~ ~ e ~ ~ t ,  ;III~ 

/ioi-i:o~iroi ~ i i i c ~ ~ i - c i i i r ~ ~ i  bel\vt.cn scvcr,ll sclcnce allel tcchnolog!~ tll\clpllncs, For c\,llnple, t l l r  ocean ~ , h y s ~ c ~ \ l \  
and n ~ ~ l n c r ~ c n l  motlelc~-s must \vorh closely \~I I I I  Iht. sensol- nlltl Ineasurclncnt platfol-ln tlcvclopers ~ I I  

desig l l i l~g ndaptlvc s n ~ l ~ p l i n g  s(l-a~cgics which ;II-c op t i~nn l  11)r the ellLironl11cntal ;tsscsslllcnt t h ~ - o ~ ~ g l i  
n s $ ~ t l ~ i l a ~ i o ~ ~ .  111 lerrll\ 01'1 crtical ~~~Icgl . ;~ t io t l .  l l ~ e  sc i c~~ t i s t s  itl id y s l r l n  dcvclopcrs ~ n u s ~  worl\ closely \v1tI1 
the cntl-user to tahc ;~dvat~tapc ol ' l l lc 1'1111 potc1111;11 ol'todaq Illcasurclncllt and C~II I I I I~~I~~C;I~I~I I  t c c l l ~ ~ o l o g ~  
\YI~~IIII IIIC co11tc\1 oI'cipc~-atlonal env i ron~nc~ i l .  

- fhc most c r ~ t ~ c a l  shor t f i~ l l  111 cui-1-cnt cnpah~l i ty  IS a totallq inndccltla~c 1?rcd1ctivc capnbllity I1~r \lialIo\v ;IIICI 
littoral cnvlri.illlnents. TIILI\. IIIC ~IIC~I-CLIC:I~ I~C~~'O~III;IIICC IIIIII~S ~ O I -  11:1v:1l \olii~t-s a t ~ i l  ulidcrw;~tcr C~II~I~~LIIIIC;I~I~II 

systems al-c I:lr 1.1-om b e ~ n g  rcached In  sc~cli cl1v11-onmcllI clue to laclc o l ' p red ic t~ \c  slcills. HI~II-rcaolutlon sonar 
corlccpts allel c o ~ ~ ~ n ~ ~ ~ n i c a l l o r ~  ~~n)cedul -c+ arc lotally rc l~ahlc  011 h t p l ~ l y  accclr-ate a11d hlirI>lc e n v ~ ~ . o ~ l ~ ~ ~ c r i r : ~ l  cstimaIcs. . . I 11c c n v i r o t i ~ ~ ~ c ~ ~ t  sensor\ ant1 \ensol- \yslclns used tod:ry XI-e totally i ~ ~ a d c c l ~ ~ a t c  i l l  Il l is rcyard. hot11 111 terms o f  
sp:~t~:iI at~ci Ic1111x)r;11 I - ~ ~ O ~ L I I I ~ ~ I I .  21s \\*ell :I\ covcr~ryc. 

T l ~ c  only v ~ a b l c  solulion 1s to develop : u ~  c~i \ * i ronmcnta l  ohservarlol~ \y\telns ~v111cl1 integrate\ el l \  i~-ol i lncntal 
~nodc l lng  dlrcctl) \ v ~ t l ~  tlic \c11\0rs 2nd ~ n c a r ~ ~ t - e m e n (  ~~l ; r t l i ) i -ms to ; r l l o ~  ;Iccuratc l~o\v-and fol-c-ca\~lng througl~ 
a rynel-gy of' adapt ivc env i ronmenta l  s;lntpling anel cl;r l ;~ assint i l ;~t ion a n d   nodel ling. Such ;I I I~M I~ttol-al 
olxcruatton llarndlgm shall l l ~ c l ~ l d e  a rvitlc \pcctl-Llm ol 'sci~sors, i ~ ~ c l c ~ e l ~ n p  aco~~st ic .  hlological, c l ~ c ~ n ~ c a l  alld 
olhcl- oceanographic sensors. iZlso. a sync!-gq of plat l i i r ln Icchnologics Inn\t be ac l~ lc \cd.  1ak111g adbantagc ol' 



n c n  dc\clopmcnts 111 \lrrall cxpcnd;thlc scnvll- p l ; ~ l l i ~ ~ ~ ~ i s .  and I I I C Y I ~ ~ I ~ \ I \ ~  ALIIO~IOII~OLI\ I;I~~cI\\;IIcI- \ c I l t c I ~  
(ALJL') Icchnology. .l-llc laltc~-, i n  1pa1-11cula1- as dcvclopctl \ v ~ t h i n  tllc Aulonomous O c c a ~ i  Samp l~ng  Ncl\vork 
( A O S N )  pa rnd~gm is ~t lc;t l ly s~ l i t cd  l iw l l lc ;ttlaptt\ c sallipling stl-alcgy \ \ l l i c l ~  IS a hey 10 optlmal ell\ 11-o11111ental 
; ~ s s e s s ~ ~ l e ~ i I  \\ it11 III~IIICCI IC\OLII-CCS. 

The 1ilos1 c~ t t l ca l  firs1 s ~ c p  Ioual-ds ;rcl l~cvlng sucll all I<l:A capability 1s lo  develop ;I~I ~ t i t t a s t l - ~ ~ c r ~ l ~ - c  lilt- data 
i ~ i t c ~ - c I ~ : ~ ~ r g c  l?ct\ \cc~i ~ l i c  ~ I ~ ~ L I \ L I I C ~ ~ ~ ~ I I ~  s y \ I c ~ l i  a11cI ~ l i c  \ :II IOLIS c I ~ I ~ ~ I I ~ ~ I ~ ; I I  ~ i~(>c lc l \ .  ;IIICI 1i1r pt-o\ 1tl111y 1I1c I-eal- 
t i ~ i i c  prc~ccsslng cq~ahb ' l y  \\ h ~ c h  1s necilcd lo  \ u c c c s \ l ' ~ ~ l l ~  ~ l i lcg~-atc  IIic ad;tpll\ c samplr~ig ol i  littol-al ell\ t ~ o r i ~ i i c ~ l t a l  
scales Tl lc 111fi-astr~~cture sliall take ad\a~lragc ill recclll :ril\ances i n  c o l l r l n ~ ~ n ~ c a t ~ w  ~cc l ino logy and gcogr;~plilcal 
~ n l b r ~ n a l ~ o ~ l  syslctns 

A n o t h c ~  ;Ilea wlicrc reseal-cli 1s ncctlctl 1s adaptive ~ i ~ ~ n p l l t l g  ~ccIi1~o1og1es 11si11g ;I S~IICI-gy o f  d11li.1c111 O C C ~ I I ~  

senso~-\yslctns At1 cx :~~ i ip l c  15 A c o ~ l ~ r ~ c : ~ l l )  Focused Occali Salnplll ig \\ h ~ c l i  uses acouslic tomograpliq l o  ~?t-o\ ~ d c  
a l o \ \ -~ -c \o lu t~o l i  ell\ ~ r o n l ~ i c n t a l  estllii:rlc \\ I i ~ c l i  1s tlic11 bc111g ~ ~ \ c d  10 ;111;11111\ c ly  dcplo) <~ i in I I  A L  \ 's \r 1111 \n l -~ous 
occallogl-;~phic sensol-s l o  Ircglons o l ' h ~ g l l  u~ iccr la ln ly  01. el- tical ~ ~ n p o r l a ~ ~ c c  lo  the cti\ ~t.onmental ah\c\slncnt 

A c o ~ ~ s l i c  comtnunicatlol~ is el- tical for ati;lpl~vc sampllng hy ~lndcrwatcr vch~clcs a ~ i d  cxpcndnblc scnsors. I l ~ l r l n g  
the Ins1 decade signilicalll 131-ogress Il:r\ l ?cc l~  1n;ldc 111 tcgard to such systclns opct-n111ig i t1 tlcep \vatel I lowe\  er. 
the telnpo~-al \ ; ~ ~ - ~ a b i l l l ~ ~  111 littoral ell\ 11-o~i~ncnts o t i e l ~  lnahc\ \uch \rare-of-the-at-( ~ c c h ~ i o l o g y  \ i1-~~1;111! u.;cless 
For I ~ l l o ~ - a l  o h s e n a ~ i o n  \ystclns. ~ . o b u \ ~  c o t i i l i i n ~ l ~ c a t i o ~ ~  coliccpts ant1 \) \ICII~\ <ho~ l l ( l  he tic\ elol~ct i .  Rol>urtness 
is far 111ol-c crltlcal till- such systems rlr:rli hi t-rate. 

bv//l// I I C ' l t  l l l ~ ~ ~ / l 7 i ~ ~ / / / O / l ( l /  Y/ /~ l /C ' f l /~~ ' \  / I l l / \ /  / I ( '  < /-l '(l/~'l/ 10 ///1/~/<~111<~/7/ /(/:I ) 

The dc\ c lop~ncnt  o f  tllc ~~ i l i ) t rn ; l t~on  i n l i a s ~ t ~ u c t ~ t ~ - c  c t - ~ ~ c ~ a l  to the de\ c lop~ucn l  o f  l i l rolnl 1<1.,2 systcln\ \ l i o ~ t l d  be 
guided hy n t i i ~ ~ l t ~ d ~ s c i l , l i ~ i a ~ y  com~ni t tec I\ 1111 p a ~ - t i c ~ p ; ~ ~ ~ o ~ l  of ocean sc~cllrists. ~~ndct- \ \arcr  acoustlclntl\. t ~ ~ t ~ n c r ~ c a l  
lnodclcr\, i n l i ~ r ~ n a l ~ o t l  tcclrnology spcci:~l~sts, p1alli11-tn,\,cliicle ant1 sellsot developc~-\. ;rnd finally b u ~  11o1 least. 
the val-lous levels o f  c~id-users and opcl-atot-s. 

T h ~ s  co~nln i l rcc sho~t l i l  ~p~-o\ ' idc g ~ ~ i d a l i c c  l o  tlic \a~ - lou \  commnni t~cs.  and t ' ,~c~ l~ ta tc  (lie \c~- t tca l  atitl hol-irontal 
~n teg~- ; t t~o~ i .  c.g. by  ot-g;llil/lng ~regl~ lar  \\orhshops and \ylnposla siti11la1- l o  RE.4-07 

Whu/ 1% (/~,(/iIi/t)/c> HOII, II,I//I OIII. ~.LI~./.(VI/ /OC h1101og;~ 111 i ~ ( ~ / ~ ( ~ / i ~ / i i i ~ ~ s : )  

The v:r~-~ous technologlcs li)~- develop~l lg  I l ic combinctl 1i1casu1-cmcnl and n lodc l~ng  sy\rcln.;. \\ 1111 ~ l i c  po lcn t~a l  
of t a k ~ t ~ g  Ill lot-al en\ ~ro l imcnta l  nsscsslnelit one mnlol- \ ~ c p  fhl-\\art1 \\ 11111n the nc\r tlccndc. The Illo\r c ~ - ~ t ~ c a l  
c o ~ i i p o ~ l c ~ i l  Inlsslng IS tlic dcvelopmcnt ol'tl ie i n f ras t ruc tu re .  A n o ~ l i c r  c ~ - ~ t ~ c a l  ohstaclc I \  t rad i t ion.  hot11 :rliiong 
scient~\ts, iund among l l ic operators. I f ' l h c ~ c  obstacles can  be ovcrcolnc, al l  colnpollcli(s arc In  place li)~- Lastly 
I lnprovl l lg I l ic l i l loral ~p rcd~c l i vc  capahllily w h ~ c h  is so c r ~ l ~ c a l  to o p e ~ - ; ~ ~ ~ o n  of na\nl systems, but also lo  many 
c i v ~ l ~ a n  ;~ppl lcat ions s~ lc l l  :IS fishcrics and coaslal en\ 11-o~l~nental mallagclncnt. 



Remotc scnsing erccutive summary 
Farid Asl\a~-i. R .  M ~ c d  

177i111 iii?. l l i c ,  i11oc.r (.I.I/I(.II/ \ l ioi- i f i i / / \  111 ( iii-i.i>iii c ~ ~ i / ~ c i I l i / i / i i ~ \  o i i t i  17011. (10 IIY, iriciLc. ~ o r ~ r /  //ic, .\/ioi-ifii//.\ ' 
The Inosl c l - ~ ~ ~ c a l  currclll \ l lo~-t lhl l  lies \\ it11 lhc operator LV:II-liglitcr capahilitic\ In the 81-ca\ ol':rt-sea co ln l l ru l~~cat io l i  
and proccssi l~g po\\": l i ' l i ~ l c  11ie cui-re111 dnta t i ~ s ~ o n  centers and lahol-atol-~cs po\scs adccluatc capabr l~ l~cs.  Ihc 
i~ t - sc ;~  c ; ~ l > ; ~ h i l ~ ~ ~ c s  arc l1111tteil ill [cr111\ ol'i1;rta trecc17t1011. v~sua l i za t io l~  ;111d ~ ~ s e r  II~~C~;ICIIOII~. T l i r  clrcapcsi and 
~ n o \ t  \cr.;;riilc appl-oncl~ I \  ro i~pgracic 111c Iprocesalne c ;~ l>ah~ l~ t ie?  o f  tlrc Ilcct \\,it11 I)('-b;~scd Irnrd\r:rrc \ol't\\,:irc 
and to 1111l~1-ove at-sea c o l n ~ n ~ ~ n i c ~ r ~ ~ o ~ ~ \  \\'it11 portahlc tlo\\,n-link LAN-h ;~scd  nnlcnlias. 

lT71i1,/1 I(I/J~(* ~ i re(~.s  lii.(, i i i o \ /  /1i~01i1i~1iig /or , / i i / r~ i~c~ 1.('51~ir1./1" 

\ \ ' ~ t l i  1l1c advent of 11c\v \CII\OI- t c c l i i i ~ l ~ i g i c ~  \LICII ;I\ ~ i i r ~ l l i l j . c q ~ ~ i ~ l c y  p o l : ~ ~ - i ~ ~ i c l r ~ c  SAR ;111tl I~y~>c~--spcc~r:r l  sc11\111g. 
rhe olu111c of data a\ a11:rblc to the end-uicr 1s Incl-caill1g ~ ~ i h s t a n t ~ a l l y .  I.LI~III-C 1-eseal-cl1 111 ~-clnotc s c ~ i s ~ l l , ~  s l ~ o ~ ~ l d  
be d~t-cctccl In  the al-cas ol'd;~t;r compws\ lo l l  ;und a u t o ~ ~ l a t ~ c  I'~;IILII-~ ~ r c c o g ~ ~ ~ t ~ o ~ l .  Data colnpl-cssion tcch~llclucr nrc 
needed li11 ~ l ~ a i n t a ~ n l n g  i~ l l i l r rna l ion c o ~ l l c ~ l l  clurlng ir;rtlsln~ssioli whi le  rc t luc i l~g the data handwidl l i  r cq~~ i rc~ r l c l l t s .  
Autolnalic t ' cn t~~~-c  1)dtIcr11 rec0g111ti(?11 Icc l l~ l ic l~ lcs ;11-c ~~cccssary to aid l l ~ c  u\cr In browhing I l i r o ~ ~ g h  large ~ o l u l n c s  
o f  data ;r l ic l  l o  rapldly \ c l c c ~  and a\scs.: 111e dc\~r-ed i ~ ~ l ' o ~ - i n : ~ t i o ~ i .  Rc\ca~-ell \ I lould ;rl\o he Hlcuscd 011 d c r ~ \ . ~ l r g  
spa t~n l ' \ l ~cc~~ .a l  SI~II;I~U~C\ l i l r  oeei11~og1-;11>111~ :IIIIIOSPII~~IC ~IICIIOI~~CII~I 111 ll lc L~ t to ra l  zorlc tllnt call be auto~llatrcnlly 
coupleti l o  dy~la ln~c: l l  "l2;1tt11-c models". I n  principle. o ~ ~ r  c~pci - lcncc h:r\ \l lo\vn t l l a ~  ~ l l c  syncrgisl~c use ol'lnorc 
than one iypc o f  dnta l~c l c l  (c.g.. SAI< ;IIIJ A V H R R )  c:111 g l -ca~ly  I-cducc ;r l i lbigu~ty 111 idcnl l fy ing llrc lpllyiics 
undcr ly t l~g a rclnotc sc l is~ l lg  i~gna t~ l l - c .  Using this appro:rch. tactical dcc~sion n ~ d s  call he :rsaclnblcd r;~l>iil ly i l l  
denied ~-cglons usins a Ilo\r of fea~nrc ~r lodc ls  and rc l~ io tc l y  \c~rsc.d s~gllatures. 

M7lci1 iii,~!- oi;t .er i i r~ci~ioi i~i /  \ - ~ i - ~ c ~ ~ / i ~ i i ~ \  , i i r i \ /  /I(, c r c o t ~ ~ l  /I] i i i i l~lc ' i i ic i i l  /</:':I .' 
A for~rl;l l (11-gani~ing hocly is ~ ~ e e d c d  to ~lrtc~f';lcc \vi l l i  tllc user conrlnllnlly and da~;r sulrl>licrs and to dcc~elc on 
S o n n n ~ t i n ~  st;il~da~-ds. data cucha~~gc .  :IIICI d;rta ava~ lnh i l~ r> .  Ideally. organ~zing hotly \ \ o ~ ~ l d  a l i o  ~pro\r i lc 
'.Value aildcd" In  the li11.1l1 oS~:ict~cal dcc1s1(111 :lids I -~\LI I~I I I~ lie1111 11ic li15io11 ot ' lnodel i  a11d ~ n ~ ~ l r ~ p l e  daia 51rc,11iis 

1$17(1/ 1.Y ~i( ' / l i l ' l ' ( l / l /c~ 1~1111~ l! ' i//i O l i r  ~'lil'i'~'li/ l ~ ' l ' / l l i i ~ ~ O ~ ~ i i ' l l /  f'li/)(i/1i/i/ic2~\ ' 
Currcllt s I x ~ ~ l ~ ( > r ~ i ~ ; l i l - h ~ r ~ i c  s c a t t c r o ~ ~ ~ c t c ~  ~ e c l i n ~ q u c \  arc capable o l ' ~ n c ; ~ s ~ ~ ~ - i i i g  l l ic I I I : I ~ ~ I ~ C  \\ in i i  LCCIO~ to - -  
21n\  alld - -  5 degrees. Ill IIIC l l l to~-a l  c l l~ l ronnrc i i t  I ~ o \ v c \  cr. \\vnd \Ire\\  I \  c t i ~ n i n o ~ l l )  oh\crvcd to \ ,rry spaii,~Ily 
hy a fircior ol'li'n o \ z r  rlic :rrca. : i t ~ c i  \ c ~ l i ~ i l ~ ~ ~ ~ - ~ i a l  ~; I~I ; I I IOI~ o f t l i e  ~ ~ l ; r g ~ i i t ~ i l i '  anti ~ I ~ C C ~ I O I I  ;rre tlic I'rccllic~l~l\' 
observctl. The s p a t ~ a l ~ c ~ n p o ~ - a l  s ; ~ r n p l ~ l ~ g  ~ - c q ~ ~ i ~ - c d  ol' tire \v~nei \tl-csi is thus ~ n c o ~ i i p a t ~ l > l c  \ i l t h  various l ' ~ c l i l ~  
ohtailled hy olllcr sensor\. I%CC;ILIS~ OI'IIIIS s lx~t ia l  ~clnl>oral ~a r iab i l i l q  ol'llrc 14 ~ n d  f ield In Ihc co;lstaI en\ Irolllnciir. 
remotely sensed mcasu1-c1ni.l1ts musl be c o ~ ~ p l c d  u 1111 in  hilu mcasrlrclncllt\ i n  order l o  11ro\ ~cle a co lnp~-c l le~r \ i \ 'c  
plclurc o l ' l l lc  \ v ~ n d  liclcl. -l-lic most tllrccl approacli l i ~ r  \pnccho~ne !:rirhornc rcl i lolc ~ ~ ~ i . , l \ ~ ~ r c l n e n I  oI'\url;icc 
currents 15 \.ia lhe l n ~ c r l > r o ~ n e t r ~ c  SAR (I?4ST41<) l c c l i i i ~ q ~ ~ c .  tl(l\\c\,cr. IYS:\R has Iiccii Ilc1\\n only :I l'z\\. ! i lnc \  
i n  \piice. ;und curl-en1 c;rl>al>il~t~i's arc IIIIII~CC~ p~-rrnai-il!, to airhol-ne pl;rtlilt-tiis. S a ~ c l l i ~ c  ,111i1nctt.1-s hnvc pro\c i i  
capab~ l~ t i cs  In  meas~~ l - lng  I;rrgc-scale ocean cui-rcnls. hul 11lc11- ~111l i ly  111 llrc I ~ I ~ ~ S L I ~ . I I I ~  co:isl;ll ~11rrc11ts rc111:111ls 
an open I-cscal-cli ropic. 'I'lic reasons li11- 111is at-c Illal l l l c ~ r  r c l a t ~ ~ c l y  coal-sc re\o l~t t io l l  and spotty co\cr:rpe 
immcd~a lc l y  ad jace~i l  l o  land greatly rcilucc their ~111l i ty ill Ilic littornl 7o11c. Tl11s s l i o ~ ~ t c o ~ n ~ ~ l :  is c\;icc~-hatctl h!' 
the Ilalurc ol'coaitnl Inot iol l \  ~hc i i i se l \~c i .  tlic I ~ n h  bct\\~cc11 sca s~~rf-dcc Ilc1gl11 ;i~iii tllc v e I o e ~ I  15 110t i15 \11111>1c ;li 

11 1s In  the ilecpe~- occ;ill li,r scale\ 111 c \cc\ r  o f  ;he dcll11-mati011 ~ - a d ~ u \ .  CII~~CIII ~ I > ; I C C ~ ~ O I - I I C ' ~ ~ I ~ ~ O ~ - ~ I C  5:iR 
IIIVCI-';lo11 IC~III~I~LICS C:III I>I-O\;I~C CIIIIII;IIC o f  IIIC d11.ccl1011aI \v21\c I l c ~ g l ~ t  S~ZCII-LIIII ~ I 'OCC~ I I  U: IVC~ 111 l l ic 
r c g i o ~ l  c x ~ c n d ~ n g  fro111 t l i~cl> ocean IIIIO l l lc l i l toral z o ~ ~ c  i i l ld 1113 to tllc SIII-I'/oI~c. As \&:I\CS aj7proacI1 sl~:rllo\\ 
water I lo\\c\~cr. the IIIC~C;I\II I~ \V;~VC SICCI~CIICSS s l r~ l j s  tllc 5.411 i m a g ~ n g  ~~lcc l i : r l l~sms 1111~1 II1e ~ i n ~ i - l ~ ~ i c ; r r  III~,I~II!:: 

do mall^. 71-li~s. C O L I P I ~ ~  \v1111 111c p~-c)h lc~ l i  of Ii1y11 a l i ~ t ~ i c l ~  orhlts ~IIO\CII l i l r  c ~ ~ r r e l i t  c o ~ i l ~ n c ~ - c ~ a l  .;a~cllitc\ ( I  RS. 
KAL);\lISAT). ~nahc., rllc 1n\8c1-sion p r i~h lc rn  mol-c i i~ l ' l '~cu l t .  CL I~ I -~ I I~  \ ~ > a c e h o ~ - n c , , a ~ ~ - \ l o ~ - n c  ri'molc s c ~ i > i ~ l $  



t e c l i ~ ~ ~ i l ~ ~ c s  ; I I C  c;~pable of pro\ i d ~ n g  111;1ps of loc;~tiolis ol'hnthymetric obslnclcs anil li.ntnres I Io\\c\ el. acculaLc 
( 1 0  to ?O"O) csllmatcs of bottoll~ ilcpths I-cqu~l-c tllc L I \ C  o r \ \ a t c ~ -  pencti-at111g \c l~ \o rs  \ ~ ~ c h  as a11 acri\c I 11)  \ R  or 
a passl\c hypc~-\pcct~-al I ~ S I I - L I I ~ I C I ~ ~  \ o  aci l \c  L l l ) \ l l \  ,lie cul-rentlq in o ~ h ~ t .  aiid t i 1  mol-c accul;llc ~ c c l i n ~ i l ~ ~ c s  
than ~pi-c\c~illy c u ~ s t  \ \ i l l  ha\ c to bc dc1.1\ cd fol- d c ~  I \  ing ho~tonl  depth li-0111 111 ~pcrspcclral rcrlli-n\ 

Now/Ne;~r term: 

( ' L I I - I - ~ I ~ ~  shortfalls: at-sea co~n~i iun~ca t ion  nilti procc\\ing power. 
Solur~ons: PC-based ha~-d \ \n~-c  \oft\\a~-c. and po~r:rhlc d o n n - l ~ ~ ~ k  IL:\\l-bawd aiitcnnas 
C 111re11t capab~lltlc\ fol- tici-I\ 111g parametel-.; li-oil1 I-ciilote aenslllg: 
\/l:~~-i~ic ivlnd ~erctol- .  spaccho~-nc airborne scat~cl-olnctcl-.. 
( 'LII-I-c~ils: ~ I ~ ~ C ~ ~ C I - O I ~ ~ C ~ I ~ I C  SAII. :lltiilicLe~- 
I)il-cctional wa \e  lic~glit \pcctra: spacebornc/a~~-hol-11c SAR. 
I3;1thyincrry: active LII>AI< 01 n passive Iiypel-spccl~-al inslru~iicnl 

Future: 

Researcl~: 
I>at;l co~i~pressioti:  ma~l i t a in~ng  infor~nnt~on conrelit wliilc rcduc~ng hand\vidth 

Aulolnalic feature recognition: rapid selection and cl~lantification o l ' \ ~ g ~ i n t u ~ ~ c s .  
C'o111?lilig of spa t~a l spcc l~a l  \~pnatul-cs fol- occir~i almosphcrc p l i c ~ i o ~ i i c ~ ~ a  10 dynamicnl l>; l lu~c 11~oilcIs 

A li11-~nal organir~ng body lo I ~ I ~ I - f a c e  \ \ . ~ t l i  the I I S ~ I .  community ;~ii tI  i l i ~ l i l  s~~ppl ie r s  a ~ ~ d  to tlcc~dc oo 
l i )~-lnaUi~~g alandards. data cxcliangc, and dat:~ a \  :~~l;tbility. 



G.I.S. E\ccr~tive summar! 

11'11(11 ( i i ~ ,  iIi12 i i io. \ i  c , i . i ! i cc i /  . s / ro~ . i / i i / / . \  i i i  c.rii.i.oiii c . c i / ~ l i h i / i i i c ~ . \  c i i i t l  I l o i ! '  t l o  11.c' i ~ i ( i X l ,  coot/ / / I ( .  . ~ / 7 o i . / / ~ i l i . \  " 

CLII-rcntly. ~hc l -c  21-c rwo cl-itical shol-tli~ll\: first IS the a ~ a ~ l : ~ I - ) ~ l ~ l y  ofat-sea c o ~ n ~ l ~ ~ l ~ ~ i c a r i o ~ ~  and shlphoarcl procchsing 
po~vc l -  to [lie opcl-a~or war f i g l~ tc~ - .  and tllc second, i\ tllc a\sail:rh~lity o f  ~ l s c r  I ' r ~ c ~ ~ d l y  soStL\arc thal I \  o l > t i ~ ~ l i z c d  
for data I'LI\I~II ;und L \ \o - \~ay  COIIIIIILIIIIC;I~~OII. \ \ . l~i lc t l ~ c  CLII-I-c11t data (11\1o11 CCII~CI-s ;III~ l ; ~ l ~ o r ; ~ t ~ ~ r ~ c s  ~ ~ ) s s e s  
adcq~late c:rl>:rhilities. the at-\ca c:rpahilit~cs arc 111n11cd In  tcr111s o f  darn r c c c p t i o ~ ~ .  \ ~ ~ \ ~ ~ a l ~ z ~ i t ~ o ~ i  :III~ usel- 
i ~ l t c r a c t ~ o ~ ~ \ .  101- Io\v data rare\. IIIIII,I~\JL ;111d cellular ~ p l i o ~ ~ c  c o m n ~ u n ~ c a t ~ o n  can bl-lng (;eogral>l~~c I ~ ~ l i ) r m a l i o n  
Sy\ tc~ns (Cr.1.S.) c;ll,abilii~c\ to the opc~-;llor at sea. I-lo\vc\:cr. Sor lh~gher data I-ate\. (idding As~ncI~ro~iou\ ' I '~ - ; ins iL . r  
hlodc (:VI'b!) ncr \vo l -h~l~g r c c l ~ ~ r o l o ~ y  lo cxlst lng colnlliulllcatlo11\ capabil~t lcs \\-111 he necessa~-> to ;~l lcvlatc the 
b a n d u i t i t l ~  ~problcn~.  The cheapest and most hcrsatilc njlpl-o;~ch is to ~ lpg~-adc  the proccsslng cap :~h i l~ t~cs  oi'the 
fleet \r.itli I'C'-hascd hardunrc soliwarc and to ImproLc ;rl-sca c o m ~ n u n ~ c a l i o ~ l s  1~1111 pi)~-table ~~ \C I I - I I I I I~LAN-  
b a w d  ;III~CIIII:I\. 

I ~ ~ l ~ ~ c l ~  / o / > i ( .  ( i i ~ ~ t i . <  c~ i -c2  ~IIO,YI / ) r o t / i i ~ \ - i i ~ g , / o i -  f i i i i i i - c  i . i , . ~ ( , ( i ~ - c l ~ "  

F ~ ~ L I I - C  I-C\C;II-CII s l ~ o ~ i l d  be ~II-ectcd 111 tile 31-cas (>~'~II~~)I-III:I~IoI~ SLISIOII ant1 tlnt:~ \ , ~ s ~ ~ a l ~ r a t i o n  tcchn~ilucr. ;IS \ \ e l l  
as high-speed c o l n l n u n ~ c a t i o ~ ~  L I S I I I ~  la]-gc-scale mesh-con~icctcd ~~e t \ vo~- l t s  irnd d~str ihutcd 1i1sio11 centel-s. Thc 
goal o f  any sensol- filslon and data L ~ \ ~ ~ a l i z a t l o n  tcchn~i luc\  s h o ~ ~ l t l  be to p ~ - o v ~ t l c  vnluc-added ~llForln;ltlon and to 
c n l i a ~ ~ c c  data 111tc1-prctation by t l ~ c  synerg~stic LIW ol' 111ult1plc data fields. [:or n ~ n i s s ~ o n  c l - l t~c ;~ l  opc~.ational 
RE/\. l l ~ c  distributed data m c \ l ~ - c o ~ l ~ ~ c c ~ L . d  netwol-ks \ho~ l l t l  he capable o f ' p r o v ~ d ~ n g  LI~-interr~rptablc (lala stl-calns. 
i n  the Illalll icr a po\ver grid I.; r c \ ~ l ~ c ~ ~ t  ill the face o f  a SOLII-cc l'ailurc. 111 tIc\lgning \?\tern\. c o l ~ \ ~ t l c ~ - : i t ~ o ~ ~ \  
should t>e g l \<cn to scalab~l~t !  III al l  i l~lncnsions. IIICILI(IIII~ cI;1t:1 set b~ze. IIIIIII~CI oF~1scr5. 11i1111hcr ol ' \crvcr \itc'i. 
and dat;~ t I c l ~ \ ~ c ~ - >  \pccds. 

W/?u/ i ~ c t , ,  o i : y i i i i i : ~ i i i ~ ~ i ~ u /  , s i r ~ i ( ~ / i i i ~ ( , , \  i i i i i.si 17c~ c , i ~ c ~ . r / ( ' ( l  1 0  i i i i / 1 / ~ ' 1 1 1 ~ i 1 t  RL.4 :' 
A for~nal  01-ganizlng body is ~ ~ c c t l c d  to interface \\1t11 tllc user community a l ~ d  tlnt:~ suppl~ers alrd to tlccicle on  
for111attln~ \~nnd;u-cis. data cxchiunyc. :III~ data av,r~lnIii l~ry. Idcally. thl\ orsa~~~;. ing body \\mould .iIsc~ provldc 
..Value adilcd" In rhe fol-m oSract~c;~l d c c ~ \ i o n  a ~ d \  I-C\LIIIIII~ ~'-OIII the f i ~ \ i o ~ ~  o f  IIILII~I~IC data stl-cnln\. 

Current (i.1.S. lechnology 15 cnpnblc ol 'colnbining gco-spalial informalion 1;rycrs (I-nster.vecto~-) 1.1-orn the sea 
tlo01- ~ ~ r o ~ ~ e ~ - t i c ' i .  to \Cater c o l u m ~ ~  11lli11-mation, to remotely sensed sea s ~ ~ ~ - l ; ~ c c  ;~nt i  al~nospheric p;u-a111ctcrs using 
varlou\ ofl-[he-sliclf software a ~ - c l ~ ~ t c c l u ~  cs. For  satcllitc tlnta I - ~ ~ ~ L I I I - I ~ ~  ma\slvc alnoLlllts of storage. ~ > ~ - o c c s s ~ n g  
po\ver and nctwol-k through~>~rt.  ~~ct \ \ *ork-based (;.I.S, c a p n h ~ l ~ t ~ c s  have been 1111ple111ellted that I-cly o i l  cl ient '  
SCI-VCI- IIIIC~;ICIIOII\. near-real tl lnc Illlcrge proccs\lnS and l11g11 speed access ro rc~ l lo rc l y  \tored data a n d  procc.;sing 
po\vel: 1.01- a s s c ~ ~ ~ b l ~ n g  lo\\' v o l u ~ n c  data and 1ntcg1-at111:1 c n \ ~ ~ r o n m e ~ ~ t a l - o ~ > c r ; ~ t ~ o ~ ~ : ~ l  dam set a r c l ~ ~ \ * c s  In real- 
time. (i.1.S. 111 navigat~onal chart lnoclc and o l~ jcct - l inhct l  clcct~-onic maps (I:-Mi~ps) have h c c l ~  1111plc111cntcd. 
These 1;-Maps arc ~n tendcd  to he 111i111rnal data sets, opl i lnlzcd fol- III~ILI~II;I~ 111issiolls. wI11eIl I ~ o l t l  lnnch 
informatloll In :In abstracted for~l l .  I: \lstlng. rc la t~vc ly  i ~ ~ c x l l c ~ ~ s ~ v c  ottltl~c-sl~clfsoli~vi~rc and portahlc \\ orkstations 
using I ~ i t c l - l ~ c ~  technology arc su l ' l i c~c~ i l  to ]pro\ idc ~ ~ ~ t c ~ - a c t i v c .  dlstrihuLcd inliil-1n;ition systclns. The c l la l lc l~gc IS 

to deliver to tlic end-usel- ~ ~ s c l i ~ l  ~ l ~ l i ? m ~ a t ~ o n  fastel- and III a III~I-~ autolllntic l>shlon ~ i s i n g  r n ~ ~ l t ~ l > l c  t l ~ \ r r ~ h u t c d  
data \oul-ccs. 

Now/Near term 
C'111-rcnt \hortf;~lls: at-sca coln111~1111cation and proccsslng pourer. user 1.1-iclltlly software. 

S o l u l ~ o ~ ~ s :  PC-based 11ardw:rrc .;oliuarc. ATM I I C ~ L I ~ ~ ~ I I I ~ ,  and pol-tahlc doh\ n-link/LA.U-hnsctl ;IIlrcnnas. 



C ~ ~ r l - c n t  c a p a b ~ l ~ r ~ c \  l i ~ l . c o ~ i l h ~ l i ~ n g  gco-cpar~al (\;~.~I~I-II~ISICI-) layel-s. 

Nctworlicd-b:rscti (-,IS 1 i 1 1  l i ~ g l i  d:r[;~ i-:r~c\: c l ~ c n l ~ \ c r v c r  ~ ~ i l c ~ - a c t i o ~ i \ .  near-rcrl l111ic 1111agc ~ I - O C C \ \ I I I ~ .  nnd 
r c~ i i o l c  storage ;rliti ~proccs\~ l ig  po\\cr. 
i u a v ~ g a ~ ~ o n a l  cIi;r~-r lnodc I'or lo\\, data I-;IIC\. ~ ~ h ~ ~ ( ~ ~ - l ~ ~ i l ~ e d  I.-~iiiips. 
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? I1  l~li~ili!ii! i , i i i < i i  i i ! i ~ f i  \ 111 l~ilii~l!i\ ~ ' 0 1  I.<, \ / ) ( l i l l / i i i ~ <  
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ll!liiO/ \ I  \ i c J i i !  1/11' 11/\0 i / i \ l  !I\ \ O i l  

1 .  Introduction 

The ~)ci .anog~.;~pl~c~  nil 111c l' S hd\)-\ ~CC;III(I~IJ~II! 
c o ~ i i ~ i ~ u ~ i ~ t p  are I.C\I~OII\II~IC I)I-IIII;II-I~> l i ) r  ~ ~ ~ i d c r \ t a ~ i i l ~ ~ ~ g  IIIC 
cI'l2ct.; of the 11;11u1al en\ ~ r ~ l l m c n t  on  t l ~ c  lpla1111111g . I I I~  

C X C C ~ I ~ I O I ~  01' 11:1\:11 OPCI; I~IOI I~ an i l  fo r  I n l c r l ) l c l ~ n y  
; ~ ~ ~ i i o s p h e r ~ e  LIII~ OCC;III ~~IICIIOIIICII;I 10 ll ic t ' i g l ~ t ~ l ~ g  IOICC\ 
1 hcrc are l\vo h a \ ~ c  rnoll\.;lllolls. l irst, lo  i n \ l ~ ~ - c  the s;1l21y 
o f  the t l c c l  and Il lc \ I ~o r c  C\I;I~~ISIII~ICIII 111 t l ~ c  I;ICC (11  
; I~\cI- \c nccali and \\c;lrhcl co l~ t l ~ t i ons :  nni l  \i.concl, 10 

l p ~ - o \ ~ d c  \ V ~ I I I ~ I I I C ~ \  'I ~ C C I \ I \ C  ~;IC~IC;II cclgc h \  
a c c n l n l ~ ~ o d ~ l t ~ n  m c l c o ~ l ~ l o g ~ c ; r I  ,111d occ .anog~ ;~ l , l ~~c  
I>I-OCCS<C\ 111 O~>~III~I/III: l l ~ c  ~ ~ C I - ~ ~ ) I - I I I ~ I ~ C C  01 t l i i ' ~ ~  1pl;1tli11-111\. 
\c11\01\. 'llld \\ c:ll,~lll\ 

\\ 1111 lO(ii1y'h < l l l ~ ~ l l l l g  ll-~lll\l l l l l l l l~l~l111 tI1c co l l~ i l t lo l l \  111 l l lc 
Co ld  L\al to a " I I~\\  \ \ i ~ r I ( l  o ~ d c ~ "  In  \\111cl1 tllc I ~ h c l ~ l ~ o ~ ~ ~ l  
01' s~~~a l l e r - scn l c  na \ :~ l  o l x ~ - ; ~ r i o l ~ s  IIC~I- s l i o ~ e  ~ C C ~ I I I C \  ;I 

p l l l 1 l ~ l l y  c011cc1-11. l l < l ~ ' l I  llccLlllogl-;lplly col l l ' ro l l lh i l l 1  

~ ~ n f a ~ n ~ l i a r  I ~ l l o ~ n l  CII\'I~OIIIIICII~ Ilia1 cIin11gc\ II~LIC~I IIIOIC 

rapidly I n  ti111c allcl \I>acc ~h; ln  ~ h c  dccp occall \c l l l lca i l l  

2. 7'oda)'s infrastructure for tactical 
occanograph! 

I 11c lop 1c\c1 collcc1~t 111. , l ~ ~ c l ; l l l ~ l l l \  l l l i l l  llils c \n l \cc i  ;I\ 
11iday '\ m c c l ~ n l ~ ~ s ~ ~ i  lo r  ;I\\IIIII~,I~III~ o h \ c ~ ~ ; ~ t ~ o ~ l ; ~ l  di~l;i 11110 

11eC;1I1,'lll110~pI1~1e II~I~II~I-IC;~I 1110~1~I\ i l l l C i  geI lClal l l l f  
~ ; ~ c i l c ; ~ l  PI-oducts li)~ d i s s c l ~ r ~ ~ l a ~ ~ o ~ ~  l o  111c Iblccr I\ \1iow11 
111 1- 13111-c I S y ~ ~ o p l i e  \e;~Ic ~LI I~ : I I ICC I ~ I - oc I~c I \  arc pl-oduccd 
;II I \ \O larpc s u p c r c o ~ ~ ~ l > ~ ~ ~ c ~ -  CCIIIC~\ ~\IIoI-c: IIIC N;I\;I~ 
Occ. ,~n~ ig~n l> l i~c  O f l ~ c c  ( C  2\ O( I \ N O  - S lenn~ \  Spacc 
( cnlcl-. h l S )  ;llrtl t l ~ c  t lccl ~ I I I ~ C I  1c,11 \ l c tco~o lo f !  ;mil 
( )cc~111og1;1~1~1~ C c111c1- ( 1. \ \ I (  )( - \ ~ o l ~ t c ~ - e ~ .  (..A 1 13olt1 
;l\\ l l l l l l ; l lc >c11\0r ci:llcl l l l l l l l  ;I \ ,I1 l C l \  01 \0111-ce\ Lllld r1111 
I;II:c-\c;I~c IIII I I~~IIC~I~ ~ I C C ~ I C I I ~ I ~  1110dcl\ 011 3 c ln~ l> .  
\ c I ~ c d l ~ l c d  bnc~s Tl lc 111i1cle1 01111)111\ CIIC p i ~ s ~ c d  do\\ II ~IIC 
c l ~ a ~ t ~  - nol-mally a \  21 ~dclccl liclcl\ 111 I~~I I -~I I I~~CI-  csllm;llc\ 
- l i ~ r  l l \e as n u l ~ l c r ~ c ; ~ l  y l ~ ~ c l ; ~ n c c  In IIIO~C Socu\cd r e g ~ o l ~ a l  
l i~ rccas l  ccntcl-s at No1 l i i lh.  I 'ca~ 1 l1;11ho1. Rota. and Ci i~am 
I l ~ c \ c  cclitcrs. c l o r c l y  I n  I c i ~ ~ c l i  \bill1 l l ie   arc;^ II~IV;II 

C(III~I~I;II~~CIS lhcq s c ~ \ c .  :~ t l t l  111c;1l \ ; ~ l uc  and  PI-oducc 
1111-ccal p ~ - o d ~ c I \  1;11It11cd I~II.CCII\I li11-;111o;11 LI~II~\ ;111il s1;11'l\ 
I 111c11 IleLls 1 1 \ 1 1 1 \ 1 l l 1 1 1  ! O l  Ill tLII.II. ill l l l ~  
IJCIIC;II Ic\ el. 011-\CCIIC 0 ~ ~ ~ 1 1 1 1 1 ~ 1 ~ ~ 1 ~ 1 ~ 1 1 ~  \t;lff~ (I11 ~ ~ l l l l l l i l l l d  
I I I I - I  \1111,\ I C C C I \ C  :III~ d~\lpla> \ \ c a t l ~ c ~  
~lnagcl-! li-om hot11 11011 ;rlltl h 0  \ , \  \arcll~tcs a n d  I ~ I O C ~ L I C C  

local alcn hreca\ r \  1\11 tl11cc1 I l c c ~  \llppot-r ant1 pl-ncc\\ctl 
cI,11,1 l i l t Inscrrloll 111to tacl~cal  tlcc1\111n a ~ t i \  ALcac l~  \t;lgc. 
local ;lnd I-cg~onal oh\c1\:111011\ :II.C Io r \ \a~-dcd back up ihc 
c h a ~ n  ,IS Inpi l l  data l i ) ~  Il ic 11cu1 11111 ol'lhi. \ynopric-hcnlc 
11iodc1s at tllc ~IICII-c " l ) r o d l ~ c l ~ o ~ ~  CCII~CI\ " Both  Iillld-1111~ 
;111d \;ILCIIIIC COIIIII1lIIlIe;IIIllll I l l lh\  ;IIe 11scd tO l I C  I ~~c I I I~ I -  



Th i s  11crctl ap l i n i ; l c l ~  10 F lcc t  i\lCTOC' s11ppo1.1. 
beglnnlng wit11 ;I \ I i o r c -gc~~c r ;~~c ( l .  synopl lc I I ~ \ Y  r ~ ~ ~ c l  
proccedlng do\ \n  11ic c l ~ : ~ ~ n  r l ~ r ~ ~ i g l i  s i ~ c c ~ s s ~ v c  \ l i ~ g c \  oI' 
i~ict-easingly local li)cus. Iias \crvci l  us \veil 111 I l lc p t~ \ l .  I1 
continue\ l o  scr\ c 11s well I ~ t l ; r y  for day-to-day ivca l l~cr  
and ocen~ i  "hackgroe~~ld l i~ rcc i~s t r l ig "  Ibl- ;l1\'1,1lior1 snli.ly. 
O p t ~ ~ l i i ~ ~ n ' T ~ - a c k  SIIII? I I o u ~ ~ n y  (OTSR) .  storm a \~ i~ i l , ~ncc .  
and ihe,~tcr-level opcr,lrlon.; ~ p l a ~ i l ~ i n g .  C?'ndcr rhc c11.ungctI 
c o n d ~ t ~ o n s  o f  \e1111ior1111~ 111\c1) co11lh;lt ;111d C O I ~ ~ I I I ~ C I ~ ~ V  

~>~3cl-1ltlol1s Ill 111c l l l l~ l r ' l l ,  l l i l \vc\c l .  \vc ll~i.(I tc> LIO l l l ~ ~ l - c *  

3. Rapid En\ironmcntal .\ssessrnent-~icw 
neighborhood, nea l ~ c c d s  

111 tile neb\ wor ld  o f  111e I~ l l o rn l .  n l ~ c r c  a 11111ll11uclc ol' 
eloscly i n t e r - ~ - c I ; ~ ~ ~ i l  II;I~II~;II ~ ? r ~ c e \ \ e s  \ ary r ~ p l d l y  In \pace 
1111ii t i l i lc. CII\;II-OIIIIICIII;I~ ~ i l ~ i l c l ~ ~ l g  and PI-eil ict~on CIIY 

~ i i e ~ c h  mol-c complc\  l ~ ~ ~ t I  ~IIITIcIII~ l l ia l i  111 Lhc ~CC'I? ~: I?I I I~.  

Increasingly. ourcxls l lng 111otlcli slid iiat'i bases arc I;IIIIII~ 
cllort. .4 w h o l e  new  se l le ra l ion  of alg01-1111111\ ;111il 

:~pp~-oaclles IS 11ecilcd I'or ~ l l c \ c  IIC\Y ~ c ~ I ~ ~ I - I o \ .  111 \\I11el1 
the [rapid a s s ~ m ~ l , ~ r ~ o n  ol'11il1rc t l c~ i \ c l y  ipaccd ob\cr\,;irlo~i> 
urll l  be kc? to p r c i l ~ c l ~ ~ l p  \ v ; I I - ~ I ~ ~ ~ I I I ~ ~  C O I I ~ I ~ I O I ~ S  (111 1 1 1 1 1 ~  

c a l c h  comnicnrclrnlc \ v ~ l I i  l I i i ~ \ c  ot' l l ~ c  I l t t o r ; ~ l  '~ncl 11s 
11carby l i ~ ~ ~ t c r l a n i l c .  I~'111-1licr. OLII- CXISIIII~ C o l i l  \ \ ' t~ r  
~nl iastructure ~ i cc i i c  l o  Iic IC-locu\ctl f i~r lhel-  I b~ -u ,~~ - i l .  \\ 1111 
R E A  as ~ t s  pt-1111al-y goal. 

3.1. C h a ~ l g i n g  ZIE'TOC ~ - c c l u i ~ - r l l l r l ~ t $  for l i t t o ra l  
warf 'arc 

T~icl:ry's I ~ t ~ o r ; i l  \ \ ~ ; ~ ~ - i ' ~ g l i ~ c n  .II-c L~CIII ; I I I~II I~ sc~bst;l~lti;~lly 
i;iorc clcl:l~lcd c l i ; ~ ~ - n c l c r ~ z a l ~ o ~ ~  ~ l f r l ~ c  Iialllc.rp:icc 011 ~111:1llcr 
IIIII~ ;III~ \l)~11;11 scales. TIICL ;IW nic~cl i  l c \ \  lntercsted In  
I r ~ l i p - ~ c r ~ n  synopl lc b e h a v ~ o r  I~I;III 111 ILno\ving /oi/iq. 's 
\VC:II~IC~ O Y C I  t l ie I;II-~CI ;111d IIIC (1ct;lils 01' ~ncar-<Iiorc 
~ l i ~ , r ~ n a l .  current and sall l l l ly Ip.lllcrli\, 'T~LIs, 0111- c;u-llcr 
CIII~III,I~~\ on l ong lc rm \\c:~ll lcr t111cI occali l i~rccast ing 011 
rllc lllcatcr sc,~li.. hascd I lca\,~ly 1111 sli i l>;~l 11~1rnet-leal models 
rro111 II~III+:~ \\rorld away. ni.cds ~ r i  hc s l i l~ l~ lc rncntcd  \v11l1 ;I 
l l ~ l l l c r  IilCll\ 'I1 [ l lc t~lct lc<l l  I C \ < ~ I .  

'['Ill< I C  l l lc i'\3cllcc 01'1Ial,1cl I. ~ r \ ' ~ r o ~ ~ ~ ~ i e n l , ~ l  t \ i \c i \n ic i l t .  
1 1  ~ o l i i l i r l ~ c ~  ~ i c t a ~ l c ~ l  i i ~ i d  1111icIy h,IF~(OC' c l i c ~ ~ c ~ c ~ ~ ~ - ~ z ; ~ ~ ~ o ~ ~  
 ill‘;^ l11111tcd ohlectivc ;lrcil. I\c\,ciI 10 clcl\c sc11i~o1-t of 1111 

IIIIIII~IICI~I 1111llta1-y OPCI-;IIIOII. ,411 ~ p o \ ~ l > l c  ~CCOIII-ccs arc 
Ihroc~glil ro hear \hip\  ant1 a~rcral' l. i i i  ~ i i l i  and aatcl l~tc 
scirsor\, nlid dcd~ca lcd  ;11laly\1\ ;111tl ~ l ~ l c rp r c ta l i on  ccllh 
c:~p;~li lc o l 'p roduc~ng i l ~ l ~ c l ,  r ~ ~ ~ c l i o ~ i  ~iroducts,  i ~ i c l t ~ d i ~ l g  
t l : ~ ~ a  ba\c f ~ l l \ .  paper chart\. :lntl qcl.rlilllall\,c and t r~nc l y  
~ ; ~ c ~ ~ c a l  ;rd\.~cc. 

I n  I'<IcI. IIE.4 cal ls Stir rhc si.i lucnl~,~l app l~car ion  o f  ,I 
rc11c1-IOII-~ (>Sold ~111cl 11c\v I ~ ~ ~ I I I I L ~ ~ I ~ \  li-l10111- n c a r ~ .  
I:or e , ~ r I y  plaii1111i:l ;111~1 l ) r e l ) l ~ ~ - ; ~ l ~ ~ ~ i .  l l i c  M E I O C '  
C-(JhOr1S ~ i ~ f f c ~ - h  11tt Ic I.ro111 o c ~ r  I~~ICIIII~II~II t ~ ? r c c l  
; I / l ~ l ~ O ; I C ~ l .  \\.I111 I t \  ~ ~ C P C ~ ~ ~ C I ~ C C  011 C111113tO102~. 
. ~ r c l i ~ v ; ~ l  data hascr. and \ v ~ i o p ~ ~ c  n u m c r ~ c a l  niodel ing. 
I I o \ \ ~ c \ ~ c r .  111 the In t tc r  s lagc \  o l ' ~ ~ r c l ? a ~ - a l ~ o n  - I n  l hc  
l~c le~rc  I c : ~ d ~ l i g  1117 tci t l ic  1110111~111 ~I'COIIIII~~~IIICI~~ slid 
du r i ng  ~ l i c  opcr; l l lon 1tscll'- ~ l i c  nc\h \~)i.cil'ics of'RkA 



come Into lI1i.11 o \ \ n  P ~ i n c ~ p n l l y .  l l ~ c ~ c  I \  a g ~ - o \ \ ~ n y  
t lcpcndc~icc (111 1I1c t l ~ ~ p l a y  and ~ l ~ l c ~ - p ~ - c l a t i o n  o f  dil-ccl 
ohscl-vallo~is. \+~lIi less c ~ i i p l ~ a s ~ s  III~ IIIIIIICIIC;I~ p l~d ic11011 
models Kcl;ilctlly. ~II-ccasling - pal-11cula1 l y  more 1ha11 ,I 
ilu) ln io  the I\IILII-~ - y ~ c l d s  II~CI~C;I\III~~> IO ~ ~ O I I  1 i i s i i i 7 : :  - III 

\\ l i ic l i  t l ic i ~ i ~ c ~ - p o l : ~ l ~ o ~ i  ~111tl c\tr~lp01;11101i 0 1  CIII-ICI~~ \~II\<II 

d;lta \ \ ~ r l i ~ l i  ;11i(I b c > o ~ i d  the s a ~ i i p l ~ ~ i y  y11d ~CCOIIIC\ l l ic  
1101-111 F ~ g u l c  2 a t t c l np r \  a 1ro11gIi COIICCPIII;I~ 

~ c p r c s c ~ i t a t ~ o l ~  

' l l i c  p rocc \ \  I \  \e l -y milch ana loyo l~ \  l o  " ~ l i t c l l i g c ~ ~ c c  
p r cpa ra r~o~ i  o l ' l l r c  h a ~ l l e s ~ a c c "  hu l  cklc~i( ls i t i r \ba~t l  In lo 
l l ic  i lpcral~onal pli;~\c ~tscll: pro\  1d11i3 cng;~gcd u a ~ - l i g l i ~ c r \  
;I s t ~ e a ~ l l  (II'I;~IIOIC~I. real l lmc  en\ i r o ~ i l ~ i c n ~ a l  updalcs. ol'leli 
~ ~ i c o r p c ~ ~ - : ~ k d  ,1tl;11311\ el! 111to \\ ct1p011 ,111tl \ c ~ i h o ~ -  \ C I ~ I I I ~ \  

d~ r cc t l >  

A c l i i c \ ~ n g  l l i c  go ;~ l  0 1  sea~ i i l c \ \  I<a j l~ t l  I n \ ~ r o n r n c n l ; ~ l  
,4sscss1iicnl iz'111 he a con t i nu~ng  " \ ~ o I  1, 111 131-ogl-css '' 0 u 1  
~ l i ~ t i a l  stcph I i ;~ \e  bcc.11 \o~ i ie \ \ l ia l  Icnl,l l l \c. but tl ic 11/\1'11) 
R l -SPONSl  111111;1livc\ i n  Ilie M c t l ~ l c ~ ~ : ~ n c ; ~ ~ i  con\ l l t l l lc  ;ill 
cxcc l lcn l  bcy11111111~ 1'11~1-c ;II-C \c\cI-;II he) IISPCCIS 10 

co1isldi.1 F I ~ \ I  I\ 1Iic 11cc.d ~ O I -  a m l ~ c l i  ~ l t n \ c l  y r ~ d  ol ' loc,~l  
,11-ca o b ~ c ~ - \ a r ~ o l i \  ii11il cor rc \ l>o~ i i l~ l i y l !  l11~I ic1  I C ~ ~ ~ I I I I O I ~  

da l ,~  bn\c\. h o ~ l i  occanog~-al>l i~c :inti ~IIIIIII\I>~IC~IC Scco~icl 
15 a gI-ob\lng c r n p l i i ~ \ ~ \  o n  local (11 "111 \111ilc" c n l > a h ~ l ~ r ~ c ~  
l i l r  d~rccr  a a s ~ ~ ~ i ~ l a ~ ~ o l i  o i b o t l i  Ira\\ ; i1 ic1 ~ 1 1 0 e ~ s s ~ d  i l a ~ n  111111 

lactical deci \ io l i  i ~ ~ t l s  In  Ileal I-cal I l lnc. \ v ~ l l i  con l~nua l  
adaplarion 10 c l i ; ~ n g ~ ~ i ~  c o ~ i d ~ r ~ o ~ i \  I l l ially. i \ c  ncctl IO 

c \ o l \ e  t i  rc\p011\1\ c ~~ i l ,c>r~ i ia t io~ i  I I~~~; I \ I IL I~I I I I~  1 1 i i 1 1  I : I I~~I\  

l l ic  \ \ ; i ~ f j s l i ~c~ . \  :111(l ~ i o t  t l ic X lLTO(  \ p c c ~ a I ~ \ ~ ~  

4. A u g r n e ~ ~ t i ~ i g  t h e  sensor g r i d  

4.1. No\\ roles for o l d  sensors 

( 1 1  ~ I I \ I I O I ~ I ~ ~ C I I I : I ~  t1;11:1 \ \ i l l  r c ~ ~ i ' l ~ i i  ;I \ ,~ lu ,~h lc  ~ c . \ o u ~ c c  
I Iicsc include s:~lc l l~rc \clisors till- 5ca SIII lace tcliipcrcltlllc. 
\ ~sunl, lnlcroc\;l\c. ;111il ~ - ; ida~- i~ i iage~-y .  I:~C~;II~;I~III~IC~I~. ;111d 
a ~ ~ i i o s l ~ l l c r ~ c  p ~ o l i l ~ l ~ g  o l ' l i ~ ~ ~ i i ~ d ~ ~ ! ~  I ~ ~ i d  ~CII IP~I-~~~U~L' T l ic  
L s Y>l\  y I\ 1 ' l l l l t l l l l~ :I \ :11-1c1> t l l  \ l l l t l lc \  (Ill l l l l l c l \ ~ l l l \  c 
I~~(I~C"SIII~ ~ c c l i n ~ i l u c \  l i ) l -c \ l \ l lng  \ ~ i c l l ~ ~ c  il,ita. ~n t cn i l cd  
l o  c\tl.acl o c c a ~ i o y ~ a l l l i ~ c  fc : i t l~ tc \  , ~ n d  mc,l\uli 'mclir 
l p : ~ ~ - ~ i ~ i ~ c t e ~ - \  li-i111i \p:~cc \ y \ t c ~ i i \  1101 ~ I I I ~ I I ~ ~ I I I >  lpl;l~i~iccl IYII 
~ l l osc  ~ p ~ ~ r p o \ c d  IIC 1.1111 I L I I I ~ ~  o l ' r / j  \IIII \ c ~ i \ o ~ - s  \\III he 
IIS~I'III a l so  ~ ; ~ d ~ o \ o n d e s  (L\C;IIIICI b a I l o o ~ i \ ) .  
I ~ ; ~ r l i ~ ~ l l i c ~ ~ ~ i o g ~ ~ ~ l ~ l ~ ~  (13Ts) ol ocean I cmpc l - a t~ l l - c .  
( oliductl\ 111, T c ~ i i l ~ c ~ a l u ~ c  15  I>cprli ( ( -  I 1) )  cahls. mool-cd 
,111ci (11-iSl111~ l l l l O > \ .  :111tI ( i l l ee l  ,I l l [> :111ci ~ l l l - c l - ~ l l ~ l  
l l l l \c l  \ :1r1011\ 

4.2. Uc l r  a n d  c\ol\in:: sensor cor ic rp t \  



~ > r o c c s s c d  to  C\IIIII:I~C ho t to l l1  :III~ r c \ . c ~ - b e r ; ~ l ~ o ~ ~  
~h;~t-;~li1elcr\. c ~ ~ ~ t l  \ ~ g ~ ~ ~ l ' i c : ~ t i t  5~1eccs i  11:1s Lhcc11 ;~c l~ tcvc t l  
I l s l ng  t l i c  S S Q - I  I 0  s o l ~ o b u o y  ; r c l ~ ~ c  ~ 0 1 1 1 - c c  ('or 
c l ~ a r n c t c r ~ r ~ ~ l g  1xillo111 bnckscatlc~- ;II lo\ \  gl-;~/inp '~nglcs. 
111 tllc c l c c t r o ~ l l ; ~ g n c ~ ~ c  :u.c,~. t l ~ c  SI'(I)-'1 I'irc control radar 
IIJ\ cmcrgcd a \  ;I u \ c l i ~ l  loo1 l i l r  tllc,l.illrlny near sur l i~cc  
clultC'r. i l t id LIICI\C~I.\ SI'Y-I p l l ~ ~ i c t l  ,~n.,~y lias i l i o \ v ~ ~  it\cll '  
l o  be an  e \cc l l c l ~ l  I )o l lp lc~-  \\ i.a~licr r,rtl;lr. IYI~II capab~l~ t~c . ;  
apl>roacl i i~ ig ~ l ~ o s c  01' t l ~ c  state-01'-lhc-arl Navy  NO,\!\ 
NI-:XI<Al) sy\lc111. 

5. Fusion, interpretation, and 
infrastructurc for KEA 

5.  I .  I 'hc ncctl for in-tllcater f u s i o ~ l  

Mol-c focused and I I I ~ ~ I I S I L ~  Rk: A d : ~ ~ a  col lccl ion by  11\clI' 
IS o f  l i t t le I I S ~  u l ~ l c \ \  l l lc  "take" can Ihc I ' l l~cd, allaly/cd. 
a ~ r d  ~ntc rprc tcd  I I I ~ ~  ;I I~II-m LI\CI'III 10 tIcci\i i)~i-~iiakc~.\. 
Tl lcrc I\ at111 u i i c c r r : ~ ~ ~ ~ t y  nbollr \vlicrc IIII\ lj1.\1o11 s110~11~1 
lctkc place \ v ~ t l ~ ~ n  1111. larger ~ t i l r a \ l r ~~c l i r r c .  ;und liki'ly 11 
\vt11 lake place 10 romc degrcc cvcry\ \hcrc.  Thcrc I,. 

I ~o \ vcve~ - .  gl-o\v1112 c ~ l t l ~ ~ ~ s i a s m  lo ] -  ,I e c ~ ~ l t - a l  lb1ETO(' 
l:lctical fl1sto11 cc l~ lc t -  ;IS h r  fol-\va~-d In 1l1cntc1- as poss~blc.  
T I I I  ~ v o u l d  serve ;I\ a c lear~ng I iou\c 1111. Lllc c~ i t i r c  r:111gc 
ol'IC1FIOC d ; ~ ~ a  I~I,II come'; a \ n ~ l a b l c  l'rolli hot l i  rcll lorc 
a n d  III sir11 \ c l ~ ro rh  , ~ n d  he ~ ~ ~ p ; ~ h l c  ol' ~LI I I I I~I I~ tllc 1i10rc 
ct111ip1~\ llo\vc:lil IIICICICIS. \LICII :I\ l l lc  \I~I~ILII;II~O~~:II~ L);I~:I 
A \ \ ~ m ~ l ; ~ r ~ o n  5yr1i.m iR101).ASi o n  Ioc ,~ l  rca lc \ .  i\ 

P I - O I N I U I ~ ~ .  II~;II. ICI.III O ~ ~ O T ~ I I I I I I ~  I \  ol ' ferci l  h y  
com~ncrc ia l lq  :~v :~~ l : rb lc  gcograph~c ~ ~ ~ l i ~ r m a l ~ o n  syslcln 
(CiIS) sofiual-c. \ b l ~ i c l ~  can he ad;~plcil l o  t l ~ \ p l ay  rcgislcrctl 
(iccanog~-aphic alld ~ ~ ~ c t c o r o l o g ~ c a l  ~ l ~ l i ~ r n ~ ~ ~ t i c ~ n  LIS a scric\ 
o f  t l i c m a t ~ c  l a y e r \  oi.c.1- a b , ~ c k g r o l ~ ~ i d  cha r t  o r  
~olx)grapl i ic,~I  t11yh1,1y. .A \IICC~\\I\II CY:IIIII~IC l r  1111' "1.- 
\ lap" concept prorotyl>cd at r l ~ c  S:\CI.;\UTt\S\\' ( 'e~ l lc r  
In  1.a Spcz~a l i~~ . \cvc~- ; r l  rcccnt cxcrc~\c \ .  

.\ rn i~ jo r  I-ole \LIII \ r ~ l l  rcm;lln I h r  lhc 131-gc ;~ \ l i o~ - c  hlETOC. 
product~on ccnlcr\. \uclr trs NA\'OC'T A K O  ; ~ n d  FNLIOC'. 
\ v ~ l l i  l l i c ~ r  accc\\ l i ~  global rynoprlc tl,11;1 ol 'a l l  k111cIs ;111d 
s u l x r c o ~ ~ i l x ~ t ~ ~ ~ y  l x ~ \ \ ~ c r  adccluatc for ni l l l l l l ly  111c large rc;rlc 
moilcls nccdcil li,r hc~ul ld l i lp and I I I I ~ I : I ~ I Y I I ~ ~  reglc)~l;il ;IIIL~ 

Ioc;rl ~ i ?odc l \  f'or lhc ~ l~ca t c r .  N.\\'OCT -\;\(I. In  par l~cular.  
\ \ 8 ~ t l l  \\';I~SI~IIIIII~ S L I ~ ~ O I - L  C'c111cr. l ' ~ c l i l \  :I IIIIIL~II~ 

capahi l~t> fo r  rhc \ynt l icsi i  and  dc1;111ccl :lnalysrs ol' ;rll- 
\OLII.CC OCC~I~(I~~;I~>~IIC. SIILCIII~C. ;ind 1111;tgcry d:~ta a i d  l l le 
c l i ~ ~ c k  t u r n - i ~ r o ~ ~ n t l  ol ' I r ~ g h l y  focu\cJ. IIILIILICII~CI~II~;II-~ 
pl-odllcr\. s ~ i c l i  :I.; the Spec~a l  T ; rc l~c ,~ l  Occanogmpl r~c  
In l~c i r~ i ia r~on Cll;ur (S ' fOIC)  arid annot'llcil IIII,I~CI:. T-llc 
y r o \ c l n g  a \ a ~ l a h ~ l ~ t y  o f  \ \ - ~ c l c - l ~ , ~ ~ r i i  \ , r tc l l~ lc .  
COIIIIIILII~IC;I~IOII\ ~I(I\\II IO [IIC t a c t ~ c i ~ l  level \ ~ I I I  ~ ~ i e r c i ~ \ ~ ~ l g I y  
111r11re that c~i .11 l l ~ c \ c  s p c c ~ a l ~ r c i l  slid I ; r b o ~ - - ~ l ~ t c ~ l s i \ c  
PI-oducls reach rile ~ ; ~ r f i g l i l e r  ill LIIIIC 10 III:I~\C 3 ~ ~ ~ ' ~ ' C I - C I ~ C C .  

5.2. _\ ncw infl-a\tl-ucturc 
' f l lc  I l lore f o ~ - \ v a r d - I c , ~ n ~ ~ ~ ~  RE \  l i ~ c u s  dcscr~hcd abo\ c :111d 
I I ~  ,~s.\oclatcd ~ p r o l ~ l k r i i l ~ o n  of cnsor .;yitcnl\ \\-1l1 rcclu~rc 
II~\\, c o ~ i c c l ~ t \  ~ I ~ C I ~ ? ~ ~ ~ I I I C I I ~  ;111d ;I 11c\v \ I I ~ ~ C I I - I  : ~ r c I i ~ t c c t ~ ~ ~ - c .  

t i c , , .  o/~c',.ililollll/ l . \ \ I l ~ ~ S  
l \ ' l ~ i l c  our t r a i l ~ l i o ~ ~ ; r l  Wt .TOC pl-otlucls - d c ~ - ~ \ c d  ah a 
I ' l ~ r ~ o n  of :I-~ddctl Iparalllctcr l ie ld\  ( c o l l ~ l ~ u t c d  cc t~ t ra l l y )  
,111ci l i ~ c ;~ l  C ~ ~ ~ ~ I - \ ~ ; I I I ~ I I I ~  - i l l  rcl1l:l~li II\CI.LII l'cir Iol ig r:111gc 
~pl,rlll~ing. \al'cly ol't ipcr,~t~ons. ;rll iI p ro lcc l ro~ l  i ~ f p ~ o p c r l y .  
IIIC IIC\V II~~~.,I\I~IIL~UI.C I~ IL I \~  1p1-0\ ~ d e  :~c ld t l~ (~ t id l  liiclrlli 10 

c~ l l l c c t  a11cI :lssllllll;llc :I 11e\v ct l l l lc t l \ l~ l l l  ~ l I ' l~>c ; l l  \cl1sol-il;ll~l. 
;I\ \ \e l l  as g~-c;llcr colnpu~at ionel  c , ~ p ; ~ c ~ ~ y  111 t l lcarc~- - and 
w ~ l h  tl ic \ \ , ;~ r l '~y I~ lc r  - l i ) r  p r o i l u c ~ l ~ g  ~ : ~ c l ~ c a l l y  r ~ s c l i ~ l  
~ p ~ ) d t i c t s  OII scc~lc. ( i lohnl .  sy l lop l~c  ~ ~ l ~ l l l c r i c a l  gu~dancc 
\\ 111 rcmaln a Lch i ~ ~ ~ r c d ~ c n t .  b111 ~ l r e  ~prc l~o l~dcrancc  o f  
I I ~ ~ N I ~  \\'ill dc\ ,ol \  c IO orpanrc;llly I'~r\ctl Ic1c:11 i ~ h s e ~ - v n ~ ~ o l i s  
.IIILI CII\ II-OI~I~~CIILI~ \;IICIII~C (I;IIJ d o \ v ~ ~ l ~ ~ i k e ~ I  i l~ r i ' c~ ly .  

7 2 1 .A/.( i i~ i~~r i i~r i~ l  IIIIII/~~ (I~IOII\ 

:\ 11u11ihcr ol '  ; ~ r c l i ~ ~ c c t ~ ~ ~ - a l  II~I~>IIC;IIIOI~S f o l I o \ ~  
~mmcd~a tc l y .  I ' ~ - ~ l ~ c ~ l > a l  among t l i c ~ c  I\ (Ire ~ l c c d  to "clo\c 
1111. dcc~s ion  lool<' l i ~ r  [<;rl~il:i EI I~I~.~II I I I~I I I~~ RSSCSSIIICIII 
;I\ lbr l i>t \ \ar i l  as ~ p o \ \ ~ b l c .  Tills 111 l u r i ~  ~~ccc \ \ i t a t cs  thal 
111orc po\vu1111 r,~clrc,~l 2 l t T O C  I'LI\IOII c a p a h i l ~ t ~ c \  he 
~ l cp l oycd  nboiirrl s l ~ ~ p \  :illd ii)~nvar(i C~IIIII~;III~ 1;1e1l111es. 
\C.IIII CLIIIIIIICII\II~;IIC ;ICCC\\ tci L11c Ioc:~l  gtnd 01' ~BCIIC;II 
b11:'I-OC' \enro l \ .  g l ~ ~ d n ~ i c c  produel\  ko111 the asl~ol-c 
~~~ l ' r ; ~ \ t ~ -uc tu~ -c .  a n d  \ a t c l l ~ l e  imagery alrtl o l l lcr  r e l cva l~ l  
\p.~cc-ba\cd oh\c~- \  a t i o ~ ~ r .  ( ' o r n p ~ ~ t a r ~ o i ~ a I  rchourccs nccd 
l o  be \IIFSICICII~ l i ~ r  ;1~\111ii1at11ig al l  111cse k r l a  111to tactical 
\c:rIc ii1s1011 ; r ~ ~ t l  a l ~ i i l y \ ~ >  111odc1\. \\,IIO\C OLIII~III~ - 111 t l ~ c  
1'01-111 01' I~o\\'c,I\~\ 01 near t c r ~ l i  liircc;~srs - I'ccd d~rcc t l !~  
III~O LICII~;II ~ ~ ~ ~ I I I I I I C I I ~ ~ : I ~ I O I ~ S  atld tlcc1\1011 : I I ~ S .  A t  the 
~ n d ~ \ ~ d u a l  I I~II cvcl .  ~ n i l o r c d  ~prot lucl \  l i * i lm the local  
ILII'TOC "ancl~ol-  t lc\k" arc i l ~gc \ l c t l  d ~ r c c ~ l y  Into lhc 
co~nmand  and conlrol  hystcm 1b1- l a c l ~ c ; ~ l  planning and 
c\ccutlon. \VIIII o \ v ~ ~ - \ l ~ i p  a ~ ~ p p o r ~  lro111 c ~ ~ v ~ ~ - ~ ~ i ~ i i c t i l ; ~ l l ~  
\ell-atiaptivc ~;td,~r\. banal-\. and \\-c;lpi)tli. 

(:OIIIIIILII~IC~~I~IIS 'Ire CI-IICI:II. ~IIICI :11111or1~11 ~ I i c  ~VOIUIIOII 
o r  m o d c ~ - n  (11y11al c o ~ n r n u n ~ c a t ~ o ~ ~ s  121-obidcs an 
~ I I I ~ ~ ~ ~ ~ ~ : I S S I I I ~ I I I  ol' r ic l lcs,  S C I - I ~ ~ L I \  \IIoI-LI';IIIs re11ia111. 
~ I ~ ~ - a i I ~ l ~ o n a l l y .  I h c A c l ~ ~ l l c \ ' l i c e l  ol ' r l~c \lI.:'S(.)C' colnlnrinlty 
Ira5 Ihccn the Ilncvcn ;~vn i l ah i l ~ l y  trl'~11c ha~~ i l \ v i d t l i  required 
li11- mo\.lnp I.II~C g ~ ~ i l t l e d  l i c ld \  ;inil uarclltlc Imagcly on 
\i:ind;~rd \a\-? I~CIIIII-IO-~OIII~ c o ~ l i i i ~ u l ~ i c , ~ t r m  s ~ ~ c l i  
,I.; SI-IF SAIC'Ok.1. F t ~ r i ~ ~ l ~ n t c I ! .  1111.; ~prohlcm. :I[ leart. har 
heel1 largely a i r l c l~or ;~ lcd  b y  tl lc n \ a ~ l ; r l > ~ l ~ l y  oT\ \ idc  hand. 
Inlc l -not- l~kc dal :~ I ~ l ~ l t a .  hosled on h o l l ~  l ihcropt~c  landllnc\ 
and cornnre~-cia1 \alc l l~ lcs.  SIPKNI:T ((Ire Sccl-ct Intcrncr 
I 'rolocol l<outcr Nc l \ \ o~ -k ) .  In  particular. I I O \ ~  serves 311 o r  
r i i l r  mn jo l -  \ I l - T O C  \ l i o r c  I ' a c ~ l ~ l ~ c \ .  ~ n c l i ~ d ~ n y  
h!\\'OCL.\NC) < I I I ~  I hR IOC.  2nd Ir  II,I\ hce11 cxtc~lclcd l o  
sc:~ to l p t - ~ i v ~ ~ t c  \\ 1tIc1>;111il c1'1ta '~cce\ \  to lll:!lor ~OIII~;IILIIII\. 

\LICII CiII-rIer\ ; I I I~ e ~ ~ l l ~ ~ l ~ ~ l o  \ I ~ ~ ~ ~ ~ .  '~IIc' METO(- 
co11111111nitq I\ ; ~ l~ - c ;~dy  ;I II~~I~OI- LISCI-. :IIICI ~ I .OM \c;~ble l \ o r l d  
M ~ t l c  \ t c b  I l o ~ n c  ~pagc\  a rc  n o w  c o ~ n l l ~ o n p l a c e  Sol- 
t l l \\cll l l l lLlt l l lp i1;11;1. 



prototypes  llavc used 111le-of-51gIit 5onobuoy and 
~ row~ndsondc  f i - c q ~ ~ e ~ i c ~ e s ,  but for ovc r - the - I IO~IZOII  
scenarios. other means need to be ~dent~l ied.  A nu~ l lbc~-  
of posslbilitlcs exist. dcr~vat~ves  ofccllularcom1~~unici1tio11 
systems. including those based on low eal-tll orb~ting (LEO) 
satellites: Ineteor but-sr; or even thc long-ticglected M~gli 
Frecluaxy (HF)  band. ~f augmented by .;rate-of-the-art 
error correcting and l111k cstablisliment tcclln~qucs. Undcl- 
U.S. Navy sponsorship. there was  recently a vel-y 
promis~ng delnollstrat~on of data- l ink~~ig the METOC. 
sensor "takc" of an airborne P-3 alrcrali via sarell~tc to 
both NAVOCEANO's Uarfighting Support Center and the 
Naval Atlantic METOC: Center, from whence the result~ng 
liles wcl-c placed o n  the SIPRNET in v~rtually real rlmc. 
Tlicse data ~ncludcd tllc output oi'sever;~l tlr~fting buoys. 
compl-csscd video cloucl Imagery. and proccs\ed data limm 
a prototype laser a11-ho1-11c bathymetry system. A s11111lar 
dcmonstrat~on, In wli~cli miniature dropsondes will be 
cicploycd from the I'rcdalor UAV, 1s In linal plann~ng. 

Fortlie linal stagesoftlie METOC "retall chain"- rcacli~ng 
li-om the cnv~sioncd tactical fi~slon center to individual 
1111its In company - I-ccent experience Ilas shown tlial 
today's tactical coliiliiunlcatlon nets, such 3s OTCIXS (the 
OFhcer-ln-Tact~cal-Co~n~nand Int'orlnation Exchange 
SYS~CIII),  arc largely ~lladcquatc for cvc l~  liltcrcd METOC 

data, One  nssulilcs that sirnilat- ~ i c e d s  for t a c t ~ c a l  
intelligence ancl targetins ~nform;lt~on w ~ l l  malntalli the 
~ ~ i o ~ i i e ~ ~ t i ~ ~ l i  of tlic Fleet 's c v o 1 \ ~ 1 1 1 ~  Soil11 R ~ ~ I - I ~ I I ~ I C  
Communicat~ol~\  Systcm (JMCOMS). which will prov~clc 
all the warlighting ancl support c o ~ ~ l ~ i i ~ ~ l i i t i c s  1nucI1 nctdcd 
connectivity at Ilic small s h ~ p  Icvcl. 

6. In conclusion ... 
Although tlie cll~irlity and scope of toclay's METOC' sl~ppol-t 
to the fightlng li,l-ccs 1s unprcccdcnrcd. tllc ~ ~ n d e r l y i ~ i g  
lparadigm reliiallls rooted largely In tlie needs of the Cold 
M'ar. Recent contingcnc~cs In So~nalla.  Hait]. ancl the 
Adriatic have all-cady defined ncw liecds for which we 
ore only part~ally prepared. T h ~ s  paper has sought lo 
\uggest the t r ;~n ,~ t io~ i s  that I I C  bcfl~l-e us ~f tlie naval 
c~ lv~ron~ i i e~ l t a l  co111111~11iity 15 to r ~ s e  11111y to tllc challenge 
of the "New Morld Order" and ~ t s  l~kely  proliferat~on of 
s~nall-scale h~- i~sl l l i~-c  wars (and opcrarions short ofwal-) - 
In new and ~ ~ n f u m ~ l i a r  surround~ngs. near hos t~ lc  and 
unknown coast\. The short t i~nc  and spatial scales of 
11tto1-al wa~-fi~l-e demand fundamental changes In our  
operat~onal posturc. We need to ~i iove the "cellter of 
g~-av~ ty"  further I'nrward to\va~-d the tip of the spciu- ancl 
prepare to takc fill1 advantage of thc  possibilit~cs oll'ered 
hy R a p ~ d  Envirol~n~cntal Assess~iie~it  





United Kingdom requirenients for Rapid En~ironmental Assessment 

' l ' l~c  I ' K  s ~ r o ~ i s l y  \LII>I>OI-I\ l l i e  KF.!\ c o ~ i c c p t  \ ~ l i ~ c l l  
NIYI'O p ~ o ~ i c c r c t l .  I)~~>LII) SAC'I.:\N'f I la\ \~gn;~l lccl  
c lc;~r lq that t r  la a Illcanla or app ly ing  rc\c:~rch Lo achieve 
i t ~ ~ ~ ~ l c d l a l r  o p c r a l ~ o ~ ~ a l  hcneI'~t. U c  ;~ r c  ~>lcaaecl l o  \cc 
11ic I . oc~~ \ i l i y  ol'S:\('l.:\Y'l'CEN \h i l l \  ;111cl I -C \OL I~CC\  OII 

r l i ~ \  ;II-C;I. ;I\ 111cI1c;11ecl IIII\ ~ > i o ~ - ~ l i ~ l s  17) 1I1c l l i~ -cc tor .  

. . I l ie I,'K stronsl) \L I I> IX~~I \  t l ic ~OIIIIIIIIIII~III o f  ~ l l i c \  111 

I I I I ~  l ' tc l~l .  ancl \ \ c  u c l c o m c  111c I1S c ~ n p l i a s i \  1 1 i 1 \  
111or1111ig 011 tl ic c I e \ e I o ~ i ~ i i e ~ ~ L  of  KL>/\ a ~ - c l ~ i l c c t ~ l r c .  u i l l i  
~ l ~ c r c a \ c d  I'ocu\ 0 1 1  c l~ rcc l  o b \ e ~ - \ a l t o ~ ~ \  ;111cl n o \ r c ; ~ \ l ~ l i y  
Ill II~C;IITC. cIO\C 1 0  l l l ~  I'OTCC ~ i>111111;111~~~~.  LI\IIlg ~ ; l C I l ~ ; l l  

c l c c i \ ~ o n  a i d \ .  I <II\O 11i)Lc 111c I I I I ~ ~ ~ \ \ I \ C  LlS 
clc\cI11~1)1112111 o ~ c r 1 1 ~ * l ~ l I  collllllLllllc;ll1o11\ IC~I~~II~~LII ' \ .  I l l  
Sacr. I b r l ~ c v c  i I i ~ \  I.; 111e reall! c r ~ r ~ c a l  .~ncl l n o \ l  
c l l ; ~ l l c~ i g i ng  ;I!-L.,I I~I;II \ \ c  need LO aclcll-c\\. il/lanq pcol7lc 
here \ v ~ l l  h a ~ c  c \ l ) c r ~ c l ~ c c d  tio\t. a \  111c i l ~ ~ e n \ ~ ~ )  ol' 
o l i c~ - ;~ l i on r  lncrc;l\c\. 11  becolnc\ ~prci:lrc\\i\cl! niol-c 
cllrl ' lcl l l l  I(> ye1 \l lrrlclcllL 11111e 011 ;I co l l l l l l L l l l l c~ l t lo l l \  
CII.CLI~I f01- C I ~ \  I I ~ I ) I ~ I~~~ I~ I ; I I  cl;ili~ ;111cl ~ > r o c l ~ e ~ \ .  1l'KL:A I \  

10 \vo~-k  ef fec~ivcl ! .  \\-c ~ ~ c c t l  the proc lu i .~ \  ;I\ I~ I I - fo r \ \a r i l  
;I\ ~ > o \ \ ~ h l c  i n  rcal. (11. I~CCI I  real. t i ~ ~ ~ c .  

111 acltl i l ion to lhc  \ l u r k  be ing carr ied Ior\za~-d 13) 11ic 
(IS. \vc are ;II\o ;t\\;~re ol' [ l ie SI~I~I~'~L.;IIII C~ I I I I - I~~L I I~~ I I \  

oSourcurope;~~ i  c~ i l l c ; lguc \  and  \vc arc, y r . ~ ~ c l . ~ l l  ;illel \cr! 
\ \ . i l l ~ l i y  c ~ l l ; i h o ~ ; ~ ~ o ~ \  \\  1111 Llielii. \VC I>I.III LO COIIIIIILI~ 

c lo \c  l ~ ; ~ i \ c i ~ i  wi111 I r;11icc L ~ ~ i c l  l l i c  \L~III~I.I;II~CI~ ~ILII-III~ 
Itapid Kesponsc 07 a l i ~ l  \ye al-c ~ \ ~ I I I I I I ~ I I I ~  \\ i t h  III~III. 
IIII-I~~CI- opl1011\ 101- l<l.:!\ l ;~c~ ie ;~ I  c l c ~ \ c ~ I ~ i p ~ i i e ~ ~ ~  ~ I L I ~ I I I ~  
1098. T / ~ L ,  / ~ I / L , I . I I ( I / I ~ I I ( I /  YCYII- (!/.//IC O(.(,(III ;111ci ill ;1]oi111 
III;II-II~II~~ COLII-\C 1 1 1  lc)09. 

;\\ In  l l ie USN. o l l r  h l l <TOC oll'iceri. l l l l i l i  t l ic S0ri.c 
L I W  ~3crsol~lll;lllcc cI'1l;l fro111 \\c;1~1)011 \! \1e111 ~c l l \ t ) l ->  1 0  
c lc r ivc  t ; ~ c t ~ c ~ i l l !  \1s11ific:1111 i ~ ~ l ' o r l i i ; ~ l ~ i i ~ ~  f o r  1I1c 
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(;uartl ill the Ac l r~ah~c.  



the l'l.onl-l~nc a\ pos\iblc. Fur1hc1-mol-c. il is c ~ ~ l i c a l l y  only ~ ~ s e d  tor (he hiyhcl- Ievela of conflicr. ;tltc~- alr and 
1tii1~)1-t;1111 t l i ; ~ ~  \kc de~noll\t~-;l~tc llic upel-ational bencl~r \ca control ha\ c bcct~ acl i~e\  cd. La\tl?. \\ c hclle\ e the 
of RE;\ lo ~ L I I  \en101 comma~lclc~-\. The U K  \ \ o ~ ~ l d  .~ l \o  REA concept i \  pc~-l.cctl! suited to [lie uliccrtaln1lr\ of 
urge t l i ~ i t  RI<A he ~ncludeil a\ par1 ol our eurl-ci\e pla! (lie IC)C)O\ .  \\Iicll llic tlcut coni-l~ct ma) 81-ix.  l lie^-e \4e 
at all Ic\cI\ 01 ~~ i te~ i$~t ! .  i l  \ l io~~li l  1101 he seen ;IS a tool Iea\t expect it. ancl \\lic~-c we are lea51 I I I - ~ ~ ~ ; I I - C ~ .  
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Abstract 
,I\ (1 ~ i ~ s / J l l l l \ i ~  111 1/11' ill,(,ds llf 1/11, /~11'111 /I ,v(ll'\ ' fill 
i~lll~ill'l~1ll~~lllill ~ i i l l \ l  /f,dql, I l l  \/1i11/1111 11 111,,1 5 ,  1/11, /l~i,il( I1 
/I\ 1/10~1~f1/~/7~~' O//l( 1' /ll~ll/lfl\l~ 1111 i ~ ~ / ~ / O l ~ ~ l l O l  \ ~/~~!'l~/O/llili~lll 
111 iiloi/e/ (I $ 1  \ I ~ , I I I  101 /ii.\r / ~ t o i / i i ~  I I O I I  i'/ coo \ r i i /  
i~llt~ii~olllllc'll/~ll ll~ltli, 111 Ol~i/!,1- 1 0  .\IlOtl~ //IC /(,il\i/ll/il\~ O / , \ I i l  11 
(1 \\~\11,111 <llld to ~ ~ l ~ ~ l / l i l l t ( ~  11;s l~lti~1~i~Sl /Oi. l l l~ l i / i l l~~  L1\iJ 111 
/ / I ; \  OI/IO/(IIOI-! i l i ~ ~ ~ i ~ / o / ~ i ~ i ( ~ i ~ / ,  1,1;\1ii1,q 0 1  !,iii!,r,yoi~/ 
tf2( Ir~iic/iie\ u ill hi, \c/ct /ct/ ciiitl rc,\/i,i/, /IO\ jib/\ cii/ci/)ri,i/. 
iilll/ (1 /~ l~ . \ l  , ~ ( ' l l l ' l  l l / I ~ l l l  (I/ /~i~lll/li! 1 \ I 1  ;// /11' l ~ / ~ l / l l l l  (I/!'(/. 

I .  The context and the need of 
environmental data 
A \  ;I re\ult  11-on1 the recelil c o ~ ~ l l t c r \  In \\111clr 

I.rance \ \ a \  i n \o l \ e t l  (Ex-Yougo\la\ la. I'cl-\ian GullO. 
one of the maln ~ , o l c \  a t t r~butcd to [lie c l ; ~ \ \ ~ c a l  fl-cnch 
11;1~;11 f o r c e  i \  ~ i o u  the control o l  llie con ln lun ica t~m 
 route and tllc PI-ci.jcction of fol-cc\ 111 the \ ha l lou  
waters.  For  the Navy, the a m p h i b ~ o u s  and spec1;rl 
operations. ant1 Ihc mine and ant i - \uhn~ar ine  w;~ri;trc 
al-e concerned 

There I \  11o pl-ccl\e d e f i n ~ t ~ o ~ ~  01 \ I~al lo \ \  \ \atel-\:  
I I O I I I  the s h o l . e I ~ ~ ~ e  10 the contincnt;~l \ lope I\\ hen 11 
c x t s ~ \ )  could  hc one .  T h e y  a re  In [;let fenela l l !  

.. . . ~ t .~~ te r i r ec l  by the ~n l luence  o l  tlic holtom: Lhl-OLI~II 
11s ;~cousticnl propel-l~cs, its topogt-aphy. t t \  natul-e. i f \  
clcnrity ... 

Until 11ou. r l ~ c  tnajol- eftor[\  \ \ e ~ e  co~icentra tcd on 
C I C C P  ha ter \ .  nntl c \  en 1 1  \ omr  result\ can be [I-an\po\ecl 
111 \hal lou ua[el - \ .  oul- capabi l i r~e\  clo not allo\+ u\ to 
tlc\c~- be e l l ~ c ~ c n t l y  the en \  lronlllcnt Howecel-, the 
lol-cei need the best knowledge or 11,  to guide (hell- 
choice in Lhc u\c 0 1 -  r1ici1- mean\ ancl lo  a\sul-c [he be\[ 
pcrl'ormances o l  rhcil- weapon sysIetn\ ;111c1 icnsori.  The 
11cecls expl-e\\ccl h! the fl-ench at-c \ el-y \dr ied and 
concerne a \el-! l a ~ p c  d o m a ~ n  ol patarnetel-\, t'rotli 
lncteorolq to the tlc\cription of the hottom and 1hc 
coIu111n of  water. 

All the\e  palametel-\ have spatial vat-ialions and 
\ometilnes te~nporal  one\  (tides. CLII-I-e~ils.  s e : ~ - s ~ ~ r f i ~ c e  
~ o ~ ~ p h n e s h .  ... ) Mol-co \e~ .  the ~n te l e \ l i np  area\ are \ e l )  
lal-ye and hal-dly accc\\iblc for the In \ ~ t u  o h \ e ~ - \  ,Illon 
So.  \ L I I I I  the plc\cllr mean\ o t  actlll1\ltlon. i t  can 1101 

lbc [planed lo collcct cnough data to tlc\c~ihe prec~\clq all 

~ I i c  \li;~llo\b, u ; I I ~ I \ .  ' I  hc \c  l i ~ i l ~ t ; ~ t t o ~ i \  ; I I C  c x ~ ~ c r ~ c ~ i c c ~ l  
Iby all the gl-cal ~ I ; I I - i t i m c  natlotl\ ;~ntl  the concept (11 

I<I:A has c m e ~ s c t l  :I\  a \o l i l t~on.  
T h e  F ~ c l i c l ~  S e ~ \ ~ c c  H ! c l ~ ~ i ~ ~ a p l i ~ q r ~ c  ct 

O c C a ~ i o g ~ - a p l ~ ' ~ l ~ ~ c  tle la hlat-i~ic 1SH0hl  1 ]>;I\ a\hcil lo1 
the l~nanc inp  ol ,111 c\porato~-! clc\clol>~iicnt lo r r ,~ l l / c  
111c l n o c k - ~ ~ p  0 1  ;I \! \ten1 tor fils1 111 o ~ l r ~ c t ~ o ~ i  of co;t\l;~I 
C I I V I I - O I ~ I ~ ~ I I ~ ; ~ ~  ~ I ; I I ; I .  i l l  order to rllou ~ h c  l c a s ~ b ~ l ~ t y  ol 
\ I I C I I  ;I \).\tc111 ; ~ I ~ L I  1 0  evaluate I l l \  I I I ~ ~ I ~ \ L  lor milt1;11y 
u\e  The ob. ject~\c \  ol t h ~ \  c s p o ~ a l o r y  tle\eloprnent 
al-e lo te\L In ~c:tl \ ~ / c  the ps t - to~rn;~ncc\  ancl potcntlal 
l i i ~ l i t : l ~ - !  a b ~ l ~ [ ~ c \  0 1  \clecleti I I I ~ ; I I I \  101-  111-oduct1011 0 1  
c l ; ~ t : ~  and to clclillc ant1 r c a l ~ / e  a 1 1 1 - \ 1  gcncratton ol 
[)I-oclucts and \crvtcc\.  Finally. a cot~ccpt  o l  tlse M I I I  
he ~recomn~e~lclctl  hg \tating Lhe callacir~es to acc1~111-c. 
the external c : ~ p a c i ~ ~ c \  which llic Iol.cc\ uou ld  h a \ c  
lo 1rc1y on. the u a y \  antl time l11ii11\ 1 0 1  the c l a b o r ; ~ t ~ o ~ i  
and d ~ f f u \ ~ o n  0 1  the produe[\.  ;~ntl  \\ htch PI-oduct\  
\ ~ c ~ u l d  ha\ e to hi, tic\ clopped 

2 .  The production o f  data 

T h e  l i ~ - \ t  I t l lportnnt pa l l  o l  t h ~ \  c x p l o r ; ~ r o ~ - \ ,  
t lc\elopment u ~ l l  hc I I I C  e \ ;~ l i t a l~~ i t l  0 1  the dillel-cnr 
Incan\ to prt)clucc dala Thl-er \\a! \ at-c conce~nccl .  
t c l c d e t e c t ~ o ~ ~ .  ill \ I I L I  I I I C ; I \ I I ~ C I ~ I C I I I \  ;111~1 111odeI\. The 
;~pproach ui l l  pcncrally c o n \ ~ \ l  in lc\tlng rx~ \ l i l l g  (11 

cme lgen t  t cchn~c lucs  T h e  a im i \  10  d c l ~ n e  [hcil  
opcratlonal use: clclisity, ternpol-al 11-cclr~ency. 

2.1. Teledetertion 
I l i~ r in f  tlic I ; l \ r  heal-\. g~-t':rt ~ I O ~ I C \ \  were III;ICIC 

111 te lcdetecr~o~l .  clue lo the a \  a ~ l a b ~ l ~ l !  0 1  ne\\ \ensor\ 
a n d  to \ c i c n t ~ l ~ c  \ tudies  fol- the c \ t racr lon ot the 
cnv~ronmcntal  ~nlol .n lnt~on fro111 rhc \ignal\ .  The large 
area covcl-cd a~l t l  the lael that lelctlclcction can be t~\ccl 
\ r ~ t h o u t  in \itu i11tc1-\ention ( e scep l  lor a po\siblc 
u e d g ~ n g )  \ho\i  the tnterr\t  ol \ ~ ~ c l i  mean\ 

Aparr ftom AVHRR for thc tlcrccrion of occanlc 
Icature \  in clccp \batel-\. the SHObl  procluce In ;I 

~ o u t t n e  way barhylnetry in +el-). \hallo\\ ha t e r r  f ro~i i  
SPOT i lnage~y  The 11yd1-ofrapli~c el-ircrion\ are not 
I-e\pccted hut I ( ' \  ;I good cvalutiolr wll~cli  for e x a ~ i ~ p l c  
could  help  the \ ( a f t  111 the c h o ~ c c  o l  a be:lch tot 
a m p h ~ b ~ o u \  o l ,c~;~l~! in  The figrttc 1 I \  an ~ l lu \ t~ -a l ton  
o l a  treatment ~ c a l ~ / c d  lor the e \ c ~ - c ~ \ c  K a p ~ d  Re\pon\c 
In 1996. 



Till\ C ~ I I I I > C I C I I C C I  W I I I  II;IVC lo IJC \11dc11 to ~ I l i c r  R;IIC dc SCIIIC) .  ( ~ ) I ' c o ~ ~ r \ e .  llicy oftell ~ ieed d ;~ l :~  frolii i l l  

sensor5 (1;All.  ... ). to alIo\\f  :I Illnullnllm usc ol' sltu Ineasurcmcnls or tclcclcrcctio~l to I~II-cc ant1 control 
t e l e d c ~ c c ~ ~ o n  liir rlic Lnowlcclsc of rhc cnvll-onmcn~. them. The oL>.icctivc I \  ro \elect tlic ~notlcl\  wh~cli at-c tlic 

 not-e suited to rlic d~l'l'cl-cnt s ~ t u a t ~ o l i \  (closed seas. 
~ ~ l t c ~ ~ i l ~ c t ~ o l i  o1'1l~c I - I V C ~ \ .  ... ) and dclinc wllar tyl,cs ofdata. 
and \ ~ ~ t l i  \\ hat ( I C I I \ I I ~  ;111d p1-ecisi01i. 81-e ~ ~ c c d e d  10 pel-for111 
rI1c111. 

Ll lSo~-run;~~cly .  t c l cdc t cc t~on  call not provide ;I 
s~~f f i c i c l r t  d c s c r ~ p t ~ o n  of tllc clivlronmcnt.  In silu 
IIIC;LSIIICIIICIII\ ; r e  oftc~i I ~ C C C S S ; I I - ~  ; I I I ~  \ O I I I C ~ I I ~ ~ C ~   he only 
soul-ce ofcl,~l;l l i ~ r \ o m c  paramclcr5: Ilailirc ol'thc bolkol~~.  
pl-cciw b a r l i y ~ ~ ~ c r ~ y .  ... rhey  could he dolie I'rom sli~p. pI;111c 
o r  suhlnar~nc. 

Some  \ e n \ ~ i r s  (aed~rncnr  so l~nde r .  \peed sountl 
~xol i lc~- .  ...) arc alrcildy ~lsed bq I i y ~ i r o - o c c a ~ l o g ~ - ; ~ ~ ~ I ~ ~ c  s h ~ p s  
but coultl also be deployctl on \vclr \111ps which ~ I I - c  
gclicrally o l~ ly  c q ~ ~ i p c d  with cxpc~itl;~hlc PI-obcs. 

New ' ~ C I I \ O P \  (XRP. laser batIiy111cr1-y. ... ) could he 
tected In tlic conrcxt of ~ h c  c.tploraroly dc\e lop~nc~i t .  to 
evaluate t l ~ c ~ r  Inrcr?.\l and delinc Ilic~r opcrar~onal u\c. 

Tlic tl i~rd \ourcc of data is ~nodcl\.  l.lydrodyna~rrics 
lnodcls :rrc rcslcti and used by rhc $I.IOM. h r  the \tudy 
of c~rculation hut also fo~-p~-oduct iol~ ~Ttliita (k11-example. 
the f i g ~ ~ r c  2 I \  tlic rcs~11t O ~ ; I  1iiodc1 O ~ C L I I - I - C I I I \  ill rile 

3. Elaboration of the products 

T h e  second  Illl1,ortant part o r  ( h e  expora to ry  
dc\clopment conccl-11s tlic elaboration 0 1 '  ~ i r~ ( iuc t s .  The 
171-ocddurc used liil- tllc product~on of clla~-t\ (11- naut~cal 
t iocumcn~s is ~ i o t  ;~tl;rp~cd. principally h c c a ~ ~ s c  of the 
ncccrclty of vel-y short time I~mits. Nc1v 111015 1 i i ~ 1 5 t  be 
tlc\~cloppcd. 

These tools \ \ , I I I  Ii,rvi. to be able ro accept diffel-ent 
\ pcc~ t ' i c  f o r m ; ~ t \  coining f ~ - o m  a lor o f  sou rces  
(mcasul-emcnt.;. mcidel\. ...), not ncccs\;lry In a u n ~ q u e  
rcfcrcnce system. A n  nhility to merge data l'rolr~ different 
sources will probably he necessary. to prc\clll a coherent 
situation. 

E.lcli ~ " I ~ L I C L  rcal~zcd w ~ l l  h:~\+c t ~ i  hc at1,rptcd Lo 11s 
hclictic~ary. which Illcalls that the same scr ol'data could 
I J ~  pl-c\entcd In tl~l'tcrent ways accol-d~ng to particular 
objcct~vcs. FOI- rx;r~nplc. the hatliy~net~-y mu\t be gcnci-al 
liil- the staffu.hicli u;rlits a prcsentntlon oflllc whole area. 
bur the 11101-c p~-eci\e ;IS ~possiblc 111 n li l~~itctl  a!-c;~ for the 
~ i i ~ ~ i c  hunter. 

Ilclining these 1001s and prodt~cts i \  dil'licult as 
u.c do lint kliow c ~ a c ~ l y  \vl~at \vill he 111c d;rt;r. hu t  our 
c\pcrIcIicc n~ld  111e o p ~ l ~ i o n  of tlic usel-s can y i d c  us. 

As example\. ~ l i c  ligurec 3 and 4 \how a ]pan of a 
 product \vh~cIi \ \ a \  1-c;111zcd In l i -b~- l~a~-y 1997 for the 
mil~tary excrci\c SI'ON'TEX on the cont~ncntal \hell' of 
the I3ay of B~squay. 'The data wcrc all-cady 11-cated and  
\rocked In data ha\c\. and the aim was lo cl;~boratc with 
I-cducctl tllnc Ilrn115 a synthetic rcprc\cnlallon OF all the 
knou lcdgc. 
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Abstract 
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In/ornzation Tcc,hnolog,v rrnd vr,\uul~zution too1.s a/.cJ 
h c ~ n g  e.xploited to encrhlc c o n ~ i n u e d  i/rzi~rove/ric~nl\ 
/ti NAVMETOCCOM /)l.otliic l io t~  The Conz/iia/iri I S  

trl.\o purinering with ( I ~ ~ ( I ( / c / I / ~ L I ,  /iid~i.stry u17(/ other 
U.Y,~o1~ci-17rr1cn/ul c~gc~rir I ( , \  IO c\/crrd its cn/)nhilr11~2\ 

I .  lntroduction 
The C'.S Naval Mctcorology and Oceanography 

C o m m a n d  ( N A V M E T O C C O M )  e x e c u t e s  
occanographic  and mc lco ro log~ca l  data c o l l c c t ~ o n ,  
processing, asscsslncnt,  and product  dissemination 
functions a t  activities worldwide; providing services 
for safety and rcadlncss for US naval forces. T h e  
shi f t  in nava l  c ~ n p h a s i s  to t h e  d y n a m i c  l i t tora l  
rcgiotis o f  the  world has increased the  chal lenges  
for t i n ~ e l y  p r o d u c t ~ o n  of NAVMETOCCOM ccntcrs.  
f a c ~ l ~ t ~ e s  and detachments  

2. Focus 
N A V M E T O C C O M  has  rcshapcd t h e  val-lous 

s e r v i c e s  t o  I n c r e a s e  c l n p h a s i s  o n  s u p p o r t  to 
c x p c d i ~ i o n a r y  forces ,  whlcli ~ n c l u d e  a m p h i b ~ o u s ,  
mine  warfare ,  spccla l  and var ied Mar ine  Corps  
operations. Assets  ol ' t l ic colnlnand a rc  focused o n  
a n a l y z i n g  t h e  n e a r  s h o r e  l n c t e o r o l o g i c a l  a n d  
o c c a n o g r a p h i c  ( M E I O C ' )  cnv i ronmcl i t  a n d  ~ t s  
effects on  operations In Ihc planning and execution 
phases A m o n g  the w ~ d c  I-angc o f  features reported 
a r e  nca r shorc  cu r ren t s  and  ha thymet ry ,  \vatel- 
v~s ib l l l t y  for both lninc warfarc 'counter~neasurc  and 
spec i a l  o p e r a t i o n s  s u p p o r t ,  w a t e r  c o l u m n  and  
scat loor  cha rac t e r l~a t lon  for shal low water  A S U :  
and sea  state,  scal loor  and beach d c s c r i p t ~ o n s  fi)r 
IISC in a ~ n p h i b i o i ~ s  opcrallons As cxpectcd, intcrcsl 
a r c a s  g e n e r a l l y  l i e  In currently d c n i c d  01- 

~nacccss ib l e  regions. 

Thc  focus  o f  R a p ~ d  I ic \ponsc  efforts ha5 been 
on o c c a n o g r a p h ~ c  effects.  but equally important arc  
n o n c a s t s  and  forecasts 01' r c~ i ipc~-a tu~-c .  humidity. 
w ~ n d s .  and visibtli ty o n  \ y \ t c ~ n  pcrfoi lnancs  and 
tactics Choice  o f  smart  \xcapolls, radar detection. 
clicm;'h~o dispers ion pl-obahilit ics.  and  v i s ~ b ~ l ~ t y  
over  target represents a c p n l a t c  scl o f  challenges 
wi th  sho r t e r  t l lnc  sca l c s  thali occan  p rocesses  
Obviously ,  t he  a tmospher ic  and  occanographic  
interactions are  a lso  Inorc slgnil'icallt In the  littoral 
whcrc t c~npora l  and s p a t ~ a l  scalcs arc  smaller a s  well 
a \  morc  var iablc  Impac t \  0 1  \ ca  s ta te .  currcnt  
detection. sI~orelines.'tidal Ilo\\s,  seafloor and beach 
- a \  \\ell a s  the d l f f i c u l ~ ~ e \  o l ' m o d c l ~ n g  the  coupled 
a t m o s p h e r e  a n d  o c e a n  a r e  k c c p ~ n g  b o t h  t h e  
opcl-ational and R&L) c o l n l n ~ l n ~ t i c s  scrambl ing to 
provide r e l ~ a b l e  s o l u t ~ o n s  to opcrntlng forces 

3. Capabilities for Rapid Response 
NAVMETOCCOM ~ r a p ~ d  ~rcsponsc capab i l~ t l c s  

rely o n  the major  production ccntcrs and Regional 
C'clitcrs for  product c o n s o l i d a t ~ o n  and tailoring. 
7 he production centcrc at the r\ja\,al O c c a n o g r a p h ~ c  
Off ice  ( N A V O C E A N O )  and the t lcct N u m e r ~ c a l  
M e t e o r o l o g y  a n d  O c c a n o g l - a p h y  C e n t e r  
(F1.I:NUMMETOC'C'EN) generate products for both 
standal-d production llo\v5 and I'or ad Iloc and q u ~ c k  
rcsponsc r c q ~ ~ i r c ~ n c n t s .  NAVOC'EANO gencratcs  
~ t s  products by  c o l l c c t ~ n g  and nlcl-glng data  from 
NAVMETOCCOM's  surbcy IlccI. ~ ~ t i l i ~ ~ n g  one  o f  
I )oD ' s  H i g h  Pe r f ' o r~nancc  C ' o m p ~ l l i n g  C e n t e r s ,  
lncrglng data  from the lal-gcst O c c a n o g r a p h ~ c  and 
MC'&C; database. and exploiting all-source Imagery 
F L E N U M M E T O C C E N  col lects  a tmospher ic  and  
occanographic  data f1-om \ \or ld  ~ . i d c  sources. hosts 
a n d  o p e r a t e s  D o D ' s  g loba l  n ~ l ~ n c r i c a l   eathe her 
p ~ c d i c t l o n  models.  describe5 the \ynopt ic  effects o f  
\ \ c a r h e r  o n  o c e a n  a r e a s .  a n d  \ \ o l k a  ~ l t h  
NAVOCEANO to conduct oceanographic modcllng 
P r o d u c t i o n  c e n t e r  p l o t l ~ ~ c t \ .  u s e d  b y  
N A V M E T O C C O M  Ilcgional  ( ' c n t c r s ( c . g  N a ~ a l  
tCuropcan M E T O C  Ccnlcl- (NI:MOC').  Rota. SP) ,  
and new analysis and Ibrccasl tools allow for merged 
and l a ~ l o r e d  tactical p r o d u c ~ s  provided to operat ing 



lbrccs. 
NAVMETOC'C'OM's major  assets dedlcatcd to 

d a ~ a  co l l ec t~on  has long bccn NAVOCEANO survey 
ships ,  s a the r ing  dnta I'or use o n  nautical char ts  and 
c h a r a c t e r ~ z ~ n g  tlrc \ \9 t r~cr  c o l i ~ m n .  seaf loor .  a n d  
geodetic parameters.  Traditionally. data collcctcti 
I S  processed a n d  sent I'or\\,ard to cus tomc~-s .  and 
concur ren t ly  I S  ~ l~cor l io t - : r ted  Into  t h e  Inn\hlvc  
o c c a n o g r a p h ~ c  a n d  g c o p l ~ y s i c a l  d a t a b a s e s  
NAVOCEANO Ihr or1 Ilnc u\c.  Sut-\.cy s l ~ i p s  a lso  
have the c a p a b i l ~ t y  lo r ; rp~dly generate p r o d u c k  111 

near  r e a l - t ~ m e  and Sol-ward to customers. 
O t h e r  o n - s c c n c  o c c ; ~ n o g r a p h ~ c  c o l l c c l i o ~ ~  

plati 'ol.~ns h a v e  hccn  I'lcct a t r e r a f t .  m a n n e d  by 
NA\ 'OCEAKO sclelill\t\. I);~ta collected by all-cralt 
al-c often proce\scd on-{ccne for fleet cxerclscs and 
made a\pa~lablc in near real t ime. T h ~ s  data I S  a lso  
tncol-poratcd Into N/ \ \ , 'OCkAUO databases. 

Remote ly  scnscd  d a t ; ~  c o m p r l s e  a t h ~ r i l  anti 
inel -cas ingly  ~ l n p o r t a n t  c o l l c c t ~ o n  m e t h o d .  An  
expanding range ol ' \a(c l l i tc  and tactical Imagery is 
being used to collect ~ l ~ l i ) ~ - r n a t ~ o n  in arcas  denied to 
0111- ships and airel-all. A111ong s a l c l l ~ t e s  11scd arc  
t l ~ c  geostationary and polar o r b ~ l l n g  ~ n e t e o ~ - o l o g l c ; ~ l  
platforms. m ~ ~ l t i s p c c t r n l  tlnngcrs. n a t ~ o n a l  sy \ t c~ l r s .  
t l ~ c  Navy's o p c t - ; ~ t ~ o ~ i a l  CiTOSAT fol low on ((.IF(.)) 
and othel- commerc~n l  a n d  I-csenl-cli sys tems h o \ t ~ n s  
s~tc l i  seli3orC as  a l t~nic tc t -s  a n d  \ca t tcromete~-s .  

1.0 supplcmcnt  t l ~ c  \o lnct lmcs sparse  c o \ c r a g c  
o f  a v a ~ l a b l c  data  sets.  occan models  al-c 1-1111 on  
D o D ' s  l a r g e s t  s ~ ~ p c ~ - c o m p u l c r s  a1 
FLENUMMET0C'CI :N  ;rnd N A V O C E A N O  l o  
predic t  occan  c i r c u l a ~ ~ o n  : ~ n d  t cn ipc ra tu~-cs .  In 
a d d i t i o n ,  l i l n ~ t c d  nl-ca ~ n o t l e l s  - L I S I I ~ ~  

F I .FNUMMETOC'C ' I<N a n d  N A V O C ' F A N O  
b o ~ ~ n d a r y  rnputs. 81-c r u n  ;I (  R c g ~ o n a l  Centel-s. c.2.. 
h lod~i la l .  Ocea l~ogr -ap l~~c .  I)aln A \ s l m ~ l a t l o n  S!'slcni 
(MOIIAS) runs at NI:.h,IOC. VAVhlETOCCOr\ l  1s 
t nk lng  a d \ a n t a g c  o f  a d v a n c e \  In m o d c l ~ n g  o f  
oceanograpl i~c  and I I I C ~ C ~ I - O I O ~ I C ~ I  PI-occsscs and 111 
111e d e v e l o p m c n ~  oi' ; ~ t l v a n c c d  p l a t f o r m  a ~ i d  
i n s t r ~ ~ n ~ e n t a t i o n  \y s t c~ l l s  li11- the rapid collection ol' 
da t a  to  suppor t  t l ~ c  p l i l n n ~ n g  anci cxecu t lon  ol '  
Lact~cal operat ions  In t l ~ c  I~ l lo ra l .  M O D A S ,  (.)ti- 
Scene Data Col lcclor \  ; ~ n d  a i a r i e ty  o f  Sondes  : ~ r c  
b c ~ n g  ~ ~ s c d  t o g c t l ~ c r  Lo pt-o\ ide  n e a r  I-cal L~nic  
c l i a r a c t e r ~ z a t ~ ~ n s  01' llrc Ii;11tlcs~~i1ce en\  Ironlncnt. 

F~na l l ) .  hut most cr i~ical ly .  C . o n ~ n ~ a n d  acllvltlc\  
\vo~-k closcly \\,it11 o~r - \ cenc  flcct oceanoyl-aplicrs 
a n d  \ \ ,~ t l i  d e p l o q c d  r c l i r c s c n t n t i \ - c  S r o ~ n  o111- 
a c t ~ v i t ~ e s  to  facili tate  product del ivery  and help  
cnsut-c the  end  user get\ the I I I : I X I I ~ ~ L I I I I  b e ~ ~ c f i t  from 
a l l  p r o d u c t s .  ~T l l c  i ~ c t i v e  ~ n v o l \ c m c n t .  
interpretation. and 131-otlucl t a i l o r ~ n g  f ac~ l i t n t cd  by 
Lli ih  on-scene customer  suppo~- t  1s ~ns t rumcn la l  i l l  

t l ~ c  c f k c t i v e  a p p l i c a ~ ~ o n  ol'pl-oduction efforts o l ' t l ~ c  
(.'ornuand. 

4. Issues 
Rapid Env~~-onrncn t :~ I  As\cssmcnt  I-elated issues 

I., ' ~ i t n g  . NA\'METO('( 'OM arc 111 collectton platt'ol-~n 
response tinies. r ~ I o e ; ~ t ; ~ I i l e  ~ n o d c l ~ ~ i g  sol t~t ions .  i ~ n d  
~ v o d ~ ~ c t  com~nunlcat ions  to and from on-seelie Llscr\. 

Ships arc oil]-   no st cfl 'cct~vc data collector\. hut 
tlic ~ o l l e c t ~ o n   process i \  \ I o \ \ J  a n d  r e l a t i v e l y  
c x p u i s ~ \ e .  A l t h o u g h  \ ~ c  g e n e r a l l y  k e e p  s l ~ ~ p s  
tlcl'loq'ed in thcatel-. speed ol'l-c50onse is strll an ~ s s c ~ c  
a s  I \  acceFs to  d c n ~ c d  areas. 111 ;1dd111on we  Inuit  
cnsurc  thal tlicsc nsscts rcm:~in o t ~ t  o f  harms way. 

The  limiting t'actol-s in regional oceanographic  
111oticlc ~ n c l u d c  s i t e  s p c c ~ l ' i c  c o n d ~ t ~ o n s  a n d  
t l c t c r ~ n l n a t i o n  o f  bol111da1-y c o n d i t ~ o n s  \x-ltl~o(it  
sul 'fic~ent lead t1111c. Such I-clocatable s o l u t ~ o n s  arc  
not yet pal-t o f  the  K , \ \ ~ 4 I l ' T O ( ' C O ~ ~ l  toolbox.  hut 
at-c a high pt-iol-ity I lKI)  Inltlatlvc. 

R c ~ n o t c l y  sensed dala ;II-c beilig e x p l o ~ t e d  1no1-c 
e f f cc t lve ly  than c \ c l -  hcl'orc. Atmospheric anti 
o c c a n o g r a p h ~ c  ~ n o d c l s  will soon a s s ~ ~ n i l a t e  s a t c l l ~ t c  
d c r ~ v c d  w ~ n d s ,  vc l - t i c i  131-ofilc\ of temperatul-c and 
I ~ u m ~ d ~ t y ,  and sea  s~lr l ' ;~cc  tc~npcraturcs .  In a t ld~ t ion  
to con \  cntional data. I l o \ \ cvc~- .  d ~ r c c t  analyses  o f  
r c~no tc ly  sensed data I ~ C ~ L I I I - C  algorithms that dcpcnd 
on ~ n n n i ~ a l  i n t c~ - \ cn t lon  ant1 ~ n t c r p o l a t ~ o n  and arc  
ol tcn  s ~ t c  s p c c ~ f i c  to thc point that local kno\vlcdgc 
I \  I -cqurred.  i \ d c l ~ t ~ o n n l  c l ~ ; ~ l l c n g c s  r e m a l n  In 
1ncol-17oratlon o f  sul-l'i~cc \\'111d\ dnta Into modcls due  
to I~mrta t rons  in covcl-;~gc i ~ n d  t inrc l~ness  for  sensol-s 
s ~ l c h  a s  scattcromc1c1-s. 

A c o u s t i c  p r c t l ~ c t ~ o ~ ~  ~ i i o d c l i n g  h a s  b c c n  
~ rnp~-o \ / cd  t h r o ~ ~ g l l  t l ~ e  N;Iv:II Ilcscarch Laboratory 
tlcvclopcd M O D A S  sol'l\+a~-c. ;~l lowing a nowcasting 
o f  c u r r e n t  o c c a n o g l - a p l ~ i c  pa ra l i i c l c r s  b y  
1 1 1 c o r ~ 0 r a 1 i n g  I I I -~ I IC ; ILCI -  I I I C ; I S L I I - C I ~ C ~ ~ S  \ ~ 1 1 1 i  
~ i rod~lct ror i  modcl rcsltlls. h lOD.4S  nllo\vc rlic 011- 
sccnc tactical occni~ogrnlilicl  to I - ap~d ly  a s s ~ m ~ l a t c  
hnthyt11crmog1--nph ~ ~ i l b r ~ ~ i ; ~ t ~ o n  Into 3 -D g r ~ d t l c d  
t e ~ n p e ~ - a t u r e  fields to create a near I -cal - t~mc p11ys1c;ll 
occnnopl-npl i~c  dcscr~l , t ion ( I S  all operat ions  a!-c;~. 
M O D A S  del-lved S ~ L I I I ~  spccd fields can  then be  
inco~-por-alcd into acou\ i tc  rnci~icls to produce 3 - 0  
range-dependent ncoLlstlc 121-opagation a s s e s s ~ n c l ~ t s .  
I-1owcve1-, even the  c x i s t ~ l ~ g  I-nngc dependent  tnoticls 
lack c o ~ n p l c t c  b o t t o t ~ ~  ~ l ~ o i l c l  d a t a b a s e s  111 tlic 
11tto1-als. NAVO(:EAN(.) I \  \ v o r h ~ n g  to o\el-colnc 
t111s s h o r t f a l l .  h u t  a ~ v ~ d c  ~ - a n g c  o f  d a r a h a s c  
~ x ) l ~ ~ l a t i o n  s t~-ntcf lcs  I \  r i ' c l l~~rcd.  Thcsc  efforts \ I , I I I  
certainly contlnllc to 11np1-ovc a c o ~ ~ s r i c  p ~ - e d ~ c t ~ \ , c  
c:rpab~litie,. but must c o n t ~ n u c  to grow In ollr 
I I I I ~ C I - s t a n d ~ n g  o f  s I ~ a l l o \ \ -  \vatel- a c o ~ ~ s t l c  
111-opagation. 

Mos t  o f  the C 'ol~r~rra~l t l ' s  131-otlucts Lor f l a p ~ t i  
I < C ~ ~ ? O I I S C  l ~ a v e  been l1;rrd copy. 1'0 liieet procluctiot~ 
d c ~ n a n d i  o f  spccd anti t l l ~ a l ~ t y .  inel-eases in digi t ;~l  
p rod t~cL~ur i  c a p i ~ b ~ l ~ t ~ c ~  a!-e l l ndc rnay  a t  all the  



C'cnLcrs. Ho\ \  c \cr .  curl-cnt on-scc~lc  proccsslng a l ~ t l  
display c a p a h ~ l i l ~ c \ .  c o ~ ~ p l c d  w ~ t l ~  c o ~ ~ ~ ~ i l ~ ~ ~ i i ~ a t i o ~ i s  
h a n d \ \ ~ i d t l l r ,  r c l l ~ a i n  the l i l n i1111g  1';lctor. T l ~ c  
cxploslon ol'"\Vch" ~cchno logy  :r l~t l  1)oD empha\is 
011 I-obust c o ~ l ~ ~ l l ~ ~ ~ ~ ~ c a t i o n s  net\\-(11-hs appear to hi. 
\o l v ing  aolllc or t11c 131-oblcm. 7 '11~ \\'cb cnabli-h 
one  to  l eve l -agc  the \ i r t u a l  p r o t i u c t l o n  a n d  
t l ~ a s c ~ n i n i ~ t ~ o ~ ~  c a p i ~ b i l ~ t i c a  o f  ot l lcr \ ~ t c \  wit11 muc11 
less on-scc~lc  lproccssing. The NA\ /MLTOCCOIL l  
I lcg lonal  C c ~ i l c r \  I ~ a v c  developctl l l ~ c  SIII~I-t Ccntcr 
concept to ~ p ~ - o v ~ t l c  M'eh data SLISIOII \e l -v~ccs to the 
al loat METOC' t l ~v~s io l l s .  U n f o r l l ~ l ~ a l c l y .  11ot 2111  o n -  
\cene s>stcms ;ire capable of t:rh~lly adknnlasc o f  
tlicse ~ ~ \ ~ ~ I I ~ C C I I ~ C I I I \ .  

5 .  Solutions 

A s  the N A V M F T O C C O M  c o l n l n u n l t y  h a \  
~ p ~ s h e d  to pl.ovitlc ~ m p r o v c d  r a p ~ d  rcspoll\e. the bc\ t  
\elution at-c h c i l i g  p r o \ - ~ d c d  h! the c f fo l - t \  ol' 
111dlvidllal\ - Uh\'OC'kANO t l l l ~ c k  rurnal-oiind on 
a \  Standard - l-act~cal O c c a n o g r a l ~ l i ~ c  I ~ ~ t c l l ~ g c ~ i c c  
C'llarts (ST'OIC \ )  and close c o o r c l i ~ ~ i l t ~ o ~ ~  \ \ l t l ~  f lcc i  
aircraft  opcl-ator\; aggrcsslvc NIY:MOC pc rso l~nc l  
work ing 11;11-tl l o  b l - ~ n g  in addit ioni l l  tlata s o ~ ~ ~ - c c s  anti 
\ \ o r k ~ n g  \v l th  111c C o m m a n d ' \  c o ~ n ~ ~ l l ~ n i c a t ~ o n \  
I l lanagers to  I I I I ~  i n t o  D o D  c o l n l ~ ~ u n ~ c a t i o n s  
~ n ~ t ~ a t i \ c s :  ; r l i t l  IIIC \ In \a i  Resc;rrcl~ Laborato l -y  
( N R L )  rcspol lsc \ \ * ~ t l i  t l l nc l y  I\IOI):\S m o d c l ~ n g  
st11'~(3rt and u l~da lcs .  I l o \ \  c ~ c r ,  111c III\ cst lncnt 
s t ra teg ies  i n  t l l c  R & D  pl -ogl -a ln  o f  T h e  
O c c a n o g r a p l l c r  o f  the N a v y  a l i t l  o p c r a t i o l ~ n l  
c o l l c c t ~ o i i  ~ r n p ~ - o \ , c ~ ~ i c ~ i t s  b y  NA\/IL/II-TOC'C'OM arc 
b e g ~ ~ n i n g  to 1pro\,1tlc i n ~ t i a l  1-;11>id r c s l x ) ~ i \ c  
c : ~ l x ~ b ~ l l t i c s .  

he \ \ -  c o l l c c t ~ o ~ ~  sy\ tcms ~ n c l ~ i d c  n nc\v " f l y  
away" i u r \  c)i \) SICIII. ~ v l ~ i c h  call tpc i r i ~ ~ ~ \ p o ~ - t e d  111to 
Illcater and p l ;~ccd olr a surlhcc pl; i l l 'orn~ for  allnost 
~ m m c d i a t c  sul-vcy. ' l ' l i~s capabil i ly w i l l  augment the 
more rohr~st  occ;ln \urvcy t lcct.  

\]A\'Mt:fO('C'OhZ. j o ~ n l l y  \\-1tI1 t h c  L1.S. 
Vattonal I l l lapcry ;III~ [\ lappl l lg /\ge~ie!. I\ 111 tlic 
p r o c c ~ ~ ~ l ' a c i ~ ~ ~ ~ r ~ ~ ~ g  a Laser A ~ r b o r l ~ c  l3atliy1nct1-1c 
Surccy ( L A R S )  sy\tcln Tor coasl;~l su r \ cy  I n  the I -  
5 0  meter t l c p ~ l ~  regton. 1-ascl- ba t l i y l l ~c t ry  I ~ a s  bee11 
proven o ~ ~ c r i ~ l i o ~ ~ : ~ I l y  SLICCC~SI~I I  :1ro1111d l l le wor ld  

I I I ~ \ L  l ime  C ~ I I ~ L I I I I I I I ~  ~ p o r t i o ~ ~  01 '  the CI'I'OI-~ \vai 111 

l og is t~cs  suppo~.l. 
N A V M E T O ( ' ( ' 0 R I  c o ~ ~ t i n l ~ c \  l o  1111l>l-o\c i ts  

cap ;~b~ l i t l cs  In  ~ p r o c c \ \ ~ ~ ~ g  o f  rcmolc ly  \ c l ~ \ c d  data 
illid ill product ~~IICI;IIIOII. h'..\\'O('l~:\\O has a 
v ' l l - lc t> o f  l l l l l1 i l1 lvcs.  l>OlIl cl : l \ \ l I ' lccl  ;111d 
i ~ ~ ~ c l a s \ ~ f l e d .  \v111cl1 I ~ a v c  added ro t l ~ c  cl' l 'cct~\ cni.\s 
01 '  t l lc M a r f ~ g l ~ l ~ l l y  Support C ' c l ~ ~ c r  ( \ \ 'SC).  \Z'SC' 
analysts ( \ \ho  arc regional cxpcr ts)  I I \ ~  a n e ~ v l y  
I'icldcd a c q u i s ~ l ~ o l ~  a11d PI-ocesslng syslclli l o  exploit  
\ i r ~ c l l ~ t c  and  tncl~c. l l  I1llagcl-!: co11111l11c r l ~ c  tiatn \\-it11 
occ;ln ~ n o d c l \ .  \ ~ \ \ ' O ( ' I ' . . ~ N O ' ~  occall ilatabnsc and 
~IIC ocea11 i11.e111\e\ ;II tltc L I ; I L I ~ ~  ~ L I I - ~ I - ~ I I - ~ .  tlii-11 
lpro\ ~ d c  detailed i~cc,l~~o:rapIiic product\ 1c1 a varlcl? 
01 '  cus to~nc~-s .  'I ' l~c \\'SC' 1s c u ~ - ~ - c ~ l t l y  t l cvc lop~ng  
co l labora t~ \c  produels \vl th other I)ol) agencies to 
p r o v ~ d c  a scalnlcs\ dcl,iction o f  the h;lttlcspncc. I n  
a d c l ~ t i o n ,  t h e  N A \ ' O ( ' F . A N O  \ u p c r c o n ~ p u t c ~ -  
\ i \ n ;~ l i ra t i on  cclltcr i u ~ d  N R L  at-c dc\ c lo l - r~ l~p  \c\el-al 
I'I?~I~I-oLI~II a~-r1>l~o,1cI i~i.  fl.i>m b c l o ~ v  tllc \\ 'atcr up 
o ~ ~ t o  the beach. Tl ic I l y t l~ rough  <cc~i i-  I i  d c r ~ v c i l  from 
merged remotely \el lred data and ch;~l-t\. J I I ~  I \  tl ie 
I y l>c  o f  c a p : l h ~ l ~ t q  I-ci lucst i- t l  Tor a l l ~ p l i ~ b l o u \  
o l ~ r a t i o n s .  

NRL. I n  c o o r d ~ l i a l ~ o l l  \ v ~ t l i  YAL'0C'T:ANO. Iias 
hccn explor ing 111e cal-rahi l i t~cs ol':rl l I ~ l lnnnncd  
IJndcr \ \a ter  \ ' c h ~ c l c  ( I I l \ ' ) ,  the (Oc i -anog~-aph~c  
I l c ~ ~ ~ o t c l )  C 'on l ro l  led ; \ u r o m a t o ~ ~  (OI IC'A 1).  t o  
,Illgmcnr e u ~ s t ~ ~ ~ y  sl1111 a.;\cts. 3 R L .  II;IS dc\.clopcd 
\c \  crnl CII~I~IIICCIIICIII\ to enable (.I\ el. r l ~ c  tlo1-1zoli 
opel-atton. obst;~cIc ;I\,OI~:IIICC, etc. T l ~ c r c  IS n i ~ l c h  
I~~OIIIISC, but i o  dale launch and I -cco\c~-y is ;In area 
111 \ v h i c h  \vc 111llst \vol.k 1 0  I I I I~I-uve. 
N A \ ' M E T O C C O k I .  "IRL. the Ol ' l '~cc o f  N a v a l  
I<c\cnrcli. and U.\\!OC'C:\NO at-c currc1111? \vol-klng 
logctl lcr to e \ p l o ~  c I ~ l ~ ~ n a n n e d  Ac.1-1a1 \ 'c l l~clc (L .A\ ' )  
t cc l~no logy  \ v l ~ ~ c l l  c o ~ ~ l d  he deployed or  r cco \c~ -cd  
fl-om a sur \cy  I . r c ~ ~ i c l ~  and  \ \ po~~ ld  hc ci~i-r;thlc. o f  data 
; r c q ~ ~ i s ~ t ~ o l l  up l o  t l ~ c  5l1o1-c 

a n d  w i l l  h n \ c  ~ l n l n c d ~ a t e  i l l lpac l ,  hut a d d ~ t i o n a l  I n  response l o  tile f i c l d ~ n g  o f  h lO l ) i \S  s ~ t c l l l r  
I-cceal-c11 \ % i l l  hc l~c l ' l t  \xorld-\vide I.AI3S opcl-allons, : r l  Regional  C c l l lc rs .  a n  expanded set o f  flee1 

\,.c al.c pR)yl.eislveI~ pl.eP;IrIIlg lilr 1pl;ltfor111\ 1s tnl-gclcd 1'01- I -ccc~pr ol'r\lOl):\S f~i.ldb. 

opcratlolls. 111sougl1 n leased survcq. condrtctcd by Sl i~phoard Tnc t~c ,~ l  . \ ~ ~ ~ ~ o s p h s ~ - ~ c  F o ~ ~ c a \ t  Capab~ l l t y  

N A V O C E A N O   lid L.S. AI-111y  or^\ o f  F n g ~ l ~ e c r ' i  \)\terns I\-111 a l \ o  he \eon flclciccl to p r o \ , ~ d c  sonic 

o f f  the cons1 o I ' l \ l cs~co .  The crcpcricl~cc g a ~ n e d  by  Ileal- real-t lme t l~c lcoro log ica l  icalo~i.ca\t\. CISI I I~  <OII- 

o u r  11ydrogri1phe1-s has a l r c a t l y  p a l d  ol'f I n  .;cclic data rue11 :I\ A c g ~ s  ~adar .  

dc\elopmcnt o l ' \ pcc~ f i ca t~onc  n11t1 concept o f  sr~rvcy NAVOC'EANO \upported the NA-1'0 cxcl-cisc 
opcl-atiolls, ~)Cll- lng tl1is sur\.cv. \vc dcmonrtratctl II;IPICI Kesponsc l o  dcvc lop m c l l ~ o t l s  Sol- i l c l ~ c k c ~ -  
ilgniflcan[ ~ ? a y [ > ~ c k  in  I,I-oductl\ i. dc.ploymcnt i l l ld 13l'Otill~t tl lrl lLll~Ollll~l Ill \lll?l?Ol.t O f  l ; l ~ I l ~ ; l I  O]l~l~~lt1011\. 
effectlve sCll-ve\. ~II1le, -\\ I1llp~l~ lpC e \ P e e l e ~ ,  ,lie 1'1-oducts included I ~ ; ~ ~ l i y m i . t ~ - y  cl~;rl.t\ ~ l ~ c o r l > o ~ - a r l n g  
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with "just sul-vcyed" infor~nat ion,  modeled dynamic 
current  informat ion,  tactical charts.  and  satelli te 
imagery from numerous  sources. 

NAVOC'EANO is n o w  f ~ c l d ~ n g  a c a p a b i l ~ t y  to 
p rov ide  real t ~ l i i c  feed o f  s u r v c y  da t a  Into  the  
scientists at NAVOCEANO for in depth a n a l y s ~ s  
and quick turnaround to on-scene customers. The  
Of f i ce  has  ;ilso c x e r c ~ s e d  the  r emote  in- theater  
production p r i n t ~ n g  capabilities oSNIMA,  exploring 
this potentla1 to disseminate  papcr  products  sucll 
a s  STOICS more r a p ~ d l y .  This  cflbrt  p r o v ~ d e s  an 
oppor tun i ty  to speed  p roduc t ion  th rough  m o r e  
q u ~ c k l y  app ly ing  the  c o m p u t i n g  and  analyt ical  
capab~ l i t i c s  at NAVOCEANO to newly collcctcd 
data. The I-csult is a quick turnaround into products,  
r e tu rned  o n - s c e n e  d ig i t a l l y  fo r  rough  print o n  
NAVOCEANO collcction platfbrlns o r  for  finish 
print on  in theater N I M A  systems. 

T h e  Internet has exploded to p r o v ~ d e  a w ~ d c  
range o f  oppor t~ ln i t~es .  NAVMETOCCOM has been 
working with the leaders In technology to establish 
a comllion "look and feel" fat- the Command ' s  home 
pages, and to explore  p o s s i b ~ l i t ~ c s  in collaborative 
production vla the  Web. Wc  have only  scratched 
the  surface  for METOC,  but  ou r  plans a re  in place  
for  i ~ n p r o v e ~ i i e n t s  in data  access ,  product filsion, 
and  collaborative production. 
Open  Systclns, such a s  the  Internet,  have resulted 
in grass  roots advances  in NAVMETOCCOM,  and 
Inore significantly w i t h ~ n  the  fleet. Operators  such 
a s  CINCPAC'FLT are  m o d c r n ~ ~ ~ n g  their own  assets,  
ef fect ively  I ~ n k i n g  togctlicr pl-occssing on  board 
ship  and throughout an  entlrc Ilect. The  low cost 
s o l u t i o n s  will  l i ke ly  h a v e  a n  Impac t  on  nava l  
operations s l l i i~ l a r  to that o f  the Pcrsonal Computer  
on  lnforlnation Technology. 

6. Needs for Research and Development 
Though our  capabilities are  i l np rov~ng ,  there arc  

a d d i t ~ o n a l  a r e a s  w h i c h  n e e d  R & D  S ~ I p p n r t ,  
including.  

I ~ n p r o v c m c n t s  in rapid  re locat ion o f  ocean  
m o d e l s  w i t h  r e d u c e d  r e l i a n c e  on i n - s i t u  
Ineasurcmcnts for boundary conditions: 
I m p r o v e n ~ c n t s  i n  d a t a  c o l l e c t i o n ,  q u a l i t y  
control and data bases ,  maxlmlzlng standard 
forliiats and  a r c h i v ~ n g  tcchniqucs; 
Effective code  parallelization and coupl ing of 
t h e  n e a r s h o r e  ~ n e t c o r o l o g ~ c a l  a n d  
o c e a n o g r a p h i c  m o d e l s .  i n c l u d i n g  
i ~ n p r o v c m c n t s  in c f f i c ~ e n t  data  a s s ~ n i i l a t i o n  
schemes;  
Improvcmcnts In processing o f  remotely sensed 
data ,  f o c u s ~ n g  o n  automated feature detection 
and cxploltation o f  hyperspectral data; 
M o r e  e f f ec t ive  operation o f  UUVsI  Us  fo r  
survcy use; 
Inco rpora t~on  o f  allied data  collection assets  
in to  Navy production; 
Interoperahlc allied and  Navy systclns to take 
advantage o f  advanced  c o ~ n m u n i c a t ~ o n s  and  
h ' e b  technology. 

7. Conclusions 
T h e  U S  N a v y  c o n t i n u e s  to  l l n p r o v e  i t s  

r c s p o n s i v e n c s s .  O u r  p r o d u c t ~ o n  c e n t e r s  a n d  
Regional Centers play important roles In nloving our  
products  forward to the NATO community. 

T e c h n o l o g y  i n f u s i o n  i s  m a k i n g  o u r  
advancements possible. Remote  senslng and models  
and b roadband  c o l n r n ~ ~ n i c a t i o n s  a r c  key tools in 
meet ing today's challenges. We applaud the  NATO 
conirnunity fol- work ing  wi th  us ,  exploi t ing n e w  
technologies,  and addressing some o f  the  significant 
oppor tuni t ies  for making fur ther  contributions to 
R a p ~ d  E n v ~ r o n m c n t a l  Assess~i ient .  With research 
address ing solnc o f  thcsc i s s ~ ~ e s  discussed a t  this 
con fe rence ,  w e  be l i eve  there  will  be  addi t ional  
advances  In the R E A  concept,  and w e  look forward 
to working w ~ t l i  O L I ~  allies to continue improvements.  
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RAPID RESPONSE 96 - A Demonstration of NATO's 
Rapid Environmental Assessment Capability 

Abstract 

1 .  Introduction 

I)~IIIII~ ll lc  \ i ~ ~ i i ~ i i c r  of' lclc)(> U , \ l O  ; ~ c l i ~ c \ c i l  a l irht .\ 
1.11-st I n  tc l -ms o f  t l i c  , l p p l ~ c ~ ~ l i o n  o f  R / \ P I I )  
t . N V I R O N M E N  TAL ASS1:SSMI.N.I ot K E A  i o  a I I \ ~  
b ~ l u ~ l l o n  A dcn io~ is t ra t~on o l  c ~ ~ r r c n l  I W A  technology tool, 
[place in  rhc central  M c d i l c ~ - ~ - : ~ l i c ; ~ t i  III support o l  l l l c  
Soulhe111 K c p ~ o n  L l V E X  kn i i \ \ l l  ;I\ I)\ N A M I C '  k I I X  
O ( 1  Tl i ls dc~ i ion \ t t -a t~ i in  \\:I\ kno\vn as I1:\I'II) 
1II.SI'OKSL: Oh(KK96) 

2. Hackground 

A \  N K I  0 movcd fo rwatd  will1 i ls new N A T O  strategy l o  
l ircc l lrc \ c cu~ - i t y  cnvlronlncnt ol' I l ic  late 90.; a St-c\li 
: ~ p p r ~ ~ ~ c I i  10 c ~ i \ i r o ~ l ~ i i c t i ~ : ~ l  s11]1]101-1 \\.;I\ clearly I -cqn~rci l  
I\ 1111 tlic old. sralic scenal-lo 110 lotiget \;llid h . A r 0  no\\ 
l iar  10 cope \\it11 m u l r ~ p l c  r ~ h L \ .  c t - ] \ i s  manascl i ic l i r .  
l i ~ i n i a ~ i ~ t a ~ - ~ m  ;111d 1101i--\1[1clc \ 0 ~ 7 ~ 1 ~ 1 t 1 0 1 1 \  111 11ttci1-aI ;II.C,I\ 

\ \ l i ~ c l l  m ~ i y  not  ncccssirr l lv hi. 111 l l i c  N/ \TO .\I-ca 111 

K e h p o ~ ~ s ~ b ~ l ~ t y  
0111 0 1  t l ~ ~ s  r e q u ~ ~ c r n c n l  c v o l \ c d  K A I ' I I )  
L N V I I I O N M E N T A L  ASS1:SSMI:NT K E A  IS n new 
;rpp~-o;~cIi 1 0  cnvll-onmcntal s~lppol-l, d c \ ~ g n c d  spcci1ic;rlly 
to ~ v o ~  ICIC NATO's Rc;~ctli in I:o~ccs (11 a CSTF(Comh~nct l  
.lo1111 I ' i~c l~c , i l  Force) \\ i l l1 lacttcally n.;cli~l cnvironnicnlaI 
data i l l  a l:lclically uscablc 1111ic \talc 
IKl.!\ I\ n S4CLAYTCF.\ '  1 Ii1-11\t !\~-ea and IS a t t ~ a c t l ~ i c  
\\ ~ d c s p ~ c , ~ d  I I ~ ~ ~ I - C S ~  bv t l i  1'1-0111 11ic til1lira14 '111d tlie CI\ 111,111 

cOlll l l l l l l l l l \, 

l l l c  N!\TO ~ I I L O ( ' ( M I I I I ; I I ~  Occ ;n i~g~ap l i i c )  c o ~ i i ~ i i ~ ~ t i ~ l \  
cmbt-aced (his conccpl In  1')O.i and ha\e  l i o n  completed 
t i  i s  o f  3 c a l  Ipli i~t-;lmlnc o f  KE.4 ~~\~I~IPII ICII I  111 

conlunction \ \ ~ t l i  S \ C  I:\\ I C'F\ 
I l ~ c  p ~ l n c ~ p a l  alm o l . l I  \I'll) R tS I 'OUSL  I\: 

10 \,I~I~;IIC RE:\ a \  a t~ict l~ot lo lop! cind to ah(>\\ t l~a t  11 Ir 
cap;~hlc o fp ro \  ~ d ~ t l g  en\ 11o1111icti~al SLI~IIOI-t to AS \ \ .  M I \ .  
and A N  opcration;~l con in i ;~~ i i l c~- \  \ \ . ~ t l i ~ n  tacl~cal l )  n\cahlc 
I1111c \calcs for m ~ l ~ l n l - y  opcr:rl!on\ 

r l i c  olp.jcct~\e o\ el l l l c  : y c . ~ ~  1pc1 ~oc l  is. 
to PI-oducc a f i ~ l l ?  \ \ot  h c d - ~ ~ l >  mclhodology p:rch;~gc l i ~ c l i  
can hc  applied to ~ p r c t l ~ c ~  tlic en\ 11-onmcnral p;il-:~mctct\ 111 

ci1~1;111(?1ial intel-cht l i i l -  \S\ \ .  \I\\. a n d  .A\\ iipclatlcin\ 
I I i c \ c  ~pe ra t i ( x i s  111;14 hc 111 ;IIC;I, \ \ l i ic I i  ha \c  11111 heell 
\ 1\1rct1 befol-e. or \ v l i c~c  acrual en\ ironmctital kni i \ \  Ictlyc 
1s \ c r y  I ~ m i t c d .  

3. How is REA I)if'fcrent? 

I n  the bad o l d  days MII.OC sul-\cy data \\;i\ ci i l lcclcd 
ovcr a long pcr iod of ritnc i ~ n d  eventually l 'v~l l id i l \  w ;~y  
Inlo c l~mato logy .  d;ll;~b;i\c\ ;111d rcpi11-ts. 

t IS I. Eucrc~be Support hcl i i rc I I F  A 



\\ lie11 ~ c i l u ~ r c d  foi all t \ c ~ c ~ \ c  (11 ( )pc~-.ruol~ tl115 daki \ \  0111~1 

l i c  t1~1,rctl d o \ \ ~ i  and Sctl Inlo a l .~ci~c,r l  I ) c c~s~on  Aid(T1):I 1. 
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I<FA arlcrnpt\ l o  de\elop ne\v lool: ro pro\ride cul'fic~cnt collccntrating on i lnlquc operating al-eas fo reach bvarlal-c 
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I 9. S7'01C Charts 

O c e a i ~ i ~ g r a p h ~ c  I n l ' o r n i , ~ ~ ~ o ~ ~  C I . I ~ ~ ~ ( S T O I C )  wl11c11 
cr1rlt i i~l~\. 011 'I I~IIPCI ~p rnduc~ ,  ' i l l  ihe  c r ~ v ~ r o ~ l ~ ~ i e ~ i t n l  
Ipararllclers o f  i a c t ~ c a l  c ~ g l ~ l r i c ; i ~ ~ c c  ~ I ~ I I I I I  ;.I g ~ l i a l l  
g e o g n p l ~ ~ c  :rrc.a. I ) ~ l r ~ n g  K K 9 6  R E A  t e i l l r ~ ~ r l ~ ~ t s  ivere I I S ~ ~  

to Sathcr tlsta l o r  I ~ ~ s i o l i  oriro STOIC5 coveroig t1.1~ ALV 
R I I ~  the h l \V  ;-lrci~i. liE24 data hr 111c1uslo11 011 l l ~ e  STOIC 
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TIIC CLI~II~III:IIIOII LI~LIIC RE!\ \v;I% , I ? ~ I I I I ~ ~ , I I ~ I I ~  ,111 IIIC r,a\\- 
~l:il:l. '11lCl Illere \\,I> ill1 ;l\\,rLll 1 0 1  i1r11. IIII~I b\5\\', L.lL\'. 'lllli r h ~  A\Y orca \\,;IS \CI 111) 10  \III)I)OI-L : I I I I~~I I~I~ILIS I:IIICIIII~S L\\V (:,IIICIC\ III~I?~C\~IIL:IIIO~I :I( IIIC l ) h l c ) f ~  ~ > r c - \ ~ i i l  l ~ r ~ c l i ~ ~ g s .  

at C';rpo -l'cul:~d;~. S,II-~IIII~I.-~~I~ R1\\ ~II-C:I \ \ a \  c ~ ~ a l i l ~ \ l ~ c t l  '~I I I \  ~:r\lc \vas 11o1 casy. II I I ; I~ tiever I i c c l ~  I r ~ c t l  bcl i l rc III on Advc~ l rurc  D a l ~ l i  10 \III~I>IIII ;III I:\elcise Q-I<OIIIC IeI~cI \ucl i  a \ l i o ~ ~  pet-~od ol'rlmc. \o 111c.r~ \va \  IIO i c ~ ~ i l ~ l ~ ~ r c .  111 5 
t h r o ~ l p l ~  l i)r -la\l, Ciro~ips r r a l i i l l l l i ~  t l i ~ s  irrca. 
.rllc ,45\4 arcs 5clcclcll lo ,,ll,l,orr ,IS\,. ill,el;lll~llls 

tl.i\s rlircc l a~ lo r cd  ( i ~ ~ l d c s  \ \ c~ - c  ~p r i l t l ~~cc t l  111 la(-ye n~ l lnbcrs  
'11 ?.\(:I..i\hTCth. Br1cli113 IC;IIII~ IIICII :III~I~CICCI 4 1)blC)6 \out11 ilf S ~ c ~ l v .  III ~ i . i r l ~ c u l : i r  a S11.4RLM I -scl .c~\c 11rc-<:11l l h r~c l i ~ i gs  c ~ ~ ~ c l  c ~ p l , ~ i ~ i ~ , ~ l  IIIC RE!\ L , -~ I I c~ ]~ I .  REk\ c i ~ n d u c ~ c d  \ ~ I I ~ I  YT+\\lur\\/l;Ol<i\,I1.1) 1Jli11z in 111c ~\,I,I~I,I ~ l r , l ~ l l l c l ~  I l l  rllc ~;l l lLlcs :1111l I lO\\~ l l l l<  l lc l l l~ l l l~ l r , - l I l< l l1 o r  Clianncl. NATO'.; currsnl I I E A  i.;i~~:iI?~lilv \\'as i ~ ~ r c ~ ~ c i c t l  10 sul>l?clrr 
111c ,\-,ll. ('1;111~1-5. 

The H;~rvar t l  (.)ccal-logri~pl~~c Predlcilon Sy\tc~ii(l.IC)I'S) 
l n o d c l  \va\ scr I I ~  r(jr 1l1c AS \ \ '  ;IW;I ; r l ~ t l  1.1111 <II 
S4CI.AN'I'C'Eh. '1'111s ~ ~ l o c l r l  I:: capahlc ol 'p l -od~ic~n; :I 7 
clay fi)rccasl o ? o c c : ~ ~ ~  c o ~ ~ t l ~ l ~ o n r :  SST: sud~ i cc  c~~rrcl-11s. 
VCI-IIC;I~ ~~IIIIIC~~IIIIE l ~ ro l i l e \ .  ~ 1 1 1 ~ 1  \CILIII~I \,CIOCII! lpror~lcc- 
L ~ l t e  any ~no r j c l  lire HOPS retli l lrc\ good I I ~ I ~ I ~ I ~ ~ S ~ I I I C I I I  CI~II~I 
JIICI tllc I~IC'A Iprqfr;lllillic wa\ ~ l n ~ i i a n l l y  d r ~ v c n  hy 1111s 
RL~LI~~CI I~CI IL  

11. Communications 

RR!)!, \V,I,S :I \ilcccss 1 p ~ t l y  I > r c . ~ ~ ~ s e  ~ T r l ~ c  r,lplcl c.\cl~:infc 
~ I ' t l a l a  l l ~ a l  \va\ po\\ l l ) lc i ~ t ~ t l  IIIC COIIIIIILIIIIC~I~I(I~I'~ 111:11 

r ; l~p l?~,~r t rd  that data ilowv. 
I111~1-nel l c c l ~ ~ i o l o p ~  \\pa\  CIIIPIQ~~FLI ICI .IIIOW Icirgc' VO~IIIIIC? 

o l ' c l a~ ,~  to bc. e\cl~;i l igt'd bc~wee i i  L ~ I I C L I I I I ~  p I c ~ ~ j l ~ ~ - ~ l l s ;  
~?r(~ce,,i~~g sltt.3 'ind I'LITIOI~ CCIIITCS. 

S f iCLANTCEIU ~srab i15 l lcc l  1111 U ~ ~ c l a q s i f ~ e d  I< f \P l l l  
RFSI'Ol\rSE Home P,:~gc on a server 3 1  ~ h c  (S~III-PF. SIIII?~ 
a1 scs Il;id a 1 . 1 ~  top cornplltcr co l~p l cd  rc ,I cell p11onc 
t l l rousi l  .I 1ll~!d~111 cis t1101? WOP~FIRII(III. Fro111 11115 t l l ~ r  
c . o ~ ~ l t l  t l ~ a l  Into 11ie H i ~ ~ r i e  l'a2c d ~ i t l  f'l? dalrl ~ n ~ o  t i i t  
, ~ ~ ~ ~ > r o p r ~ : ~ t c  ~ I I -FC~OIQ.  TIICV c0111d i~ ls r j  ~C,IWII load JIIV t1;1t,1 
or L -Ma l l  ~ c q ~ ~ ~ r c d  I ' o r~ l i c  opcr, l~i i~n. $11~5  .I< Ikr,~li i. ld as 
tlie (I<, the l!S and L'SS L,I S,.lllc.. \ v l ~ ~ c l i  li.~ppcned to be 
III r l ~ c  Blaclc Sca. u c r c  able to acccss thc I-~OIIIC Pagc and 
c~c I1 : l l l ~ c  <1>11;1 l l l l -o~ lg l l  11. 

-rill\ I ~ ~ I ~ ~ - ~ ~ c I  ~ ~ ~ I l l I ~ ~ L I ~ ~ ~ ~ c l ~ l ( ~ l l ~  I C C I I I I ~ ~ I O ~ V  \vcIq c l - l l ~ ~ ; ~ ~  to 
IIIC c o ~ ~ c c l ? ~  of' KtA :rntI C \ C C E . ~ E ~ /  c ~ p ~ c t a t 1 0 1 1 ~  of' II\ 

c,~pal>~l~ly.  Sonic wI1i.1-c I n  I l l? orclcr c1 f4OOb lby t c~  i ~ f  
prijccs:ed t l < ~ t ~ ~  \\*t.cr 11.1ndlctl I>y IIIC H o ~ l i c  I'age. wI11cl1 
c r l ~ c r ~ c ~ ~ w d  l16,000 10:-on?: 1ro111 57 users. 
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Rapid Enviro~imontal Assessment, 
SAC1,ANTCEN 'a'echniyues used during RAPID RESPONSI< '96 

2 .  SA('1,AN'I'C'EN I iEA techniques 

I)LI~~II; T<R-96 ri ncbv R E A  roo1 c l e \ r~ lo l ?cc l~ i ! ~ l i i l v  
1,: SACL.AN'I'CE9 ,111tl L . R I I . I c ~ I I I - D ~ I ~ ~ ~ ~ I ~  F;IIYII 
O l , sc r v ,~ ia r~~  o f  C i ? l ~ ! m l ? ~ a  U l i ~ v r r s ~ l y  was l ~ s c i l  Tor 
;issci\ln; CC-I;IIII \e:~-Tlcror c o l e c l i n i c i ~ l  Iprcjpertles 
l ! i :~i  ,Ire I r ~ ~ ] ~ o r i , 1 1 ! 1  111 ~ ] I , I I I ~ I I~ I~  CII IC~  c " ~ t - r ! ~ ~ ~ l g  c. i~ l l  IIJ\>!* 

CI lit r ~ i  I (:I r~ ,s. T I1  c n cbv I <.lo I, (:I 1 I  ?<I CI 11 X 13 P 

o r  I[ ~ i i ; ~ v  ibe cicpir!yecl Frt:!~n 311 dircrr l f t  o r  c ~ l h ~ n : ~ r ~ ~ i e  
111  LIIIXCI , I I ~ : ~ ~ ~ . I Y V  +a rr! i l l ?  I , I~ I I IC~I  11i t t t1~1c~s c ~ i r r e r l l ~ y  
d \ ~ c ~ i l L i b > l r  f c ~ r - X B T  l L ~ ~ ~ ~ ~ r l i ~ ~ l g  i F ~ g .  I). 

During 1996 this new concept has bccn 
~inplcl-ncri;:r! .IS par t  of [IIC iv lc,Y.di~cr~.~r~e:~~l MIl,C)C* & I 

. - 

the REA capability. Figure I :  XBP systern concept. 



T h e  XBF'   probes conr:iin a s e n s ~ l i v e  
dccelcroii1ete.r rhai ~ r ~ e a s ~ ~ r r s  rire t ime-i l lstory r?r 
decelewrioi i  as 1 1  Irnpacl$ ,lrlrI penerr:ites rhe SEii- 
Floor. 'This inforrrlatiorr i s  Integrated ro obt~i111 rlle 
rorce exel-lecl on the p r ~ l . ) ~  bv  the sed~ment  ~s a 
functir111 of tleljtl i o f  petleti-~IIOII. Since [he force 
crli the prohe IS a d ~ r e c r l y  relared to the ~ ~ n d i - a ~ n e c l  
shear~r lg  s t r tngt t i  of thr  sed~rneri t  througl i  ~ v e l l -  
k l i o l v ~ i  bealrilig capacity rel,tnonsb~ps, [he shrL l r ing 
~ t r e n g ~ h ,  wirich is orie OF  t l i c .  pnr ic~pa' l  pnr t i i l ic ten 
riecess~lry For ev; l l~ .~d!~ng rrliiie I ~ l ~ r i a l  p o ~ ~ r ~ t i d l .  rriily 
be der~vecl t'rnln [he dara III a d ~ r e r l  wily. kMorri)ver. 
a d r l ~ ~ i o ~ i ~ ~ l  i ~ i f ~ i r r n ; i t ~ o n  i ~ b o ~ ~ t  ~ h t  GEP-:IC~LISIICA~ 
chc~rac[erist ics of [ l ie secl~rllerlt it. 2. ~v t ie [ l i e r  i t  I:: 

;rariular o r  .F~rle-grii~l~ecl) call also t'c dc ten r l~ncd  
Frorn :Irr ; lnalys~s of the riecelerailon srgnatilre. 

rlrr e x < ~ ~ n p l e  ol?;~ c h x t  sl io~vingsedirnenr rypes vcirhirl 
an ai-e,i hvherc 4S peneMomcrers were~rleployc.cl. 
'The C ~ L I ~ I ~ I I I ~ ~ I V E  i n f ~ r n ~ a r i o ~ i  con ta~ned  111 t l ~ i s  kincl 
n.i'cIi:ii-r IS IIOI av;iilnble f rc~m any o i l ier  k ind  O F  
reliiote cerisiri; lect i~ i~c lue cu r re r~ l l y  i n  ~ s e  d l~ r l  $0 
~ l I u \ l r a t e i  the I m p o r i t l l i c e  vF l h i ~  l k ~ i t l  of 
reconnai5sancc. 

2.2. 80  kHz Backscatteririg 
A i i ~ t l i e r  new reckir~~cjue recerilly developer1 al. the 

S~CLP\.\IUTCEN has heell ~ ~ s e c l  C I I I ~ ~ L I I . ~  t l ~ e  R / V  
?-\ll i~rncc: ~vt iere :ICOLISIIC ~ H I ~ I  were cn l l rc tcd a[ QO 
k H z  JS p a r t  CIF the h ~ g h  ~ r e c l u c ~ i c y .  a c o i ~ s t i c  
r e v s r l ~ ~ : r a t ~ o n  rornpol iel i l  of R R - 9 6  [FIs. j), W ~ r t l  
t l i i s r e c t i ~ ~ i q l ~ e  we aim ro descnbe (he ncrn-un~rc~rrni ly 
O F  rlic ~e.~-I ' loc~r cnvir(]~ill-ieni wht ther  i t  IS rr i i~de o f  
areas oFd~,PPerzri~ sei l l rneri~ types, p i j cke~s  of shells 
o r  F~elds o f  p o s ~ c l o r ~ ~ a  sea Srass. 'Tht intent o f  the 
hy5leil.r tlescr~l.ed IS ro ~ i v r :  .I cjr~icl, t.iri11inn: oF th r  
~ C ~ L I ~ I I C  p r o p e r r i ~ s  cjf :l site a1 F rec~u~nr ies  ~ l e v a r r ~  
to r n ~ n e  t i u n t ~ n p  rarlnrs. 

2 k m  
& XBP deployment position 

D ~ l r l r r g  K R - 9 6 ,  XBPs w e r e  clrc!pl?ed III a 
~ c r ; ~ n g u l i i r  pclrterrl clvcr a ~ i l i i nber  0.F ~ I ~ E F I S  i v ~ t l i  the 
Q ~ ~ E C I I V E  of clc.F1111r1~ ~ ~ d l l r l t ' r l t  p r o p ~ r l i c \ '  In CErt:lln 
reg io r i s  o r  I i i t t r c g l  to  11ie Ah. ML\* and P'SM 
cc)rrirnilrllIy. T l i w e  ~lre,l.: wele I l len clas>~Fiet l  8.; l o  
s e ~ l ~ r n ~ r r t  typt: and cerralri parameters pert incnr l o  
rrllne bu r ia l  s ~ i ~ r J i e >  s ~ ~ c h  as .rI?e;lr : r re~igr l i  werc 
rria~pperl irl r i le r t s i o r i s  \vI ierc so f t  Firie grd l r led 
materials w e r e  - found.  E ; ~ r l i e r  w o r l t  111 tire 
M e d ~ l e r ~ t i r i t a n .  na l l ic  oricl Blaclt  seas SIISPSIE~ th:~I 
II?E ~ ~ d i r n ~ l l t s  i .() l~l~I be diviclecl In lo  Ihree IllOrC Or I t s?  
d ~ s t m c t ~ v c  types clesigriat~cl I. 11. and 1 1 1 .  IF1gllrc2 1s 

AMBIENT NOlE 

Fig w r t  2: RE/\: Re iu~ri1srcii ioti, Ambient Noi,~e and 
Depr i i  rrre~.~urerrieiics. 

Dur ing  R R-96. f~Ftcen \Ires were ~ \ ~ l l l l l l e d  wl th  
r h ~ s  .;ycterrl ancl re i i~ l l . :  :rrc. \ :howr~ i n  I:~gure 4. 
Srarre,r~rig s t r t r r~ (1 i  as a F ~ ~ n c t ~ o n  o f  graurrs a ~ i p l t  
r r i v c ~  .111 ~nclic.atiori o f  the avrragc: r e v ~ r b r r a t r o n  
L. 

leKszls r1i:ir can bc expcc~ed  lvirtr :I 50 k H z  systerrl 
~ v l i i l e  rhe a r n p l ~ r u d e  Prz lbabr l i t y  T ) ~ s t t i b u r i o n  
1 IIIICIIOII (PDF? Slves Jri ecllrI.rate of: c lu l l e r  1.e. 
~ j ~ ) l l i o i i \  o f  the rerllrl i l l ial  are c o r i s ~ ~ l i . t ~ l l y  dbove 
rhc rrictili ~ r c v e r b e r a ~ i g ~ ~  level I>!. 



80 kHz Reverberat~on 1 
r H ~ g h  

M e d ~ u m  I 
a Low 

Three \ l i e \  \vel-c pic l \et l  ~ L I I  :I\ eua lnp le \  ol'thl-cc 
d i f fe rent  l - c ~ c ~ - h e r ; ~ ~ i o n  reg lmc \  oh.;ervcd i n  the \ite.; 
where m e a s u r c m c n t  werc tahcn. .The c ~ ~ c e t c d  IIIC;III 

treverbet-alien leve l \  can be e \ ~ i r n a l c t l  q u i c k l y  I'rolii 
thc prap l i  w ~ l l i  S i a l ~ o n  13 g l v l n g  l hc  li1:1ic1- (Ty1,c: 
Red)  ancl S ~ a l ~ o n  12 (Tbpc:  BILICI g1v111g the l o w c r  
l-e\*el-hel-;i~ion Icvc ls .  T l i e  1ii:Ii s c : l t ~ e l - l t i ~  seen a l  
S t ;~ t lo t i  I ?  \V;IS the  resu l t  or I i l l l n c rou \  \ h c l l f ~ s l l  
co \ 'e r ing 11ie sc ; i - f lo~ i r  wIi11c l l le  v l t leo  o f  Stat ion I ?  
\ i te  revealei l  a \ erq \n ioot l i  f ea lu t -e l e~ \  sea-flool-. A s  
a n  i nd i c ; i i o l -  ol' c l u t t e r  t he  a n i p l i l u c l c  P D F  ol' 
scat ter ins  cl-oc\ \ ee l i on  per  Llnll at-ca va lue \  ma \  
cxarninccl. 

T h e  amhie111 n o l w  I'leld act.; ;I\ all 11nclc1-lying 
I ~ l i l i l  011 t l ie  t l c l c c l ~ o ~ i  r ange \  o r  [ x ~ \ s ~ v t '  \OII:W 

\y.;reln\ and a c l l v c  \yArcn i \  ar loll: range. T l i e  
o b ~ c e t ~ \ ~ e  of the 1101s~ I'~clcl tiie;lsurcIilclirs c o ~ l d ~ ~ ~ t e c l  
i I ~ i r 1 1 1 g  Raplc l  l <e . spo~ i \ c  \VCI.; t o  i le1erni111e the  
res i t l i la l  acoust ic  noisi' I'leld 111 r l l t '  l i l i -O ( l  area. 
unclel-\t:lnd the ~p l i ys~c , i l  ~ I - O C C S \ ~ S  ;ellcr;1t111: the 
I'iclcl and beril') ( l ie ~ ~ r c c l i c l l o n  ~noc lc ls  l'ol- ;In) f ive11 
co l i t l ~ t i on .  

T l i e  I n e a r L i r c l i i e i i ~  rec l i l i l c l l i e  ~ t i \ ~ c i l v e . ;  t he  
~>c~ . fo rmance  o f  'I ~>ol!t;oli InalieLivcr \ v ~ l l i  ,I io\vecl 
~rt-a!. dur in:  \ \ ~ h ~ c t i  l l i c  bc,im 11o1sc I t .vc ls  J rc  
~ i i e : i \ ~ ~ l - e d  a long cacti slcle o r  ti le poly;il~i. A n  aet-ial 
\ h i p l ) i l i g  \ L l r vcy  I S  c o n d u c t e i l  I I I~~LIEII~II I  t he  
~l ica\ut-ernent p c r ~ o t l  10 p ro \  ~ d e  ~ i c a r - ~ o - l n ~ c r r n c d i a [ c  
I-angc sh ipp ing  clata f o r  modeling ancl ~ l i l c t - l ! re lar~on 
ol' reuults. 

T h e  h o r i / o l l ~ , ~ l  d ~ r c c r l o n a l t t y  t i i e l r . ; ~ ~ ~ - c ~ i e t t  ai-e 
l p ~ - e \ e ~ ~ t e d  ili  lie ~OI-111 ( i f  11(>l:it- plo~.; :I( 5clectecl 
I ' rccl~lenc~cs. Tl1e po l ,~ r  p l o t  I n  Fi:ilrc 5 represent 
l l i c  l i o l $e  ICVCIS,  r e l a t ~ v r  t o  [ l ie  o m ~ i i c l ~ r e c l ~ o n ; ~ l  
levels. A\  cln altl l o  ~ ~ i l c ~ - l ~ r e l a t i o ~ i  oT lhc  rc\ul ts.  the 
p l o l \  are ovel- laid on ;I na l l t i ca l  c l ia r l  o r  the area. 
ic iget l ie~ w l r l i  a ~.>IoI o r  r l ic ae l ia l  \li1171'i1if \Lllnley. 

T h e  i n f o t - l i i ; ~ l l v l i  o b t a i n e c l  fro111 .;Ii1pp111: 
. ;~~r \~e i l l ; lnce lic~..; heell ~ ~ s e c l  l o  c : ~ l c ~ ~ l , i r c  l l i c  noise 
c l i a rac~e r i \ t i c s  c ~ f  ri le XI-e,~. F i z ~ ~ r e  6 colii[l,ll-es the 
n ica \~ i l -e i i  data l'l-0111 Scjnohuoy.; anel S.:\CL.ANTCEN 
Iowe t l  al-ray c c ~ i n l ~ a r c t l  \VILII K A N I I I  3 -  1 /41  Amh ien [  
N o i s r  M o d e l  o u l l > ~ ~ t \  

2.3. Ambient Hoise 

20 
10 100 1m lam0 

Frequency (Hz) 

Reve rbe ra t~o l i  1s I l i c  scattel-lng ol' souncl f l - o ~ n  
I l ie  ocean \ o l u ~ ~ i c .  \~~rl'; ice. ant1 h o l l o ~ i l .  II I l l n i l \  
; i c l i \ e  sonat- ~ p e ~ - l ' c ~ ~ - n ~ ; ~ n c e  b y  m a \ h l l i g  l l i e  ta r fc t  
cello. A t  lo \% r re t l ue l i c~c \  (helo\\, I hl-lz) b o ~ t o l i i  
rcvt' l-ber;lt lon rtl lcls III he .;troti:ei 1 1 i ~ 1 1 i  S L I ~ ~ ; I C ~  ant1 



Rapid Gvbmemal &#csment NATO SAC-, tcrid, llely lo - 14 MWh. tW7 

volume rewerbwiian; ar higher frcqnn.cies lacu?s~!c energy travels rhzaugk the sea. As a 
sqfaec pvtrMMan k signiticant if the wind speed parlrmerer. it tonbinti all the eKdtts (If differenl 
is high. Vatume reverbmation can be important propagarJon pbanom~a. 

Dlatieg Rapid Respon$e 96, revcrberalion 
mwsur;ern%ms were conducted from WV Alliance 
using oxpAosive sources. roceiu~d on 
SACLANTCW's mWud array. These wcre used 
to oharnter5ze the areas. and by mmpacison with 
model predictions. to obtain estimatus of battom 
loss mkd scattering strengths. 

The meawutemane tectmique involves deploying 
of an acoustic source (by a ship or aitorafil, 
tmsmirtidg dong a track aikdaqumng umsmiued 
aturust2c sign&$ rcmived 91 nne wid,& the r m k  whh 
an way, &ring which the Tmnsmi~ion Lms levels 
are&carmmt. Emrimnmental parameters that effw 
wwtic prupugation w m  also simultanmusly to 
~mvide data far rnoddinr aml int~~retation of 

The t.everber&iml &GI teceivltd an the tawed 
air~ty w m  F o r d  saw time s ~ t c s  qfspntW bbm 
sree~d in differwrt Bi-w~ona. By rapping rime 
into tart& bid k e r n  m g ! ~  i u r ~ ~ a z i m u r h ~  lhr dap 
drsp1apd aa i nx~nsiy bveb nn a polas p k ~  ximilor 
TO a ?a& &spY&y. Fig= 7 rar,ws ar. exmph of a 
pala &splay of mmrbaHtm field sqietimpused 
over the btkthyrnetri~ cb2tf af an ate+ This 
vmzbuigues prauidw Ihc mrnure 5osising of a % 
=*a to ;den:!@ pos21ioas of rdalw t s g e l o ,  
Vmficrrio~ of reverkm'tion mdols w i 4  this type 
of data ~ s & t  to cmvwt i d  Sort~m ~ i z r m & ~ s s  
F rererberxion characm'~rics of an  srea IS]. 

2.5. Piropogrrwn 
To a 1- extend the performance of' tr SQMk 

sps;m ow be &cr:W by a SONAR equation. 
Trartsrnissign boss, Reverberation Lcvsl and 
Amhicnz-Nniae h v s i  are t?& param~etars 
d t t e m i n c d  by tf.? rnrdi~m. BE a SONAR 
para'meter, Tralstpkrian Loss describes the 
rnagrritude of tho energy losf wbiiu ttansmittcd 

In s u m  to the m t i m  RR-96 broadband 
(50320O*iit) acoustic data fiom explosive and 3.5 
kfiz CW d m  from a towed sound source were 



p;~r;lrnetel-\ I'ol- i ~ c o ~ ~ \ l i c  p ~ - o p a g i ~ t l ~ n  ~ ~ ~ o ~ l c l i l l g .  
F i g " ] - c 0  \ h o w \  ;I c o ~ i ~ p a r i \ o n  of lnea\urecl anti 
computcc l l ' ~ -a~ l \m~\ \ io~ i  120\\cs for dil'fcrcnt rccclver 
depths  161. 

Due  ro ~ l i c  complexi ty  of the environrncnl ;~I  
katul -c \  ;~l ' l 'ecl~ng the acou\tlc propagallon along Ihe 
v a r i o l ~ \  ( r ack \  in lh i \  al-ca. a \ ~ ~ i l e  ol' ?-I> I-angc 
dcpcnclcn~ ant1 I-angc ~ndependen t  model \  Ilacl lo hc 
L I \ C C I  to h ;~ndIe   lie v i ~ ~ - i o u \  ~ I i a l l o ~  and dccp  \vatel- 
\cenar ios  at lo \ r  ant1 high l'requencie\. Ra)  h,~.;ed 
m o d e l \  a r  ( ; S M  171. M O C A S S I N  [ X I  , ~ n t l  
H O D G S O N  101 \vc~.c \ e l e c t e d  f o r  d c c p  ira1c.r 
pl-ohlcms. whilc wave ~ i lode l \  \uch a \  PAKtC)  I 101. 
RAM I I I I ;illel C -SNAP 1 I ? ]  were u\cd tol- nioelel~ll; 
in the \hal low u a t c r  regions. T h e  c o m p ~ ~ t a t i o n a l  
\peed.  ; I \  well a \  the a h ~ l ~ t y  lo treat hotto111 i.Srcct\ 
ancl s loping holloln\ were aullong the Inall1 critcl-I;I 
f o r  ;I c l i o ~ c c  bctwc.cn them. 

F =  3.AHt 
?D= 200m ..-.*, Data 

Model 

4 

Range (km) 

Tllc nlodel/tln[a c o ~ n p a ~ - ~ ~ o l l  prcscllrccl licrc I \  

~ n ~ c n d c d  to  g i \ e  a q u a l i t a t i \ c  ;111cl c l ~ ~ ; ~ l l t i t ; ~ t i \ , c  
i l l u \~ ra t ion  of the dcgrec ol 'p l -c t l~ctahi l~ty  L V I I I ~ I I  C;III 

he o h ~ a i n c d  In the three al-cas. In l'lgul-c I 0  \o111c 
cx ;~mplc \  are  presented a \  1,rol,ag;111011 lo \ \ e \  as  a 
I 'uncl~on oS range for  \ omc  \electeel [ rack\ ,  

3. Conclusions 
11u1-1ng [he  RR-96 the p o \ s ~ h ~ l ~ ~ ~ c . ;  ol ' thc ;~\*al lahle  

SAC'I. .ANTCEN R E A  I l le lhoclology l h ; ~ . \  hccl l  
c lc~nonst~-ated.  

;I.; one can ohserve 1'ronl ~ I l c  L C ~ I I I I I ~ I I C S  ~ ~ - c . \ e ~ ~ t e d .  
\ o n e  ol' the nlerliodoloyp clc.;c~-~hecl clel>cntl\ on 
1xe\c11ce of \ ~ C C I ; I I  p l a t l ' o r i ~ l ~  ;111d C ~ L I I ~ > I I I ~ I ~ ~  011  
siglir. Tlicsc ~ c c l i n i q ~ ~ e \  ha\ 'e hccn ~ ~ \ c c l  a \  ground-  
11-uth. to \ e r ~ f  the capacir) 01' l ' o ~ - c c a \ L ~ ~ l ~  acorl\tlc 
~p;~~-; i~i lc tcrs .  T h e w  types o S  val~clarioll\ I ~ : I )  1101 he 
po\\it?lc d ~ ~ r ~ r i g  ;I cr1(1\ \ I ~ L I ; I ~ I O I ~ .  'rllcrcl'o~-c remote 
~ c c l i n i c l ~ ~ c \  like. a i r i s u h l n a r i ~ ~ c  tlcployccl \elr\or\ .  
\arcllilc remote \cnslng ;~nt l  r c l~ah lc  high 1-csolu11o11 
ocean ancl acoustic PI-ed~ct ion ~noclcl.; c;i~l ~p~-ov ide  
~ l i c  ncccs';ary ~ n f o r m a t ~ o n  as  IifiA ~~ lc t l i oc lo log )  
~ x ~ c k a g c  w h ~ c h  can he appl~ccl .  il l  c a \ e \  o l 'c r~. ; i s .  to 
P I - C C I I C I  llle en\~1ro1iment;l1 pal-:imi.rcl+\ 11I'~11>cra1i~1n;1l 
i11tc1-cst. 
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Data hla~lagerr~e~it  and Excliange dur i~ ig  RAPID RESPONSE '96: 
Proble~i is  ;~nd s o l ~ ~ t i ~ r i s  

A b s t r a c t  
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, / ' I  
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Ill, 111 <111,1 l l f l l 1 l ~ l l l - r ~ ~ i i l l , ' i l  l l i l t l ~ r l ~  1ui ,? / ll~~lflll/< I,<! \ t  < 

ir 111 i ~ d i l r c  $ 5  //I< r ,  ~ , , ~ n <  r lilill /boil, y o 1 ~ ~ 1 1 l i ~ l l  ,i, i ir/~,, ir.r 

2.  C ' o ~ ~ ~ m u n i c a t i o n  m e t h o d s  
Ih l '  ~ 1 ) ~ 1 l ) ~ \ i l l l ~  , lJ l11111!11111i t l lO l l~  I11~11111i 1, \ \ (  11 I I l l l l / t  li 

I l l ~ l ~ ~ 1 1 < ~ 1 ,  I 011111'~t1011 

( '< lllll,~r I I .3( 'SJ  ~ 1 1 ~ 1 1  111 

1's 1 h, ISL .\ 1 I l ; i l - l l l  

I \ \ \  \ I < ? , \  I H, l S I l \  

I I ,> . > I  I .ill rlllilLlll I <,1111,1111 1. l i t  . , , I , <  

[);1r1 01 1111, S , \ (  ' I  I \  I (  I *  \ ~IOLII,~III 111, LOIIIIIIIIIII 

t ,I~I<)II\ ,<.IIII> I, ~ I I I I I I I I ~ ~ ~ I / ~ , ~ ~  111 l i x ~ ~ ~ <  1 
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Fiii1le :I  D a ~ d  Ploiv I,tl(.iin 

i / ? i t i r~~l  ~ > C J I I I I F Y S ~ ~ C [  LO I ~ C  EUW~L~J-II 15.013 ~~if!,i\-t~l-k anil 
JaLrt kanjl 'ers  or-cur a1 A4lCbp5. 

Yigurc 2: Ship  pnrtabla rqrilyarcrrt 011 K V h l l ~ n n c r ,  311 wrnpukn o n  the  1.0cnl A r r n  
.%e\ivnck have c l ~ e  o p t i o ~ i  of m m w t i a g  ~ t i r ~ ~ i i p h  (II!: 

cLllulFr ph,llm Bncnp31,1atri i n  muter.  The lllrnalsaL pakm \wr@ u*J *.hcL IYir 
t i g h ~  ~ Q X ,  a ~ ~ d  ~ r n o ~ ~ l ~ e & I  next k tirmr nnLr,nriM ir. or- Alli,lncc was n l ~ t r l i l c  , ~ l l r i l d r  fallga. 

riw tc lnirlirniie ICQ tbrmlgh c o a x i d  cithlm j F ~ g i ~ ' m  
2;. .A ~ t ~ > d ~ w - d  phor,b cable- +nd power llric wer t  t h m  3. Data handling 
I ~ I I I  dovin lg 1h5 PC's. Gpnnt+:Lrolrs \*era e s ~ n b l ~ a h d  I6 \\.as decided l o  1 1 s ~  st.tndirrd ~ t i - ~ h ~ - a h t l f  l l l l c r ~ ~ u ~  t.hcol~gt the  I tal ian an'llog acll i~lar  s ) i t e r n ( F ~ ~ l ~ r a  3).  1 1  ,~rciwate and software I r  d.:tb-w&iiu-~ga l'irsf cr illl, 

-\l~v~l0118t1 ~ f ~ ~ l n ~ l l ~ l ~  speeds d ~ d r l ' ~  p ~ ~ c d  9600 bps, it irlsuced tklitl. Lhe: pal.l;iLipdllLa u%rc cLl,ls 
~ l ~ e s c  ~)octiihle systems grnprally performeti wcll. Con- to t:orlrlml I n  a reliablr Ci~btiion w~l .b  Jcilad) ~ x i s ~ : i i ~ ~  
I ~ G G ~ I ~ I I S  \&ere pni '~iblr ,  11p to a d ~ s t d l ~ c r  0s & rnllch CLS r n r ~ f i g u r d l o n j ~  alll1.c Ihc WW\Y-brt~bb.$em px15L 1 , ~ r  I I I L ~ J L  
1\10 k ln  Fron~ Ihc Italian coas t ,  dept'ndlng on tilt p l d ~  '- 

I l lcr l l ;  ,F.t he ,ink nna,+wll-pllonF,.  This rarlgc. Is s l g r l l h  
~ a ~ l p l l t ~ r s .  +col1d[>. we were +hie lo ~:hnvse lilr I ~ L  

t a l l t lg  IJ-ISrr Lhbrl Lhill S,l, ,vllh ftlr G S M  celirllar h~~~dware!%of t \var~  cornb~nd(iio~is ~ C ~ I  U I I ?  ~~mlbl~. i211.i- 
ph&?,*ls was l a ~ d  s ~ i  so urlty, e+9e of I IY& price ! r ~ i J  arv 111- 

~letwurk,  \*irere LhG rnaxirallrn nfi.nlr~ablt range 17 In ~ h t  
nrdei  nf ;!if-35 km. dbi1.1 iyi 

2.3. P S T N / I S V N  
3.3. Web S t r i ~ r . t n r r / S c r i l r i ~  

C 1 j r n ~ ~  mm=r] t11~ .data P ~ ~ I I C L I I ~ ~  k h r g ~ ~ d h  fi WW\V S.AV5OCTl-l c p n c ~ ~ t w J  v,ia rnndem o v e ~  t h e  NXx) 
IS'VN o r  I h r ~ u g h  Lha Ititli.&n PIIIIII~.  S w l t c i i ~ d  ' J k l b p h o ~ ~  1 h . e  Page [Plgrlre 4). W.;rfa c a q ~ ~ e s t e  were I I C L I I ~ I U C !  h,v 

a I113,pd d w n o l i  NCSII hltpd, nlnnuig on p M Y  l 1 . 4 i I 1  
I\usf,rrorb (PSW),  which i s  now largelv ~ i ~ g ~ r a l  exccpl SOP r.0n4~putri. TIIP qoftwa?~. 13 I'~.esl$ d ~ ~ l n - l p % d * / b I c  1111  1111: 
t Ilc'finnl connee two LO the s u l ~ s c r ~ l ~ e r .  

A l t , h ~ u g h  1h+ 15VK Ihl-ougll-put IS IIOL Im.pcasslve Inkernst a n d  p t n ~ e d  \ u f k i c i ~ n l ~  /p-g\idillg rull a 1 ~ p p u r 1  
['or password/lp-address i~:c~sj c o ~ ~ t r p l , , s y c c d .  rcii.ab~l- 

(Apl)ros11nat,al>.7"On E<b/b). I (  fQnctioncd rkl~llably I , h r o ~ ~ g h i  it) ~ L I I ~  CJGl , ~ r ~ p t + .  A W C I ~ ~  L V ~ S  P I I P ~ I I F P  red(.liicl MI Oy i~ o ~ ~ r  the c~peration. F'STN corinectlons Carl bc: t~ I C ~  is Plce~~.i t l l .  
l'a~L, I I U ~  ISLrfi s ~ n ~ l i r ~ e l  the pnrnar )  c1101i.c. ~5 1.10 per- 
i r ~ i l ~ r ~ ~ t  r;otil~t 1s i ,nvolud  in it$ pperatiur~.  

:I." St;uldiu.tls arid Platform i n e l e p ~ n a ~ ~ a p  

2.4. INMARSAT A / B  A data f ~ t m o r ~  ce~i te r  can onlv  y c ~ v l d y  up~urlcll pcrhr-  
m a n e  and jervic:t.,, ie, <ITI-L/I~-~~;,  &>11vk~i,211, ~f 111 ncldition l o  m i l ~ l i i r  t ~ n r i e < \ i o ~ l .  R/V A l l ~ n r ~ d e  11ti- provided rind rc(~uc.sted dh!ia L ~ ~ L S / I Q C ~ I ~ L &  TLre h~ir;.wn l ~ ~ d  n h1g11 speed m n n e c l ~ o l r  vli~ lnrnarnat  A nnd R.. . rn dd\.a~lce. In addlt lon da'b r n u j t  also I ? P - ~ u & ~ ~ I I ~ ~ I I . L  

l l ~ l n i i r a t  R iz a digifildl syrpLm. w.11131 or1 8 l l1 i rnw 15 of Lhd ? p k l n s  ?n i v h ~ d i  Lhe d a t a  19 I.$ tie I J * ~ .  -- .a Wuw. Thr Inmar5iit. €3 gr611nd 



nr;tjor ~>rol j len~ i:rla)l~l~terrd d11ri11g Rapid Rpspnr~e  
wi~s 1l1f m;uw diffcrenl file SorrnaLo ~ ~ O L I C I C J  LO 11s. !:or 
~ n s t n n ~ ,  f ibe  d~ f fe re l~ t  platforma prnvicted 115 w~l;h hvc  
d ~ f f r r r . ~ ~ ~  hie formats- Thcr cl;un for i i la t~  wrre 
sornrtlnlr5 .rwv poorl?- Livi.~imented, In ,L fcw (.;SLY, 

onr r i a ~ ; r  provider even changcd. n format shrer L ~ ~ n e s  
I11 l\V\.o wwhs. 

'I'lre r~~c,sL wiiit.ly used sysk~~i-~~lclrpe,ncle~~l 1orrn;~L 
used t o d ; ~ ~  rarrlalns AS(;II. Ulrile lk!is Eorrliat i j  1111- 
lnalllj re~l~lhl* . . ,  it, is orrly appr(Jpr1itk ,&)r -1rlal1er fily5. 
6ven 1 tzo~lgh cornlnon ddta  cornpr~~ssloli softwu(, car1 
greall) rrdwce L I I ~  size of an ASCII trxL f le, alld ~ h u $  
rcdu~i :  LIIC britnst~r tlrile ovrr 'L I I ~ L W L . ) ~ ~ ~  11. IS UIISLIIC- 
able for larger anronnt,s of d a t ; ~ ?  such in h ~ g h  rrsulutic)~~ 
bat,hynict,ry di~l.;t st,ts. (lorl~prrssiol~ niid deconlpresslo~~ 
wastes both CPU lime and disk >pac.e. 

:I better ;~pproach 113s been lrnplemented by, for iri- 
.t,ancg, !\l:iTI.AH Ilslng 'UA'P' Tc~rrnat. i~rid by f:,L-I,DA TT'tl 
with 11s Nctiwork Comrrion Data .Forrr~ (NrtCl)F) .Thr  
hctC1IlF tlrrnat I R  freely a \ ,a~l i~hle  via PTP; and rcprr.. 
scnts sc icr~~if ic-da~,a  via a machin6:-iridqprncler~t form&&. 
rogethrr.  r l~r :  i l~d,rrfxc, library, w ~ d  furmat support Lhe 
c : reat ,~o~~,  irtccss. ; ~ n d  sharing oC sc-icnhlic data .  I1 IS 

supporLrd by I , ~ u ~ ~ d r e d s  of corrirn~rcial and Public Do- 
rrlaill softw;rrr packages, and dat,n files stored o r ~  orle 
c:omputer call l>e read directly from iu~other with no  

3.3.  Data ti.zlnifer? 
j.,T. ,i. ~J~111x~il.i 
L1~l;d. RETL- l ip i~:uje j  to tile StrVEI I I ~ I I I ~ _ :  ch-, P ~ l e T r a n s k r  
Protacol (FTP]. Ddt.a provlrlwrs were I S ~ L , ~  *U.I .u.,:ou~~l; 
<LII~!  o [iir+:clory. 117 which 1 11ep r x , ~ ~ l d  I r u ~ > f e r  bhcir ~I .LLCL 
Pro liden .~r.i.sic f ib& t + ~  pmi ~i!e .in, -r~~r*tiIp' ,=0111p&- 

TIPI I IS  c:ci., &ha, ilia. '1'6s t ! !e  \vm~ld b n k ~ n  1111'br- 
.i,atb:: a r  dn~a-t.rpz, ionglludc, iadtu.de, (tale nf . ~ ~ C ; I I I ~  

j i t ~ n l ~ ,  ;ir,l h11d1v l;he d e s t i ~ ~ i i r ~ o r ~  d ; r w ~ r , y .  r\ srrlpL 
iwl~li~lig 111 i l  spbrb!,:. I)roC-qs W D I I I C I  ~ C B I ,  ~ i . ~ e  ~ ip l t~ i t~ l -  
r l~rwtr~r iea  nncc nn holrr, rz;LT1 t I I E  i r , I 'orn~ir l~~n lllc. lno\e 
Lhc f l c  lo ils c! l=r t~r~~rt ic l~  clirrL:torg, ; i l~d hr~;tlly uptlatr 
L ~ I C  l i l a~n  ci:~t;tbsze; 

Th i s  iJlc)w-,J us LD index ~ h c  ri<lr;i cqlle(-~r.(l by po31- 
L~c'n, Lirni. s i ~ d  dE~~&-Lypc. 

\V'i. enconntjcrr?c~ ;t ~lurnber of prpblcn'a wrtl~ t l i ~ s  itp- 
proxil. I j l ~ r  to crrolia)us ~ r~ fc~rn~ la~ io i i  in \he I~cacier 
filt.5, ,?ata ntter~ elidsri I I ~  i l l  the vrrnl~fi ciirecborir-~, ilnd 
x.oulcl hale to br, rrlc)\,ed ~ l ; i ~ r l u d i j  u l ~ e r ~  ~ h p  mistake 
W ~ I J  rli~lice(i. 

(>lr;lrly, it bc1Lcr approxlr 1rer.ds Lo bc ~r~vqptigirtrd. 
In thr future, w e  will tr,v,sui:h striltw;lF-siLy ~ I I ~ O ~ ( I I I ~  

(user. LO entrr daLa desc r~p t~ons  over. I t r  inst,ince, a 
forms-bacci ill~erf;tcc, ptrhaps via it \"J\YW-browwr. 
k&ch lv\$'\T. p . ~ i ;  will ~ & V F  nil "uploa(1 buttoll". W h ~ r l  
ielectll~g 1 . h ~  o~t , ipn;   sets ran r,l!ttr ;dl ~ ~ ~ f o r ~ n a t ~ c ) ~ ~  
cegar ' l~ng a piece of d a t a ,  1nc111~111lg its where;thouts o n  
I hi, Ir)cal file-kystcln. lJ:pcjll r o ~ n p l c b i o ~ ~  oFl.hequrry, the 
lilr will in~msdiiite.ly be 11plondi-cl t o  I .h t  wlrvarrl. page. 

63.3. Do~rn-load.\ 
The gcncrall:, Iripri~rdiy of iervor IS shc~wll In 111 

figure 5. 
L-sets <.ocllcI r n ; ~ n ~ ~ a l l )  nauigatr: through Ll~e Ilierar- 

thy. .I page wi1.h iln ~ ~ ~ l c r f a c p  to it sailrkh crlgi~rc W;LS 

1111plcmentrd 1.0 $earc:h thi, r ia td~asp;  4 gwgrapllic-;il 
cl~ckablc lmdge m a p  shorbing wlrrcll (int;t h;d bcrli col- 
leclecl and u , l~ t , r c~  w;u ~~rovliirci ( F ~ g u r e  h).  \?re a l s ~ )  
providrd a p;qz w h a a  the latest erlrriss I I I  the  dababase 
coiild quickly I)+- ; ~ ~ c w ~ s c d .  

3.4. Page Contrx~t 
3.4.:. lmngr jormufs 
? ,  Lllr data-type Causlllg the heaviest loxi SIII any ll~tzrrlrt  
Server 1s Inragc d;t(+! ' ~ I I I S  was also the r ;wc o i ~  th r  
krpid  rtespons? S~rv f r .  

In-lined i11~1al;e.t. \ r l l i l~  in~provln): I l ~ c  uisl~hl I I I I P ~ C ~ , '  

Lyplcally doublc or ~ r ip l e   he tol;il iiown-load bll'ne or 
a page. If a given Image is used ~ I I  srvrr;ll pages. ~t 1s 
;UI xivantags 1.0 11sc an absolutr rt?frrorlct. lo ~ t ,  thus 
~ i~ i l i z ing  the cu:he-fa-ility of the web-browser. ,I page 
will also load rnu~:h faster. if the LVWW-browser is given 
~nfo rn~a t ion  :eg;trdli~g ln~age  sizr In ;~dvbirc;e. 



111 vQr LO r d u ~ c i  the do \cn - lod  time, ~~rri;specli.c 
FrT the IornlaJ uxd, IL IS rz.*i;nt~al LO redn*e lhe file 31zc 
uf ari lniage kt its absolutr ~ninirnuln. I n  phrL~( r~ l i~c,  
khls is lhr: c;rje when II~III~, Jupglsh Connectlolls strch as 
tel l l l lar p h o n ~ .  

Drir ivay in do ki l ls  is w reduce the usage of cc~k(~rs 
in ~ j l c  IIIL%T file. Thls cari nf t t n  b t  dorlc wit11 l ~ t t l e  
nr 110 r f fw t  kg &he p ~ ~ e p t ~ l ~ r l i t y  ~f &he Imilgc; ( P l g n r ~  
7. ,IIIQ 111*ny grsphlcs parkages tend r , ~  alloi.ate rriorc 
t:ol(~m I,~~UII rire i rc ' t~~; t l l j  useil., 

I?or Iutrger Im%esJ such as sal;alllbr; SPOT Imagrr? 
111 TlF'P tnrmg, one->honld provlde low~rssolntion, 16- 
qnl~r  i h V m l n c l ~ i p r t ~ ~ e ~ v  images. This providt5 thi- user 
i v 7 ~ l i  u ewifi I V ~ Y  0eCpmlew rng rn 1lurr1b6r qf lrnitgq, AILJ 
&is l i i n ~  in depidin-g iuhtther ic Rill dowr~-load 13 I&@- 
3d-r~ .  th~.thwmure,, i t  ~ 1 r u n ~ t t r c ~ l ~ -  r e d r ~ c c ~  thi. overall 
 lo.;^ 011 ,L server. 

Ad. ?. lublay 
U P M I  t n b l n  . irhke Irnprg\ lng r$ l$ l l~ tv  or n p?~+e, 
11~1.w L ~ C  duadvankge, lhzf. .I p&ge carmot be dlyplc~yrd 
hy the  bro~vyur ,  uqtl l  all code hcLvcgr,n the btgln,~*blr 
and crld ~ ~ b l e  i 7 2 ~  bscn down louled. 11. it ti lrrrfore Lrn 
,~LIYU~L~J@ EO keep t u b l ~ s  CIS ~ r n a l l  w p v ~ a b l e .  

4.  Answers to questions 
Sh.n~llil v o ~ i  cequ~ro. in-depth rnlonrndtio~i, p!ee~;?~ <:~~IILAC:L 

Alex Tr+r~g@le  J 
Envir~~~~rnc:ntiil RRsearch Divisipn 
SACLAWT Undersea Research Cen1.r~ 
Viale Snn Biu.tolo,me~~ 400 
19138 L a  Speaitii Italy. 
Email: trru~gelaQsaclant(:.nat<,.irle 
P11o.n~: (39) 187 540-296 
Fax: ( 3 9 )  187 540-331 

5 .  Conclusion 
I t  is csseotlid b l~ i t t  d&t& p r o v i c l e ~  yilpply T ~ l l  rJo~:i~- 
n i tn twl lo~l  lor bhc d31.a ~ h ~ y  i l l ~e11~1  ii,plr>yd, LIIX~P; 
sl~oulh'l he kept do,ymall as posslblc: V w y i ~ l g  11i1111ari 1111- 
ages, t ~ ~ ~ t c ' v t  lor whsre  thirrnhniuls &re E ~ I I ~ ~ I I L ~ :  +hoi.~lcl 
prr1t:raljly by ~lvc~~dad. 
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Abstract 

1 .  Introduction 
R;lpiel l i c \ p o n \ c  96  \ \ : 1 \  111c %IIII[,II-! 
O c e , ~ ~ i o f l - ; ~ p h ~  ( M I 1 . O C )  \ L I I  \ c! d e \ i g n e d  111r 
11i~11iecl1:11c \ ~ l p p o r t  0 1  ;I II;I\;II c x e ~ c l \ e  \ \ ~ t l i  
o ccan~~p l -ap l i l c  and a c o u \ ~ i c  c n v l t o ~ i ~ ~ i e n t d  d,lta ' l ' l ic 
u \ ~ ~ a l  l a \ h  to p r o ~ i d e  a rel iable ancl co lnpre l ien \ l \c  
d a t a  \ c t  r l i a l  \ t r c n g l h c ~ ~ \  t he  clala h ; ~ \ c  (11 

c n v l ~ o ~ ~ ~ i i c ~ ~ l : ~ I  I I ~ ~ O I - I T ~ ~ ~ I O I I  \y\Ie111\. I \  p re \ c~ - \ c ( I  ;I\ 
ill lo l lne t -  \111\cy\ B u t  111 a c l t l l t l ~ ~ n  and ill contl-;I\( l o  
an! KILI\ 1111.OC c\pel-l l l icII1. co l lec ted clrlt;i c l~lcI  
de11\ccI ~pl-ocluc~\ \ \ e r r  reclullccl to  t l c \ c ~ i h c  [he ,~c l ua l  
e n \ l ~ o l r l ~ i c l i t a I  \I lu;lt lon ;I\ ;I( l l i c  clicl t r l  St .ptcni l>c~ 
199h. 

T h e  c l ~ \ t l n c t i o n  h c t u c c l i  c l i l ~ i a t c  a n d  ac t l l a l  
n e a l h c r  I\ v ; ~ l i d  no1 o n l y  1 0 1  the n i c t e o r o l o p ~ c a l  
env l lonrnc l l l  T h e  impor lance 0 1  n ical i  a g a i n h ~  Lillie 
\,;LII;III~ ; ~ \ p c c l \  l io \ve \e l -  \ ; I I - I~ \  b i l l ?  the  t ype  111 

c n \ ~ l ~ o l i ~ i i c n l : ~ l  ~>;watnctcr Ob\  i ou \  c \ amp l c \  a le  I l l c  
lnol-c \ t a l l c  bo l t on?  c I i a l - a c l c l l \ l l c \  i . i 2 i - \ i c \  occ,l l i  
\LI~I;I~C ICIIII)~I.IILI~~\ ~II,II c l i a l ~ f c  \\111111i \JIIO~III~ ~ i t l i c  

2. The Hydrographic Survey of Alliarzce 

2.1. Design of the r r ~ ~ i w  

.l.llc I~:II-t 0 1  11ic R;~plcl  l i c \ p o n \ r  \L I I - \C!  i l l  .YK\ 
\ / / I < I I I ~ ~ ,  t ha t  \ \ a \  c.trnil,letel! e lccl~carccl  t o  

o c c ; ~ ~ i ~ ~ ~ r ~ i p h ~ c  ~ i i c a \ ~ ~ ~ c ~ i i c ~ i ~ \  \\:I\ \ c l i c c l ~ ~ l c ~ l  101- I 7  
10  22 A l lgus t  \v l l I i  c~ l ic  \ \ c ch  o f  on \Ire l i ~e l~o : r~~ l> l i i c  
\ \ o~ -h .  that I \  10111 11) \ I \  \ \ cek \  ahead o l  rl ic ~ i a \ a l  
cxcrc l \e .  Walcl-  In;l\\ c l ~ ~ l l - i b u t i o n \ .  \ollncl v c l o c ~ r )  
\IILICILII-e\ and OCC:III CIIIICIII\ C;III~OL be C\I~CCIC~I  to 
Ihc \ u \ [ a ~ n c d  1111 \ ~ t c l l  a I o l ~ g  pel-loci. h u l  1l1c change\ 
can he pre t l~c tcc l  ~iul i lc l - lcal l ! .  if the l n i l i a l  col ic l l l io l i \  
.tncl ~ l i c  ac t lnp  I ~ r l c c \  . I I ~  h n o \ \ n  I n  \ L I ~ ~ ~ I C I C I I I  clc1;11I 
: \ l ~ : i l o g o u \  L O  ; ~ ~ i i i o \ j ~ l i i . r ~ c  \ \ ea the1  I ~ r l c c a \ l .  
c lcpr ;~da~ ion oi IIIIIII~IIC;I~ 11111del\ o t  occ;111 el) t i ;~ l i i ic \  
i \  avoiclecl h )  ;~c la l ) r~ \c  \ ; l l l i p l i~ i f  and a \ \ l t n i l , ~ l ~ o n  o l  
I r c \ h  i n l o r m a l l o n  at hand I n l o  the a l i a l q \ i \  aticl 
('oI.cc;I\L $y \ t en i  

PI-c\ IOU\ h n o ~ l e c l p c  (11 ~ l i c  area [hat \ \ a \  11hr;1111cd 
111 (\\(I c ru lsc \  t o  the S ic l l la l i  Channel i n  I ' )Ol and 
IOe)5 \ \ a \  app l~cc l  111 O[I~IIIII/~ the \t11[1 ~ I , I L , ~  1 0 1  l l i c  
c \ p c c ~ e t l  me\o\c; i lc Ic i i r l l t c \  T h e w  ;II-c IIIC coo l  .~ncl 
111gIil) \ d i n s  eelel! cc~ricl-eel o l i  the \ o u ~ h c ; ~ \ ~ c l - ~ i  edge 
o l  ,-icl\enturc Rank ;inel l l l c  ~ c l  \tre,1ni III~OLI;II the 
S l c i l i nn  Channe l  1n10 rhc l o n ~ a n  Sen I ) l l l~n :  hot11 
~ L I I L I I I I ~  cruise\, rl ic Al1;111llc lo l i ian  Slrealn clian:cd 
t l l l c c l l on  f r o n ~  \o111li l o  ca \ l  near P;rntcllcria. c~c \ l ee l  
II~;II Stc i l> .  ~ I . I ) \ \ ~C I  11ic b1;1It;1 Pl;1tc;111 ,111cl IC I I I I~~I  
~ i ~ i l - l l i u a r d  to l l i ~ ,  Cal;~l>l l ; ln coa\ t  f l i c  11i~1rc \pal-\? 
i l ; 1 1 ~ 1  111 [he oce;11111g1;113111c I ~ l e ~ ; l t ~ ~ ~ r t .  ;II-C eo11\1\1e111 \\ 1111 

r l i ~ \  I ~ l i d i n p  
\c;lIc\ 

T h e  11-acL c l c \~g l r  1 0 1  ~ l i c  s u ~ - \ c ) .  1 ~ 1 h c 1  llir~ll 
A ~ i i o l ~ v c  l o r  a Rap id  L ~ ~ \ i l - o l ~ l i i c ~ ~ t ~ ~ I  A \ae \ \mc l i l  e,,,cring ,he I1,I\;I~ c\elci\e alca orlb In ,llc s , ~ ; ~ ~ ~ , ,  

\LIr\)cy e;111 he the lack  of  \ i l l l ~ c l c n l  data i n  a c l ~ l i i a l c  IOoh accollllt Ille neeel \  for  a \ l l l~llclcll, l) 
data h a w  o r  a d e i r c  f o r  ill>clalccl actual  darn 'fhc collll,rcl,en~~vc al.c;l 1111 occ;ln 
S ic~ l i ; tn  ('h:lnncl ha \  been al l  ; ~ ~ - c a  o l m n i o r  i~ i te l -es l  i l l  
the occ ; lnog~-aph~c re\enrcl i  anel 11lil11;11-) CO~I~ILIIIII~C\ T h e  compl -on i l \c  Ihct\\een 111iiltcd \hl [> 11mc a n d  
t o r  Illan! !cai-\. C l ~ m a t e  clala ha \ c \  , I I~  theretol-c o l  ~ I i c  l ~ r e d  fol- d~ . l i \ c  11111i1lna11on f r o m  ;I l ; l l ~ c  31-ca led  
goud  cl l la l~l !  except f o r  [ l ie \ o ~ i l l i c a \ t e ~ - ~ i  p;irL I l ie 10 a /1g-7af t1-;1cL rl i l-ougli the S ~ c i l l a n  c l i ; ~ ~ i ~ i c I  \\ ~ t h  
l i lg I i c \ r  a1lcnr1011 i t1  K a p ~ c l  Kc \pon \ c  Oh \ \ a \  ~ I \ ~ . I I  III ,I\ Inan! c l -o \ \ l t ig \  111 t l ic 111o\t ~ ~ i i p o ~ - l , l n t  Ic ;~~u l -c \  .I\ 
the ~ l i \ c \ t ~ : a t ~ o n  of the ac tua l  " nea the r "  allel ~ l i c  ~ i o \ \ ~ b l r .  0 1 1 1 ~  11ic pa l l i  Iro111 ;I~\CII~LI~C 13:11ih 111 the 
l l l c l l l o c l ~ l l ~ l f ~  l o r  a t1111cIy t l ; l l l \ l c l  01 rc\111t\ I0 l l l c  \ \e\1 1CI Llle ~ ~ l l ' l l h l i ' l l l  c l l ; l \ l  Ill l l l c  l lo r t l l c i l \1  \<;I\ 

nava l  cxcl-c l \c ~ n c l > l ; ~ n n c d  The  11-ach hach to ttic n c \ l .  c \ \ cn t l ; l l l )  
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Hydmgnphlo 8uru.y 

NRV ALLIANCE 

Figure I Sta t i o l ~s  in t l ~ r  Sicilia11 C11annc.l :ill(! IIic. 
westcrn l o n i a n  Sca. I ) e l ) t l ~  r o~ l t ou l - s  il:tlicalc 2i)O: 
1000, 2000 and 3000 In. 

parallel and \ ~ I I I ~  5 0  h111 t l~>rar l l  FI(?III tlir Sic1!1il11 CCI;~:.~ 

\L.CI\ c lcfinetl a l rc r  l l l r pcc l l l i l l  o f  r l ~ e  recril;Iy cv! lu~i lc i l  
cl;~rs. H y d r o ~ r , ~ p l i i c  srar1iJn.s w t r c  sr.p,~r,~tcJ by  I l i !  

Inorc than I X knl .  w l l ~ c h  I S  i l o s c  l i ~  ~ I l e  !I~IC:I~:I~ I < c c . s ~ )  
t l c f o r ~ i ~ ; ~ t ~ o : i  ~'ICIILIS 111 r l lc S1 r i l 1~11 i  CI~~II~I~CI. 

E v c n  ~t tl lc prol~~li,!; Illsr;L~llirnr I S  I l o l  hl.~chet! 
~IIII\III l o  111e ~~ I IOI I I  c v c r j  IIIYIC. lhe  \I;II~~II< ~ I R  I I ! ~  

m a n y  Tor rhl- LIII~IZ;IIIIIII or 11lr h i ~ h  II~~:;I':IO~I 

c r ! n c l i ~ c r i \ ~ t y .  ~ c n . i l ~ c r ; ~ ( u r ~  a n d  c lep l l i  (I."fC)) 
; ~ c q ~ ~ ~ s ~ t i o n  s ~ t ~ l i . 1 1 1 .  I : . .~ l?cir t lable p r o l ? c  fol-  
~crnper , l lu~-e  ( X R T )  01- a l l  I l i rce Ipclr.ll!ielers (XC'TI )  I 
\ \e re  ~ ~ s e d  IIISIC~IC~ ~(II' 85) (,IF rile 166 \rarloir.>. 1'11;. 
~IC.CISIOII \vliere. i t  w;15 lolcr:li!lc 10 t l o \ \ ~n j . r , ~~ !e  l o  :!I! 
S C T D  or  :ill XLI-T w.15 l.,~scti on  the !.is;l:%:.:c i1.7 
p r c d ~ c t a b ~ l ~ [ y  [ITIII~: ? , I I I I ~ I I ~  111 III;II !>Ic~rc,  XC'rYIs \#t:ry 
of ten  and by all u n h t ~ o \ v ~ ~  alnc1unl, Illcarurc' r oc  l.:w 
CCIII~~LICII\,II~ III I I I ~  luppcr 5 n  IYI. ~~<IIIIJI?,, \v111i lcsc+ 111.~11 

700  111 \vIltri- LICI>LII \,tcrC .~I\vtiy.\ III~,I~~I~F\I ~ ' 1 1 1  '!.I: 
; I C C I I ~ ~ I ~ ~  C T D  pn :~ l~c ,  I>CC,III<C 111 ~i l ; ! l l t ) \ \ f  \v,i!lcr. I l l< 
\ a l ~ n ~ t y  \ho\\*\ III~I-c \.;II-~:II>IIIIv 111'111 111 (ICCP \A),~lil.r. 

2.2. S u r ~ e y  data r o l l e c t i o l ~  

SurF~cl :  lernper; l l i l rc wL l>  ol>rai l l r t l  Fro111 -\cl\ 'a~ii.o~I 
\'cry tl1~11 R~AOILIIICIII I<;ICII~IIICIC~~ (:\\'Hr<i<) I ~ I C  

i Y O . A A I l  and N'0.41\ I 4  ~ . ~ ~ e l l ~ ~ ~ s . l ' l i e  1 1 1 1 ~ i ~ i . c  were 
prt~i .cs.srd ar SACI..!\N-1'CF.N ,IIICI 1 1 1 e 1 i i ~ l r ~ I  I ! )  Ihi: 
i ~ i l ' o r ~ ~ i ~ ~ t i o n  011 l h r  IIIICI-IICI >?r\ /cr  o f  1l1c ~ILIT~I IFII~I~!II 
Center. 
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Speed (crris) 

1 I I I' 
39,0% - 
.4L9'h - 

3U.Il'V - 
-37.3'\ - 
37.O'U - 
36.5'8 - 
W>.O'IY - 
755'U - - 
15.11'\ I I I I I I I I I 1 I 1 .  

9.0.~ 9.57.: IO.U.E 111.j.f; 11u'I; 11,S'lc 1~0 '1 ;  1 g . E  1 ~ 1 I ' l ~  13.5'1c l4,ll'l< l4SVlC lS.U'lC lS.SE l6,ll'b: 16S'IC 170'IC 

Figure 2 ADCP current  vectors continuoosly measured in the upper layer hy N K V A l l i a ~ i c e  on her way 
from Adventure Rank to thc western lonian Sea. 

3. Ingesting Data from External Sources. 
Channel ancl we\tern lonian Sea and cxtendccl the area 

I n  a d d i l l o n  to  Allitrric.c'.\ AIS96 s u r v e y  d a t a ,  at its s o ~ ~ t h e a \ t e t n  corner to 34' 30 '  N. The patrol 
h y d r o g r a p h i c  I n e a s u r e m e n t s  o f  fu t - thcr  Rap id  aircraft werc \ t a t ~ o n e d  otr S~ci ly .  A X B T  data were 
Ke5ponse 11';1rticipant\ we[-e ncccs i a~ -y  to drive the made available shortly ;iFter the misslo11 by (he flight 
numerical models.The main supplement \bas a i rhomr cool-dinatot- I ? ]  and tl-;~n\mirted 1:in cellular telephone 
expendable temperature  121-ofile5. The  f l ~ g h t p a l h \  to the Data F u \ ~ o n  Centel: R y  Internet connrctlon 131. 
covered the tracks of NKV Allrclr~ce In the Sicilian the data were received o n  A l l i t 1 1 7 ~ ~  and merged with 

Drifter Tracks from 14 Auo to 16 S ~ D  1886 

1 ,;-+ 
l t  . . . q,. .,. ,.* . 

3. ' -' 
- .-..:.. . 
''3 1 I 

Drifter Traoks from 4 to 18 Sep 1998 

Figure 3 Drifters were deployed on a section crossing Figure 4 Ilrifters werc deployed in the periphery of 
Adventure Ilank and the Pantelleria Channel. Circles the Adventure Bank eddy. A current of 20 cmls displaces 
indicate midnight positions. a drifter by 10 miles per day. 
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F i g u r e  5 D v n a n ~ i c  i ~ l ~ : l l y s i ~  or 22 A 3 i . 1 ~ 1  .CIIO\V~II~ 
~u~. f ' : l re  t e n ~ p e r a t u r r s  ; ~ l l r l  c u r r e n t  vectol.6. T l l c  F i g u r e  6 Sul.f ';~ee t e ~ l ~ p e r ; ~ t ~ ~ ~ . c .  or1 23 A L I ~ L I S ~  
rel'erence a r r o w  in t l i rn l .cs  25 c l n l s  rne;~su~.cd I ' ro l l l  sa te l l i te  

CXIS:III- proFIss. A l l  r\XB-T pror l i cs  ~ r r t s p c c r ~ v c  of 
11ie l i ~ l l ~ i ~ 1 ~  ~II~II l:ru~~~cjrc l  1112 :II~CI*,I~I. wcrc b v r i ~ ~ e t i  I I I  

IIIC S;III~Y I~\:o ~ Q ~ I Y I ~ I I T .  CXIC Fc~r I11gli \ ~ e r ~ i r , ~ I  re~oI~l t11!11 
.~lit i a l ~ o r l ~ e r  Por p ~ o r ~ l c  ;Ipprox11ri,il1vli by  ~ ~ ~ l ' l e c l ~ o n  
I~~IIII,>.A Fc!r~rra~ i l c s c r ~ p ~ ~ c r i  r o g r ~ i i c r  wi l l1 :I~I exCiri lple 
Pile l i ,~ t l  IICCII s~ rp l ? l~zc l  b e f ~ r r  lilt. survey. 

4.  The Hyclrogral~hic Situation d~1ringAIS96 
-r- 
I IIC rili!.<I ~ ~ I - I ~ I I I S  F~< I I I I I - ~  i n  the c > t > s e r v , ~ ~ ~ o r i ~ ~ l  

pcrli-ICI IS 111ejc1 C L I ~ I - ~ I I I  11121 clltcrq t l ~ c  S l c i l i : ~ ~ ~  CIILII~II~I 
ri-CIIII III? I I U ~ I ~ I  + ~ ? r v < ~ A i l v c ~ ~ l ~ ~ r c  13'111k- 11 15 +1pp~ir?111 
I ~ I  rl ic p I r>~s  orADC:P Inc,Isurc.Ilie1;rs , i r~ t l  ~IriFrc;~. r i ~ i k s  
as i v r l l  as i n  thc c l y n a ~ n ~ c  a r ra l ys ,~  OII~~JLII [ F I ~ L I ~ C  5 ) .  
I \ re.~r 1 6 O  li?' N, 1 C r l ~ e  CIJIT~III l!lrllc NE. Close ILI 

IIIC $ICI~~, I I I  CO;ISI. [ l i e r t  is ,.I I I I ~L I~C~ I I I ~ I~ .  F';II-I i ~ f  t11c 
SII-C~IIII 1s CI~CLI~;IICC! ~ ; Ic ! (  11110 l l i e  e ~ l c l y  w l i ~ c l i  IS 

c c ~ ~ : c ~ ~ c l  or1 ~ h t  ca,slcrn slope; o f A ~ l v c ~ i ~ u r c  !3a11k. l - l ~ e  
rrialii br;llich Ii lr lrs SE a n d  crosses the PInlr :~ P l a r e ~ ~ i .  
Or]  i l l ?  ~ l i a l f  break. ;II Ira51 di~l-in; r l i c  survciy o r  
A l i i i 7 1 i ~ ~ .  Ihc S I IT~ IT I  i!r n - ~ i j < l i f ~ c t l  A I I< I I I~ IC Vifaler 11110 

1t1e lo111,1n I,,AIS) t L i r l i \  ~ i o r t h  ,I~ICI prc!ccecl~ ~ p ~ ~ r ~ ~ l l e l  III 
IIIL. C c i l r ~ b r ~ ; ~ ~ . ~  c ~ ~ , ~ ~ ~ . T k ~ ~  d1.11.1~1-Ir;ic.lc.: 111 F l g u w  2 see111 
ICJ lbc 111 L Q I ~ I ~ , I C ~ ~ C I I ~ I I  u t i ~ l ~  111c I:ISI I I ~ ~ I I I ~ < I I I E ~ : ~  d?t,111. 
l : c~ i~c~~~,L !c r  tic!iv?\trr. 111~11 1 1 1  :I I~C. ; I I IC~C~I I I~  c i d r m ~ i l  
L ~ ~ , ~ i ~ r ~ ~ r i ~ i : ~ ~ i  ( c l r 1 1 . 1 ~ ~ )  ,111d E I I I ~ F I ~ I I ~  ~ ~ I ~ . E ~ I I I I ~ I I ~ ~ . : !  
\ . c loc~ ly  \,cclclrc c l~f fer,  , 1 1 1 ~ 1  l l l a l  1Iic JII~'~:ICC i~ l l l - rc l i l  
~ l i v r r g e n c r  wlr ie l i  IS cirrtplci.l \\.11Ii l l ie d r ~ l - t ~ l z e  of i he  
r r ~ ~ x c c l  layer deptt i  i l l  the c y c l o ~ ~ ~ c  r i lo l~or l ,  a c i o ~ l ~ i t s  
Fvr ~ l i c  csc;lpe r?l 'c l r~l ' lcr j  F r o ~ i  rtit: I ~ I ~ I ~ I I  .r:rr.~l-r~ easr 
13r ~ l < l l l , l .  

Tl!r IIIIII~: ~v,~rFiir:. ;Irc,I cur FXEI~CISC O~SI:.IS~IIC MIS 
l ies '11 Oic r ~ i ~ r ~ k r c r ~ ~  ci lge o f  ~ h c  ~ \c l *c~r lu~.c  B; I I I~  ccltly. 
1k1c poslllr!rr , ~ r ~ i l  strLlcLurt: GI' i \ , t~~i : I i  clre c c ) ! ~ ~ i r ~ ! ~ i ! ~ ~ \ l y  
cl~,~ni.;n;.Thc r,tcrcisc: .,rc.l III:I~ r l i c r~ l l i l r e  011 O I ~ C  d ~ y  
be exl:c>scd ro  lie t \ IS  i ~ l f i o w .  rill ;~rlc!~t~ei+ d,y. l i t  111 

r k i t  111~t1er  s ; i I~ r i i~y .  \ v r ~ ~ ~ v , i r c I  l i , ~ c l ~ - c i ~ - c ~ ~ l , ~ i ~ r ) ~ ~  c ~ ~ i i - l  
roo11 L I~ IC I -  FII-~cl 1 ~ 5 c l f  1 1 1  .I l o i a l  c o ' l ~ l a l  currcrll. I\ 1111 
111c ~I\,~:II o I>scrva l~o~ra l  r l c ~ w o r k .  ,I pr rc lgc  k l recas l  
w111i ~CSLIIIIIICIII OF Tc\v r n ~ l c s  i s  no1 ~?ossil?lc. I n  Ill? 
~JICPI c r i v i r r _ l ~ ~ ~ r i c ~ i ~ ; ~ I  ~ ~ i r l ? .  lprcp,~rcd foi- C)v i~ . l rn~c  
M is ,  I: \vns I i ~ i ~ v e v e r  pc~sc~ l? l c  ICI t l ~ s c i ~ s s  l ! le  s i [ i~ ,~r i i ! i~  
,~ricI EX~I;IIIJ Ikir CIIII~IIIJ <ir~cI Ic1.11]:2raluR ,IIICI J,IIIIIII~ 



T l i e  : i n t l - ~ u b r ~ l , ~ r l n e  wa r fa re  a r ras  south  iincl 
sout l ieas~ 01' S ~ c ~ l y  wcre crossrd b y  11ie meant ler l l~g  
At l ; ln r lc - lon~, l l~  Strei1111 [.\IS). T l ie  l owe l -A IS  r i i l ~ l i~ ty  
;11icl tile layel- clrprh \tarl,lrloll:: c ,~~ lsed hy the c ~ ~ r l - e ~ i l .  
c111-cctly ~ ~ i f l u e n c c :  the .sciuncl ve loc i ty  st l -~lcture 111 l l ie 
SICI~I, I~ C11anllc.l and r l l t  lo111;1n Sea. O n e  o f  the 
example\ presentrcl 111 Ihc ? \ S h  env~ronrnenta l  ~ L I I L ~ C  

I \  s i ven  i n  E ~ g u r e  7 all i l 8. I t  t lell ion\trates c l i a l~g l l l g  
s o u n d  p r o p a g a l l o n  c o l ~ d ~ t ~ o n \  \ \ l t t i l n  d ~ \ t a n c e \  
comparable to ( h e  7oll;lr rallge.Tlic prof i les  ere r a k r ~  
fro111 the \ec11o11 111~11 sritrr1; i l l 1  (l ie \he l f  bt-eak ant1 ellcls 
near 30"  N, 1 7 '  E (see F:lgllre 1 ) .  'l'he sha l lo \ \e \ r  
pl-of i le I\ localet l  111 l l ie cycl( : i l i~c 111ot1ol1 ot i  the b l a l t ; ~  
Plateau cdpe. Ir cle~nonsrr,~~es [ l ie ~reclucetl \u~.f ;~cr 1;lye.r 
1111cLnesr nicnr lol led c;lrller  nil all ~1pl11.t o f  Leva~ i r i l l e  
Intel-nirc l~atc W,~rer. the \\*tiler liiiipg w i t h  tl ie l 1 1 g l i ~ ~ r  
c,~ll l i l ty, fl-0111 3OO m i o  I 0 0  m tleptli. Sound v e l o c ~ i y  
p ro f l i es  ancl t he re fo r t  pnip: igat lon cond l t io l ls  tire 
\tron:ly ~ n f l u e l ~ c e d  b y  Ille. water ma\ ,  d ~ \ t r ~ h u t ~ o n  111 

the we \ t r r n  l o ~ l ~ a l l  Sea. 111 lt ie c;lw uncle1 d l s c u \ ? l o ~ ~  
on l y  the 1111-re r;lclerlrl l lvsr sollncl velocirq p r i ~ f ~ l c s  

the ralne cl laracrer~sl ics.  
The p;~th o f  the .&IS ;111tl the p o \ ~ t i o n  o l  et l t l~es 

I ary u ~ t h  t i l~~c. 'Tl lc i ~ i t c l i l i v l i  o f  clynamic modelln: 1 7  

to t~-;lce and ~ p r t ~ l ~ c r  c l i ; ~ l i g ~ r  o, i  (he p l iys ica l  fleltl.: 
111cludinf the SOLIII~I prO1);lgllllO1l c o ~ l d i t ~ o ~ i s .  111 orcler 
to 110 \o, the. n u m e r ~ c ; ~ l  lnot lel  exrr;lpolate\ I n  t i l l ie ;~ncl 
~lssl l11l l~l te\  o l l \ ~ r v ~ l l l ~ ) l l ~ l l  c1:11;1. 

5. Experience with the Harvard Ocean 
Prediction Systeni. 
5.1. Initialization with CTI)/XIIT/AXRT tlata 
The H a r ~ a r t l  Occal l  I.'retllctlcin S) \ le ln  (HOf'Sj  1 I  I hilt1 
heen c o n f ~ s ~ ~ ~ - e c l  FOI- f l :~l j i t l  Re\pon\e  9 6  with ~ r ~ ; ~ r c l l r c l  
five m i l s \  r e s o l u r i o l ~  L ia~hyme t r ) .  M e d ~ t c l - r a n e a n  
Ocean D;II;I I 3 a ~ e  c l ln~ato l< ig !   nil the \!noplic tl;~la 
?e,l!: of t w o  previous cruihea .-\IS94 and AIScj5. T l i r  

sur f r~ce tclnpcratul-e 111 r ~ l ~ i i ~ i i e r  1?96 w ~ s  slyni f lcanrly 
1ll:lie.r than summer c l ~ m ; ~ r o I o g y  ,11111 01d cr i l lse c~;I~;I. 
l ' h c  nlodel ocean  IT II I I~I : I I I~ Ileared I I ~  iron1 ti le 
surf;~ce In (11-der to me t !  the. 1996 s l l l l l l l i c r  conilirlons. 
1:)~1r11lgAlS96 R; ip~d IZespolire. cruise CI~IL;I ;11iclA?(BT 
p r r i f ~ l es  wel-e nssim~lalercl Inro r l i t  sysrenl as soon :IS 
 hey l i tcame a\*ail;~ble. 

A t  the end of the 12-24 A ~ l g ~ l r r  rIITle p e r ~ o d  \\.hell 
rhc i~ceanograp l l l c  sl1rI.s). was conlplercd. data h ~ s e  
c l ~ ~ i i a ~ o l o g y  ~ u i d  sqnopi lc t la l ,~  fro1.11 past yeat-s were 
110 lot iger usecl I n  tl ic forect~el ~ l ~ e r l i o c l o l o ~ y .  F i p ~ l r e  5 
~ l l u s ~ r a l c s  11ie dyna rn~c  allnl!\~s (rlo\vc;l\O o f  curf;~cc 
re l i l l x ra lure  f o r  27 .AL I~L I ' ~~ .  C ~ l i t l ~ r ~ i ) ~ i ~  are senel-ally 
warn). w ~ r h  tl ie r \ t l a n t ~ c - l o ~ i ~ , ~ ~ l  Srre.11n IAIS!  d e f i ~ l ~ l l g  
 lie I ] o l ~ ~ i t l n r y  betweel l  coo le r  c o ~ s l ~ l  ~v;itst-s and 
\varmcr OFF-\hurt. \v;lrers. 

M,I~OI fsatui-t.5 IIS~SISLIII: 111 this reglol l  are lhe 
~ l l f l o w  p r i s ~ t ~ u ~ ?  0 1 ' 1 t 1 ~  .AlS ( W r s t e r ~ i  Sill Jet!. tl ie 
A t l v e n t ~ ~ r e  Banh Vorte.;. the crest ( i f  the A I S  In  the 
hlalr,l Channel. the 1oni:ill She l f  R r c < ~ k  Val-te~ and  the 
E:;I.;~ S ~ c i l i a n  \/oI-tcx. S l g l ~ ~ f l c a n r  v a r ~ , ~ h i l ~ t ~ e \  of the 
rr1;1~~1r feature\ o f t l i e  reglol l  i l lc l l~cle.  l l le \ize. po\ i t ion  
anti bliape o f  thc vurt1ce.r. the re l ;~ t~ve \r l - rngrh oFthr 
AIS.  rl ie locat ion o f  rhe A I S  ;111d l l le r c ~ i d e n ~ ~ c s  o f  
1I1c 111011011s. 

T l ic  Ma l t a  Channel Cresr o f  rhc .41S IS l o c ~ i t e d  
claw to [ l ie coast o f  Slclly. l v ~ t l i  11s cloce\r P I - o x i ~ n ~ t y  
;I( 14* 30'  E. The 1olll:in She l f  Bmak \'ol-le\ IS 9111;111, 

cel l terkd :lt ih" 75 '  N. 1.O .'o'E. 

5.2. Kapid Response no\vc;~stil~g i ~ n d  forecasting 
Over  ( l ie periocl 24 ,AII~IIAI - 15 Septrlnber. -520 

;~ddi l io l l : l l  p ro f i le?  u c r e  atlt lctl 10 rhrr u\ablc darn ?el. 
T h i \  ~I;I~;I W:I\ ; ~ ~ \ i ~ ~ i ~ l ; ~ ~ c c l  i111o the fc irec;~\~ \b\te111 011 

all ongo ins  has15. Ieatling 111 IIle 15s11;111ee o f  d)  nalnical 
I I Q \ \ ~ : I S ~ S  and foreca\rs on ? S  and 3 I A u g ~ ~ c l  and 4 
SepIemher. 

Sound Velocltv lmlsl 

Figure 8 The sound velocitv structure in the section 
Figure 7 Salinity profiles of 18 August 1996 O I I  a in the Ionian Sea is intluenretl Ijv upwelling in the 
section from the Malta I'lateau shelf hreak into the cyclonic eddy on the shelfhre;~h ant1 hv the water mass 
lonian Sea. 1,IM' rises lo  100 nl at the shelf break compositinn in the AIS 



A quick- look ~ c l ~ l l c a t i o l i  o l  predicted va l ia t ion \  \hape o l  three d0111111;11it IC;I~LIIC\ are descr ibed i n  
i n  ~ l i c  S i c i l l a n  Channe l  & a \  pe l - f o rmed  f o ~  10111 I'ahle\ 1 and 2. a \  we l l  a \  t l r c i ~  development i n  t imc 
i n \ t a n c e  o f  the K a p ~ t l  l i c \ p o ~ i \ e  \ u r \ e y  The \a tc l l i t c  f h c  qu i ck - l ook  cornpal 1\o11 o l  actual d r \ e l op lnen t  
\ea \ u r I nce  [ e l l l pc l a ru l c  I I i i a f e \  of 13.4UCi 1730 \ c l \ u \  pl-ecllctcd t l t . \ c l o l>~ i i e~ i t  lo1 25 and 30 r\~~:u\t 
iF12urr  6) .  25A I 'C i  1750, 77;ICiC; I 237  ,~nd 07SE1'12 1 S a~icl  .3 , ~nd  7 Septcmt>cl i l l  l a h l c  3 ~ ~ i d ~ c a t e i  t h a ~  the 
anel the FIOPS I i o \ \ ca \ t \  (11 77. 18 i l l id ? I  ALI:LI\~ :111(1 t IOPS loreca\ t \  \uccc \ \ lu l l !  111ccl1ct\ cond i l lon \  I n  
4 Sep ts l i i b r~  l i a \ c  h c c ~ i  \c lcctct l  .lnd the po\1t1011 ;111tl :11>1~10\11 i i~ i~e l~  70'; 0 1  t l ic i ~ i \ t ; ~ ~ i c c \  

Adventure Bank Vortex Malta Channel Crest lonian Shelf Breakvortex 

Close to Sicly 
about 14.5 E 

Small 
N of 36 N 

Extends E 
to 1 4 E  

Moves to SE Enlarges 
extends S 

Slm~lar to 23 Aug 
moves N 

A lhttle more 
to S 

Smaller or 
the same 

07-Sep A t t l e  more to S 
Indented meander 

Moves to SE 
as 25 Aug 

Extends E 
to 1 6 E  

Tahlr 2 HOPS norvr;l\t (I~,~II;IIII~~ al~alysis of ;lrailal~lc dala) 

Adventure Bank Vortex Malta Channel Crest lonian Shelf Break Vortex 

H1gh 
centered on 14 E 

Small N of 36 N 
W of 15.75 E 

Square, moves E 
across 14 E 

14.5 E 
Moves to SE 

Enlarges, moves 
S, extends E 

Still stralght on 
the W. 

N at 14 E 
moves N 

Slmllar to 28 
on the E 

Slm~lar to 22 Aug Moves slightly 
NW 

l i ~ b l c  3 HOPS Ibmc;l\l 1111. 2 01- 3 [lays 

Adventure Bank Vortex Malta Channel Crest lonian Shelf Break Vortex 

25-Aug As nowcast 
+ + 

As nowcast 
+ + 

As nowcast 
+ + 

Square but wrong 
orlentatlon 

Remalns SE of 14 E 

N a t  I 4  E 
+ + 

Retalns shape 
+ + 

Slightly E 

W edge moves W 
+ + 

Perhaps sllght SE 
++ 

Extends to S 



5.7. Nowlast  [anal_vsls)  15 4 ~ 1 1 l c l i 1 l ) ~  I IOO6. 

A l l  data sachered up la ' 2 S c p r e ~ ~ i b ~ ~  I]& b r t l i  uecd 
r t !    re are cha d y n n l - ~ c a ~  a~ ia i j v s~s  (nowcsst: [Figun-01 
Tor I 6  Sepiernbe?. Thhs dn:i sei, IS rhe daio ter us& 
durlag rhe corltiouillg Rapid kexpun~t p ~ f ? ~ d .  
augntntsd by an AX147 f l i g h ~  on 15 Segttmber. The 
SCngrdl C w d ~ ; j ~ n s  havt ts~lcd I n  mspQcsc to the 
stas%?@ c"ln,ps and tile major feat~rcx ha vc chsngrd 
h size a d  shaps iFl&* lo), when e~rnpwed ro 22 
Wu,flSi iBgtlre 5:. 

Tne r e f  o l  rbe &IS Tn rha Malta Chmnntg bas 
flatrensJa;id moved s ~ ~ ~ t h w & s :  pit11 the AIS ha~irg  
mo&-W a6cvtat wl. 7% cns* ieech'nes Its mbyrmum 
P? e - k ~ ~ t  5Ei8 3-n N. 14* E. The lonian She!? Bfepit 
v~rtu. ,s Targc. n a k q  .vdrhlng er hr south as 36' P.1. 

Wirid Stress (dyn,cmA2) day 264 

/ / / I /  I , / / i t  J I < 

T h e  AlS k~ds mov&d ~f f share;  w ~ t h  its ngrrhw'cfd 
flowing branch L~eotcd a 1 G* 6. 

5.4. Fai-ecasr wirh W I  na Corned mspnsc 
Tht Borecart based O n  rh t  situation oF 16 

Stprernbar has been for& by iriten~sl dynsmical 
p ~ o c w s s  04 dime< IS~KPQIISE YO joeal sufiace f~w:ng. 
whkh was d e v &  fwrn FVOC F~rwrsr.td fietcis and 

's rrbovrn In Fig~tre 1 1. The F@rcing pstttrn 
d~st6bwricns are oken :n be consrant fnr khc day. Th 
w n d  smsh pitern changes REV a cbi'm;i?ant narth- 
sourh ~n'entati~.i? on 20 Septw- bet {Jirlian day 264) 
t~ an ezSF2WWJt diisflbudpn o* 2 1 Srplernhar fful;(lfi 
day 253. Four and Eve day ;~Q,~WSX Fw the 20'tb 
and 2Yg e'f Swtember atr. shown i n  'Eguse 12. 

Wind Slress (dyn!'cmA2) day 265 

I:igl~rt: l l S W I  fncc f o r c i n g  t ic l t ls  1'01- 20 :111(1 2 I SCI)ICIIIIIVP l l ~ - o \ ' i ~ l ~ ( I  I ] \  I:Icct i U ~ ! l l l c ~ - i c i ~ l  ~ ICICI I I - I I I I )L \ !~  :IIIII 
C ) c c a r ~ c ~ g r ; ~ ~ l l ~ v  Centcr 



Figure 13 SIII -Face temperature of 20 Se[)tcml)t.r 

Figure 12 Surface temperatures ant1 cu lwnts  t'o~ Ackrtowledgrrlcrzts 
20  ant1 21 Scptembcr? t'orccd I I ! ~  prctlictetl wind -rile \vnl.k w;ls IllL,tlr posclt,lt. ,lie ell,,~l,,clll~lll :illcl 
stres'; I'icltls cu l l l p c i encc  o f  n u m e r o ~ i s  c o l l e a y ~ ~ e s  ~ i i s ~ t l e  ;~ r i r l  

v ~ ~ l r l t l c  SAC1..49TCtN. 
'r l i is r t se t i r c l ~  was suppol-teil a l  H, l~\*.~rt l  U I I IV~ I -S I I~  
by  lie C)fP~cc of  N a v a l  Res ta r ch  ~ ~ n d e r  co l l t rac lc  
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Abstract 

112 A I I ~ I I S I  t111t1 S o l ~ t e ~ i ~ b t , r  1990, 7hr  NATO Mililrii-11 
Oce t r r iog ro l~ l rv  Cor i~n~ i r t c , e  ( M I L O C J  r ~ n t l e r t o o h  
OPERATION RAPID RESPONSE Yh. T11i.s ol~t~r-citio~r 
u.os rhr ji~:sr 1)1oo/' of' c.orlc,c2pr j i l r  ri new rdrtr ccrllccl 
R E i : i r o ~ ~ ~ ~ i t ~ i t c /  . I I ~  A ) .  RAPID 
R E S P O N S E  90 t l r r e c t l ~  /~~-c,c.c~tl(,tl E X E R C I S E  
I!) YNAMIC MIX 96, a n d  ~.rtr.\ rle.si,y~retl to pro1,itlr N(11.j 
B a t t l e  Grorcl) Com~nor~r l e r . \  r1.1r11 cr t l r l i / ior~o/  
e r ~ ~ ' i r o ~ ~ r n c ~ ~ ~ / r r /  i~ l lo r~na r io~z  ,spc~c~~Jic.ollv rrfiloretl to rl11,ir 
ntrrftr~-c . ~ l ) ( , l ~ ~ n l t j ~  n c ~ e d .  (1~1ri11,y 1/11, r'.v(,r~.i.se. 
Drrrrri,y OPERATION RA PI/> RESPONSE 96, o totol 
qf 22 Morrr~nre  Pcirrol Aif-(+f-trf'i (MPA),f l rg l~t \  ~vrrr ,  
cor~rl~rc.ter/ to co1lrc.t r r i ~ ~ i ~ - o ~ ~ / ~ ~ c ~ ~ i r c t l  tltrrci iric.lirtli~~,y 
o e r r r r ~ o , y f - o l ~ l ~ i r ~ ,  crt.orrctic. ~ f l t r g r ~ e t ~ t . ,  orttl 
me/ro~z~/o,qrc-ol tltrln. Flights r~rr~lr~der l  Joint opr~-crtio~r.\ 
~ ' i t h  .\~irfift.c .\liil) da t a  co1lrc~ti1111 pl(itform.s ~ l n t l  NATO 
c.ombtrlorrl ~~r,\ .srl ,s.  

1. Introduction 
Twenty-two data collection f l ~ g h t s  were conducted by 
NATO Mari t ime Patrol Aircral'c ( M P A )  dur ing tlic 
period 12 Augc~st  to 26 Scplelnbcr. N a t ~ o n s  providing 
MPA assets during RAPID RESPONSE 96 ~nc ludcd  
Canada, Netherlands, United Kingdom, and the U111tcd 
States ( F I ~ L I ~ C  I ). During thcsc Ilights, sc~cnt i f ic  crews 
a b o a r d  t h e  a i r c r a f t  c o l l c c t c d  o c e a n o g r a p h ~ c  
( tempcralurc  p r o f ~ l c ) .  acoustic (amblent  nolsc  and 
r eve rbe ra [~on) .  magnet ic ,  and ~netcorological  data. 
These  a ~ r c r a f t  were  a lso  tasked to deploy d r ~ f t ~ n g  
buoys, a c o u s t ~ c  so~ lnd  sourccs, and to record surlhcc 
shipping dcnsitlcs to support the RAPID RESPONSE 
shipboard data co l l ec t~on  effort\. All data co l l cc t~on  
flights wcrc conducted from the NATO air base at NAS 
S~gonel la  IT on thc ~ s l a n d  of Sicily. Data f u s ~ o n  ccntcrs 
wcrc cstabllslicd at the NATO SACLANT Undcrscn 
Research Center (SACLANTC'EN) and aboard USS 
LASALLE (COMSTRIKEFORSOUTI.1) to assess and 
analyze the data collected by MPA and survcy ships. 
Data wcrc transferred to a U'orld U'idc Web (U'LZ'M') 
home page at the data f u s ~ o n  ccntcr at SACLANTCEN 
us ing  s t anda rd  Internet  p ro toco l s  via t h e  I ta l lan  
telecommi~nicalions infraslruclure. 

Table I :Rapid Rrsponsc 96 MPA flight schedule. 

L 
Date 
12 August 
15 August 
I 7  .August 
19 August 
22  August 
2.1 :iugust 
26 \ugust 
28 August 
31 August 
2 Septem her 
3 September 
4 September 
5 Septcmhrr 
6 September 
7 Septemhrr 
8 SEptember 
9 September 
10.September 
15 Sc ptem ber 
18 Scptem bey 
22 September 
24 September 
26 September 

2. Survey Planning 
Survey tracks for the first three survcy I l~gh t s  were 
planned and constructed prlor to the start o f  RAI'ID 
RESPONSE 96. TI-acks for s ~ ~ b s e q ~ ~ c n t  Illghts u c r c  
d c s ~ g n c d  us lng the  ana lys i s  o f  data  col lcctcd on 
p r c v l o u s  f l ~ g h t s  by t h e  f u s i o n  c c n t c r s  a t  
S A C L A N T C E N  a n d  a b o a r d  L S S  L A S A L L E .  
Sc~ent is ts  mcrgcd t l~e \ c  data w ~ t h  rc~notcly-\cnscd data 
from satellites and wlth lhistor~cal and modeled data. 
I)cta~lcd analyses ~ n d ~ c a t c d  whcrc add~rlonal data were 
nccdcd to obtain and  ~ n a ~ n t a l n  a good ovcrvlcw of the 
oceanographic and acoustlc conditions In the arca-of- 
~n tc rc s t .  Propo\cd survcy track5 f rom rhc f i ~ s ~ o n  
c c n t c r s  w c r c  f o r w a r d e d  v i a  E - m a l l  t o  t he  Ai r  
Opera t~ons  Coord~na[o r  at S~gone l l a .  w11e1-c the tracks 
\vcrc ~ilodificd to meet operational constraints ~ ~ n p o s e d  
by the  a i r c ra f t  I i ~ n ~ l ; ~ t ~ o n s  and  t l ~ c  " r ~ i l l - ~ o r l d "  
s~ lua t ion  In the cxcrclsc area. 
Close  coopesntlon and cool-dinarion wcl-e r e q ~ ~ i r e d  
between the  Air  ( :oor t l~nator  ant1 pel-sonncl at the  

Alrcrafi 
N I .  P-#C 
U S  1'-3C' 
IJS C 1'-45 
\ I .  1'-3C' 
hl. 1'-7C 
%I .  P - 3 ~  
US VP-45 
C S  \'P-45 
U I .  P-3C 
US SHI. 
C ~ A R  CP-140 
1:s N H I .  
< ' A N  CI'-140 
CAS C'P-I40 
1)s \ H I .  
C . \ \  CP-140 
<:A4 C'P-140 
t,'S>Hl. 
% I ,  P-3c 
1's \I['-64 
IIK NIMROD 
1IK U l  RlROU 
CIK hlh1KOD 

n 
AXHI: AiN 
A X  HI'. AiN 
,\ X HI'. .A i  h 
:AX BT. 41\ 
( C  ancc Ilr d) 
.AX lrr. ,\IK 
A x IYI'. ,\I K 
.AX BI: Alh 
A X  B1'. .\I& 
RVH, A I Y .  ,AX BT 
SUS,,AXEI', Alh 
su R\',  I<\' n 
SU 6,AX lrl' 
hlagnrtir\ 
SLI K V .  H\' B 
SUS,;\X KT 
,\XKr, .A/& 
SU K\', ,\X BI' 
AX B1'. Alh 
A X  Br, ,A/ N 
AXLW, .\IN 
.AX El+, ,\IV 
AXB'l+, ,\I\ 



O c c a ~ r o g ~ - a p I i ~ c  and a c o u \ l ~ c  tl;r l :~ \ \ c ~ c  co l lec lcd  C I S I I I ~  

~ I I -  tlcpl~,cil c x p e n d ~ ~ b l c  \o l robuoy\  The  
A i l -ho l -nc  I : x p c n d ~ b l c  I3a1 l ry l l rc1mograpI i  (AX13 I )  
b u q  \\;IS 11si.d I l i caru lc  l lrc I c ~ i i l ~ c ~ - , r t ~ ~ ~ - c  s t r ~ ~ c t ~ l l c  o i  
the \ \a le1 l o  a dcp t l i  of  400  ti1 ,rnd r c l c m c l c ~  1Ii1\ 
~n l ' o~ ln ; l r l o l i  ro tl is a ~ ~ - c ~ a l t  \);I ;I t;rdlo I ~ n k  Tlic !I\ 
SSO-5713 \ l l t l o l ~ l l o ~  (111 l l \  c c~ l l l \ : l l c t l t )  \ \as  l l\ccl 111 

IIIC;I\IIIC , r t i i h ~ c ~ i ~  I ~ O I \ C  l1 i1> h110\ \\ill dep loy  ,In 
o t ~ i ~ i ~ ( l ~ ~ e c ~ ~ ~ i ~ i a I  I i>d t i i1~ l i~11 ic  :II ;I 111 C-I;IIIIICII SCICCI;I~IC 
dcpl l r  o i ' c i r l i c ~ -  27 m ( 0 0  1 1  ) I 3 2  m ( 300  1'1 I 
A c o l ~ \ l l c  da ta  hc t \ \ c cn  10 1 1 /  ;rlitl 20000  Ilr a l c  
ICICIIICIC~~~ LO ~ l i c  a ~ ~ c ~ - ; ~ l i  \ i ; ~  a t n t l ~ o  I ~ n k .  

Tlrc I 'ort;~hlc l ) ;~ta .A~C~III\IIIOI~ :IIICI P r o c c s s ~ ~ i g  Sy>Ic l i i  
(Pl)AI 'S) \\;I\ ~ns ra l l cd  ; i b o : ~ ~ t l  caclr :ill-el-aft to p c ~  1\11m 
the ; ~ c l u ; ~ l  i l a l ; ~  co l lec l ion  a ~ r d  Iplocc\\ lng o E A X H 1  ant1 
a l i i h~c l i r  ~ i o i s c  data PI) / l I 'S \\:I\ d c ~ c l o p c d  b y  llrc 
Y : i \ : ~ l  Occanograpl i tc O f f i ce  ( Y  !\\'OC 1. 4 N O )  l'or I I \ ~  

crnboal-tl I'lecr att-el-aft d u ~  tng  I la\  ;rl c \ c ~ - c ~ s c s  l  l ie 
\!\I~III \\ 1 1 1  e ~ l l e e t  311d PIIICC\\ ~,II:I I ~ ~ C I I I C L ~ I - C ~  1 0  I l ic  
a ~ ~ c r ; r l l  I ' lom ; ~ i ~ - d c l > l o > c t l  c \ l ~c~ i t l ; r h l c  bcn5olh I t  I \  
c:rp;rI>lc (11 ~ p ~ o c e s s ~ ~ i g  ti;11;1 110111 L I ~ J  to l l i ~ c c  .-\XI3 I 
l h ~ ~ o y \  s ~ ~ i i ~ r l ~ ; r n c o u s I >  a \  \ \ e l l  a \  [pro\  ding c n l ~ h r ; r ~ c t l  
a ~ i i b i c ~ i t  no l \ c  spec t t l l ~ i i  I c \ c I \  1'10111 1'2 to  8000 II/ 
us ing ; t ~ ~ ( i c l > l o y c d  b u o y \  r l ~ c  \ y \ [ c m  1s conl;tincd I n  
;I s~ t rg l c  I t ;~ l r \por tab lc  c;r\c MI~II ;I \ \c1gI i1 01'250 I b  
; ind  d ~ m c n h ~ o n s  o f  ?A " \ \  'i 24-1) X i 0 " l l  
C ( ~ I ~ I ~ ~ C ~ I C I I ~ \  l o  ; i~rct-af t  \\\ICIII\ I I ICILI~I~ 110 \:\C 400 
H /  1pt1\\c1   nil ~ l i c  s o n o b u o ~  ~ r c c c ~ \ c t  \ y r t c i i i  PD4 l 'S  
I \  ; i I\o ct lutppcd \ \ t l l i  o ( i l oba l  P o \ ~ t ~ o n ~ ~ r g  S ? r l c ~ n  
( G I ' s )  ~ c e c ~ \  111; \ ) s r c ~ i i  1'111 p ~ c c ~ \ ~ o n  ncl\ I fa r ton  tiara 
T l ic  (i1'S I \  ~ n \ r a l l e d  i n  rhc \ c \ l an l  ]pol-1 o f  cacli a~l-c~-;rI'r 
T l i c  ; I I I ~ v ; I ~ ' ~  ~ c m a ~ n c t i  f i t l l>  A S \ I  I n l \ \ l on  capable 1% 1111 

P I S  1 1 i i 1 c  A p p ~ o x i ~ r r ; ~ l c l y  I \bo l o  t l i rcc I i o u ~ \  
wet-c ~ c q u i l . c d  fo r  P I I A P S  i n \ l ; r l l a l ~o l i  shoal-d c;rclr 
a ~ ~ c ~ - a l . l  ;rlrd c a l ~ h t a t l o i i  o l  ~ I i c  a ~ ~ c ~ - a I ' l  \ o n o b u o \  
1-ccc1\ I l l y  \ y \ l c l l l  

4. Data Processi~ig 
N, \ \  O( 'E4YO \ C I C I I I ~ \ ~ \  l'lc\\ ~ 1 ~ o i 1 1 c i  t l ic \ I P \  011 ~ l l  
\III-\ c! t l ~ ~ l i t \  to  o p e ~ ; r ~ e  t l i t  PD,\PS ~ ~ I L I I I ~ I I I ~ I I I  l lit! 
\ \ c t c  d b l t  t o  1pc11~111 r i  t ~ ; ~ l - t ~ r r i c  t l n l ; ~  c o l l c c ~ t o n .  
p ~ ~ o e c \ \ ~ ~ i g .  c d ~ t i ~ i y .  :11it1 t1~1;1111> LC~IIII~I \\ I i ~ l c  ~ l i c  I l ~ g l i t  
\\;I\ Ill ~>t -og lc \ \  I 111:1l c t l l l l t lg  ;lllii c]~ l ; l l l l y  c l l l l t l o l  o i  
t l ic ci: i l ;~ wet-c 1pc1 I ' o ~ ~ r i c t l  ;II l l i c  c o ~ i c l ~ ~ s i c ~ ~ i  o i  IIIC l. l igli l  

I l i c  I c m p c l a t u l c  ~ p ~ o l ~ l c  clala l e c c l \ c d  ;thoai-d r l i c  
~ t 1 1 e 1 ~ 1 f r  \ \ c ~ e  p ~ o c c \ \ c t l  111 [ > l o \  iclc t c \ ~ i l l \  111 l \ \ o  
I ' l ~ ~ r n a t \  The  dala i\ el-c p ~ o c c \ s c d  I n l o  3 11\11 I ' o ~ m a l  
\ \ I l l e l l  g1 \ c \  I I I ~ I ~ C I ~ ~ I I ~  IpO1111 IIl~0t1ll;lt1011 l 'r l l l l l  l l l e  
p ~ ~ l ' t l c  T l i ~ \  1 0 1 - 1 1 1 ~ 1  I \  e ;~s~ l !  ~ t i g e \ r c d  111111 I\li\.rO 
rac[~c:rl dcc~sic>n a ~ d s  and modc is  The  ti;rl;r \ \ c ~ c  ;rlso 
p ~ o c e s s c d  t o  p t o \  ~ ( l c  i l ~ g i t a l  d a t a  f ~ l c \  p ~ \  l n g  
Icmpc la lu rc  \ a l uc \  ; r l  I - ~ n c t c t  dcpt l i  i n l c l \ a l \   long lhc  
IJI-ofilc I b r  mol-c d c l a ~ l c t l  : r ~ i ; ~ l y s ~ s  by  \ c ~ c ~ i l ~ s l \  a l  l lrc 
l ' l~s io l i  centers 

/ \ n ~ b ~ c ~ i t  nol.;c data \ \ c ~ c  ~ptoccased to y ~ c l d  c a l ~ h ~ a l c d  
\ p c c t ~ - r l l n  l c \ c l \  a t  \~ ,~nc l , r i -d  1 -3 o c ~ ; l \ c  cente l -  
I ~ e c ~ u c ~ i c ~ ~ ~  hcr\\i.cn I ?  II/ a n d  SO00 II/ I  l i c \c  i luta 
\\ c ~ e  e o ~ ~ e c t e d  1 0 1  \ o r r o h ~ ~ o y  rccc i \  (11 ;11id \ o I ~ ~ I > L I o ?  
c ; r l ~ b t a ~ ~ o n s  by PI)AI'S A ~ i i b ~ e n ~  nolsc daia c o l l c c ~ c d  
lh) l l i c  NRL a~~ -c~ -n I ' i  uc l -c  131-occsscd tn I  ti/  band5 I ~ o m  
I 0  I l l  ro  5000 II/ l o  p rov i de  a d c t a ~ l c d  look  ;II ~ l i c  
s t luc turc  of t l ic  no i \ c  i '~c l t l  1 Icvcrbc1-n t~o~r  d a ~ , ~  u c l c  
PI-occsscd ns \cco l id  l ~ ~ i i c - s c ~ i c s  r c c o ~ t l \  l ' o ~  \;II lo l ls 
Il-cclucncics o i ' ~ n l c ~ c \ I  

I ) ;~ la  It-0111 the N I M I < O I )  l ~ l ~ g l i l \  u c l - c  riot co l lcc lc t l  and 
~ p ~ o w s s c d  using P1)AI'S I n  rc;rI t lme  Tnpc ~ c c o ~ d t n p s  
ol ~ l i c  data \\ell: ~ - cp laycd  al'tct ~ h c s e  t l ~ g l i t s  111 ~ l i c  I SC 
L l , \ C  \ rn lo  P D  I I 'S  ; r l r t l  \ \e re  t l icn procc \ \c t l  i n  l l i c  
IIOI ma1 l; i i l i ton 

I o l I o \ \ ~ l i g  pi-occ\slng ;ind clu;tl~ly control .  111c tl;rr;r S~o l i i  
c;~cl i  f l i gh t  n c ~ c  ~ ~ p l o ; ~ d c d  l o  ~ l r c  RA I ' ID  R1:SI'ONSE 
home page LISIII~ sI;~~icl;trd I N 1  E I I N L T  pt-otocolh l i o t l i  
~;rhirlal.and grap1iic;il t l ~ g t t a l  dat;i wc rc  i tp lo;~dct l  I)a!a 
M C I C  1io1-1iia11y i i c ;~~ l ; rh lc  011 l l i c  l1011le page h 111itn 1111-cc 
Iro111-5 or t l ic c v ~ i ~ ~ ~ l c t ~ o ~ i  111 111c l l i g l ~ ~  T l icsc  c l : i ~ ~ i  \ \ c ~ c  
l u ~ ~ l i c t -  at ia lv/ed by \CICIIII\I\ at SAC L./\Z I ( 1 N ;illti 

aho,~~-cl  L S S  I -\S.\l.L I .  l ' o~  ~ l i c l u s ~ o n  111ro ~ ; ICI IC~I  
( l c c t \ ~ o n  ' l id\ i l l id :ICOII\IIC ;111il o c ~ ' a t i ~ g t - ; ~ ~ I i ~ c  ~ r i o t I c I \  
i i \ c d  10 d c t c ~ - i i i ~ ~ i c  tlrc o c c ; ~ t i ~ p t - ; i ~ I i ~ c  irl id ;IC(ILISIIC 

~p~ iqhc~ - l i c s  o i ' t l i c  I IA I ' I I )  1II:SPONSE SLII-VC) :IIC;~ 



' l ' l ic\e ana l> \ c \  . ~ l \ o  ~ e l d c t l  :in i l i \ ig I i t  I l l ro \vllcre ani l  cucrcisc p l ann l l i g  pl-occ\\ .  t l r m  cc>l l l l r i l l l i lcnt \  arc 
\\ I ia l  type\ II~' ;tclel~r~on,ll (I,II;I \\ere I-CL~LII~C~I (11 ful l !  ~ c e l u ~ r c d  Sl-orn a l l  nat io l l \  co l lcc rn lng  ~ I i c  clll;lnllty : r l i c l  
~ ~ ~ i c l c r \ t ; ~ n ~ I  111' occi ln dytl;11111i.\ i t1  l l l c  \III.\ L,! ;II~;I. ~ y p c  o f l h ~ ~ o > ,  ~ l i c y  call J>I.O\ I ~ C .  411 , o ~ i o l > ~ t o y ~  ~IIoLII~I  
I l ccom~ncnc le t l  \11r\c) tl.;lck\ I'oi- I'ulul-c I ' l ~ g l ~ l \  \ \ere h e  p ~ - c - p o \ ~ r ~ o n c d  ar l l i c  a i r  lh ;~ \c  111-101. 111 

I 'orwardcd t o  I h c  A i r  C o o ~ c l ~ n a l o r  h) \ ~ I C I I I I \ I S  a l  c o ~ n ~ i i c n c c ~ ~ ~ c n ~  o f  the c \ c ~ - e l s e .  I;'II)CII~IILI~C 11r 

Si\C1-.4NT(:I:N. T h c \ c  ~ - c c o m ~ n e ~ i t l : ~ t ~ o ~ i \  \vc rc  s o n o b u o y \  a l l o c a t e d  III 111c c x c r c l \ c  \ I i o u l d  h e  
e \  a l u a r e d  lhg r l l c  r \ ~ r  C c ~ o r t l ~ ~ i a t o r .  i ~ i o c l ~ F ~ c d  ;I\ c~111t1-01lctI Ihv 1I1c ,Ail- ('OOI-(~II~:IICII-. 

5. Lessons l..carned 

Sonobr~o>.;  LI \C~I by \ ' , I ~ I ( I I I ~  II;I~IOI~S II;I\C \11ii1I;1r 
c ~ l h c r a t ~ o ~ i ~ ~ l  c , ~ l ~ ; ~ l h ~ l i t i c \ .  1,111 i l ia)  bc. l i s l i l l y  clrfCcrcnr 
In  I h e ~ r  c o n r ~ g ~ ~ ~ ~ l l l o n  al l t l lor  c lec l ro l i i c \ .  A l l  t l c la i l \  
coneel-nins \onohuo!\ I'I-OIII each 11;111011 \ 1 1 ~ 1 ~ 1 1 c l  lhc 
r o r \ v i ~ rdc i l  ;I\ \ o o ~ i  ;I\ J > I I \ \ I I ~ I ~  10 [ l ie :\IT ('oo1-cli11~1111r 
\\,II<I w i l l  e ~ i \ ~ ~ r c  l l i ; ~ t  the I~IIO! \ \\ 1 1 1  pcrr01.111 l l i c  c l c \ ~ r c ~ l  
tl;~ra c o l l c c l ~ o n  m ~ \ \ i o ~ r \ .  'l'llc ,111. C ' o o r c l ~ ~ ~ a l o r  \v1I1 a l \ o  
111ake sul-e l l ia l  a l l  de ta i l \  oI' ( l ie  lh~~o! \  ; ~ r c  avai lahlc 
ror I I ~ C O I - ~ ~ O ~ ~ I ~ I O I ~  111to l l ie  (I;IL,I ~ I - c I ~ ~ \ \ I I I ~  I~:~I-C~IV;II-L~/ 
\ l l r l \ v ~ l l - ~  lll I1c 11\ec1. 

5.1. Explosives b y  o lhcr  ~ i a l l o n \ .  Th i s  grc; l l ly  ~ n c r c a \ c \  1I1c S l c x ~ h ~ l ~ l ~  
o f  \ ~ ~ r \ c y  I l i gh I  p l a n i i ~ l i g  and \ \ r l I  a l lo\v 1Iic o l h l~ l n ;~ l  

Signals C;ndc~-\r:i ler Sol l l id ( S I S )  \ \ere u.;i.d c l u r~ l l g  tl ic 
I I \ ~  o f  a l l  \I['.\ a ~ r c r a l i  ; ~n t l  c\ lhcnd;~hlc\ .  

c x c r c i i e  :15 ; I C O L I ~ ~ ~ C  SOIII-CC\ ('or ~ C \ C ~ ~ C ~ ; I I I O I ~  311d 
propagat ion loss ~ i i c a s ~ ~ r c ~ i i c ~ ~ l s .  SUS co1i1:111i 1.8 Ih. 
111' T N T  ant i  ; I I ~  d c s ~ g n c < l  111 d c t o n ; ~ l c  a l  a p r c -  
t l c t c r~n incd  dcpl l i .  As w o u l d  hc  cxpccted, cull-erne care 
m u \ t  be rahcri l o  c13sc11-e III:II o r i l y  11-ii i~icd ~ c r \ o t l l l c J  
I ~ a n d l e  t h s w  c ~ l l l o \ ~ v e i .  

I.,ogi\tics can ;II\II p o x  \c\ ,c~-al  p r o h l c ~ ~ l \  \ \ l ien  S I l S  
; ~ r c  i n \ o l vc t l .  A l l  SlJS s11011lcl he p r c p o \ ~ l ~ o n c d  at the 
rcqu l rcd  l o c a l ~ o n s  n l  leas1 (10 (lays i n  at lval icc of the 
e ~ ~ ~ ~ i ~ ~ i e ~ i e ~ ' ~ i i e ~ i ~  01' [ l ie c \c rc l \c .  Q i ~ l t c  ol'lcn, '1s \\.;I\ 

~ l i c  case fo r  I l A P l D  RF;SI'C)?.ISI.. s l i ~ p m c n ~ \  ol' S I iS  
arc dis l-uptcd o r  ~postponct l  I'or a ~ i i y r ~ a c l  o f  reasons, 
I 'crsonncl a l  l l i c  Weapon\ I )c lh;~rtmcnl ;I[ l h c  a l r  ha \c  
l i i ~ ~ s t  he ~ i o t ~ l ' i c d  \\'c11 i i i  ~I~V;IIICC 01' l l i c  ;II-~I\;I~ 01' t l ~ c  
S I S .  and a coi i \ rant rnoll lrol-l l1g o f  r l ic  \I1ipl1icii l I \  

rc i lu i red. 01 i cc  lhc  SUS arc t l c I ~ v e ~ - e d  l o  rl ic a l r  base. 
l hc  pl-ohlcm\ arc [ lo t  o\cl-. F i e r y  m o \ c l l i c i i l  o f  r l ic  
c x p l o s ~ v e s  m u \ (  bc  c l o \ c l y  c o o r d ~ n ; ~ l c e l  \ \ ~ t h  thc  
M'capons l l c l la r lmcnt .  ~ n c l u d i l i g  dc l i \ c t -v  o f  t l ic S I ' S  
l o  l l ie  f l ~ g h l  I ~ n c .  A n y  ~ n o \ c m e n t  ol'C;l!S r c c l t ~ l ~ - c \  
c o t ~ \ i d c ~ - a b l e  :rtlvance prcpara t lon  ~ n c l u t l ~ n g  o b t a l ~ i ~ ~ i g  
; ~ ~ ~ p r ( > v a l  o f  ILI~; I~ g o v e r n ~ n c ~ ~ r  :111d POIICC oI'SICI~II~ \v1111 
l l i c  ln l iercnt delays l o r  proccsslng t l i c \c  ; ~ l ~ p r o ~ a l \ .  

- l - r ;~ ln lng  Sor \ I i~pboa l -d  pcrsonl ic l  o n  SUS l1;11idl111p ~ i i d  
\;rl'cty and o n  rl lc S L S  launcher\  p r o v ~ d c d  by  01c L'S 
i v :~ \  conduc rc~ l  at TY AS S~gonc l l a .  .An c \ l> los~\ ,c \  c \ pc~ - I  
I'rom tl ic Mc ;~pons  Sta l lon  Yo~ -k l o \ vn  \',\ \\.;I\ broughr 
l o  S ~ g o n c l l a  III c t r nduc~  t h ~ \  11-;11ning. I I ' S I S  and S1;S 
I~ILIIICIIC~'I at-c IO Ihc ~ ~ i e d  I n  I 'url~rc cxci-ciscs. ~ p ~ - o \  i s ~ o n \  
must  be ~ i i a d c  l o r  I ra ln l l ig  al~pi-opl- iatc ~ p c r s o ~ i ~ l c l .  

i .3. / . .Y i~r t *o~-  l ' / c i i i i i i i ~ ~  
he i l l - - 1 -en l - r~~ i i c  ~ i i ; ~ l > ~ ~ ~  o f  [ l ie  c i c c : ~ ~ ~ o y r , ~ p l ~ t c  't11c1 

, ~ c o u s t ~ c  d ,~ ra  b ?  t l i c  (I:ltil I . u \ ~ o l i  CCIIII'~ ' 1 1  

SACLAN- I -C r .N  had m;ll iy bcncl.~ts. C c ~ r n h ~ n ~ ~ i g  IIIC 
sul-vcy dalir \ r .~ l l i  rcmolc ly -s~11s i .d  ant1 I i ~ \ l o ~ - i c a l  d ;~~. t  
g;t\c a muc l i  hcl lc l -  v i ew  (IS l l i c  c o n d ~ r ~ o ~ i \  I n  the ;II-C:I 

r l ian cou l i l  lhc l ~ h t ; i ~ n e d  \\.IIII ~ l i c  \llr\c!. darn aloric. 
I 'roposed I11sl1r track>. d c \ ~ y n c d  to accllllrc tl,~tn \vhcrc 
11iost ~ i c e d c c l  111 n c l i . ~ n y ~ n g  c n \ - ~ r t ~ ~ ~ t i i c n ~ .  \ \c . rc  
Io r \ ra rdcd l o  ~ l i c  i\ lr C'oort l l~ iator l o l l o \ \ * ~ n y  c;~cli 111gl11. 
-l'lic fnsion ccnlcr also P ~ O V I ~ C ~  g rap I i ~c ;~ I  p r c \ c l ~ ~ i ~ t i ( ~ l i \  
o f  t l ic d a ~ a  li-o111 A t S S  and I-121-\-al-d Occ;111 P I - ~ ~ I ~ I I ~ I I  
C ;~< t c l l l  (II(-)I'SI. \ \h lch  gilVC l h ~  F C l ~ l l l l \ l \  ;llld 311KI-C\\'\ 
;I[ S ~ p o n c l l ; ~  ;I bc l te r  \ IC\\ o i ' t l ic  LIP.\ c ~ p c r a l ~ o n a l  d;~r,t 
r c q ~ ~ i r c ~ n c ~ ~ l \ .  

T l i i s  p rogr : lm 111'data ;III~I!,\IS al l t l  (I;II:I CYCII;~II~C~ 
. ~ l l o \ \ ~ c d  r l i c A ~ ~ - C ' o o r d ~ ~ ~ i ~ i o ~ -  111 make l l i c  I no \ l  cSIi.c~ivc 
u \c  o f  the ; ~ ~ r c r a f r  ,ind cul>c~leiahlc\  c lccl~c;~tcd l o  rl lc 

. . exel-cisc. I:I~gllr p l a n n ~ n g .  I SC.'h1.4(' \ ~ p c ~ - \ o ~ i n c l .  i111cI 
:II~CI-CW\ Ii:ld 1 0  hc ~ ' I c x I I ~ I c  l o  ~ C C O I I I I I ~ O ~ ; ~ L C  t l le \c  
c l ~ a ~ i g ~ ~ i g  (I:I{;I r c i ~ ~ ~ ~ ~ - c . ~ ~ i c r i l ~ .  I D ~ I ~ I I I ~  R,AI ) l l )  
I<ESPONSI- Oh. a l l  ~ p c r \ o ~ l n c l  i n vo l \ c c i  In  the hII'i\ 
o [ ~ c I - ~ ~ I ( I I ~ \  \ \ e r e  t i 1 0 ~ 1  c o o ~ c ~ - a t ~ \ e .  ,111d t l i c  i \ ~ r  
C ' oo rd~na~o r  ;ind the h.\VOC't : \XO \ c ~ c . l i t ~ s t \  o n  111e 
I ' l igh ts  I ia t l  i t 1 1  o u t s r a l i ( l ~ ~ ~ g  r c l a r ~ o i ~ \ l l ~ l h  \ \ ~ t I i  , 1 1 1  
p c r \ o ~ i ~ ~ c I  r~ivolvccl .  

I::xpendahlcs ~nc lud lng/ \X I ( - I ' .  ; i l i ibicnt n o ~ \ c .  ;uid o ~ l i c r  121-occs\cd u s i n g  P I I A I ' S .  ( { \ i n $  one  \ y \ r c l l l  1'111. 

a l r  dep loyed l h ~ ~ o y s  m u s l  he  ~ i l c n t i f i c t l  cal-I! 111 ~ l i c  c o l l c c t ~ n g  and p i - occ \ \ ~ l r g  tl:rla ga l l i c~-c t l  I>! \ar lou \  
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types  0 1 '  a ~ r c r a f t  fro111 ti~fl 'crcnt nntloll\ has man! 
;rtlvnntagcs. Co l l ec t~on  ant1 r ea l - t~mc  procc\ \ lng  0 1 '  
the data arc \tandard~;.ccl. ~ I - O ~ I ~ I I I ~  ~ ~ C : I I C I -  rc l iabi l~ty  
In the accuracy o f  the clata. Tlic d,rta ;I]-c a l u a y s  
Iiandlcd us ing the s a m c  I'ormats. n i o h ~ n g  q ~ ~ a l i t y  
c o n t r o l  a m a ~ i , ~ g c a b l c  ta:,k a n d  \ ~ m p l ~ l ' y ~ n p  tlic 
u p l o a d ~ n g  ( i f  the  d a t , ~  to  tlic " l i o~ i i c  page"  111 

s tandardi red  formats.  T11c b u ~ l t - ~ n  (iI'S sys lcm 111 

PDAPS ~ ~ S L I I - c d  that all data wcrc collcctcd to tlie same 
nav~ga r io~ in l  accuracy and standard. 

If pos s~h lc .  1'I)AI'S o r  ;I \ ~ l n l l a ~ -  cystelii \ I ~ o r ~ l d  bc u\cd 
for MP/\ d;~t;r co l l ec t~on  111 S i ~ t ~ ~ r e  REA cucrclses. 

5.3.3. L ) ( I I ~ I  ~o//cciioii , ' l ' i -oi I , .S , \ I I I~  / ' ( , I : \ I I I I I M ~ /  

U s ~ n g  the \aliic s c ~ e ~ i t ~ l ' ~ c  pcr\onnel aho~rrd  all sur\<cy 
I11ghta also \ ~ r n p l ~ f ~ e \  the o[ ,cr r~r~on and g ~ \ c \  greater 
control ovcl- tile accuracq and q ~ ~ a l ~ t y  c o ~ i t ~ - o l .  Tlircc 
NAVOC'LANO \c i en r~s r \  ~~is t r r l lcd  the PDAPS aboard 
the a~rcl-aft  \ c h c d ~ ~ l e d  forcacli  su r \ cy  IligliI, cal~bl-ated 
tlic alrcraSt :,onobuoy rccclvcr \ystcm, attended the prc- 
I'light c r e w  b r ~ c f i n g s .  l'lc\v a b o a r d  t he  a ~ r c r a l ' l  
pe l - tbrm~ng the I I I - f l~gl i t  d:~t;r col lec t io~i  atid proccsslng 
tasks. and rc~i iovcd the c q u ~ p m c n t  Itom the aircraft. 
These  samc pe l - aon~~c l  pel-l'ol-med the pos t - l l~gh t  data 
processing, c d ~ l ~ n g ,  and quality control.  ;111d uploaded 
t l ~ c  data to tI1c "liolnc T ~ I \  c o n t i n u ~ t y  o f  
~ c r s o ~ i n c l  11;11ic1111ig tlie data thl-ougliout cach Il~glit .  ancl 
from f l~gl i t - to- l l~gl i t .  \\,as ~n\,,rluablc. a l t l i o ~ ~ g h  i t  mealit 
Inany long ant1 arduou\  d :~ys  fol- tliesc ~?crsolincl.  

.i..i. 4. C o o r ~ / i 1 1 ( 1 / ~ ~ 1  O/I~,I-(I~IOII,\  wiih . \ I I ~ - I , C : V  .Y/~I/?,Y 
1)uring \ c v c r a l  f l i gh t s .  MPA aircl-aft  co~ iduc t cc l  
coordiliatcd operatioil\ w ~ t l i  : , ~ ~ ~ - v e y  s l i ~ p s  ~ p ; r ~ - t ~ c ~ p a t ~ ~ i g  
in KAPIL) RI:SI'ONSF 96. 1)llrlnp tlicsc cool-d~natcd 
opcratlons. the all-craft a~i t l  sr~~-frrcc s h ~ p \  WCI-c rnvolvcd 
in jo lnt  acoustic data collection cfforl:, rcqu~l-ing a h~g l i  
level o r coo~-d~nc r t~o l i  ant1 ciimrn~1111cat1011, P1-1or to ilic 
h r ~ c f ~ n g s  l'or tliesc fl ight\ ,  tlic SUI-vey I111-cctor aboard 
the s h ~ p  2nd llic Air C o o r d ~ n a r o r  niu.;r agl-ee \!la 
IKM.4RS.AT o r  c e l l u l a ~  l c l cphonc  llial the  j o ln t  
opcratloli w ~ l l  take place a n d  resolve ally conllicls andi 
111.delays with lliu p la t l , l .~n\  l l i ~ i t  V J O L I I ~ I  ; r r l ixl  a~rcral't 
:,chedul~ng. 111 t l ~ c  event tliar problems : v ~ s c  \ \ ~ t l i  either 
tlic s l i ~ p  or all-el-aft. a hack-iip l l ~ g h l  plan should be 
a l ready appl-ovcd and nccc \ s a ry  f l ~ g l i t  c l ea r ance \  
o b t a ~ n c d .  

5.4 Communications 
For  Rt .A to he \ucccs\I 'ul .  robust C O I I I I ~ ~ I I I I I C ~ T I O I I S  

bct\\ccn all  platforms a n d  pcr\onncl I \  :I necessity. 
1)urin.g IlAI'lI> RLTSPONSE 9 6 ,  c o l n m ~ ~ n ~ c a t i o ~ i s  
h c t w c c n  ~ h c  A i r  C o o l - d ~ ~ i a t o r .  s u r v e y  s l i i p s .  
SAC'LAN'fC'I-.N. and USS LASALLIJ wcrc handled b) 
cellulal- a n d  IhhlARS,AT tclcpliones aboard the ships. 
anci tlie I ta l~al i  telepliolic \y:,tcni Ibl- sliol-c-based n n ~ t s .  
E x t e n s ~ v c  ~ ~ s c  o f  E-nia i l  b c t w c c l ~  llic v a r l o u \  
~pnr t ic iput~ng Llnlts liclpcd to keep all units infor~iiccl 
c o ~ i c c r ~ i i ~ ~ g  llic varIoLI:, p l ia \cs  o f  the  opcra t io l i .  
S ~ l u a t ~ o ~ i  reports (S ITREP\ )  \\,ere prov~clcd daily to the 
l l l l i ta r )  Coor t l~nator   boa^-d L S S  LAS.AL.LE by all 
1particilx11its. ' I ~ I i c ~ e  ~ r c p o r ~ s  M C I - c  coII:~ted slid a dally 
\ tatus rcport was  issucd by the M i l ~ t a r y  C'oordlnator. 
T h ~ s  rcport kept all ~ n \ ' o l \ c d  up-to-date conccrnlllg 
ItAPID RLSI'ONSE 06  ~ s s u c s .  

A portahlc cc l lu la~-  r c l c l ~ l ~ o n c  is nccdcd I'ol- the All- 
C o o r d ~ n a l o ~ -  d u r i n g  tlic c x c r c i s e  p c ~ - ~ ~ i d .  W h ~ l c  
coo rd ina t~ng  opcratlons w ~ t l ~  the squadron\ ~nvo lvcd .  
TSCIMAC'A.  Ll'eapons ancl l o g i s t ~ c s  ~pc r \onnc l  a [  
S~gonc l l a .  t l ~ c  l r  C'oordi~iator \\*as o f t c~ i  hard-to-reach. 
A portable cc l l u l a~ -  t c l cp l~onc  v \o~ i ld  c l ~ ~ n ~ n a t e  this 
d ~ n ' ~ c u l t y  al a l n~n ima l  cosl. 

6. Conclusions 
MPA opcl-allon\ dul-ing KAI'IL) RESI'ONSE 96 proved 
lo hc very s ~ ~ c c c s s f u l .  Tli~:, wa5 duc  to tlic coopcratioli 
and profcss~onal ism of  all personnel ~ ~ i \ ~ o l v c d .  fi-0111 
:111 p a r t ~ c ~ p ; ~ t ~ ~ i g  narlons. 2 2  of  2 3  sclicclulcd mlsslons 
\vere coniplcted as  schcdulcd. Ovcl- 700 / \NBT and 
27 a m b ~ c n r  11o1sc measurcmcnts mere collcctcd and 
processed. MPA operation:, c o ~ ~ i p l c t c d  all tasking to 
p l -ov~dc support for a c o ~ ~ s t i c  Incasuremcnt\ made from 
tlic RAPID RFSPONSE \urvcy sI i~p\ .  

Fol- RAPII) RESPONSE c17. MPAopcl-a t~on\  are agaln 
\c l iedulcd to be  conductc t l  fl-om N A S  Sigone l l a .  
Hopefully ~ l ~ c \ c  o p e ~ - n t ~ c ~ n \  will be a \  \ ~ ~ c . c e \ f u l  o r  
even more \ ~ 1 c c e \ s f ~ 1 1  than last hear ha\ctl upon the 
k n o w l c d f c  and  e x p e r l c n c e  ~ 1 1  p a l t l c lpan t s  h:~vi:  
:rcqu~red. 
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Abstract 
The nlo 1.t11 Oc~ec117og1-erl)hrc Off ice (!"V"t C'OCE,4,VO) 
p ro~ . ides  Oc~c~u~ io ,q ru l~ l~ ,c  L I I I ~  h l u / ~ p ~ ~ i f i ,  C'liczrii~lg & 
Gcode.~?. proclirc 1s c~nel .s~rv~c.c.r to Uri i tct l  S iu tc .~ ,  
NATO, uticl u l l i e d  i.c,ur/i,yhters. N A V O C E A N O  
uddres.se.s rc111iti re.spo17.sc l7roduct rc,cllrirc~~~~ent.f I ~ J ,  
~ i t i l r z i ~ l g  il.5 ~ i n i q l t e  . S I I I - I - ~ ~ L ~  u.sse1.s. c/ulri .sol~r-c,c.s, 
~ . Y ~ ~ ~ I I . Y c ,  c111e1 ( , ( I I I I I I I L I I I I ~ . ~ I ~ / ~ I ~  palh~i,ii>.\ to rc ip i t1~-  
u.s.sets 117~ oc~ctinogrcil>hrc huttle.~purc, ~III,~I-o17111c~1ll 
und  jwod~rc~c~ i17divid~rc1llv lar lored u ~ r t l  I U C I I C ~ I I I '  
rclevunl /~ror/ric~t.r. 

1 .  Introduction 
The  m ~ s s i o n  o f  the  Naval Oceanographic  Office 

(NAVOCEANO)  is to acquire  and analyze global 
ocean and littoral data  for specialized operational 
p r o d u c t s  a n d  se rv i ces .  O u r  c u s t o n i c r  b a s e  i s  
p r i ~ n a r ~ l y  U S  Mi l i t a ry  a n d  o t h e r  n a t ~ o n a l  a n d  
in t e rna t~ona l  o rgan~ra t ions .  Our  vision 1s to be thc  
world  leader  in p r o v i d ~ n g  qual i ty  oceanographic  
products and services. 

A s  an  operational command  NAVOCEANO 1s 
under the direction of the C h ~ e f  o f  Naval Operations 
a n d  w e  m a ~ n t a i n  s t r o n g  r e l a t i o n s l i ~ p s  w ~ t h  
o r g a n 1 7 a t 1 o n s  s u c h  a,; t h e  N a v a l  R e s e a r c h  
Laboratory  ( N R L )  and  NATO's  S u p r e m e  All led  
Cornmandcr ,  A t l a n t ~ c  C e n t e r  ( S A C L A N T C E N ) .  
Par t ic ipat ion In ~ n u l t i n a t i o n a l  exc rc l sc s  such  a s  
Rapid Response 97 expands  ou r  capabilities. 

T h e  abi l i ty  o f  N A V O C E A N 3  to participate 
e f f e c t ~ v c l y  In cxe rc l sc s  wh ich  invo lvc  mul t ip le  
playcrs r cc l~~ i r c s  each pa r t i c~pan t  t o  ~ ~ n d c r s r a n d  how 
w e  operate.  The  f o l l o w ~ n g  ~ l lu s t r a t c s  who  we  a re  
and  how we  provide pl-oducts and  support  to our  
custoliicrs. 

NAV0C:EANO is responsible for tlie collection. 
da t a  bas ing ,  a n d  a n a l y s ~ s  o f  a large  va r l e ty  o f  
o c e a n o g r a p h i c  a n d  g e o p h y s i c a l  p a r a m e t e r s  in 
support  o f  the  Depar tment  o f  Defcnse  and  other  
government  cus to~ne r s .  Products f rom these  cfforts 
r ange  f rom hydrographic  su rveys  to s p c c ~ a l i z e d  
reports supporting mine warfare, an t i - submar~ne  and 

~ ~ n d e r s c a  warfare ,  a m p h i b ~ o u \  operations, special 
operations, and strategic systems. among  otlicrs. To 
liicet ou r  c ~ ~ s t o n i c r s '  needs  

N A V O C E A N O  h a s  a f l c c t  o f  e ~ g h t  s h i p s ,  
specially outfit ted P-3 a ~ r c r a f  operated j o ~ n t l y  with 
NRL,  and an extensive  satelli te and remote  sensing 
da t a  processing faci l i ty .  Additionally, a r ap ld  
r c s p o n s c  c a p a b i l ~ t y  I S  c o n t i n u a l l y  e v o l v i n g  to 
dcl iver  custom products  q ~ ~ ~ c k l y .  R a p ~ d  response 
products a r c  lailorcd to  nicct the operational nccds 
o f  the  customer  making tlie request. Most  rapid 
response products range form colnposlte analyses  
o f  v a r i o u s  o c e a n o g r a p h i c ,  h y d r o g r a p h i c ,  
g e o p h y s i c a l ,  a n d  b io log ica l  f ac to r s ,  a n n o t a t e d  
imagery, and occan rnodcl results. 

T h e  q u a l ~ t y  a n d  q u a n l ~ t y  o f  i n f o r m a t i o n  
provided to customers depends  on the time a v a ~ l a b l e  
for analysis,  the a v a ~ l a b ~ l i t y  o f  data,  inlagcry. and  
p r e v i o u s l y  a n a l y z e d  i n f o r m a t ~ o n  r e s i d e n t  i n  
c l~nia tologres ,  and standard products, Inany o f  which 
a r c  s t o r e d  ' on - l ine . '  A l l  i n t e rna l  e f f o r t s  a n d  
procedures arc  d c s ~ g n e d  to react to the  receipt o f  a 
rapid R e q ~ ~ c s t  For Product (RFP) .  

2. Preparation Phase 
Upon deterniination that a s i t ua t~on  exists which 

may requlrc  in tcrvcnt ion o f  L'S a rmed  forces ,  a 
C ' r i s ~ s  A c t ~ o n  Team (CAT) is c s t a b l ~ s h e d  a t  the  
direction o f  tlie Commanding Officer. The CAT team 
is tlie i n i t~a t ing  force for RFP c a p a b l l ~ t ~ c s .  CAT 
m c ~ n b e r s h ~ p .  r o l e s ,  a n d  r c s p o n s i b l l i t ~ c s  a r c  
documcntcd in a formal NAVOCEANO ~nstruct ion.  
Members  o f  the CAT represent  t hose  g roups  in 
NAVOCEANO that will play a major role In a crisis 
r e sponse .  T h e  C A T  a s s e s s e s  o u r  r e a d ~ n c s s  to 
respond and assures  that all production codes  arc  
ready to respond. T h e  f o l l o w ~ n g  example  actions 
would be  in i t~a t cd  by the CAT upon initial indication 
of an  ~ l n ~ n l n c n t  conflict. 

Our  dynamic occan [nodcl ing c a p a b i l ~ t y  in the 
c r i s ~ s  area 1s asscssed to provide wave ,  t h c r ~ n a l ,  



t ~ i l a l .  ,111ti c ~ ~ - c u l ; i t i o ~ l  I ' o ~ c c a \ t \  I l~cs i .  m c ~ d c l  
c o m l ? u l ; ~ ~ ~ c ~ ~ s  arc g ~ \ c n  p r i o r ~ t !  o n  r l ic  C'I-a? 
\U~CICOIIIPLI~CI-S I n  !Ilc 1)cpnrtmcnl of1)cI'cnse I l i ; r l ~  
Pcr fo l -n~ancc C ' o m p u l ~ ~ ~ g  M a j o r  S l r , ~ ~ c d  R c s o u ~ c c  
C ' e n t c ~  l o c a t e d  at N A \ ' O C E A N O  I i t c t -n tu tc  
scarchcs 'Ire conducted u \ lnp  the rcsou~-cc\ o l ' t l ~ c  
I l a u r )  O c c a ~ ~ o g r a p l i ~ c  1 I~I-:II->. the \ \ ~ ~ l c I " l  S O I - ~ I ~ I O \ ~  
rn1111;11> c o l l c c t i o ~ ~  o l  o c c a ~ ~ o g ~ - ; ~ l > l ~ ~ c  ~cSe l -c l~c<  
malerials P u h l ~ c a t ~ o l ~ s .  I~a rdcopy  ant1 d i g ~ t a l .  at-c 

\\a1 l i g l ~ t ~ n g  S L I ~ ~ O I I  C'cnte~ ( \ \  S( ) p c r s o n ~ ~ c i  
i ~ ~ \ c ~ i t o ~ y  II~I;I~~I-) for t l ~ c  ,\IC;I e l 1  0pe1;111o11s ( 4 0 ) .  
c\h ic l r  i l l e ludes  SI'O'I. L A N I ) S , \ I - .  and o t l ~ c ~  
N a t ~ o n a l  imagery n\\cts Data h,~sc\ contalnlng 
hathytnct~-y. hydl.ogr;~l?l~y. g c o p l ~ y s ~ c a l  lpa~-amclc~.\.  
and p l l y \ ~ c a l  p r o p c l t ~ c s  a1 c  ;isscs\cil I;)[- c o ~  eragc 
Ill tI1c :I0 

V;a\;rI h l c t c o ~ o l o g g  a n d  O c c . ~ ~ l o g ~ - a p l ~ ~ c .  
Colll l l l; l l l l l ( > ~ l O C ' )  1lcglOll;ll cc l l lc l - \  ,l l l i l t - ;~clI l t lc\  
a le  con[;rctcd to c s t ; ~ h l ~ s l ~  d c f ~ n c d  colulnLlli lcntlo!l\ 
l inks ant1 to agl-cc 11po11 ~ l i c  products to hi. supplictl 

Pro\1111ity o f  N,A\'O('l:,ANO surccy assets to tllc 
el-isis ;lrca 15 asses\ccl S u r ~ c y  ~-cc lu~lcrncnts a le  
d c t c ~ ~ l i ~ ~ ~ c d  ant1 rec.o1nn1cnd~111011\  ;II-C 1i1,ldc 
concc~- t l lng the L1sc ot.tl~i.\c n\scta 111 o h t ; ~ ~ ~ i i n g  dat,~ 
i n  the \O. 

3. RI;P Request 
lil I'\ a rc  t c c c ~ \ i . c l  I n  N \ \  O C ' E ! \ 4 0 ' \  

M a l - f ' ~ g l i t ~ ~ ~ g  SLIP~>OI-~ ( e ~ l t c r  ( \ \  S ( ' )  St-0111 SIccI 
comlnan t l \  a ~ ~ d  N h I O (  C cntel-s a l ~ t l  F ; ~ c i l ~ t i c \ .  
T a s k i n g  is  d i s t l - ~ h u t c d  l o  t he  ; ~ p p r o p r i a l c  
N A L ' O C ' l O \ N O  codes  ~ n i t ~ a t i l l g  p r o d u c r  
dc\clop111c11t and  c o ~ ~ r l r n c t i o n .  Steps i n  t111\ 
c \ o l u t ~ o n  ~ n c l u d e :  

a L\SC 1rn;lgcly ;111;1ly\t\ b e g ~ n  t o  s tudy 
imagct-y o n  hand allel \ ~ ~ h l i i i t  tashl l ig ~ c q u e s t \  I'oI- 
a d d ~ t ~ o l l n l  i lnngcry, i1'11ccilcd 

h. \ \S(  r c g ~ o n , ~ l  ;III;II!\I~ C O I ~ ~ I I I I I ~  11 tc ia t111~  
\ c a ~ - c l ~ c \  and hcgin COIII~,IIIII~ ,II~ I n \  ~ ~ o n m c n t a l  
SLI~~>OII I';~chagc (LSI') .  a rial-I-JII\ c  d c \ c ~ ~ l ~ t i e ) ~ ~  01 '  
cxl?cctcd en\ i ~ - o n m c n l : ~ l  1p;lt-amctcr\ III the A 0  

c 0cc;rn modelers hcgin i n ~ t ~ n l ~ / i n g  models i n  
the A 0  1 1  t l ~ c y  arc not all-caily 111 o p c ~ , ~ ~ ~ o n  I f  n o  
l l l ( l d ~ l \  .IIc ~ 1 1 1 ~ 1 ~ ~ 1 1 1 ~ ~  ( l l l C 1 ~ 1 1 0 1 1 3 1 .  I~I.IIICCT i l f f l ~ ~ l z  
li-om t l ~ c  lnoclcl~ng gtoul>\ at NA\'OC I:.\hO attclllpl 
to i n i l i ; ~ tc  models In  [ l ~ c  dcs i rc i l  I-cgion Of ten  
assistallcc 1s g l c c n  hy  l l ~ o d c l e ~ - s  I'IOIII N l l L  co-  
locatccl \ \ ~ t h  N A \ O (  I . A N 0  at S t c t ~ t ~ ~ s  Sp;~cc 
C'elltcl- 

c ~ - i s ~ \  .Ilea. I i s r ~ n g  p ~ - o i l u c ~ h  and  set\ ~ c c \  ; ~ \ a ~ i a b l c  
Ito111 ;\ . . \ \O('E,4SO ati t i  p roccc lu i cs  to  I?LIII 
p r c i d ~ ~ c t h  f l o l n  the UR\ 'OC ' I IANO sc l - \~crs 111 

addition. ; ~ ~ ~ c r n f ' t  carrlcl-\ and a m p h i h ~ o ~ ~ s  command 
\ h ~ l l s  \ \ ~ t I i  embarked occanogrn l , l~m (11 b loh i l c  
I.n\ 11o11111c1llal 7ealn\ '11-e ~ o ~ i l a c t c d  

c  .\ 11s111ig oI'a\;111;1hlc ptoduct \   lo^ t l l c . 4 0  I\ 
~placcel ;I. ;rl7prop11;1Ic 011 N!\\ .OC'I.Al\ jO's 
~ ~ n c l a s \ i l ~ c c l  and class11'1ccl home page\ 

t H , ~ t l i y ~ ~ l c t ~ - i c  a ~ ~ d  11yd1-ographic ti:rta co\cragc 
I ~ s c c  Qucrich ;II-C 111i11at~d to tllc 2~ t1011 i1 l  
I l l i a g c ~ y  ;III~ h l n p l ~ i ~ ~ g  ! \gcncy  ( I \ r l \ l , 4 ) .  t11c 
N a t ~ o n a l  O c c a n ~ c  and : \ t ~ ~ ~ o s p h c r ~ c  ~ \ t l ~ ~ i ~ n i s t ~ - a l ~ o ~ ~  
( N O A A ) .  i111d N A \ ' O ( ' I : A N O ' s  I l y d l - o g ~ a p h i c  
C ' o o l x ~ - ; ~ t ~ v c  1'1ogra111 ( I  IY'C'00P) fol- I i y d ~ o g r a p h ~ c  
data 

11 \\ 1111111 t \ \ o  day\ to ;I \ \cck.  ;u~nol;~tcd (Inage\ 
a r c  ~ x i \ t c d  , ) t i  XI\\ O (  I.. '.hO's 11o111i. p a g e \  
. \ ~ i ; l l h s ~ h  11ic1~1dcs 1.1o11ts IIII~ cclc i~c\ .  \\reeks. 
o b s t t ~ ~ c t ~ o ~ ~ \ .  and s l~o ;~ l  a!-cas 

I OCC;III t l ~ o d c l  i '~ree:~sts ;IIK ~po\ tcd 011 the 
Iiolnc p;~gcs M hi lc  r c l y i l l g  i l ~ ~ t ~ ~ i l l >  OII I ~ ~ s t ~ r ~ c : ~ l  
:lnd a a ~ c l l ~ ~ c  date. t l ~ c \ c  ~no i l c l c  \ \ ~ l l  c o n t ~ n ~ ~ a l l !  
~ I ~ C I - C I I ~ ~  111 ;ICCIII-BC~ \\ 1111 ~ l l e  II~~'LI\IOII 0 1  on-scene 
data Iron1 11;rv;1l plalfol-111s 

j .  I l \ l \ l ~ n g  STOIC's 111 the A 0  MIII h;~vc bee11 
111aiIcc1 (11 II;IIICI C ~ I - I  ice1 to 1rcg1oi1111 YblOC. ('clitcrh. 
I ' a c l l ~ t ~ c \ .  ;11:d s l i ~ p \  I I I I I I I C ~ ~ I ; I ~ ~ ~ ~  \ t l c l ~ t ~ o n a l l ) .  
ST( ] ! (  ~ l a r ; ~  f i l c h  \ \ o l ~ l c I  II:I\~ 1bcc.11 jpi1art.d o n  
C.A\'O( [:\NO Ironic 1>:1gcz \\ it11111 I M O  \ \ e ~ k s  IICL\ 

STOlC's \\ill he bui l t  and d i ~ s c m i n a t c d  In thcatcl- 

I3! t l ~ c  l i na l  step a c o ~ n p l c t c  o c c a ~ i o g r a p l ~ ~ c .  
~uc t i . o~ -o lop~c ;~ l  and g c o l > l ~ y \ ~ c a l  ~ICIIII-c ( i t  the 4 0  
\\ 111 l lc ;I\ ~11:1l?le III c ~ t l i c ~  l1;1t-c ctip> or c i~g~ t i zcc i  
I' i i l-n~at ,\1tc1- ~ n ~ t ~ a l  cstahl~shmcnt  o l ; ~  data l i nk  to 
users. 11c;lr leal t ime inl 'olm:~tion I\ m:~elc ; ~ c a i l i ~ h l c  

1. I.ong Term Support 
1.ongc1- 11.1-111 c t f o l - ~ \  Il lay ~ n c l u d c  
;I. S o l t ~ a ~ c  ~ ~ p d a t c \  1'01- Ihc (;coliliyhical F lcc l  

R11shio11 I'~-ogl-;lm L ~ b ~ a l y  ( ( i k  M P L ) ,  ;I c o l l c c t ~ o ~ l  
<I!, s c l l \ ~ l l  ;lll(l \\ c ; l~ lo t l  ]pel 1'01-111:111cc 111-ccI1ctio11 
\oft \ \al-c. 111;1! be ~ ~ c c c . l c ~ , ~ t c d  to \LII~IX"-~ \ P K I ~ I ~  

\\ n~- f ;~ tc  I~L~LIII-CI~IUI~\ 111 lhc 4 0  

h ( icopl~ys ica l ,  ; ~ c o ~ ~ s ~ i c ,  and oceanographic 
data base updales !\ lay he accelcratctl to suppol-l 
o t i - s e e ~ i c  sensor  i ~ t i d  \ \ ~ I I ~ O I I  I~CII'OIIII~IICC 
~ p w d i c ~ ~ o n  \y\tems 

c Y e \ \  ocea l i  ~ ~ ~ o c l c l >  Inn)  be 1; lp id ly  
t ~ a n s ~ l t t ) ~ i c d  to  N A \  O ( ' F A N 0  11-0111 K & I )  



o l g a l i ~ / a t l o n a  and  u n l \ e l a l l l e s  a s  I - ~ ~ ~ L I ~ I - ~ I I ~ ~ I I I ~  

< I I~ I~ I~c  
d N!\VOC'EANO ships 111i1y dcploy lo  Ihc A 0  

l o  co l~duc l  l iqd~-og~-aph~c and occ;~~iog~.apl i~c s111-\ cy\  
I  lyt l l -ogl-npl i ic f l c l i l  c l i ; ~ ~  15 l l lay be p r o d ~ i c c t i  011- 

\cclii. I'ol- ~ ~ i i m c d i a t c  use I>! I~II~II~II-> ~ > l a ~ i i i c t \  

e  \ \ \ ' O C  t : \ Y O  pc1\01111cl m,l? dcplo) alxralil 
\ \\ O C  EANO NRL o ~  Ilcer 1'-3 ,111c1-aSt LO colltlucr 
altho111c o e e ; ~ ~ ~ o g l - a ~ I ~ ~ e  ;~ t id  ;ICOII\IIC dara c o l l c c ~ ~ i ) n  

I A ' t ly -away sul-vcy \ys lc ln '  niny bc lap ld ly  
dcl?loyctl ~n-thcnlcl- aboilltl ;I ~>I ;~t I 'or~ i i  o f  o p p o ~ r u i ~ i l y  
l o  col icfuel o c c a n o g l - ; ~ p l i ~ c .  I i y d l - o g ~ a p h i c ,  ;111tl 

gco l> l iys~cal  surbcys 

a lo r i c  a t e  a I l l a j o l  i . o r ~ l ~ - ~ h u l i ~ r  to t l ~ c  over-,111 
c I r ; l r a c t c r ~ ~ a t i o ~ i  ol' 1l1c I>;I~IIc~P;Icc el l \  I ~ U I I I I ~ C I ~ ~ ,  

IIICI-e is also at] a I > ~ ~ i ~ c l ; ~ ~ i c c  ol c r~ \~ t -on rne~ i r ; t l  (lala 
;I~I~I c\pc~- t rsc I -~~ICICI I~  1111111 \ I T 0  B! \ \ ( I I ~ I I ~ : ~  

:111i1 l c ~ l l l l l l l g  tc)~c l l lc l -  1 l l l - ~ l l l ~ l l  \.\-ro c\c1ci,c\ \ l lel l  
a \  I < , \ P I I l  l i l ' S P O \ Y I . .  \ \ e  \ \ I I I  : i c I i ~ c \ c  oil1 
co l l l luo l l  goal of I"-"\ 111111:1 :ICClrr;l1c. [llllcl!. ;1110 
c ( i l l abo l -a~ i \ c  ~ . ~ \ I I - ~ ~ I I I c I I I ; ~ I  c h a ~ a c t c l - ~ / , l ~ i i ) ~ i \  10 

N121 0 M arfighrct-5 
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Remote Sensing 





A review of the potential contributions - and limitations - 
of Earth Observing satellites. 

Satellite Observing Systems 
I 5  Church SII-eer Godall l l i l lg. SUI-re! (;L'7 I EL I K 

c,ilici//. r(Jil1 Cn' \ i i l o h \ \  \ . (  o.itk 

T/I/.\ /J<i/IC'l' /Ji~t'.St'iil.S (1 h?;t'/.i-Ol'/('lr O/.l/ii! / ~ O i ~ ' i 7 ~ i ~ i /  
v o l r ~ t ~  of' . \ ~ r r ~ ~ l l ~ r t ~ - ~ i c ~ r / ~ ~ t ~ i l  i ~ i / o r ~ r i o i i o i ~  10 i i c l l ~ c i l  
ol1crtrlioii.i.. T!ir~.\/ir/irtic.c i hn /  c-tin i io i i4  !I<, t1t.i-i~>ei/ 
o i l  (il,(jnicqe ui7(/ ~!~virt,iiie ~ ~ ( i l i i o ~ . / i ~ o i ~ ~  tlic c i i , i , l 7 i 1 , ~ ~  01' 
. s c i / c ~ l I i i c ~  t iutu 11~111 htz t/ci~ioii.\/i.i i/ i~tl ii.\iiig rlic, i-c.\iilo 
Of I~~I;.sc// - <I /?-!f('i'ir UPC/I/ In? (J/ .~/ (J /J(?/  ll '/ i l(/ l / i i ( /  
1 . l ~ l l l ~ t ~  .\ tLlli.~Ii(..\.. " I  l,l,l/l,(' (ill(/,\ to <i,Y.\ i , S l  /ii i l l< ,  
j i / t r i l /~in,y of'c~.~ci-c~i.~c:,. it,u.\. /~i~c~/~ir i-c~c</roi i i  Mi i i . . \u t jhr  
ill <> I < O ~ ~ i i l  N u  \;I:, 

1 .  Background 

' fhe lechno logy  For ~ l i c a s u r i n g  s e : ~  \u r fncc  
par;111icler5 fro111 polar-orbit~ny \alcllite ha\ i~ltcl-cd little 
since [lie launch o f  the 3 p1oneerllif \pacecraft in 1978 - 
Seasat \ v ~ t h  a \ L I I ~ ~  o f  microwave senhors. Ni l~ ibus-7 
can-ying [he Coastal Zone COIOLI~  SC~IIIIICI-. i l l id the 
N O A A  sate l l i re \  w i t h  the t2tlt.ancetl Vcl-y H i g h  
Rc\olut lon Rad~ometc~-  ( A V H K R )  for mca\urine sen 
5~1rf;lcc tenipe1-;ltLIre. TWO dcc;lde\ i ~ g o  11 hec;~liie c le i~r  
that tlic riurnber ~F\LII-tace fea tu r~ \  that c o ~ l l d  be objel-vet1 
to L I ~ C ~ L I ~  ~CCLII - ; IC~ St-on1 spilec w a j  l i n i ~ t e d  10 four - 
roughness. slol~e, lelnperature ant1 colour. The same can 
be \ a ~ d  loday. Neill icl- \alinily nos \urface prc\.;ure can 
be eslllnated to good accul-acy and the volume o f  the 
ocean is v i r tua l l y  i m p e r v i o ~ l \  l o  eleclrolnagneric 
radi~llion. 

The operario~ial l imi tar~on\  have illso rcmainetl [no]-c 
or le\\ ~~nc l i ;~ngcd  over Illc last tuu clecatlc\. Cloud coves 
I-e~nains a \rrlous ob\r;~cle lo  thc rc l~ahle operatloll o f  
optical or 1nfr:r-I-ed 5encol.s: the satell~te s111I viewy onlv 
r11e s~~r f :~ec.  (.or IILII-I-O\\$ s\vi~t l i  11istr~11>1e1it\ \LICII ,IT ;II~ 

; ~ l t ~ m c t c r  or  < ) ~ i t h c t ~ c  a1xrtu1-e radar ( S A R )  a \112glc 
\atellire (clespl~e i t \  speccl over the ground ol' 7kl l l / \ )  
\ t i l l  cannot  provide the freq~ienc) o f  sampling recltl~red 
for da!l-to-cl;~! ii iarine operation\. LVlicrc so~ i i c  rcal 
p1-oyress liar heen ~natle. liowe\fer. 15  111 tllc accil~-acy alicl 
r rso lut~on o r  \ensors. 

In  the \ L I I ~ I I I ~ ~ I . O ~  1078 tlicrc were 3 sarelllteh des~g~ied 
10 moniror- 1l1c heha\.io~~i. or the W:I \urf:~cc. Bc~\vccn 
them rhcy ob\cr\*cd w~n t l .  \\rave\, sl~ch.<. 1nte1-nal w;~vc.;. 
? I i ips.  P I ~ I I I ~ I ~ ~  c o ~ ~ c e ~ i t r ~ ~ t i o ~ i  ;11ic1 \c r l  CLI~(.; IC~ 
Icmperalure. One. howeler .  f a ~ l c t l  al'ter I 0 0  clay\ 
(Scasal) and i t  was to be 13 year\ hefol-e s \atel l~tc u 1111 

;I cornpar;~blc suite ofrnlcro\\,a\,e sensor\ uta\ la~lncl ied 
(ESA' E K S - I  ). Toclay one call co1111t at Icasr 10 
\pacecral't I rom 6 spacc ; ~ g e ~ ~ c i c s  o r b i r ~ ~ l g  the cat-rl~ with 
( l ie  PI-lnic purpose o f  observ ing  the ocean. A 
co~nprehcn\~vc l i \ t  o f  \\ li;~t I\ f lying at present anti w11;1l 
I\ planned I ~ I -  the ~U~LII-e i\ pre\enlccl in [ I ] .  
An evaluation of thell- potcnt~,~l co11rr1l?ut1on l o  KF.A 

tasks call now be made based o n  paht ~pcrlbrmance. 

2.  Rapid Environmrntal Assesr~ncnt 

I t  is cssent~al to d ~ s r ~ n g i i i s l i  b e ~ w e c n  t\\,o i l ~ s r ~ n c t  
o p u a t ~ o ~ i ; ~ l  ~ i i odes  f01- g c ~ i e r a t i ~ i g  useful sateI111c- 
clcrlvcd i n f o r m a t i o ~ ~ .  111 l l lc pasr. l l lc \.:I~IOLI\ cl;i i ln\ 
lnadc hy space agenclc\ a ~ l d  space-I-elated i n t l u \ t r ~ c \  
o f r l ie  benel'lts of Fat-111 C)b\e~-\,ai~o~l 10 ;I \ V I ~ C  \f;lrIcty 
01'marine a l i p l~ca t~ons  Iiave s o ~ ~ l c r ~ ~ n c s  confu\cd thc 
two. The f ~ r s t  is  111 b u i l d ~ n g  u p  an i i rc. l i i~,o o f  
obser~a t ions  o\ er the ~ n o ~ i t h s  and yeat-s of o p c ~ - a t ~ o ~ ~  
that enable good s t a t ~ \ r ~ c a l  inference\ to be drawn 
on spatial atid te~npol-a1 v a r l a b ~ l ~ r y .  'l'he second IS 

the appl icat~on o f  r c~o l - i~ i i r c~  1neasu1-cmcnts to niarlnc 
operat io~is .  Here i t  seelns o b v ~ o ~ ~ s  that sa tc l l~ te  
sampling  rust be l n a l c l ~ c d  to 111e r i l le o f  cllnngc o f  
the p l i e n o ~ i i c ~ ~ c ~  b c ~ n g  mon~to l -ed:  yet. that po111t is 
not always I 'LII I~ apprec~:ited. A t  I>rcsent tlic r c - v ~ \ ~ t  
~ x r i o d  for  ESA's EKS-2 IS 35 day5 iol- t l ~ c  US N i ~ v y ' s  



f o ~  tl ic US ~Ydvv.7 G e m a t  II  w ~ l l  be I 7  clays ( F ~ s l ~ r c  
1'). Uu i  Il iari> naval operal lol i? I-t-quire rn  IIF ~ ~ p d ~ t ~ d  +Cn 
o n  c l i v ~ r c , ~ i ~ n e . n l a i  c o n d ~ t ~ o ~ i s  o l i  a d a l l y  h a \ l \  a l  
least. 1.I:'no~ I l lo re  f r eque l~ t l y .  
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A g ~ o u l >  o l ' \ l >cc i ;~ l~ \ t  ~rcrnole censl l ig l; lbor,~to~-itls 
111 Eul.opc ( ~ ~ i c l u d ~ n g  S a c l ; ~ ~ ~ t c e ~ l )  I i , ~ r  asreed to L;lhe 
t l i c  f ~ r s r  ~ l c p ~  l o w a ~ - d s  a l l  . . \u lo~ i ia rcd . la r~ l l r  
~11Eor1ndrion L v s t e m  (AM I-$] I?y CC)-?~C~IIIR~III$ t l i e ~ r  

i - . . . . . 

m. . " * a  
: E P ~ T I S  011 IIIZ I ~ ~ ( I C C S S ~ I I ~  :?li(l a11~1lys1s or   radar, 

co lou r  and 111Fra-I-cd I l l lagcry  over  4 sc l rc ie t i  sires 
I n  the h ~ l c d i t ~ r r a ~ i c a ~ ~  Sea (sez F i g l i ~ c  2 )  wheri .  
<13cuaI cFI'ortg i v ~ l l  he: ~ i i a d r  to back up  l l ~ r  \a tc l l i te  

om :m d:il,i srrearns wrlrll r e l ~ ~ b l c  '111 s ~ r u '  data i ~ i c l u d ~ n s  
WD, I*S .q*um (a! ~ i ~ e = o r o l o $ ~ c a l  a ~ i i i l y s ~ . ~ .  The I)~~IE O F  i ~ ~ f ~ ) r ~ i i ~ ~ t ~ o ~ i  

[ l iar LVIII bc s i l t l ~ r ~ - c d  edc1.1 da? I!y ~ i i e  s a t e l l ~ t e i  
F z u r c  i :  T~-ack.tci~iirriiii;~~~ 1: ~ p c n i  /.ie~-~aci ~ p a s i ~ i g  ovcrl1e;rti i s  d c ~ i . ~ g r ~ g t r a ~ r d  IN F ~ f u r c  3 for 

r l ic St]-air o r ' ;~c~ ly .  
I V I I  r I r i - I  aypte~ i i  111 l l le 

F ,u l i ~o~ i  crfGPS. S t u r l ~ c ~  pFm;~l-r~~iieopcc~~io~i:~lsvstc.~lls 
s ~ i c l i  .u GA(\rpER prerpns~d b y  S I )S  (GlobCll  A l ~ l r i ~ e r e r  - c,L',- 7 - b  

i i ndr rway b1.11 iri ~ r , r l ~ ~ y  I[ i v ~ l l  be. s o i ~ l r y c r l n  bclol-e l l l c  I-.. . L a  
1 

c o~ i ccp r  or  cluster.\ uF C ~ I ~ I ~ ~ ~ I - I ~ I I I I I  ~ ; i r e l l ~ res  ci ! r~l t l  3 ,m-l -A, 
I *Luil,w 

I ~ e c o ~ l i e  opera11r~11;11. I.xanll.: 
u:m-. .,:t 1. .. . . .-, ., 
saw : ~ . , t t $ r v  
l-.>"w : 3 ,  > ,<7!l. 

3. 0 l ) t imis ing the I)I-csent satell i lc 
conf i fu~-a t ion  

i 3 s 3 v 11 11 .J ' 7  s a1 ZJ aa 17 2- I: z: N. 
wa-rhr  

~ 1 
I S ~ * I  i t rgj* Figure 3: Sf&b nj$iccily - 3S7day schedrlc 

Thcre rlrc p re?en~ l v  4 SAR'h. 3 ' i l l~r~ncl?r<. 1 ~ n f r , ~ -  
~ c i  soi111t1cr.s ;111ti 2 cc~Io41r Ir1i:gt.r.: I r i  orb11 a r o ~ ~ n c l  the 
r;:~-111. 'Thr IIII.$.$II.!IIS 07 r h t  S~IICIIIIES C ~ I ~ ~ ~ I I I S  l h e . ? ~  (S'Jotr T h c  dapallese C)Crs co lo l l r  s€,llsor ha? 
senzon w e r e p l ; ~ r ~ ~ ~ e d  rnr?re: zo o ~ i e - o f f  o p e n n o ~ i s  to lrieet take11 [IIE y I c ~ c e  o f  S t r i W ~ F S  ivhlc1.1 15 not ye1 
tilc ? p e c l ~ ~  olllectl~E~ O ~ ~ ~ l c :  Ill,jl~l~~ll,l/ 5PilC:~ r l~e‘ l lc les h l l ' l 1 ~ I l ~ ' d ) .  1 1  w i l l  h~ l l l l ~ r ~ l l l l f  1 0  IIQ~C. II! lllc?re 
l l i ; ln ;IS :I el:fcrr~. Tllt:rc. 1s i t l e r e r o ~ r  ;I \ y s l c ~ n a r ~ i  i vdy  t l i n ~ ~  I ~ a s  beell p o s a ~ b l e  111 ihe  pas1 
~ - c ~ ~ ~ i r ~ r n ~ n t ~ l l  Llsers l o  rrl;lxlllli$c l i l t  poienli;lI 13cnefllr rhc r c l a l i o ~ ~ r l ~ ~ p \  b e r \ r r c r ~  l l ~ e  colour,  tcrli l?erature 
of I i , i v ~ ~ i g  so 11i~l1ly O~SC~V;JI.I()IIS tlea~med I:ru~r~ l l i z s k l ~ s  a l l t i  r oushncss  sigllk1tl1rc5 o f  n po tc r l t l a l  3111-face 
by r t r k ~ ~ ~ g  sy~icr;,v berwerl i  rhe rIltTert111 dciti i sets. fwearure such as an eddy or gyre. 



( / i~/ i lc i-  c-olorii- i.c~pi.c..rc~i~l.\- H,, > .iiri). 7 1 1 ~  b o r r o i ~ i , / i ' y ~ ~ i ~ , ~  tlc~irioii,\trtrrr rhc. c.oir.\c,q~~c,~~r irp11~rl1~11,q o/'i~ritric,irr.\ iir 
S ~ / I ~ ( ' I I I / I ( , ~  o.v ii~c~crrii-cjtl hy //I(, ('ZC 'S. 

Synergy is not necessarily conl'incd to single feature\. 
Ocean 131-occ\scs observed 1'1-om satellites ha\'e also been 
shown to be related. In a st~ldy C:~I-I:ICC~ O L I ~  Ibr the United 
Nations Dcvcloplnent ProgrammeY SOS denionstr:~ted 
 ha^ the inel-easing wind \peed ancl n8a\.c height5 b r o ~ ~ f h l  
on by tlic nionwon and mea\~~rccl by the Geosat ~-ail;l~- 
altimeter caurcd an upwelling ol' nu[l-ient\ along the 
northern constl~ne o l ' ~ h e  Indian Ocean nnil Arabian Gull' 
which was observed by the Coa\tal %one C'olour Scanner 
of Nimbus-7. (See Fig~lre 3 ) .  

ii) A i~c/iii*e,.\ 
S ~ n c c  rhc I'ir\t ocean ob\el-villg \ a t e l l ~ t e \  \ \ere  

la~~ncliccl In 1978 useful archlvc\ ol'ilala hace been hu i l~  
LIP whicli :~llow statistical analysis to be made of \~lcIi 
quanlitic\ a\ expected value, stuntla-cl deviation, extrelnc 
values, \casonal range and inter-annual trends. The 
AVHRli rccord w x  \carted In 1078 and has continueel 
unintcrr~lptccl to the present day though. oScour\e. cloud 
o b \ e ~ ~ r e \  lhc \C:I SLII-facc for niuch ol' the time in some 
areas. The I-ecol-d of ocean colour iliiafcry continueel 
for almost X years after its la~lncli In 1978. Two otticl- 
colour \canners (Gcrrnan/lndian ilncl Japanese) wcl-c 

launched in 1996. The ERS twin\ have 131-olidcd a 
continuous altimetcl* rccord 5ince 199 1 plu\ a \eclucnce 
ol' inil-a-red (ATSR) and ~iclar  Imagery (SAIt). ERS-2 
conl inue tod:~y and will give \ \ a>  in 1909 lo Env~sat. 

The US/Frencli dual kccl~lency altimeter cal-~-lccl on 
TopexiPoscidon w a s  cle\igncd I'oI- the ;iccurate 
confi=uration ol' sea \ui+f~~ce topography l1.0111 ~\'liich 
:cash-ophic currelil\ ancl lides can he extracted. The 
rccord ha\ conlinuccl \lnce I992 and n rcplacelnent 
(JASON) ha5 been al>proved. 

In  the case oI' the altiliieter obscl-vation\ 01' \urf:lce 
wind \peed and \ig~i~Ticant wa\,e height the I-ecol-d has 
conlinued almost \villiou[ ~ntcrrupt ion \lncc 1085. 
Wana t  IS an arch~\rc ol'cal~hratcd I-seconcl oh\cr\.ntion\ 
1n;un~ained by SOS nI11ch I S  bein: added to at :I rate ol' 
ahout 1 million ohscrvation', per week. Stalistic\ on 
wave behavioul- arc elel-ilcd lor cells of 7" x 2" o \e r  the 
\urface of the globe. 1'01- any particular month 01- wason 
mean value5 can be cxtl-acted a\  shown in F i g ~ ~ r c  5. A 
plot oftlie likely value o l ' ~ h e  higliesl wavc in one year 
i \  shown for the Mccl~tcrranean in F ~ ~ L I I - e  6 \vliilc ill1 

anal>si\ of winter w ; ~ \ c  Ihelght\ In  the Sol-111 i\tlantic 
I'or 5 years before ancl al'tcr 1990 revealin: a \ig~i~fic;uit 
increa\e olel- the clcc:~clc. is sho\rn in Fig~lrc 7. 
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Il~I1.1\ I O L I I  I \  lllllCllli~ ,111cl l-c]lsc\i'llr\ ;111 1I11~l~lr1:1I1I lII.\L \tell 
III c\1,il>li\lii1ig <I 1110rc c t i i i ~ p r c I i e ~ i \ ~ \  c III;I~II~C or L,O;I\I;II 
l l l l~l l l l1 ' l t l~ ' I l  \!\ lCI11 i.,l l>,ll l l~ ot c I c I I \ C ~ I I I ~  \ I , I I I \ I I C \  O i l  

l l ic O C C L I ~ ~ C I ~ C C  0 1  I ' ro~ir\ .  S S  I c > ~ , l c \ .  ~II~~IO~II,III~IOII 
LIII~CCII~I-;IIIOI~. ~ i p \ \ ~ l l ~ ~ i f .  i \ ; ~ \ e \ .  \\111cl\. \ I ~ c h \ .  '~ l i ip  
II.;II'IIC and orhc~ I l , a ~ u ~ c \  ~clc~~rii ' iccl III ll ic SAI< [record 

: 1'0 ~III\ \atcl l~rc tla[;i coulcl he aclclecl o1lii.1- '111 \~ru'clata 
\~ lCl l  <I\ tl;ltll! lllcLl->. l l c l C ' \  <illcl l 1 l e L c ~ l l ~ l l o ~ ~  

1. C l e a ~ ~  Seny 

An exyromsn! 13 curtErnrly ~~nde twa \ r  s ~ ~ p p o ~ @ d  by 
ES4 JEKS-2 S4R1, N4SA (Fbdaeat] ancl t t ~ e E C  [pdrt 
Fund~ng) to study the envrr~nmenri i l  c q n d ~ o ~ j i ~  under 
w h ~ c h    at el t ~ t e s n s o s  Lan Aamr arid dtsrm,m~uk s i~ l fmz  
p g l l u r a i ~ ~ ~ u c h  011 ~prlls.. Siw 111 t h t  MorthSea, Ralr~c 
and the 0ui.Y of Lyons <Mcd~terranesn] 11ape Irmn 
zclecm$. S\galn, u f g c  ?be gfiiei*$\" r~~rf i rnrn t  AMTS, 
the  dm brh~ndClean  Seas IS to ~ \ \ c \ \  ~ I i c t T f e c r ~ v t m q ~  
of satellite reroors to  detect & i d  t ~ ~ k  man'ni.poIlutants 
undec ~ e l d t ~ v e l r  \+ell obfetved cQnd1L10ns. I t  IS not 
geticrall\ ~ e a l ~ g t d  thataImostTen n ~ n e s  as much o1lR11ds 
1t3 way Into t k  sm throush d d ~ b ~ ~ t e  d ~ s c h d w g  than 
from aci~&nra l  spl Is. F17m- detecbgn ~~sterr~s, baqed 
an a sa?el l i te Qbsc~*lng !he 011 8 l l ck  T o l l w e d  by  
m m g s t l y r i  ~f shlp.8 l d t n r l t y  U a n ~ p w l d e r ~  IS 
e c h n i c ~ l l y  (lf mot yet pol~nmTly) W I ~ ~ L E I  reach, 

5. G A N D E R  - a n  operational sea state 
; ~ l a r m  sys tem 

Losczs rir sc ,~ .IIF 31111 100 111~11. 111 1I1e 1,151 tlec,ide 
ccllrle .3.500 sli~l.'s ofovr r  ( 1 0  lonnes f i ~ ~ l i l d ~ r e d  wirli the 
loss o r  17.750 11ve.c. H b o ~ ~ r  ?()To LVCI-c C:IIISV.~~ Iby bad 
wearller. The SC)S S~:ltt. 4l;irni Syqlern ~jlacecl o n  
tile LVrh eiicli da) I\ drr ivet l  FI-om the last-del~vel-) EKS- 
2 d;11;1 \II-~;~III. 11 clerno~~crr;-ite\ how ;In op r ra l i o~~a l  sy\tem 
could F u n c t ~ o i ~  IF rlicrc \\(ere a s u f f ~ c ~ c n l  n u n ~ b r r  of  
s,itell~res i r l  orb11 arolintl ~ t i r  earth rransrnltting In reell- 
III.TIC, A1 Iwessnl rile SC)S LVcb site arrrncts Ilie Inlercrl 
of :-11i(?~it -,!:)!:)O V I ~ I I ~ : I ~ ~  a week at tlrnes i:,F h~~r r~c , ine  
ac~~v i t y .  ,411 exnrnl:~le o.Fa N o I - ~ I ~ . ~ ~ ~ , I ~ ~ I c  .ctorlil captul-ed 
III Ile,ir -real r1111r by ERS-2, I \  S~I.I\VII 111 F lg~ i re  8. 



6. Conclusions 

F ~ g ~ ~ r e s  O(a) ant1 9(b) demonstrate llic covcrcrge achieveti 
o \ c ~ -  tlic Nortlr All;1111lc In I day by El<$-2 ;111d llie I-di~y 
covcrage lhar would bc ;ichie\.cd if‘ EllS-I. E RS-2. Topc.\l 
f'o\t.~don and (ieorat Fc~lloi\*-On wcrc acl~vatcd. 

Fig1117 9(11). I-cby O Y P ~ I ~ C  Narrli Al lofr l i ( .  Q EKS-2 

-(;lobal ;1rcl11\es o f  s a t e l l ~ t c  data a r c  n o w  b e ~ n g  
rapidly expandrd  by add ing  data derived from 3 
:~ l t i~ i i c t e r s ,  4 SAR's 2 coloul. sellsol-s and 3 infra- 
I-cd devices. 

I n  some c:rscs. such as  wave 111.1ghts and surl'ace 
wlnds  the a r c h ~ c c  I S  11o~v e x t c l i s ~ \ c  enough to a l low 
s o o d  statistlcnl ehtilnxtes to b r  madc ol 'a \erage and  
extreme c o n d ~ t l o l ~ s .  

SLack lng  ally ~ I I - c c t  c o - o r d ~ n a r ~ o n  b e t w e e n  
~ n d ~ v l d u a l  s a ~ c l l ~ t e  ~ n i s s i o n s  t l ~ r r e  I S  a need n o w  to 
5tudy sync~-glsrlc r c l a t ~ o n s h ~ p s  belwecn the d ~ f k r e n t  
sensor  records. 

.For a d c q ~ ~ ; r ~ c  lnon~ to r ing  l'ro~n sa t c l l~ t c s  o f m o \ t  
r ap id ly -evo lv l~ ig  q t u a t l o n s  al sea. purposc-built .  
n i i ~ l r i - p l a t f o l - ~ ~ ~  systclnh must be i l e \ ~ p n e d  and put 
Into operatloll .  

.In this regal-d. dcdicaled 1111111-\nlcllltcs call be  
dcs lg~ ied  at a compara t~ve ly  ~ i iodc \ l  cos t .  

I f  the  present ri~tller t~g l l t  C O I I I I I ~ L I I I ~ ~ ~  01 L I K I - \  

o f  s a t c l l ~ t e  d n l ; ~  \\auld \v1dc11 115 I I I C I I ~ ~ C I . S ~ I I P  to 
~ n c l u d e  c o m ~ ~ l e ~ - c ~ a l .  p ~ ~ b l ~ c  scctol.  a n d  d c f e ~ ~ c e  
operat ions ,  and 11ot lilnlt ilsell' lo c l ~ v ~ r o n m c n l a l  
I-csearcli, a way ~n ig l i t  be f o u n d  lo achieve joinr 
funding between l ~ n t ~ o n a l  aulhol.i t~cs. international 
agencies  and ~ I . I \ ; I ~ c  l e n t u r c  to dcslgn and l aunc l~  
purpose-bull1 \!\terns. 
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Rapid En-ntal Aswrr%nr, Wr0 S A m W I  .TI,#. LenLenti Ire I Q - 14 k4a~h. 1m 

Tile 1 2 C \ R  I L ~ ~ ~ I T u T F ~ .  1 a1e.m colarata tn 
F ~ S O I L L ~ I Q I ~  M I I I I C  05CR datd~ are-plotted as e c t o ~ s  a t  
1 km spawng,The LV34R d a b  mfe firrthetaverag~d 
ovwr I -km mias for cornpaason vr~~cli t h e  QSCR chta 
and P L ~ L  resuits a* platted to &e rtght of xht irnagv 
as s e p s & ~ a  anaiy~s. 

Tn gigu~b 2 is shown a map af CUflehtS ~ F f s h o r a  
a n d  north o f  the LrS Army Coastal E o g i n t e i r ~ n g  
R=sa~chCtnrtrF~cld R~sea rh  Fac~Ll~y a t  Bc~ck, NC, 
dunmig tbz Duck -94 ~ ~ m t n t  uwi.?ofC txpwlrnetit. 
Th* C ~ & $ I Q R  tQ$pCinSOTd by I h t  SplCk 85 
WernoteSans~ng and Coastal D y n ~ a r t ~ ~ c s ' i k m s  OF rhe 
ONR 32 dcpamenc, Thssc maps m ~ e a ~ a i J a h ~ ~ s a c l i  
20 mln~l t~5f rqrn  Ohm in red t tn i r ,T t~~s  U r r i q e r ~ ~ t ~  
of. M i a m  system has b c m  also upararc&Fron? aboard 
shlp as s s i n ~ l e  site. aad  rnaaon Earnpensmian 
corSwtIons epgtar rq bc s marrageablt pmbfem. 

2.2. 3D FIT Currcn t  Scn\llly R . ~ t l a r  

A I I L ~  I I I U I L I I I  L&]lli.114> I l l  LULLLII~  ~erginzrpdar 1s 
cumnlJy  mdw develuprnwit by Profb Jobn Vciecky, 
PF liw. UtTivWi~j of 'Wcb~gm, and alemmi(;r pf  thE 

7 --- .M u a+ _ u u system $re u+cttr.$uingfinal testing though h t k m m e r  
W.BCI.MU mYY-W* of 199- a? ihi \ I  13 \KZ tsar  sius i n  Mont~ffgr Bayl,C4. 

A corn_t~x~~a.l  J~\clvpmcntof this plotoh-pe 1) planned 
bi,g~.rc I .  lkSctR oi l~rent  ~pmpgrierif.s~h~wn in color undm Rn O ~ ~ ~ p ~ m n r e d ~ p ~ ~ ~ t l a u n t h e - d ,  
ard OSCR vecto~s mpa~inzpossd are ~ L w  p b + r e d  l n r e m @ 3 n p a r k ~ ~  ~&)wma@riZ ~z p~mw&fw th8f8l l  
r q i m i o n  ~ n & ! y d & ~  .% :he rcgh c+f1997 a r z h t r n d l  oPthe Ch~sepcake8ayt0 wrnppsl~ 

QSCri an8 h s  new 3 D r a c .  pambl y alms w ~ h  a 
CODAR syst%m, all op t raangc~ f t r~mndy  in thasarnt 
ma, 4ddltioneI mfasursrnsnp there - 1 1 1  ylgo be made 
by the N GWSA R S~YIZEETII d~scussd next, 

'I'hg ~ a l n f t c ~ u e n o ~  KF radw w ~ l l  p 0 v i 4 ~  mom 
mf~rmabsm d ~ e n  can  he gotten f ~ o r n  a stagla 
fmqucncy. namely. verllcaJ cur:rir hea r  maps. As 
bdtcated above. the 6-= Rrasg \*a=$ a1 25 W z  
mrnyle rhc carwtn?s n*kr the cop 80 em* Q O P Z I I I ~  I 
F?e'repurrlcy at 70 Wz. rh th  8 B r ~ g g  wavelength of ;,> 
m smples prriperh~~atqty 25% b p w ,  to 100 
cm, $Q that tk vtmt~l 8 h w  b t  m ~ u &  down 
to 2.5 m dtpth usmg a 4 MiHz mm~inum opwating 
f r equency .  The aelrriuthal r e s g ' l u t ~ ~ n  dexrearag 
i r l v e r s e l ~  propo~ t i ona l  to tbt d e c l e a s ~ n g  r a d a ~  
frequcr~cy, ho*~eyer, using a fixed a p m f e  reeelved 
antautaa. f loaetheks~.  Lhd sdd l t~o l ia i  1 1 n 4 m a u o n  
p~ovided Q%YW& a Large va.tbael Wth wM1 p~bvfir: 
a pourzfii Iw1 Fors~u@rng volums curr~ntfle!ds, 111 

puhcular ,  a method hap bmn propowd t h a t  nould 
uthze such m e a u k m e n  rs to ~ d m a t e  tlic CD rrmt ?!el d ' ~ y e r d i e ~ t h  9~Yurne I n  il shallow watwaavlmnrn~nr 

u.L.,..".-,..Y* 
[c. y. SkR,  h 8  P~B-SS!. 

S F  mv' 

1.3. Naval Ul t~a- \V~de l )and  S A I t  I N U W S A R )  F'igurt 2. lniehrtvs covwaga arailable.from an OSCI? 
i n  the Ll~toraL con( if d ~ m o ~ t r a t e d  ~n t h u  Grabtr  Ilntler Oh R S H l K  A~nd ing  a syntlictic epcrr~irr 
arta@.~u cfnear.rbore cu-mnT.7 d u r i q  zhe Duck'P4 radar Ir being devtlopttl For light a l r ~ r  ift a n d  UAV 
cxprdmnl plarf~rin~ , I P P ~ ~ C P ~ I C ~ I I S  For ~ rnaz ing  the l i ~ r o r ~ i l  ocei i i  



A flexible system design is planned that will allow 
simultaneous operation using pulse-to-pulse switching 
across a number of \ystem paratnetel-s. These include 
f r equency  ( f o r  pulse  c o m p r e \ s l o n .  ; I \  d e \ c r ibed  
b e l o w ) .  r ada r  fl-equency band (0.2 to 16  G H 7 ) .  
polarization (fully po la r ime t r~c ) ,  ancl cross- andlor 
along-track SAR operation. Such ;I combination is 
obviously data storage intensive, and this parameter 
currently limits the choices from the above selection. 

The primal-y issues being addre\\ed are package 
size and motion compensatlon l im~tut lon\  on s p a t ~ a l  
resolution. The syj tem design methodology 1s based 
on stepped f~rcquency technology. which allows pul\e 
compress ton In processing. For example .  using a 
fundamental 10-MHz operating bandwidth (100 nsec 
or 15-m pulse length). the radar is stepped pulse-to- 
pulse across in 5 0  10-MHz step\ to cover a 500  MHz 
bandwidth. sampllng each 100 nsec both in phase ( I )  
and quadrature ( Q )  s~gna l s .  For a given range bin set. 
the IIQ palr \et  o f  50 are Fast F o u r ~ e r  Transformed to 
produce an ourpur of 50 range h ~ n  w ~ t h  30-cm range 
resolution ( 15rn/50 samples).  If motion compensatlon 
is not of sufficient quality to allow full resolution to 
be achieved Tot- a given data set,  then the multiple set 
of f r equenc~e \  can be used to produce independent 
images at a lower resolution that can be summed ro 
reduce speckle. The planned radal--I-ange to along track 
velocity (RIV)  [ratlo is of the order of 5 to I0  \o that 
short integriltion tlmes of the 01-der o f  a small fraction 
of a second can be used with l e u  h lu r r~ng  rhan is 
typical for ocean wave images for higher altitudes. 

A prototype flight aboard an NRL P3 was made 
dur ing September  of 1996 dur ing the first COPE 
e x p e r i m e n t .  \ i m u l t a n e o u s  wi th  the  N R L  R A R .  
currently undergoing upgrade nlodification. The dual 
polarized RAR capability under de \ e lopmen t  will 
have higher sen\itivity and larger \waths than 1s shown 
here. U s ~ n g  a dua l  polarized RAR an tenna  ancl 
vertically p o l i ~ r ~ ~ e d  SAR,  the Image shown in Figure\ 
3 and 4 were made. of a ship wake crossing a front 
u n d e r  s t u d y  in t h e  N R L  ARI .  To the  a u t h o r ' ?  
knowledge. this 15  the first known simultaneous SARI 
RAR image at the same frequency. Both were taken 
ar X-band. with 10-m RAR resolution. and 1 - ~ n  SAR 
resolution w ~ t h  range-extent limitation due to current 
data  r e c o r d ~ n g  limlts. The  SAR 1s imaging l u \ t  a 
fraction of the RAR coverage its shortest, but the same 
wake features can be seen in each image. 

The trace\ of surfactant are seen to he much more 
complicated at the I -m resolution. The frontal feature 
has  a reasonable amount of fine structure at this higher 
resolurion as  well. These are four-look images wtth 
5 0 %  overlap and 39 ms coherent tntegration each. 
which appears to he supported by the decorrelation 
t ime of the scene. 

An interesting effect in the SAR image is the 
apparent rotation o f t h e  small scale wake features due 

NUSAR COPE Experiment-911 8/96 
X-l,:lrlcl. v v  Pol 

Wake Ann;s &. Qn~ariinc I -111 RGSOIIII io11 

Fixilrr 3. SAR  irirogc, rtrkerr tit 1-11) rc~solurior~ or R/V 
o f 5  . s h o i ~ ~ ~  :slettril.\ ofs111/1 \i.tr~.r ( r r  rt~l~.ji.ol~r c l r  c.c.rrrer: 
rr~lcl .sir~:focro~~r .\lick.\ ill l o ~ v e r  p o r t i o ~ ~  

to a/imuthal translationlsmearin: effect\. In particular. 
at the lower RIV ratlo condition use here. the effect I S  

one  of tranqlation rather than smeal-ing. thus causing 
the rotation. 

RAR Dual Polarization Imager) 
In the RAR Images of Figure 3 ,  the difference\ 

between the HH (upper)  and VV ( lower)  images are 
striking. These are hypothesized to be due to different 
scattering mechnni\ms at these lower gra l ing angles, 
the HH being dominated by small scnlc breaking 
effects associated with the frontal \ tructu~-e. These 
have been seen p rev~ou \ ly  in shipboard marine radar 
polar~zat ton studie\ 121. A model that explains many 
of the observed differences in polar izat~on results at 
low grazing angle has been publijhed that introduce5 
smal l  s ca l e  breaking features  a s  a c a t t e r e r  that  
dominates the H H  echo at low grazing angles below 
2 0  deg. [31. 
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1 3. REA APPLICATIONS 

3.1 3D Current Profiles: 3D H F  radar can be used to 
di rect ly  determine the surface  cuIIcnt shear  by a 

-1 measure  of. 111c;ln cu r ren t s  t h rough  ;I le;r\t t h r ee  
d i f f e ren t  dep ths .  u \ ing  three  di f lercnt  ope ra t ing  
lrequencics and using the radar wavelength-current 
depth relationship discussed above More than three 
[radar frequencies allows a least squares lit o f a  model 
tunction for depth dcpcndence to be made lor improved 
acculucy 

Alternatively. cullent \hear could be inlerred using 
RAR image sequences in the following Inanner Co-  
regi{tered and geo-I-elerenced imagery collected using 
a {equence oi aircraft platform passes with tens of 
minutes spacing could be used to map surface tracer 
features. such as  \urfactant slicks. Irom one pass to 
another From \uch a measurement \cilucncc from 
\everal  pas \ e \ .  a surface  cur lent  \ c c t o r  could  be  
derived averaged ovcr pixels tens of meters on a side 
Using thc calihrntcd backscatter echo find existing 
scatterometry ~noclcls and those h e ~ n g  developed at 
NRL for low graLing angle applications appl-opriatc 
to stand-off operation\.  e\tirnates of wind stre\\  could 
be d e ~ i v e d  At lowel- graring angles. H H  po la~ i r a t ion  
111;1v D I ~ \  ide a hcttcl- mind stress mcasul-c. ba<ed on 

Figl l i -e  I Hoii;oI lrc~l  ( to / , ,  ( 1 1 1 ~ 1  ~ , r , r ; ( . ~ l  ( ~ o ~ ~ O , l l j  1na"ne racial- r e \ u l t \  121 F r o m  t h ~ \  ~ n i r  o f  
l ,o~o,-; :(,( f j O r l l  ,llv N K L  ~ . ~ ~ ~ ~ ~ d  RAR ,rl measurements,  and a data assimilation a n d  modeling 
,str-;k,,l,s ~ ~ l ~ ~ r , - r r i c e , ~  in  t ~ l r , l -  , c r l  ,? hvrofi;rl ,q approached prolx)\cil by Shen ( L ~ I S  conference) ,  three 
n,ir,,e, (,,,,, oc.;clrei[ I.r;llz fi- i r l , i ~ , c ~ r ; l J  rl,uke, L1\ ,L.e/l d i ~ n e n s i ~ n a l  cur len( \  could be  derived over the entire 
a ,  lo .s~~i~fiic~trirrt rtvetrks rlitrt , S I I / ~ / J I ( ~ \ . Y  the Rrcigfi fj-i,i, area I l o w l l  the  platforln. 
\ I , ~ I I , ( , , \ ,  \i/,y,qc~.\tiiig t / u i t ( ,  i / i / i ( ~ / c , ~ ~ t  \ c ~ ~ t t ~ ~ i - i i i , q  
luc,( 11~111i~ir1~ for tlii, t\i 0 < i ~ \ c , \  3.2 Internal Wave Pattern Maps for Acoustic 

Propagation Model Assimilation; W l i ~ l c  not shown 

When the ladat imazery I \  c o - ~ e g i \ t e ~ e d .  as  is 
done in F ~ ~ L I I - e  5 ,  the RAR and SAR image resolution 
d~f fe rences  become more apparent,  a \  d o  the rotation 
of the Kelvin wake arm periodic components and thcil 
rotation A pail of components at-e seen to be  neal ly 
vertical in the lest a rm.  and  a b o u ~  20 deg  I ~ o m  
hori7ontal in the right arm. with a just single element 
apparcnt in the latter ca \e  

. .. 
I i e~e .  i t  is well k n o \ \ n  that internal gl-avity wave\ can 
be mapped extremely well at low grarin; angle5 ( 4 0  
dcg)  by HH p o l a ~ i ~ a t i o n .  It is also known that such 
wave patterns can cause p roh le~ns  Tor littoral acoustic 
propagation. introducing rnultipath ancl attenuation. 
Kcal time mea\ules  o f  intcrnal wave pattern\ and their 
propagation cha rac~c r i \ t i c \  using imagc \equencing 
c o u l d  p r o c i d c  v a l u a b l e  i n p u t s  i n to  ; rcou\ t ic  
pt-opagation moilcl\ Real time ass~mila t ion into such 
models is  liniited only bv lack of the co~nmunicat ion 

F;,,~".~ 5 T / ~ ( J  RAR urzd SAR jllltr,~e.r of-(, ,-c.gisferet/ surface  roughness  that resul ts  f rom wave current  
l ire ,rorllc, ;l l lr , ,ye rrsol l i l ;or l ,  l I r i / ; ~ ~ r r ~ ; r l , s  t he  / l ; , s / l  in teract ions  T ~ d a l  f low over  var iable  hathymetry  
r - e s o ~ u f j o r i  SAK r l i r l ~ e  ;mrrg;,7g c~~ l l , c l~ j / i t j e , y   h hell fl0\~11 cau'cs enhanced s ~ l r f a c e  currents  over sh ;~ l lower  
1.1,itlz o lorl. K/V rtrtio of 5 waters demanded by consel.vation ol w a t c ~  mass flux 
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Abstract 

1. Introduction 
Satelll tc remore sellsing I \  a n  catablirhetl  part o f  
model-11 llcct opcr:ltlon\ V ~ s ~ h l c  I ~ g h t  Ilnage\ Srom 
_~eo\I;111011;1r) \nlellllc\ ale a nlalll\tay of the ueathel  
f o r e c a \ t ~ n :  pr-occ\\ .  both a \  c l~ rec t  Inpu[ to the  
t 'orcca\ t ing h c n c h .  a s  I - ca l - r ime  m t r ~ ~ ~ t o r i n g  
in fo rn~a t~on ,  and \ l a  \opliisticatccl forecasting models. 
as  \ ~ t a l  \ynoptic a \ \~mi l a t ion  clata 
F r o n ~  the oceanographic \ ~ c \ \ l x ~ i n t .  polar 01 -h~ t~ng  
\d t e l l~ t c \  \ L I C ~  ;I\ Ihow Sro111 I I I C  NOAA ( N a ~ ~ o n a l  
Oceanic and Atmo\l>heric A C ~ I I I I I I I \ ~ ~ ; I ~ ~ O I I ) ,  I IMSP 
(Defen\e  Meteorological S ; ~ t e l l ~ r e  P I -og ra~n)  and the 
R ~ \ \ I ; I I I  OKEAN :anel RESUKS \crie\ h a \ e  pro\ ~ d e d  
l h ~ g h  ~ c \ o l u t i o n  ( - l h m  ( 1 1  h c r ~ e l - )  \ e a  \ u r l a c e  
tcrnpcr:~tu~-c (SST)  cl;lta. Par t~c~l lnl - ly  in ASW, these 
data have allowed reasonably p ~ c c i \ e  rnoniro~lng o f  
the ocean Ikalul-r\ \vl~ich ~nf lucncc sonar pel-1.01-~nance. 
and the! no\\ rnahc a routine and \ ,~ lucd  contl- buti ion 
to foreca\ts.  
Al though e p o c h - n ~ a h ~ n g  satelli tes such a s  Sca \ a t  
(1978) .  Nilnbu\ 7 (1978)  and C;eo\at (1985)  gave 
tanta l~/rng ind~ca t ion \  of thc ac ld~r~ona l  p o \ \ ~ h i l i t ~ c s  
made po\\ihle h i t h  ~ a d a r  ~ma:cl-\. C O I O L I I  lll1;lgers. 
a l t i m e t c ~ \  and pa\\ive ~nicrowave imagcl-s. 11 I \  only 
in the Icw years \incc rhe l ~ i ~ ~ n c h  ol EKS-I and'l'opex/ 

Puseldon 111 1992 that rhe potentla1 i \  appl-oaching 
I - ea l i~a t ion  111 t hew l c ~  ) e a r \  \+c  h a \ e  \ C C I I  the 
I;lunch ol I O L I I  \ yn the r~c  ape1 turc   rat la^ (SAK)  1111agc1-s 
( E R S - I .  . IERS- I .  E R S - 2  and  Kadal-sa t )  - thl-ce 
~ p ~ e c i c ~ o n  ~-:lclar altlmetcl-\ ( E R S I .  Topex/Po\ciclon 
ancl ERS-2)  ancl t \ \ o  m ~ c r o \ \ a \ c  \cattcl-o~nsrel-\ .  a l \o  
011 the t h o  EKS \ a t e l l~ rc \  The cnlcl-grnce into the 
\ c i cn t i l~c  comlnunity o l  ~pa \ \ i \ r  ~ ~ i i c ~ o w a v e  inlager 
clat;l ha\  ; ~ l \ o  taken p l ~ ~ c c  during t h ~ \  pc r~od .  a \  h a \  
~ncreaced acce\ \  to data 1ro1ii \a tcII~[e\  I a u ~ ~ c h e d  h! 
c o u n t r ~ c \  01 the I - O I I I I C I  So \ i e t  ~ ; I ~ I O I I .  \uch ; I \  rhs 
OKEAN I-cal npcrtulc ~ a t l ; ~ r  ( K A K )  \ a t e l l~ re \  ancl the 
III'.SUKS vi\lblc/~nfra-red image]-\ 
At [h i \  polnr I [  \houlcl he notecl 1l1;lr  the millrar! 
i ~ l ? p l ~ c a t ~ o ~ ~  of\c11\01.\ doc\  not nccc\\;~~-iI! reilu~rc rhc 
\eIi\ur ~ e l - l o r ~ ~ i a f ~ c e  LI1;11 I \  e \ \ r n l ~ a l  lor \ c ~ e ~ ~ t ~ l i c  
\ t u d ~ c .  Thia is pa~-t~culal-Iy true 101. thermal ~ n l ~ a -  
~ccl :  the pool-cr p e r f o ~ l ~ ~ i ~ n c c  ol 0I .S  cornpal-ed with 
AVHRR I \  [not opel-at~on;~ll! \ ~ g n ~ l i c a n t  The hey 
~ c c l u ~ r e m c n ~ \  [-elate [ o  the a h i l ~ t q  to dctccr occiln 
leature\.  
The \ a r i c t ~ c \  of \ensol-  ow or ~ m m i n c l ~ t l y  avail;lhle 
and thaw potentially a \a l l ;~hle  in fur~ll-c are dealt u ~ t h  
ill other p;Ipcr\ in [hi\ PI-ocecding\ 1 1  .?I The leadel 
01. the PI-ewnt paper \hould looh to r l~c \ e  other papcI\ 
I'or d e r a ~ l \  ol the \ cn \o l \  n~entionecl hel-e. 
I I I  the pre\ent context i t  need only he noted. thelclorc. 
that remote \cn\ing i \  allc;rd! ciipahlc ot pro\itl lng a 
~ l ~ a j o r  Input 10 REA. \ iil c \ ~ \ t i n g  opc~ ;~ t iona l  pl-actlcc\. 
; ~ n d  that thcrc I \  c o n \ ~ d c ~ n h l c  scope 101- enhanc~ng  1111s 
input as  a ~-csult  of devclol>mcnts In \cn\ol- ;~\ailahilitq 
and data ~n tc~-p re t a t io l~  
.I'III\ paper \ral-t\ from Lno\\ledgc and h igh l~gh t \  
\olne of the i\sues related to data a l a~ lah i l i t y  and  data 
u\agc which 21-e l ~ k e l y  to play lrnl>olr;lnt roles In [he 
cffcctivc u\c  of \ a t e l l~ t c  data: 

constl-alnts on [he a i a ~ l a b ~ l l t y  o lda tn  for I I I I I I I ; I ~ Y  
purposes, 
data synergy and d;~ta  f l ~ s ~ o n .  
the oplllnuln use ol 'd;~tabascs, both ~n -wa te r  and 
remote hcnslng. 

[)ERA coo~d ina ted  renlotc \en\lng ;lcrli i t )  fol Kr\IJ/1) 
RESPONSE 06 ,  and pro\~clcd high i -c \olut~on d ; ~ t ; ~  to 
the  cxereisc  011 ope r ;k t io~~a l ly  re levant  t ime s c i ~ l c \ .  



I I IL~IL; I I I I I~  111~ I~IIICIIII,~~ KL\ role o f  C \ ' C I ~  111211 i I e i i \ ~ l y  
ICIIIOIC .icnslti; LI'II~I. 

S111c.r I<',A reilu1rC\ tlala ~ l i a l  are 1i111ely. II 111:1ke\ \ c ~ i \ c .  
f ~ r s l  ol'.ill. to CX;IIIIIII~ ~ O \ Y  r c l ~ :~ I> Ie  ;IIY 111~. bource.\ o r  
l i i c  L~.II,I rcqulrct l .  11 can  I ic ,c~.n 111,~ r c ~ ~ i o ~ c  sc11\11i; 
i1:11;1 111\,o1vei L ~ ~ I I I I > ~ I C ; I L I ~ I ~ S  Ili,11 ;ire 11 i>1  ~o111111o11 10 
o l l i c r  f o rm \  o f  ~I;I[,I c o l l c c l i o l ~  Tor RE?\. 

F o r  .IIIJ o p c r a l ~ o ~ ~ ; ~ l  \ a t e l l i r f  l l i c re  arc [ w o  c s s e n l ~ ~ ~ l  
c l c ~ ~ e i .  o f  I  I I I  L I ~  I I I I  h;i\,~liy IIIC sensors 
\ \v l lcI leLl  011: ;l l l i l  l l <1 \~111~  l l l c  iI<ll;l sLl~l ]>l lccl  l o  l l l c  
o1icr.111011;11 1IYc.r. 
Swilching On. [:or rhe sellsol-\ w l i ~ c l i  arc c u r r e ~ i t l y  01' 
crc;l[c,sl ~ I IC~ ; I I I~ I I , I ~  Y;IILIC. IIIL. ~ I I ~ - I - ~ S ~ ~ L I I I ( ~ I I  111rr;i-rccI 
.lntl \w \~ l i l c  Im,ifcr\ o f  tllc 3C)AA I A V H R I <  I ;inel DMSI' 
(Ol,S \ ~ l r c l l i l c  serlcs 11ic scn\or.; opcr;llc c o ~ i r ~ n ~ ~ o u \ l y .  
b u l  f o r  so l nc  ol'  he s c l i \ o r \  n o w  ; ~ l > p c a r i n g  ;I\ 
~IIc~II; I I I \~~\, \LICII ;I\ S A R ,  cur r~ ,n !  ~ccI111i11osy QIII 1101 
; i l low 1111s. ;rlitl (I;II;I ; I C ~ J L I I . S ~ I I ~ ~ I ~  IIILIS~ he ~ c l ~ c c l ~ ~ l e r l .  

I f  \VL. l ook  i n  I i iorc i l c ta i l  ;I[ I l icsc i ~ ~ f l u c ~ ~ i . c \  o n  tl;11:1 
avai l ; r l>~l i ty we u l lcover  ic inlc I l l tere\ ! l l ls  facts. T h e  
\ a l c l l ~ l c s  o f  I l l lc l 'c \ l  are IIO! o n l y  ov r r \ \ ~ I i c l r n i l i g I y  
c ~ v ~ l ~ ; ~ n  I n  ~ h ? ~ r  I ' l in i l~ny ;IIILI I i l l l -po\e.  rhcy p ~ - c s c ~ i l  .I 

vc r v  c o ~ i i p l e ~  ~ IL . IL I~C i>iA N;II~~II;II ;IIILI l ~ ~ l e r ~ i ~ ~ t ~ ~ ~ ~ i ~ ~ l  
o w t ~ c r i l i i p .  

h41111;lry LI>;IF~ C; I I~  r v ; ~ l l y  o111y lhc F L I ; I ~ ~ I I I I ~ C L ~  f o r  
\ a t e l l ~ l r b  lI1,11 are o w ~ ~ c d  alrcl o l>e~-u lcd  h y  IIII~I~;II-~ 

i ~ ~ ~ t l i o r ~ l ~ c s ,  111 ou r  ] i r rsc I i l  co111~\1 .  a p p l ~ c t l  \11-1clI). 
t l i i \  I~IIII~S 1Iic ~;II;I . ~ \ l : ~ ~ l a b l e  10 r l ia l  corn i l l2  I'ro111 tl ie 
U S  D k l S l '  i ~ ~ t c l l ~ ~ c ~  l \ , ~ s ~ h l c ,  ~ l i f r ~ ~ - r c c l  'IIILI p,lssi\,e 
IIIICI~\U;I\~C i~iia:crO. ;11ii1 li11111s 111e 1'a~(11lreil 11;11ioli\ 
IO ~ L I \ I  OIIC. 

T l ~ c  \ l !u; l l lon h c c o n ~ c \  pal- t~cular l !  c o ~ n p l c x  MI~CII w e  
e i j ~ i \ ~ d c r  l l ~ c  ilrilr~il 10 11I11cIi e ~ \ * ~ l i ; ~ t ~  ;III~I C~IIIIII~I-CIIII 
;1111~11icc\ 1i;ivc ~C\LII~CII 111 jo ln1  o w n e r s l i ~ p  or  operat lo l l  
o l  \ ; ~ ~ c l l ~ ~ c \ .  T h e  M~II I -N;I~IoI I ; I I  E ~ I - O ~ ~ , I I I  Sp;lcc 
I ~ ~ C I ~ C !  ( 1 -SA)  ~p rn l - r ah l y  r c l ~ ~ - c s c ~ i l \  1Iic m o \ l  
co lnp l ica l r t l  case. 

Table I i l ~ c I i i \ v )  ~I.o\,IL~~..\ n . su t r i~~ i ;~ry  o f  ~ i r c . s c t ~ ~  a r ~ d  
II~II~IIIICIII c,I I -~~~-o~I~QI-\* ; I I I~I I~ \ ; ~ l c l l ~ t e s .  11ic11 cl,~ta 
a t l~ - ibu lc>.  and l h c ~ r  o\r n r ~ - \ h i p .  

I1 i\ ~ -c l c \ r a~ i l  to pol111 o u l  l h a l  [ l ie IIIIICI! suplil! o l 'dala 
l o  R F A  r c i l l ~ i r c \  ~ l i r  \ \ ~ h o l e h e a ~ - ~ c i I  p a r t i c ~ p a l ~ o ~ ~  of a l l  
( ~ f  lliosi. 111vol\*etl 111 [he  many  rclev.llrt slagcs of t lat ;~ 
p rov i s~on .  f ro ln  \ a l c l l i t c  s c h c t l u l ~ ~ ~ g  l o  d i \ l i ; ~ ~ c h  ol' (he 
tl;lla. 
P a ~ - l ~ c ~ l i , ~ l ~ o ~ i  b y  I . ) I ~ R A  ~n r l ~ c  ! \ 'A7'0 li.4 PI11 
IiESPO.V,\I: Oh operal ion. \ \ r l i ~ c l ~  ~ ~ ~ \ . o l \ r e t l  ~.lo.;c ancl 
c f f e c l ~ \ ~ t .  c o - o p r l - a ~ ~ o ~ l  ~ v i l l ~  N;Iv;I~ l i c s c i l r c h  
1,aboralor). Wa\h ing[o l i  \ l io\\t.cl \vliat can he ;~c l i ~cvcd .  
Th1\ invo lve i l  tlie co-(11-tl inat~on ol'a number  i ~ r I ~ n k \  - 
c l a t ~ ~  h a ~ ~ i l l ~ n ~ ,  data  processi in: a l ~ t l  ~n l c l - p r c l . l t ~on  - a l l  
i ~ t  \ \ . l i~c l i  \\,err v ~ [ a l  I0 supl?l! ol' Ihe  tla[;i o n  an 
opel-al ion;~l l )  1-clc\.;1111 I l m e  tcalc.  



Satellite Attributes Ownership 

Meteorological  
(Geos t a t iona ry )  
Sate l l i tes  
Meteosal-6 
GOES-X 
GOES-') 
CiMS-5 

Europe & A f r ~ c a  
North Kr South Amel-ica 
P ~ c l l i c  Ocean 
AUSII-alla. S E  A\ia.  
W P n c i l ~ c  

India 
India11 Ocean 

ESA 
USA 
USA 

Japan 

India 
Rus\la 
Chlna 

INSAT 
EI~EKTROIGOMS 
( FENGYUN-2)  

Po la r -Orb i t i ng  Sate l l i tes  
NOAA-I?. -14 AVHRR (Vih~hlcI lR)  USA 

Imc1gc1- 
SPOT H ~ g h  Ke\olution V~sibltr France 

Itnagel- 
DMSP OLS i Vi\ible/lli 

Imager) 
USA 

SSMII (Passive 
Microwave) 

ERS- I .  - 2  ESA ATSR i IK I m a ~ e ~  ) 

SAR 
Altimcler 
Scatlel-ornetel 

JERS- I Japan 

METEOR-?. -3 
O K E A N - 0 1 7  RAR 

V i \ ~ b l c  Imapel- 
Pass i le  M i c r o u a ~ e  
Imager 
MSU-E (Visible 
Imagcr)  
MSU-SK (IR lmascr)  

IRS- IC India 

Radar\at 
Topex/l'o\cido~i 
ADEOS- l 

Canacl;~ 
USA/F1-ancc 
Japan OCTS ( C o l o ~ ~ r / l R  

Imagcl-) T a h l e  1: A t t r i h u t e s  a n d  
O w n e r s h i p  of C u r r e n t  a n d  
I m m i n e n t  Sate l l i tes lSensors  

NSCATT 
iScal1e1-olnrter) 
Sea  WIFS ( C o l o ~ ~ l  
I m a g u )  

USA 

(Geo \a l  Fol lou-011 1 Al t~ rnc lc~-  USA 



3. Data Synergj ant1 Data Iusion 

c I 1 ~ I I I C L I I ~  I P;III o (  the  111ohlern 
~ c \ ~ c l e \  III ~IIV 21  c;llcr \e11\1li\ il) 0 1  I:ICIJ~ i ~ i i i i g c ~  \ to  
; l l l l l ~ l \ ~ > l l c l  I C  \ ,I1 l ; l ~ l l l l !  lI1:lll l o  ~ l c c : l l l ~ l g l : l ~ l l l l c  
\ :11 -1 ;111111~> .  t 111 \  11iiyl11 I I ~ I \ ~  bec l i  ~ c \ o l \ c d  1 1  the 
\ o l c l l ~ l c  l int l  a l l o u c d  [he  \ I I ~ I L I ~ [ ~ I I C ~ I I \  O P C I : ~ ~ I O I ~  01 
:I \ c ; ~ l r ~ , ~ o ~ i i c l ~ ~ ~  \ r ~ l I i  I l l c  S A K  



< l l l ~ l \ \ c ~ l  13) l l l c  lil-cl;l! l c~>c; l l  I l l  ~ l - ~ l ~ > c \ / l ~ 1 l \ ~ ~ l t l o l l  
;IIIo\\ \ lhc  II,IC~III; o f c c l c l ~c \  \I lii;Iic~ I'I~IILIcI~,. 
l l o \ \ c \ c l ,  ' l l l ~ l  \ \ I l l1  \ l l lL l l l  i < l i ) C l l l  \ l ~ l l ' l l l l l c j  
f c a l u ~ c \ .  the 11~.1shl \ l s l i a l u l c  I \  not \ ~ ~ l l ~ c ~ e l ~ l l !  
c l c , ~ ~  111 Ihc  no i \ i .  l o  ;11lii\\ \ I ; I I I~~- , I~o I~L~ O~>CI;I[ ICII~ 

'I\ ,I I L , J ~ L I I ~  ~ ~ I L , L I O I  141 
I n I r a - r r t l  ancl  c o l o u r .  \ I ~ l ~ o ~ i g l i  L ~ I I I I ~ ~ I ~ I C I !  
c l i \a l i lc t l  hq cl11~1c1 co \  c~ II< Iln;lFc\ O I~ I \  ~ t l c  l l l c  
III;I~II\~:I! o l  II1e IIII-CC;I\~III; I h ~ ~ i c I i  l l o \ \ c \ c ~ .  
II~L~IIII:II \ I ~ I ~ , I ~ ~ I I C \  ~ C I C I I O I ; I I L ,  i i i  111~11 I,III~L~CIC 
\Ll l l l l l lc l \ .  rlll<l l l l c l c  I \  c \ l I IL~ l lec  Il(1111 ( / ( ' S  111,ll 
coI0111 I l l l a f e I \  C;II1 0 l l c1  \!IlCIg) 101 le<1I11l-e 
t l c l c ~ . l ~ i i n  i n  \ ~ ~ c l i  \IIU:L~IOII\ 
I ~ ~ l r : ~ - r c d  a11t1 p a \ % i \ c  n ~ i c r c u a \ e .  , A l ~ l i o ~ ~ ~ l i  tI11\ 
\!ncls! i\ r l \ . ~ ~ l . ~ l ~ l e  111 t l ~ c  I ) \ I S P  01 \+S( ; \ l / l  
~ O I I ~ I ~ I I I ~ I I I ~ I ~ .  III,IL.~C\\II?~III\ 111 l I i c \c  LI~II,I lot  t l ic 
c i \ ~ l ~ , l ~ i  co111111111111> (~IICI IIIC IOMCI \I>CCI~IC;IIIOII 

o l  0 1  S t c l n ~ ~ \ c  ro  ; \VHIZII)  I i ; ~ \ c  led  to 111~. 11cylcc1 
0 1  \! I I ~ I ~ !  it1 1l11\ c'~\t, SII~LY I[< IIIIJ~L,\ ~ ~ 1 1 1  OIII! 
I1c ~ll l l : l l l leLl \ \ I l l1 L~Ic'II \ h l ~ , \  1:11\r l l< \ 1 ~ l l , i l L l l ~ \  

C ' I I I  l c \L l l l  l l1 l l l l  lo\ \  \ \ l l l< l  \ [ l C c ~ l  p;llcllL~\ 011 l l l c  
OCCCIII \III-~;ICC l ' o o r e ~  \ I I I ~ ; I C ~  III~YIIIC 111 ~ l i c  
)p;ll<llc\ C L I l l  Ic;1ci 1,) 111c \Llll;lcc \ h i l l  1cl l l~>cl :1l~l lc 
l ~ c c l l l l l l l l g  l l lcLl l l !  l l l l lc ]>lc\L~l l l ;1 l l \  c 01 lIlC . l l l l \ecl  
Iil>L,l ' ;I\ ;I \\ l111lc: \\ 111cl \ ~>ccc l \  cIc1 I\L,<I l1~0111 
~ ; I \ \ I \  c m i c ~ o \ b ; ~ \  c clata CLIII ~nc l ica tc  1 1 1 ~  ~ i ~ c \ c n c c  
0 1  c o ~ ~ t I i l i o l i \  L I I I ~ ~ I  \+h ie l l  1l11\ III;I> lbc I ~ ; I ~ ~ ~ I I I I I ~  
1 1 III\ p o \ \ i l > ~ I ~ l !  \ I~oLI \~ \  he ~ c ; ~ l i / c d  \\11Ii i l l c  
~>l : l l l l lc t l  co -C \ l \ l c l l c c  o l  1I1c . \ \ IS [  - \ l l: l\\ l\L, 
m ~ c ~ o \ \ a \ c  I m a y i ~ l  on  f r ~ r u ~ c  NO/\,\ \ . ~ l ~ ~ l l ~ l c \  1 
I n l ' r ; ~ - r ed  and S I Z I ~ .  T l i i \  l ) o \ \ ~ h ~ l ~ t y  M ~ L I I ~  \(1I\e 
~ i i c i \ l  (11 I h r  .ASW I C L ~ ~ I I I ~ I ~ I L ~ I I I \  0 1  K t r 4  1 1  IIIC S A K  
\CII\OI \ \ e l c  ~ l c \ ~ ~ l o p ~ ~ l  111li1 ,I \1;11e 0 1  ~ c l ~ , i l i t l i ~ !  
~n l c a 1 ~ 1 1 c  t l ~ , r c c l ~ o n  l > o \ \ ~ b l c  OII-;OII~; 

c l c \ c l ~ i p ~ i i e ~ ~ l \  III S A R  \~II\III\ i e  g ~~I:III/~IIIOII 
and I~cc l ucncy  \ i ' ~ \ : ~ l i l i I )  ) .  I o s c l l i c ~  MIIII IIIII~IO\CCI 
CI;II;I III~CI-[>I~C~;I~I~III c o ~ ~ l c l  III:I~C 1 1 i 1 \  \ \ I I ~ I ~ !  ;I 

IC,I~II> I R  I \  l ~ h ~ , l >  \[11l 1 0  1 1 ~ ~  11ectlc<i I I { I \ \~\CI.  
l l l l l c \ \  I l l c  0cc:lIl \ l lL lc l l l rC c l l c l l ~ l C l c l l \ l l c \  \\c1e 
\'el) b e l l  ~ I I O M I I  111 t l ic :II~,I 111 \\IIIC]I I < F A  I\ 
I.C'cIlIII cc1 
S,\R a n d  t ca l tC ro l ne t r> .  \ \  \\:I\ 111iI1c.1~ctl ;111o\ c 
~ l i c  \ c l i \ ~ t i \ ~ r !  (11 C A R  IIII,IF~ I I ~ ~ C I ~ > I L , I ; I I ~ ~ I ~  l o  
c o ~ i l ~ ~ \ i o ~ i  1ro111 \ p ; ~ t ~ : ~ l  \\ i11t1 \ ~ C C C I  \,III:II~OII\ 

111ahc\ 11 i l n p o ~ l ; ~ n l  l o  li;i\~, ;I soticl h ~ ~ o \ ~ l c t l ~ e  0 1  
\\ I I I ~  \ : ~ r i ; ~ l > i l ~ ~ ! .  ; ~ l t l i c i ~ ~ y l ~  II~L, ~O;I I \L,  \~;III;II 
~ ~ \ ~ I u I I ~ ~ I I  (11 \ c ; l l l r l -O l1 l c l c l \  \ \ I l l  1111111 [Ill\ 
[)~l lc l l l l ; l l  \OLIlL.L~ 111 \>11e1g> 

C' lc;~~- ly.  i . ~ i r n h ~ ~ i a l i o ~ ~ \  of thi. ; ~ l > o \ c  c o ~ ~ l t l  : ~ \ c  cbcn 
11101-r ~1111~111~1i\c ] p o \ \ ~ l > ~ l ~ l i c \  

4. Optimum Ir\e of Databases 

' I l l '  RE, \  \ ~ l u , l l i on  i \  \1:111llca11ll! t l ~ l l c ~ c n l  I1 I \  111 

111c C \ \ ~ I I C L ,  0 1  R E  \ 1ll.11 rl ic 111o\l L I I ~ I C ; I ~  111111, 1 0 1  

l o ~ c c : ~ \ [ i ~ i y  \! 1 1 1  135 I I ~ I I I  ,II ~ l i c  \ I~I I I .  I\ 1 1 ~ 1 1  ,I IO IL ,L . , ~ \~~ I  
I \  C0111111~ 111 c01c1 I0 11 ~101~~1111 :111~  11111'1111111,11 1L~y1011 
II I \  111 1111\ \11L1:111011 111;11 IcI11oIc 'cl1\111~ il;ll:ll'.l\c\ 
Lo l l le  11110 l l l c l l  O \ \  I1 l';1lIlcLll~ll I \  I l l  tI1c Ltl\L, (11 

\ \ H K K  i II< I IIII,ISC\ \\ L~ 11o\\ II.I\ L, ; I C C C \ \  1 0  l i l ~ ~ ~ o \ l  
( \ \ ( I  cI~c;III'\ 0 1  d,li;i 111 \III~IC 1i'gl,111\ ,111d 111 ~ l i c  :liil>al 
io111c\1  1 l 1 c 1 ~  ;Ite \ l i l l  IIIIIIIC\\I\L, (III;IIIII~~C\ 0 1  LI~II'I 
e l l \  cl-I l l$ ;Ill \ cL l \~ l l l \  

\\ H K K  ~ I , I~ ;~~ IJ \~ \  ,I\<, 1l1c OI,~ ~ I I < I Y I \ >  101 \<I.. \ 
Cccontll!. 1 1  L.OIOLII clal,~ .IIC ~IIIIL.I~>,IIC~~ I I~~I , I I I~ I I I , I~~> 

IIICI~ C \ ~ I I  I l 1o11~h  \ \c  ~ 1 1 1  11ot hi.1 II:I\C \LII>\I,III~I;II 
t l ; ~ l : ~ h ; ~ \ c \  1111111 1111' IIC\\ COIOLII \L,II\OI-\ i l  111;1! l ie 
~>1l,\lL>lc I11 :'Ill1 e\pc1 I L Y l L C  \\ Ill1 IIlC lleel! ;I\ ;lll'll1lc 
( ' 7 C S  LI,II,II>~I\~ t o \  S \I< 1:RS L I , I I ~ ~ I ~ , ~ \ ~ \  ;ltc \ \ c ; l d~ I \  
l l l c l c L l \ l l l ~  Ill \1/c. :1llllllll;ll rl1c11 <l'll,l ~ l c l l \ l l !  I111 :Ill> 

I~;II l ~ c l l l a ~  1 c s 1 ( ~ 1  c l c l i ~ ' ~ ~ t l \  c ~ ~ ~ ~ c a l l >  I  II \ ( I >  1111 l h c  
1>1c\e11cc 0 1  ;I $ I O L I I ~ ~  \1,1lit111 l o  L I I \ L~ I  l l i c  I L , ~ I O I I  '111cl 

\~ ,c~ l l l c l l !  1111 ICI \\ l1;11 ~ , \ l L , l l l  l l lc  21 l l l l l l ~ l  ~l:lll~lll l l< i \  I1cc11 
I I ~ I I I  I 1 l ie  K , ~ c l a ~ \ ; ~ r  1 ~ 0 m l l l e ~ l C l ; l l ~  
~I,II;I~;I\C 1111g1it ;II\o h e  e \ l i ~ ~ ~ . ~ c c l  10 I I I , I~C ;I 

C~I IL I~~~LI~ IOI I .  :111110~1g11 ;11 I~IC\CI I I  II\ c1ce;iti c o \ c ~ . ~ g c  
I \  sctit1:111! ( I I \~~>~>OI I I I I I I~ I !  \ ~ i i a l l  



Kapld En\r~ronncntal A.rrrr.rn~e~lt. NArO SACLANTCEN. 1.cr1c1, Italy I 0  - I d  h~lc~rcll. I  YO7 

TI -ad i t iona l l ) ,  h y d r o g ~ a l ) h ~ c  da laha \c \  h a \ e  heen 
C I I I I \ ~ ~ U C I ~ ~  011 a c l ~ m ; ~ t o l o g ~ c a l  b a \ ~ \ .  l n d i \  ~c lu ;~ l  
lx-ol~li.\ bel l i f  a c c i ~ m ~ ~ l a t c c l  ~ c c o r t l ~ t i g  to \()mi. sr~dclccl 
or geogl-aph) based 111-~nc~ple. I n  the A S W  p a l l  0 1  
R E A    hat wc !need I\ III~OI-niation o l i  the l o c a t ~ o l i \  
and srructule\ o f  tac t~ca l lq  cxplol tablc ocean featu~-c\.  
and the\c clataha\e\ arc 1101 COIIII~LIICCI to p ~ o \ i d e  t h ~ \  
i n t o r n i c ~ t ~ o n  
T h e  ap lx -o ;~ch n l ~ e a c l y  ;~dop te t l  lo1 \11 l \ ing  [ h i \  
problem I\ to derive ocean \tILlcture. al  a Icvcl  of d e t a ~ l  
\ ~ ~ l t a h l e  to1 acoustlc [ , ~ - o l ~ ~ ~ a t i o n  c .~ lcu la t ion .  f~rorn 
p r e d i c t ~ v c  o c e i l ~ i  n l odc l ' ~ .  Such ~ i ioc le I \ .  ; ~ t  IC~I\I 
ideall!. uou lc l  be i l i i t ~ a l i / c d  u i r h  I i i \ to l~c ; i l  data and 
the11 ass im~larc  ne\ l  i n l o r ~ ~ i a t i o n .  i n c l u c l i ~ ~ g  that  fro^^^ 
r e ~ n o t e  \e11\11ig. i15 i t  beeo~ i i c \  ava~ lah l c  

RcrnoLc \ cn \ l l i f  infot-mat1011 can be \ e l )  we l l  s i ~ i t c i l  
1 0  ; ~ \ \ i ~ i i ~ l ; ~ ~ i o ~ i  i l l to  111oclc1\ IIII;IF~\ ;11e IIOI-I?~;III> 
la]-ge-ale;! \! nopt lc \ le\r \. ~potcnr~a l l !   pro\ i t l i n ~  a l u l l  
~ M O  d i ~ ~ i e ~ i \ ~ o ~ i \  of h ~ g l i  ~ c \ o I u t ~ o n  Input t o  the t l i ~ e e  
d ~ m e n s ~ o n ; l l    nod el. A l t ~ ~ i i e t e r \  p ~ - o \ , ~ d c  an i npu t  
u h i c h  ~ c p l - c \ e n r s  the i n t e g r a l  of \ c ~ t ~ c a l  occ;in 
\ t r u c t u l e  a l o n g  a l i n e  t l i r o u f h  a ~ l i o d e l ,  n ~ a i l ~  
IXO\ ]d i ng  c\\cnti; l l l ! ~ i ~ u l t ~ - d ~ r n e n \ ~ o ~ ~ ; ~ l  clata. .l-he 
\ucce\\  ol't l ic Input o f  \uch data dcpcncl\ (111 thc extslit 
Lo w h ~ c h  tl ic f ina l  ~ r e u l t ,  al le l-  ; ~ \ \ ~ r n i l a l ~ o n .  has bcc l l  
;~ble to ail;llll to the new i n l o rma t i on  

M o d e l \  \+h ich arc able to rc \pond ILIII! to \ynopt lc  
clata art. t I i c ~ - c f o ~ e  PI-clcl-led. nncl i t  appeal-\ that 
t c a t ~ ~ ~ - c - h ; ~ \ e c I  ~n lodeI \ .  ;1110~111g I~;I~LIIC\ \ u c h  ;I\ 

1.1-ontal bo~~ l i c l a r i cs  and ctlclic\ to be 111ovcd b o d ~ l y  l o  
111 w i t h  new \ i ~ r l ' ~ l ce  clal;~. ma) be the hc \ t  way ol- 
a c h ~ e \ ~ n g  [Ill\ ~ e \ u l t  FcaLul-e n ~ o c l c l \  a re  a l \ o  
p lc fer ted l o r  ;I\\II~II~~I~II~~ I-c~i iote \ C I I \ I I ~ ~  cl;~t;~ ~ C C ; I L I \ C  

nor a l l  o l  the lo t -m\  o l  \ ~ ~ c . l i  data o f fe l  p;~rametel \  l I i ;~ l  
ar-e easily a\ \ in l i lated. T h l ~ s .  w h ~ l s t  SS.l';lnd d y n a m ~ c  
h e ~ g h t  a!-c n o l - ~ n ~ ~ l l y  mot lc l  input par;lmctcr\ a h i c h  can 
he used d ~ l e c t l y  to fol-cc niodels. ~t i \  un l i ke l y  that 
;In! S I \ R  i11to1-rnat lon. 01-  e \ c n  ocean  c o l o u ~ -  
inl'orm;ll iol~. cou ld  he u \c t l  d ~ r e c ~ l !  a \  ;I model  input.  
T h e \ e  \ e l i \ o r \  are e x p c c l c d  l o  p ~ o \ ~ c l e  featurc 
detections, inc lud ing ~ ~ i l o ~ - m a t i o n  \LI~II a \  \ i ~ e  ant1 
l oca t~on .  and Icarurc-ba\ccl 111odcl\ a!-c ol lc v c h ~ c l c  
capahle o l  d c n l ~ n g  \\it11 t h ~ \  f o rm  o l  Inpl l t .  

A n o t h e ~ .  \ ~ n ~ p l e r  f o r n ~  o f  n i o d c l l ~ n g  o f  t he  
env l ronn lc l i l  I \  po \ \ i h l c ,  one \ rh ich  LI \C\  lhi\torical 
tlata. but  i n  ;I new \\.a)). Cl~niatology-h;~sccl  dcl tahac\.  
althou_rh they tend to be clominatecl hq ~ \ o l n t e d  C T I )  
or XBT l x -o l~ l c \ .  u\uall! cont;lln c l e a ~  I! t lcltned tl-acL\ 
o l  data - \ t ~ a ~ g h ~  I ~ n e \  01. ~ r c l a t ~ \ e l ~  ~ C I I \ C  \ i l ~ i l p l i ~ i g  
\ t a l l o n \  ~ I ' I i c \ c  ca l l  LI\LI;III~ b e  \ ce l l  b y  vi \u: l I  
i n \ pec t~o l l  o l  database ~I;II;I po \ i t i on  p lo t \  

I t  I\ a lea\onable ohleet ion that hucli (l;lla are \ t i l l  
I i i \ to r lca I  i t i  1i;ltille. hut \LICII da l ;~  [I-; IC~\ h a l e  tl ic 
cons~dcrah lc  \ l r t ue  that the! contall1 occ;ln \ t ruc tu lc  
~ n l o r m a t i o l i  - \ im~ l ; l l -  t o  t ha t  ~ - e c l i ~ ~ ~ c c l  b y  sonat- 
p ropaga t i on  c a l c u l n t i o ~ ~ \ .  and that the L r u c l u r c  
contained d ~ c l  actual ly o c c u ~ -  at \olnc po in t  I n  t i t i le 

Sincc ~ i i o \ l  o l  the IIOI~L;II ;~t id etli ly \ ) \ te rn \  l o ~ ~ n t l  111 

,~n! l - c g ~ l i n  ;II-C the I C \ L I I ~  o f  c o ~ i l l u e ~ i c e s  ol' \\;IICI 

rnaa\c\ \\ ~ r h  I-ea\onabl> c l~ \ t i nc t  p ~ - o l ~ c l t ~ c \ .  11 I \  Ithcl! 
thar the I i o ~ ~ / o n t a l  v, l r~at ion l'ouncl 111 t l ic data & i l l  he 

The htgge\t  change bct\\ec.n the I i i \ t o ~ i c a l  data and 
CIIII-CIII c o ~ i i I i l ~ o t i \  1111gIi1 ~rc;i\nn;~hl! he c \ p ~ e t c i I  to 
he I n  the po \ i t l on  o f  the Ica~u l -c .  T ~ I \  I \  p r e c ~ \ e l )  the 
1nfo11n;ilion ~ i l o r l  l ~ k c l  to corne 11.om a nu~nbc l -  o l  
remote \c l i \ lng  tecI i~i ic luc\ H a v ~ n g  clccluced a fe;tlr~lc 
p o s ~ t i o ~ i  ani l  \ h a p r  ~ e ~ i i o t ~ ' I y .  I ~ i r e e ; ~ \ t \  011 I-;III~C 

\ a r~ , l b~ l i t !  of \anal ~ p c ~ i o ~ t i i a n c c  cou l i l  he p i -od~~cec l  
qu ich l )  11o1i1 a rc l i ~ \ec l  cla~a. 

I t  i\ \~~g fc \ t ec l .  thel-clot-c that t h ~ \  ;~pl,roach offel- \  a 
l o u  t ec l i ~ i o l o f \ ,  n l t c ~ ~ i a t ~ v c  to \ o l , l i ~ \ t ~ca ted  ocean 
m o d e l l ~ t i p  I i  ;lrecl\ o l  potent~; l l  c o n l l ~ c r  \houlcl he 
i d e n t ~ l ~ c c l  lot- \\ l i ~ c l i  i lataha\c\ do  tior col i taln adeclu;ltc 
~ n f o l l i i a l ~ o n .  then tl ic t cc l i n~que  p l o \  ~c l c \  :I ration;llc 
f o r  data co l lec t ion  - Icnture-hasecl - mol-c c f fcc t ivc  
than gr~c l -ha\cd su r \ cy \ .  

I t  \ l iou l i l  be noted tli;~t th t \  \art o l  lo \ \  technolog> 
a1>1~11;1c11 I ~ ~ C I !  be the ;~pp~ -o i l ch  o l  cho ice 01- c \ c n  
nece\\ l t )  IOI- a p o t e n t ~ a l  ad \e~ - \ ;~~ - ) .  ~pa~ t i cu la r l y  one 
~ i t h o u l  ; ~ccc \ \  to h~g l i - power  c o m p i ~ t i n g  f ac i l i t ~e \  ;lnd 
rel iable ~ ~ i c l c o ~ - o l o g l c ; ~ I  l o l c i n g  dat ;~  The ln-\ \atel  
tlata IOLIIIC~ i l l  open-acce\\  clataba\c\ XI-e I lke l )  to he 
re tn lorcc t l  h! ;In at l \  el \;it-! ' \  loca l  k l io \ \  ledye. 11 
p o t c n t ~ ; ~ l  , ~ t l \ c ~ \ a l )  \ \ ~ t l i  even a 111l i i1ed t e c h n ~ c a l  
capab i l i l y  cou ld  h a i c  ;lcce\\ to ~ r c ~ l i o t c  \ensing t la l ;~  
of a C I L I ; I I I ~ I ~ ~  and c lu ;~ l i l y  equal to. ~>cl-hapa grc;ilcl 
than. that o l  n Inore ~ c c l i ~ i o l o p ) b a \ c t l  opponent 

5 .  Conclusions 
Th is  p;~pcr Ii;ls re\ iewecl \ c \ e ra l  a \pcc l \  o f  the u \ c  0 1  
I-crnotcl> \cn \ed da t ,~  i n  RE,\ i o ~  IV;l\al p u ~ - p o \ c \  
\ \ h ~ c h  m;l! he ;I\ c ~ ~ ~ c ~ a l  to rtic c f t c c t ~ \ c  c x p l o ~ r ; l l ~ o l ~  
ol ' l l ie data source a \  the 1no1-c \ c i e n t ~ l i c  and tec l i n~ca l  
;~spccts 0 1  cl;11;1 i t i L c ~ - p ~ e t : ~ t ~ o ~ ?  :11icI l ;~c t ica I  i ~ c l \ i c c  
d e r i v o t ~ o n  ( lcal l  u ~ t h  c l \cwhcrc  I n  [ I l l \  1'1-oceedinf\ 

Three t o p ~ c \  h:i\r bee11 atlclte\sed 

F i r s t l ) .  11 ha\  been dcmon \ t~ -n te t I  ~ h a l  the pl-c\el i t  
\ ~ ~ p p l y  \ I ~ U ; I ~ I O I ~  f o r  I-CIIIOICI~ \cnsecl cart11 ob \e rcn t i o l~  
d, ,I~,I , 1s . con1l1lcx. both  r cch~~ i ca l l q .  ~n the ~ a n g c  o f  occ;~n 
l i i on i t o l -~ng  ~ x ) \ \ ~ b ~ l ~ t ~ c \  a \ n ~ l a b l c  ant1 planned. Ih11t 
a l \o  opelat ional ly.  111 tlic prohlem o l  en\ul  l ng  a l i ~ l ~ c l !  
data \~11>1?1 !  I n  \ p ~ t e  o l  ~ x ) t c n t ~ a l I )  (II\I-LIP~I\C 111~1lt1- 
natio11;il loy;~l ty c o n l l ~ c l \  

Secondly. i t  h a  been ~ n c l ~ c n t e d  that operat ional u \e  
01 remote \c ! i \ lng  data I\ e\pcctcd to bcnellL. pe~ha l? \  
more th;111 Inore s c i e n t ~ l ~ c  a\pcct\  o l  \;ltcllite data u \c .  
f r o m  \ y ~ i c r g y  o f  d i l l e l - e n t  data  \ ou rces  Sue11 
p o \ \ i b ~ l i t ~ c \  w o u l d  hc  lo\ terecl  1 1  l u tu l -c  sa te l l i te  
missions c : ~ ~ ~ - i e d  mu l t i - \ cn \o r  pnylo;~t l \  dc \ igncd I11 

opr irni /c \uch p o \ a i h i l i t ~ c \  



T l i ~ t i l l ! .  L \ \ o  .1\1?ec1\ o l  i la ta l?a \c  u \ e  lh ;~ \c  heen  
h ~ g l i l ~ g l ~ t z d  One conccl11\ rlie u \c  o l  I i i s t o t~ca l  ~ c ~ n o r c  
\en \ l l ig  data ;I\ a l . a m i l ~ a ~ ~ / a t i o n  OI l e ~ i s l i ~ n p  a ~ d ,  to 
acccIc.l-;ltc tile :ld;ll)tlltlOll o r  f os~e ;1 \11 l1~  i ; l c l l l l i ~ \  10 
~111 ~ ~ l i I : i ~ i i i l i ; i ~  IIIC:I of O P C I ~ I ~ I ~ I ~ \  111 t l ic C:IIIIC\I \r;igc'\ 
o l  I < t A .  Th1\ IcqLll les the adopt1011 o t  a IpIogs:imnlc 
o f  p ~ c p a r a t i o l ~  . l imed ;il operar lo l i s  g loba l l !  T h c  
\ei.olid i lspecl c o l ~ \ l d e ~ e c l  i l l \  o l \  e \  ,I l-clatr\ r l ?  \11nplc 
I I l C < I I l \  o f  cllI1'111~1ng l l l ~  \; l ILl i '  01 C\ I \ t l l l f  I l l - \ \ i l te l  
d a t a h i ~ s c \ .  LI\III: I -~I~IOICI~ SCII\CII data  t o  l oca te  
tactic;i l ly ex l i lo i l ;~h le  I c a l ~ ~ s c s  \vliosc propel-tics cal l  
bc. cs t~n iare i l  u \ i n g  h l \ t o ~ ~ c a l  d a l ; ~  
F~n,ll l!. i t  rnLl\l he emp I i ; i \ ~ / ed  11i,11 a l though \ ; i rcI l~tc 
r e ~ n o t c  scn\ lng  I \  p o t c l i l ~ a l l )  cap;~l i le o f  in l ' lucncing 
Lhc \ucce\ \  ol' l i a \ a l  co l~ l ' l i c ls .  se \ c~ -a l  of l h c  ;i\ l)ecl\ 
c ~ n \ l i I l ' r e d  ; ~ h o \ e  cou ld  ;lcr I n  t ; i \ o ~ ~ l -  o t  a t l \ ~ , ~ \ a l - l c \  
\ \ h o  i l o  no t  I I ; I \~ ac.ccs\ t o  the 111gh l e c l ~ l ~ o l o g !  
a \ , ~ ~ l ; ~ h l c  to N A T O  nal ions 
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In ordcr to ~ i e t e r m ~ n c  rlre dmsi ty  g rad~cn t  f rol i~  th~:  
SS'I' ticld, thc dcpendcncc of s a l ~ n ~ t y  on r.cnip~!rntllrc 
has to he known. wh~rlr IS a.5sumed to hc I~ircar. 'l'hc 
cnrrcnt vcloc~ty I S  o l>ra~~red hy vcrtieally Int<.rgrntlng 
the thcrmal w ~ n d  I:rlllntlon i l i, ~vlr~r l r  rrqlllrlii a moclcl 
of the drpth-depen~ienc(~ of dens~t,y. \ ssnnr~ng a I~ncnr  
dccrcasc of thc dens~ty g r a i ~ e n t  u-it11 d e p t l ~  nlrgl va.n~sl>- 
Ing cllrrcnts a t  the st:a-floor (250 m i .  the cllrr?nt vcloc- 
ity 1s q ~ ~ a n t ~ t a t ~ v r l y  dcttwnined from the SS'I' gradic.nt. 
Fig. 2 shows s ~ ~ r f a c c  cllrrcnts as rrtricvcd from tlw SS'S 
ticld. M a x ~ m ~ ~ r n  cllrrc:nt speeds agrec well w ~ t h  thc me&- 
s ~ ~ r e d  ones (Fig. 1 ) .  Ilowcvcr, the rct,r~cvc~i gcostroplr~e 
cllrrcn1,s oc.cur In narrow jets. while tliosc m e n s ~ ~ r ~ ? d  Ih). 

H F radar C O V C ~  lllorc ~:xtrlrdcd arcas. It ihollld h(i 111('11- 
tioned that t,he rc t r~rval  mcthod docs not ace,ollnt for 
lromogcneo~~s cllrrcnts 11kc tides. 

Also rht- I!)XR csperlment. ~wrformcil a t  n (iiflcr~\nt. 
arca, revealed s ~ m ~ l a r  agreement Ihntwern ol,scrvc.d and 
rctricvcd sr~rfacc cllrrcnts [ I ] .  [n addit,~on, two sncce- 
slve . \Vlllt l t  Images with .I 11 separarlon allo\vccl thc 
estinrate of the Ironrogcncous cllrrent IIY ~ i r f a n s o f  ka,- 
ture track~ng. 

. > I he gcostroph~c model used ove r s~~np l~ t i e s  thc ocza- 
nographic condit~ons. l empora l  accclcrat~ons are ne- 
glected hnt are present ~ I I P  t o  tides or changcs in wind 
(not present during the experiments reported). Also 
advectivc accclerat,ions are not always neglig~hlc. lo 
add~ t ion  to the ~ l n c e r t a ~ n  validity of the gcostroph~c 
modcl, the modcl ~tsclf requires assumptions on pa- 
ranietcrs, w h ~ c h ,  in general, are not known. I1owcvc.r. 
despite all the problems ment~oned.  the exper~mcntal 
findings suggest that  w ~ t h  some a p r ~ o r ~  knowlcdgc of 
an oceanograph~c area: satellit,e SST images can supply 
quantitative infor~natlon on ocean currents. 

Plglrrc 2.  S~rrfacr  cnrrrnts ci'cr~vc1.1 fiom SS ' l  grad]- 
cnts of an ..1\'11111? Inla~q? (not .;bourn), coinciclcnt urlth 
I.'l$.. I .  

In tllc case of a-prlorl  ifor or mat ion nva~lahlc on the 
i l~n.s~t?-  i t r a t~ t i ca t~on .  crlnatlon ( l i allo\vs t.o compute 
th(\ cllrrcnt tieI(1 as function of ~ i cp th .  If In addit.ion. 
rh,. r n n g n ~ t ~ ~ ( l r  of i~~r tacc:  cnrrcnt IS known, tlrc pen- 
~\t,rntion ,irptlr of rrlrr,:nt,h can I,,! ~ : . i t~~rra tc( i  from the 
SS'T grndil,nts. 

3 Sound-speed profiles 
. \s lxovcd tor iliffi-rent ocrnnlc rcglons. sound-speed 
protilcs nray he reprcscntcd hy n snlall ~ r ~ ~ ~ n h c r  of so- 
rnllrd I,:Ol"s (I ' :n~p~rical Ort,Iiogonal I"nnct~ons),  which 
n.ccollnt for thr  major part of i o~~n<l - spced  variance. 
I n d ~ v ~ d ~ ~ a l  protilcs are dcternr~ne(i hy the liOF ampli- 
rn(ies. 

m~t l i ,  r.l,(:i = mean s o ~ ~ n d  speed protilc, pi(:) = nor- 
malizcd EOFs. n, = EO1,' a.rnlrl~t~~dcs. 

S ~ ~ r v e y s  of S:\('lA.A\r'l'('l,:N In the Iceland-Faeroe 
frontal ( I F F )  region hy nrcans ot t lrcrm~stor chams and 
('-1'1) casts revealed that  alrcady t,hc 1st E O F  accounts 
for !)I 'h of blre sound speed varlancc for profiles cx- 
tcnding to 100 In depth ['L] and for !)O 'X for profiles 
rxt,cnding to 600 In [:I]. From snrvcys in the Mediter- 
ranean, t,hc h~ghest  perccntagc va111cs for the 1st EOF 
lhavc heen found In the arca so11t11 of Sicily. 88 % for 75 
m protiles and 85 % for 300 m protiles [4]. ' l he  other 
arpas surveyed, south of Elha and S t r a ~ t  of Otranto, re- 
vealed less dominant 1st 1'01's. Fig. :$ shows the survey 
arca south of Sic~ly  and the positions of the CTD casts. 



Rcccrl L inmt igdt ians frerr~ ~ l ~ r  (: II I f  5 l r f ~ 1 1 1  &re& 
>hc\wd hztron& correlntloo hrrl\yceri lad- y l d  2 n d - ~ r c l e r  
LOP cu.~:llyl~I,u~i~ &IJ d p n c u ~ ~ ~ c  I~c~ghl, l ) y ~ ~ ? ~ n ~ i a  I I ~ ~ ~ I I L  
i s  n Ir,+.tl~?e of  lhc l e a  ~l~rft tce. ~ v l ~ ~ c l ~  rnll I!r recor<lcil 
b j  ~~F-IIILI i~ltin-ielry, Per tihe I PP arc&. pirnilnr rnrrrw- 
I ~ t i p r l  Ilavr: be i t  lour~cl. I~~\VRYP.?,  LIIC ~;L~I~JJI I I~ .?:  of  ,I?- 
r ~ m ~ i c  I1eii;~111 ia o ~ ~ l y  & l c l  CIII +JI,I JII?~) ~ ) C , I I L  LIIC 9?.111*1 
a5 fhrr atcurwry cif 1rreaerltl.v cl@emrlllg J r ~ r ~ ~ e t c s ~ ,  I;nr 
thla rraol l .  Lt~c corrc l?~t~er~ I,~I,\vw.YI KO P ~LI,II p l i t l ~ ~ l w  
&lid SYf It&$ beell ~~lvaLi&+l.cd. H1211 corr? la l io~~ 116~7 
beer1 f o u ~ ~ d  for !,he lat 11i0.1.' 1111 t,he I F F  e n *  da well 
a~ In the ~ M c d ~ t c r r w ~ c ~ r ~ ) ,  vl.~icll +~llebva LQ r t l i ~ k  l11e 
1st-prder &OF ~1-1pl1Lude l o  P;.Yl' hp 

\ v l l l h  -r = sl'. 
'Tllc rr~c~l loci r ~ f  ~ o l l s l r 4 l c t i n ~  z y r ~ t l ~ c ~ ~ c  ~o~~ni~l-.qpeccl 

pr06lcfFtern srrrol11Lt rneaalvcdSST3 rzqlllrccs I.l~n ~ I I Q ~ V -  

Itrlge OF &he: E.OF5 In (2) aucl 1l1e c o e f i c ~ r n ~  ill [;ij. 
Dot11 CUE prov~ded by CTD arlrve.vrl w d  ~Iepenrl or1 Cllc 
zuea i u ~ d  611s t~ r r~ ro fyear .  'l'he EQFs iLre < lek . r~~ l~ l l . t d  I y  
the Covariance rrl;&Lrlx o f  Ihc. s011nri $peed profiles u l i l  
the coeflicrerlb I>y regrassrnr~ hz~wern  EOP nr~ipl~l;udc,.r 
a r ~ d  SS?', repreacnled by l t ~ e  ~uppcrmsx+t level or t.11~ 
CT:U prolilc. 

F'lg. 4 dl>pIz~ya rnea5ured w d  r ~ c o ~ t r u c ~ e d  5olm~l- 
speed prof i lu  dong  the WCLIOII I I I ~ I C  , L L E ~  111 F I~ .  3. Uue 
t~ t l ~ r  re>l.litOlwly SII~IIOW wi1ti.r 111 1.)11s a r m  n prvfile 
lerlgtlr or 75 rn \ r . l l ~  5r lec~~d .  'Clle ~ ~ u n d  speed proi~les 
chirllg.; cc)~~sid<rnbly w16t1 d1s6ancr, c r ~  become clear by 
thr cornparlson w~eh Lhe lnealr prc)lilc. Recnr~a~ruot~an 
by rna.litrls of 1l1c 131, EOF' drcitdv y~elds a %oo& fit of 
 he overall l'eat,~~rm. T h r  ir~clllslon of the ?nd ~ c l  3rd 
EOT: recqnrlts lor rnore vitriabil~t,u. 

&, w meck4 & 4- are or$nnl d b q  
thin dattd linar a w  b h e  mcrra profile, tril l l i n e  ara &he 

,. I he ~ ~ l j l ~ c r  par1 aT F I ~ .  5 dlsplz~,v,r s s t e l l ~ k  r n m u e d  

YS'I' rdnr~g the sae!,io~i i ~ ~ r l ~ e ~ ~ e d  i1.1 %I$. :I. ' r l~e S n s  we 
Llic rhhnncl-4 h r i$ l~ t~ lcm tor11peralur~5 corrected by bhe 
~ I ~ l k r e ~ n r r  LO th~d411p  Inea.?urerlICIIl dur1115 L ~ C  sa;Lcll~Le 
ovnrpd3s. 'l'llc cm& rr.pi-cgell4 Ilcar~sl.lrfxc Lenlper&- 
l!ln:s 111r.clzlirei3 by Ihe (...?'u wnde. Hrcal lw these I-new 
a t ~ r i ; i ~ ~ r ~ ~ u  li;l~va I~<.EII L ~ ~ L I I  9kverJ 1 1 ~ 8  belore:  he subel- 
111,~: IrII&$e. 1110 r;cael iyre?rllellL can brr expecoul. Wow*. 
fiver, ll lerc ~l1011ld ho. grnerhl ~ ~ r 1 n e 1 1 L  ae Qu.r rr~ethod 
CL~JIIIIIPY ~ I I X L  tile SS.1. 13 ~ C ~ ~ P ; J E I I . L / L L ~ ~ ~  for LIIC s~lbsur- 
race ~;OIIIICI wt:ed. . . II lc  ~ a t e l l ~ ~ e  9ST3 h a w  beer1 used to ~ y n t h e s ~ w  chc 
. r ~ ~ ~ ~ J - q y c c d  prbhlr.3 III 1l1r: Imver par l  OF Fig, 5.  Corre- 
I&QII I,~CWPCII 6(3P i u ~ ~ p l ~ l ~ ~ s l c a  ~ n d  LjST ID agnif iccnl 
o ~ l l y  lor I t ~ e  l j b  EOP. w ~ t l ~  c n r r e l + l ~ ~ ~ ~  0192 %, wid o111y 
LI-~e I ~ L  6C)k' 118s 11te11 tiard, . . I hough mr~lpcrlson with n ~ c w i r c d  d.&areveids COII- 

~ l d c ~ z ~ b l e  arrloollr~ng, rolnc ~ ~ ~ I ~ O ~ L F I I L  I & t l ~ r a  bccolnt 
v~a~ble, L.&. the w ~ ~ n d ~ s p e e d  ~ I I C L  &L the beg~ l~n lng  oF 
~ l ~ c  I~~CLICBCI. For the p~~rpose. a r m u a ~ i r  lmodell~ng, wki- 
I ~ c ~ a l  \ ; ~ r i i l l ) ~ l l t y  ci l l r  11e ;~clclad by u$ing f ~ ~ r t h r r  ilrlorrna- 
1io.u f ror~ l  \ ;~ t t , l l~ te SST i m s p  l ~ k e  the + ~ ~ ~ ~ c o r r e l a l ~ o ~ l  
IUIIGL~CII [j]. 

I k ~ o 1 1 1 ~ b l e  ~~JIIILY, T I I I I I ~ ~ ~  Lo bhoac prrse~rtcd lor 
tile S ~ e ~ l y  &re& II*VL\~~ been ~ Q U I I ~  for synthe17.ed ov l~nd-  
,peed prctfilc+. of thp I F F  reglvr1 [a] -[3] .  Howeve<, no 
rel~i$le sound-speed 1 e ~ ~ u r e s  from S,T collld be d t -  
torm~ned south oF Elbn nrld the StraC of ( I t ra l~ t i )  ['I]. 
The  SST ~ r a d l e r ~ &  In 1l1r. Elba ares wrce Loo slr~it l l  ~LIICI 
In d d ~ t ~ o n , b ~ a s e c l  by a e ~ c m p l  warrnlllg. Tlre OLriw~Lo 
3urvey rcveided +L very c o r n p l ~ ~  l~ydrc)gr.litpl~y, Ian  war)- 
wlce I'vr lhc J s l  EQP a i d  only we;tk currclatlou w1f.11 
ssr. 
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[ ' I ]  1.1. 11. E?ssr:n. :'C;eosrroph~c. siirfacc. cllrrcntq as de- 
rivt;ci from s,ztellit.i: SS'I' imngr:s and mr:,zs~lrcd by 
a Innrl- hascd 1.1 F radar", 1111. ./. 1lei110tc .i'~n.9zi~q; 
vol. lh, py.l!:i!I-256, l:l!)5. 

Fig. 5. $yi~tlletrr ~oi~n~i- .s l~ced prdilcs ,110r1g tllr .zc<:- 
tion inilicated in l?g. ;1. Satellite L'S'l's .zrc clisplajed ill 
the clpper ~ ~ i u i c i .  the crosl;es rrapreserli tlcc (7'1'0 Inca- 
yrlrcnlents. Soirr~d-.sl)eed l~rofiles e1,ery 6 !in1 II;L~.P hccn 
(ier~vccl froin thc rncarl pr(1filr: and t11c 1 s t  ITC)F; l l ~ e  
a inp l~ t~ l i l c  of rvl~rch 1125 h r c ~ ~  derern~rr~cd lrr>rn 5 S  1' 1.in. 
a rc.qrcssion cilrve 

4 Conclusions 
Satell~tr: >ens(:cl rlntn ma11 Inrcy arcah uf the  occ;ur : - L I I ~  

are (lor most sensors) .zva~lal>lv I I I  rrc;~rlv rc;~l-fi~irc. 'l 'l~n 
~ i i ~ a d v n ~ i t r ~ p ~  l i  rllnt 1I1c il~torrnatinn I $  I ~ m ~ t c r l  ro pa- 
rnllicters s11cli ns. ocwn cololir, ten-s~~rf'nsc tclnpern~ 
Cure, ,ea-surface roiighnt!ss. ,aid >eit-zl~rfnc,: tol>ngra.~ 
phy, i.1:. prcdonr~ira~rrly ro t.he .;en. ;~~rf;rcc. Ib'or 5colia;r 
perforniaircc ~ ~ r c r l ~ c t ~ o ~ r ,  ~ n t o r m a t ~ o n  o n  the inner ~ I ~ I - , R I I  

is reqc~irr:~l, the 5pat1nl and tcmpornl v a r ~ n l > ~ l ~ t y o r < o ~ ~ ~ r d  
spt2r:d. 'l'lie cxnmples prca:irted hcrc rlr:monlrntr: tlint 
there exlsr, relations I>eI.~\~cen sea-511rfncc t~:mpr!ratllrc, 
which may h r  zenserl from 5pac.c. wld i ~ ~ b s l ~ r f a c c  lea; 
tnrcs lika cllrrents and io~ind-sl>cc<l profilcz. I-lo\vc\.cr, 
,z rlir;mt,itatlve ~ietcrmin.zt~on of tlr<:5:ie ft::tt~~re, rerl~lire> 
the knowledgr.l of a i i d ~ t i o n ~ l  1,n.ranretcrs. 'I'lrcia can hi? 
oh ta~ncd  from in-~lt,ll \llrveys, Ihis~c,r~ral ilatn ;uid other 
sat.rll~t,i: sensors. 
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Abstract 

1 .  Introduction 
111 I s \ ?  wc l l -knc1w11 c o a s t a l  elreal;, S P O T  : I I I ~  

I.,AN[)SA"T 5;lre.l l itru c;rn g l ve  q~11c.k. c l i ~ c r e e l  .111il 
~ ~ s e r u l  11iror111;111on In ;ill KP,A I T I I ~ I ~ ~ ~ I - ~ S C C I ~ ~ I I - I O .  H c r ~  
we clc.~~l u4rt1 III.I~IIIII: iil'13~1ttry11ierrv ,111cl Ijoth11i1, Evc i i  
~ ~ l ~ t l e ~  ~ o o i l  c u n i l ~ r ~ o ~ i u .  rl ic ! r l f o r ~ i ~ c l t ~ ~ ~ i  15 ge i ic ra l ly  
I I ~ I  ;Iccllr;lri. bur II I S  a! nopllc. F o r  Illst,lncs. PI-oi.c..\setl 
ilniige.; o f  ,I r c l ; ~ r ~ \ c l >  \L ~cle ;trca C;III help I n  C ~ O O S I I I ~  

lhe  17c.\t beach Ir i  I i int l  t roopf,  0111 r1~1s t .  i r  car1 help I ~ I  
o p l ~ n ~ a l l v  rol l rc \ h ~ p \  du r i ng  RFA cl:~ta c o l l c c r ~ o ~ ~  
plr;~.:~. MOIT(?VCI: L ~ I S  r t ' c l i ~ i ~ ( l l ~ e  WCII l ? c ~ ~ t l f i t s  f r i m  
u ~ i l v  a rv.wse'l r r u ~ l i  tl,it,~. ;lniI 111nkcs II 51 good rucjl Yc~r 
KEA. Here. we >Ire f o c u ~ s ~ l i g  o n  T;I:'C)T s , l l c l l ~ r ~ ~ ,  111 

p a ~ - r ~ c u I a ~  11ic condir iolr< f o r  o l !se~-v : i t~o~~.  colnrnol l  
proces\ l l lg ~ i i r ~ l i o t l s  arrcl ~ -e \u l I \  II~I;II~ICC~ dul- i l lg IIIE 
IIRO6 c\perlrnenl. 

2. Contlitions for using $ 1 ' 0 ' 1  

SPOT ~ a r e l l ~ r c . ~  c a r r y  a ~ > ~ ~ s h h r o r ~ ~ i i  I r n ~ l f c r .  111 

~ l l u l r ~ $ p ~ ~ r . ~ I  (XS! rirocle. rhc e i . l t~~v;~ le i i r  t c~  r l i rec 
II~C)LIZ.III~I I~I.IOIOCEII\ arc al ignrt l .  E . i~c l~  c r l l  v l cw r  n l o l ~ g  
a I ~nc .  p a ~ ~ ~ l l e l  l o  t he  SL~~\;IICIIIIC 1r;li.h. ' l 'hr  i l r i ; l g r r  
COI ICCIS r I . 1 ~  r i lc l ian t f l  L I ~  111 t l ~ ~ c e  f p r c l i a l  h a ~ ~ c l c :  

nll l ld Wavelenght (pm) Color 
?iF I 0.5 0 0.5 0 "tt l l  

kl te(l~1cqt. t l ic Il lqlrurnenl c;in I ~ ? o h  10 l l le IcFl :111t1 10 
the r ~ g h ~ ,  p c . r l > e ~ i t l ~ c ~ i l , ~ r l y  l o  rhe t l i r e c ~ ~ o ~ i  o f  r l ~ e  
s:~telJ~le. T i le  v l ew  13 .c;~~cl l iear ly v e r l ~ c ; ~ l  wlielr the 
off-n, lc l~~- ,rn$le I.: bcrwccn - IT0 d11d + l2*. dlld o ~ l l t j l l t l  
w l . ~ c l ~  11 1.: h e l w ~ c l ~  3 I E  ,111d +3 lo.  St'<)-I' o ~ b i r  
r c p e r i r ~ v ~ t )  I S  ?h  tla>s, LL'itl~ ~ w c i  s n l e l l ~ t e ~  11?u;111) 111 

or hi^. Ihe \ awe  :ire:] call be \ ~ r \ s y e d  cll l l le ol:lrll, 
i l r p e l ~ d ~ n g  ol i  I ; ~ l i r c ~ i l c ~  

t?c;lrly v c r t i ~ z ~ l  1 &YS 

Ob l~quc  1 

Table 3 .  A\eragc r i l ~ i e  p e r ~ o d  whi l t .  a u r ~ e y i n g  ;III .II-C,L\ 

;II lan i l~ lde 35". II.;III~ r h o  SF'CIT sa lc l l~ re \ .  

'I'lie ~ : ~ i v i ~ - o n t ~ ~ e l i l : ~ l  c n i ~ t l ! l ~ i ~ ~ i h  l o  eval i la le h i l l l l y ~ ~ l e t r y  
,IIICI 1)011o111 type :ire: c lu i l t  restr ict ive 

A11riosphs1-c no clulld.% 
l o w  r;lre Q F  water vapi!r 
II~I clovt ls o l ' d u r r l ~ ~ i i c ~ k e  

S u n l l ~ ~ r e \ j  110 \I.l~itlows ( o f  c lout l \ .  Inunl:lllIu....) 



\ I ln enouf l i  h i g h  abo\ e the ho1 i7on 

n o  o i l  \lick.\. 

I l c l ~ u i d ~ n g  o n  the photocell'\ \ c n \ l l l \  11). SPOT cal l  
\o1111d\ depth \  u l ~ r i l  20 m: 

Table 5: Penetration depths .  
3. ).\ quick review of several methods 
l < c ~ i ~ o t e l !  \ c ~ i \ c ~ l  l ? ; ~ t l i !  n ~ e l r !  f r e ) l i ~  I I I L I ~ ~ I \ ~ ~ ~ ~ I  ;II 
irn,ifsr! g e ~ i c ~ . ~ l l !  I \  h:i\c.cl o n  a \ ~ n l p l c  1-cllectancc 
~noc l c l  [ I I unc lc~ the a\\uli i l ,t lon\ g i \ e n  III lah lc  4 1 he 
~-: i i l i ;~~lce i n  M A \  c l r ng th  h;incl i ;I[ wiltel- tlcl,th / i \  g l v cn  
h! : 

L = L = - c  I< clip( -2 h /I (11 

\\ lherr L i\ the 1-cl11ote ratli;incc seen at tl lc \en\os i n  
rial-I-ow band I. I,,= is the avcrafe ~ a d i ; ~ ~ ~ c c  o h \ e r \ c i l  
o \ c r  deep  \\;II~I-. c ,  i n c l u i l c \  \ol,11- ~ ~ t a d i : ~ n c e .  
; i t~ l io \phe~- ic  ;IIIL~ \\ i i t r r  \ u ~ l a c c  c I t ~ c t \ .  K i \  [ l ie ho t tom 
rel~lcct ;~ncc c ~ ~ i c l  h ,  I \  the \ \ ; i tc~ ;I[~CIILI;I~IOII c o c l f i c ~ c n t  
The  e \ p o n e n t ~ a l  i l cp th  clc~,cnrl;ince \ ~ ~ g g c \ t \  the LIW 

0 1  lI1e t r a n \ I t i ~  111;ltion: 

3.1. T h e  s ing le  b a n d  m o d e l  
7'111s model  a\ \Ll l i l rs that 11ic . ~ ~ m o s p h e ~ - c  and \ c a  \t;llc 
;IIC u n i f o r m  111 a l l  p lace\ I n  the ima fc  ( con \ I an l  c,). 
ho l r om I-el-leelance i 5  u ~ ~ i . l ~ a n g c d  o \ c t  bo l lon? t! pe \  
( c o n \ t a n t  K , I  a n d  \ \ ; ~ r s t  c I i a r , r c t c r ~ \ l ~ c \  :lrc 
I ~o tno :e~ i cou \  ccon\t,lnt h , ~ .  Hence .  \ \ a t c r  d e p l h  
hccome\  3 \11i11)lc ILIIIC~~OI~ 0 1 .  the obwl-\eel la i l ianee\.  

L C , - t r  X (3)  

\ \ l i c ~ - e  a anel o ;Ire c o t i \ l ; i ~ i l  c o c l l ~ c ~ c n t \  FOI 
l l i \ lance. the batli!metr! o l  '1 region ;Ir r i le northc.r11 
cncl of the Red Sea ha\  bee11 charted ; ipp!) lng ( 3 )  to 
1 - A N D S A T  M S S  green and ~rccl band\  da t ;~  171. T h e  tr  
coel ' l is ient\  \\cl-e f i t ted to  \c;i t ru th  n ica \u lcment \  o l  
the hath!mct~! Nc\  r r t hc l c \ \ .  [ h i \  method I \  1-c\trictctl 
to  l i o ~ n o ~ e n c o i ~ \  ho t t om r! lpc\ 

3.2. T h e  t w o - b a n d  m o d e l  

\ \ l i e re  a,, ;IIICI al ;Ire IIIIICPCI~~CI~I 0 1  hotto111 t ~ ~ c  
\ ; i ~ i ~ l t i o ~ i \  tlc1-c. the a \ \ ~ ~ ~ i i p t i o n  I\ 1Ii;il chanft . \  111 

b o t t o n l  ICIICC~;IIIC~ OCCIII \O 111;il IIIC I-~~I IO RIK. 
rc1li;uns c o ~ i \ ~ ; t ~ ~ t  FOI I I ~ \ ~ ; I I I ~ ~ .  [ l ie l>;~[ l i>~i iet t -)  0 1  :L 

\ m a l l  area ol the G ~ c a t  Baliam;l\ 13a11h h a \  h c c l ~  
clial-teci ;lp111)1nf (4) l o  L;\NDSKI'l'hl h luc  and g t c c l ~  
I>:IIIcI\ ~I;IL;I 1-71 The  b l ~ i c  ~ L I I I ~  p ro \  ~ t l c \  \\ ~ l l i  i t ~ l p t - o \ c t I  
\\ ;Itel- ~ le l l c I l ; l t lo l l  :111cI c;i11 t-e;1c11 clc]>tl l\ LIP l o  -30 Ill 
Once LI~LIIII. ti,, arid cul \ \ c ~ - c  f i t ted  to  \ ca  t ~ u t h  i lu la  
Kc \ c l - l l i c l c \ \ .  l t le c o n t a l l l  ra t io  ;L'I\LIIIII)~IOII p l -o\eh 
\\I-onf i n  c;i\e ('('high d ~ l l c ~ c n t  ~ e f l e c t i n f  bo t to ln  t > ~ > c \  
l ~ h c  \e fc ta lc t l  ;itld no t i - \ c f c l a l ed  ho l l o l l l  c o \  el-.. 

3.3. T h e  11111ltihand m o d e l  

Th15  moc lc l  g c n e r ; l l ~ / c \  the t \ ro-h;~ncl  n i ode l  a l i t l  
c \ t end \  i t  l o  \e \era l  hallt lh. 

L I I ~ ~ ~ I -  the , i \ \ u t n p t ~ o n  t ha l  ,I r c l a t ~ c l ~ ~  I ~ n h s  a l l  r l ic  
h o t t o m  ~ c l l c c t a n c e \  I< 141 F o r  i l l \ t a n c c .  t he  
h a t l i y n ~ c l ~ - )  ot ;III i \ la t i t l  o l  t l ic Gal-I-ihcan Sea bee11 
chal.tecl .lppl! i t i f  ( 5 )  to  I . : \N I ISATThl  b lue  and green 
h:ltld\ LI'II:I 151 111 thro~-! ,  ( 5 1  t c q ~ i t r c \  LI\ 11l:ln) h; i~i( I \  
a \  bo t t om I! lpcs to be c \ac t .  111 pract lcc.  the m e ~ l i o t l  I\ 

i1~11te e l f ~ c ~ c l l t  161. 

3.4. T h e  s ta t i s t i ca l  a p p r o a c h  
I . ~ r \ t .  t h ~ \  : ~ l > p ~ t ) ; ~ l i  ;11111\ at t r d u c ~ l i f  c l l c c t \  ot IIIII\C 

and unmot lc l l cd  ph ) \ i c ;~ l  p h e ~ l o n ~ e n , ~  I n  the r e \ ~ ~ l t \ .  
Second. il ;I~II~\ at b e t ~ c ~  c l a \ \ ~ f y i n g  the hot to ln  type\.  
1:or an N - h a ~ l d  ay\tcni .  111c v ;~ l ue \  o l  X I  i n  a l l  p i xe l \  
:[I-e COII\IIICIC~I a \  re;~l i / ;~t ic i l i \  i)S 11ic 1-:111c1o1ii \at-i;lblc 
(X 1 d c l ~ n c t l  111 the S-\l,;~cc .Annl! \~ng \ciittel- p l o t \  
01 ,\ -\;IILIC\. OIW c:111 I~ICII~II '~ t l t ~ ,  L ~ I ~ C L I I , ~  h ,  l l tv  
liri<:tr t ; in;nlrln r l i  Z due h ,~ lh>  mctr! 171 T h r ~ n .  111~. 
i l cp th  i n l a ~ i a n t  t l i r l r i b u ~ ~ o ~ i  o f  X pel-pcndicular ly ro 
that d l l - e c ~ i o l ~  can he ~ L I I  I n to  con \ c .n t~ona l  m n \ i m i ~ m  
l i h r l i l i ooc l  c l , ~ \ \ ~ f i c a t ~ o n  a l f o r i t h m \ .  H o \ \ e \ r l - .  rl ic 
111uce\\111: 111 the bath) melt,) need\ c \ l r a - ~ n f o r r n i ~ I ~ o ~ ~  
o n  the d i l l k r cn r  b o t t o n ~  l q l ~ c \  iden l i l i c t l .  I.ol- i n \ r ; ~~ i cc .  
the hath>nlcl t -y of a n   loll ol- the Cook I \ lands ha\  
hcen clial-tctl appl! i n g  [ I l l \  ~ n c t h o d  to SI'OT gt-een ant1 
~ c t l  band\ el,~~a. \\ i t h  the he lp  o f 1 1 1  \I[II l i ic,l\ul.rl l lenl\ 
[ X I  T ~ I \  ~ n c ~ h o d  s i \ c \  bcl lc l .  re\c l l l \  11i;in p r e \ i o ~ ~ \  
one \  c \ e l i  l ho t i gh  11 e \ ccs \ i ve l )  i l i \ c ~ i ~ ~ ~ ~ n a t c \  t l ic  
ho l lo ln  1) lpc\. Other such i lnafe segn~en l ;~ t ion  methotls 
\ug fe \ t  ~ i i o r c  ;id\ rtnccd \c l ieme\  [O l  

3.5. T h e  p h j s i c a l  a p p r o a c h  
He re ,  the ;IIIII i \  10 Lahc ~ t i tc )  ~CC~LII I I  thc var1011s 
phq \ i ca l  pl icnolnena thal  tlo not  l i t  ( l  I .  1:ol- in\ tancc. 
a n lode l  1101 o \ e r  the hluc-free11 ranfe o l  the \ ~ r ~ h l i .  
\ p e c t n ~ ~ i i  ha \  hccn de\ c iol?ed fo r  Ca \ c  I  \\ atel-\ ( ~ i o  



\LI\~>~II~ICCI \ed imcnt \ ) .  It \ ~ ~ i i ~ i l a t e . s  rhc ef fect \  o f  \vatel- 
\ o l u ~ i i c  scatter i l i f  ;i~icl ab\orpt lon. f luorc\cence ;uicl 
12;1n1.1n \ca~tcl-in:. l i \ ~ n ?  niore ~-elc\r ,~nt forlnul;le. :ill 
t he  IICW L I I ~ ~ I I ~ \ \ I I  para lne ters  ~ n t r o t l u c c d  i n  (he  
pro1~1e1i1 ca l l  b e  o h t a i n e d  i r on1  ~ r e i l i o t e l y  \ensccl  
c h l o r o p h > l l  coi icc11t1-at ion. N c v c ~ t l i c l c \ \ .  p u r e l y  
~ p l i > \ ~ c a l  modc ls  \\! i l l  not be ea\il! u \c t l  III ;In R k A  
\i.cn,irlo due t o  t l ic  l i 1 ~ 1 1  d l \ ,e r \ l ry  .lntl t l i l ' ferent 
: ~ ~ i ~ l > l i t u i l e \  o f  [he ~ i , ~ ru ra l  p h c n o n ~ e ~ i : ~  c l ~co~~n te i - sc l .  

3.6. F u t u r e  p rospec t s  

.? fi, 1. / ~ i ' l l ~ ' r  , \ )~ i '~ . / r l l /  / ~ ~ ~ . \ ~ l / l l / / O l l  
Ob\er \ , inZ w i t h  I i ~ g l i  \pcctral  r e \ o I u t ~ o ~ i  I \  one \va! to  
I2ct1c1- \eparate the scvc~-a l  componc l i t \  ( ; i l l i lo\pher lc.  
M;IICI- \,OIUITIC i l l i t l  I >o t I o~ i i  ref lectance\ i l l id  II-~II\~CI-\) 
ol ' t l lc  ob \e~ -ved  ~ - a ~ l l ; ~ n t  l'lur. Hencc. I . A N D S A T  ( l ~ i y l i  
\~>cc t~- ; l l  re \o iu r~on.  h luc  h;lnd) :lntl SPC)-r (111gl1 \p;111;1l 
~ - c \ o l u ~ ~ o n )  con1h lnc t l .  r n ~ f h r  2 1 v c  e n h a n c c t l  
11i1lor1n~lt1on. M'c I i iay u \c  a l \ o  the />;II~~II~oI~~;LIIc ~nlot le 
o f  SPOT. 

-3. 6 2. ~ f i ~ / ~ ~ O l ~ < ~ ~ /  /J/f,\'~\ll',Y 
A \  \ ccn  i n  the ~ ~ C \ ~ I O L I S  chapter. the r,lcll:it~\.e 1ranTci- 
m o t l c l  ( 1 )  m u \ l  l ie  1 1 1 i p r o \ e d  \ v I i l l c  r c \ t l - l c t l n f  
~ l i i Lno \ \ , n  par;lmelel-s. 

3. 6.l / / ~ ~ / > r i > i , c ~ i /  . \ lo l~ .s l~r , \  
The  rad~n t i be  11-an\l'cr mode l  m u \ l  Ihc inc luded i n  a 
\ I : i t~\ t ic;~l  e v : ~ l ~ l ; ~ t i ~ l i  \c l icmc. Solnc a \ \ u l l l p t l on \  \till 
he 11laclc such ;I.;: a f in i te  nurnbcr o f  typ ica l  hotto111 
cover\ .  ;i \pati;ill! \111otlied bath> l i i~ , t l y .  The  i re \~ i l t \  
111,iy l ie ICY\ \ f ~ i \ i t ~ \ ~ c  LO lnol\e anti ~ ~ n m o t l c l l c d  ~ p h y s ~ c a l  
~>I1c110111c11~1. 

.<,fi,4, '~ l , \ , \ i i l l l /~ i l i /1/ i  
'1'0 \a t i \ rq  R E A  :IIIII\, the softwal-c m u \ l  I-un \v i l l i  n l i t l  
w i t l i o ~ i t  Inerg l i l y  ~ r c ~ n o l e  \ cn \ i n f  i l l l aye \  M ~ t h  III \ i t11  

nie;i\Llrernent\. 

4. SPOT for RK96  
Sl'O'f ha \  c\aluatecl  ~ l i c  hath)metvq ;111tl bo t to ln  type 
(IT ;In area f o r  the pi~rl,o\c of the ; ~ ~ i i p l i l h i ~ ~ ~ \  war fL l rc  
1>;1rt ol' RR96.  It Iooh about one n ion t l i  l o  \ upp l y  the 
~ - e i l ~ l l \ .  B u t  a l l  Ihe \e  I;I\L\ can bc  do l lc  i l l  t w o  week\.  
The SPOT scent ~ C ~ C ~ C I I C C  15 K I J  000/?77 23 A U ~ L I \ [  
Oh I.c\rel I'\ h'lotle X S  SPOT 3. 

Ta \h \  Datc Centre 

A \ k  I'c~r s p e c i f ~ c  \ a t c l l ~ t c  7 Augu \ t  S H O M  Brc \ t  
Ili\11-utlrent conf i$ur ;~ t lon  
I ~ i i a f i c  a c q u i s i t ~ o n  73 A u g t ~ \ t  SPOT Ima fe  

' fou lou \e  
I m a f c  IXOC~\\ I I IF 12 Sept. S H O M  Brest 
Prc \c l i ta t ion  o f  re \ r l l t \  I h Sept. S A C L A N T C E N  

L a  Spezia 

T h e  ;Il-ea I\ l oca t c t l  i n  Go lTo  ill Tcu luda.  S o ~ l t h  
Sart1111ia. Her? .  \ \ c  al-e f o c u s \ ~ ~ r ~  (111 all area di\pI;lyln: 
t w o  bcache\ :  

1'01-to Scudo ( n ~ i r t l i  hcacli) i X 9 S 1 . 5 ' I \ '  - 7 8 ' 5 5 . N  
:1110 XZ'iS.S'E - 8'4 l  ' I  

4.1. I m a g e  p rep rocess ing  
I3cl'ol.e proce\ul l i? the b ~ t h !  ~ n c t r y  ;ind bot tom type.;. 
,I I e \ c l  I;\ SPO'I' \ c e n e  ~ icc i l . ;  1111-ee \ t t . p \  o f  
p ~ - c p ~ - , , i c f i \ ~ ~ i g .  t Icc~.~b i ld  111 the ~'oIIoM.III:. 

4, I .  I ,  S~~~/I/IIII:~ /ioi.~c, I-C/IIOI,~// 
'1'111s n o i w  conrc.; f l - o ~ n  the rc la r lvc  f a i n  di f fc l -ence\ 
; Imong the ph~ i t oce l l \ .  T h e  r c ~ l i o v a l  must  be  t lonc 
lpvuprl-I?. The  \ I lph t  change.; 111 ~ . a t l ~ o m e t r ~ c  un l r \  we 
:Ire l o o h i n s  f o r  ~ i i u \ t  n o t  be ,~ f r i . c~ed.  Thercf(11.e. 
SHOlL l  has  t l c vc l ope t l  a l l  I n t c rac t l \ r c  c o ~ l l p u l ~ ~ i g  
\ o f twa re  f o r  [ h i \  p ~ l ~ - p o \ c .  A \ k ~ l l e d  u \e r  v i \ u a l l y  
compa re \  the r ; i t l io lnctry o \ c r  t l ccp  warel-. our o f  
atmo,,pheric pcr lurhat ions. and correcl \ .  

4. 1.2 Gc t~ i r i < , / r i c~ i /  i v ~ c i i f i c ~ i i i r ~ ~ i  
I ~ i ~ t ~ a I l y .  thc SPOT \cene I \  f c o - r c f e r r ~ i c e i l  \ v ~ r l i  a 
ryp lc ,~ l  nl i t l  ab \o lu tc  errol- or  500  111 nr g rount l  Icvcl .  
l3a\eti on a i l io rough mode l  o f i l l l age  t l ~ \ t o r t i o n  LI\III; 

01-bit.11 and actituclc pal-amelel- \  ol' the \ a t e l l ~ t c .  a 
\o f tware  (Matra1P1-odigeo) f i r  the imape I n  \ r ~ t h  at 
Icast one ~ I - O L I I ~ ~  referenced \pot [ 121. Here. rcvc~*;al 
rc111n;-hahlc \ po t \  (pier\. point \ .  ~.;ler\) \ver-r \elcctcd. 
They  \vere fee-rclcrenced a c c c i r i l ~ ~ ~ g  to four  I r a l ~ a n  
III;I~\ ( S H O h I  ~refercnces are 1.1'299. IT294 .  I T 3  1 1 .  
7.112). Biases arc ;~t!ju\ted by lea\! \cluare\: 

T:~hlc 8 .  Typ ica l  absolute CI-ros I n  locat ion. 

Then. a h icuh lc  ~ ~ i t c r p o l a r i o ~ i  O V C I  I h  ne~:hho~~r-~ l~ : l  
p i \ e l s  r esa~ i i p l c \  a l l  the pluel.; to con fo rm  the I l i iafe 
\ r i t h  the d e s ~ r c i l  c o o r d ~ n a t e  s ) \ t cm  1Iie1-c I , T M 3 2 -  
WGS84). 

4.1.3. Cou.\l/ l l fe ii/iii c~lo l i t / \  
A t h r e \ h o l t l  i l c r c c t l o n  o n  X S 3  ( m a ~ n l y )  ; ~ l l < )u , \  
c le l i r iea t ion  o f  c o a \ t l ~ n e .  c louc l \  b o u n d a r l e \  and  
s h a d o w s  o f  c l o u d s .  A \ l ~ l l c t l  i l se r  a d j u s t  t he  
c o n t o u r ~ n g  IIIIC i r ~ t h  an in terac t ive  uol1wa1-e ( M a t r a l  
Mu l t i \ cope ) .  111 [ h i \  ex;lrnple, t l ic 21-ea o f  Inrert.\t i\ 
VI-ce of c l o ~ ~ c l \ .  
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4.2. Process hathymetry and bottom types 
Usually. at SHOM. we chart thc bathy~netry  applying 
the multihand ~i lc thod [ 131. [ 141 H c ~ c ,  because of the 
presence of two different reflecting hottom covet-s. 
the lack of in sit11 ~nforrnation. po\\ible L~~l-bid w i i t e ~ ' ~ .  
and lirnited peliocl of t ime. ~c optcd for anothel- 
p~~l-el! cmpil-ical tilethod We I ~ a n \ l o ~ - m  the radiance\ 
L t l i l o u ~ h  a l i n e a ~  combination: 

where A,! is a colislant matrix ot ~rotatlon 
A PI-incipal coniponent analy\i\  g i \ e s  the matrix A. 
T h e  c r i t e r ~ o n  I \  to m a x i m i l e  the  va r i ance  T h c  
maximum is as \umed to be the e l f ix t  of hathyrnetl-y 
L lepresents  the bathylnctry L; represents  the 
bottom typc ancl L; the turbidity Then. we a \ \ume  
that the image\  of bottom type. wale[- turbidit) and 
b a t h y ~ n e t ~ y  are  I ~ n e a ~  and \pallally uncorrelatetl  
Ho\ \c \er .  at lea\{ for bathqmetl-y. \ \ e  knob\ that [h i \  
hypothesis is false 
Concerning the bottom, instead ol L we  chose R 
as  a belter index [XI: 

R = (XSI) '  ' X S 2  ( 7 )  
The latter i \  \ i\ually mole sati\factory C o n c e ~ n l n f  
the turbidity thc \catel- PI-oved to be \cry clear in the 
nl-ea Hence. \ sc  a \ \ u ~ n e d  Ll-  not I-cpl-esenting t h ~ \  
pa -a~nc tc r ,  and we did not c h a ~  t ~t 

4.3. The results 
Fizure  1 d i \p l ay \  the b a t h y m e t ~ y  L; of the area  
dcfined in tahlc 7 Each !radiance Ie \e l  &;I\ linked to 
a ha thymet r i c  level wh i l e  we  \eel-e q ~ ~ i c k l y  and 
\ i \ual ly  colnpal-lng the shnpc of I - ,  with the one o f  
an Italian bathynletl-ic chart The dccp water limit wa\  
de l~nea ted  while wc assumed to reach the noise level 

F ~ g u r c  I :  SPOT Bathymetry Deep watcl- IS p ~ ~ t  In 
black Land white OSPOT llliagc 

Figure 2 d ~ s p l a y s  the bottom type B It shows 
broadly two dillel-ent types The  limit\ of the two 
col-I-e\pondinf ,Il-ca\ a re  par t icula~ly  ue l l  iclentifiecl 
In P o r t o  Z a l l e ~ a n o  IVe \e r t l i e l c \ \ .  t h e  n e a h  
pene t r a t ion  of X S 2  pzrtul-h nna ly \ i s  o r  bo t tom 
composition In aleas deeper than 7 m Observers in 
the area  have  rlclined bot tom t y p c  as $and and 
posidonia  T h c r e  a l e  a l so  lochy  a rea \  but  their 
corresponding color may be to close to the sand to be 
identified 

F ~ g n r c  2 :  SPOT Bottom typcs. OSPOT Image 



5 .  Conclusion 
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I3ollo111 L O \ C I  \ a l c  a l \ o  h10;1t11> ~ t l c n l ~ l  IL.CI H ~ I L ,  
\ c f e t ; r l c~ l  . ~ n t l  non - \ cgc l a t c t l  .I lea\ arc t l c l ~ ~ ~ i l : r t c t l  
I3ccau\c IIICIC ;IIC Ii12111! t l ~ l l c r c ~ l r  ~ c f l c c r l ~ i y  l ho~~o111  
e l l \  el \. ;Ill l I l lpr(J\  ccl l l l c ~ l l ~ ~ c l  1l1;111 Llle OIIL, l l \ ~ ~ ~ l  I1c1c 
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Abstract 

In .shallow cou.rlu1 wuler, currenfs f rnd ro he visoou.sl~~ 
dornlnured hv verficul c~ddv mornenrum diffu,sion T11r.s 
verfrcul fron.~Jer of  nom men fun^ I.\ S / I ~ H , I I  {(I proi'ide u 
dvnumlc l ~ n k  w ~ l h  which .suhsur/uce c.urr?nr.r cun he 
inferred lrorn remore .\ensing rnea.surc~n~rnr.s o/ .sur/uce 
curren1.s The ~n/erc~n<,r n~efhod i s  cle.scrihed, und i fs  
upplicuhiliiv in fhe c~ou.siul ocean I.? ch~on . s / ru / ed  w~rh  
Jield dulu The ~.s.sues rc~lufed lo rile uppllc.ctfion o/ r / ~ r  
rnelhod ure discussed us well 

1 .  Introduction 
Remote  scnslng ~ c c h n o l o g y  p rc sc~ i l l y  c x ~ s t s  111 

measure vclocllles OII ~ h c  surface < ) I  Ihc coaslal occall, ita 

wcll as wind stresses and sea surlacc lic~ghr/prcsaurc 
grad~crlrs !ha[ I~rrcc Ihc currcnl I'lic challenge 10 the 
oceanographer 1s to lind a way lo use ~ l ~ c s c  rcmcrrcly 
sensed ohservauons lo 111lcr the currclll srructurc below 
the sea surface, so thal ao assessme111 call he made ol ~ l i c  
suhsurlace occali clivlrolimclil, cspcc~ally. In reglolls 
where 111 s ~ t u  currelil ~neasuremenls arc lacking I'hc 
purpose of thls paper 1s lo show for a shallow coasral 
OeCaIl that the verllcal vlscous coupI11ig 0 1  currelll motlo~ia 
thruugh eddy momelirurn d~l ' fus~on call he cxplo~red r t r  

rrhta~ri subsurface currc~lr cstlmares lrom surtacc dara 111 
See 2. Ihe methodology 1s descr~hed,  h c g ~ n n ~ n g  w ~ t h  
dom111a111 scales 01 mocloli and verllcal processes 111 
coaslal cr rcula l~on,  proceed~ng 011 to the surface-10- 
suhsurlace v~scous  I~lik, and then lhe s p c c ~ l ~ c  procedure 
lor ~ n l c r r ~ n g  the currcril structure 111 Scc 1,  app l~ca r~on  
01 Ihc mclhod lo an ocean experiment I S  presented I'hc 
rcsulrs arc comparcd w ~ t h  111 s11u cumc~il data, and related 
remolc senslng dala Issues arc addressed. I'he paper 
concludes in Sec 4 w11h remarks asscsslng rhe status 01 
the present approach to ~ n l e r  subsurlacc currents 

2. Methodology 
I'hyslcal proccsscs 01 all scales arc {~perativc w1th111 

the occan volume and g ~ v c  rise to Ihc spat~al/temporal 
rc la t~onship  among d~l-fcrent scales 0 1  Inorlons I'hc 
present methodology lor ~ n l e r r ~ n g  subsurlace Ilow In 
essence seeks this r e l a l~onsh~p  but Irom rhe polnt of vlew 
that the most relevanc dynam~cs to coaslal cumc~iis occurs 
on spaeeltime scales commensurable w ~ l h  (hose ol the 
forcl~ig - a view cons~stcnl with thal ol present day coaslal 
c~ rcu la r~on  model~rlg I'he spec~f ics  111 Ihe c ~ r c u l a l i o ~ ~  

dynam~cs  arc glvcn ~icxt ,  w111l spcc~al  altentlon I t r  the role 
01 v c r t ~ c a l  V I ~ C O U S  m o r n c ~ ~ t u ~ ~ i  transfer 1:roln the 
d y ~ i a m ~ c s .  llic surlacc mtrrncrirurn squatlons arc deduced 
and used 1 0  relate ohserved surlacc rnotlon to 111c 11iter111r 
Ilow 

2.1 Dynamic hasis 
Coastal currclils are d r ~ v e ~ i  hy I~tlcs,  w ~ n d s ,  alongshore 
huoyancy Iluxcs, as well as hy h a r o c l ~ n ~ c  arid harolrop~c 
pressure grad~cllts li-om Ihe opc~ l  occan. rhe resulrl~ig 
coas~al  clrcular~oli thus ncccssar~ly cvolves on spacclt~rne 
\calec of lhesc lorc~ligs. I c . O ( k ~ n )  ur more arid ()(day) 
or longer In coastal waler 0 1  lens 01 meters dcprh, km- 
x a l c  and largcr currcnts are colls!r:l~~~cd by lhc shallow 
dcplh to he prcdolnlnanlly lho r~~o~ i l a l  and, hence. currenls 
arc I I I  approxlnlarc vcrr~cal I l yd r~~s la l~c  balance. or 

where p IS the pressure, g IS 111c grav~lalltrrial accclcrauol~ 
corlslanl, p IS Ihc water d e ~ i s ~ l y ,  and L I S  the vcrr~cal 
coord~nale, poslllve upward 

I'he other Ilnporlanl s ~ r n p l ~ l ~ c a l ~ o n  of Ihe phys~cs  1111 

the scales 01 coaslal currellts I S  lhc paramelcrl/atloli of 
mal l -scale  hlgli l i c q u e ~ ~ c y  lnollolls as cddy rnclmclilum 
lluxcs ( R c y ~ ~ o l d s  stresses); Ilicsc arc rcprese~ilcd as Ihe 
product ol all cddy v~scos~ ly ,  v,,, and a mean currcnl shear 
In shallow water, a representallon of only thc vcrt~cal 
llux generally sulf~ces ,  hecausc the vcrl~cal rncali shear 
IS lypically orders o l . rnag~~~tudc  lager than Ihc large-scale 
h o r ~ ~ o n t a l  shear I'hus, (he cddy Inomenrum [lux I S  g~vcl i  
by 

F = p v  " (, - ( U . V )  aL (2) 

where u and v arc the ~ w o  hor~zontal componenls ol the 
surface veloc~ly 

Var~ous s c m - c r n p ~ r ~ c a l  models c x ~ s l  lor csllmatlng 
lhc eddy v~scos~ ly ,  wh~ch  can vary dcpendlrig on amb~elit 
llow c o n d ~ t ~ o n s  I I ] .  1'or current speeds of lens 01 c~n / s .  
a vd ol.hundrcds oIcm2/s  can he cxpecled typ~cally. 1;or 
v d  - 100 cm2/s, cddy ~nduccd vcrt~cal momc~itum llux 
can produce a srress Jikma~i houndary layer rhar has a 
depth, d = (~.V(,/I)"* - 0 ( 1 0  In) lor a Conol~s frequency, 
1 = 2 d 2 4  lirs I r  IS casy to see rhal rhc surfacc and hottom 
1 h a 1 i  boundary layers thus can overlap 111 coasral wakr of 
lens ofmekrs depth, and the surlscc and boltom stnssescank 
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Lransrn~ttcd rhrough the whole water column. Morcr~vcf. 
the c-fold~ng tlmc scale for vtscous transmlsslon IS, d-I 
( 4 ' ~ ~ )  5 0.5 day 'fhus, on the tlmc scales 11s coaslal 
currents, cddy momentum dlffuslon domlnatcs the vcrtlcal 
processes. In t h ~ s  sense, the current motions can he s a ~ d  
to be viscously coupled 111 the vertical. 

The forcgolng charactcr17atlon 1s conslstcnt w ~ t h  the 
accepted vlcw ol'coastal clrculat~on physlcs; In part~cular, 
the e m p h a a ~ s  on d o m ~ n a n t  scales  of r n o t ~ o n .  the 
h y d r o s t a t ~ c  approx lma t lon ,  and the d ~ l - l u s ~ v c  
paramctcr~/at~(in o i  vcrl~cal cddy mornenturn llux arc all 
~ n g r e d ~ c n t s  In today's customary coastal c ~ r c u l a t ~ o l l  
models 121. 'l'hc cquatlons I l r  surface currcnt mot~oll 
arc now deduced wlthln thts Iramwork. 

2.2 Surface momentum halance 
'fhc surl'acc prcssurc gradlent under the hydros!al~c 

approxilnat~on ( I  ) cart he expressed In tcrms (11 the sea 
surPacc slope as 

assumlng constant a tmosphc r~c  pressure. whcrc the 
reference d c r ~ s ~ t y  p,,  1s takcn to the sea surlacc dcns~ty,  
q IS the sea surfacc hc~gh t ,  and x and y arc the two 
Cartcs~an h o r ~ ~ o n t a l  spar~al coord~nates.  

'The vcrl~cal d~ll'us~ort 111 momentum la glvcn by the 
divergence ol'thc Ilux ( 2 ) ,  whcrc ~ h c  vert~cal I -dc r~va t~vc  
I S  taken to he normal to a level sea surtacc. 'I'he sea 
surface eleval~on changes ~ns~gn~f i can t ly  rc la l~vc to tlic 
km-scale ol' the currcltt and can he vlewed csscntlally as 
flat. Ncvcrthclcss. ~ h c  aca surl'acc slope 1s ,llway\ 
dynam~ca l ly  Ilnportarlt aa shown In ( 3 ) .  I 'hc cddy 
v ~ s c o s ~ l y  111 ( 2 )  car1 he Ircated as approx~matcly constant 
near the surl'acc, sllrcc 111 the proxlmlty ol.the sea surl'acc. 
watcr ts almost always well rn~xcd under h ~ g h  frcqucncy 
surfacc gravlly wave Inotlons. ('The d ~ s c u s s ~ o n  Iicrc al~tl 
the suhscqucnt lormulat~on of the lnfcrerlcc approach arc 
not fundarncrttally altered, I T  lor any reason, vd varlcs 
rapldly Itcar the surPacc thal warrartls the a d d ~ t ~ o n  ol' 21 

[lux term c o n t a ~ n ~ n g  dvd/;)z.) 'Thus, the v c r t ~ c a l  
d~vergencc or ( 2 ) .  wlth constanr vd, I S  

'l'hc hor~~ort la l  surlacc lluld accclcratlon IS deterlnlrtcd 
by the halancc bctwcc~i the C o r ~ o l ~ s  forces, f ( - v , u ) ,  
the pressure gradlcnts ( ? ) ,  and vertlcal momentum 
di l~ius~on (4). I 'hc vcrt~cal advcct~vc part of accclcratlol~ 
at the surl'acc may he set to Lero under the lcvcl sea 
surfacc approx~lnar~on staled above. 'Thus, the surlacc 
momentum halancc I S  

a av ; ) V + U ~ + V - + ( . u ~ g - + v  " (6)  at ax ay ay 3'- surface 

As the subscript uidicatcs, these two haI;u~cc cquahons 
are applicable only to the sea surfacc current mollon. 'I'he 
valld~ty o l  the two equatlons IS not llrn~tcd to a unll'orm 
dcns~ty ocean, as the lorm of the equallolls appears to 
suggest. Both surfacc equations arc valld for oceans with 
dcllslty stratlflcat~on; the s t ra t~l '~cal lon effect enters 
llnpllc~lly Into the surfacc balance through tltc pressure 
gradient terms. 

I'hc three var~ahles  u, v and q In ( 5 )  ant1 ( 6 )  arc 
quantltles measurable w ~ t h  rernotc scnslng I t  I S  cv~dent  
that wllh these Incasuremenls. the proccss rcprcselitcd 
hy each of ~ h c  terms In the hala~icc cquahons car1 he 
cvaluated, w ~ t h  the exception oimomentum dlf'fuslon that 
must bc obtained lndlrectly as the rcsldual of the halance. 
l 'hc  fact that ( 5 )  and ( 6 )  allow ~ n o m c r ~ t u ~ n  diffusion to 
be deduced f rom the su r i acc  mcasurclnents I S  of 
s~grtllicancc, as momcnlum d ~ l ' f u s ~ o ~ ~  I S  the ortly process 
here that couples the surfacc to suhsurl'acc ~notlons. In 
parllcular, tcrms for monlentum d ~ f f u s ~ o ~ t  conlaln vert~cal 
curvaturcs of u and v, and slnce the vcrl~cal gradients, 
r)u/a/, and d v l r ) ~  are already ca t~mah lc  I'roln remote 
s c r ~ s ~ n g  of surface w ~ n d s ,  the changc o i  these grad~ents 
w ~ t h  clepth I S  now known, thcrchy sharpcnlng the 
dcsc r~p t~on  of the u and v varlatlon Irom the surfacc. 
I%cciiusc the  v ~ s c o u s  d ~ l l u s ~ o n  process  1s sole ly  
r c sp~~r t s~b lc  for transmlttlng the w~nt l  energy lrom the 
surl'acc 11110 the watcr column. the lnagr~~tudc 01~d1Sfus1on 
c s ~ ~ m a t c d  above as a resldual from the balance w ~ l l  most 
l ~ k c l y  to he phys~cal ly  mea~t~rigl 'ul.  'flic cs t~lnatcd 
vcloc~ty curvaturcs lrom d~ i fus~or t  w ~ l l  thus slrn~larly he 
~ncall~ngf'ul provldcd that vd I S  rcaso~tably chosen. 

I'hc sur lacc  v c l o c ~ t y  gr i ld~cl t t s  ;utd curvatures  
charactcn~e the lnlllal vertical changc of  vcloclty w~th  depth 
illtd arc clearly usdul lor the ~nlcrc~lcc 01' the suhsurlicc 
vcloc~ty. 'These sudace veloc~ty dcnvat~vcs Iicrcmaltcr wlll 
k rclcrrcd to iw: boundary conditlolts or constrants lor the 
vcloc~ly profile to be lnfcrrcd, Asummary ~Tavrulahlc surlacc 
veloc~ty bow~dary cond~~~ons /cons t r a~~~ t s  arc g~vert In the 
111IIow111g S U ~ S C C L I O ~  lncludirlg an add~t lol~al  coltditlon 
denvable from surfxc shear halanu: cquautm. 

2.3 Kinematiddynamic houndary conditions 
'Ihe surlace v e l ~ c ~ l y  k)u~idary cond~t~orls that prcsenlly 

can he obtmned from remote senslng arc 17) s l d  (8)  helow. 
'Iliosc denvable from suxface Inomenturn yuatlons usmg the 
remote scrtsed data are (9) and ( 10). 'lhe 2nd I-dcnvatlve 
cond~tlon IS theune discussed In the lircgolrtg subscct~on. ' h e  
tcrlns on the r~ght hand side of ( 0 )  arc to he cvaluarcd from 
remotely s ~ l s c d  u, v and q ,  and the cvaluatlon ~rivolvcs only 
Ihc lirst denvauves m t, x, and y. 'Tllc third dcnval~vcconditlon 
comes from dliferentlatlng the lull threc-dimcns~onal u and v 
momentum equatlons once wllh rcspcct lo L and then lahng 
the surljce cxpresslons of the dlllcrcntlatcd lorm, assuming 
the dcnslty unlform at the surface. I;or this houndary condillon, 
h e  terms 011 h e  nght hand s ~ d e  arc to he evaluated w ~ t h  
remotely sensed veloc~tlcs (7) and shears (8). Agilln, the 
cvaluatlon ~nvolves only first denvauvcs In I ,  x, and y. I.astly, 
the current veloclty at the sea floor 1s takcn lo he ~ c r o .  Thus, 
at the suriacc. L = 0, 



measured profile will he ~nflucncctl  lo some extent by the cholcc 
171 rnade 'l'he first five modes 01 1 1 1 ~  Chchyshev polynomial 

haslb \el used hcrc lor lhc suhsurlacc ltifcrcnce are shown 

( h ,  I l l  I,'1g I 1 i 
Modeso I 2 3 4 

where D / ~ ) I  =r)/dt+ ud/;)x+ vdldy, and, p r o \ ~ d c d  Illat 11ic 
watcr dcplh H IS known. 11ic holtom. L = - H .  

'l'lie rematnlng qucsllolr I I O W  I S  whelher or no1 Ilic\c 
live constraints arc s u l l ~ c ~ c ~ i l  1 0  hound ~ h c  problcln, I c . 
lo charac ter t~e  adequalcly Ihc vc loc~ty  va r~ah~ l t l y  wl l l~  
depth I'he answer dcpc~ids  1111 how slrongly v~ \ cc~uh  
d ~ l l u s ~ o n  and 1:klnari layer dy~iar r~lcs  ailcct lhc curre111 
I:or a srrongly alfcclctl currcnl, Ilie vcloc~ly prirllle will 
vary gradually w ~ r h  tlcplh and call he cxpeclcd lo he 
c h a r a c t e r ~ ~ c d  well hy low ortlcr d e r ~ v a l ~ \ s  hou~itlary 
condlt~ona T h ~ s  15 cvpcclcil to he Ihc case lor \hallow 
coastal currents, wlicrc 11ic rurlncc ,nld henrh~c I,kln;rn 
houndary layers call ollcll overlap, as potntcd out In 
suhsect~r)n ( 2  I )  

2.4 Vertical modal representation 
It 1s h iown thal a glvcli C O I I I I I I U ~ U ~  I U I I C I I O ~  711 ;I I I I I I I C  

spattal rritcrval car1 he cxprcsscd aa d l i r~ear  \uln 111 

orthogonal hasls l u n c r ~ ~ i ~ i s  w ~ l h  \ullahly chosen wc~glil \  
1:xprcsslng ~ h c  dcplh dcpclldc~icc oI the currcnl v c l ~ c ~ l y  
In terms ot orthogonal hash  lurrcr~ons has the appeal thal 
I I  reduces the prohlcln 01 d c r c r m ~ n ~ n g  the prolllc 111 

adlus~lng [he we~glits lo rdtlsfy llie houndary consrra1111a 
As lhcrc I S  no unlquc \el (11 haata luncl~ona irlr a llrlllc 
depth rnlcrval. such a  nodal approach neccsall;llcs ;I 
cholce to be made as 10 the appropilate basts \ct lor 
descr th~ng veloc~ly  va r~a l~o l i  w11h depth 'l'lle c h o ~ c c  
lnade here IS a pracr~cal o ~ i c  hascd 1111 t h ~ s  aurlior's own 
cxpe r l ence  w ~ t h  v~scc iu s  I low c a l c u l a t ~ o n s  us lug  
Chehyshev polynom~als ,  whlch gerierally g ~ v c s  cil'tcleli~ 
and accurate rcprcscnta~lol~  01 Ilow p ro l~ l c  Ideally. 1 1 1 1 ~  

would like to have ;~va~ l ab l c  h a s ~ s  lunctlons that arc also 
natural modes 111 [he dyrlamlcz 01 !he mollon. 111 whtch 
case a more cfflc~enr rcprczcnlallon (11 the flow p ro l~ l c  
would hc posstble Ihan. say. w ~ r h  algehra~cally lnotlvaled 
basrs funct~ons  The pos s~h~ l~ ly  Ihat a natural bas~s set could 
be ohtaulcd wilh cl~marology data lncludlng deplh dependel11 
uldy vlscoslry is bang ~~ivcsl~gatwl by the aulhor 

T h e  impor tan1 polnl l icrc 1s that thc  prcscnl  
methodology docs not depend on any s p e c ~ i i c  cholcc 
ofbasls functtons, although Ihe Ilnal shape of Ihe veloc~ly 

1 
I:~gurc I : I tic llrsl l ~ v c  Vhchyshc\ polynornlal 
nrcidcs as a lunctltrll 111 ~ ~ o r n ~ a l ~ ~ c d  depth 

Hy rcqulrlng the l ~ ~ i c a r  c o l n h ~ n a l ~ o n  111 Ihese modes 
10 \a l~ . ; ly  the l ~ v c  hounclary c<ln\lralnls (7)-l  I 1 ) .  rhc 
wc1~111s lor ~ h e s c  lnodej c;111 hc dcIcr1n111ed and hence. 
llic \ c l oc~ ry  prollle cor~slruclcd I 1  I S  01 lrllcrcsl lo nolc 
~ l i a ~  lor d watcr colulnn i l o l r~~~ in l cd  hy [lie v~scous  1:kman 
I;rycr clyriarnlc\. lior1/01i1;11 Ilow \cldoln txhlhlrs vcrl~cal 
\c ;~ lc \  smaller than [hat \1iow11 by Inode 4: In r t tua l~ons  
Ilkc 1111s. lhc l ~ v e  (:Iichyhhcv ~ ~ l o t l c s  In I:lg I I )  arc 
cssclll~ally all thal rcqu~rctl  lo charac lcr~rc  the vcrtlcal 
YlrUelUre 

2.5 The inverse solution and errors 
I lie proccdurc lor o h l i ~ l ~ i ~ l l g  lhc veIoe~Iy proI11c IS 

\tralghllorward, oncc a \ullahlc  nodal representallon I S  
C ~ ~ S C I I  In the case ot tllc Vhchyshev lnodal cxpanslon. 
[ he  lnodcs dre rnosl c o n v c n ~ c n l l y  dcllricd w ~ t h ~ r ~  a 
(l l~ncrla~onless ~ntcrval .  +I  1(1 - I  I ' h~s  necessitates a 
\111lplc convcrs~on.  L' = I+  2//H. I r o ~ n  11ic d~mer i s~ona l  
depth I lo a d~rnens~ol l lcss  o ~ i c  / '  lor 0 > I> -H. 12cl 
I : , ( / ' )  denote the 1.111 order (:lichyshcv mode spannlng 
~ h c  ~ r i~c rva l ,  I > I '  > - I .  'l'hc r cp r c scn~a t~on  of u and v In 
lcrlrls ot (he  I ~ r s t  live such lnodcs arc thus 

where  A ,  H ,  and F are  row vectors for  Ihe modal 
c o c l l i c ~ e n l s  a , ,  Dl ,  and ~ h c  h a s ~ s  l u n c t ~ o n s  I:, , 
rcspectivcly Because 01 rhc change ol' var~able ,  Lhe L- 
der~vat ives  hecornc 
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and the L-der~vative boundary c o n d ~ t ~ o n s  ( 0 )  and (10) 
need to he adlusted acco rd~ng ly  for use In the I '  

coord~nate. An a d d ~ t ~ o n a l  step IS needed to treat the 
coeff~c~cnt  for Ihe depth-~ndcpcndent. ~ c r o t h  mode as [he 
sum of the surface veloc~ty and a corrccllon, namely, 

a ,  = U ~ L '  = I )  t a:, 
and 

a,, = .( / '  = I 1 + a;, (1.51 
T h ~ s  helps to relaln the depth-~ndcpendcnt mode, w h ~ c h  
is absent In thc d e r ~ v a t ~ v c  boundary c o r ~ d ~ l ~ o n s .  

Apply~ng the houndary condi t~or~s  ( 7 )  - (11 ) to 
(12 )  and ( 1 3 )  w11h the vcr t~cal  d e r ~ v a l ~ v c s  su~ tab ly  
adjusted as In (14). the l ' l~llow~ng two Irncar system? 01 
cquatlonh are obta~ned 

C - A ,  = U 
and 

where (i IS a 5x5 matrlx conlamlng the d c r ~ v a r ~ v e  values 
o f  the Chehyshev m(1dc5 al 1' = + I .  - I :  IJ and V are 
column vectors contalnlng I I K  f ~ v e  hou~ldary c o n d ~ t ~ o n \  
lor u and v, and 

A ,  = { a ; , , a , . a , . a , , a , } ' ~  
and 

8, = { P ~ , D I . D ? . D ? . D ~ ) ~  1171 
are the unknown coctf~c~crils.  'The c o c l l ' ~ c ~ c ~ ~ l s  earl be 
readily solved by star~dard matrlx Invcrhlon prclcedurc. 
and the u and v profiles call he asscrnhlcti frorn i 12)  and 
(13).  In passing, 11 may noted thal although. In prlnc~plc. 
more than 5 modes car1 be ~ncluded In ( 12 ) J I I ~  ( 13). arid 
the rcsult~ng underdetcrmincd systern ( 10) solved u s ~ n g  
the method ol' slngle value decompos~t~on,  t h ~ s  does not 
ncccssar~ly ylcld a better result as the ilddit~onal h~ghc r  
modes can weaken the corlslralnlng ell'ccl of low order 
d e r ~ v a l ~ v c  houndary cr1nd1110ns. 

For the l ~ n e a r  syslclns in (16 ) .  the crrors on the 
subsurl.acc u and v csllmalcs due 1 0  crrors In the ~rlpur 
houndary values can also he readrly assessed. 1 .~1 E 
={Ei )  he the crror veclor 111 Ihe houndary values, where 
1 = 1  relcrs to Ihe surface vcloc~ty . 2 Ihc shear. 3 Ihc 
curvature, 4 the thud 1 - d e r ~ v a t ~ v e ,  and 5 [he botrorn 
veloc~ty wh~ch  I S  takcri here to be trror 1-rcc. Cuns~der  u 
only smcc v 1s treated the jame way. 'I'hc crror vector 6 
= [ 6 j ]  lor Ihc modal cocfticlents arc thus, w ~ t h  I = 1 .  
2.... 5. 

& = ( ; - ( . E .  (1x1 
'The crror In the suhsurlace u veloc~ly cslllnate I S  

In Fig. 2. Ihc crror prof~lc  &, versus depth I S  shown 
separalcly lor each Input surl-ace errors. 'The crror range 
has been normallzed lo U I I I I ~ .  It 1s seen that the u error IS 
the largcsr toward the houom lor rurfacc de r~va l~ve  errors, 
whlle the surface u crror propagates mostly undlrnln~shed 
toward the bollom. 

F ~ g u r c  2: Norma l i~cd  vcloc~ty crror E, as a 
funct~oli ol' depth. Each curcc represents rhc error 
t rom a11 ~ n d l v ~ d u a l  \url'acc source  In the 
parenrhc\cs. The 30 m deprh 1s used as an example. 
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3. Application to an ocean experiment 

E.(aula Eu(aPu/aza) ~ ~ ( a o d a )  =:!j 1) 5 
Thc ~rrc t l i~~dology has hccr~ applied to the surface 

\ , c loc~ ly  dala oh ra~ncd  d u r ~ n g  !he H ~ g h  Rcro lu t~on  
Remule Scnslng - 2 cxpcrlment (HIKI:S-21, wh~ch  is a 
l ~ e l d  program hponsored lolnlly hy the U.S. O t f~ce  ot 
Naval Research and the Naval Research 1.aboratory 131. 
'I'hc expcrllncnl was contluctcd on the conltncnlal shelt 
ott lhe coast 01' Cape Hattcras. Ilurlng the experiment, 
Irom I I June-X July, 1901. Ihe surface vclocily was 
remotely lnca~ured w ~ t h  two shore-based, h ~ g h  frequency 
Ocean Surlacc Curre111 Radars (OSCR) 141. The radar 
slles and lhc area Imaged hy OSCK (dots) w~lhin  the 
cxper~lne~llal area are shtrwll in 1:1g. 3. I ach  dot In the 
Imaged arca represents Ihe locallon at whlch a veloc~ty 
vector la measured. 'The heparallon d~stance between the 
rneasurcmcllls I S  -I .? km, and the veloc~ty In the entlre 
arca I S  sarnplcd al 20 mln mtcrvals durlng the  non nth long 
pcrlod. 'Thc OSCR exper~rncnlal arca IS approx~mately 
3.5 krn hy 40 km, and Ihe water depth ranges between 
-20 rn and -30 m. In s ~ l u  rneasuremenls oT current 
vc lnc~ l~es  below rhe sea surf'ace were made I.rom rhe slup 
us~rlg an , A C O U S L I ~  Doppler Current ProT~ler (ADCP) at 
varlous llrnes du r~ng  the cxperlment. 

0 I I: 1 ,  1 C 1 

Normallzed Veloc!ty Error 

The surl-ace wlnd spccd durmg the cxpcrlment was 
rneasurcd al two dlscus huoy sltes and from a rnovlng 
s h ~ p ;  remote hcnslng of the wlnd w ~ t h  scatteromerry was 
also artempled. Untorrunately, only the data from [he 
huoy slte rcl'crrcd to as 11, (3S025'N, 75'15'W) is of 
su f f~c~c r~ t ly  good quality to he used for the w ~ n d  stress 
calculat~on. 'I'hc wlnd spccd was sampled at 10 min 
~nlervals at 1111s slre, and the wmd stress calculated from 
r h ~ s  data IS used Tor the cntlrc arca. Attempts lo measure 
sea surfacc clevalion w ~ t h  subsurface pressure sensors 
mounted un Ihc discus huoy moorlngs were not successful 
du r~ng  the 



Longitude 

cxperlrnenl, and sdtcllile dll~melry data (or ~ h c  seasurlacc the ~n f luznce  ( 1 1  (he  w ~ n d  w h ~ c h  1s h l o w ~ n g  lo the 
he~ghr  was not ava~ lah ledur~ng  (he cxperlrnt.~ilal perlocl, sou thwea t ,  1h1s ~ n f l u e n c e  1 5  c v ~ i l c n c e d  In the  

1;rgure 1. Area ( I T  the HIKICS-2 I;xpcri~ncnl and 
~ h c  area ~rnagctl hy OSCK (drlls), 'I'lic c o n t ~ n c n ~ a l  
shelf break 15 jusl to the wesl ill' ~ l i c  OSCK ,Irc;l 
and runs approxirnatcly parallel I O  tllc (;ull-Stream 
"north wall". 

2- 

3 
5 
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111 the absence oill lc \ca \urlace hcigh~ d a t ~ .  \0111c ~nodcl 
assumpllons have I O  he made ahoul the s c ; ~  hurlacc slopc 
111 (5) and 16). 'I'hc asaumpllon made (or ~ l i c  HIKI:S-7 
area I S  that ~ h c  \urTacc slope pressure l i~ rcc  ;rnd tllc 
v~scous  lorcc c ~ ~ ~ i l r ~ h u ~ c  equally lo ~ h c  halancc the 
11ier11al forces ~ ) I I  ~ h c  Icl'l-hand a ~ d e  < ) T i  5 ~ I I J  16).  ,uncl \I) 

Ihc u r fdcc  slopc prc\surc lcrrn dnd lhc vlaccluh lcrrn 1111 

Ihc rlghl-hand aide o r  1.5) and 16) sac11 squ;~ls  1 0  I l l  0 1 '  
111c left-hand side \urn. I.e,, a J ~ a l r ~ h u t ~ o n  ~ h a l  h~aac \  
~ l c ~ t h e r  term. Othcr a s su~np l~ons  arc al\o poss~ble. auch 
;IS lrcallng [he  C o r ~ o l ~ s  force as a part of (he  slopc 
pressure, or to hountl  he slope pressure w ~ ~ h  lltlal   nod el 
cn l cu la t~ons ,  w ~ ~ h  <1;11a from r ~ d a l  gauges .  o r  w ~ t h  
a d d ~ t ~ o n a l  dynanric e o ~ i a ~ r a ~ n t s .  'l'hc\e p o s a ~ h ~ l ~ t l e s  arc 
presently under invc\rigation. 

I'rorn the sea \urfdcz veloc~lies,  wind \rrzhses, and 
surldce slopes o b ~ a ~ n e d  as descr~hed 'ihove. suhsurfacc 
ve loc~r~es  as a funct~on of depth have hccn calculalcd 
u s ~ n g  1I1e ~nfercnce ~ n e ~ h o d  for the whole OSCII area. 
Herz. the results l'or I W O  eontrast~ng Ilow I tual lons  w ~ l l  
he shown to derno~~srratc rhz appl~cahi l~ly  o f ~ h e  mzthod. 
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'T'hz resulls lo he shown are for current5 at 1300 GM'I' 
and 1500 GMT, 23 June 1993. 1;lgs. ila l ~ ~ i d  5a show the 
currenl veloc~ly vectors at lhcsc two [lrncs. I t  IS seen 
that the overall c ~ r c u l a t ~ o ~ i  patlerns In holh f~gures  are 
qulw s ~ m ~ l a r .  a rclauvcly strong and hroad ~iorlheast Ilow 
In ~ h c  western part of lhe  dornarn, a cyclonic turning of a 
portton of t h ~ s  Ilow near the northern boundary, and a 
rcrurnlng weak soutli-southwest llow on ~ h c  eastern s ~ d e .  
The de t a~ l s  of I W O  f low T~elds d~fl'cr, Ilowcvcr, r e f  e c t ~ n g  

slrc~igrhcn~ng 0 1  the \outhwcs~ Ilow and weakcn~ng of 
Ihe northeast I l (~w Iron1 1100 (iM.1' I O  1500 (iMT For 
Ihe suhsurtacc ~n lc rc~ lcc .  Ihe sea jurlacc vcloc~ty vcclors. 
as well aa rhc w~ncl 

- 

a) 23 June 1993, 1300 GMT 
1 I 

Long~tude 
/ Wind at 10 meters (-3.06. -7.94) d s  
- Prediasd - - In 3" AOCP 

171gure 4: a )  Sea surface current veloc~ty veclors 
from OSCR, h) Cornparlaon of ~rilerred (predicted) 
arid directly ~ncilsured (AUCI') veloc~ty profiles. 
'The * symbol denotes locallon oF the ~nferred 
prof~le. Wlhin a krn r ad~us  thc AIICI' veloclly 
profiles were uhlalned. 11, denotcs Ihe locallon 
g l  the discus buoy where w ~ n d  speed was measured 
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vcloc~ly vectors, have beer1 low-pashed l~l tcred  wlth a 6- 
hr cosine wlndow 

At 1300 (iM'I'. Ihc veloc~ty ~n tc r c r~cc  la rnadc near 
I),  a s  marked 111 I;lg 4 a ,  whc rc  d ~ r c c l  AIICI' 
lncasurernenls 0 1  the subsurface vcloc~ly Inim a s h ~ p  arc 
avallahle The ~nlcrrcd  (pred~ctcd)  vcloc~ty profiles and 
~ h c  dlrectly measured prof~les  are compared In F I  3h 
1:xcept for lhc cons~de rab l e  bcattcr In the measured 
profiles near the hotro~n as a rcaull 01 tlic hollorn ac~ iua r~c  
~nrcrterencc. the ~ncasurcd prof~lcs  car1 hc heen ger~erally 
cluslered around lhc prcdlcled p ro l~ l c \  I t  ~h norcworlhy 
[ha[ the In s ~ t u  prolllcs show Ilia1 ~ h c  vcltic~ty varlcs 
slowly w ~ t h  dcplli, f ~ v l n g  a hint { ) I  ni;lxlmurn In rhc v- 
veloc~ry around the ~ n ~ d  depth. r h ~ s  hehavror I \  

captured by the prctl~cled protllea I'hc eddy \lacosll) 
used lor t h ~ s  ~nlcrcncc IS 100 cm2/s I ' I I I ~  value 1s deerricd 
reasonable lor the HIRES-2 arcd and I S  used In all 
suhsurfacc ~nfcrcncc  here l nc rca s~~~g / t l ec r ea s~ng  1111s 
value dccrcaseh/~~~crc;~hcs  the arnpl~ludcs 0 1  the pred~clctl 
prol~lcs  

tit I .500 (;M 1'. 111 s ~ t u  Y C I O C I I ~  nicasurcmcI~Ib wcrs 
ohtalned In ~ h c  rcglon (11 weaker \outhwcsl tlow Ilc,lr 
~ h c  Iocatlon rnarksd 111 1.1g 5a l'hc \uhsurlacc ~nlcrcricc 
rnadc at t h ~ s  local~on and tlme IS colriparcd r i i  rhc ~n s ~ t u  
veloc~ly profiles 111 I;lg 5h It I S  .;cell Ihal (he mcasurccl 
U .  111 corltrast lo thal 111 lhe prevlous \Irollgcr tlow rcgloll, 
char~gcs d1rcc11011 hclow the surlncc ,11 ahoul rhc I0  111 

depth Although l h ~ s  change I \  prcd~crcd 111 the 1r11crri.d 
u prof~le ,  the u \peed 15 s ~ ~ y ~ t ~ c : ~ ~ ~ l l y  u ~ ~ i l c r c ~ l ~ n l a t c ~ l  
1'111s dlscrcpancy 1s p r~~na r l l y  due 111 under caurnalloll 01 
~ h c  vcloc~ty  cnrv;~turc In Lhc houncl;rry e o r ~ d ~ l ~ o r ~  1')) 
I'rcaulnably, I ~ I S  crror could he ~cducctl  1 1  ~ h c  sea surlnci, 
s l ope  fo r  u 111 1 0 )  coultl  he prov~clcd hy d ~ r e c ~  
rncasuremer~ls 111h1cad 01 the ~ilodcl dssulnpllon 111 lllc 
present mcrhod \lalsd carlrcr 1'0 ~ r~d ica l e  [he k~rid i l l  

accuracy rcqulrcd 01 rhc \urlacc \lope Incdsurcrnenl. Ihc 
rriagrl~tudes ( 1 1  rllc vcloc~lq terms 111 Ihc u balance 101 
csr~lnablc Irorii ~ h c  \urtace u and v ~ ; I I ; I  lor I h ~ s  case arc 
I ~ s t c d ,  111 mls' Ouldl - 3 3 x l O ~ " .  u~~u/r )x+vdulr )y  -: 

2 7x 1 OF? and -I v = I 7x10Y5 l ' h ~ \  sugpzsts a slope, dl11 
dx, t110(10 "-10 ') tlr 1-10 cln c . lcv;nl~l~  change over a 
I0  krn hor~/iinl;rl tl151ance I'hc srror In rlie prcd~cred 
p r o l ~ l e  rnay he sh l~~ i id t ed  us l r~g i I X )  and ( l i ) l ,  11 rlic 
Incasurernenr errors ill rhe lrlpul surlacc paramelcis arc 
known, l'hc rlarurc 01 the rneasurclnclll crror preacntly 
I S  s l ~ l l  an ~ s s u c  t ~ r ~ d  I S  hung  ~nvcs l~ga l cd  

4. Summary remarks 
In t h ~ s  paper a rnclhod kir Inlcrr~rlg \uhsurt'ace currcrlt 

veloc~tles Irom remole senslng oh.\crvar~on of the surlacc 
Ilow 11eld has been clescrrhed 'l'hc ~nclhod exp lo~ t s  rhc 
s t rong v ~ s c o u s  c o u p l ~ n g  b c l w c c l ~  ~ h c  surface  and 
suhsurfacc rnorlorls lhar exists 111 shallow water to obtaln 
surtace boundary c o r ~ d i l ~ o n s  In rcrlns of the ver l~cal  
de r~va t~ves  ol the surlacc vcloc~ly I:ronr these d e r ~ v a t ~ v c  
cond~uons ,  the suhsuriace veltrc~ly 15 ~nlcrred  hascd on  
a vert~cal modal rcprcscnlallon ill the vcloc~ry varlallon 
w ~ l h  depth 

The v e l o c ~ ~ y  priif~les Inferred w ~ l h  (he present mcrhod 
arc found lo he generally conslalcnl w ~ t h  those g ~ v c r ~  by 
dlrccl mcasurcrncrlls. hut, becausc Ihc sea surface slope IS 

a) 23 June 1993 1500 GMT 

b, - Predrled - In SIIU ADCP 

1;lgure 5 Sa~ i i c  as F I ~  5 ,  cxccpl a1 1500 (;MI' 
and cornpar~so~i  made at d~~or l icr  locat~on denoted 
by the * \yrnb~il  In ( a )  

unknown a ~ l d  has lo he cs l~lnaled  hascd on a ~nodc l  
a s s u m p l ~ o ~ ~ ,  there arc  cascs whcrc rnferred profile 
amplitudes arc In s~gn~f i can t  crror. Whether or rrot coastal 
;tll~metry call cvcnlually p rov~dc  the uccded sea surlacc 
he~ghtlslopc 1s prcscnrly an ~ s s u c  A poss~hlc  long-term 
solut~on rlray Ilc III the dlrccl measurement of surPacc 
de r~va t lvc  boundary c o n d ~ t ~ o n s ,  w h ~ c h  now appears 
possrhle w ~ r h  ~ h c  new gencral~on 0 1  rnult~ frequency HI; 



radars p r c s c ~ ~ t l y  b e ~ n g  developed by the O t l ~ c c  111 Naval 
Research (see ' f r ~ r n a  In r h ~ s  volume) Such d ~ r c c l  
rncasurcmcnls could make sea surface slope / w ~ n d  slrcas 
mcasurcrncnts irrelevant For the a p p l ~ c a t ~ o n  111 the 
inference method here 

Although the surface data has been cxclu,s~vcly usctl. 
the present method can make use of 111 s ~ t u  suhsurlacc 
data .  if a v a ~ l a b l e ,  to  augment  the remote S C I I ~ I I ~ ~  

~nfercncc, hy treatlrlg the subsurface data as a d d ~ t ~ o n a l  
conslralnts,  alternately. the subsur lacc  data  can he 
a s s l~n~ la t cd  ~ n t o  [he ~ r ~ l c r r c d  current f ~ c l d  hy standard 
a s s l ~ n ~ l a t ~ o n  t cchn~qucs  111 Improve the accuracy 0 1  
suhsurlacc d c s c r ~ p ~ ~ o n  It 1s not uncommon lor a ulaatal 
regloll to he observed over a w ~ d c  drca w ~ t h  remote 
scnslng and at the sarrlc t ~ m e ,  sampled locally w11h 111 

s ~ t u  ~ ~ ~ s t r u ~ n c n t s ,  such as In the case 111 ~ h c  HIKIIS-2 
expcr lmcnt  'I'hc c o m b ~ n e d  use  o l  the suhsur lacc  
~nl'erencc merhod and In S I I U  data potcnt~ally allow a 
greater accuracy to he achlcvcd In the d e s c r ~ p ~ l o n  111 ~ l l c  
suhsurlacc cnvlronrnent 
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Abstract 

1. Background 
T h e  na\g  ha\  l ong  Ii;~el ,111 In lcre\r  111 the c ;~p, lb~ l~r !  1 0 1  

I~I I I (>~~ I ~ ~ ~ : L \ L I I - ~ I I I ~ I ~ ~  0 1  c ~ r \ i ~ - ( i ~ ~ ~ i i e ~ i t a I  p~rt- ;~~i ic lct- \  i l l  
\ el-y shal lo\ \  \valcl-\ and rl ic \ut l /one E x p c ~  ~ c n c c \  
d u ~ i n g  Wor l d  W;II- I1 p ; ~ i l ~ l u I l j  denlonstralcd the ncccl 
lo1  z ~ e a t l y  ~rnp l -ovcc l  rcconn;~ i \aance i n  ol-clcr l o r  
operal ions to he \ ~ ~ c c c s \ l ~ u l  T h i \  \pa\bnecl a c1ia111 0 1  
~ - r \ e a ~ - c h  i n  I l ie i r n ~ i i c t l ~ ; ~ ~ ~  l ?o \ l - ua r  !eat-\ tliat \\;r~iecl 
i l u ~ - i ~ ~ p  the colcl \\a1 hur II;I\ \ t e n  inel-ea\ei l  I-cccnl 
111te~e\t  ;I\ l i ~ i i ~ t c ~ l  111te1i\i l! COII~IIC~ 11:1\ h c c o ~ i i c  ; I I~ 

i l icrc;r\lnF t ocu \  

R e c o ~ i t i ; ~ ~ \ \ i ~ ~ i c c  11ccc1\ l i ' ~ \ e  1101 e l ~ ; ~ ~ i g c ~ l  
\ ~ ~ b \ t ~ r n [ i ; r l l ~  \II~L,L, M W 11 The  131 111ci~>le \;11-1;1t>lc\ (11  
i l r te resr  ~ n c l u c l c  clcl?111 ~ p t o l ' ~ l e \  ( f o l -  h o l l i  i l11ei.1 
operat ional  ancl IIIIII~CCI 111odcIi11g PL I I -~O\C \ ) .  \\;I\c ;111c1 

cul- lent c l i a r a c ~ c r ~ \ ~ i c \ .  uatt.1 c lat- i ty and, po ten t~a l l g .  
b i o l u m i n e s c c n c c  S ~ n c c  11ic\c c ] u a n t i l i c \  ch; lngc 
\pat ia l ly.  c i thcl-  ;I su i lc  o l  \ ~ ~ a l ~ a l l y - s p r e a d  \ a ~ i l p l c \  ;I!-c 
I-equir-ed 01- alIc1-11;11cly ;I l e u  \amples \\it11 a n1oc1c.l 10 
a l l o u  ~ n t e t - [ ~ o l : i t ~ o ~ ~  I.OI 1rl;rn) p u ~ p c ~ \ e \ .  the i r n l > o ~ l a ~ i c c  
o r \  ; lt- l~lhIc\ 011 ~ l ~ l c r - ; l l t ~ l l l \  lllcl-c;l\e\ ;1\ the \ ( I t  I  /011e I \  

;l]'pl-o'lchecl 

2. Technical Constraints 

;I gcol?Ii! \ic,ll c le \c~  III~ICUI " I  ~ I i c  l i ca l \hore  inc lu i l c \  
I\\ o cor i ipo~ ient \  The  ph! \IC;II OCC;IIIO~I i ~p l i !  p ~ - o h l e ~ ~ i  
,~clc l~-c\ \c\  the i l u ~ d  el! na l i i l c \  (11  \\,I\ c \  on  a \hoa l~n;  
l iall i! Irietr! T h e  c .o~r l l~ lc .~ l le r l r ;~ r !  I I I ; I~-I I~~ ~ e o l r l g )  
1"-oblcm s tuc l~c \  the rc \ l>on\c  ( i t  I oo \c  \and f r o l n \  10 

r l lo\e I l l l i d  ~ n l o t i o ~ l \ .  The  c ~ t l i h ~ ~ i ; i ~ i o ~ i  i t l \ o l \ e \  a :real 
clcal of Icedbach a1111 the ~ > o t c ~ i r ~ ; i l  lot  chao\.  

I n  01-dcr to con\tr;l i l i  ~ h c  \ ; I I~I~>II~I~ problel i l .  u e  
ncccl l o  k n o w  111e ~ I I ~ I C  :11icI \ ~ ; I C C  h c i ~ l e \  o f  the  
\ ;II ~ a h I e \  01. i ~ i [ e ~ - e \ ~  B;~r l i )  t i i c ~ ~ - >  g~-;~cI ie l i l \  011 h1111ic 
l>c;lclle\ c;111 1>e 1;1r;c. 11l1c11 ;1\ l l l ~ l c l l  a \  IP IO  
l3;1tl1~11Iccl-~ cat1 1 1 1 c ~ ~ t c ~ c  \ . l l l c I  I ? % l t \  111 l h c  c l - o \ \ - \ ~ l l ~ t - ' ~  
c l ~ l - c c ~ ~ o ~ ~  and I-ip c h a ~ ~ n c l \  \l>acccl : i lollg the bc;iclr 
I rn lx i~ - t ; i~ i r  length  \tale\ 0 1  \ J I I ; ~ ~ I ~ I ~  c:ili be ;I\ I ~ t t l c  0 1  
ICII\ (11 IIICL~I.\ I n  the c r ~ ~ \ \ - \ l i o t c  ;11ic1 ;I IILIIII~I-cd 11ictc1\ 
111 the loll:\hore dri-ect1c111 I lic,\c lialli! 1l1t.11-tc Ieatut-i,\ 
can chanfc on s da l l )  I>;I\I\. c \ l >cc~a l l >  dul-in; \ t o l m \ .  

W a ~ c  mot ion \ .  \\ 1111 c i l l \ho~-c  ~ > c ~ - ~ o c l \  o f  10 \ ;lncl 
\ \avclengt l is o f  I 5 0  m. cal l  \Iio;tl cluirc (11-ariiat~call! 
I n  t h e  ~ l c a r \ l l o ~ c .  WIIII \III>SI;III~~;II c h a n g e \  i l l  
I > I O I > C I - ~ I ~ \  OVCI- o11e w ; ~ \ c I c ~ ~ g l l i .  N o l i l ~ ~ l e i ~ ~ - i t i e \  
; ~ h o u n c l  S o m e  al-c C I ~ \ I O L I \ .  1 0 1  c x a n i p l c  \ \ ; l \ c  
I > r - c : ~ h ~ ~ i g ,  \ v l i i l c  o r h e r \  11i;1> ~ i o l  be  ;I\ \I\LI;III> 
. I I ~ > ; L ~ ~ I ~ I .  \uch a\ 1l1e gc r i c ra~~c~ r r  0 1  Ilil~;\hor-e cur-r c111\ 
01 ~n l ' t a$ r .~ \  I[! \ \ a \  e\. 

2.1. Sampling Issues 
I \ \ u c \  o l  \amplrn; tlie ~rc ; i t - \ I~o tc  hl~tti! tilrtr-! ;~ncl 11:1\ e 
l ~ c l c l  ~ n c l u d e  r h o \ c  q u c \ r 1 0 1 1 \  c o n c c r n l l i g  t he  
r c l a r ~ o n s h i p  b e t u e e l i  i~ i i ; rgccI 111~;1\l1te1iie11t\ ;11i11 

h l l o \ \ n  g e o p h y s ~ c a l  C ~ L I : I I ~ I I ~ I C \ .  :l11d l I i o \ e  t l l r l l  ;)I-e 
\ c ~ r \ o ~ - - ~ n t l c p e ~ i d e ~ ~ t  T l i c  ~ c c . l i l ~ ~ c l c ~ c \  ill [ h i \  a~- t lc le  Wil l  
conccnlt-ate on \1\11;11 h:i11c1 \1g11;11\ (ho \ \  the ege \ee\ 
\\;I\ c \  1 

C l ca r l !  the \ I \ L I ~ ~  \I~II;IILIIC 0 1  \ \ ~ \ e \  I \  11111 
C ~ I I \ ~ ~ I I I I .  FOI- e \ ; i ~ i ~ p l t .  \ \ ; ~ \ c  ~,r-c\r \  ;IIC t-eI;rt~\el! d C l ~ h  
o ~ ~ r \ ~ i l e  rl ie hr-cah p o ~ n t  ~ I I I  .~r-e \ \ l i ~ r c  once thc \ \ , ~ \ e \  
\[,II I ICI h ~ - e ~ h  

T ~ I \  c a n  h e  c l l t a n r ~ l ~ c c l  h> c ~ o \ \ - \ p c c t r , r l  
r c c l i n ~ q ~ ~ e \  O f f \ h o ~ - c .  \c;r \ u r l , ~ c c  c l e \ a t i o l i  anel 
i n l agc  ~ n l e n a i t )  r l l l r c  \ e l ~ c \  ; I I ~  li~:liI! c o h e ~ - c n l  
i n  l l l e  i n c i d c n l  b ; ~ n t l  l ~ ~ ~ c I  II;I\C ;I ~ ? ; ~ r - t i c u l ; i ~  
~> l l ; \ \ c  t h ; ~ t  i \  ln11-1> c o n \ l a n l  i n  I l i c  c ~ o s \ - \ h o v e  



clirecdon. I n  the surf zone rhey *re also very c a h e r e r ~  
but have a rjifierent. b u l  allso nearly consrant. phase. 
111 I ~ J E  r c $ ~ n  o f  Occasontil breaking. The m iz ing  o f  
These rwo different phassr [when some waves brealc 
and othtri? don't) y ie lds v ~ r y  I c w  ~oh t i - t r r t r s  and 
~in. i l~rb'e ph<isc. 

The  v i s~ ia l  ~ I g n d t ~ i r e  o f  a w,ive y;ivage rndy lbe 
ielated rosrasutfaceelevai~on in  :I very nonlinea.r w8y. 
For e.,?drnpJc. wave.? (ha[ are j l~gr  bi-e?kiiig appear as a 
il'irrciw while band o f k a r n  a t  ttrr Wdve crest. A t  tile 
Fundamental frequency nf the wave, .ridto signals 
stroulcl pravide a ~ o o r l  proxy For wave Fnase. Howcvcr. 
hlgkrfrequenciesczm tssil) bs dowindr td by thesc 
i lon l~nwr i t ies;  bemfure. v i d c ~  s ig~ra ls  do mot p c o ~ i d e  
d Fa'rhCul rcodirion of ihe high Frequf~icysea suflace. 

O r h c r s ~ ~ n d ~ r s  niay Finve r:neiiown comp l~~ar i@ns .  
Fer  example, rhe modularion transfc-r F ~ ~ n c t ~ o n  of 
differcnr ~i)p';-$ d radrirs rr1a.y rleprnci ori differen1 
der$i. i~I~ o f  the Qcean ivavc F~rrrr. We: \viII generally orni l  
these poterrtially imporr;in~ i'?ues From the foIIo\V.?ing 
C ~ ' I ~ C U S I O ~  SQ That bVE Crln ~CICLS O i l  l l l ~  I ' u l l d ~ m ~ n l , ~ I S  
of the ~ c h n i q u c s .  

The  rechr~ ique~  c l : s c u ~ ~ c d  b c l o ~ v  largely rely crri 
slgrial p recas ing  tools to w ~ r k  inlageo d a t a  Inus! be 
ai1;ilyzed 1osingstarist7cal tcols to yielcl an e.?tmare OF 
[he g e ~ p h y ~ c a l  q ~ ~ a r l t i l y  a-rinlewsi. I t  is v ~ t a l  ihar rhc 
p.robic:ni be mared as a s4tati%r~oc~l one. A freceGriy 
pwrt 07 each r cs~ i l r  1s a cunFidtnc,c ~r lmrval  so t h a ~  u 
lijtr CE~I.J tel l  reliable from unrel~:lblt. va luu,  

Because rcchniques are slzi l ist ical.  s t d n d d r d  
sampl~ngrnizna  apply. Forerarnpl t ,  sarnpline of t h t  
w a r e  f i - r l d invg lw~ f  ;I mi$ c ~ f  Ibt~lh [ tmpora l  arid ~ p d r i a l  
datc1. thz erlent5 o f  which help cIc(ernrine error bars. 
I rr  ,111 cds-. marc d a i a  yielcls smaller cc1nt7denct 
intervals 011 tlerived c s ~ i  rr~a!es. 

Ar the CO3~t i1 l  I r n : ! ~ r n ~  Lab !CIL] ar 0 r q a n  State 
Unlvc?sii~y, we hhve .dovclr.~cd A SIIIR e'F h c h r i ~ g u t s  
IhUe<l O n  ddeo Ytnagery from Ttxrd plaifci~i ig. LISUUII~ 
ravrers bur ineludirrg IYgh,' tkolises aild b~i~lc~lng:corr-h. 

Sa1np11ng f r o m  a f ix r id  pl;irFo-rin has t w o  d i $ ! i n ~ l  
aclvar1ra;es. First,  rtre geo.rrrerry u s ~ i i i l  I y can 'bc 
considered steaciy iind r~eecl oir ly br. ~cr l ve r l  once. 
~ l~ i i e rea f te r~  rcpaal s a m p l ~ s  r c ' f i l l i i ~   oily J k r i o v r l e d ~ t  
o F  t h r s ~ r n p I ! n g  pixel list. 

Because the nrientation rs Fixed 2nd known. long 
t l m r  s+rirs can bc colleorcd. usually oi i ly l i r r i~ tsd by 
statistical needs or p o ~ i b l e  run-statiomity. for 
example due ta tides. In this method, pixel& can be 
imagined as, equivalent te fixed im;trmnwts. 

Orr (hb.~rhcr  hnnd. Fi.?ed pla t'Fvrl.ri in;a$cry is r?frcr! 
t,akcrr S F  nezr  h o r i z ~ n l a l  view anqies arid p i x e l  

resr.!luiiori can bc  poor. 
i n  general. IrrrngesLcan bcsarnpled in  one o'F three 

ways,ThcrraditionaI method is ra c a ~ u ~ d e r  tithe: th t  
entire Image. or  ;I s u b - n g ~ o n  o f  interest,. Alr.ernately. 
several o f  rhcrech:r~qu~s cons~der i~ i tensr ty  vd.rix~!o~rs 
a ln r~g  :J s ~ n s l c  I I I I ~  o,f p i rc ls  on rhe image. ua i~dl ly  
orienterl III the croqs-shore o r  l on~shr r re  direcrioi~. 
Pii-1ally.virne sella o t f i rna~e  tF:Ir!tensity can becollected 
a i  i nd i v id~ ia l  pixels O'r dr ~ir ray$ cif indir~icludl p i ~ e k .  
In th.is cnse, p ~ r e l s  arc considered e q u i v a l t n ~  to F I X F ~  
insrrurrierits in the watt,?- 

3.2. F i x r d  Pl;i(t'ol.l~r Sul i l l , l i~\y Ca,p;~l) i l i t icg 
1% htrve r level~pecl o r  .rare devsloping techn~q~ ics  t~ 
u,.cirrare both n u i d  arrd b8~lt~yrn~tncprupsrties.These 
include: 

- wave p e r ~ o d  ~ h o n l i n e  and sand bar 
~CI:IE of IIIC rdrirce ino-rphOTa%y 

Foreshore bedch slope wave cel t r i  r: 
run 11 p cbave celenty 

. I~ngshgre ru r rc r i&  bat.hyrrrarric deplii$ Fronr 
ce l r i i i y  

3.2.1. k%ve Parioo' o n n  .-ing/e qf frccideqce 
771~;  high c t~ l~e re r i cc  of vifwal signals lied the s ra  
sur fact  IETS US CS~IUIM.~~ WDVE q ~ i a n  t1ucs. Thus, wave- 
p r ~ i v d  car1 b t  f o ~ ~ i r - d  f rom (he locar~on @f<r i ie  peak r i i  

spectra 0.F p ixe l  l i l tcns~r ,y  t i r n ~ ;  series. Sirni!arIy, 
bec:icse the pilast: Oelween \va.vts eirrd i n tcna i~y  d0c.s 
nu t  charrge i n  rtie l ongshore  direcrrorl, p l idre 
corrlparisons c rF I r !~~yhore  arrays of pixsl t ime scr1e.s 
(Figure I) c i ~ i i  be lrsecl to n t i i t i i r e  ~ u v e  ; i r rg l~ ill a 
~@1?1pIi . . I81j airaloyol is appioaclr . . rc~ the Il5dgC of 
l on~s t ro re  a t ray j  O F  pressure Sensors Est!rnatlon of 
wave ;in:Ic tlifferrirr i lcp~kis c r  lonyshrrrc Icicetiurr~ 

Figure I .  P;romp1r? pixrl m y  m Duck NC. 1 ~ 0 .  
Cw~s-~lht)re spacing of snnjplrd pi.tels ir 5 m, with 
Ihnphure Qrrapr every IS m. A m y 8  ruch as thts atlaw 
rstJrnium of wove period, unglc incidcucer cefcriry 
and bath~metty 
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time dependence down-page (Figure 2 )  From n 
t ime  s t ack .  a \al-lct! o l  mea\ul .c \  can he  m a d e  
~ncludiny s ~ r a s h  chal-acteri7;nion ancl ~ n e a \ ~ l ~ e m e n t  ot 
the location of gt-oundwatcl- \urfacing 2 .  

Flg~lre  3 s h o n s  a tlnic stack collected from a line of  
sill-f zone pixels o r ~ c n t e d  parallel to the h c a c l ~  M'lr~tc 
h o ~ i z o n t a l  h a n d s  c o r r e s p o n d  to the  p a s s a g e  o f  
~ndividual  b r e a k ~ n g  waves O h l ~ q ~ l c  s t r e a k  \how the 
longshore  d r i f t  o f  foatn pa t ches  c a r r ~ c d  by lllc 
longshole current I lc \  elopmcnt of oh.jccti\ e lncasures 
ol'tlrc slope of the foam patches allows cstiniation of 
the strength of the l o n p s h o ~ c  current.  
.i .? 5 . '?/~oir~/ii~c~ ciili/ Hri~. . \ lo i - /~/~o/o ,q~ Forr t /~oi .c~ S/olxa 
W a ~ e s  b l e a k  p r c l e ~ e n t i a l l y  in I c g l o n \  ~ l i a t  a r e  
relatively \hallow Thu\ .  \uh~ncrgccl \and hal-5 car1 
olten be ~ c \ e a l e t l  hy legloll\ of col~centratctl  u a \ , e  
h ~ c a k i n g  W h ~ l e  a \nap\hot ( F ~ ~ L I I - e  - la)  mill \uggest 
the presence of a ~ L I I . .  11 has been l o i ~ n d  that a tlme 
exposure image ( F i f u ~ e  I h )  p r o ~ ~ d c i  a good proxy 
f o ~  the location and molphology ol a bal- sqstem 
Kl~owlng  the geomctl-y of a I ~ x c d  camera ~n\ la l la t ion.  
rectified biews can be calculated (Figure  I c )  and 
I-cle\ ant length \c;~lc.\ meaiurcd 

There a l \o  u\ually exl \ t \  a bancl of conccntratecl 
h ~ c a k ~ n p  at the \ h o r e l ~ n e  Thi \  p r o \ i ~ l c \  a goocl ploxy 
fol- \ ho l - e l i~~c  loca t~on  Val-iat~ons of thi\  locallon \\ ith 
the t ~ d r  a l l ous  mcasu~ernenl  of the IOI-cshore \lope. a 
technique that u a i  first explol-ed d u l - ~ n s  W W 11. 

.? .? 6 Lc'ii~ s l~o ix~  B~i//r1 i~rc,ti I 
111 shallow water. wave c c l c ~ ~ t y  I \  1111ply ;I I L I I I C ~ I ~ I I  
o f  depth ant1 ( for  lal-gc amplitude w a \ e \ )  potel~tially 
u a \ e  h e ~ ~ l i r  Celel-~t! Ineniulelncnt\ can the~cl 'ore  be 
Inverted to allow c t ~ m a t i o n  of depth\  at any point 

Re\cnrch is \uc\  a\sociatcd with this dcvc lop~ng  
top ic  i n c l u d e  propel- e \ l ~ m a t i o n  ol  c o n l i d e n c e  
i n l e ~ v a l \ .  me thod \  to deal  with Ilnite a n i p l ~ t u d e  

d i s p e ~ \ i o n  el'lccts and t i le thod to deal with reglons 
\\here lllr I-el;~tion\hip hetaeen \ b a l e  and Ilna_ee phaw 
change (pat-t~cularly at the break point) 

\ , , I l l  

F i gu~c  J c  R c z t ~ f ~ c d  v~cm ot :I sub-regio~i o f  the abo\,e 
lime cxposul-e 

4. Application to  Moving Platforms 

For Navy purposes. \ ;~mpling f ~ o r n  fixed platfol-ms 
I S  not a n  opt ion H o u e \ e r .  a \ariet! of nio\ Ing 
p l a t l o r ~ n s  a l e  p o ~ e n l ~ a l l l  av ; l~ l ;~b le  ~raliging trciln 
p ~ l o l c d  ancl u n m a n n e d  a i rc l -af t  t o  \ a t e l l i l c \  
A p p l ~ c a t i o n  o f  the ahove  tecIinlque\ to mov ing  
p l a t l o ~ m s  lnay hc  l a rge ly  a s s o c i a t e d  \ r i t h  
unde~ \ t and ing  the signal processing consequences 
of thc differel11 sampl~ l ig  character is t~ci  

4.1. (;enera1 Aspects of Moving Platform Sampling 
Air photos linvc d~ffel-cnl \trenglli\ than fixed. obl~clue 
i m a g e \  U \ u a l l y  t hey  a l l o u  e x c e l l e n t  s p a t i a l  
r e so lu t~on  due lo their near ve r t~ca l  vicms and la[-ge 
region of coverage On (he ollier hand.  ternpol-al 
s a m p l ~ n g  is u\ually limited to  he time of o ~ e r f l ~ g h t .  
while the fl-cquency o f  s a m p l ~ n g  within that l ime 
depend\  on the s a n i p l ~ n g  syslcm In addition, the 
gecln~etry of every image 15 d11Ie1-ent and each 111t1st 
be n a \  igated ~ ~ i d i v ~ d u i ~ l l )  



I n  p ~ ~ l l c l p l e .  a l l  l c c l i n ~ c l ~ ~ e \  c l c \ c r ~ h e d  1 0 1  l iwc t l  
p l a t l - o ~ ~ i ~ \  can lhc ~ I ; I I I \ ~ ~ I O I I ~ ~  to ii ~ i i o b i l c  I>I~I~VOII~I 
\chel i le Prob lc l l l \  21-r t i c i l  to  rhe c o ~ ~ \ e c l ~ ~ e ~ ~ c c \  of the 
t l i f l e~ . c l l t  \pa t ia l  and  t c l i ~ l >o ra l  \ a l l ~ p l i n g  o l  111obllc 
\ c h e l l ~ c \  t o  \ u h \ c i l u e n c t  \ t a t i \ t i c . ~ l  ,111,1l!\c\ allcl 
co l l l~~ l lc ; l t l c l l l \  i l l le to  \ ;ll-;ll,l~loll\ (11 \l~ll;ll\ \\ 1111 \I?\\ 

ang le .  
Sp ; i t ~a l  \ ; r l n l > l~ng  I c q i I I r e \  h n o \ \ l e d f c  01 t he  

g c o n l c t r ~  o f  c \ c ~ !  Erallic I .o l  f i xed  ~ > l ; i t f o ~ l n \ .  \ m a l l  
el-1.ol-s 111 gc0111ct1) ale ~ ~ \ u a l l y  nor c l - ~ l i c ;~ l  \IIICC thc 
every ~ > o i n l  i n  a t ime \er ic \  w ~ l l  I i ;~ve (he ~c lcnr ica l  
erl-01-. 1l1u\ thel-c i \  on l )  a \ I ~ g h t  o l l \ c l  in tl lc p o \ i t ~ o n  
of a 1111~11 CIIIIII:IIC. On ( l ie o t h c ~  I i i~ncl .  IOI 111o\ iny 
p l a t l - o ~ m \ .  e l - lo l \  I n  each I ~ o m c  call be inclcl>~,nclent 
A n a I ) \ i \  [hat ~ n c o r p o r a l c \  i n f o ~ n l a r l o n  l'l-on1 man! 
f r a m e \  i t l n l c  \ e l  ~ e \  .III~~! \ e \ )  c,.~n hi. \ c \  c l e l )  
dcgl-arlccl A ca l -c lu l  \tuil! o r  r l ic  c o n \ c c l ~ ~ c ~ i c r \  0 1  
n a v i g n l ~ o n  c r l - o h  o n  the l i l i a l  an;~ly\ is 15 ncct lcd 

T c ~ n p t i r a l  I \ \ L I ~ \  LI\LI:III> r c \ o l \ c  ;II-OLII~CI the  
\ ho r l nc \ \  o f  a \ ; i ~ l ah le  ~ c c o l - d \ ,  A l l  a ~ ~ c l - n h  o \ c i p a \ \  
m i g h l  l y p ~ a l l y  ; ~ l l o w  a  ~ c c o r d  l e ~ r g t h  o f  one 111illutc. 
i n  conrl.a\t to Ihc  17 ln inu tc  r e c o ~ i l \  o f ten  u \c t l  f o r  
i ixecl  \ ~ t l c o  The  i .on\squcncc\ o l  \11ort recol-tl\ lo the 
: ~ n a l y \ ~ \  \ In t is l l c \  m u \ t  l ic c x n r n l ~ ~ c i l  

I ~ l ~ l ~ - o v e ~ n c n l \  I n  the rcmporal  \ I ; ~ l ~ \ t i c \  l l lay be 
~ m p l - o \ e c l  b>  a \ c ~ a : i l ~ g  r c , ~ l ~ r a [ ~ o ~ l \ .  f o r  c ~ , I I I I ~ ~ ~ '  
I I ~ C I U ~ I I ~ ~  rnu l t ~ l> l c  o\ eihcat l  ~pu \ \ c \  I  I ~ n u l r ~ l > l c  Ipa\\e\ 
are avai lable at t l ~ l l e ~ e n l  \ [age\ o l  rl ic 11dc. 1 1  lna) bc  
p c ~ \ \ i h l c  l o  n o r h  ~I I -OLI I I~~ 1prohlc111\ IIICI~~IOII~J ill 
l p l - e \ ~ o l ~ \  \sctlcin\ .~\ \oci ,~tccl  \ \ ~ t l i  rhc l > ~ - c ; ~ h l ~ o ~ ~ i t  

M o \ l n g  p l a l l o r m  \ ; i l n p l ~ n s  c a n  ;II\o b e  
c o n l p l i ~ : ~ l e d  b y  polent ial  ~ ; l r l a t ~ o n \  i l l  \ I gna lu l c \  \\,it11 
l ook  a l ~ g l e .  ,411 oh \  IOU\ euample 1n12ht  be 1I1c l o \ \  0 1  
c lean 11nage1-) nl1e11 all a~ rc l - a f t  Ipa\\c\ th l -o l~gh thc 
reg ion o l  h i g h  \[In ~ - e l l e c t a ~ l c c  (11- \[In g l i t le r  

5 .  Summary 

W;IVC\ ;111d ~ I I ~ I C I ~ ~ \  III (IIC II~LII\I~OI-~ i11e II\LILIII> 
\ l \ l lCl l l !  ; I [ )~3I~CIl I  '1.1111\. I I I I ; I~CI~\.  01 IhC' l l ~ i l l ~ \ l l O l ~ ~  C;II1 

o f te l l  he 111vc1.1eiI 10 e \ l i l ~ i ; ~ l e  il 11~111lhcr 01 l l u ~ c l  ancl 
ha thy~~ l c t l - IC  i111;11111111.\ (11 ~ l i t e ~ - c \ t  111 L I I I I \ C I - \ ~ ~ )  

re\r ; I lcI l .  ;1 l l l l l l l l 'c l  o f  \ l l ~ I l  t e ~ I l l l l l ~ ~ l e \  I1'1\1, t>ce11 
cle\elol>cil ancl c xp lo~ lec l .  Ih;~\ed (111 c;iliiel-;~\ l l i i i l  a le 
~ n \ t a l l c t l  on t ~ x c c l  ~ p l a l i o ~ - ~ n \  F l u i t l  111-opcrtic\ I l lat c iw 
he c \ r i l r r ~ ~ t c d  ~ n c l u d z  \ r ; ~ \ c  p c ~ i o c l  ant1 ; ~ n y l c  o l  
i n c~dcncc .  \ rc l \  c  cc1e1-it!, runup alicl I i ~ n g \ I i o ~ c  ~ L I I I - ~ I I ~  

\ t rengt l l  T h e  prc \cnce al l i l  morpho logy o l  \;inti b a ~ - \  

can a l \ o  he rnc:~\ul-cd a \  \ \ i , 11  ancl lhc  l o ~ e \ l i o ~ c  \lopi. 
and nca l \ ho~ -c  h,1t11! 111ct1) 
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Measurement of Mesoscale Oceanic and Atmospheric Phenomena 
by ERS-112 SAR 

Abstract 

I 'hc  I \ \ O  tu~-ol l i .al i  Rc~ i io rc  Scn\lng \ a t s l l ~ r c \  I:RS- 
1 ancl I : l iS-2 o l  tllc E u ~ - o l ~ c ; ~ ~ i  Space ,2ge1ic) ( I  . S A )  
uel-c lau l~chet l  OII .luIy 17, 10c)l alii l A p r i l  2 I. 1005. 
~ - c \ p c c ~ ~ \ c l !  l ' l ~ c !  hotti ~,III-! a ('-h,111c1 !i 3 (ill/) 
\) ~ i t l ~ c t ~ c  ;I[IC~ILIIC I-:I~;II t S f \ l < ~  o l ~ c ~ ; ~ t i ~ i g  :I[ \ el tical 
~ l O ~ ~ l l l / ~ l ~ l ~ ~ l l  1 0 1  ~1~111\1111\\11111 :lll~l VCCC[ItlOll. 111 the 
l u l l  SAf< modc ( y c o m c t r ~ c  ~ c s o l u t i o ~ i .  15 nl.  \\valli 
\\ i i l r l i .  I 0 0  h ~ i i  I S.\K i l ;~ta c a n  Ihc c ~ i l l c c ~ c t l  l o r  ;I 
p e ~ - ~ o ( l  0 1  10 I l i l l lute\ pel O I - ~ I L  (pi ' l -~otl :  a h o u ~  100 
minute\). A \  L I ~  10 M i ~ ~ c l i  1997. 11101-e t1i;111 O I ~ C  

n i ~ l l i o ~ r  S!\K I ~ a l i i c \  l i ; ~ \ c  hccn ;~cc l~ l r rcc l  II! 25 
1rccc1\ 111s \l;lll~lll\ 

f l i e  ~ l ~ o c l u l a t ~ o l i  0 1  [ l ie 131a~gr t r ; ~ \ c \  i~ac~\cel I?! ( I )  
lendel- a ~ ~ i ~ o s p l i c l ~ c  p h c l ~ o l ~ ~ c l i a  \ i \ i h l c  on ~aclal- 
i l l laye\ o l  the \ca \urfacc. u l i ~ l c  tlic ~ i ~ o d u l a l ~ o n \  
c ; i i ~ ~ c c l  Ih! ( 3 )  - ( 4 )  1e11~lc.l occal i ic  p h e ~ i o ~ ~ ~ c ~ i a  
\ ~ \ i b l e  1 ' 1 1 ~  rnoclulation\ catr\cd b) ( 7 )  a l ~ t l  ( 5 )  car1 
he 01 OCC;IIIIC 11s UCII ;IS i ~ t ~ i ~ o \ ~ ~ h e r ~ c  01 1g11i A C~I;IIIS~ 

ol ail--\ca tcn lpcI ; I I~rc  d i l l c ~ e l i c c  Illah 1-e\1111 11-oln a 
change 111 l l ic ,11c1 lcmlxl-,llLlrc. \\ 111cI1 OCCIII\. c.2 . 
111 ~ p n c l l l r i ~  ~ c g ~ o r i \  01 I l ic oce;111 ~I ICIC coI(l L J L ~ ~ T )  
water I - I \ ~ \  l o  l l lc  \u~- lace 01 I I O I ~  a c l ~ a n s e  111 the alr 
~cmpcr ,~ tu rc  . ~ ~ ~ o e ~ ; ~ ~ c d  \\ 1111 an a t l l~o \phe~- i c  I ~ o n t .  
I lie a l l - \ c a  l c ~ ~ ~ l ~ c r a t u r c  ~ l ~ l i c ~ - c n i . c  a f tec r \  t i i t  
\ l a l l i l ~ l j  (11 ~IIC ; l i~- \ca rnlcr I;lc.c T l ~ c  n1c11-e \l;lhlc l h ~ \  
1n1el.f;lcc ( i  c.. Lllc warmer l l ic air a11cl1o1- lhc coltler 
11ic U;IICI ). ~11e I iar ( lc~-  i t  i \  lo1 the  nil l o  g c ~ ~ c l a t c  
\III;III-\c;IIc \LII-I;I~C \\;I\c\ SIIIIII:II-I!. IIII-~LI~CIILC i l l  
1l1c L I ~ I I ~ ~  wiltel. I;I)CI C;III he ~CI~CI-;IICII h) o c c ; ~ ~ i ~ c  
;I\ ivc l l  a \  by n l l ~ ~ o \ p t i e l - ~ c  ~, rocc\ \c \ .  e . ~ , .  hy lhc 
~ ~ ~ ( q h r l l c r  ti1 a \I111> 111- h! r;1111 d ~ - o p \  i ~ ~ i p i ~ l ~ ~ l ~ ~  011 

1I1e \c;1 \ll l~l:lcc 

2. Oceanic P h e n o ~ ~ ~ c n a  

2.1 Intcr11;11 sol it;^^.? \ \ a l e \  in the Indarna~ l  Sca 

\ea \ u ~  lace r o u y l i ~ i c \ \  c;~u\ccl b! 
The ,A~ic la~i i ;~n Sc;r o l  the I l ~ t l ~ a n  Occal i  i\ Lno \ \n  l o  

i I )  :I \,11!11is \\111(l rielel ,II the \C,I \LII-~;ICC. l lc o11c 111 t11e \ I I ~ \  i n  l l ic  \ \ o ~ l c l . \  11cc;111 \\ I ic l-e 
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Pig. 1.  .4 300 kt11 long and  100 k m  w ~ d e  El<$-2 SAK s t t -~p  1n.scr1ed ~ n t o  a map of the Andaman Sea \vh lc l~  
was ncqull-ed oti Peb. 1 1997. \ ' l s~hle are s e a  surface m e n ~ f e s t a t i ~ n s  of several ttitel-nal b~ l i t i i ry  wave  
packets I i av~ng  t h e ~ i  O V I ~ I I I  In tilt-EL I O C B ~ I O I I S  of ~Eiallo\v sea a]-eas \v'I11c.h at-e marked by A +  B and C. 
Ingrrted 19 also the  locat1011 0.f.tllc ERS-2 S A R  r i i p  shown In F I X , ?  [tectangle'). 

I:1g I sliows a SAI< stt-ip ~ l~sc r tcd  inlo a map of t l ~ c  3465. 34x3, ant1 3501). O n  t h ~ s  SAR strip sea sut-fr~cc 
:\~ldarnali Sea \\ l ~ ~ c l ~  \\ ,I\  acqull-cd by the I.I(S-2 ~nanll'chtnlionh o fscve~-a l  intel-nal \olitary uavepackcts 
\alcllitc dut1n2 ol-b~t ')477o11 l:chtuat> I I . 1097. bc~ \ \  sen al-c \ ~ s ~ h l c  FI .OI I~  Ihc ~ L I I - \  cd shape of' the\c pnttel-n\ onc 
03:5X UTC' xnd 04.00 UTC'. I [  1s a con~lms~te  01.9 ERS- can cslllnatc the posltion of thci~- li)cal pollits and llir~s 
2 SAR ~ ~ I I I I ~ Y  (3357. 3375. 3303. 331 1. 3420. 3447. locate ll~cgencr;rl~onarcnsofthc 111lc1-1lnl solitons At least 



t l ircc ~ ~ I ~ ~ I - : I I I O I I   re:^\. \\ 111~11 arc 111~11-kcci 111 F I ~ .  I I ~ Y  A. 
B. and C . call he ~ e l c ~ ~ ~ ~ l i c d .  T l i c y  are loc;lrcei ~ i p p r o \ l -  
m a ~ c l y  ,II 
( I i ~ l i c  \ l i , ~ l l o \ \  reel'\ of( 11ic n o r r h ~ r e s l  c o a \ l  ol' 

Suma l ra .  ;II.OIIII~ 0 '  I O 'N.  95"O'E (III(~III~~\I;III 
I ia lnc :  A l u r  I ' c l ay ;~ ra~ i  I3cnsala). \ \he~-c .  11c;1r IIIC 
1000 Ill clcll l l l  IIIIc. :I cor;1I rcefI- lsC\ 1113 1 0  'I tll'l,lll 
ol' 3 0  111 l h c l o ~  I l i c  \C;I \u r facc  ( p o \ i l i o n  2 ) .  

( 2 )  t l i c  \ c a ~ i i o u ~ i l s  a1 SC'50 'N.  04"56 ' [ I .  0 1 ' K .  
94..34'1:: :111il Sc42'N. 04 -3O.E. wl i ic l i  ~ - i \ c  IIIJ 10 
d c p ~ l i  ol '4S1 111. (171 111. 2nd 6x0 m belo\\ l l lc \C,I 

.;~i~-f,rcc. r c . ; ~ ~ c c ~ ~ \ c l y .  and \\hie11 at-c l o c a ~ c d  111 an 
:umb~cnt xc,~ ;I~C,I \ \ ~ l i ~ c l i  ] la\  a d c p ~ h  ol' III~I-c ~II;III 
25110 Ill ( ~ ~ ~ 1 \ 1 1 l 0 1 1  131. ;lll(l 

(.?I ,I \LI~III;I~IIIC Ih,1111\ Ioc;~~ccl ,II 1 7 3 4 ' b .  04'40'1- 
\ \ l i ~ c l i  r ~ \ c \  I'ro111 <I I SO0 111 to 2500 111 clccp iicc~111 
f l oo r  l o  ;I clcll l l l  01' SS In hclo\\. t l lc aca \ ~ ~ r l i ~ c i .  
(pos l l lo l l  C). 

F I ~ .  2 sI io\ \ \  ; ~ ~ ~ o l l i c r  bRS-2 SAI< strip on \ v l i ~ c l ~  hca 
su~ - f i ~cc  I i l an l l i . \ l ; ~ l~ i i ~~ \  ol'1111~1.11al so l~ ta ry  \v:lve ~,;~cl,cls 
can be t lc l i~ic;~lct l .  Ir \\as a c c l l ~ ~ ~ - c d  by ERS-2 dul-111g orb11 
5426  (111 M i l>  4 ,  1000. l > c ~ w c e ~ i  0.353 CJ.1.C' :III(I 0.3 5 4  
IITC. 11 i\ a C I I I I I ~ ~ O \ I ~ ~  ol' Ihe  5 S A l i  I'I-amc\ (3420.  
3J17. 340.5. .US.! ;III~ 3501 I. VI\IIJIC i\ 111 IIIC cc~ i l r : i l  
\ c e l l o n  or 1 1 i 1 \  In iaFc :I l o n ~ - c ~ - e \ ~ c d  ~ - i n ~ - \ l i . ~ l i c i l  

m 
Flight 

8 
Look 

rouf1111c\ \  p a l l e r n  \ v h ~ c I l  11.1, a curc\l I c i l g l l l  ol. 
c ~ ~ ~ ~ ~ r o \ ~ ~ i i : ~ ~ c l !  .300 L11i. 111 ~ l i c  L I ~ I J C ~  \ C ~ I I O I I  ;I \ c c o ~ i ~ l  
w a \ c  I ~ : I I I ~ ~ I ~  I\ \ i \ i b l c  \ \ I ~ I L , I ~  \\L, I I I IC~~I .~ I  ;I\ \C:I 

\url ':~cc m a n i f e \ t ; ~ t ~ o ~ l \  o l 'an  1111cr11~11 \0111:1r! \\;I\c 
1>:1chcI \\l11ell \4:15 ~ c ~ ~ c r ; ~ ~ c c l  ;I( 111~. \:IIII~ IO~:I~IOII C I ~  

~ l i c  (1r\1 011e. ~ L I I  one II~I;II ~ c l c  c a r l ~ c r .  111 1l11\ \ccot l i l  
\oli1;11-) M;IYC p i icLe l  I l i c  \ c l ) a r a l ~ o l l  l h c l \ \ c c ~ l  l h c  
\ ~ I I I o I ~ \  I \  111~1cli \111;1lIer III:II~ i l l  ~ l i c  ~ I I - \ I  \v:~\,c 
p ; ~ c L c ~ ,  \bl i ic l i  I-C~LIII\ fro111 111c I I~ I~ I - , IC I IO I~  ol' I l l c  
i111crli;il \ o l ~ l o n s  \\ 1111 tlrc \h ;~ l lo \v  Iho110111 ~ ( ~ l i o f ~ - : ~ p l l y  
III 1111\ ;IIC:I ( c I o \ c  10 ( l ie  200  111 iIcp111 l i ne ) .  M'licn 
tlh\ 1cl111f t l ic 1Ii\t:111ce hc1\ \cc11 1I1c I ~ : I ~ ~ I I I ~  \olili111\ 
ol' 11ic\c I \ \ O  ~I~[~I-II;I~ >o111;1r! [i;~c!ic~\ I>! l l i ~ ,  \e1111- 
CIILI~II:II 1icI:11 p c r ~ c ~ c l  I I 2  I~CIIIIP ;111il 25 I~ I I I~L I I~ \ I  \ \ ?  

oIira111 lo r  11ic p~-op: isa t~o~l  \c loc~r !  rllc \ .~ luc  I .43 III/\. 

I-'I~. 3 \lie\\\ a \e;111 11iro~1sl1 IIIC \\;I\ c 1);111eril I ~ l o ~ l f  
~ l i c  l111c ?\-!3 ~i i ;~rhccl  111 t i?. I .  l l l o ~ ~ c d  I \  111c v c ~ r ~ : ~ ~ ~ o ~ ~  
o r   lie 1io1-111;111/etI rc1cl:~r c r o \ \  \ C C I ~ ~ I I  ( ~ U ( . S I  111 

( l c c i l i c l \  ( d B ) .  C l c a r l )  \ ~ \ ~ l l l c  I \  11la1 r l lc NKCS 
11iocl111:11io1i ~ ; I I I~ I - I~  \I;II-I~ ~ 1 1 1 1  :II~ 111e1-e:1\e 01' 11ic 
NKC'S ;I( Ihe fro111 (;I[ Ihc  ~ I ~ I I I - I ~ ~ I I ~ ~ I  \ce1io11 111 the 
[ l IOl)  wl11cl1 ll l i I ic:ltc\ lll;l1 111c \ o l l l l l l l \  I l l  1I1c \b:l\c 
1>:1cLc1 arc \ o l i l on \  of c l c l ~ r c \ \ ~ o ~ l .  
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ihca \ ,~c l - )  o ~ l c .  111cn \ o l ~ l o ~ l  theor! p ~ e d ~ c l s  that the 
\o l~ton\ha\c  lo he \olilon\ of dep~e \ s ion  In  hi\ c a w  
the front ol tI1e ~ n t c ~ ~ ~ a l  \o l~tol i  is a \ \oc~nlet l  \ r ~ t l i  a 
region (11 coli\clgcnt \~lrli tce flou and the leal w ~ l h  ;I 

I-cgion ol d i \ c ~ g c n l  \u~- lacc  flow Thus tlic amplituclc\ 
of the s h o ~ t  s u ~ l a c c  wave\ which are re \pons~hlc  101- 

the  !radar b n c h \ c ; l l ~ c ~ - ~ n g  ( the  Bragg w a \ c \ )  n lc  
~ncrc;l\cd In ~ h c  11o11t \cctlon and decreased in ~ h c  1c;11 
seclion The  atl la^ \Ifnature of an internal \ o l ~ l o n  ol 
dep te s s~on  con \ i \ t \  l h c ~ e f o r e  of a narrow band ol 
~ncrca\ctl  NRCS ;I[ the 11- on^ folloued by a hand ol 
decreawd NKCS 161 Thi \  is depicted \chemat~cal ly  
In Fig 4 

2.2 Oceanic Current Patterns in the Caspian Sea 
M ~ \ O \ C I I I C  L I P I I C I  OCC;III c i ~ c ~ ~ l a t ~ o ~ l  S c a t ~ ~ r e \  0lte11 
becolnc \ ~ \ i b l c  o n  SAR Images becaujc they cntt-aln 
\urface s I ~ c h \  111 coa\tal at-cas biopenic slick\,  which 
a r e  produced by marine  planrs  and an ima l s .  in 
palticula~ by planhton, arc frequently enco~~ntele t l .  F I ~  
5 \how5 an ERS- I SAK image of the Northeln Ca\pian 
Sea w h ~ c h  wit\ ncquil-cd on October 12. 1993, at 22: 17 
UTC ( o r h ~ t  11724, lritrllc 89 1 )  The ilnaged alcn I \  
located \lightly \oulh of the delta of the rivel- Volga 
(corner  c o o r d ~ n ; ~ t c \ .  44 2OoN. 48  5XCE I 44 30°N. 
49  XO0E I 4 5  OOCN. JX 29"E I 45.2X3N. 40 53"E) The 
river Volga i \  know11 to tli\charpe w ~ t h  it\ watel\  lalgc 
amount\ ol nu t l~cn [ \ .  c\pectally pho\phoru\.  Into the 
Northern C a \ p ~ a ~ i  Sea These  nutrients \ ~ i r n u l a ~ c  
p l ank ton  gro\vth  and tncl-case the  b io log ica l  
productiv~ty due to cut]-opliica~ion A$ a con\ccluencc. 
more sur l~tcc  ncllve rn;ltcri;ll 1 5  produced, wh~cl i  I - I \ ~ \  

ma 

lo llic \ca < u ~ f a c e  and co \e r \  IIICI-c 121-gc (ca areas 
Thew films. which are u\ually monomolecular. follow 
the \ u ~  face curlent field ant1 111~1\  I ~ I I ~ C I -  the upper 
ocean current feature\ v ~ \ i h l c  on 1-;1tl:11 llilage\ Some 
\el-y imprcs5i~e Ceatul-c\ arc visiblc on t h ~ \  ERS- I SAR 
Image \hewn in Fig 5 ,  e g , the mushrooln-\haped 
Icalut-e in the central left-hand \ccrlon ol the Image 

3. Atmospheric Phenomena 
111 lhi\ \cction we present cxalnplcs ol \ea  \ ~ ~ ~ f a c c  
~ n a ~ ~ ~ l c \ t a t ~ o ~ ~ s  01' t w o  I T I C \ O \ C ; I I ~  ; ~ t n l o s p h e r i c  
~phcnorncna: of I ) h a t a b a t ~ c  \4 ~ n c l - l ~ c l d \  and ( 2 )  
atmo\phc~-ic bounda~y  layel- loll\ Pol- mote delails on 
\ca \u~-face  m a n ~ f c s t a t ~ o n \  ol hillshatic wind fields 
\ ~ \ ~ h l c  on ERS SAR Image\. the   cod el- I \  !referred to 
171. ;tnd on atmospheric boundary layer roll\ to [8] , [9]  
O l h e ~  papers dealing with ~ncsosca l c  o l~no \phe r i c  
p h e n o m e n a  v i s ib l e  on ERS S A R  i m a g e \  a r c  
I IOl.llll.1121 

3.1. Katabatic Wind Fields 
I:igutes 6 show\ a SAR ~ l n a g c  that was acquired on 
Fch 20, 1995, at 21: 12 UTC (orbit 1x834. lralne 765) 
hy ERS- I over (lie Meditcrl-ancan Sca ( i l l  the western 
Cnlnbl-ian coast (southern Italy) The SAR image 
\ h o w \ .  on the lef t -hand s ide .  al the b o t ~ o m  the 
no~lhca\ tcrn  pal-t of  S i c ~ l y  and on the I-ight-hand side 
a pat-t ol the \ou the~n  Italian prov~ncc ol Calahria They 
; I I C  \el>"-"fed by the Strait of Mc\ \ tna  The most 
noticeable feature \i,ihlc on this SAR image i \ ,  In the 
ccnll-al right-hand section, a bright patch which is 

Fig. 5 :  ERS-1 SAK image of the Northern Caspian Sca 
acquired on Oct.  12. 1003.  \ h o w ~ n p  5ea 5u1-face 
man~festation.; oFcul-rent pattern\ w h ~ c h  become v ~ \ ~ h l c  
by the enlralnment of surfi~cc \ I~ck \ .  

- .  
ovet- the Tyrrhenian Sea (Mediterranean) \bowing sea 
qurface manifeatat~ons of a katuhatic wind f ~ e l d  (bright 
blob in Ihe center) 



I o c ~ i ~ c ( l  III ( l ie T~I- I-~~~II I ; I I I  S c i ~  L I ~ ~ J ; I ~ ~ I I I  10 l l i c  ~ ~ 1 1 I c y  ~ i l '  
G~oia. ' l 'ac~~-o. T h l \  \a l leq open\ al 11ie wcslcl-n \ idc  l o  
the ( ; u I l ' i ~ f C ; ~ o ~ a  ,~nt l  I \  Ihortlel-ed a l  (lie e,:l\lcrn sitlc 17) 

moul i ral l is  oS the C , I ~ , I ~ ~ I , I ~  .Apcnl i i l ic  w l i ~ c h  l i ; ~vc  
l i c~g l i l s  ill' 1113 lo 1800 111. 

The h r ~ f l i t  1p:1rcti IS ;III are;l o f  ~ncrcasc t l  se,i surfacc 
rouglinc.;\ c a ~ ~ \ c t i  h! h;~lahat ic \ \ ~nc l \  ~ l i a ~  hlo\ \  f ~ o l i i  
Llic ~ i l o u ~ i r a ~ ~ i s  t h ~ - o ~ ~ y l i  r l i c  r a l l c y  o n l o  the  \ea. 
Kncah;ilic \ r ~nc l \  arc c ; i ~ ~ \ c c l  by : r r a v ~ l , ~ l ~ o l ~ , i l  f lo\\- c ~ f  
colt1 .llr i~FTh ig t i  lcrraIli.'Thc colt1 ,Ilr rl1,11 IS Sormctl .it 
n ~ g l i r  I ic, l r  l l i c  f r o u ~ i c l  111 . ; I op~ i i f  1crr;l in f l o w s  
tlownrlol>t. t luc to  11ic t l~ f fc l -cn t ia l  cool1112 hclween the 
:I-OLII~~ S I I ~ F ~ I C C  i l l id IIIC Srce atmo\l>licre ;I[  tic \al i ic  
l i c igh l  Icvc l  \ome d i s l a l~cc  away, The  t l ~ r c c l ~ o n  ol ' l l ic  
coltl a i r  SIOLV I\ c o ~ i l ~ - ~ l l e t l  ;111i10\1 e~i t i re l !  b) 01-ogruphic 
feaLurcs. Ka l~ i ba t i c  w ~ ~ i c l s  occur late ill lhc  c \wn lns  ant1 
;II 111;Iil l iS l~r  the a i r  111 IIIC ~ i i o ~ i ~ i t a ~ ~ i ~  1i;1$ cooled tIo\v11. 
Whel i  [lit. a i r  f l o w  l i ~ [ s  ~ l i r  sea surl';~ce. 11  ~nc~ -e ; i \ e \  I [ \  

~-ougI inc\c.  \ \ l i ~ c h  i \  dclcclable hy ratl'lr. O n  Ihc  ~riit lar 
i lr iafes. sea s ~ ~ ~ - S a c c  n i ; ~ n ~ l c \ t a l ~ o n s  ol' k i ~ l a h a r ~ c  w ~ l i t l  
t'~clcl\ a l q~c :~ r  ;is brig111 palelie\ M ho\c shape\ \ornctimcs 
re \ c~ i i h I e  " ~ o I ~ ~ L I ~ Y " ,  " ~ i ~ ~ ~ \ l i r o o m ~ "  01. lbro;~d " b l ~ b s "  
emanal lng I'roln coartal  \tallc!fs. T l i c  arc:il c \ l cn t  ;inti 
vhapc or  l l i c  sca su~S;~ce ~o l~g l ine \ . ;  pal lern dcpcntls. 
among o l l i c r \ ,  o n  rl ic orogl-aphy o l  l h c  \al ley.  ~ l i c  
\~ I IOP~ IC  \vc:tllier s ~ ~ L I : I ~ ~ o I ~ .  t l ic l he r l i ~ i i l  \I:IIC o f  the i ~ ~ r  
I n  tl ic \ a l l c>  and ~ h c  sc ; t - la~~t l  tc~ i ipcra lurc  i l ~ l l e rencc .  

N o l c  1 1 i i 1 1  ;I pa l l  oStlic f~.onl i ~ l ' t h e  ~ -oug l i ~ i c . ; ~  p;ittc1-11 I.; 
l'1-111gfll. Wc Ii,~ve nol icct l  1111s phenomcno~i  also In  nl,rli!r 
other S A I I  Ilnagey \ h o w ~ n g  \ca \ur-T;rcc ~ i ~ a ~ l i f e c t a t i o n c  
of ha l ;~b ;~ r i c  w i n d  I?clcl\. T h e  f r i nged  \ r ruc turc  i \  
generatctl \.el-y l ~ k e l y  hy  a t l \anc ing lohc \  i l l  (he heatl 
of the g ra l i r q  currenr. w l i ~ c h  are \cpar;~lecl h! dccl? 
cleft.\ 1 1 3 1 .  Another  k ; ~ ~ u r c  i a ~ n t l y  v~si lh lc 111 the upper 
leSl- l ia~i t l  scc l lon  o l ' l l i ~ s  SAR Image I< rhc a l ~ g n l n c n l  
of ~ l i c  sc;~ ~LII- tace n ian l fc \ [ ; i t ion \  o f  a ~ m o \ p h e ~ - ~ c  
con\  c c l ~ v e  ce l l \  I n  (he NNW-SSE d ~ r e c r ~ o n .  1.e.. i n  the 
d ~ r c c l ~ v l ~  i n l o  wh l ch  rhc a~ l i h i cn t  w ind  i \  I2lowing. I[ I\ 
3 WCI I  ~ I I ( I \ V I ~  S;lct ll1;11 ;LIIIIO\~~CI-IC C(III\~CCIIVC cel ls 
tent1 l o  a l i g ~ i  111 w ~ n d  t l ~ r c c l ~ o n  (see secrloll 41. 

4. SAH I n l ; ~g r  of At rnosp l~c r i c  Bounda ry  I..aycr Ro l l *  

Figurc 7 \ l i o w ~  an ERS- l  S A K  image 1ti;11 wa\ acc lu~~-c i l  
o\,cl- the Greenland Sc;l IIC;IP S p ~ t i b c r f e n  011 M; l~-ch 24. 
1993. ;I[ I t ) :54 L ITC ( o I - ~ I ~  8833. ~~: I I I ICS 161 I ;111il 
lh?9).'l'lii. col-riel- coor t l~n ;~ lcs  arc 70.03° N. 0.88" E I 
80.47' N. 5.07- E I 78.47" B. 6-88. E, I 78.95" N. 
10.55" k. I n  ~ h c  Llppcr lp;lrt 01' the Image. 11ir S~.;\u~-ctl 
Ice ctlgc can he delinealrcl. AI-eas covet-ctl w ~ l l i  \ea icc 
h a \ c  ;I l u w  N K C S  anti l hu \  appeal- t larh on ~ h c  S A K  
Image. 

The arca c k l i ~ h ~ t ~ n g  a slreaky p:ltrcrli IS ill,cll-\\lalcr Jrt.2. 
T l i c  slreak) pattern 1 %  c a ~ ~ w t l  by  vnr lat lon\ oTtlie \ h o ~ - ~ -  
\talc \ c a  \ u ~ - f a c c  r o l ~ g t i n c s s  a s \ o c ~ a l c d  u ~ t h  
alrno\pt ic~- ic boundal-y layer rol ls,  w h ~ c h  arc I'rcquenrly 
obscrvct l  d u r ~ n g  c o l t l - a ~ r  outhrcak\ frollr I;lnil or ~ c c  
over n warm .;ra \urlBcc. I T  tlie bount l ; i~-y- laqer i leprli 
e\ccct l? rl ic l i c ~ g h t  o f  1hc l i f t ~ n f  contlcn.;.111on levcl .  
the upw;l~-t l  111-a~iche.; o f ~ l ~ c  1-011 c i rcu la t~ons 21-c n ia lkc i l  

F I ~ .  7: E K S I  SAR imagcac i l i~~rc i l  (111 March 74. IOOZ.OVCI- 
l l ic GI-ccnlnnil Sc.1 near S[h~lshcrycn show~ng  sc.1 sllrkici' 
man~t'cctal~o~is o f  c~~n iosp l i e~ -~c  Ihounclary 1,iyc.r rolls 

indic;~lc tIi;~l II ic  rolls cii l i  p c r \ i \ l  l'or \c\-cT;II I i ~ ~ ~ i t l r e d  
~I~OIIICIC~\. TI ie OI-ICII~;I~I~II o r l l i c  r o l l  axe\ 10 11ic mcan 
houndal-y I:l!cr w i n d  I-anpcs r r i ~ n i  - 2 0  l o  +307. The 
;ispect 1r;i110. I.c.. the ~ -a t i o  (IT 11ic r o l l  \p,icinf t l :~ leral  
~ a \ e l c n g l I i )  111 ~ l i c  boun i l ,~ ry  i;i!rc~- l i c ~ g l i ~ .  ~ ) l h ~ c a l l y  
rangcs l'l-on1 2 l o  6. h u l  v ;~ luc \  o r  up  to I 5  have . ~ l \ o  
hcen o b \ c r ~ c t l  1131. Fal-rl icr t l i lwnw~nd .  a 11-;111\ition 
Fron~ tlie 1-011 regime l o  a ~ l i r c c - t l ~ m e n s ~ ~ i ~ i : ~ l  ccllul ' lr 
C ~ I I V C C L I V C  repl l i ic  tahes ~> l . ~cc  In mo\r cases. 

FI~UI-c 8 sho\vs lhc  V;L~I;I~II.III ui' ~ l i c  N R C S  : i I ~ l i g  the 
scan l ine  A-I3 marked In  I:.I~LII.C 7. FI-o111 11119 SC;III \be 
see that the wavclcngth o f  l l ic  ~ - o ~ ~ g I i n c \ \  paltrl-l1 v;l~-les 
h c t u c c n  2.7 ~ I I I  and 4.0 ~ I I I  i~liil ~h; l l  1 1 1 ~  ;IVCI';I~C 

wavclcngt l i  I \  3.5 hm. I f  rht. ~ v ~ n t l  t l ~ r e c l ~ o ~ i  .I( the \ca 
sul-face 1s hnown.  then r l ic N l l C S  \r,~lut..\ c.ln bc 
con\,ertccl 11i1o w ~ n d  sl,cctl h y  u s ~ n g  a w i n d  
\c;l lteroli it ' tcr 111oc1cI. Here. \vc ar \ume  hat I l ic  mcan 
u ~ n d  di l -cel lon a \  h e l l  as l l i c  rnil ln componcl i l  o r  thc 
w ~ t i d  \peccl Slucluation a\sclc~alccl w i t h  rhc ho i~ l i da r y  
I ,~yer  r o l l \  a rc  pa l - a l l e l  111 ~ l i c  C ~ I I C C I I O I I  CII' t he  
srl-cab\ I n  r l ic S A K  imagc.  F o r  ~ l i c  c o n v c r s l i ) l i  o f  
N R C S  value.? I n l o  sca \ ~ ~ r l ' ; ~ c c  \ v ~ n d  spccc l . ~  w e  



A dlslance along scan lhne [km] 0 
20.0 20 2 20.4 20 6 20.8 21 0 21.2 
P L  angle lheta [deg) azmulh aigle pht = 55 O [deg] 

PI:. X V a r ~ ; ~ l ~ o n  01'1lie. I l lcan N R C S  o b l a ~ l ~ c t l  f r om  ,I 
scan rro~l-I A 111 B 111 11ir ;lrr;i ~ i i a r l \ r t l  In  Figure 7. 'The 
r i f l i r - l i . i ~ i i l  v e r ~ ~ c i i l  a \ ~ s  s l ~ o w <  thc ; i ssoc ia~cd 'ca- 
SLII-~,I~C i v ~ ~ i t l  .\pcccl c ; i l ~ ~ ~ l . ~ ~ c t l  Fro111 tl ic Cb101>4 w ~ n t l  
Sca1rerollietrr r11ocle1. .l'lie ~l:tsliecl 111ies itre IIIISS o f  
co11sli11il \ V I I I ~  cpercl. 

~ l s e  a g ~ i l n  111c CYhIOD4 111uclc1 1151. E x ; ~ c ~ l y  spc;rkilly. 
11115 \v111i1 .CC, I I I~ IOI I~CIC~ IIIOCICI COIIVC~IS N R C S  values 
I n l o  w~r ic l  sg t r dc  '11 .I rcl'crcllcc l~r.~:l~r t r f  I 0  m ,ibovc 
the sea surl:icc for a ~ ~ c u ~ r a l l y  s tab l r  ~ l ~ r - s c . ~  ~n te l - f i ~cc ,  
I n  the Iprc\enl caw. thc . l l r -wa intrrF,~cc \r.;rh h ~ g h l y  
unstahle r l l i c r  ar the ict. ct lgr  lie air-rea ~ c ~ l l p e l - a ~ u r u  
diffel-cncc was around -711 K a n d  clcc~easetl to aho i~r  
20 K at a t l ~ s t ' ~ ~ ~ c e  140 kn i  t l o w ~ i w ~ i i t l  fru111 1111. ~ c c  c.il:c, 
N z v s ~ - ~ l ~ c l r s s .  w e  use l l i c  C:MOD4 ilii.xlcl .il.to i n  1111s 
case. bec;ir~se sc,lttrrolrrcler Int,lsuI-e,lrieIItr caI r ~ec l  o ~ ~ t  
I'rolil a \ca-h;i\cil plall'orlll 111 11it I\ior[ll Scii Ilavl: \ I io i \ l i  
Iliiil Llie \YIIIC~ \perd  t l rpc l~ t lcnce o f  111e NRCS does 1101 
cl iangr ~ I~ . I I IT IC; I I~~I~  w t i c ~ i  r l l r  a ~ ~ - - r e a  I!irel I,icc chaligf.,c 
I'rom ncu<r,illy hr;~hlc lo  1111s1~blc [ ! 61. '1 '11~ W I I I ~  JPCCCI 
c a l c ~ ~ l a l e r l  111 11i1.c wdv  is clep~ctecl on  I l ic  rigli l-h;intl 
\el-tical coor t l~nate  ; l x~ \  III F ~ g u r c  8. Note  111;li ~ l i r  CLII-vc 
in  Figure 8 I S  l i l t cd  bcc:~l~sc. at cons ran^  nil speed. 
11ic N R C S  IIICI-cases b v ~ ~ l i  clccrc,rsl~ig ~ ~ ~ c ~ t l e n c e  angle. 
\Ve r r e  r r o ~ i i  F I~L I I - r  8 (liar rlir aver;lgz w ~ n t l  specti 
clc.cre,lses s l ~ y l i ~ l y  r r o ~ r i  17 m h  poliir A 10 I h  m i ?  :~r  
~(11111 13. 'r l ic m a r l m u l i l  ! l ~ i ~ n ~ r n ~ ~ n i )  W I I I ~  \pi.ctl 111 

c l l r e c l ~ o ~ i  ~ i l ' l l ~ c  sIle:~k\ I? ; i ~ > [ ~ f ~ i x i ~ ~ i ; ~ I c ~ l y  l q  1111s (15..5 
I l l / \  ). 

.The . ~ l ~ ~ i o s l ? l i c r ~ c  b o ~ ~ i i t I , ~ r y  1;iyi.l- 1-1111s v ~ , c ~ h l c  on  he 
S.4R 1ni:l:e s l iuwn 111 FI:. 7 Ii.rvc Ibccl~ s~ r i i t ~ l , ~ t cd  b y  
l1<11i: II 3-D, 1111ie ~ICI~CIICICIII. I I C I I I - ~ I V ~ ~ O S I ; I I I ~  

armosl,licr~c ~ i ~ o i l c l  o r1g111~1 l Iy  t levc lo l~c t l  lhv C h l ~ i ~ ~ t l  
1171 olrcl later m o d ~ h c t l  by Mi i l le l -  ancl C l i lond I1XI. I n  
19) 11 I S  sIio\v11 11i;rr r l ic SC,I SLI~F;LCC \v111~1 spcccl d e r i v e ~ l  
FI-on1 rl ic E I IS  S.4R I I ~ I C I ~ C  oTF:lg, 7 a l ~ t l  ~plorrcd i l i  Fig. 
X asrce,? q i ~ i r e  \vcIl w i t h  \\~11id speed c .~ l cu l~ t t ed  froi i i  
 he a t~nusp l i e r~c  ~not lc l .  

5. Conclusions 
I n v e c l ~ g a l ~ o n s  car r~ec l  0111 \ v ~ t l i  E I I S  SAR I rna fc rv  
; i c q ~ ~ ~ r c c l  rrvcr 11ic st;! .chow rli i i t ~ h c y  c,in ~prcrv~cle 
v;IILI;I~I~ I I I ~ O ~ I ~ ~ L I I I ~ ~ I I  1 ~ 1 1  II~C~CIS~:IIC i ~ r ~ i ~ o s p t i t r ~ c  
phenol~ic. l i ;~ In  rlie m;irltic boundary I;i>cr. Ir the w l ~ i c l  

t l ~ r e c t ~ o l l  IS k l lowl i .  11lc1i 111e i v ~ l i d  sp r c r l  c;111 h e  
cktraclccl  F ~ ~ I I I  the S A l I  I l i iages by L I ~ I I I ~  ;I \v i l i i l  
\ c ; ~ L t e r o ~ ~ ~ ~ I c r  IIIOCICI. "1'116 WIIICI i l ~ r e c ~ i o ~ i  c:111 
solrletl l l lc\ bc obI ;~~ncc l  It111ri ~ h c  SAR im;igc i l \e l i .  e.2.. 
fro111 tlie cl1rec111111 ol ' t l ie ~ 1 1 i i 1  SII-C;II\S o r  C10111 rl ic WIII~I 
sli;~clow I heh~~ i i l  ~solarecl ~sl;iiltls. S 4 K  I I T I ~ I ~ E S  01' .\c;I 
'1rc;ls ;1rc ,ll3@ well sll l lerl I;.lr v;l l lr l: l I l l l~ 11 lcso~c;1 I~  
;1111104plier1~ ~ i i o i l t l ~  \\*Iirrsc IIIO~CI doli1;1111 C X I C I I ~ S  O\~CI. 

Illi. \c;1. 

6. Acknowledgments 
We thank ESA rol- s u p p l y ~ l ~ f  l l ie ESiS SAR Images. 
T h ~ c  Invc,crls.lrlcin w,is su l> l x r t cd  b v  the Dcnt \chc  
A ~ e n t u r  f ~ ~ r  R ; ~ u r r i l ; ~ l i r ~ a ~ ~ g e l r ~ c ~ i I i c ~ I e ~ i  (13.1ra) under 
contract 50  E E  91 13. 

I I I W. 4 l p r r s .  H. W , i l ~ g - C h c ~ i ,  ,111tl l,1r11 H o c k .  
"C)hserv;~t~oli o l  ~ n l e r n a l  W;I\,CC 111 111~ XII~;II~~;II~ SC:I 
hy EKS  SAR".  I ' r occc i l ~~ ig \  ol' ?"I E I IS  S y ~ n p o \ i u m .  
FIoI-ence. I1J!J7. 

121 P. Briri~rlr. W. A lpr rs :  ' ~ l i i l  J.O. B:Ic~~~;IIIs. "SIII~~V 
o f  thc genernllcrn .lnd ~ p ~ - o l l ; ~ ~ ; l l ~ o l i  oI111ter11.1l \\.avea i l l  
r l ie Stral l  o r  C;~hral ta~- u\ln: ;I n u m e ~ - ~ c , ~ l  moclel ant1 
synr l i c r~c  aperture r;~d;~l- I lnagc? o f  tlie Eur~il,i.an ERS-  
I .;atelI~rc".J. Geophyq, Ices.. 101. pp. 14.2137- 14.152, 
1096, 

131 P. Bra~ ic l~ .  A. Ruh~nc,. U. Alpel-\. ancl J.0. R;rckhaus. 
" I I~~c I - I~ :~~  \V,IVLS 111 the 511~111 o f  M~S\III;I 51udicd hy a 
n l ~ ~ n e r ~ c : ~ l  ~ i ~ o c l e l  and s v l ~ r l i e r ~ c  apcr lurc rad;ir IliiaFes 
f rc~ i i i  ~ l i c  E R S  I ~.~tcll~te",.l. Pliys. O ~ e ~ l ~ ~ i r g r . ;  III ~ ~ r c s s .  

141 W.Alpcr\. P. BrandI. A. Ru l?~no,  ancl J.O. Rackhaus, 
" l i e c e ~ ~ l  col i lnhur~on' ;  o f  rcli lote \en \ lng  10 tile t l ud )  
n r  rn tc rna l  w:~ves 111 ~ l l e  S l r a l ~ s  o r  C;~braIr,il- ant1 
Mc\sl l i ,~".  111: l.lyiia1111cs o,T 1ncditcrranc;ill srl-,IlIs nlicl 
i l i a ~ i n c l c .  F, B r i , ~ l ~ i l  <(I.. C l E S M  Sc~encc  S c r ~ c c  110.2, 
R u l l c r ~ n  i l c  I ' l ~ l \ r ~ r u t  O c ~ ; ~ ~ i o ~ ~ a p I i ~ q r ~ c ,  hlonaco. no. 
Spicl i l l  17. p]>- 2 1-40. I O!)f>. 

111 .4.R. (_).uborllf cund T.I. L ~ l l ~ ~ l . " ~ l l t ~ r l l : l l  sollron.; In  
tile A~ i i la rnar i  Sc,l". Sclel~ce. 208. pp. 4S 1460, 1980. 

171 U: All,ms. U. Pahl. G. Gros\. and L1. E~IIIIE:'S~LI~I~ 
ol' k a l n h a ~ i c  a111d t ~ e l c l ?  b >  u \ ~ n g  EI<S- I  synlhet ic 
: i p e ~ - l u r e  I-;ltlar i l n a g c r y  nT l l i c  ocei111 . ; l~~- face" ,  
P r o c e c i l ~ ~ ~ g s  o r   lie 19c)h In le rn ; j l~ona l  ( ; tocc~encc ant1 
l i cn io ie  Se. l i?~ng S y m p o s ~ l ~ r r i  !IG.ARSS'OO). Llncoln. 
Nehi-,~ska. l!S,c\. 27 -1  I May.  Vol,lll. pp. 1478- 1480. 
I o 9 a  







The use of radar for bathymetry assesment 
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Abstract 

1. Introduction 

Katl;ir ~radiaciol l  c l o e  no1 pelletrare In to  the sca. o n  
the co~ i t l -a ry .  ;III ~ - a c l ~ a t ~ c ) ~ i  I.; ret lectei l  ciTf thc \ L I ~ ~ L I C ~ .  

Thel-elhre. on l y  i n f o r m ; ~ l ~ o n  ah0111 ( l ie (ea .vui:/ri(.c 
can be exlractet l  TI-~II~ ratlas images. Ne \e r l hc le \ s .  
b a ~ l i y ~ i ~ e l r i c  ,fe;i lure a le  somelllile.; eupre..;.;cil ill 
1-;ldrir illl;ige\. ;I\ was f l r s l  n o l ~ c e t l  i l l  a i rhot - I I~  r , ~ d a ~ -  
images o f  the N o r t h  Sea I n  1969 10.71. A t  Ihe I l l l ie .  
the e f fec t  wu\  cluite ~ ~ n e x p e c l r c l ,  Since 1Iie11. [he 
el'fcc( h,i\ hccn  rou t i l i e l y  obsel-vecl h y  II~III?I-OLI> F'igurc 1 R i i i l i i r  i i i i i iqc  j r o i i i  i i i c  LA'S-I s i i i e l i i i c  
\17;1cc ;111d a i rhor t lc  s) SIFI~I\. ~ n c l u t l i ~ l g  11ie SE.4SAT . \ / i o ~ i i ~ , q  i l i c  ,Vo r i / ~  .S(,(i (ii111 (1 / ~ i i i - i  ( ~ [ i l t c  .\OIII/~IL,C.~*~- 
(I,-hand, 1'17X) and E l C -  l (C-balr t l ,  199 l  - I  C)L)6) cjrii ~ V c ~ i l r c i ~ l r i i ~ t /  c.oci.si. Mo.si  ofiht~.siriic.iiirc,.s iii // lo 
rad;~r \;itellites. o/!i,i~ .sc11 iirc, IIO~~(-IIII ~~/I(I:~I-cI~-I/I~. 

I,)LIC to  i le .ve lop l i ie l~r . ;  I n  o p c r , ~ t i o ~ l ; i l  c a r t h  
obsel-\;~tiori. r ;~cl ;~~- imagery  I\ hrco1111ng more  r ; ~ \ i l y  
available Lhc\e clays. the II~\~SLIII~CIII o r c h o i c e  I?ellif 
the Sy l i the t ic  , I \ p e r t ~ ~ ~ - e  Raclal- (SARI.  TIICETOI-e: il 
\vou ld  s e e m j u s ~ l f ~ e d  to Il ive\rlgali. the p o z s ~ b ~ l ~ ~ ~ e s  
Tol- r l i c  u s e  o r  r a d a r  Tol- (r;11?1iI) hi1t11yr11eL1-y 
a $ \ e \ r l n e n l .  W h e n  c lo i l ig  so. 1 1  lusns 0111 lhat.  
, ~ l l h o i ~ g h  raclar c e r t a ~ l l l y  has t l ~ \ ; ~ c l v , ~ t ~ l a s e s  with 
~ - c s l x c ~  l o  (l ie u \ ~ ~ a l  batlib l i i c t ry  mapping t c c l i l ~ ~ c l ~ ~ e > .  
i t  111 l';lct also Iias some very j pcc ia l  ad \a~ i l ; ~gcs .  
T h e w  21-e f o ~ ~ l i c l  p r ~ m a r ~ l !  i n  \)liol,tic ove rv l cw .  
speed. c o \ t  ~-eclucl~on.  nil the ah1111y 111 \u~-\*c.y fn )m 
a hare t l i \ r a ~ ~ c c .  h l a i l l  cl~.;;~tl\,anl;~gc I \  the I';~cl that 
the sacl;~~- procluce\ on l y  1parLial i ~ i f o r m a t ~ o ~ i .  ~ 1 I i i c h  
ha\  to he \ ~ ~ p p l c ' ~ i ~ e n ~ e d  h y  data ~'ISOIII o ther  4011r~e.;. 

Tli~.; 1~111cr ~IIII~.; .~t t I ~ i c ~ ~ \ r ~ ~ r g  ro l i l c  asl?ecl.; ol' 
lhe  L I ~ C  ol ' radnr i l ~ i a g e \  for  b ; i l h y r ~ l e ~ r y  a\sesslileli l. 
T h e  p ; ~ ~ ~ e r  f i rst  cle.;crihes. i l l  s t e l l o n  2. [fir c o ~ i c c l ~ t s  
o f  h a ~ l i v l n e l ~ - y  a.;sr.s?nlenl. 11 lc lud1n2 lhe pphys~c~l l  
p roce\cc \  111al Ic,itl lo ~ h c  I l r lag lng o f  b a t h y l ~ i r l r i c  
t'ealure\ b y  raclar. the  ~ i l o c l c l ~ l i g  t t . c l i l i ~c ]~~e . ;  f o r  
s ~ m ~ ~ l a l i l l g  r h c x  ~rai lal-  I lnafc 's.  a l~c l  111s use o r  
I I IV~PSIOII  ;111d ; I $ Y I I ~ ~ I ~ ; I ~ I O I I  ?C~ILII~CS 1 0  eA l l ac t  
c l u a n l ~ l a l ~ v e  b a l l i y ~ i i c t ~ - i c  i l l l ' o rmal ic?~~ fro111 r;~clar 
clata. M o r e  t i e t ; ~~ l cc l  ~ n l ' o l ' ~ ~ ~ a l ~ o l i  o n  the v a r i o ~ ~ s  
e l e m r n l c  I h a l  p l ; ~ v  a I-ole IS f i v c l l  111 sec t ion 3. 
11iclud111g a I - C ~ I C W  0Fihe I l is l l -~lmcI l I ; Ioo~l.  E\;IIII~?~~Y 
01' I I T ~ ~ ? ~ ~ I ~ I ~ I I ~ ; I ~ I O I ~  ;11i(1 re\LIIl.\ ;IIC p re \ente t l  i n  
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2 .  Concepts 

T h e  I -c ,~ \on 1li.11 Ih,~~li! I !~~II ,  e'111 I>c ~ h \ c t  \ ~ , c l  h! 
r a d a ~  I \  I>ccau\c ~ h c  b a ~ l i !  II~CII-! 1111  l u e ~ ~ c e \  l l i c  \?;I 
\III-~;ICL, ;111101111t 01 I~,IL,L\C:I{ICI ICII~L.ICCI 11-CIIII 
ill? \e,1 \ ~ l l - I ~ l L ~ c  iLll1Ll l l l c l c h >  l l \  1;1cI;11 1 l I l ; i ~ c  
l ~ l - l g l l l l l e \ \ )  I \  ~ > l ~ l ] l ~ l l l l ~ ! l l ; l l  1 0  l l \  l - l l l l~ l l l l~~ \ \~  111c 
IO I I~ I~C I  ;I 1p,11cIi (11  \LII-~;IL,L,, 11ic I>I-I~~IICI- it  \\ 1 1 1  lhe i l l  
.I  ail,^^ Ilrlasr.. 1 1  I \  IIIIIC~LI ~ I i c  c l i ,~ l lgc \  111 \C,I \III Irl i.c 
l - o ~ l ~ l l l l c \ \ .  c;i l l \c<l l1> l l l c  \c;1 l>0110111 L ~ > ~ 1 ~ l ; l ~ l ~ l l l ~ ,  
I l ia1 ~ c \ u l l  i n  I ~ a r h ! m ~ ~ l l ~ c  \ i g l i , ~ l u ~ c \  h c c o t i i ~ r i g  
\ l\ l I1lL~ I l l  l-:lil;ll l l l i : l ~ c \  I I1c \\:I! l l l i \  l l ; l~3~>c l l \  I \  

IIII-OII~II ,I ~ l ~ ~ - c e - \ [ e l >  ~ I ( I L . ~ \ \  F I I \ ~ .  II I \  I~L,L,L,\\;~I! 

l l i a l  ;I \ \ a l e r  f l o \ \  I \  p ~ c \ c t ~ r .  \LICII ,I\ :i 11c1,1I ~ I I I I - C I I ~  

r111\ L~ l l t l e l l ~  \\ ~ I I  I ~ C  I ~ I ~ I ( I I I I : ~ I ~ ~ I  I)! IIIC ~;IIII! II~CII-!, 

.III~~ lhc  ~ C \ L I ~ I I I ~ ;  \ :~I-I,I~II!I~\ i l l  L L I I I C I ~ I  ~ p c c c l  \ i l l 1  
c l l \ ~ l  IlC pl-c\c l l t  <I1 1I1c \ I l l  I,1cc, 1 - 1 1 ~ ~  \ c c o l l ~ l  \ l C [ 1  01 

11ie ~ I - ~ L , L , \ \  i \  111, t t  ~ l i e \ c  \LI I  l ;~ce CLII r c ~ i t  \;I[ I : I L ~ ~ I I \  
I I ~ ~ I I C I ~ L ~  I I I  1 1 1 1 i 1 i c  l l ie ~ h i ~ t l  \ rep i \  
1I1c 1;1cl,11 llll'l;lil~ ( 1 1  lIlC \ I l l  lL lcc .  ;I\ ~ l l l l l l l l c ~ l  < l l l o \ c .  
l l l C  \ l l l ~ l ~ l l l l C r  ~ l l c ; l \  \\ 1 1 1  l 1 ~ ~ c ~ l l l l c  ~ l ; l l  kc1 Ill 1I1c 1Ill;lgc. 
slid 111~. ~ r o i ~ ~ l i c r  area\ h r ~ ~ l l l c l -  
T h l \  \ \ l i o l e  ~ > I ~ I L c \ \  c;it1 1>1c\c1111! I lc ~ILI;IIIIII;III\~I! 
I ~ I o c I c I ~ ~ I .  ;I1 1c;i\1 \\ 1111 cc l l , l l l l  : l ~ ~ ~ ) l ~ l \ I I l l ~ i 1 1 0 I 1 \  13r l \~<I 
011 LIIC l , l i y \ i c \  0 1  t h e  l ) ~ - o h I c ~ i ~ .  ;iIgo1.1111111\ i l l-c 
;I\ : i i l , ~ I~ l c  III;II L,III l p ~ o c l ~ ~ ~ , c  ,I \i111~11;11ecl ~-;i[l:~r I INLI~L, ,  

? I \  c11 :I I h ~ ~ l i !  ~IIL,II !. TIIL, I ,ILI~II \I;I~~ILIII-~\ 111cI11ccd 
I>) 1I1c l 1 ; l l l l ~ l l l c l l ~  ;11c \ l l ~ l l l g l ~  ~ l c ~ > c l l ~ l c l l l  011 l l l c  
a1iih1c.111 l i ! d t i ~ - ~ i i c l c o ~ ~ ~ l o g ~ ' ~ ~ l  c o ~ i t l ~ ~ i ( ~ ~ i \  S l i r~ l>c .  
I~lc:111e111 ,lllil . l l l l e l L I I l l  01 1<111,11 c01111,1\1 ' l \ \ o~~ ! . l l c c I  \\ Ill1 
I ~~L~~ ! I I I L~ I I IC  IL,;IIIII~\ i l i , l > c ~ ~ i l .  C' 2.. 1111 CLIII-1'111 ;IIICI 
\\ i l icl \ l)cccl ;11icI d11ec l io11 I..LII-I~I~I IIIOI c. l l i c  \Lcli i 
~~;II-;IIIIL,I~I-\ 0 1  1112 ~ ; I ~ , I I  : ~ r c  I I ~>~O~ I : I I ~ I .  ~ ~ i c l ~ ~ c l i ~ i g  
\ LC\\ 111: ~ c o l l l c l l !  

2.2. In\ rrsion 
\llll!lll;ll 11 1, ] l l l \ \ l ~ l I c  Ill ~ o l l l ~ > L l l c  l l l c  l;l1l<ll l l l l L l ! g~~  

F l \ c l i  1Iic ~; I I~~>I~IcI I ! .  1 1 i 1 \  ~ O I ~ I ~ > L I I ; ~ I I ~ I ~  C;II!IIOI. III 

I .  1 '  I I  i ~ i c ~ c l  T i l l \  I \  clue l o  t he  
c ~ ~ i i l ~ l ~ , \ l l !  (11 IIIC IC~;IIIOII h i ' l \ \ i , i~ l i  ~ l i c  I ~ ~ . I ~ I ~ I L L I L ~ C  

o t  11ic 1;1c131- c01111;1\1 ;111il 1111' \\.IIL,I ~ l i ' l ~ t l i .  I - r o m  a 
I;I~I~II I I I I ; I ~ ~  ~ I / O I I ( ,  1 1  i\. ;II Ic;1\1 lo t  IIO\\. ~ ~ i i l ~ o \ \ i l ? l c  
l o  t . \ ~ l - ac l  a h;~ll i! II~CII-! LI~,II-I R;lcl;~r. II~cI-cIoI-c. \\ 1 1 1  
]3r~ll>,llll! 11e\c1 ~~0111~3 Ic1c l~  l c ~ 1 l ; l ~ ~ c  I l l  \ 1 r 1 1  dcp l l !  
l l ! c ; l \ l l rc l1 lc t l l \  I>! c ~ l l l \ c l l l l ~ ! l l : l l  t c c l l l l l L ~ L l c \  
( ~ n c l u d ~ t i ! g  \ o l i a l )  N r \ e r r l ~ c l e \ \ .  ~ ; ~ c l a r  il;lla ca l l  hi. 
u t l l i / c i l  111 \ c \ ~ , t , ~ l  \\.I!\ l o r  h ; i~ I i !~ i i c t~- !  p l ~ r l > o \ e \ .  
111\1111~~11011 c;111 11c lll,lil~ I'cl\\ccll L l \C  Ill LI ~ l l l ; l l l l ; l i l \C  
'111d ~II;IIIII[:II~\~ \CII\C 1 1 1  ( he  1 1 1  \I \+;I!. ~IIC I;K{;II- 

Image \  are i~ i l c r l> rc tec l  lo t  l l ie  ] > r c \ i . ~ ~ c e .  \ l i ;~ l>c  :incl 
loc,111o11 111 h,irli! I I I ~ I ~ I ~  ~~,I I I I I -~\ .  'I.III\ IIILC'~II~CI,IIIW 
l l i l \  1 0  l l c  ~ ~ c l l l l l l l l c c l  011 lIlC ll'l\l\ (11  LllO\\ l c c l ~ c  01 

i l i c  IOI-M:II-~ ~ i ~ o c l c l i ~ i ~  ~ > r o c c \ \ .  ;11 i c1  IIIL, ;I~ILI;L~ 

l l ~ c l l ~ l l l l C ' l c o  c ~ ! l l ~ l l L l ~ > l l \  l=~ll- 111c ~ lL l l -~1o\L~ 111 L l l l \  
p,lpcr. 11ic I - ~ \L I I I  111 1l11\ At~ic l  oi :II~;I~!\I\ I \  c l ~ ~ ~ i o t c ~ l  
;I\ '1 lC'L~ollllLll\\;lllL~c \ L l l  \ c>. , \ \  \\;I\ < lc\el  l l lc<l  ,lI10\ c. 

111~  IL,I;IOOI~ hc~ \ \ cc t !  1l1c ~OIIII;I\I\ 111 i l i c  I;I~I.II 1111il;e 
and l l i c  I >a~h )  11ic1t IC l c a r l ~ t e \  \ ~ ~ c l i  ,I\ I ~ c l ~ c \  (11  \ l ope\  
i \  l i o i  I I \ L ' L ~ .  11111 cIcpctlcl\ OII I I : I I ; I I ~ ~ ~ ~ ~ I \  \11cl1 ;I\ 
L,LIIICII~ l~~i i l  \\ 1 1 1 ~ 1  \ ~ l c c ~ I  :111cl L ~ I I - C L I I ~ I I ~  0 1 1  111c h r i \ l \  
(11 t l l ~ l ~ l c l l l l g .  IIlL, l;l<l;ll 1 l I l ; l~c  C; l l l  l1c ;lll;ll!/ccl I0 

! ielcl ;I ~ i i o r c  1)1cc i \c  sc0111cl1 IC loca11c111 ( 1 1  thc  
ll'llll! tllcll-lC l ~ ~ < l l ~ l l e \  



~pos\ i l> lc  u h \ o l c l c ~ ~ c \ \  o l  111~ clcptli cIi;11L ( c l c ~ c ~ i c l i l l g  
(111 the I l l l i e  w a l e \  as\oci;~lecl u11h  l h c  i l !~ ia l i~ lc \  o l  
l l le  \C' I  I10110111 1. ;111e1 l l l e  l l l ~ l l r e ~ l  ;111~I ~>i l r t l ; l I  I1.IlLII-e 
01 t l ic  III~OI-II~;ILI~I~ 111 the ~ a t l a ~ - i m ~ ~ g c \ .  ~ p l u \  rhc I ~ \ c d  
01-hi1 o l  11ic \ l ~ a c c h o r n c  1>1;1~1'or111\ I'I1c LI \C 0 1  ill1 

; ~ \ \ i l i i l l ; ~ l i o l l  \ c l i c ~ i i e  \\1111 111p~ l l  IIOI~I CIIII~I-~III 
\e11\01\ c,111 Ic;1cl l o  11101c l O l 1 ~ 1 \ 1  l e \ ~ l l t \ .  l o  111~11-c 
; I ~ ~ u I - ; I I ~  I ~ \ L I ~ I \ .  :111d ;11\o 10 e o \ ~  I - ~ ~ L I ~ ! I O I I  11) 
l o w e r l l i s  l h c  ~ c l a l l \ e  ~ ( I I ~ I I I ~ L I I I ~ I I  o f  l l ~ c  11io1-c 
c \ p e n \ l \ i .  t!pc\ o l  clar;~ 

3. Components 

- I . l ~ c ~ c  ;IIK I\\(> II~;III~ d i t l c r c ~ ~ c c \  h c r \ \ c c l ~  1I1c II\C oi 
; ~ i r b o l - l ~ c  s ~ ~ i d  o l  \ a l c l l i t c  S A R  \ ) \ te rn \ .  T l l c  111-\1 
c l i f f e r c~ i cc  l i c  ill l l i c  \ c ;~ l c \  o f t h e  ili~;~:c A \ ; ~ l c l l l l e  
\!\tell1 \ \ i l l  i n  ~ c l i e l . ~ l  Imasc  a l n r f c ~  area (r!l>li.all! 
I l l 0  \ 100 h ~ i i ) .  Ihul \ti111 l c \ \  cIct;111 (I!~II~;III! .:I) \ 
.30 111): ; , t i  a ~ l - b o ~ - l i c  \ ) \ l c n ~  ulll i ln;~gc a \ ~ n : ~ l l c r  . ~ ~ - e a  
( o l  the (11-ilct- o l  I 0  s I 0  1,111). bu t  u it11 m o l e  ~ l c 1 a l l  
(I! p lc;~l l !  7 \ 3 111 I - ~ \ O ~ L I I I ~ I I ~  ). T h e  \cc i ind  el11 l c l cncc  
I t c \  i l i  11ic \ c l ~ c c l ~ ~ l ~ ~ i ~ .  2 1  \;11eI11le \ \ I I I  l1;1\e ;I l ~ \ c t l  
o rb i t .  g1 \111g  i t  ;I l i x c d  I -~ I>c ; I~  p c ~ , i o ~ l  l o r  i111;1gillg ;I 
pa r t l cu l ; ~ r  area o t i  ~ I i c  ~ I -OL I I IC~ .  A l l  .11rhor11c \ ! \ l c l l i  
c;111 be clcplo!e~l  IIILI~II IN~OI-c VIe\ihl! (;i\ el l  ll1.11 ~ l i c  
\ u c c c \ \ l u l  imaglli; o f  harli)rncrl-! t l cpend\  1al11c1- 
\ ~ r o n y l q '  o n  1 i ) t l l -omcrco c o n d i l i o l ~ \ .  a l i i l  1I1;11 a 
\ , ~ l e l l ~ l c  11eed\ 10 Ihe \chcclulccl i n  . ~ t l \ ; ~ n c c .  \ ; ~ l i , l l i t r  
1111:1gc1! ~!plc; i l l !  need\ 10 be c o l l c c ~ c d  t lu1111$ a 
~ p c r l o d  0 1  t i l i i c .  u a i r i l i g  l o r  ;I c o ~ ~ ~ e i d e ~ i c e  01 
I ; ~ \ o ~ - a h l c  l i > d ~ - o ~ ~ l c l e o  c o l ~ c l ~ r ~ o n \  \ \ i l l1  the \ a l c l l i t c  
01 el- \ I<l \ \  ,411 ; l l r l ~ o l l l c  \ C I l \ O l .  011 tI1c ~ l l l l e l -  l l<ll lcl, I\ 
I)~IIc;III) hcpr 011 \ranel h)  an i l  I \  I l o u n  o11c.c. a \  
\ o o n  ;I\ [ h e  l a v o r a b l c  ~ O I I ( ~ I ~ I O I I \  OCCLII- 

~ ~ ' L I I - ~ ~ I ~ I - I I I o ~ ~ ,  1 1  C;III h e  ~ i o [ c ( l  l l i , ~ t .  ill g c ~ l c r ~ ~ l ,  
, I I I ~ O I I ~ ~  CI~I~;I I \  11iti1-c c \ p c ~ i \ i \ e  pe l  \ C ~ L I C I I ~  h111 l l l L ~ ~ l  
\ i l l c l l l l c  clL1t;l 
I'ICCIIII!. t l i e l c  a l e  a n ~ l l i i h e ~  o l  \ a l c l l ~ l c  S/ZI<\ I n  
o ~ ~ ~ . , I ~ I ~ I I I  T h c \ c  11ic1~1cIc l.S,\.\ k l < S - 2  ( \ u c c e \ \ o ~  
l o  E R S -  I  ) .  J : I ~ ; I I ~ ' \  SEl<S- I  i111cI 11ie C;II~;I~I:III 

3.2. 1)etails of thc I'orw;~rtl lnoclcl 

\c;11e I lO\\  11101l~~l\ ll1;ll ~ p l ~ I \ l L l c .  c  ; . 'I t1cI.1l ;111cI 
\\ lllil-(11 I \ C l l  C I I I  I L , l l l  ; l \ c I ; l~cc l  ( > \e l  l l l c  c l l l l l c  ,11e;1 
0 1  I I I I C ~ ~ \ L  W I I ~ I I  r l l c  hor10111 ~ ~ l x i g l ~ ~ p l i !  I \  one  
cI1111~11\1011;11. 'I\ 111 1111' e;I\e (11 ]~III,IIIcI IOl l ; -c l~\ lccl  
\ ; l l l c i  \ \ ;1\c\ .  'I \ l l l l ~h l e  l l l o ~ l c l  \ l l f I lCC\ S11cI1 ~>; l l ; l l lc l  
\ i ~ l l d  \ \ ; l ie \  ;IIC Iou l ld .  lo1 ~ x ~ I I I ~ ~ > I c .  111 11-0111 0 1  ~ l l c  
1 ) ~ l t ~ I l  co;l\ l. Ill \ l lL l l  ;I \ l l l l ~ l l c  1110clcl 1I1c c o l l l ~ ~ ~ l l l c l l l  
0 1  t l ~ c  \IIII;IC~ CIIIIC~II ~ ~ ~ I ~ ~ C I ~ ~ I C L I I ; I I  to  ~ l l c  \;1111l 
\\;I\c C I - ~ \ I \  c:111 Ihc ;1pp1o\1111;11c~l I>) \ i l l i l> l i ,  I l u \  
c o l ~ \ c ~ - \ a l i o n  1;1\\. \ \ l i ~ l c  l l ~ e  co1nl1011c111 pal-al le l  to  
1I1c e 1 c \ r \  I \  co l l \ l : l l l l  \\llL!ll 1I1c \e;1 l ~ ~ 1 1 l 0 1 1 1  

~ o p o s ~ - ; ~ p l i !  I \  11101c co1 i11> l ic~11c~ l ,  l l o \ \ e \ c ~ .  11101-e 
\ o p h ~ \ l ~ c a l c d  1 \ 2 0  d ~ m c n \ l o n i ~ l  I l o \ r  m ~ c l c l \  at-c 
nccdccI. 01. I n  o ~ t l c r  to  r c l ; ~ l c  I l l?  \ u ~  l ; ~cc  cu l r cn t  I o  
r l lc t l cp i l i -a \  c~;i;ctl ~ L I I - ~ ~ I I ~ .  c \  e l l  1I11ce c l i l ~ l c ~ l \ l o ~ ~ i ~ l  
1111e\. 711e eOIlIp;II-I\OIl 0 1  1I1c \ l l l l l l l ; l l c~ l  l -e \ l l I l \  \\ It11 

' j  . . ,I '11 Ilii;l;e\ I.eclullc\ f lu \+  clal;~ 011 a c \ t r c m c l )  I l n c  
21  ~ c l  ( I 'RS-  I i111;1yc c011111,11 1\011 le;~cI\ 10 12 i III .111d 
rhc t l o \ \  ~ l i oc l e l  11111\1 p;i\\ ~ I i c  ; i \ \ ~ l ~ l l l a l l o n  IOOI' nor 
o l i c c  l h u ~  a ( l a l g c )  i l u l ~ l h e l -  0 1  11111c\. I I 1 e \ c  
~ c q ~ l l r c l ~ ~ c n t \  co11\11aln r l lc I l o \ \  ~ i l o ~ l c l  c o ~ ~ i l ~ l c \ ~ l !  
\111ce IIICI-C i\ o ~ i l !  L~ l111111ccl ~ O I I ~ ~ L I ~ ~ I -  ~;II>;ICI~! 

a \  a i l ; ~ h l ~ ,  
l ' h c  \ c c o n d  \ L C I ~  0 1  the  ~ i ~ o c l e l i l i ~  ~ I c \ c ~ - i h c \  ( l ie  
111il~1etlcc 0 1  the CLI~I-~III. ;II~CI 111 ~CIIIICLII;II- 111c CLIIICIII 

\ a r la r lo i i \  a \ \ oc~ .~ r cc l  \\ 1111 1I1c h;i[ll! II~~II!. 011 11ic 
\ ~ ~ ~ - i ' a c c  l o ~ l g h n c \ \  T h l \  t I c \ c ~ i p l l o ~ l  I \  i n  ICIIII\ clt 
( l ie \2;1\c c l i r e c ~ i o ~ l ; ~ l  \pee11 ~1111 'I l ie \~~~I IL I I I I  11cec1\ 
r o  b e  c l c \ ~ r i l ~ c c l  O \ C I -  ,I \e l - !  l ~ r g e  1-;111yc o t  
\ \ ; I \ c Ic11~1I l \ .  f l 0 l l l  ItIl\ 0 1  l l l l l lelrccl\ 01 I l l e l e l \  ~ I O \ \ I l  
l o  cen l l l i~erc l - \ .  !1111011g l hc  \l lot-l ( c c l l l i l l l c l r i c )  \\;I\ e\ 
at-e l h c  \o -ca l led  " I3rayg" \ \ a \ c \ .  \ \ l i ~ c l l  al-c 111 111- \ t  

In\l,lrlcc r c \ p o ~ ~ \ ~ l ~ l c  1.01 r l ic 1,ic1,11 hach\ca t lc l :  r l ic \c 
21-c I n  r l l l l l  111ocI~l;11ed b! r l ie l o l i ~ c ~  \ \ a \ c \  upon  
u h i c h  I l i c )  r ide .  'l'llc m o c l c l l ~ l g  i \  o l  ;I ~ p e r t u r l h ; ~ l ~ o n I  
r c l ; ~ \a l i o l i  l!pe S r a l r ~ n y  \\ 1111 l h c  c c l u ~ l ~ b r ~ ~ ~ ~ l  n a \ e  
\ p c c t 1 ~ 1 1 1 .  1l1c 10, ,I] cI1,11isc\ 111 \ \ ; ~ \ c l e ~ l ; ~ l ~  ,111d 
IIIIIPIIIUCI~ 0 1  each \ La i c  III rhc \ I Icc l l - l lm cluc l o  r i le 
\;II-~;II~OII\ i l l  CIII~CIII 211-c c o ~ ~ ~ ~ ~ u ~ c c l  \el~it l .  IIII\ I\ 

c lc l~ ic  OII 11ic I~ , I \ I \  0 1  cc i11\c1 \ ; ~ l i o t i  I;I\\ \ 

c o n \ c ~  \ ; I l l o n  01 . I I~ I~ , I I~~I  I r c q t ~ e ~ l c !  , ~ n c l  
COll\el-\ ; l l l O l l  01 \\;I\ e  '1c1IoI1 T h e  Co l l \e l \  ;lll(lll 0 1  
a l ~ p ; ~ ~ - e n [  I ~ c q u c l i c !  ! ic lc l \  ~ l l c  \I a\clc11g1l i \  0 1  l h c  
\\;1\c\ ,I\ Ihe! ;IIc \ ~ l t l j c c l  I0 l l l c  cLIIIell1 \ : l l - l< l l lo l l \  
\ \ l l l l e  l l ; l \ c l 1 l l g  011 r l l c  \ \ i l l e l  \ ~ l l - l ' l c c ~  l l l c  



con \c r v ;~ t i o l i  o f  :~c t io r i  ) ~ c l t l \  the \v;~vc a ~ i ~ l > l ~ l u c l e s .  
T l i i \  l c ~ c l \  111 :I \ \ : ~ v e  \ p e c 1 r ~ 1 1 1 1  ;IU;I) ~ IOI I I  

c i l u ~ l ~ l > r ~ u n ~ .  T i l e  ~YOI~ I IO I I  o f  r l ic \va \e  \pc,crl-llm 
In  1111ie I \  t l i c ~ i  ~ O I I I ~ ~ L I I ~ ~ I  .I\ ;I I - ~ ~ : I X , I I I ~ I ~  back Io\v;~rcl 
II\ C ~ I I I ~ ~ ~ I - I L I I ~ ~ .  111 t l i ~ \  \\;I>. ii \\ ; l \e \ p c ~ I r u ~ i i  i \  
c o ~ i i l > i i ~ c d  011 e i ~ c l i  l o c ~ i ~ t ~ o ~ i  o f  t h e  \UI - race 
II.3.S.O. I  I . l ' ] .  

T h e  rli lrcl \re]> ol' ( l ie ~ l i t i ( l c l i ng  I \  r l ic con ip i~ l l r t i on  
ol' r l ic r,~clar h ; ~ c h \ c a r r c r i ~ i g  fro111  lie l o c ; ~ l  \ v i ~ v c  
\11ecl1~~11~i.  T l i c  ~ ~ t i i p l c i l  ~ i i o i l c l  f o r  1111s i i  l l i c  13r;lgF 
\ c a l l c r l n g  ~ u c i i l c l .  1 1 1  l l l i c  ~ l i o c l c l .  t l i c   radar 
bach\callc~-iri: i \  \ ~ ~ i i l ) l y  ~ p r o p o r l ~ o n d  l o  11ic \l>cctral 
\ ' c ~ l i ~ c  ;II ~ l i c  13rL1gg \ ~ : ~ \ ' c l c ~ i : ~ l i  III ~ l i c  r;~cl:~r l o o h  
c l i rccr~c i t~ .  h,Iorc \ op l i t \ ~~c , i t ec l  ~i ic ic lc l \  .i\cr;igc the 
loc ,~ l  I l ~ a g g  .;c;ir~c~in: c ~ i n ~ r l b u r i ~ i n \  ovc l  ,111 r i l ~ s  
tIi:it O C ~ L I I -  clue IO t l i c  1 0 1 i f  \ v .~vc \ :  a \  ,I r i l l - thcr  
~ ~ I ' I I ~ ~ I I I ~ I I ~  tlic! ~ > i ~ y  ,II\<I ~ t i e l ~ ~ c l c  ~ ~ I I ~ ~ I I ~ L I I I ~ I I \  ol' 
i ] l e c ~ l l c ~ r  r e f l c ~ ~ ~ ~ ~ i ~ i ,  \\IIICII occur> \vIicn l l i c  \va tc~-  
\url;~cc is locall! l i l lccl  \o 11ii1cli a \  l o  be :tlignecl 
~ ~ e ~ - p e ~ i ( I ~ c i ~ l i i r  10 r l ~ e  ~r;~cl;~r. T l i e \ c  I! pes ti l '  111o~Iel \  
'11-e c ~ ~ l l c d  ~ \ \ o - \ c ~ i l c  ,111cl c o ~ i i p o \ i ~ c  11iocIc1\. 
r c s ~ ~ c c ~ i v e l y  1101. ,A d t l ~ l - e r e ~ ~ ~  ; ~ p p ~ - c i a c l ~  I \  a l \ o  
1105\1l>lc. COIIII)LIIIII~ l l i c  h ; ~ e k ~ e ; ~ I I c r  f ~ - o n i  1l1c ba \ i c  
I \ , la \ \ \c l l  ~ ~ ~ L I ~ I I I O I I  ol' ~ ~ l c c ~ r o ~ i i ; i g ~ i c ~ ~ c s .  re\111111ig ill 
\o-~~II IL~(I  K ~ r c l ~ l i ~ l i i - t ~ ~ ) c  IIIOLI~I\ l(,.x.. 51: III o ~ - d e r  
IU ge l  p r ;~c t i c ;~ I  r e \ u l l \ .  I l o u e \ c r .  rar l lc l -  \ I r o n g  
: ipp lo \ l lna t lo l i \  ~ l c c d  t o  Ihc i ~ p l ~ l ~ c t l .  

An a \ \ ~ l n ~ l a t ~ o ~ i  \ c l i c ~ i i c  a \  o u ~ l t ~ ~ c ~ l  I n  \ c c ~ ~ o n  2.2 
can 1111pIc11ic1irc(1 011 111c ~ : I \ I S  ol' II c 0 ~ 1  ~ I I I ~ C I I O I ~  

1 1 i i 1 1  11~1.; t o  IIL. ~ i i i ~ i ~ ~ ~ i ~ x c c l .  7 ' 1 1 ~  c o s ~  I'IIIICIIOII 
~ L I ~ I I I ~ I ~ ' I C \  t l ic ( I I I - ~ ' ~ I . ~ I I c ~  ~ C I L L C C I I  \~II~LII;IICCI i ~ l i c l  
ob \e r \ cc l  l lnapc. Such ;I c o \ t  i ' i ~ ~ i c r ~ o n  can. ( , . ,y . .  be 
c i c l ~ i ~ ~ c c l  'I\ 1 1 1 ~  \ i111 i  o r  111c \ q i ~ , ~ r c c l  c l~l ' l 'crct iccs 
betwee11 moclcl ~ ~ r e e l ~ c l i c ~ l l \  ;inel I l i caruremcl i l s  at a l l  
~ O \ I ~ I O I I \ .  Di l ' l 'crc~i t  \ \c~ : l l i l \  ni:iy hc as \~gncc l  t o  a l l  
of l l i c  I I I ~ L I ~  ~I:II;I. ((1 ~ - c l l e e ~  t l i c ~ r  ~ r c l ~ ~ ~ b i l ~ r y  12,4]. 

4. Applications and results 

lead ing l o  ~ n l ' o r ~ i i a l ~ o n  a h o i ~ t  Ihc  occul-rcncc o f  the 
type o f h a l l i y m c ~ r ~ c  l e a ~ i ~ ~ c \  a \  \allel hank \  (11- \ l ioa l \ .  
\and \v;~\.e\. allel channel.;. 

,Area\ o f  p a r t ~ c u l a r  I n t c r c \ l  cal l  he ident~l ' iccl  i v i r h  
\ i ~ e h  ;I ~ r c e ~ r ~ ~ i ; ~ i \ \ a n c e  \ i l r \ ey .  II'. con$eclucnl ly.  n 
c t i ~ i i ~ > ~ ~ c l ~ c ~ i \ i \ c  \ i l ~ - v e y  I \  I.:~\,ii~-ccl. 1Ii1\ i ~ i f o r ~ i i ~ i t ~ o ~ i  
can be i ~ \ e d  10 o l ) l i l i i ~ / c  1Iic g u t l i c ~ - t t ~ f  or i i i  s i c i c  tl:~ta. 
I n  [ h i \  n a y .  the cir . r l l ~ r  mc;~ \u remcn l  capac l ly  can he 
t le l~ loycc l  i n  a n  cconomic ;~ l  wa!. Such an al>l>~-oach 
can lc.tcl l o  c o ~ l s i d e r ~ ~ b l c  co\ t  r c d ~ ~ c r ~ o l i .  po\.;~hly J\ 

111gli a \  a f n c ~ o r  o f  ~ c r i  141. 111 a c l d i t ~ o l l .  ~ - a d ; ~ r  
h a t I i y ~ l l c l ~ - y  a \ \ e \ \ l nen l  can leacl l o  a recluel ion I n  
i l leasurl l lg t ime. 111 rn~l~l ;~r! .  a p p l ~ c a l i o n \  \ o ~ i i e t i m e \  
the c o \ l  fac tor  I \  l e \ \  ~ ~ i i [ > o r t a n l  lll;!n the ability to  
c l c l ~ v c r  rcsulrh la\( .  I n  a I-cconnai\ \ance pl la\c.  I-atlal- 
1111age\ ; I I -~ ;I v:~ l i~ :~ l> le  i ~ i l ' o r ~ ~ l d l i c i ~ ~  \OL I I -C~  t l i ; ~ ~  c a ~ i  he 
i t w e 1  l 'o~ r;ip~cl ,t\\e\\t1ie111. 111 t l i ~ \  conte\r .  O I I ~  CLIII 

a l \ o  1Ii111k of LISIIIS ( i e c c ~ i ~ )  . ; ~~ ;~cc I>~ i r~ i c  d ; ~ t ; ~  ~ l l i ~ t  ;~rc 
:~v;~i l ;~l>lc f1-ti11i ; t r c l~ i \ e \ ,  

-1.2. Quantitative survey 
F o r  a c l u a n l i l a t i v c  ; t n a l y \ l \ .  I l i c  i ~ i ~ c ~ - h i o n /  
: ~ \ \ i ~ i i ~ l ; ~ l i o r i  I > I O C C \ S  ~ i c c ( I s  an  i l i ~ t ~ ; ~ l  clcl)l l i m i l p  
(\eet1011 2 . 2 ) .  l..or 1liiS. ~III c \ ~ \ l i l i g  l > c ~ t l i y ~ i i c ~ ~ - ~ c  cIi;11.1 
may he i ~ \ e d .  \ uch  a h  a c l ~ g ~ t ~ t e c l  ,\elmirally C l ia r l .  . . I he i ~ \ \ ~ r ~ l i l i ~ t i o l i  o f  a n  ol t l  A d n ~ ~ r i ~ l l y  C I i i ~ r l  w ~ t h  a 
I-cce111 l-adal-  I l l l a g c  \ ~ I I I  l e a d  l o  ;In i ~ p d a t e c l  
l h c ~ t l i y ~ ~ ~ c ~ ~ - ~ c  cIi:i~-l. \ v i ~ l l  ;II~ :ICCLI~:IC!~ depc11cli1ig 1111 

the d c v i i l ~ i o ~ ~ \  h c l u e e n  111e t u o  allel the clu;111t! o f  
lhe  rat l ,~r 1m;lec. 
I t  IS i11vi l pc i~ \~ l> l c  to e \ ~ r ~ ~ c t  ;I 111i1p l '~ ro~ i i  11 I-:I(I~I~ i~ i i : ~pc  
\\ i t t i  111c he lp  o f  a I I L I I I I ~ ~ ~  o f  b a t l i y ~ l i e t r ~ c  c r o \ \ - c u ~ s  
t l i r o i ~ g l i  t he  i ~ u a g c .  A l ~ n l i r e t l  ~ ~ i ~ r i i b c r  ol' s h ~ p  
\ o i ~ n i l ~ ~ ~ g \  21-c 11ccdcd ro t l e l e r n i ~ ~ i e  larpc \tale deprh 
v r ~ ~ - ~ r ~ l ~ o ~ i \  ancl l o  ,~cl . i~~\t  ~ i ioc le l  pa~-. l lnctc~-\ .  T11c e m \ > -  
cur \  hel l? to l oca l l y  "c ;~ l~ l?r ;~ tc"  the rai lar col l l rahls l o  
Ihc  h a r l l ~  melrq. 111 ( h i \  ur;14. raciilr clala can hc  appliccl 
l o  \LII>\I;II~LI;III~ r c c l ~ ~ c e  ~ l i c  i ~ i  . \ i l i c  I~ I~ ; I \L I I -~ I I~~I I I  ef forr  
b \  \ I i ~ p \ .  F o r  c \ a ~ ~ i p l c ,  w h i l e  ,I \ l l i p  u o u l c l  
c o n v c ~ ~ l ~ o n a l l y  nccd  l o  \ u r \ c y  a b lock  b y  covc r l ng  1 1  

\ v ~ l h  c ro \ \ - cu l \  5 0  metel- apart. l l le  \ a w e  ~ r e \ r ~ l l  ma) 
bc o l > l . ~ ~ n e d  h! hav ing  the .;hip Irlc:i.;itre cro.;s-cu~\ 
5 0 0  meter  apart. and c o n i h ~ n i n g  I l lcse r n e n \ u r c m e n ~ \  
w i t h  a r ;~dar Ilnagc. I nve r \ i on  o f  ~ h c  radar ini ;~gc u \ i n g  
l l i c  5 0 0  111-acparatccl c r o \ i ; - c u t \  c a n  ~ ~ e l d  a 
h a t l i y ~ i ~ i . l i - ~ e  In;ll> w i t l i  s ~ m i l a r  c lcp t l i  accul-ac!. 
A c c i ~ ~ - a c ~ e \  i ~ c l i ~ c v e d  III lh15 \La) clepencl o n  Llic 
coml ' l cx i ly  o f  t l ic area. (111 Ihc  spacing o f  r l lc ~ n - \ i t ~ ~  
C ~ O ' I \ - C L I ~ \ .  illicl. i i I ' c o ~ ~ r \ c .  o i l  t l ~ e  clual i ty o r  r l ~ c  lnpi l r  
clati~. W i i h  a 500 111 \p i lc Iny .  a c c i ~ ~ - a c ~ c \  o l 'her tc~-  than 
30 ~III I i ;~vc  bee11 c l a~mcc l .  g o l n g  clown b c l o u  I 0  ~I I I  

\v ir I i  c l o \e r  \p;lclnp 111. I lxpel-inlent.; \ l io\v I l la t  ;I 
b r ~ l l i y n i r l r )  \\ 1111 curvet l  o r  fol-heel c h a n n r l \  re \u l tu  
111 I ~ \ v c r  ;ICCLI~:ICIC\ thi111 ;I SIIIOOI~ SC;I ( loor or  \ r ~ - a i g I i ~  
channels. C o \ l  rc t luc t ion \  ~ l l a t  can he attainctl tlcpcncl 
\troli:l! o n  r l ic \ ~ l u ; ~ t t o n .  hut  a I'aclol- ol' 1111-ce l i ;~\  
bee11 reporteel i ~ i  ;I . ; pec~ f~c  c i ~ \ e  141, 
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hc  u \e t l  i t1 \ c \ c ~ a l  \ laze\  I ' ~ r \ t .  the! can be u \ c t l  i n  
;I ~ - e c ~ i ~ i ~ i : ~ l \ \ ; ~ ~ i c c  \LII-\ c ! .  l ~ l i c  ;~c l i i c \cc l  ;ice111 ;I(! \\ 1 1 1  
11ot n l i ~ l c l i  that o l  I l i c  con \  c l l l ~ o n a l  11lc111iid 0 1  ( 111~1lt1 
I i e ~ i l i i ~  ce l lo  \o111itl111~. h u l  i l  i \  f a \ l c l  ;intl t l i c tc  I \  n o  
need 101 a \ e \ \ c l  o l i  loca11oll .\ \ : i~c I I t~ i .  cal l  he ~ l \cc I .  
or. whe l i  1i1ghc.r \pa l la l  r e \o l u t i on  I\ needed. ; ~ l \ o  al l  
a l r ho r l i c  I-adal-: u i t h  t he  l a t t e r  ir i \  i n  p ~ l n c i p l c  
~ x ) \ \ ~ h l c  l o  o b \ c ~ \ c  f ~ o n i  ;I con \~c l c t ,~ l> l c  d i \ l . ~ ~ i c c  h! 
l i i a h i n g  u \ e  o l  ;I l o \ \  F l a / l n y  a l i y l e .  c l ~ ; ~ h l i l i f  
t c c o ~ i ~ i ; ~ i \ \ i ~ ~ i c e  W I ~ ~ O L I I  \ io l :1 l i119 a co11111 t ) ' s  
1c1 - r i I o r~  LVlie11 l l i c ~ c  i\ :I 11cecI fu r  ~ i i o r c  :I~~III;II~ ;III~ 

c ] t ~ ~ l ~ l l ~ i ; ~ l ~ \ c  h,i[li! met1 I( ~ ~ l l i > ~ - ~ i i ~ ~ l ~ o ~ l .  ~ I i e  S.4K 
11i1:1ge\ e;111 he :1\\11iii1:11ccI 111 exi\1111s tIcp111 c l i ; ~ r ~ \  
I l l t i l n ;~ l c l y .  al l  c \ c l i  h igher  ;lccul-acy can be o h l a ~ ~ i e t l  
li! a \ \ i ~ i ~ ~ l s r i o ~ i  0 1  i r i  5 i i r 1  s a l l i c ~ c t l  el,~t,~ r ~ ~ i i l  I;I~~:II- 

c1;1t;1 11110 ;I c0111~>lcl1el1\l\c \Llr\e! ~ l ~ l l e \ c  l l l ~ ~ l l l l ~ t l \  
111nkc lo1 a g ~ a t l u a l  ~ r c f i l i c ~ ~ ~ e n l  o l  ~ h c  h;lr11y111c11-y 
;1\\e\\111c111. 

Whe l i  ~ l i c  w l l i r l  \peed i \  l o o  low.  ~ l i c  sea \ ~ l r l a c c  
\\ 1 1 1  be IOU \ m o o ~ l ~  lo PI-otlucc rai la l  h ; l ch \ ca~ [c t .  alicl 
;Ill ~-;l~l:ll- Illeil\Lll-CIllCllt\ :Ire ]~I-~CILIIIC~I. \\~IICI~. (111 the 
o the l -  ha l i d ,  ~ l i c  w ~ n t l  \ p e e d  I \  l o o  I i i p l i .  t he  
h a l h y ~ i ~ c l l - y  conlr ; l \ l \  are cI~-o\\necl I n  ~ l i c  bnchg~ounc l  
I \ 1 c  \ l i t  I 1 1 1c111 l l l l l e  l l I \ c  111 
~> l - ;~et~cc.  \ \ t t i d  \l>cccls h e ~ u c e n  2 ;11ic1 X m/\  \ c cn i  l o  
he o ] ~ l ~ ~ i i ; ~ l .  t h o ~ ~ g l i  [ h i \  ; ~ l \ o  depcl i t l \  o n  tlrc racial- 
I r c t l u c ~ i c !  ~ ~ \ e i l .  .The \ c c o n d  1-ccl1111elile111 i \  11ic 
c \ l \ l c l l c ~ ~  o f  <Ill O \ L ~ ~ ~ I I I  L~L l I~e l l t  l t l l o ~ l g l 1  t11c :1tc,1 (11 
t l l l c re \ l  N o  l i \ c i l  ~ n ~ n i n i u l n  101- l l ~ c  c ~ l r ~ - e l i I  \ ~ > c c d  
c:111 be \ ~ ' c c ~ f ~ c d :  I hc  h i ~ l l c l  Ihe  c u ~ l c n t .  l hc  c ; ~ \ i e ~ -  
Ihc  bath! 11ic11-! CJII he ~ i l c a \ u ~ - c i l  I I c  . t l ic \I~I~IIICI 
Ihc  f ca lu r c \  ant1 r l ic 1x1-gt.1 1 1 1 ~  tIcl?ll i 1r:1t1fe). I )~IC;I I  
l . ig~ l rc \  ~11.c a l e u  ~ c n \  o f  CIII/\. I n  111-ac11cc. a c1111-en1 
I \  o f l c ~ i  ~p t - c \e~ i l  111 \ l ia l lo \ r  \ \atel- \  111 Ihe lo1111 o f  a 
l i t l r~ l  c ~ l r r c l l t  111 COIII~;I\I IU t l le \ \ t ~ i t l .  the IIII~C 01 
I i l \ o ~ - ; ~ h l c  cu r~ -c l i l  ci111 be h ~ l o u n  hc lo1~1 i i 111~ l  1111 11lc 
l ia\ i !  o l  1I1c tidal cyc le :  t i l l \  l i ~ i i i l u l i o l i  need I l le l-cforc 
tiot \ c \ c ~ c l !  1111111 l i ~ - ~ l c t i c ; ~ l  :I~~I~c:II>IIII! 41>;1t1 1 1 0 1 i i  
l l i c  a \pcc l \  o l  \\ 1 1 1 ~ 1  i l l id  ~ I I I I -~111 .  ~ l i c  I>,III~! II~CIIQ II<I\ 
l o  c011ipclc n 1111 ;I 1111111hct~ 0 1  oIl1c1- ; ~ t ~ i ~ o \ [ > I l e l  IC ;11itI 

1i1i111111iic IC;I~IIIC\ lhat c.111 produce c o n t l ; ~ \ l \  tn the 
I-adar 111 i i1~c TI ic \c  iliclutlc.. (, y . occal i  u a \ c \ .  \ I ~ c h \ .  
\ l l i p \  ;111cl t l le i l   he\. 1101it\. ;111cl i l i ~ c ~ - ~ i , ~ I  \\;I\c\ 
~ S o n i c o l  Ihe\c  I';IIuI-~\ c,lii hc louncl 111 t ~ g i ~ ~ c  I  I 11 
a n y  o l  l h c \ e  1caIu1-cs I i ;~l l l )cn l o  he PI -c \c~ i I .  11 i \  
~ i o \ \ i h l c  [hat  tlic! ( l oca l l )  p lec lu t lc  ~ h c  II\C o l  the 
r;1cIi11 ~I,II,I 1111 l ~ ; ~ ~ l i ~ ~ l ~ c ~ t ~  1>111po\c\. I ~ I \  l i i ;~ !  ~ l \ o  
he ex~>cc t c t l  ill c ;~ \e  il \ ~ r o l i s  111~1 1iioc111ie I \  I > I - C \ ~ I ~ I  

F o r  the a \ s im l l ; ~ r i on  o l  \ ; l r c l l i ~e  o l  211-borlic l-adal- 
I I l l L l y ~ r ~  \ \ I l l1  I l l - \ I l l 1  cl;l[:l. ~ lcc l l l ; l l c  g c o ~ > ~ l \ l l l l > l l l l l ~  
of rhc ~-aci;~l. L~;II;I I \  a I ~ ~ c c \ \ I I ! .  ~ I ' l i c  ~ p o \ ~ ~ ~ o n a l  
accul;~c) o f  \~>;I~~-II~C:I\LII~CI S A l i  IIII:I~CI-! I\ 01 the 
o r i l c ~  \ o ~ i ~ c  I 0 0  III FOI ; I I I ~ X ~ I - ~ C  tl;11;1 ~ ; I I I  (11 
l l l c  \;1111c ~ l l - i l c l .  h,l\ctl 011 (;I1\: IIl1:lllcl 101 c l l l l c l -~ l l t l r l l  
111- n11li1ar) Cil'S) Th1\ I \  licit accLl1,lti. c i ic iusl l  f o ~  
; ~ \ \ l ~ l ~ i l ; ~ l ~ o i i .  l ~ ~ i t l  IIICI-e1o1e fro111it1 c o r i t ~ o l  p o l n l \  
tieetl 10 Ihc LI\C'CI. 'I I1c 11111iihc1 01 s10~11icl c o ~ i ~ r o l  j>0i111\ 

t c c l u ~ ~ - c t l  t l i .ps~it l \  on ~ l i c  C ~ ~ ~ I ~ I I !  01 the S.\R I lnapc 
T h e  Soul 111 lirn11;111011 I\ ~ n l p o \ e t l  I>! t l ~ c .  u~ ia \o i t l ah l !  
~ p t - f i c ~ i ~ .  ~-; lda~- 111iazc IIOI\C 101 " \ l >ccL l c " ) .  T h e  
OCCLII I C I I ~ C  0 1  l l i c  \ ~ )ech l c  I>I~CILIIIC\ c lc rec l lo l~  of the 
ucahc l -  bath:, mcr l  I C  c o n ~ ~ . ~ \ l \ .  ant1 I \  the mall1 C,ILI\C 

l o r  t l ic o p e r a l t o l ~ ; ~ l  l i ~ n i l ; ~ l i o n ~  011 i l cp th  1-:111gc and 
I ~ ! i l ~ o l ~ i c ~ c o  c o n t l ~ ~ i o n \  I I ~ c  \pech lc  ~ i o i \ c  I c \ c l  cal l  
he reclucccl. h u l  g c ~ l e ~ a l l !  ;II rhc c \ l >cn \ c  0 1  \1>:111.11 

r e \ o l ~ l ~ i o ~ i .  

SOIIIC (11  ~ l i e \ c  I I I~~I I~ I~IOI~\  C;III he I>~IIII! O\~ICOI I IC 

I>> ~ ~ I - ~ O I I ~ I I I ~ ~  ~ i i ~ i l t i - ~ e ~ i i ~ > o ~ - a l  .111~1! \1 \  121. B! 
rn;lhili:l I I \ ~  o l  n lorc  t11:un one ~-acla~ i11i;ige o l  ~ I i c  \umc 
\ccnc. I l i c  c h a ~ i c c  o n  opl1111;il h)  e l l  11 -~ne tco lo l o f~ca l  
c o n t l ~ t ~ ~ i l i \  I\ i11crc,1\ecl. 11111' hath! III~IIIC \ I ~ I~~ I I I I I -C \  

, I I ~  111111-c ea\11) i l ~ \ t ~ ~ l ~ ~ ~ ~ \ l i c d  11-0111 o1I1c1 111;11il11lic 
I c a l u l c \ .   nil l l i c  ~ t n p a c l  0 1  ~ i o i \ c  i \  c l i ln in l \ I~cc l .  
T h e  I~,III~CI IIII~II.~I.L \\;I! 111 \\I11cIi l l i c  b;l~li! 11let1-IC 
icatul.c\ a le  cx l> l -~ , \ \e i I  a l  ~ l i c  \ea \ u t , l ~ ~ c e .  c o t i l h ~ n e i l  
u i t h  t l i c  s p c c h l c  ~ r o ~ \ c  ;111cl t i le  I11111tccI \ ~ : ~ t i ; ~ l  
I -~\OIIII~I~I~. z i \ ~ ~ \  I I W  I(! 111e 1;1e1 III.II \111:1ll cil>jcct\ 
011 tI1c \c;1 l l o t l ~ l l l l  ,11e I l O I  rcLltl l l ! 1111;1getI. 11 I \  1101 

cxpcc lc t l  I ha l  o l i l cc t \  I l hc  conta lncr \  01- \ 1 i i ; 111  \I~II> 
\v lech\  \\ 111  be r e l ~ ; ~ b l y  i ~ i i a s e i l  b) I - ~ I c ~ ~ I - .  I f c i ~ i e  l iced\ 
Ill f111el l l l > ~ e c l \  l i hc  111e\c. L~ol~\ci1l l l l l l ;1 l  \Ill \ c > \  \\ 1 1 1  

\ t i l l  he  ~ ~ c e d e c l  I lo \ \  e \  cr, I L ~ d ; ~ ~  1111;1ge\ LIIC ,~ Ih l t  to 
ind ica lc  I h o c  ale;\\ that arc i l yna l i i i c .  \ \hcrc  \LII~I\L'II 
o h j e c ~ \  c;111 he c \pecte i l  IO h e c o ~ i i c  c o v c ~ c t l  o r  re- 
c \~>O\c i l  



1111ie\ c l ( ~ \ e  10 11ic11 lil1111\ 0 1  \;111i111! III ge11er~1I. [he 
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Estimates of Seabed Topography 
from Synthetic Aperture Radar Images 
G .  11. Keramidas, I , .  J.  I)u, 'T. Ainsworth, R. .Ianscn 

Abstract 

1. Introduction 

T l i c  o l l l e c ~ i v c  In  d c r i v i l i g  cs l l l l ia tcs ol '  \ cahcd  
tol~ogr;~plly i b  to ellable the u\c o l 'SAI I  llnngc tl;itn to 
a ~ d  tlic cl iaractcr~zation of' ~proh;ihIc o b ~ t ~ ~ c l c s  and 
Ii;rzard\ to arnph~blou\ lant l l~ig liirccs In coast;il. \l iallow 
\\ atel- regions. 

1-lit. prcwnr htudy cover;, l i ) ~ ~ r  i ~ p p r i i ~ l c l i c ~  to Ihc L I S C ~  111 

~ ~ i \ . e s l ~ f ; ~ l ~ ~ ~ g  Ihc  ~ n e c l i a ~ ~ ~ s r n s  b y  \ v h ~ c l i  .;c;rhctl 
lol.mg~-:~pl~y 1s cxl71-mscd :IS ~ i i o d u l a t ~ o l ~ s  o f  sea \ r ~ r l j c c  
ro~lghne\>. namcl i  
I. I Js~ l lga  s l n i u l a ~ ~ o l ~  liiodel deteni i~l ie rlie I ~ l n ~ ~ a t i o n ~  

o f S A R  to 111ii1gc ncal--sliore \ \ a \  cs and i l ~ b ~ l l c r g e d  
oh\lircles. a> a f i l l~cr lon o f t l i e  SAR opcra t i~ ig  
~ ) i ~ r ; ~ ~ i i e t ~ ~ - ?  ill id the i c l ~ \ o ~ -  vlewlng geo~lielry. 

2. S t ~ ~ t l y  the > c n s i t ~ v ~ t y  ol' the \ i~r l 'acc I-oughnesa 
d ~ s l r l h u t ~ o n  to , $ a r i a t ~ o n s  i l l  a l n b ~ c ~ i l  wave  
ccllltlltlolls ;111tl lIOtt~>lll t~l~Io~l-;1]7ll> L l s l l l ~  ;I 11011- 
III~~;II- \vave 1il i i t1011 ~i iot lel .  TIII> ~ i l oc l t l  \v111 Ilc 
~ ~ \ c t l  to calculate the sul-face I ~ e ~ g l i l  spcctl-urn 
r c s l x ~ ~ s i b l c  I l i r  Ihe ~ l l i ld l~ la t ior l  III SAR-derived 
sur ta re  slgnaturt 's o\rt.r neC1r-shore obstacle5 
a n d  i n  shoal ing wr l k rs ,  as \veil a \  detcl-1111nc the 
s c ~ i \ i t l \ ~ t y  of s~ilall-\c;rlc hc~gl i t  d i \ ~ r ~ l > ~ ~ l ~ o n s  to 

holtoln c o ~ i d ~ ~ i o n s .  
3 .  .C;irl~[ilatcd SAR Iriia:Lc< ofc i iast i~ l  ivavc re f iac r lo~~  

~p;lttcril\ \vIII be ~ lsct l  i o  as\-\ r l ~ c  a b ~ l ~ t y  ol'SAI< 
111 i i e r ~ v ~ ~ i g  lpljtton~ tii l~og~-al)llv C O I I ~ I ~ I O I ~ < .  

4. I!s~ng s ~ ~ ~ ~ u l , ~ t c d  SAl< ~magc\ .  ;11i algo1-11li111 w i l l  
he dcvclol lcd to p ~ - o v ~ d c  e\t l l l ic l tc\ o f  variablc 
bottom ~ol.wgraphv. 

2. Parametric Study 

-. I he c c ~ ~ l d ~ t ~ o n . \  I I I ~ ~ C I -  \\'IIIcI~ tl1~1-c IC I i > d r o ~ l y ~ i a ~ i i ~ ~  
COLII~IIII~ I ~ e t \ \ ~ e e ~ i  srabetl l ba t~~res  ;III~ the 111od~llatetl 
ocean \LII I;icc can Ihe der~vctl  r l i r n ~ ~ ~ l ~  ,I garn~iictl-lc sr~~dy.  
The v,ll-latlon ofccrtai l i  y l i y i ~ c n l  ~?,ira~i ictc~-i  I <  used lo  
de le r~ i~ lnc  l i m ~ r s  on \\,avclbortorn ~ ~ ~ i c ~ - ; l c t ~ o n s .  namelv 
a) wa\ c reSract l i~~~.  t i i f f racl~ol i .  ~ s c l l c c l ~ o ~ l  :uid cvolutloll 
d ~ i t  10 clrjllli c l i . l ~ ~ s c i  ant1 b )  e n v ~ r o ~ l ~ ~ i c n l ~ ~ l  Ilitcr;lclloil\ 
;lnd \ y a ~ i a h ~ l ~ t ~  (w;~vc- \va\~e 111rc1-nct~on\'). I n  a d d ~ r ~ o l l  
rhc varlal ion o f  sensol. ( S A R )  p,rra~nclcrq w i l l  hc 
~ncludetl  to prov~cle n ~ - c ; ~ l ~ \ t ~ c  asse\.;liicnt. 

-To cal-ry oLlt t l ~ c  ~?arai i ielr~c sl~lil># an ch tc~ is~ve  \ct o f  
\~IIILI~:III~I~S \v:I~ ~pcr l ' i>r~ i~e~l  l.or t\vo t) lpc\ o f l ?k~ t l~ )~ i i c t r y  
;111d a raligc o f  values Sol- tllc \\rater depth, w ~ v c  IICI~II~, 
wnvc-lcngth. a ~ l i b ~ c n t  \v111t1 51,c.i.d. EIIICI SAR ircq~~i.ncy, 
polar~aation allti look d~rcct l i i l i .  

'I'l~c l i rcl  t y l x  ol'l~alli]cmciry u\ed 111 lllc p;u-,l~iicrr~c stutly 
\vas ;I li:111' zl~l lcrc 1,Iact.tl at tlic hoi10111 o l ' i .~r l~c~-c\ r~~c 
conytnlit \\atel- clcl~tli. Tl lc gcomeuy 1s \ l i o w ~ i  In Fig111-t. 
I. 

3, \V;I\#C propasiitllig ovcr 1111s rvpc o r  hatliyliic,~ry will 
he ~rcf~racted and cl~lfi-acted clue to (lie prcsencc of the 
Iicilf sphcrc. Tl ic clioicc o l ' t l i ~ i  t>pc (~I 'hathy~i icrry \\a5 
based ol i  l l ie Ihct tliirt thcvrv ,lnd allalytical rc \u l t i  l l ~ l l y  
deacl~bc wa \v  rr1.1-act~onlcllft'~-ac~~o~i d ~ i e  l c  a \ l ~ l i c r ~ c a l  
obst;~clc. 7'hc \ lave rc f rac t~o~ i /d~F I '~ -nc t i o l i  can be 
c o m l > ~ ~ ~ c d  using ,In a\~n~l ; r l~ lc  IIIII~~CI~IC;I~ I~IOCICI. 
A n  e x ; ~ ~ i i p l r  01' ;I wave OF con5t;ilil w~ive lens lh.  
ampl~tut lc  ~ u i d  t l~ rec r lo~ l .  rcfractetl I?y tlie 1~aiFspht.re 
i \  . h o \ v ~ i  111 Figure 2. l'or ILVO t lcp~I i>  of 5 al i i i  15 
I ~ I I  The  c o ~ n p l e t c  s i ~ l i ~ l l a t i o ~ l  s e o ~ i i i . t r y  
~ 1 5 t . c I  S i l l -  the ~ I I I ~ L I ~ L I I I ~ ~ I I ~  111 111e ~ I - c < ~ I I ~  51~1dy.  
i n c l u t l ~ l l s  \ cn \o l -  gcomclrq. I \  <IIO\\II 111 F ISL IP~  .3. 



Tllc 11~11nl,cr and  ~ y p c  of s ~ ~ l l u l a t ~ o n s  1pc1 l i )~ -~ i i c t l  l i > ~ -  the 
1x11.111ictr1c study \vcrc ohia~l lcd Sol- tllc l i i l lo \v i~ lg  rangc 
o f  parametcry. 
I. T\vo \\:I\ clc11gtl1~ 50 111 i\\'l,O5Ol a11cI I 0 0  111 

(\\'L 100). 
2 .  T\vo \vavc a l ~ ~ p l ~ t u d c \  2 m (\\',402) :111t1 4 111 

(\\';\01). 
-3. F IVC \v;~ter c icp~l~h 5 111 (l)l!5). I 0  111 ( D  10). 1.5 111 

(111 5 ) .  I 9  111 (1)IO). :111cl 20 111 (l)20). 
4. Four \ v ~ n d  spccds ar 2 111 s (\1'01). 5 m s (\\'O5). 

I 0  I l l , \  ( \ \ , l o ) .  :111tI I 5  Ill \ (\\'I 51. 
5. Tllrcc I-adar I'rcilucnc~c\ at \~c~-l lc, l l  poI,111~;ltio11 

(('V\'. L.\'\' anti XV\')  and coli\talit look t l i r c c t ~ o ~ l  
(LI)')O) and  ~llcldencc ,111glc (1.245). 

A rcprc\c~ltat i \c \CI ofresult\ kom tile Iparalnctrlc s t~ ldy 
i \  ~ l lc l i ldcd 111 01-tlcr lo dcinolistratc tllc ilcpcndc~lce and 
c o i ~ p l i n g  o f  h y t l r o d y n a ~ i ~ ~ c  jparalllctcrs to  hc~ i to ln  
tol>ogr:rl>lly. Tlii. ~ l ~ c l u d c d  c:~\cs are sllon,n 111 F I~~ I I -es  i 
1111-oilgll S .  \\ it11 t l ic~ l -  parameters llhtctl 111 Table I. 

TI lc l r c \~~ I t \  p~-ese~itct l  LII-c V;II.I;I~I~II\ oI'Sip11:11 10 N o ~ \ c  
l l n t i o  ( S N R )  \VIII~ ~ r c s p c c ~  i o  dcptl l  ;I[ ('\'\! SAR 
l'rcqucncy and pol:ll-~/atioli, ;~nd  Tor ;I I-angc o f  wlnd 
\l~ecds. C'omparinp ~ l i c  ]pal-alnc~rlc \ti ldy result\ i t  1s 
clcal- tllat tllc \ v~ l l i l  \peed I \  :I major l5clor 111 11113g111g 
any surlilcc ctti.ct\ tluc to v;ll-~ation\ 111 dcptli. 1-or all 
c:1\c7 \\ l l l (1 \]7ccil\ gl-c;ltcl- Il1:lll 5 Ill 5 \ \ I l l  ll>l\ c ;I \Ll-ollg 
c f k c t  on i)hser\:~~ig ally s~gnl l ical i t  \\ 'a\ c ~-ef i- , lcr~o~l due 
IO cliatlgc\ In hotioln topogr;ll>Iiq. 

111 addl t~on lo  the :ll lalyI~cal t y ~ ~  of hotto111 topogl-nl,lly. 
Iiaramclrlc \rudy 1rc511lts \vcrc obta~ncd lii l- three coastal 
hathymetry data sc~s. The b;llllymctl-) used is sholvn in  
F~gurcs 0- I I. In  cacll o f  thc\c data set5 the water dcptll 
ranfetf l i - o ~ n  hll;~llo\\~ ( I 111) to depth\ o\.c~- 100 m 
and the ~I;II:I range 11-om silnl)lc s lop~l ig  hottoill ( <  a x  I ) 
to coml~ l~ca tcd  sliallow topog~xpl iy  (( 'a\e 3). 

To dcniollstratc rllc coup l~ng  o f  n 1propapat111y \\'avc 
( \wel l )  lo hotton1 tolx~grnl>h\, \vc ~ ~ s c t l  :I 11on-l111car wa\-c 
propag:ltlon ~ n o d c l  to s i ~ l ~ u l a t c  tllc reSrac11on and  
d~ l t i -ac t~o l l  o f  a \\vcll \vi111 mean I i c i ~ l i ~  o f  1 111. 'The 
r c s u l ~ s  arc \lio\\-11 In  IF~gurc 12. \\-licrc l l ic  \ \ a \  c 
reti-actlo~l;tl~SSract~on and the non-11nc:ll- efSccr\ d ~ l e  to 
tllc shnllo\\ ba t l l y~~ ic t r y  can bc clearly hccn. 

T l ic  l l y t l ~ - o d y i ~ ~ u n ~ ~ c  ~-csult\ sllo\\.n ahovc \\ere u.;cd a\ 
Input to the SAR ~ n o d c l  to ohraln s l ~ n l ~ l , ~ t c d  ~~l l ; lgcs lor 
I \ ~ o  case\. Fol- cacli o f  the c;l\cs tllc \\ lnd spccil ~ l sc t l  
\\as 6 I n r .  the \ v ~ n d  d~ l . cc t~o~ l  15" allcl tllc f icqi~cnc! 
~x i l a r~c ; r l~on  ilscd was X\T\', r l i c  onl) Iparalnctcr that is 
d~l'l'crcnl b c t w c c ~ l  the t \ \ o  cnscs is 111c scn\ot- loolc 
tllrcctlo~l. 111 Figitre 13 the look dlt-ccr~on 1; 0" 01- along 
the \vo\,c cre\ts l~~l i l  ill ~ I ~ L I I ~  11 15 YO", \ \ ' I~Ic~I 15 

~pwpait i lcular to 111c aavc crests. 

[ 'he ahovc t w o  I'I~LII-es clcarl)  dclnonstratcd the 
1111port:111cc oS 1111' scI1bor 1o~iL di~-ectioll 111 tllc 111iag111g 
o f  \va~e\ .  One scllso~- p:u-al~lclcr t l l ; ~ t  tl ld not clianpcd 
111 the p ; ~ ~ - a ~ n e t ~ - ~ c  \tudy. hut i t  1s ;I cr i t ica l  sensol- 

111 : I \ \~ \ \ I I I~  the r c \ i ~ I t \  01' the lp ;~ r ; l~~~c t~ - i c  \ l i ~ i l y  \ire 
conc luded  t l la l  hotto111 topopr ;~ l , l~y ;rl'fccts t l ~ c  
prop;~g;ltion 01' 1.1-cc \ l ~ ~ - l i l c c  \vn\c\ ulldcr all optimunl 
rcungc o l ' c o n d ~ i ~ o ~ i r .  7 he ahillty to ~ ib \c~ - \ . c  l l lc\c effect\ 
i lcpc~lda on tl lrcc l i i q o r  parameters. namely: water 
dcptll. w a l e  Ilcigli( and w ~ l l d  speed. ;~nd l imil ;~t ion> arc 
~~ i i l x ) \ cc l  hy tllc l i ) l lo \v~ng ~-clatlonsl~llps: 

1. \ \ ' ; lvclc~lgt l~ . -  Effccilvc Ivatcr dcptl~. 
2.  M'a\ c height (Incall 5\vcll :~~ l lp l~ tude)  i MC;III ~ 1 1 i d  

14 a \  c l lc ig l~t .  
3 .  I3oltom s l o l ~  - \ \ ' : i ~ c l c ~ ~ g t l ~  rcl;rt~onsll~l>. 
1. Yo11-llncar cl'Sect\ tluc to wa \c  b l -eak~ng a11d 

colnplcx (sllal-p) dcplll change. 

111 adillrloll I l n~~ ta t ion \  ~mpo\cd  by ic~~sorc I i : r r ;~c tc~- is t~c \  
can Silrthel-afkct !lie a b i l ~ t y  to oh\crvc and Illlagc wave 
I-cfi-act~on and d~ll'~-nctioll. A \ i u l n ~ n p  that optlmLllli 
c o n d ~ t ~ o l l r  c.x~\t. 11;1tliy111c1r> cst i~l l ;~lcs call he obta11lct1 
by mca\urlng cllallgca 111 \va\rclcngtl~ alld \\a\,c d~rcct lol l  
f l -om l l l c  wave  \pccl1.~1111 pe;rl\ \ n lucs .  T h ~ s  1 5  

clcmont~-nted 111 I:ig~~l-c 1.5 f'or one 01' Lhc c;~\c\ o f  tlic 
p a r a n c t ~ - ~ c  s t~ ldy  and In 1F1gi11.e 16 l i i r  (>lie ~ l ' t l l c  CO;I~L;II 
hnthy~nct~-y cases. In 1:igLrrc 15 rllc slncarillg o f  tllc 
powe~-  dc11sity SI>CC~I-LII~I dc~no~istr;~Ics Lllc cl'l'cct o f  tllc 
\VIIICI \v:~\,cs o11 t l ~ c  \vavc I - ~ ~ ~ ~ I ~ ~ I ~ I I ~ ~ ~ ~ I ~ ~ ~ L I ~ I I o I I .  !\\ :I 
res~111 111e \vavc \ I X X ~ I - ~ I I ~ ~  [peak v;~lucs al-c 11ot clearly 

3. Algorithm 1)evelopment 

IZ~III~I;IIC\ CIS co;rstal batlly~nctl-y can be dc1-1~cd fro111 
S A l l  Illlnge dala ;IS long ;IS optlmilll i colldilion\ exist. 
\ v l~ i c l l  111 I-clul-n ;~ l l o \ v  I'or cst i ln;~lc\ o f  \\,avclcngtli 
cllallgc'; tl11-0~1gl1 l l lc \*3vc \IICC~I-III~~. TIic \V:I\~CICII~LII 
and tlic ~rcfract lon cocl'l'icicnt arc two 01' i l lc II~;III~ 
p a ~ - a ~ n ~ t e l - s  tliilt ;IIK necdcd to estllnnte water depth 
c l i a~ igc \ .  1-11c hasic ccluatlolls I C C I L I I ~ C ~  Ihr t l ic 
tic\c.lop~nent ol'tllc bathy~llcrry estlmatlon a lgor~ lhm at-c 
the cc l l~ ;~ l i ons  th;lt dcscr ibc wave  ref ract ion ant1 
d i , . ' lC11011. 

For a ~ ~ l o ~ l o c l i r o ~ ~ l ; ~ t ~ c  \ \ a ~ c  propap;ltlllg along ;L sloping 
bottoln tllc ~ ~ ' I I C  c q ~ l a t ~ o ~ l \  li)r deep ;111d s l l i~ l low wiltcr 
 re glvcn III 1 ~ ~ L I I C  I 7  ;11id tlic r c \ i ~ l t ~ ~ i g  l)1spers1011 
rclat~ol lsl l lp In 1.1gu1-c 1 X. 

The  I'unction / ' ( k ,  L J )  ~rc l ;~ tc \  the wave height 
het\vc.cn dccp i111d sliallo\v \vatel- li)r \va\,c d~fl i -act ion) 
r c f rac l~on .  Tl lcsc rc la l~onsh ips  togcrhcr \ \ l t h  tlic 
dc f in~ t lon  o f  tlic rcfraclion coc f l l c~cn t  arc sllown 111 

F ig~ l rc  10. 



-1.l1c tlcscl-lhcd cqLlat1olis li)l-nl the h a < ~ s  for ~ I c v e l o p ~ ~ ~ y  
tllc hat1iy1nc11-y cstim:rl~on a l p o r ~ l h m .  t i a ~ l ~ l i l c s  of 
wavelength and rel'racllon cocffictcnt cstl~n;rlc\ using 
\v:~vc \pcclra arc g i ~ c n  111 F ~ g l ~ r c \  20 a l~ t l  2 I fot- 311 
lllcomlng \ \ a \ , c  propagiltlng at 0 '  ;lntl 30 rcsl>i.ct~\cIy. 
'1-l~csc examples clearly dclnonstratcd rhc atlv;rtltagc ol' 
using the  n a \ c  spcc l l -L I~ I  to cstilnatc the ~-cl 'ract~oll 
cocl'licienl :r~itl \vavelc~~ptIi  o f t h e  lncomlng \va\cs. 

'I'lic basic 111g1-cd1cnts In de\ 'e lop~l ig  the hathymetry 
:~lyorithtn include tlic dispcrslon rcl;~tronsIi~p and tllc 
u a \ c  spectra dcl-1vcd pnraluelcrs (\\:1vcIc11gt1i ant1 
d ~ r c c t ~ o n  and I-cfl-actior cocf t ic~cnt) .  In add111on \\ i. LISC 

a ~ - c c ! a n g ~ ~ l n ~ -  ~nesl i  o\ el- the SAR llllage data and all 
~Icr:lt~ve S C ~ I C I I ~ C  OVCI- tl11\ ~iicsli L O  (let-ive the wa~clcligtli  
and  \va\,c I I I ~ I ~ C I -  at each lncsli point and the rclractio~i 
cocltic~ent at each poinr. Tlie \!aluc\ oftlie\c 1i;lrametcrs 
~ I I - C  Illen usctl lo calcul:~lc the el'l'ccl~\'c \ \ale]- d c p t l ~  
tl11-0~1gli the d i s ~ c r s i o t ~  rclilt1o1ls111p. Tllc iteratlvc \ ~ I I C I I I C  
requires the \election ol' Lhc mc\li size allcl ~ - c \ o l u t ~ o ~ ~  
and an o p t i ~ n ~ ~ r n  \vlndo\v sILe ro col-1-ccrly I-c\olvc ant1 
dc l -~vc  the ~ c q u i r e d  \\avclcngth :rl each polnl. Tlic 
algal-ithm call be fi~rtlicr enhanced by spec~al  ~> t -occs lng  
ol'lllc SAK Irnape data. sue11 as  speckle reduclioli. before 
tlie Ilcrarlvc \chcllle I applied. 

The development of any c o ~ ~ i p ~ ~ t a t ~ o n i ~ l  loo1 Ivcqulrcs thal 
some lomi ol' Ics t~ng slrould bc pcrli)rmcd 111 ordcl- to 
a \ s c \ s  it5 \ f a l i d~ ry  ant1 ~ t \ c f i t l~ re \ \ .  T e s t ~ ~ ~ g  can be 
pcrli)rmed 011 c ~ t h e r  s l m ~ ~ l a t c d  darn 01- ava~lablc  real dat;~. 
In the present study tlic halhymctry c s t l l n a t ~ o ~ ~  a lgo r~ l l i n~  
w ~ l l  be app l~cd  lo s ~ m ~ ~ l n t c d  data to evaluate the o\erall  
alg01-1th111 pcrli)r-n~allcc. SAR 1m;lgc d;ira 1llii1 ilrc \ ~ l ~ t a b l c  
li)r applying 111e bathymctl-y algo1-1tl111i met-c not ;I\ allable 
al Ihc presclrl Illile. A \  t l ~ c  first slcp ol'tlic evaluation 
process two \ C ~ S  of s i~i i t~l ;~tcd d i ~ t i ~  \\ere ~ l sed  to :~sscs\ 
the Lalidit) ol'tlic a lgor~thm.  A th~r t l  set 1s also ~ncludctl  
a \  an add~t ional  cxalnple. 

4. Derived Hathymetry Results 
Tllc lirit set I \  li)r the s~ l~ l l i l c  casc oS:r wave \ V I I I I  consram 
~v:~vcIcngtl~. arrlpl~ttrdc and  d~rcclloll .  propagallng o\ ,c~-  
b:rtIiymet~-y. n,irh the gcolnctry shown in F ~ g u r c  2 1 .  Tlic 
\ccond sct I S  for a \have o f  constant  \vn\elcngtli .  
a ~ n p l i t ~ ~ d c  alltl d ~ r e c t ~ o ~ ~ .  \ho\rn 111 F~gurc \  30 2nd 2 1 .  
prop"at1lig ovcl- the complex gcolnctry slio\\ n o n  the 
salnc t~gurcs .  Tlie lasl scl I S  for the batliy~nctl-y \liown 
In F ~ g ~ r e  I I and for a \va\.c of cotlstant wa\clength. 
ampl~ tudc  ant1 direct~oli. 

In dc r1~111g  di'l)tI~ c ~ 1 1 1 1 l ~ l c s  I i ~ r  1l1c 111rcc c.r\ei pr i ' ic~~tct l  
liere t\vo h a s ~ c  C ~ I I ~ ~ I ; I  \\,ere L I \ C ~  I'or ~ l i c  0~~1111111111 

\\llldO\\ \17C: 1 )  I t \  \ I / C  ~ I l O l l ~ t I  ~ ~ l ~ l l d  ; I 1  ICIISL O l lC  ;111tl 
one l i a l l ' \ r a v c l c ~ ~ y ~ l ~ \ .  and 2 )  c l ~ o ~ ~ g l i  Inlllir\ 'Ire u\ctl \o 
that tile \\.;I\ s \pcclrulll lp~-o\ ~ t l c \  gootl C \ I I I I I J I ~ >  lor 111e 
\ \ a \  c l c ~ ~ g l l ~ .  

The fil-sl ca\c \\a\ c o ~ ~ \ ~ d c ~ - c d  l i ~ r  11s s ~ l ~ ~ p l ~ c ~ t y  I I I  o rdc~-  
lo tcjt  1I1e de\i.lolh < ~ l g o r ~ r l ~ ~ ~ ~ .  /\, olic c.ln scc I'roln 
t - ~ g ~ r c  23 the c\tllllirrlon ol'clcprl~ t'l-om r l~c  \ ~ m \ ~ l a ~ c d  
results I S  ;I close n~;llch of tlic :lctl~al dclhlll of Figure 22. 
The oblaincd rc\r~ll\  in Fipurc 21 do not c \ ~ c n d  tlic 1'1111 
Icnytli oTtlic doln;r~li. Tlic /cro depth I I I  111c bcg1111111ig 
and clld ol'thc c s l~ t l l a~cd  dcp~ l l  co~-rcs l>o~~t ls  to tlic I~all' 
slzc o l ' l l~c  \bindow ~rscd to ~ I > I ; I I I I  the w a \ c  speclruln. 
Tlic ~ I I I I ~ ~  I \  t r ~ ~ c  li)r : r l l  I - C S L I I ~ S  lp~-csc~itc(i l~crc. :Ill l i g ~ ~ r c \  
that s l~o \v  depth c.;rllnatc\ fr(1111 \~niula tcd rchult~ c 
a box ol'/cro d c p ~ l ~  i\.~lIi the \v~dtIi o l ' r l~c  Ihox cqu;rl 10 
the half s17c of the \ \avc  spcc11-;1 \v~ntio\\ .  

Recults Ilir tlie \cconil ca\c ; I I C  \ I I ~ \ \ , I I  In F~gurc \  2 1  
tliro~tgli 20 and Sol- 11ic 11iirtl case in F~gtlri.\ 30 t l r ~ - o i ~ ~ I i  
36. Figure 24  s l ~ o \ r \  dcplli contour\ o l ' t l ~ c  acrtl'll 
batliy~iietry ~ ~ i c d  lo \i l l l~~latctl  \\);lve pl-op:rgation :I[ 0". 
Figure 20. a n d  \\,aye pl-ol,ayatlon at :O" .  F ~ p l ~ r e  21.  
Obtained results of l iar l~ynlct~y c z t ~ ~ i i a r c ~  lhahcd on t l ~ c i c  
\ ~ ~ i l u l i ~ t ~ o ~ i s  arc shown 111 F ~ g ~ t r c s  25 and 36. Tlic sallle 
rcst~lt\  ol 'Flg~lrcs 24-26 al-e sl~o\vn in F~gurcs  27-79 hilt 
~ r ~ t l ~  ctiriroilr\ o f  spcc~ t i c  valucr of tllc cs t~r i~atcd tlcp~li 
to demon\l~-ate t l ~ c  accuracy oT111c devclojlctl ; r l g o ~ - ~ t h ~ ~ i .  

'The a t id~r~ona l  cxa~i iplc  L I W ~  lllc batliy~iictry <1io\\11 in 
F~gu t - c  I I to d c ~ n o n \ t r a t e  rllc pc r f ' o r~ i~ancc  ol' tI1c 
algoritl1111 Sor a ~ratliel- comlil~catcd hatl~ylnctr) tax. 
Figt l rc  3 0  cho\vs the  i m a g e  o f  c~t l l t l la tcd \\:;l\c 
p ryaga t lon  ovet- 1111s b a t h y ~ l ~ c t ~ - y  w1ie1-c Ilic co~nl>lc.tity 
o t  tlic hottoln tc>pogr;rphq- I S  aplhal-cllt I I . ~ I I I  the \\,aye 
rclinct~ol~tdlffi-ac~~ol~. C'otitol~rs ol'tlic :lctuai harl~yii~cr~-!, 
XI-c s l i o ~ \ ~ i  In F~gut-c 3 l and csrimatch ol'11ii. dcpr l~  .I\ 
calcul;~tcd St-o~n 1l1c ~ I I I I L I ~ ~ ~ I O I ~ \  111 Figure 72. ~ I S I I ~ C \  
-3.7-33 \lio\vn the s;llnc re\ulr\ hut \\81ll1 contour\ of  
specllic values 0 1 '  r l ~c  c s t ~ m a ~ c t l  depth lo clc~nonst~.;~tc 
the accul-ircy of r l ~ c  dcvclolicd ; ~ l g o r ~ t l i ~ i ~ .  ( 'oml>a~-~ng 
these  Iwo figl~l-c.; the ag l - cc~ncn t  o f  aclual vc r \u s  
c \ t~~ i l a t cd  depth 111 1101 '1s clo\c 'I\ In tllc previous casc. 
Thrs call be attl-~Iiutctl to tlic vcl-y complc\ hathy~llcrr! 
of this cxilmplc. As a last colnparlson \ \ c  \lio\l a cut 
along 111c length o f t l ~ c  domaill l i ~ r t h c  aclual hathy~i~cll-y. 
F I ~ L I ~ C  75 .  I I I I ~  C \ ~ I I I I ; I ~ ~ ~  b i~t l ry~~ict ry  F I ~ L I I C  36. 
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Figure 4. Si~nula t jon cases 

Table 1. Sirnulation Cases 



Fig111e 6. Wavderlgth .50r~~,t.\ .nve arnplit~1de4 a]., CVV 

I1 - I 
Figure 8. Waveler~glh 100 m, wave amplitude 4m, CVV 



Figure 9. Bathymetry map for Case 1. 

Figure 10. U.lthymetry map tor Case 2. 
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Figure 11. Batlvy~netry map for Case 3. 
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X - Axis (1) 
Figure 12. Wave propagation over Case 3 bathymetry. 

Figure 13. SAR image intensity, look direction = 0'. 

Figure 14. SAR image intensity, look direction = 90'. 



Figure 15. Power density spectrum for refractedldiffracted wave. 
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Figure 16. Wavelength estimates for refractedldiffracted wave. 

Figure 17. Wave refractionldiffraction for deep and shallow water. 
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Figure 18. Wave dispersion relationships. 
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Figure 19. Wave diffractioldrefractioll relationships, 



Figure 20. Wavelength and direction estimates from wave spectrum. 

Figure 21. Wave length and direction estimates from wave spectrum. 
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Figure 22. Water depth for first set of results. 
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Figure 23. Estimated water depth from simulated results. 
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Figure 24. Water depth fur second set of results. 
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Figure 23. Estimated water depth for second set of results, waves at 0' 

Figure 26. Estimated water depth from simulated results, waves at 30'. 

Figure 27. Water depth for second set of results. 
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Figure 28. Estimated water depth from simulated results, waves at 04 

Figure 29. Estimated water depth from simulated results, waves at 30'. 

X - Axis (m) 1 
Figure 30. Wave propagation over Case 3 bathymetry. 
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F ~ g u r e  3t. Water depth for Case 3 bothvmetry. 
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F ~ p r e  72. Estimated water depth from s~mulated results, Case 3 buthvrrretrq. 

Figure 33. Water depth for Case 3 bathymetry. 



Figure 34. Estimated water depth from simulated results, Case 3 bnthymetry. 

Figure 35. Water depth for Case 3 bathymetry, y = 3000. 
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F ~ p r r  36. Estumted water depth From sunulated results, y = .WOO. 
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Abstract 

1. Introduction 
Slrong. PI-op;lf;~ling front3 :Ire frrcll~l-1111) oh5c1-vcd l o  
for111 tn c o a ~ t a l  i111d e r l u a r i n r  I-ct._ton\. "Sill-y ~ r e  
bores 01- prop;~g: i t~! i f  I ~ v c l r a ~ ~ l t c  lu~l ip.<.  nn t l  a rc  mos t  

11ftcti g c ~ i c r ~ t c i l  :I< 'I ~ C ~ L I I L  o r  ,I strot lg t j r  I I I ~ ~ L I I X I \ ~ ~  
1l10tio11 occLtl-rllig 111 O I ~ C  \VCIICP III,IS.\. \ \~I Ic~c il L(ILICIIC.\ 
a i l i f f r r r ~ i l  hody  o f  \vatrr. Fo r  r u ; ~ ~ n p l c .  t ~c l a l  plume.; 
\ v I i ~ c h  occ.llr on a r c l ~ ~ ~ t l ~ l l r ~ l a l  I?;I~IS are. I'rcilllenll! 
ohst.t.veil 111 e s t l i h ~ t  a .rtccpcnll lf o f  t l i c ~ r  l i ( ~ ~ - i / ( ~ ~ l l , ~ l  
c le~ is i ty  gr:iiIlcn[ In  rl ic \, lclt i iry o f t l l r  free \urLicc. i o  
1hat the ~ < o p > c n n l  CILI ICI -O~ I l ne \  ,Ire f roul>ct l  t o g e ~ h t r  
i n  a s i l la l l  r c g ~ o n ,  alrcl Llie c lcn \ i l>  I.; oh \ c r ve t l  10 
c l1 : l l l~e  ovc1- L1 >~>Lltl;I l sc:1It \ \ ~ l l l c l l  I S  c ~ f t ' ~ c t I ~ ~ l ! ~  
~ I S C O I ~ ~ I I I L I O ~ I S .  .A ~11111l;ir p t i ~ ~ i ( ~ ~ ~ i c ~ i o ~ i  I S  SCL,I~ to OccLIr 
when tl ic C;uIT Sllca111 makcu  .I \ I ~ ~ ~ - c \ \ ~ . I I * ~ I  rnr '~nclcr 
o f f  of C:~pe Hattcra\ .  A \  thc ~ i o r r l i e rn  c i l ~ e  o r  thc 
cyclonic.  r i lc ly ( s l i t ~ i g l c )  asioc~:lrccl w ~ t h  tl1c meat l i icr  
l11Ove\ 0111~1 the ~011t l l le l l t ; l~  < I lc l f .  ;I hOr t  15 f 0 1 ~ 1 l l ~ c ~  
b r t w e c l l  t l ic  C O I ~ L I I ~ ~ I I ~ ; I ~  s h r l f  walel-  ii11cI i l i r  C i~11f  
Streall1 I l u ~ c l  (FIZLII-e I ). Ancl ('111;111!. hqtlraul~c,iuml!s 
lia\,r been o l xe~ - \~c t l  ;ilollfi .\tiip1>111: cli:~~i~iel.c ;I[ 111~ 1110~111is 
oI'estua~-lr.: (F I~UI -C 2 )  l1l1ilc.r c . o ~ i t l ~ t ~ o n \  (.)I' I'l(lotl r l t l t  



2. The lliiaging hlcchanislii 

The c u r ~ - c ~ i l  U 111 111~ IV;I\C ac l lon  spec~r;l l e1lcl.g) 
tleli\11! L,~~LI;ILKI~ I \  l l ie \III-~;ICC II~;III~~L,\I;~IIIII~ of 111c 
1111drrl!lng larfer \c,llc Iltr\v. Il\ c \  ciluri t in I \  go\'ernetl I>!' 



c-h 
' 1 ' 1 1 ~  l ~ ~ l ~ l b l  iicc;111 ~ i ~ o c l e l  [ A ] ,  1-51, 161 L I W \  t l ic IIIIL,<I- 
Hr ;~y f  ;II>~".O\II~~;I~IIIII to c;~lcul ,~tc rl ic cli,~n:lc 111 racl.~r 
c r o \ \  \cCI I l I I l  < I U ~  t o  \.;11-1;1~1011\ I l l  1I1c \ l l l . l " l ~ ~ i ~  

1~l l l lg l l l lc \ \ .  Ill 11rclcr 1 0  L lcc~ l l l l {> l l \ l l  till\. '1 \ l>~ l t l< l l l !  
\<lrl;lI>Ic \~1cCtI.LIIII I\ c:llclll;ltS~I. ;111ci t l l ~  1 1 1 1  11 i  1 1 1 ~  1<111; 

\ \ J \ . C \  I \  ~ O l l l ~ 3 l l l t d  1'1~0111 the \111;1I1 \ \ ~ I \ C l l l l l l l ~ ~ ~ ~  

~ ~ I I I ~ O I ~ L , I I ~ \  o f  IIIC \ ~ c ~ [ I - L I I I ~ .  Ho \ \  c \  ?I-. \ \ c  II,I\ c I'OLII~CI 
111x1 tl ic occLIt.rcllcc o f  h r c l i h~n f i  \vn\t . \  p l ,~y \  ;I 1.l1-f~ 

role Ill deIe1~111111111~ the re \  cOlltri l\t 0 S l l l ~  \ C C I l I ~ .  -1'I11\ 
lpo\c\ ;I ~ l i ; ~ l l c ~ i ; c  to  OLII- c I e [ e ~ - ~ l ~ ~ ~ i i \ l ~ c  ;~ppro ;~c I l  111 

c ; ~ l c ~ ~ l a t ~ n ;  the I-c.r. hcc;lu\c u a \ e  ~ I - C ; I ~ I I I ~  I \  a n  
~ ~ i t r ~ ~ i \ ~ c a l l )  \ loc l i ; l \ I~c  occul-rcncc. We have t lcal l  \\ 1111 
t l ~ c  ~ p r o h l c ~ ~ ~  hy  tl-calln$ the I-c\ a \  l l r t  \LII~I o I  ;I 1);1rt 
CI \CI I  11) !he I:I<IM ~ i i o d e l  ( E O M )  and ;I 1x11-I ;WI\III$ 
I'I.~III 11ic \Lave l l r c a h ~ n s .  TIILIS. w e  u r ~ t c  

w l i c r c  p,l,,j i\ 1111. p r o h a h ~ l ~ t !  o r  \ \ a y e  I h ~ - c a h i i i ~  
~ ; l ~ C l ! ~ ~ l l C ( ~  ~ 1 ~ 0 1 1 1  1 1 1 ~  1O~ i l l  i l ~ ~ C ~ C ~ ~ L l O l 1  ~ ~ I L L ' K I ~ I  171. 1s 1. 
101 t l e ~ - ~ \ c t l  rr11111 ;I \p; i t~: i l  r e L ~ l ~ / ; ~ t ~ o ~ i  ol' l l ic. 
;ICCC~CT;I~IIIII 11er1\ccI Iron1 the \vavc ac t ion  \ l > c i . l r ~ ~ l  
C,~icrgy C I C I I \ I I ~  N(.\-. j,.&) . ~ I ~ o , l l  I \ 111c 
c o n t r ~ h u t ~ ~ r ~ i  10 t l ic re \  f r om  I l ie  t O \ l  ancl I \  1 1 1 ~ .  

C ~ I I I I ~ I ~ ~ I I I I O I ~  111 \V;I\C hre;ih~nf. \ \ h ~ c l l  I\ t l c r ~ \ c c l  I'~OIII 
t l ic I-C\  or;^ ~ ~ ; I I L I ~ C  ~ i i o ~ l e l  of  3 \ l ~ l l l ~ l i g  h r c : ~ h c ~  I101. 
1 1  1 I. 
. fhc I -C \L I~ I \  o f  IIIC CII~-IO-CII~ \ i l l l ~ ~ l ; l l i o l i  ;II-e \ I io\ \  11 

III I:~~LII-c 7. OI' I>;II-IICLI~;II l ~ i t ~ l - e s l  I\ [he el1ll;lncclncnl 
111 ~ l i c  I C \  t luc  t o  t l i c  ~ n c l u s i o n  of I l i c  h r c a k ~ n s  
1'or111~11;111o11. N i t l i ~ u t  ~ t .  the inode led r c \  l l i c rca \c  
u o ~ l l d  he o11Iy i ~ h o i ~ t  5 d B .  W ~ t h  il. u c  h a \ c  111' 
~ ~ h \ c ~ . v c t l  I 0  - I 1  clH re \pon\e  

sun- CA-o . . . . . . . . . . . . . . . . . 

I ,m I I  C 
Wa (-1 

a 
DNwpom and Sneai 

I 

3. Image Inversion 

For  IIIC C.;I\C \IIo\LI~. \ \ e  111i1y r;~kc ~IIC 1 1 1 c r c , 1 ~  111. IIIC 
ri.\ ahi ivc r l ~ c  h ;~cLf ro t~nc l  to  he - 12 clB. I YCII 111 t l c 1 1 1 ~ ~ l  

oI1c II;I\ ;I C I Y I ~ I ~  ICIC~I  o i  IIIC IIIJ;IIIIUIIC o r  IIIC 
t lcpt l i  ;IIICI c l c ~ i \ i ~ ~ c \ .  111 [ I l l \  p ; l r I ~ c i ~ l , ~ r  c ' ~ \e ,  \vc ~ I I O \ \  

t l ic water l l ~ p r l i  ancl 11e1i\1~! cl~FTcrcncc arc .II>OIII 30  111 

,111~1 0.0 )\? 111 ' ~ - i ' \ p t l c t ~ ~ c l y .  E\I)CI.ICIICC 11,1\ \1111\\11 II\ 
1I1;11 1111, c l l t l  1 -~~ \111 t  Ot tI1~"(e \1111111'111~111\ I \  <111110~t  ;11\\'I! r 

a I>I-O~>;I~,IIIIIF l i ! t l ~ - ~ ~ ~ ~ l ~ i '  ~LIIII~. I I . I - C ~ I > L ~ ~ I I Y C  01' ~ I l e  
~ l i~1 , l l l '  o r  tI1c 111111;1I e~ l~ l e l l t l < l l l \ .  A l l  l l l d l ~ < l t l i l l l  111 1111, 
error IIICLII.~C<I 111 ~ ~ i c o r ~ - c c t l y  \pcc11'!111; ~ l i c \ c  I I I ~ L I ~  

I > ; I ~ ; I I I ~ ~ . I ~ ~ \  c;111 he ;ip~xcu;ltccl b! con\1ilcr111; \~,i'i'tl 

( C I  01' Ihorc I~~<I~>;I~;~IIOII 111 ;I \i111pIc t \ \o - l ;~yc . r  (1~11t l  

It I \  ;I \1111plc P~OCCCILI~C 10 ~ L I I ~  the e r ~ l e ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ \  \\11Ii 
t l i c  a \ \ ~ ~ n ~ c c l  i l c l ~ t l i ,  d e n \ i t !  ~ I I ~ ~ ' ~ I c I I ~ c .  l ~ ~ ~ t l  
rc~>rc\Cl l t ; l l lvc ' l l o l l ~ - f r o1 l t  \ eloclt! I \ '  I 1 0  ! 1cItl 'I IKC., 
for rl ic l i ~ c l r a ~ ~ l i i ~ ~ ~ ~ i i p .  B y  IL~I;IIIIIF 1111 IIIC ~,I IC~LII ; I~IOI~ 
i ~n t i l  I ~ L .  U S S U ~ C ~  parameter> product the ohwncd r c k  
mapniludc. wc may reproduce thc naturally nccurring 
\cenaric~. 'l'hc convergence vclt)city and propngi~litrn 
5pccd will  result frarn this proccdurc (Figure 3 , .  

i - 1- ,I C 
-I=- 1 r 1  

ha, crovseln 3. I'uture 1)irections ' 1  .. I lic. t c c l i n~ t l uc  t l c \ c~ - i bed  aho\i. I \  ~ h c  ~ > l - i ~ t l u c l  111 ;I 

* 
il \ ~ ~ ; I I ~ ~ ~ I - ~ I I I - \ Y ; I I , ~ ~  ~ I ~ \ ~ \ I I ~ : I ~ I ~ I I  \ \ l l ~ c l i  ~proccct l \  ,111111~ 

?4 IIIC I I I ~C \  o r  IIIC IIII;~~II~; I I ICC~~~ I I~ I \ I ~~ .  11  r e q ~ l l r c \  ~II;II 
. W I . L I  , -- . ccrt;l i l i  th i l ig \  he a \ \ r ~ ~ n e d  r c g a r t l ~ n g  the e l ~ ~ ~ r o ~ i ~ ~ ~ c ~ ~ t a l  

1 ,m n I* 
"=.'tan (ml ~ O I ~ C ~ ~ I I I I I I \ .  111 [ l ie ~ ' L I ~ L I ~ C ,  \ L I C ~  I - ~ \ ~ I - I ~ I I O I ~ \  I~I~I! 1101 lhc 



~~l~!li'l' 4. /I ~ ~ O l i l / l i l l ~ i . ~ ~ l i l  ( ~ f  1/11' I I l ' f J  / l ~ ~ l / i ~ ~ l l i / / l ' , ~ l i i l t / l  

IIIIIII~. Tlto ti/i/l<,i- /IIPIII~-~' i s  ill- / ~ j ' ~ / ~ - ~ i t i / i ~ . ~ j i i i ~ i / ~  

.\~I~~IoI/I/I* ~~I,(I/I.~II~!I-~IIII i-m1 <~/I[,I- $.!Y9 11, T/I<~ /(III~cI-/)/~II 

.\/IIIII:S LI,/JIIII/I [I/IL,I- ~,I~II/I~II~!C!~I~- 4.,7/ 11 ( i i1~1 /~LIIVI~~.S/I<~~/ (I 

l'lli-/c:\-. 
.A seconcl-ant1 tnorc w ~ t l e l y  \ccn-l)~,c o T i n \ l a I h i l ~ ~ y  
I S  t l i e  s e r i c q  o r  c o r r u s ; i t i ~ ~ ~ s  ( F i g t ~ r c  5 )  ~ \ j i ~ l i  
~%a \e len f r l i s  o f  200 1 1 1  ? A111. 111veatigar1o1i\ ol' r l lc 
p h y s i c  o r  ~ I i c  i l l \ t ; lh l l i tq I I I C C ~ ~ ~ I I ~ I S I ~ ~  ;it-& JLI\I IIOI\ 

b e g ~ n ~ i i l i g .  hur II \et,lrlr I lhc l )  that thc w:i\clen;~li ;III(~ 

; r m p l ~ l u i l c  arc. ( IC~IC~I I I I I I~~~ h y  (he e n v ~ r ~ i n m c n l a l  
p;ir;llllcter\ ;itid SIo\v v:~r~:~hlc,s c ~ s ~ o c ~ ~ ~ ~ r ( l  \ \ , t ~ l i  [ l i e  
PI-CI~~:;IIIII~ front. t\r OIIS h~~ i i \ \ ! l e i l ze  o f t h i s  131-oceri 
1ncreahc.s. \vc. 11r.1y l ie  . ~ h l c  10 risc t l l c  oh re~ -vcc l  
IILI;II~~IIICS 10 C~CICSIIIIIIC t l i t. ~ ICSIR( I  t'lo\v \,;ir~;illlc.\. 

Tl11\ 11o1c ha\ dealt w l l l l  II~~EIII~ICJIIIII~~\. \vI11e1i 31-e a111011g 
IIIC 1110$t CIicrfictlc I~ : I Ius~\  111 111c III~CIS:I~ zotic. ~ l i e ~ ~ - ~ - , ~ d a r  
\Iyllalurcs arc co~ -~ -cs l>ond~~ i y l ! ~  .;1ro112. \4:c Iln\,i. i l e~c r i bed  
'I ~ ~ r ~ c c d r ~ t r e  10  I I~VCI- I  1r;ii1;11 re11101c SCIISII I~ ~ i l l age rv  LO 

ohrall l tllc coli\rcrficncc VCIVCIIV c ~ ~ ~ c l  prol):i:dt1011 speed 01. 
:I ~prop;lfiating l i q t l r a r ~ l ~ c ~ r ~ ~ ~ ~ ~ ~  ,111d I I I ~ I ~ ; I I C ~  t\v(1 ~ ~ o s ' i ~ h l c  
l i ~ l u r c  d ~ r c c t ~ o n s  that c o r ~ l i l  Iprilvc fr'ruiIl'~~l 111 111ve1-t~ng tllc 
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Rapid Assessment of Current Velocities in the Coastal Ocean 
; \ I -nc~l i lo V a l l e - L C \  i n w n  

( 'c l l lc l  l111- co; l \ l ' l l  l ~ l l !  \1c211 o c c ~ l l l l l g l ; l ~ l l l ~  
Olcl I) 1111iliio11 L~II I \L~I\ I~\  

\ o l l o l h  I I~HI I ;~ .  C S \ 13520 

1 .  Inti-oduction 
r l i c  1;1111d :r\\c\hnlc1rr of co;~ \ la l  cul l -cnl  ~ c l o c ~ r ~ c \  111 ;I 

g i \  CII ,IIC;I l1;1\ I I ~ I ~ O I  l c ~ ~ ~ \  I I I I ~ ~ I ~ ; I ~ ~ ~ I I \  I~II.CII\ I I~ I~ I I~CI~I : I I  
,111cI l l l l l l t ~ l l ~ !  ; l ~ l ~ l l l c : l \ l ~ l l l \  I I1c ~p l c \ c l l l  htllcl! l l l l l \ l l , l lch 
onc cu;lmlilc 111' d c \ c r ~ h ~ n g  l l ~ c  co;l\ l;~l c ~ ~ c l ~ l n i ~ o ~ ~  I n  a 
tc:io11 11it111e11ccci ll! I~LI~)\,III~ (11\el1;11yc\ I  IIC 1eg1o11 01' 
I l l  ( I l c \ : l l c ' l c  1 l l l l l i l O \ \  I L \ ~ I  I 1 I c 1 c  I he 
( ' I i c \ ;~ l~cakc  I L l y  I\ loc:~tctl o n  lhc  c;~\Lcl- l~ con\ l  (11' l l ~ c  
L I l l t ~Y l  st;1tc\ 'lll~i I\  1I1c l:l1!2c\l c \ \ l l , l l -~  (11 1I1c c1) l l I l t r~ 
ll\ ~ l l l l l l l c  I\ ( l c l l \ c ( l  I~1c1111 :I 111c2111 ;1111111:1l cll\cll;llgc 01 

a p p ~ o \ ~ ~ ~ l : ~ t c l ! ,  2000 III 5 7 l lc l h y d ~ o g ~ a p l ~ q  ~ ~ l ' r l i c  1llu111c 
\ la\  I1cc11 (~c \c l l l l cc l  I l l  hc\c l , l l  5 l l l ~ l l c \  [ I  1. 121, 1.Y lll2lt 
\ l l0% 1I1c l l l l~~or tL l l l cc  OS\\ l l1~I ro lc l l lg  011 l l l c  l:llc 01 1I1c 
hue! JIII di\cI1;11-?~\ I-Ile pl11111c \])I c:~cl\ 111 I'\II~II c \\ 1111 

\ o L I I ~ ~ \ \ ~ \ I ~ I  I\ I\ 111cl\ ;111d I-~IIICIIIIS c1i l . r~ 10 111c 111i111111 01' 
IIIC c\lu;r~-y n ~ r t l  l o  tl lc coast l~ l l c  M 1iI1 II~I-~IIC:I~ICII~ \\ 11ld5 
r l l c  c1lcllI: l l l~ll l 'l\\ocl'llccl \\ 1111  illl, ~pl l l l l lc .  IlO\\ c \  C I .  ll'l\ 
11ot I i c c ~ i  ~ I c \ c ~ - ~ I i c d  111 ( l c l : ~ ~ l  ~ I I I \  P;II~CI ~ C ~ I I I \  to  
t tdd~-c \ \  I \ \ L I ~  

2. Data C'ollcction 
I l1c \1i1\cy \\;I\ c;llllcLl (>LIl ~ l l l l l l l g  l l l c  t l l l l c  ~ l l ' l l l c  )czll- 
of\\cal,csl d ~ \ c l ~ n l g c  al ld 111 rl lc d l  IC\I heal o l  1I1c tlcc;lcIc 
I he III~JII I I \  C I  c11~cI i~11gc 111lo C l i c \ , ~ ] l c ,~kc  l3;1! 111 

Seple1111lc1 1005 \\;I\ l c \ \  ll1;111 500 111 5. c o ~ l s ~ c l c ~ ; ~ I ~ l y  
I t \ \  1l1a11 tl ic c l ~ ~ l ~ ; r ~ o l o ~ ~ c , ~ I  III~;III 0 1  1000 111 \ 1 0 1  1ll,11 
II~OI~III TIIC \111-\e! ; ~ l \ o  iool, l p l ~ c c  ~111cle1 IIIC I I I ~ ~ L I ~ I I ~ C  

o S ~ ~ o ~ r l i c ~ l ?  \\ 111cl\. :111c1 : I ~ ~ C I  ;I ~ p c r ~ o ~ l  ~ I ' r c l ~ ~ l ~ \  el! \11o11g 
i .o I  l>,l) l l ~ l l l l l c < l \ l c l l )  \ \ l l l c l \  ,I\ l -cc~l lc lcci  <\I l l l ~  
c l lc\ ' l ]~c;lkc 1.1gI1t ~ l o \ \ c l  ;111cI ill l l l c  c l l c \ : l~ lc ; l l~c  13:1> 
131-~dcc T u l ~ n c l  I>! rlrc I S Y , ~ r ~ o l l a l  O c c a n ~ c  a n d  
\1 l l lo\~l l lc l - lc \ ~ l l l l l l l l \ l l : l t l ~ l l l  ( \ ( I  \ \ )  

3. Data Dc\cription 



F ' I~L I I . ~  1. Stucl) arc,l oTf 11ic II~OLIIII or tlre <'hc\;rpeahr Kay. a )  I \ t a ~ ~ l ; ~ r i e o ~ ~ s  obscl-cation\ of near-\uriacc Flow 
(ve~,lo~-.:l alitl sa111i11y (sh;ltlrcl ci~~rtoul-.~i.  h i  SUII(III;II ~ieat=curI';~ce l.Io\\~ ,~nd \ ;~ l i l~ l ty .  .I'Iie S I I I ~  track 15 de11ote.d b j  
the clorcly sl>acctl vectors. The ~ r ~ t l d c c l  vectors ;Ire gclrcratetl FI-U~I ~nterpoI;it~on. Tlre loc;~t~on (IT tlie I noclc\ .I[ 

w l r~c l i  1he Ica\t \clll;lrch I'll I \  perlorliiecl i.; tlelrolctl hy Ihc fil lctl circles 111 (b). 

T l i ~ i  wc:~h sa l~ l i i ty  d ~ f t ' e r c ~ ~ e ~ .  IS ( I L I I ~ ~  C O I I ~ M S ~ I I ~ ~  to tlic I/ ,(.P.):./). \rrlicre tllc ~ ~ ~ b s c r ~ p t  I delro~es onc cornpollent. 
i;111111ty cIIIICI-CIICC 01' Scp tc~~ lbc r  01' lc)06 L V ~ ~ C I I  II ivaq I r i~ \  'I C O I I I ~ I ~ L I ~ I O I ~  l'10111 11 subtidal ~UI-ITIII ti,,,, plus ons 
~nol-c t l~nn  10. Tl~cl-cfol-c. ~ l r c  huoyalicy fol-ci~ig was frolrl a l u n a r ~ r l n i t l ~ ~ ~ m l  (~,c~-lod o-1'12.43 11) tidal current. 
VCI-v wcnk and proIi;~blv Ir,ltl a 11111ror 11i l lu~11cc i ) t i  111e 1.c.. 
c0;1\t;11 CII-CLI~;IIIOI~ 111 11ic ;Irc;l al [ l ie tlrrre o f  tlre strtdy. 
This ~ d c a  1s e\l,lorcd later by asscss~~ig t l ~ c  1mpo11;lncc ti,,,i.~,),, 1) = II ,,,, (>r,+ia) + (~J.I..!) cos((~),,~~ I) 
of iv l l ld fi)~-ctnp OII rlrc co:lst,~l CI~CLI~;I~I(?II. + /l,(..r,!p) \III!(I) ,,,: 1 1 ,  (1  1 

TIIC I I I \ ~ ; I I ~ ~ : I I ~ ~ O L I ~  II~~;I+LIWIIICI~I+ of I I C : I ~ - + ~ I - ~ I ~ C  l lo\v 
and i , ~ I ~ n ~ t y  (Fig. l a )  sliowed spar ~ a l  dlcrr~hut~otlc tl~ar 
JI-c ~-yll~c;rl ol'a ~IIIIIIC ~nl lucnced by d o ~ ~ ~ \ \ c l l i n g   ids 
:I\ c l ~ a n ~ c ~ c r t z c d  III 111c modclil ig \ tud~c \  (j1'[1] ;11ici [ 5 ] .  
T l~csc  ~ ) p ~ c , ~ l  c l~ar ,~crcr l \ r~c\  arc. ;I rzglon w l ~ c r c  tlte 
p lu l r~e  ILII.IIS ; ~ ~ ~ L ~ c y c I o ~ i ~ c a l l y .  l l ~ r  t l i r l i l l rg I~C~IOI I :  ;I 

tratisltloii 1rc2.101i i \r Ir~rc l l ic I l ow  co~~vcr;cq hc twcc~ i  the 
LLII-IIIII~ reg1011 and the coailal current as  cccli lhy tlie 
y,cul dccl-e;l\c In tlrc alon~\l iol- t .  I low \ o u i l ~  oT1ht: ~ n o ~ ~ t l ~  
c)l'llic l121y. ,111ci tlic I~)I.II~~III~~I~ oi'a coa\t:~l ~III-IYII~. t I l \o .  
the I'rcshc\~ \\atcr relnnltir cc~nsrra~l~cd to ;I \el-y tral-~-o\\ 
band. nat-rowel- t l i , ~ ~ i  tlic I I I I ~ I - I ~ ; ~ ~  r,ldill\ o f  i (c f i )~-~r i ;~ t to~i  
oS .~~oun t l  7 Am. :~ luns  tlrc coast. Tlicsc insta~r~,.~~rcou\ 
~ncasu~-c lnct r~\  are. Iiowcvcr, t i t l ;~l ly a l~ ;~ \cd .  i.c.. they 
'11-e h~a \cd  by the dtf l 'crcl i~ \[age\ o f t l i c  11tl,1l cqclc over 
\\111cl1 ~ l i c  ~)I>S~TV:III~IIS were III:ICIC. TIICII. 111 order to 
o b t a ~ l ~  a \yl~ol>t ic ~p~cturc ol'tlrc I lo\v ficltl. t l ~ e  ~ l i l lucncc 
o F t l ~ c  r ~ d c \  011 rlic ~ ~ i \ r ; u r l : ~ ~ i e o ~ ~ \  l l o ~ v  II~IISI 11c r I ~ \ t ~ l i -  
g ~ ~ i i l r c c l  I~YIIII tlic st~l?t~cl:~l (or 11ic;11r) currclit. 

3.2. I7ittitlg Technique 
111 order lo \cparnlc tho IICI:II \igtr:~l I'KIIII tlie 111s1i1tlta- 
ncoll\ I ~ I ~ ; I s L I I - ~ I ~ ~ I ~ ~ \ .  a Ica\t-\cl~~;rrc\ t c c l ~ n i c l ~ ~ c  wa.; 
usecl. Th1s t c c l i n ~ i l ~ ~ c  h;r\ been u\ed bv [(i] and a\\ume\ 
tlr;rt cacli colnponclll o l ' t l~c cur1rc111 vc loc~ ty  ohsc l -~ct i  

ivlicl-c (o>,,,, i \  tlic t'rccl~lenc! o f thc lunar SCIIII~ILII-II;I~ t ~da l  
~OI I~~X) IK I I~  ( Irr l l7.42 11). T l ic  suhr~dnl ilow col1lpollent 
( o r  could ;11\o s n l t ~ i ~ t y j .  :III~ tire I i ~ ~ i c t ~ o ~ i \  ill(,',!,) i11ic1 
/?i(.r,)fj: at-c g ~ v c l i  b? 

The ~>;~r;lnicIc"\ c Y ,  I)!. .(,. ~ r c  ti) be founti 11) r n ~ n ~ r n ~ r l n g  
1l1c Icart \~LI;II-C error between ol~st.~-val~ons alitl l i t  a1 
cnc l~  o f t l i e  '.I" noclca locarcd nl (.r ,?I,). 1-lrc f~~l rcr inns 
cpl(.r,>) arc hasc ~ I I I I ~ ~ I ~ I I ~  rliat 11:1vc heell clioscll a \  
h ~ I l ; ~ r ~ r i o ~ ~ ~ c  \pltncs [(I], 1.c.. 

T l ~ c  least rqual-cs ti1 obtnilicd \ \ I~II  equallolls 1-2 and 5 
not lc \  (Fig. I h ) ,  r cp t -od~ iccd  tire riiogt p ron i l l l c l i l  
vart;lllons o f  botlr componelrts ol ' r l~e obser\*cd f low ( F I ~ .  
23. 11). 'The g o o d ~ ~ c \ +  of I-it dcpcl~tls on Ihc po\;it~on ol' 
the 11oclc~. 1.c.. i~:lrl:ltlo1i\ 10 111c ~iocle IO~;IIICIII ) l r I r l  
dil'l'crcnt iuh l id i r l  and 11tlal l ' low fields. T l ic  notie 
IOC:I~~OII\ CIIO?CII Iicl-r wcl-c ol>L~tlr~zed in  \ ~ l c I i  ;I way t l i : ~ ~  
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\o l l t l l \ \ ; l l~ l  [ lo\\  llll-ollglloLll 1I1c clolll;lll1 ,I\ \Cell l,llcl-, 
l l l l \  \\;I\ cI11c l l l O \ I l ~  l o  1 I l C  l o 1 - c l l l ~  rrc!lll I l l c  
~ x c d o ~ i ~ ~ ~ i ; i n t l !  no1 rhc~  I! I\ ~ncl\ IIIO~IICI I'C;I~IIIC t11.111~ 

\uht~d;~ l  Ilo\v \\:I\ r l ~ c  \ o ~ ~ l l ~ \ \ a ~ - t i  l ~ a ~ l s l n l ~ o ~ ~  ol'lhc ILIIIIII~~ 
lcyion 01' lhc ( l~c\;~pc;~l,c I3a! oull lo\\  l I l l \  IIII~IIII~~ 
IcylCIll ,l]l~>c<llccl 1 0  lilt \~ l l l r i l  (11 rl1c c l1C\:l~?c~lkc ILl> 
111011111 clue L O  1111' IIILCI-:ICII~II ber \ \ec~i  IIIC SOLI~I I \ \~ I I~ 
: ~ ~ n h ~ c . n ~  11011 :111tl IIIC C\III:II IIIC o11111o\\ ;I\ \11yyc\lcd t?! 
l l le ll~llllcllc:11 l~\ l l I l \  01 1 - 1  711c l';11111 01 lo\\  \ : l l l l l l t~  
( I - ~ g  11,) I~I~I:IIII~ \c14 111111 :IIICI c l o ~ c  10 IIIC co:1\1 :I\ a 
con\ccluc~~cc o l  1 1 1 ~  \ \c;~l\  huoy :~~ icy  l i > ~ c ~ l ~ g  i i - o ~ ~ ~  llie 
~ \ r ~ i n t !  I n  Inlclc\ l l I lg L~IIC\IIOI~ I ~ I  ,III~\\ CI I \  l lo\\  11111cll 
(11. tlic \III>II~I:II l lo\\  i>1?1:1111cci t'1o111 IIIC IC;I\I \c1~1;11e\ l i t  
i l l l ~ i  ~ I l O \ \ l l  Ill l.l!LLllrc I I3 I \  cI11c lil \\ lll(1 l~11-c111g" 
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c:15t-\\c\1 :111d lllll-tI1-\lllllll c l l l l l~>l l l lc l l l \  Il l ' tI1c c111-1-ell1 
\ cloc~~!. I ~ \ ~ c ~ I I \  el). illid 11 . 11 \\ ct-c 111c c o t ~ ~ c \ p o t ~ d ~ t ~ g  
compolicnls o l ' ~ l l c  L\IIICI \eIoc~l\r T111\ 1.11 11id1c;11cd ~II;II 
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I\ c5t c o ~ u p o ~ i c ~ i l \  o f  tlic \\111d ~ c l o c ~ t y .  re'~~>ecLi\eI! The 
0  01 011 rllc I c o ~ n p o n c i l ~  of t l lc  ( lo \ \  tlciloled :I ~ - c \ l d ~ i a l  
I l on  o l  0  01 111 \ i i~~-ccrct l  to tlic \ o ~ ~ t l i  \\lii.n rlic \ \ l l l t l  
L C I O C I I ~  I\ zeI~Il -rlll\ e O l l ~ l ~ ~ ~ l ~ ~  \\ I~II IIIC I ~ ~ I C L I I  
c ~ ~ i ~ h ~ e ~ l ~  CO~\~; I I  11o\\ 111 IIII\ ;IIC:I 01 111c 21icl-~l11:11i11e 
l31911~ 171 Tlic \ el-! III~II I>CI-CCIII;I~~ 01 1 1 1 ~  \ I I ~ I I~ ; I~  110\\ 
i ; l r ~ a l > ~ l ~ l y  cxl>l;~~tlcd hy \\ I I I ~  I l l r c ~ ~ i g  \ \ a \  ;I con\cclucncc 
~ ~ l ' t l i c  \\cak t i-c\ l i \ \ate~ c l~\cha~gc onto ll ic co,l\lal occi111 
al tllc r1111e o f  [lie \ILI~! 1 I l l \  \ ~ ~ i i l > l c  I-CIJIIOI~SIIII> bcl\\i.i'~l 
\ v~n t l  \e loc i ly  slid sul-l:~cc \ c l ~ ~ c ~ t y  ;IIIIILIS 1l1c r:~pi(l 
~ l \ ~ c \ \ l l l c l l l  (11 t l lc \ l l l ~ l l ( i : l l  1lcitr-\l l l-l '~tcc c~l:l\l:l l 
c ~ ~ - c r ~ l , ~ l l o n  o l l '  rlic C llc\npc;~l,c 13n) 111114 \\ 1111 \I ~nc l  
\ C ~ O C I I V  I I l C ~ 1 \ L I I ~ C I I I C l l ~ \  r l l l ~  i l \ b C \ S l l l C I l ~  \~llI. (11 C I I L I I ~ S C .  

I1c 1-c\11 1c1ccI Ill I>Cl l C l ( l \  01 \\ cc1I, I  I c\11\\ ,IlCl ( l l \c l l ; l l~i .  1 0  

111c co:l\l:ll c1cc;Ill 

3.4. l'itlal Data 
I hc \ c ~ ~ i ~ c i i ~ ~ r ~ ~ i ~ l  1id:ll CIII~II.I~LIIIIII~ 10 11ic ~ b \ e r \ : ~ t ~ o ~ i \  
\\as oIir;lincd \\ 1111 the \ccond : ~ n d  ~ l ~ ~ r d  LCI.III\ (111 tllc 
1-1g11t li;t11d \ ~ d c  0 1  ! I ) I  IIC COCIIICICI~I\ 11  ( \ . I  ) ;111cI / J  (1, I 1 
\\ere ~ ~ \ e d  to c,~lcul;~tc IIIC \ c tn td~~~ t -n ; l l  l ~ d a l  c l l ~ p \ c \  
li)l lo\\ 111g [XI I licsc c l l ~ ~ ~ ~ c s  ; I I C ~ I - ~ \ \ I I  III 1;ig~11-c' 3 O \ C I  

1I1c ~ l~ l l l l> t l lc t r !  Ill tI1c \l~l~I! rcylll l l Tllc' ~ l r1c l l l i l l l~ l l l  ;111d 
c l l ~ l ~ t ~ c ~ ~ !  ( r a l ~ o  o f t l i e  \ c ~ ~ i ~ - ~ i i ~ ~ i o t  :\\I\ ol't11c c l l ~ p \ c  l o  
111c sc111i-majot 2x1s) 0 1  I l ic nc ; l~ - \~~r l ;~cc  (Ida1 c.~~rt-ctit\ 
aplxatccl ~ n l l u c l ~ c c d  I>! llic coa\r l~nc I I I I I I~ I~~ I I I~ !  T l ~ c  
c l l l l > l l c l l ~  \\;I\ 111\\e\t ill lllc c111ri111cc Ill lllc cllc\:lpc:lkc 
I3av a \  1Iic t ~ d a l  curlelil\ i \e tc  l i~ t inc lcd 11i1o ;~ncl o111 (11. 
I  I I  I IIC c l l ~ p ~ ~ c ~ t !  \\,I\ glcalc\ l  to lhc Yol-111 
:111d ~.,I\I :is 1rcl1cc11011 111 11ic ~III,II! ~ I ~ ; I I , I ~ I ~ I  111 IIIC 1 1 ( i ~ l  
curl-cnlh I lic 111-1cn1nlt11n o f l l ~ c  c l l~psc\  \uggc\lcd. olrcc 
l l l ~ l l c .  IllC fll l l l lcll l lg cIlcc1 l1l:ll 1I1c 12:lh 111011111 I1:1s 011 
~ l i c  t1c1i1I CLIII.CIII\ CIIICI 111g c ~ ~ ~ c l  1c;1\ 1112 ~ l i c  CSILI:II-> TI)!\ 
ol- lct i l ; r I~o~i al\o \ ~ ~ g g c \ l c d  Ihc t l i l luc l~cc ol' coa\llinc 
~ n o ~ - p l i ~ ~ l o g !  1111 rlic d ~ \ r ~ ~ h u t ~ o ~ l  of tid,ll cul-lcllr\ T ~ I \  
~ - c p ~ - c \ c ~ i l n t ~ o ~ i  o I ' t~d; l l  ~ > ~ - o p e ~ - i ~ c \  \ \ a \  ~ l i c  1'11-\1 l i ~ g l i -  

\ p a l ~ ; ~ l  ~ c s o l u l ~ o n  ( Ic \ \  I h n ~ i  5 l k~ i i )  c l l ' o ~ l  to c l i ; ~ r ; ~ c t e ~ ~ / c  
l l ic ~ I \ I I - ~ ~ > L I I I ~ I I  ol' 111c \~II~~cII~I-II:II I I ~ ~ I I  c l l~p,~,  ofI'111c 
C l ic\:~l>cahc I3aq ~ i l o i ~ t l i  I III\ I \  11111 1111' (I~~'IIIIII\C 
dl511 i l ~ ~ ~ t ~ o n  ol'lidal ~ > ~ - o p c r l ~ c \  111 Ihc \ludy al-c;~ but ol ' lk~v 
a n  ~ t l c : ~  (and I ; I ~ I ~  ,I \ \c\\nicl i t)  of ~ l l c  \ ~ ~ a l t ; ~ l  Ipaucln\ 
Illill \ll~l1llcl ]>I c\ :Ill 

C I I I Ic l l t  \ C l l l ~ l t )  I l lCai l l lc l l leII I5 \ \ I l l1  I11gI1 \ ~ ' l l l : l l  
~ rc \o lu l i o~ i  \\CI.C li1:111c o f f  IIIC 1iio~1111 01  LIIC (' I ic\apc;~l~c 
I3a! In ~ t - d e ~  10 t-;ip~cll?   IS\^\\ ~ I i c  co;1\1:11 CIIL~II;IL~OI~ 1111 
tlic tl ioutli 111' ,in c\lual-y i~nt ler  \\GI, I-I\CI d ~ \ c h a ~ g c  
c o ~ ~ d ~ l ~ o n \  It1 pa~- l~culat .  tllc 111l111cllcc o f \ \ ~ ~ i e l  fo1c111g 
OII l l ic ~ ~ i ~ \ l ; t l  CII.CII~;IIIOII \\;I\ c luc~ t l~ i l cd  I Ilc crltt-cnt 
\ c loc l l y  lllC;l\llrclllcllts \\e1c clL>tcrlllc~l \\Il l1 c l  l ~ l \ \ c c i  
r ~ e o ~ ~ \ l i e  I )o l>plc~-  CIII~CIII 1>1(1l'ile1 d u ~ i n g  25 11or11-\ 
b c ~ \ \ c c ~ i  Scl>li.rnhct 2 5  a ~ ~ d  36. 1005 ,Znc~ l l : l t>  
IIIC;I\LII~IIICII~\ C O I I \ I \ I C ~  0 1  \\:I~cI L ~ I I ~ J > C I ; I ~ L I ~ C  , III~ 

s : i l ~ l l ~ l y .  n ~ l t l  \ \ t n d  \ c l o c ~ l y  T11c curl-cnl \ c l o c ~ l y  
Ilic,l\ill-clnclII\ COIII:IIII~~ ~ IC I~ I I  :incl \ ~ ~ I i l l d a l  \ ~ c n a l \  rhar 
\\el-e \cpa~-arctl 1111 a Ica\l \cjuntc> l c c l l n ~ c [ ~ ~ c  a\ In If11 
I lie I~;I\I \cluir~cs 1'11 M;IS ~ 'c t -y  good ;I\ 11 r c p ~ o d ~ l c c d  111c 
\i111c1it l c ~ i i p o ~ a l  \:II~~IIIIIII\ oi l l i c  ~ I ~ \ ~ ; I I I I ~ ~ I ~ C I I L I \  

mca\llt-clnel1t\ 711c f ~ l  ? ~ c l ~ l c d  a \ c~h t~da I  l lo \ \  r l~ar  
Scalu~cd a ~ ~ c c l o ~ i ~ ~ ~ ~ ; ~ ~ i l l y  SOLI~II\\~II-(I COIII~OIICI~~ ;111d il 
1111-111112 rcg~ol l  o f ' r l~e c \~ui l~n l ic  o ~ ~ r t l o \ \  r l l n ~  \ \ a \  ,id\ ccrcd 
\ ~ l t I ~ l \ \  dld h\  l l l ~  ~ O ; l \ l ; l l  3111b1Clll 110\\ 1 1 1 ~  ~ ~ 1 1 1 ~ 1  f~ : l l l l l~  
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The Use of Satellites to Detect Oil Slicks at Sea 
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t - ~ i i a ~ l :  bctlhol-ougli(_n ~ e ; ~ I i e ~ . e o ; ~ \ l ~ ~ ~ ~ ~ ~ - c l  go \  L I ~  

1 .  Introduction 
0 1 1  p o l l u ~ i o n  fl-0111 \ h ~ p \  ( a n d  o l l \ h o ~ - c  ~ n \ l a l l a l ~ o l l \ )  
~ p o \ c \  il II11-ci1t I0 the ~ i ia l - lnc  ~II~~I-OIIII~CIII i l l  I\\(] 
\\ ;I! \ :  

;I) the acc~de l i t a l  l o \ \  o l  C I - L I ~ C  o i l  ~ L I C  

10 i ~ c c i t l c ~ i ~ s  \+ l i i c l i  e;111 1:11iyc 111 h i /c  
l10111 ;1 I t \ \  I C l l \  0 1 .  l ~ l l l l l e \  1 0  \0111c 
l iundrccl \  o l  thou\and\  0 1  l onnc\ :  ant1 

h )  the clc l~bcl-ale i l l e ~ a l  c l~\cI ial-ge o l  
o i l .  MIIICII can \at! fro111 a leu. l i lt-cs l o  
;I It\\ LoIlIlc\ 

. . I1ic e f l c c t \  o l  I l ia lo r  \p111\ have hccn  \ \ e l l  \tutl iecl 
;111cl Lhc l lcutr  c I I cc I \  0 1  l l ie  (111 011 tl ie e l l \  11-ol i~l icnt 
a le  t a i l l p  % e l l  ~ ~ n c l e r \ t o o t l  I l l ega l  di \cI ia l-gc\ ~po \e  
a c l i l -on~c t l i l ca t  and \hou l t l  be co l i \ lde lc t l  a long M it11 
I l i c  o t l i e ~  (:I-ealcl) \ o u ~ - c c  o f  o t l  p o l l u l ~ o n  \ \ h l c l i  i\ 
1;11it1 ba\c t l .  e r i ~ c l - l n g  r l ic m a l i n c  c n \ l l - o n m c l i ~  \ l a  
r1\c1\ 

T i l l \  p a p c ~  \ \ i l l  conce~i r l -a te  o l i  i l l eg ;~ l  c l i \ c l ~ ; ~ l f e \  
11-0111 \ 1 i 1 1 > \  ant1 o l l \ h o r c  ~ n \ t a l l a ~ ~ o l i s  a11tI I i o u  \be i n  
I l i c  U K  c o n \ ~ c l c l  \ a l c l l i t c \  ~ i i ~ f l i t  be  o l  \ a l u c  ill 
t l c ~ c c t i n y  and CICICII-111s ~ I l c g ; ~ l  i l i \ c h ; ~ ~ g c \  

2. 'I'lie Role and Responsibilities of' the 
slarine Pollution Control Unit (R.lPCU) 
I ~ h c  hll 'CL. \\;I\ r \ t a h i ~ \ h c ~ l  l o  ~ p ~ o \ i d c  t l i c  I K 
C ; o v e ~ - ~ i ~ n e n l ~  l -c \pon\c  t o  LIII o i l  (11 c l i e ~ i i ~ c a l  \ p ~ l l  
l o  I I I i It ;II\o I ~ I O \ I C [ C \  ; L \ \ ~ \ I , I I ~ c ~  to 
I.oc;il ; \ L I ~ ~ O I I I I C \  \ \ I i o  ~11-e I~ \ I>o I I \ I I > I~  1 0 1  CIC;IIIIII~ 
o i l  11-0111 the c o a \ l l ~ n c  

111 0l.tl~l. 1 0  C ~ ) I ~ C ~ L I C I  ;I11 ~ t f c c 1 1 ~ 2  ;I1 \ C i l  ~ I ~ ; l l l  1117 
o l~c l - ; ~ l l on  11 I \  Iiece\\;ll! l o  I i a \ c  a i ~ c l a t t  \ \ I l ~ c h  ,Ile 
ci ipahlc o l  ~ I I I - cc t i ng  rhc ~-c \ l>o l i \e  11110 111~ 1I11ehc1 
I I I I ( A \  a I - L I I ~  0 1  t l l ~ ~ ~ i i h  00'5 o I  ~ l i c  o i l  
\\ill be locatct l  i n  10'; 0 1  the \ l i c h  :1li.a ant1 1 1  I \  not  
1>0\\1111c f01- ;I \ I l i j> h;i\ecI o h \ e ~ \ c t  10 ~ I c ~ c ~ ~ i i i ~ l c  
M liere ~ l i c  r l i i c l c t  ~ , I I  I\ of t l ic \ I t e l  ;IIC loca lc t l  ) 

Fo r  t l i i \  ~ c ~ i \ o ~ i  the LII'C'I ' l i ~ \  t l c \ c l o ~ ~ c ~ l  t l ic 11\e 0 1  
a i r c l - ; ~ l l  I - e n i o ~ c  \c11\111s ~~ IL I IP I I IC I IL  ! \ \  tl11\ 
c c l ~ ~ i l x i i a i l  IS a v a ~ l a b l c  011 \ tal i t lby Lo ~ c \ p o l l t l  to Lhc 
l - c l a t ~ \ c l !  t a l c  c \ e l i l  o l  an 0 1 1  \p111 i l  h , ~ \  hcc l l  
~ l e c ~ c l c ~ l  th211 t l i i \  I C \ O L I I C ~  ci111 p ~ o \ i t l c  ;I c o \ I  
c l l e c l ~ \ c  ma)  o l  ~ r l o l i i l o r ~ ~ l g  U K  matel-\ l o  t letecl  
i l lega l  tIi\c11;11gc\ 0 1  ciil l10111 \ h i p \  

3. Current Aerial Surveillance. 
T l i e  LII'C'C l i ,~\  t \ \ o  C c \ \ l l a  404 L I I I - ~ I ~ ~ I  on c o ~ i l ~ ~ ~ c l  
I l ~ ~ e c l  \\IIII Sit lc Looh111g , \ ~ ~ - I x i l n e  I<;ltla~ (SI.,\R). 
I! lt l-a\ lo le t  n l ~ t l  I n f ~ a  I<cd t lc tcc to~- \ .  ;I \ I l l1 ca11ic1-a 
clllil \ 11lc0 



3.3. Infra-rccl Linr Scanner  ( I R )  

COll\ c1111011;1l ] ~ l l l l l ~ l ~ l  clpll! \\ 1 1 1  11~11 11~11 l l l ~ l l l ~  1110\ lilt 
'1 c l e ~ ~ ~ - : i ~ ~ c l  LIII;II~IL~I:LI~LI\ IIII;I~C 01 ,111 o i l  \licl,. 12111 1 1  
e;111 he \a lu ,~ l> lc  a \  ,I \ ~ n ~ l > l c  ancl ~ c a c l ~ l !  u ~ i t l c r \ l o o t l  



mcasul-cments o f  the slick, ancl false C O I O L I I  d1spla)s 
to assist \ i sua l~s ;~ t ion  ol lhe scene 
Some sy\teuns allow lor the cli~cct tl-nn5mission of 
imagery from the all-cl-aft to the gr-ound station. using 
cithel- i ~ ~ s t  hut short-range VHF or slower bur long- 
range HF radio. (his has not heen done in the I J K .  

3.7. Operational procedures 
U K  waters arc clivldecl into a number of patrol areas 
of roughly equal s i ~ e  This al-ca\ a le  patrollccl on a 
random hasis b ~ l r  wilh more patrols in the al-c:~s ot 
known actility. such as area M whcrc most ol the 
U K ' s  oil production pln~forms ale  located ancl ;Ilea\ 
C.  D, :uid E which c o l c r  the bu\y shipping lallcs in 
the English Channel ant1 S o ~ ~ t l i c r n  Norlh Sea 

A SLAK imafc \ & i l l  g l \ e  the locatlon i ~ n d  arca of thc 
slick but UV \\ . i l l  conl'lrm 1l1,1t the s l ~ c k  is mineral 
o ~ l  and 1R w ~ l l  show the Ililchcr parts Tllc two 
i l ~ l a y e s  \ h o \ \ n  hc lo \ \  a l e  o t  a t e \ t  s p ~ l l  o f  a 
app1-ox1111atelq I 0  t o n n e \ .  the  IK \11o\\ \ tllc 
" s t r~~c ture"  ol the l ~ c h  which has started to break 
down Into u i n d ~ o v s  (tiinel is bottom ~ i y h t  to top left) 

When o n  patrol the ail-craft proceed at 290 Lm1h1- at 
a height of 1000 meters u\ing SLAR only. When an 
image is detected the aircraft drop\ L O  300 meters 
and invcstigares the slick using U V  and IR. If a vessel 
is associated with the slick the aircraft drops to 100 
meters to identify the vessel and obtain p i c t ~ ~ r e s l  
\ ideo. 
I'ossihlc offcnclers are imaged and photographed 
llslng the tcchniclues ser out in Chapter 23 of the Bonn 
Agreement Counter-Pollution Manual. I t  is importanl 
that thc photogl-apha and the imagery show that the 
ve\sel is the only po<\ible source of the oil. The 
vessel's name i.; photographed, iS p o s \ ~ b l e  in ;I way 
which identifies i t  u n ~ ~ ~ r n h l g ~ ~ o u s l y  as the ofl'cnder. 
and recorded in the lop. The master is contactccl ancl 
invited to explain the discharge - hi\ I-csponse is noted 
precisely. and if possible recorcled on the 1-cl1iote 
sensing tape. 
On  return to base, the evidence from llic offence is 
treated as evidence lo court and all p reca~l l ions  
requirecl by the law al-e applied in securing i t  and 
rransfcrring i t  lo the responsible authoritie\. Aftel- 
each mission. routine tapes ancl logs (that is. thosc 
showing oil-llhe targets but with no potentla1 a \  
c l idence)  are taken for interpl-etation and s ta~ist ical  
analysis and the results recorded in a database for 
use in periodic I-epol-ts and future planning. 

3.8. BONN Agreement 
Thc primary ohjectl\ ,e in routine patl-olling 1s to 
encountel- \hips in the act of discharplng oil illegall!. 
and lo gather s ~ ~ S r i c ~ e n t  cv~clencc Tor a prosecution. 
Contracting parties to the BONX Agreement have 
agreed a co-opcl-ati\c approach to aerial sul-\cillancc. 
and this is set OLII  i l l  Chapter 1 ol'the Bonn Agrccmenl 
Countel--Pollurion Manual. 
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0~c.1- the l e a l \  a lalge hocl! o l  data has been collecteel 
u h i c h  shou \  aerial \ ~ ~ ~ \ e ~ l l a l i c e  i n  the Nor th  Sea ancl 
the nurnhcl- o f  detccted o ~ l  \ l icks The chal t \  be low 
\I lo\\  the clara f o l  ~ndi \ ic lu : i l  B O N N  ,491-ccmcnr 
count1 ics 101- 1994 ( 1995 f igu lcs ale b c ~ n g  colnpi lcd)  
ancl I l ic total data lo1 1986 l o  1993 

BONN AGREEMENT 1995 

BONN AGREEMENT '86-'95 
TOTAL FUGHT HRS 8 OSSERVED SLICKS 

4. Perceived Weaknesses 

Weat l ic~ ~ ~ n t l  \ i \ l h i l i t y  w i l l  a l lcc t  the abi l i ty  o l  the 
remote s e n \ i n ~  a i rc l -n l t  to t lelect \ l i c k s  f o r  t w o  
reasolis 
Bad weather w i l l  restrlct the abi l i ty  o f  (lie a i re la l l  to 
fly. ; ~ l t h o ~ ~ g l i  rhe Norrh Sea can expel-icnce sc l c rc  
ueat l ic r  rhe 1x1-centagc o f  t ime\ \ \hel l  the aircrnlt  
can not f l y  is c ~ ~ ~ i t c  small  
Weathel- con t l i t i on \  uill affect the a b i l i ~  o l  the 
sensols l o  d e ~ c c t  sl icks and iclcnril! \ e \ \e l \  
S L A K  I\ lirnllccl by \#el-y l o w  wind cond~ t ions  (calm) 
I n  neal ca lm \vcalhel rlicl-e are 110 capillal-) waves to 
he danlpeneil hy o i l :  ar \ c r y  h ~ g h  u inc l  speeds any 
s ~ ~ ~ - t a c c  sl ick h i l l  be broken LIP and the l ighter sheens 
m i l l  no1 be present 
IR ~ I I I  dctecl \ l icks lo1 a f e u  II~LII-S afrcl- \unset. and 
the U V  c;ul no1 he usccl dur ing (lie houl-\ o l  darkness. 
u h i c h  is u h e n  many i l legal  di\cl iargc\ occur Work 
is being cal.~iccl out to t l c \ c l o l ~  a I o n  l ~ g h t  camela 
u h i c l i  can be ~ ~ s e d  to  iclentify I l ic  ol'fcncler ar night 
w i t h o ~ ~ t  the all-craft descendin: to an ~ ~ n s n f e  a l t i t ~ ~ d c  

3.2. Kumber of hours flown 
T h e  U K  wutcl-s cu r ren t l y  p a l r o l l e d  cover  \ o m c  
360.000 hm' W h e r  o n  pat[-ol the airel-aft f l ies at 
290 km/h r  and c o \ c ~ - s  23 k m  o n  each side us ing 
S L A R  Thcl.cfore the a i r c ra l t  can survey solne 
ld.000 k1i1'1111- A\5~111i ing 21 \ l i ck  nil1 perhist fo r  ? d  
hrs. Ihcn to c11\~1re t l i i ~ r  a l l  slicks are dctccred would 
req~l i l -c  26 hrs to he t l o w n  each day - nssulning 6 hr  
patrol\  I h ~ s  ~ \ o u l d  r e c l ~ ~ ~ ~ - e  s v ~ i i c  3 ail-c1-;111 
The total jea11y hour\ ~equ i re t l  u o u l d  he some 9.400 
ln fac l  we f l y  \ome 800 hour \  (500 o n  s h ~ p  patrol5 
and 300  o n  o l f shore  in \ tn l l a r ion  pall-01s) T h i s  
rcplcscnts around IO'k of  the Icqulremcnt I t  s l i o ~ ~ l d  
be rclncmbe~-eel (hat a lorrn o f  "strat i f ied sampling" 
I\ employed w i t h  mo le  hour \  f l own  in  some al-eah 
than i n  others 
The cu l ren l  cosl o f  tl ic 800 h ~ s  is f 320.000 and to 
give f~111 co\cragc \+auld req~111-e an expcndi lu~-c i n  
exces\ o f f  3 5 m 

5. Possible Uses of Satellite Mounted SAR 

5.1. Collection of statistical data 
A regular. t l i o r o ~ ~ g h .  coverage of UK waters wou ld  
211 e s ~ ~ f f i c i e n l  data to \ h o u  u l i e re  sl lcL\ occul- and 
when Thus pnrrol f l ights could be f o c u c d  i n  c ~ i t i c a l  
a r e a  and at c~ i t ica l  l i l i ics. This  w o ~ l l d  ensure  hat 
t l ie  a i r c r a l t  h a d  t l ie  111;ixilnum p o \ \ i h i l i t y  o t  
cncoul i ler ing all offenclc~- 



SI?Z I,RIPRESS INCIDEN'I' 
Ih l \ ( ; I<  liROR1 I<ADAKS,\'L' FEHKL::\li\' 21\ I  

1996 
a1 00:45 l.'l'(\rind 5 to 8 111/s, \orthcrly)  

5.3. I)c.tcction of illegal disrhnrges 

1 1 0 1 1 1  1>;11;1 4 7 I1 c;111 t>c \ t e l l  1I1;11 1I1c ~>l~lh<11l1111! (11 

a l l  ; I I I~I; I~I c l i co l l l l l r r l n f  ,I \I1113 LII\~II~II;III; 111c~,111! 
I \  l c l ' l l l \ c l >  lo \ \  11 \ ' l t t l l lLc\  co~ l l c l  11c ll\ccI 1 0  ~ I l l e c ~ l  
IIIC ;III~I ;i l l 10 ~ p ~ o h a h l c  o l I c~ l c l c r \  1I11\ \\ o111c1 I I ~ ~ . I C ; I \ ~  
~ l l c  c l c ~ c c ~ ~ o ~ r  l u l e  and  p o \ \ ~ h l >  I l l c  IIIIIIII>L,I 0 1  
~ I O \ ~ C I I I I O I I \  T l i e  111e1ea\e 111 ~ ~ I ~ ~ ~ ~ ~ I I ~ I o I ~ \ .  
c ~ i ~ ~ i l > i ~ ~ c c l  \\ i l l1 the 1,11o\\ 1ccI:c lIl:11 \ ; ~ l c l l ~ l c \  CI IC 

I>~III!! ll\ecI. co~ l lc t  l l l c l ~ c L l \ ~  1I1c ~ l c l c l ~ c l l l  L,Ilecr (11 1I1c 
a l l c ~ - ; l l ~  1>;111-ol\ a n d  t l l c ~ c l o ~ c  ~ c c l u c ~ ,  I l l c  IOI,II 
CILI;IIII~I! 0 1  (11 I  c l ~ \ c I ~ ; ~ ~ - ~ c c l  

6. User Requirements 

,\\ I I I ~ I I I I O I ~ ~ ~ ~  i l l  1x11-:I 4.2 the L ' K  ~ L I ~ I - ~ I ~ I I >  \ pc~ l c l \  
\0111c E 320.000 c'lcll >cLll- 011 ;l l lcl; l l l  1c111~11c \ c l l \ l l l ~  
111 orclc~. 10 i1111>1o\e the c l l e c ~ i \ c ~ l c \ \  ~>L,III;I~I\ \OIIIC 

2 0 ' 1  o l   he h~1c l2e1  c o ~ ~ l c l  hi. t l i ~ c c l c t l  10 \ ; ~ l c l l ~ l c  
t l c ~ c i ~ ~ o ~ ~  I l o \ \ c \ e r .  f 60.000 \ i l l 1  11oi I~LI! IIILIL~I 

\ ; l lc l l l lc l l l l l C  I1 \\ 011Icl Ll]>[>c;lr 111;11 1I1c l l c \ l  \\ ,I! 

1 i i 1 \ \ ; 1 1 c 1  \ \ ( i ~ ~ I c l  he  \ o n l c  101111 01 I ~ ~ ~ I ~ I I - I I \ ~ I  

,121ee111e1lI ha\c.cl on ;I IC~ IC I I I ; I ~  ,I;IC~~C'"IL'III \LIL,II .I\ 

l l l c  l ~ ~ l l l l l  \ f t c c l l l c l l l ,  0 1 -  l l l l - ~ l ~ l ~ l l  ,I \\ 1cIcs l I \ C l  ; l ~ l L l ] >  
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I I\ \cclcll o l  111c s o l - l l l  Sc;1. Lo c lc lc l l l l l l l c  \ \ I l c l l l ~ l  
\ ; ~ t c l l ~ r c .  cl;ila c,in he 111 teg1~11e~ l  \ \ 1 1 1 1  111c IIOII I I ;~~ 
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tior~v or  h e  peaphp~:.d Ihulri r l y l i a ~ ~ i ~ m  111ay 136 re~i jpn- 
h l y  \wIl  ~ ~ ~ ~ t i r r s k m d ,  Ghr p r e d i r ~ d i l i ~ y  sf 1.t1r ncmns?- 
grzp t~y  ismvzrely  K r n ~ t ~ l  by ISlv rn~~l~,i-xale IiiiLlire nf 
1.h~ Tomins 61ul &he bo~i~ l r lsry  *~1id i~ ion3.  'rl.ll15, lrir r\- 
unplc, bht lornlakien hnd d e v e l ~ p ~ l ~ c r ~ l ,  oTt~*s.\-id f1wn6 
m a y  he drrver~ by a mrrlbin&iti_~i n$,lohd l i r l ~ l  Iorraq, 
egtu*rr&r~ Iprnc&stx s~r rh  a3 fresh wad&r riwr- riln mFf. 
a d  tho I m d  ~~p~gmphy.  I rl m*dalingst~ch ~ I I I L L Y ~ I C  
phgrlomc~~& t k t c  i 3  .% ~ r d e e b r  .ft)dL\vwt~ L ~ L  diud nr LI-le 
cprnpl r \a~~ond dnlna~n, 1.p. ~hhp e~rtnrlgc, AIIJ lhv ~ c ~ I c  
nT tbp. ph~nurnen~e rnud~led, !.ha wruiri'aeh Fmr ronrtd 
p r o m u  p he .mall kenlporal firid aphtial +calm t ~ w  im-  
pjrtdnd,  and m o ~ c ~ i ~ ~ n t i y  tha cenlpu~c~finnd dotliciin 
thhb C@I hc htindlecl i~ . i t .wa ly  limil.c:l. W~?C?IIW or Lhe 
m u l t ~  >CAIC fo rdn j  Cht b~ i indhry  ~ n d i t i o n s  ~ r r .  l Jdr 
unknonn, wd accl,trbte o w -  u ~ d  I o r s m L ~ r ~  ~ n l v  I:)+ 
cum&? g m ~ b l s  if thr  rrlndda we LTJ I ISLP~U~~;~  by I ~ I  ~ ( I I  

rnwxll w n r r l  U i h  m ugh fink& w.m-ilnttm. 
Arnustk rnodelingipcrusizd lor l ~ i b h  I'~YDII~I,~OII ~ Q I ~ E L P  

p~c ts51 t1g  ~L>wE~~~,EEI * t t t ~  ~ O I J J L I C  I~~%IIIQ, ~ p ~ ~ l v t  ~ n c l  
x t i v e  rnhkharl field u r&y  pmrmmi~ig, and ~ v y t ~ r _ m t r +  
munlc&Ien. k*=r mmplr, ~nr ldwn cornwun;mtln~r &&- 
n d q y  ~ l e a  d r r r ~ l k l  eq.111Ji%nCian tn d ~ t i v c l y  d ~ i 1 7 t  
LQ ~Q ch+nsip,rr nnvirunmam~,. r \ l t ; h r ~ ~ ~ j h  vpx,y his11 dnbn 
rate, cm b i  nch~e\el i  lulns f h ~ s  cq~prmeh In the c~pen 

L~IC yhofi L I ~ ' ; s c J ~  07 I ~ C  C>I:~NI d p ~ ~ n l c s  I l rn~b 
the per lnrmwts d a u s h  sprrrrds i n  rhJ10w w&m. 51m 
;leu p r r C ~ r ~ w r r r  i j x ~ e ?  r-tial h r  lhc o ~ h u  htnuztic 3 y s  
temjof Irnptrtsrlce In ~ h ~ l l o w  watrr. 'Ptllr$, for+\ wnple. 
rnaktltcl held p+=cessing to+ ,olinsc Ioc~l~iaCtnn la I~ rgh l r  
srns~l.~rr. @ LLFCU r&& rnedrlir~g -4 o~l~t E..COLIJ~IC C~ILI~VII-  

rnso t. 
IJnf~rtime.tdy, ~ e o  k o ~ ~  & i i n ~  i n  Lhs n c a a s  

sraphy e k n  have EL drarnr t t raf f~et  nn Lha hulu.~t~c cn, 
iirpnrncnt. Th!17 ercn theugh LII~ C_)CB&~IOSP~~~> ma.? 
chwge 6 6  ~ple.L~irlv lun ratc- a,rld l~ricarly r~md~ck$le 
rnmnar, U ~ E  a s w u ~ ~ k d  Z Z Q L I S . ~ ~  ~ n ~ i ~ o ~ r n a ~ t  m ~ y  z\- 

l l~b~n. l i ~ h l y  nnn- l i~~u iv  r h a n g ~ , ,  .mch shailowv. .&IW 
l * ~ l l l l g  :UU~ Lhe I~P~TI&L~QII of ~ 3 s l l c  110~ S.pk3. 

01.1 tire o31w. Irarid; AWLITZLL~ m a d r l i ~ y  c~ppsbilifiul 
hrtt r t a c d ~ l ~ ' ~ ~ a i l i J ~ I ~  piovicled ~hr .  c ~ ~ i ~ ~ m r ~ m r ~ r t i ~  k r ~ c ) w ~ ,  
.u~ t l  i:nnsgq~~enblg rsctm~~n$rdphi~ I ) w d ~ C ~ b t l ~ t , v  15  Ihr key 
10 I I I ~ I I ~ . A ~ I I  ng h ~ g h  pcdn?mhnm c f  ~ I L I ~ ~ I ?  =)~&CI>S i n  
shallow ruill I.1 tmrirl w e e .  'I'l~e rk%li~l;~n i f  ehc 9mm- 
~ g t a p t l i ~  ~n~r i i e l  b a w n  murc cruc~al here becauseof the 
nnn-l~ncc~tiL,v=fLhrrslnlirr~ thc ?us~cst.ir rtl\lmnrnent, 
~ulcl il;U,d d . ~ ~ l n ~ l ~ ~ t ~ o r ~  Ibeqonie? eron more eseentl+l Ln 
I.l?t~ d:c:c?~~aL;r prsdli:bbiliy; LQ ,Lt~e q & ~ o i j r i w h i c  
WIUIV~~PIUL.  

Ilnf~rtrmn<l,kly bhe arnQunt vfd&ai car1 be m l m -  
1 1 a d  h w  bteh J C W C ~ I V  I I ~ I I I ~  hr rnnsk rxoubft= $35- 
tern, (IF p r ~ c l ' i t ~ l  k:lc\&~~ee, bueh a. n II&TIII o fs l> i~~ ,~a l l y  
iu4d tie~r~puc&lly 'bpotCf CT U or Y.8 i? a=[%. k ) 'b~ l l v  
inndrq~tti@ f w t  t~ r~o l~s t i c  pwdicb~or~ it1 I~~ f ,u rd  envlron* 
n ? e n ~ ;  Mownfver, rriccnl. proprey in  DCEW ~ m i p l i ~  
a - l ~ ~ ~ o l o g , ~  IIW yielded rhr pmubTl~dy nf vayt,,v~inr,~a~; 
ing the e~~\,~re~ir l- t t .ntnl td~~,L~~Lhill <:at1 br: us~rn~l ;Jed ~qko 
thm aceylogor*pl.~lr: u d  cmuslto r n d r l s  nn a r&.t~me 
b c ~ i ~ ,  \vibh Lhc p ~ t , e i ~ ~ i i d  9f dr~rnslr;rZaJ!~ i r n p r ~ v i n g  Cbb 
u~~v t rnnrn rn~h l  p r t r l ~ t l ~ o n  m p r J ? ~ l ~ ~ , ~ a  ~n t h d l o w  ,wd lit- 
b ~ r d  \v&~tarm 
'I haA~. l tc) r~~rno~is Ocsw Ssrnyling Nrt lwrk (AOSh) 

I.rses lm11I~~p le :~ubnom0us  IJnde~\vi4~.r VP,I>ICI& (BUV) 
opwtalng In iu ~10u8 l . i~  I?&v!,~.Io~I wd wrnrn~in~c&i~n 
ne~.riirh ti dupbl+ely ~ w r l ~ l e  che o c e u o g r i q h ~ c  pmper- 
Clev w i ~ h i ' ~ ~  bhe nsiiivork, ~ & n g  a d l u m e  sn~ te  nf ncliiu- 
c)yr,qIhic and ru:olist~e -,arlsQ~.~. :?ha d a l ~ t  ~ v ~ t , y  ;~llow, 
&he I l V s  h be locused i n  fi-g,om DP'III~II \,nri;ll,~l~l> 
bhua a;llowing tor lirlapt~va dlztr~bution of reml~rcas In 
L nictnne* whish 17 optund for re;~l-tirn,e &virr>nmcnfbl 
daxSrnen t. 
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Thc  rrcnllaLlc ?onlpgr~cr~b of 1.h~ IIPL~VJPI~ !m~>gi.~Liftl r.,f 
li rncmarl nodex? drplo:re:l 5n11rh of  ,S\IIA.~! I x l ~ r ~ ~ l  X I  

~ i l o b v ~ ~  ~ I I  P1g.4. Ilnch ~tetiv?rk no~ lc  c<,r~?i-rbirl o f  ?L It- 
?h<~pt<I I~~I<:III~~~I$. oippt. <-I \\*; L ~ I  1.1t~- Icjl l<:,>vi 11g: (., FJ> rt+ 
(:fiver, IL 135 k b t e  l7,adlo Ethernet l l r ~ k  to aham <::~ni;mi 
s~Jior1, I h !?ien.ia'nL ,SC~LICI.LI hy:lrr~pli~ntr Rrrriy, 1 5  ltRS 
A t o ~ l r l i r  C o r n r n ~ ~ n i c a ~ l - o i l ~ . ~ ~ ! ~ r c ~ ,  I .5 k H7, ' l > r n ~ ~ r . ~ ~ h y  
Source, cncl Arrhy  'CracLillg Sourirrrs. F.~ch rnr3orlrlg rvz~s 
eyllippsd rvltli :)!:I iVI.flo~~ CI:,SF' becrrrl r.lir~d lrlggi~tg (-OIII- 

p1.1hc w ~ i h  6 1 C b ~ h .  hard r11,sL. 
In s-.Ilclltlon b Lt~p arrdy 111o!lr1I,ej >~ I I~cc? ,  2. r ~ ~ l r r l b ~ r  

u F  rrlobile Lnrrlcgrap hy snol-r:.,s ?*ere dpF~lierl LO r l r rno~~-  
s t r a t c  the f c ~ i b ~ b ~ l ~ l y  or I h t  ~ r n c v i i l ~  \OI.I~III LC)~ I - IO~~~I I IV  
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U mil 

hhvn bwn applied b ~hr Eghr.huli? d a c ~ ,  +thirTi i.1 l ~ t .  

d a r ~ x r  laest khvr21.lehly p r o : h s ~ ~ l  atT,ir. A I ynre-l sl- 
g r i b h m  Gruw-Wn,rho.r bm~gc+bic- i n v c n b r ~  Tor 
the Swtt rrnd uurhee e.eRw&tI uatths ~dwi  jO:w 
dtvdoped, *fiich provide ied-tirrle kmiogpiphb- r r a p  
pins nf tklla 30ut1d APWLI ~ r o r ~ l e  ~ h r o ~ ~ g h o ~ ~ t .  d'l* ~~rtivork 
v o l u r r ~ r w l t t ~  a r~ lu t i cn  uf 1- t k t u ?  1 n i b .  T k f  irirtr- 
aion $ ' c m u i c $ n s d y  dsbrmirum Cw -7~lrc-r tadk&inq. 
s. &tun ~ 6 t h  rn~y be applied b r  A L:V ~narigalion in 
fuhire deploymqb. The y o u r t ~  pg?;~~n '1 fb f   he I l g h ~  
b d b  saparimraes k r e ~ t m ~ t n  ws g$mn quwm i r ~  i."gAd 

Tho brnsgr@hindl;( i-trrml mlrrouFwl 3-1 f-rdfilea 
verified ~ : ~ ~ : P E E c  ~ a ~ ~ l ~ m m r n a  b j  aOll ;Y 6T. 

Rg. ahom L ewnpwidon of *. t,ers~o~!aphic&l l y 1 II rsr- 
k d  sound s w J  $tnfiir &t the.5W m~or!t~g, with a. ('TP 
mmr. lxmenL made m% k IhLec dm, bwt abL the s-ne Zin~c 
in the tidd e p k  

The brno~rwhic in  tep,;vr *~m w d ~ r m d  far nab 
er ~ D U C  3d r la  of obstly 3pwcJ murcm. Tl~a i~lvw*(I 
s o l d  sp-d p k r r u r W o n  \he depth ; n k r v a l 4 6  - 511 
cn i s  aiz~wo m Pi&$. The srrurcc zad wray peibuma 
N1 1ddit3kd by c t m e  wd r$itcle~, ~4rpec~i*,ttr,ir. O n i f  
re51,lts d& cn wmr mbirne,&e~lrerf I= ban 1 rriisa.tt~?n- 
mu rd, reflecting h e  m v a r w  p o v i d s d  hy h a  cm~ys 
and siurcw. The 6mm aw@cI h v e  f r m ~  mtniz  
%fit a a m  ft11an'~n tfrns at #hi& *a& gwup 8f~~mt1f i  
wrr,Flez 1nyt-J. T h a  four f r c ~ m e ~  W e f m ~  nprcseat ~ h c  
kmeevolu t ion  OF  he oceanogrwhy. 

l:ab m~rdinhmri A DCP/,CTD dhhn P B T ~  (or bat 
synoptic: rn+pcing Ust. 

A It fmr r  bF *~i.l Lh+zce a?a,jet%Liw met. F$.B abuts 
d s a ~ i ~ f @ r o e ~ r t . h t  Tmnt~nca$ingqcpwimen~3*, i n  which 
A t j V  r u m  w r r  desigr~ad Q t$?t model D r e r J i c ~ ~ o n ~  O F  
rrgri~, I p d o n .  b r  ~hiz  $xperlmmt, Llie vehicle flew EL 
p-@ tw;maq k . y m  1 and 20 meters, a o p p l e t ~ w  
3s crmplste ;.ri. go cycles. Rcdmg af the rJ~i:ie 6- 
ing the rtrn ivw ?I! rn IOT c h s  fir#$ 1200 texnds  at Ihe 
mhioo, lallmrva4 by 9DU sec~adx  on a. rsc~pr t . sd  I~aacJ- 
I Q ~ .  The vrgwhry c ~ r r i e d  h a  r d i c l e  u c m  chr l ~ o n t  
~"I?R. w illiistrii~~l b,y Lhe stmng I w ~ ~ w Q ~ I  mnpbP- 
azure t ) C n L c w k  shermd c~ppr~?~i.m& (500 d 1700 
3fcands. 
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T h c  c i l '~cac!  ol' I j ( i I 'S a ids i l  I I V L  ha\c t l  ~ i a \ ~ f n l i o l i  
o r  {~iiilll : \ I ' V ' \  111 \ I ia l lo \ \  \ \a rcr   ins c o ~ i i ~ i i e ~ - c i ; ~ l  
orI' 111e \ l i c l r  \! \lc1115 l i ; ~ \  lice11 i l c ~ i i o ~ i \ ~ r ; ~ ~ c i l .  T l i ~ \  
]pro\ iiIe,\ t l ~ e  ~ ~ I I L , I ~ I ~ : L ~  f o r  l i i ~ i s  r ~ l i s e  c~~ l i l  1 0 1 i f  
~ ILI~; I I I [~I~ opcr;~11011 ( i f  AtIL ' ' \  \ \ i 1 1 i o ~ 1 1  I - ~ ~ I L I ~ I - I I ~ ~  

p r e - ~ n \ ~ ; r l I n ~ i o ~ i  of ;III I . B L  b c a c o i ~  ;!I-ra). T l i ~ s  moclc 
o f  I~;I\,I;;IL~oI~ r c t l ~ ~ i l - e \  l l ~ e  \ c l i ~ c l c  10 \ ~ ~ r l ' ; ~ c e  
~ p c r i o i l ~ c ~ i ~ l l !  I t 1  :I CiPS Ill\. - l - l11\ II;I\ hcc11 
II~II~OIIII~;IICC 111 1111 to 3 i o o ~  \e i l \  \\.11Ii [ l ie  A l ' V  
~~~ic ler \ \ ; i ! .  GPS ~IIII~\ (1ii1t ~;III l ;~hc : I~\ ; I I I~; I~~ ol' ;I 

2-D \ca I c \ e l  \ o l u l l o l i  p l-o\ , i t lc Ihetter acc~ l l -ac)  t l ia l i  
3-D olil! \ o l u t ~ o l i \ .  R e p e a l . ~ l ~ l c  i'i\r\ i11-c o b ~ a i ~ i c c l  
\\ i t l i  h ~ l l c r  tl iari + 1.5 ~ i i c l c r  .Iccurac!. A \ ~ r n l > l c  
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\ l o ~ - c  c I ~ I , I I I ~ c !  ; I I ~ ; I ~ ~ \ I \  o i  ~ l i c  er ror \  ;111tl II,I\ I;;IIIOII 

C I C C L I ~ C ~ ~ !  (li t11e IIL'I. ]II IIN\ , l~~l~~le: l~ l~ l~ l  L I I ~ ~ I ~ ~ \ \ ~ , I !  
( S ~ i i i i l i .  ILJ96). 
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1ro~11ilig 111 r c \ p o ~ i \ c  IO c l i ; ~ ~ i ~ c \  111 :LCOLI\IIC 1>;11li\ ;III~ 

~ ~ ~ i i h ~ e ~ i t  1101\1' I<III~I~:II. 10 111: c c l l u l . ~ r  ~ c l e ~ > l i o ~ i c  
\ y \ l e ~ i i \ ~ .  S t i i i c -o I ' - ~ l i e - ;~ r l  , ~ c o ~ ~ \ t i c  ~ ~ i o i l c ~ i i \  i ~ r c  
capable ol' I 0  hh111\ t la la r i l le \  a l  10 h l i l  r ; ~ ~ i g e  al i t l  3 
k b i l i \  ;I[ 00 k ~ i i  i ( . ' ; ~ ~ i l i o \ ~ c  ct ;I].. 190.3). El lerg! 
c l ' f ~ c i c ~ i c !  \ ;lrie\ ir(l111 I K l i ~ ~ l j ~ ~ ~ ~ I e l h ~ i i  \v111i oil-tlic- 
\ h e i f  c o ~ i i l i i c r c i a l  ~ i i i ~ d c m \  1c.s.. I>at;l ioli ic\) r o  100 
K h i t \ i ~ o ~ ~ l c / l \ r n  Ilor ~-c\c;~t.cli p ~ o l o t y p e \ .  ' l ' l ic \c I-angc\ 
a ~ i d  c l a ~ , ~  I-;II~\ en;lhlc c l ' f ~ c ~ e ~ i t  I c l c l i i r l ~ !  o l ' com~ i i a~ i c l \  
l o  ;\l'\,"\ .~ncl t ~ - a ~ ~ \ l c ~ -  o l ' n i o i l c ~ ~  amoLl l i l \  of clnli~. 



FOI- rt:Ii;~L?lc , \L !V  c< )~ i l~ -o l  ~ ~ i t l  ~ i i i i n i l t i ~ - ~ ~ ~ g .  ;I LTl1Iil! 
: \ ~ ~ I L I \ I I ~  \ I < I L I ~ I I ~  I Ll.A.\I) i \  1ic11ig c l c \ c l ~ ~ ~ ~ c c l  tl1,11 
.ltI;ll>l\ \ \ I l l 1  ;I c11l1rrc111 c ~ ~ ~ l ~ l I I / c l -  ;11~111.1111111 ,111cl 
III~I~L~C;III-ICI i i ~ o c l i ~ I ; ~ t ~ o ~ i  (13r;1~1) ;11ic1 I)I-~I\I~. 1907) 
IO ~ i i ; ~ i ~ i t ; ~ i ~ i  ;I 1'1xecI b ~ t  crl-or r ; ~ ~ c  ( J o l i ~ i \ o ~ i .  lc)c)(>;~j. 
' I ' l~e I T A M  L I \ C \  a Th'lS3?Oc44 ~ ~ r o c c \ \ o r  ar 00  \It-I;/ 
i l ~ ~ c r L l l l l l g  l l l c  ? \ c o ~ l \ l l c  h' l l lc lcl l l  5 ! \ lCI l l  \ ' < , ! I  
! . I ~ i I i ~ i \ o ~ i .  IL)OOh~ \ \ ~ t l i  h hmlli o r  \I;IIIC l<. \h l  ,111cl I 
M I %  o f  i.l;l\ll l<:\hl. l l lc l l l~ lcc l  ;11c l\\ll r l l l l  c l l l ~> lc \  
;I\) ~ i c h r o ~ i o l ~ \  \trial por l \ .  \ci l ru arc \clcclablc III~III 

;11icI OLILIILII IIII~\. c o ~ ~ ~ ~ ~ c r / I i ~ i i c r  i11ic1 \ \ ~ l \ c  1111 l111e\. 
'111tI :1llrll(>: IIlIl11I. 1'0\\Cl-c011\11111~711011 I \  1!]1lL.,llI) ;o 
\V Irallrrlirr I ) r  I SO ilL3 \Iiclr.c,c I c \  el. S \\' r~ , i c . l \  c 1.01. 

(10 h'lFL01' c l ~ ~ c o c l ~ ~ i g .  l c \ \  IIILIII 30  ~ i i \ V  \1~11icIl1! 
i111\Lanl \\~al,cul>l,~l~cl l c \ \  1 1 i ~ 1 i  1 11iM I i i l ~ c ~ - ~ l ; ~ ~ c  
i ~ l i [ c ~ - n a l  hallel-! 1. Tl ie I I ; \h l  I \  c l c ~ r g ~ i c t l  I-or a l ou r  
c l i ~ ~ ~ i c ~ i t  l i !cIro1i l i~1ic ;II.~J!. ( I .A\ l  I'lclcl Ic\Llr ig I \  

\~~l icclulscl ror S p r ~ ~ i f  10L)7. ; ~ ~ ~ l o ~ l i a l c c l  I I I I ~ ~ ~ I - \ \  .IL~I- 

;ICOLI\~IC le\ l l>ct l  Iia\ ~ C C I I  t lc\ifnt:cl alitl a \ \ c ~ i ~ h l c c l  
(I3racly arid I'rci\ig. I9Oh). 'I'L%O ~ i ~ o c i ~ ~ ~ ~ ~ g - t l c ~ > l o ~ e c l  
IIC'\ cot i l ro l  l l i c  \ ~ n f l c - \ c i ~ ~ r c c  tr;111\1111\\ion ant1 
S- ic l~,~ l~ni . l  r i ,~ . i , l> l lon o f  a c o u \ l i c  \ I ~ I I ; I ~ \  111 r l ic 
IO-22hH/ h,111c1. Tlic.ce PC:'\ .Ire co~ i~ icc l cc l  \ I;I r ;~c l~o  
ct1ic1-1ic1 l o  ;I \111l~-Lxi~11it l  lc~plc i ] )  PC-, I-roll1 ( l ie I ; I~ Io~.  
~ l i c  LI\CI- 11i;i) ~ ~ i ~ i l r o l  l l ic I I - ; I I I \ I ~ ~ ~ \ \ ~ ~ I ~  o r  \ ~ f~ i ;~ l \ .  or  
; ~ l l o w  the I r ; ~ ~ i \ ~ i ~ i \ \ i o ~ i  ; I I I ~  :IC~IIII\IIIOI~ l o  1-1111 

; I L I ~ O I ~ O I I ~ O ~ I \ ~ > .  .I'\\o l r ic l I \  (11. [ l ie tc\[l>ccl 111 \i'oocl\ 
I l o l c  1-1.1sI~o1- I ~ ~ ~ i a h l c c i  c ~ ~ l l c r e ~ i ~ c  
L,II;II.;IC~C~I/;~II(III (I[ 1 1 1 ~  \II,IIIOU -11 ; I IL ,~  ; I ~ , O I I \ I ~ ~  

cli;11111el u ~ l h  1-2 knot  1p1;111'or1ii 1 ~ i o h 1 1 1 1 ~ .  Re\111t\ 
~ ~ ~ t l ~ c ; ~ t c  ~II:II o v c r  ( l ie I ~ I ; I \ ~ I ~ ~ L I I ~ ~  ;II-~;I> ; I ~ C ~ I U I - C  

p o \ \ ~ t ~ l c  \\ 1 1 1 1  111e Ocl!\\cy \ c l i i c l c  ( ; ~ ~ ~ ~ ~ r ~ i \ ~ ~ i ~ ~ ~ ~ c l ~  I 



\ 11111111>~~1 o f  1 ~ ~ ~ ~ 1 1 1 1 0 1 0 ~  l ~ , i  l o 1  \ I  \ '  I>O\\ e l  
I l lan, lg i~lr ic l l l .  IIII\\~I II.III\~~I. ,11111 I I ~ - \ I ~ L I  ICL~II , I I -~~ ~11.c 
I>c1112 c l ~ ~ \ c l o ~ ~ c c l  I I~L, ~ ~ l h l c c [ i \ ~ , \  111 \ \ O I  1, a le  111 

I I ~ I ~ ~ I ~ I I \ I I ; I ~ c  ill IIIL, l ~ c l c l :  I I )  ;ILI~OI~OIIIOLI\ c11er:y 
11;1n\li.1 111irn .I 11ioo1i11; l o  ,111 .\['\" ; i t  ,I 111211 I-;IIC 
120lJ \\ I ,IIILI \\ i l l1 111211 L,IIICICII~!. 121  I I~-\ I ILI  1cc11;11:e 
i l l  \ cc ( l l l< l< l l>  c e l l \  111 :I11 llll:lllc1111cc1 . \ L ' V  O~lc I . ; I l I I l~  
\ \ 1 l l l 1 1 1  ;III :\OSN. (.;) 1111ellisc11r 1>o\\cr-111;111;1scmcni 
o n  hot11 1l1c \ I ~ ~ I O I ~ . I I ~  alicl ~ i i o h ~ l c  ~ ICI I I~ I I~ \  o f  ;ill 
1oss. 'l l l<l 141 ]pel l~ l1l l l ; l l lcc IllC ; l l l ~ l \ c  l c ~ ~ l l l l ~ l l i ~ ~ l c \  

111 ;L l ~ c l c l  clcplo! I I~~III  111 ~ I I~ I~ I I !  pe AOSK 

Setnork Control 





(T1 ,01  III;II ;ICIO;III! C;IITIC\ O L I ~  11ic I ; I \ ~ \  o f  ~ l i c  
1111\\1011. ;111d 'I 111~,1,1-li'\el O~~;I I~I/ ; I I IOII  i h l l .Oi  t l i ; ~ l  
c I c \~g l i \  ~ l i c  ; ~ ~ ~ p r o p r ~ ; ~ t c  l . 1 ~ 0  I'or ~ l i c  ~; I I I I~L I~ : I I -  \el  
oI' e l l \  i r o ~ i ~ i i c ~ i l ; ~ l .  I~II\\I(III. ;11icI ! \OSN-~-e l ;~ le t l  
S ~ ; I I L I I , ~ \  1prc\c111. T l ic  h l l . 0  ~ I - o \  ~c le \  I ' l e \ ~ l p ~ l ~ t !  t111tI 
;I~;I~I;I~>I~II!, I~L,L,III~ l l ie T I - 0  10 l>c t l c \ ~ s ~ i c c l  to I~L, 
;I\ L~rrlL~lcl l t  'I\ [ > i l \ \ l l 3 l L ? ,  :\ 1I l ; l~~lr Ip'lrl O f I l l l \  \ \or l \  I \  
d c \ ~ g ~ i ~ ~ i f  t l ~ e  IWOIUUI~\ alitl ~ i i c c l i ; ~ ~ i i \ ~ i ~ \  I I ~CC\ \~ I I - !  

f o r  co l i l ro l  o f  ,111 \ O S N .  111 ~ l i c  M l . 0  I 'or lnatiol~ 
r)Ii,~\c. e;~cIi \ . ~ , l i ~ i . l c  ;111d III\I~IIII~CII~ 1p1;11fo1-111 /\'11') 
t l i ; ~ ~  I \  cap;~hlc o f  ~ ; ~ I - I I C I ~ , I I I I I ~  111 ;I ~ ~ o o / > e r ; ~ ~ ~ \ e  
c l i \ ~ r ~ l > ~ ~ ~ e c l  p ~ - o l > l c ~ i i  \o1\111g \y\1c111 ~ r ~ e \  to I'IIICI 
ollicr. \111iil;lr V l l l ' \  lh! h r o ; ~ ( l c ; ~ \ ~ ~ n g  ;III~I \\;11t111g Sor 
i-epllc\. .At the C I I ~  ol ' l l i i \  ]pIi;~\c. ;I IOOFC. peer-Lo-peer 
O I - ~ ; ~ I ~ I / ; ~ I I O I ~  11;1\ hccn I'or~iiccl COIIIP~I\CC~ o i  ~IIC\C 
; I ~ C I ~ I \ ,  DLI~III~ ~ l i c  11c\1 ~II;I\C. ~ l i c  ~ i c \ \ l ! - f o r ~ ~ i c c l  
M I - 0  \ l i ;~rc \  k ~ i o \ \ l c t l g c  :illlong i ~ s  r n c ~ ~ ~ h c . ~ - \  a b o u ~  
l l ic i r  O\YII c ; i p ; ~ I ~ ~ l i l ~ c \  ;11itI lhrt>;~tlc;~\l\ I I I C , \ ~ ; I ~ ~ \  1 0  
c l c ~ c r ~ i i i ~ i c  li;11 ol l icr I-C\OLII-L.C\ ;II-c ;I\ ,til;~Ihlc. .A1 l l ic  
e11tI o r  1 l1 i 5  ~II:I\C. ~ l i c  511.0 IIJ\ I I ~ ~ ~ ~ I ~ I ; I I I ~ I ~  ; I ~ O L I I  

11ie IOI.II c , i [ ~ a h l l ~ ~ ~ c \   nil rc\ourcer o f  1111. AOSN. 
IVcxr. one or  111o1.c oI'tl ie M l . 0  agcnls t l c c ~ c l c  on all 
~ ~ ~ I - u ~ > I - I ; I I c  1'1-0 I'or a dei i l -ct l  I~II\\IOII I-)! ~ i i ;~ tch i l ls  
c;1~>,1l>1l111e\ o r  1I1c k l l ~ l ~ \ l l  ; l ~ ~ l l l \  \ ~ l I l l  111e l;l\k 
r c t ~ t ~ ~ r c ~ i i c ~ i ~ \ .  I I I I I I~I~~!.  o ~ i l !  I i ~ c r ; ~ ~ - c h i c : ~ l  
org:~ni /a l ion\  drc h c ~ n g  co~~\ t t lc rcc l .  At  IIII\ \rage. 
cot i l rol  o f t t i c  A O S N  l!pic;lll! Ipa\\ci  SI~OIII l l le M1.0 
10 the T l - 0  10 C;I~I-> 011t  I \ \  IIII\\~<>II. k.~-ror\ i111cI 

i ~ i c l ' K ~ ~ ~ ~ c ~ i c i e \  II~;I! he cor l -cc~ct l  h! 111c T I - 0  ~ t \ c l l  
h! r c a l l o c a t ~ ~ i y  I ( \  ~ c \ o ~ ~ r c c \  or  Ihy ;I r c - I ~ r ~ r ~ c c l  h l L 0  
In  cz l rcmc c;i\c\. S I I I ~ ~ I ~ ~  ~pro~occi ls Sol- l l i c w  pli:i\e\ 
l i : ~ \c  Ihcc~i IIIII)~CIII~IIIC~ 111 ;I \IIIIII~;I~~OI~ rc\lhetl. Two  
LilicI\ o r  A I L 0  ~ l ~ ~ c r ; ~ r c I i ~ c , ~ l  ,111tl .I'I;II'I ,II-c he111g 
l I 1 \ c \ l l g r l t e t l  1 0  e \ ; l l l l l l l c  I l l c  h c l l c r l l \  <1111I 
c l is ;~c l \ ;~~~l :~gc\  o f  ts;~cli ( i l l  1cr111\ o S  IIIC\\;I~C ~ r i ~ f r ~ c .  
t inic 1 0  cl-calc. clc.). I;ntr!~/c\il ~prolocols I'or VII"\  
;111cI Ll5cr c01111-01 o r  \0111c or  ,111 o r  111c ;\ass \ \ I l l  
;II\o Ihc ~ n i p l e ~ ~ i c ~ ~ ~ c t l  111 ~ l i c  co11111iy !c, I~.  

A I 0  cIi;1111iel ~~LI~IIIIII;II~\ c \OII,II- li;~\ 1?ce11 tic\ c l o p c ~ l  
f(l1- I11c;I\1I1-111g I'llrlcCl l;ll-gcl \ l rc l lg l l l \ .  '111C1 \.0111111~~ 

\ c ; ~ ~ l c ~ - i ~ i g  \ [ r c ~ i s l l ~ \  'I\ \ \e l l  ;I\ Sol- ~ o I I ~ ~ I I I I ~  CI~II~I 
11\etI 111 ~ l i c  tic\ ~ ~ I o 1 > 1 1 i g  21) ; I I I~ .?I) l ~ i i ; ~ g i ~ i g  ~11itI 

c l a \ \ ~ l ~ c a t i o u  a l g o r ~ t h ~ n \  (Scl iock. 1900). .fIi~\ \on;~r 
1 ,  t l c \ ~ g ~ ~ e d  l o  ~ i i c , ~ \ ~ ~ r c  I J I - ~ C I  \ I I - ~ I I ~ I ~ ~ \  \\it11 ;III 

accuracy of l c \ \  l l ial i  I  dB. Tl ic I\\.o \v;~y lraii.;m~i<ioll 
l o \ \ .  u\ecl 111 111c t,ll-fel \ ~ l - c n g t t i  I i i c ; \ \ u rc l i i c t i~  
p1-occtl~lrc. I \  c; l lc~l l ' l lecl 11\111g \O l l l l t I  \l>cecl ~ l l l t l  
;III~I~LI;IIIOI~ ~ i i e ; ~ \ ~ ~ ~ - c ~ ~ i c ~ i l \  c l~rcc l l )  c.\I111i;11ctl I.I-OIII 
l l lc lrcrlcctloll Cl;l1;1, -1-I1c I \ \ O  \\;I) ~ l ~ : l l l \ l l l l \ \ l ~ l l l  l o \ \  
;111tI 1I1c l l lc; l \ l l rccl ; l ~ l c r l l l r c  ~ l l l l c l l ~ l l l  (11' 1I1c 
tr;l11\11i11111ig ,111il ~ r ~ e c ~ v i l i f  ; I I - ~ c I ~ \  ;ire ~ ~ \ c t l  l o  mc;lsllrc 
\OILIIII~ \ c ; i ~ t c r ~ ~ i s  \~ rc r ig t l i \  ;I\ ;I S L I I ~ C ~ I O I ~  o r  d e p ~ l i  
11111I~1. 1 1 1 ~  \c;I~cCI. '1'11~ 011117Lll ( l l - l l l ~  h ~ ~ 1 1 1 1 ~ 0 1 ~ 1 1 1 ~ 1 ~  I \  ;I 

~ c l - l l L ~ ; l l  \11cc (11' 1I1c ~ c ; l l ~ c ~ l ,  ;\ \~c r l l c ; l l  \11ce I \  

~ ~ I I ~ ~ . I I C C I  ~ ~ i i ~ i i c c l ~ ; i ~ c I )  ;iS~cr c;~c.li tra11\1111\\1o11. Tl ic 
p ~ k e l  data i n  klic 21) \ I ~ c c  I\ placct l  i n  ;i 31) ~ i i a l r i x  ;\I 

~ p o \ i l i o l i \  111,11 ;ICCOIIIII f o ~  ;IIOII~ 11-;1ck l r ; ~ ~ i \ l ; i t i o ~ i  
lhcl\\ccll l r ' l l l \ l l l l \ \ l ~ l l l \  L l l l c l  \ c l l l c l c  ~ l l ~ c l l  :111tI rc1Il. 
Targel \  arc t l e l c c ~ c t l  I?> s e a r c l i i l i ~  f o r  et lgc\ and 
inel-ca\ct l  I-cgion\ o r  cncl-gy 111 rhc clal;~ \el.  Thc  
;11i;11!\1\ (11 Ima:c\ \ \ ~ l l  ( I e t c ~ ~ l i ~ ~ i e  the I ; I I ~ C I  ccl io 
\ l renglI i  1 0  \ c a l l c r l ~ i y  r lol \e I-;I~I~I l l la l  i\ r c i l ~ ~ ~ l - e c l  fol- 
;ILI[~III;III~ t ; l rgcl I o g y i i i g  ;IIICI ~ c l c ~ i t ~ S ~ c ; ~ l ~ o n .  
A u t o ~ i i ; ~ l i c  largct t l c ~ c c t ~ o n  i\ c ~ i l ~ c a l  for I l lc bul-led 
objec.1 ~ ~ l l a y i l l y  a l > l > l ~ c ; ~ l ~ o n  hccau\e ?I) \ l ~ c c \  are 
hc i l lg  g c ~ i u ; ~ ~ c c l  c \  el-! i0 rn\cL, rlic da1.1 I-;II~\ arc 
IOO l i ~ y l i  ror I-C'II 1111ic \ I \ L I ; I ~ ~ / ; I I I ~ I ~ ,  ~ I ~ l i c  31) (I;II;I 
111;1tri\ ol' 1111;lge p ~ \ c I \  IIIII\I Ipc \c;~rchccI 1'01. ~ : ~ r g e t \  
;ind 11ie1i C : I C ~  t i l r g c ~  IT~II\I he ( l~ \p I ;~ycc l  SOI- the 
opcl-alor \ I lo\\  i l ly  t l i f lcrcnr \ I ~ c c \  o f  the lal-yet. Once 
;I \o I~ ; I~  11it)tIel I\ t l c \ c I o ~ ~ c t l  I'(I~ p~-cc I i c t i~ ig  th~~~- iec l  
oh,jec~ i l c r c c ~ i o n  ant1 c l a \ . . ~ r ~ c a ~ ~ o l l  .1nd a tl;l~at>,~\c o f  
\ o l u n i c  \ c ; ~ t t e r i l i y  \ ~ ~ - e n g l l i \  a l ~ t l  but - ic t l  I:lrget 
\ t ~ - e ~ i g l l ~ \  I \  c o l l e c l ~ ~ ~ l .  l l ie \onal- \\.i l l he atlal~lccl for  
.AU\' opcr:111011\. 2-11 \ c~ - t i c :~ l  \IICC\ ( ~ l ' p ~ p e \  h~11-iecI 
1111der \ ~ : I I ~ c c I  h a \ c  t l c ~ ~ ~ o n \ t r ; i ~ c d  rlic porenl~; i l  of th i \  
appro;~c l~ 1'01- loca1111g h i~r iec l  o l? jcc~\ .  K c l ' l c c ~ ~ o ~ i  off 
l l ie  top alitl bol lon1 ol' a 18' t l~a l i ie ter  ~ ~ i l ~ c  ( l y i n g  
liori;.o~~rall! ) burict l  I  .i mclcl.\ ulltlcr the \c;iI>ccl e;111 
he clcarl! tlctcctctl 111 \ l ice\  g c ~ i c r . ~ ~ c d  FI-OIII ,I \ i l i f Ie  
20  ~ i i \ c c  l o ~ i y  2-10 k l - I /  FA1 11.;111\1iii\\io11. 

A ctiit-l> I>a l l iy rnel r~c \~c lcsca l~  \ol iar $ y \ l c ~ i i  for use 
on A I I V ' \  I\ bc~n: ~ l ~ , v c l o p c t l  iStc\varl .  10001. The 
I I ~ W  C I ~ \ I ~ I I  \ \ i l l  LI\L, l o \ v - c o \ ~ .  l ~ ~ ~ l i - ~ ~ c ~ - S o r ~ i i ; ~ ~ ~ c e  
l ~ ~ i ; ~ l o y  ;111cl d ~ f i t a l  c I c c t r o ~ i ~ c \  IO 11i1rii1iii7c ~po\i.cr 
coli\Ltll lpllon. reclucc \ y i t c ln  nol\c. and r n a x i ~ l ~ ~ / e  the 
dynamic ranze o l ' l l ie  \y\Lcm. A va r~ab le  ~ ~ u ~ i i h e l -  o f  
1iiocl~11:11 c l i ~ i ~ : ~ l  \I~II;II l p ~ - o c c \ ~ i i r \  ( I l S P ' \ i  \vIII he 
I I \ C ~  f o r  c11\ II.OIIIII~I~I;I~ c I i ; ~ r ; ~ c ~ e r i / ; i ~ ~ ~ i ~ i ,  c lur ter  
r c j c c t ~ o ~ i .  ancl qua l i l i r~ca t ion  o l ' \urvcy p c r f o r ~ ~ i ; ~ ~ i c e .  
Such ~ p c ~ - l . o r ~ n a ~ i c c  ~ i ~ c l r i c \  ca l l  be cicrivccl ~ I - O I ~ I  

en\  ~ r o ~ i ~ ~ ~ c n t a l  m c ; r \ u ~ - e r n c l ~ l \  ihnt l i !  rncll-! and 
r ~ e ~ > ~ ~ \ I ~ c  I~, Ic~%c;I I I~~I c o ~ i i b ~ ~ ~ c c l  \\*IIII 1prc~lic11o11\ 11-0111 
<I ~~LII-IIIIIC. o ~ l h o ; ~ ~ . ~ l  ; I C O L I \ I ~ ~  ~ i i oc le l .  1'111' IIC\\ 

11ardu;lrc clc\ig11 ha\ hccn co~i i l ) lc~cc l .  ant1 a p ro to~ypc  
:~s\enthlci l  and tc\lctl. I)ock\i<le  rials ~nclnt lccl a te \ l  
of a l l  ~ p r u ~ o I !  11c I i ; i rd \ \a~- t ,  c c i ~ i i l > o ~ i c ~ ~ ~ \  anel 
e0111~>~1r1\011 01' I'cIICI~I~I:II-I\ C i r l t : l  COIIC'C~C'CI 
\ ~ I ~ ~ L I I I ; I I ~ c ~ L I s I ~  \ v i ~ l i  the prove11 l ) S I ~ - l 1 0  
balhqnlclric sonar \y\ lcnl.  Dara ;~ l l a l ys~s  co l l f~r rns (lie 
\ a l i d ~ ~ y  of 11ic l i ; rr t l \ t ;~~-e ~ IC\ I~ I I  ;111d ~ l i c  e \~>cc ted  
,~cl\,anl;igc\ of ~ i c \ \  . i l ~ o r ~ l l i ~ i i \  I'or r n r ~ l ~ ~ - ~ - c c c i v e ~ ~  
chi rp 13rocc\\111~, I ' I ic \y \ te l l l  \\ 1 1 1  be ~ c \ r c t l  on the 
t xp lo rc l -  1111V i n  1907. 

T w o  111gIi I-C\O~LIIIOII. l i i g l i  rcI ' rc\ l i  rate. I-or\+ard 
l o o k i ~ i s  \011~11- \! \ I ~ I ~ I \  ( F o r \ \  : ~ r d  S~;III. 1,s. .?-I1 
I-(~I-\\~II-~I I .(~cA. r 1-1 rtlr Ll\c 011 O ~ ~ ; I I I  E \ ~ ~ I ~ I I - ~ I -  ( O E )  
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ocean i c  c o l i \ c c l ~ o l ~  \ I c l i i  par l l !  f r o m  the I ~ o s l i l e  
c o n t l i l i o l i i  o l '  111c Nor111 . \ t l a r l ~ i c  t i l l r i ng  Fchruar!  
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Abstract 

1. Background 
For .;~,vi~r;il yvilrs. 1111, .\(.1111sli1. Br.inrh 111 CCOSCI  
R D T k E  Div. 11;~s 1)1!1311 ~ I I , \ I > ~ O ~ I I I I , ~  v~>r\ ,  l i q l ~ ~ , \ v ~ , ~ s l ~ t , ,  II,W 
robt.. lob powor ~ I I - I I I I S L I I ,  arrit\s Sor I)(.I,;LII I ~ I , ~ ~ < I Y I ~ I I ~ I ~ I , ,  
( .~ l l~l~l l~i t t . i l~g ill S ~ S I . I ~ L I I S  llial rolll,c-1, tit. ~lii l . ;~ ~.;t l~'s (IS 
2 Xll111s u,it,h 11igI1 r~~ l i ; i b i l i t~~  ov<,r o p t ~ i r ; ~ l l \ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( + t , ( ~ ~ l  
~ ,~ : I I IS I I I ISS~( I I~  p;~tIis I I C  1i1111fIr~~ls I I S  k111 [l, 2 ,  3, 41. 111 
. I ~ ~ I ~ I I ~ I ~ V  1996. ~ + ~ ) r k  ~ I I ~ I I I ~ I I ~ I ~ I Y Y I  1111 CI ( I I B I I ; I I - I  I I ~ I '  lr1~111 
l.111~ Ii~gl~-~l;it .a-r;~l t, l,il~iily 111'rr~sr~;irrh prorl111.t;. t l ~ ~ i  .\[I- 

I , ~ I I I I I I I I I I I I S  B L I O J ~ ~ I ~  E I I V ~ ~ ~ I ~ I I I I ~ I ~ I , , L I  b I ~ , i i s l ~ r ~ ~ ~ i ~ ~ ~ t ~ f ,  Syst 1,111 

( . IDES) [5, 61. . iBES IS ti11 IIII,I~,I.~II,IYI ~11111,  (11 I I I - ~ V ~ I ~ O  

g r ap l~ i r  S I ~ I I S O ~ \  tl1;11, 11icor[111r,111~s 111oclvr11 I,nu 1)1)\\~1~r 
s?Iisors tlliit ~ O I I I I I I I I I I I I . ; ~ ~ P  1111 i~ i111pl1' \vLrIx ~~i~~i(1t11- tor  t,o 
a I~ I I I IV- I I~LSC~~I  1111~111e1r~ ii11(1 RF  (r ; i ( l~o C ~ I ~ I ~ I I I , I I ~ S )  1-0111- 

I~IIIIII(. ;I~ io l~s  (lf'vi<+~-. 
TIII, i111,1~1it, 111 1,111s cltxvire is 1 0  p~-ovi(l~x 1 1 1  1 1 1 1 7  CII,I,;IIII* 

grapiilr I ~ O I I I I I I I I I I I ~ Y  11 10\~-(.051 S\-S~,I'III ell ~ I , I I \ I I ~ S  I,hiil, 
alforfl;~l)ly \i1,111s I I I , I I > I ~  spaI,l;il s ;~ l l i p l i~~g  lor ;I p~>riod 
of rorlgl~ly 1x11. w t - ~ k  for shallow (1l1~pl.Ii<21l0 111) iippli- 
c:at,iolls. The s y s l ~ ~ ~ l ~  wi~u l~ l  1101. r~y)lac.cx ~ ,x~s l . i l~g  high- 
~ I ! ~ O I I I I ~ I I I I  ~ ~ c c ~ a l i ~ ~ g r a ~ ~ l i i ( .  i ~ i s t , r t i t ~ ~ f ~ ~ i t , i t t i o ~ ~ .  l>t~l. li!l tl111 
I I I ~ I I I ,  [or i i  I I I X ~ - ~ I I S ~ , .  l ~ ~ w ~ ~ r - r ~ ~ s o l ~ ~ t ~ ~ o ~ ~  syst11111 I . I I < I ~ ,  \YI I I I~( !  

pr11\11113 l, l~e ~1111 tisc2r w~t l i  t111, ;~ l ) i l i l ,~  111 < ~ I . I ~ I I , \ I ,  I11gli1,r 
spal,ii~l sarlplilil;. For maril.i~lic, forccs t,!i;~I. 11111~1. bo 
prc~pilrc,d t,o cit~plov 011 short ~i~~l.ic.cx a i d  ol)~~r;rt.c~ in r u -  
I;unili;tr coast,al aa t .~ , rs .  Lhe s \  sl.1.111 woultl b~ c-api~hlt, o l  
provltlillg near re~altilni' c n v i r o r i ~ n ~ ~ ~ ~ t d  supp~)r t .  p;utlc.- 
rllarly i11 ocrm11gr;tpl1it:d1y r ~ ~ ~ i ~ p l ~ ~ x  littoral sc.1 l.ings. 

2. Approach 

3. Sensor specifics 
'Tli~. .IDES stzllsor IISI, as  i l l  lat,~, 19!l(j 11irlnt11~s :1 CTD 
( I . I I I I I ~ ~ I ~ ~ ~ . I \ ~ ~ . v ,  I I ~ I ~ I ~ ~ ~ ~ ; I ~ , I I I ~ ~ ~ .  p r ~ s s t l r ~ ~ )  I I I I I ~ I I ~ P S .  ? ~ I > I I I -  

pvr;ittlrlx S I : I I ? I I ~ ~ .  1 \Y;I\Y, 111>1gl1t, S I ~ I ~ S I I ~ ,  1 l,i(lf, li1~g111 
s~ ,~ i so r .  1 1,111, SI ' I ISO~.  1 m r r ~ ~ n l  lllrl,<xr, < t ~ i ~ l  1 ; ~ I . I . I ~ ~ ? ~ I ) I I I -  
<>l,~,r.  Wit,li 1,111, ;i(iv1>111, o l  DC (f1ircx1Y ~v~rr lmt , )  ~ I > S ~ I I I I S ~ '  

; t ~ ~ r ~ ~ l ~ ! r o ~ ~ ~ ~ ' l ~ ~ ~ r s .  ~ I I ~ I ,  oS l l i ~ , s ~ ,  I I I I ~ I I > I P  as a (,ill 111- 

cli(:;it~>r, .\I] 11[111,)nal ; I ~ O I I S ~ , I ~  ~ I I I ~ I I I , I I I  11oise if'nsor 15 

l,rl~illl~ll l.lll~llrl:ll~~:~lv, l>llt. \<,Ill 1101 I > ( ,  illl~llell1l~1lLl~c! I l l  

l ~ ; ~ r t l ~ v a r ~ ~  111 1,111, proI,ol ~ 1 1 1 , .  

3.1. Pressure sensor 
111 t.lic~ .\BES priitol.yp~'. I)rclssllre s ~ ~ ~ ~ s o r s  wlll t ) ~ ,  111- 

l;.f~rporal.?tl ;is (lrpl h se.rlsors <it, t h ~  scufloor ancl ;]I. 1 .h~ 
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.;or.; dl111 Illaiog Dl,\ ii,fls. Illi.. II;L\? DC rc.sgonsc' I.li;tt 
<illou > I 111,111 to I> I ,  I I ~ I ~ I I  <is I ill < I > I I , O ~ S .  T11rse se>11>11r\ 
11avi~ ~ I I I I ,  i11iti 1osi111~ {!11tp111s t,llat S;1(,111l;tt(' trk11, t,ilt 
I I I ( > * L S I I I - I ~ I I I I ~ I I ~  ;t11(1 ;rrl> i1li'x11(,1lhiv(, (irh11111 10 CS 1101- 
lttrs) FIIIIII lill(,~l I ~ I I Y  I rol? I i( till sensors I I I ; L ~ ~ ?  t>y Tlw 
Frcjtlc'l i c  s ('I). < I I I I I  S [ I I ' ( , ~ ~ I I I I I .  1111 CUP (11 111'1. i i l t i ' rn~l i \  ('5. 
11111 11.1111 111 ((1st I I I I I ~ I ~  ;ul~l l-(,lltllrl, pr(3ss111(7 prr)l('( I I I ) I I  
for i l~ -w;~I  1,r IIS(, P1l>vio115 I ~ I I , ~ ; I ~ ~ I I I ~ ; ~ ~  work 111 .Ir[,l ir 
;lrr;i\\ 11;~s r(~Ii131l 1111 11it' I I S I ,  I J [  tilt I I I ( , ; ISII~(~III I , I I~ . .  I I ~  

\ vrl 11 ;11 ,t1-i11g5 I , I  \ I , ~ I ~ Y  ; i i  I I I I , ~  11. P ~ C ~ I I I ( , I I I  l (~ ra l i / ;~ t  ~ ( I I I  

3.7.  Four-electrode conductivity ccll  
This S I ~ I I S I I ~  provi(ll,h Irli~asllr131rl(,llt, of w;Ll.c,r c.orit111c.t.i~- 

Srt1111 wl1i111 > ; r l i l~ i I~~  is i11f1,1r?il ~ I I I I W I I I ~  t,elrll>~~r;i- 
I I I r l l ~ i  c1!11111 111, I I ~ I ,  or s ( l~i , ra l  ii,llsors 
c i is t . r l l j~~l(~~l  I,hr<111gll Ihr, w;rl(,r ( - ~ ! ~ I I I I I I I  The I J I I I , ~ ~ ~ I ~ ,  
of I I I I ( ,  s(,lisor wo11l11 I)(: ~ r l ~ ~ l i i l , ~ ~ r ~ ~ t l  c ~ ~ l ~ l , i ~ l ~ l o r ~ s l y  tlr~ririg 
I h ~ ,  ill11 iid d'si 1~111, 1 0  pro\.icl(~ i i  prolil~, .\Sterwor~l. ;t 
111111. \(,rll,s WI!IIIII  I I V  c,ijIlc~ t 1 ~ 1  a fix(,iI ~i(apt,li FIJI 
11lr illit.lid I > r o l u l v ~ ~ ~ ~ .  ( 1 1 ~  CTD S P I I S O ~  will I I I P ~ S I I ~ ( ~  ill 
s i  I I  Tllrc'I' 01:rarl Svnsors 111i.. ( S a i  Divgo, 
1 )  I I I I I I I L ~ ~ L ,  1 1 r 1 r i 1 1 r 1  ;~ntl  d ( , l~ t , l~  ~ ~ ~ o d n l ( ~ s  will 
b~ IIS(YI  Tli( ,s~'  i ~ l l ~ o \ a t ~ \ f ,  S I ~ I I S I ! ~ ~  ai, i111.111cli~d AS a11 
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4. Future Work 
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~(IILIIIIII.TII~ ;I~~~IILI:I~ICIII JISO I ~ l i i ~ t \  ;111d COIIJL~; I~ I~S lhe 
~14c  ( i f  I ; ~ s ~ r s o l ~ ~ l i l i ~ i g  for \ ? i ~ l l ~ v ~ i i e t r y .  ,111c1 I;iser IIII;I~~III; 

0I' ~ ~ ~ ~ r l e s \ \ ~ ; ~ r s i -  o lh jec ls  111 m ~ n c  c c ? ~ ~ ~ ~ I c r ~ i i e ; ~ s ~ ~ r e  
acli\,i[ic?. 

Tile ;IIICIIII;IIIOII c o c f f i c 1 ~ 1 1 1  c:111 be c ~ ~ ~ \ i i l c ~ - e i t  ;I\ ;I 
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2. Background. 
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crlGcts f l -om 'I 11carI1y ve$\ r l .  U.s111g a f reefal l  .;!.;lerll. 
v;~luc.; of E,, C;III Ibc ohta~ l iec l  very c l o \e  l o  the \url';~cc 
~I~IIOLII \ l i ~ l h  efFecl\ iW,lli.rs rr. al. 1090).  bur r l ~ e  
ccimpll~,1tloll (:IT i? LISIIIS rhe' S n ~ ~ r h  ; i l~ r l  Bake r  ~ncrhoel 
requlr5 I n  I h r  first v,~lue o f  K ,Ir ;I t l e p ~ h  o f  l l l c  111x1 
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and its Role in Rapid Environmental Assessment 

Lllc 1 s S< l \ !  \\I111 ~1 ~ l l l 1 l l l l ~ l \ -  01 ~ ; l ~ l , l l l l l l l l c \  101 

IIIC;I\LIIIIIF C I I ~ I L ; ~ ~  L,II\IIIIIIIIIL~II~~ I;ICIIII\ 111 ~ I c ~ l i c c I  
; I I~; I \  111 II?CIC;I\L, 111e \\;11 l i c l ~ l r ~ \  c I I ~ c I I \ L ~ I I ~ \ \  7.li1\ 

~~111LL~~ ' l  1 ' l l l l l ~ l < l l ~ ~ \  

' 1 1 1  <1\,11l,113l? ;lllLl c l l l c ~ ~ l l l ~  \ L~ l l \ i l l \ ,  

\CII\OI <IcII\cI) IL~~~I I I I~~LICI ,  

c l c l l \ c l >  ~1I ; l t l l~ l  I l l \ .  ;111cl 

CoIIlIII lII lIC;lt l~ll l l l l i ~ l l l ~ l L l o l c l ~ l c \  

1) \ \ I l 1 S  I, c lc\ l~l1cLl  tL> ~ l l l l ~ l l l "  < l l l c c l l >  l,l c\ l \ l l l l ;  . . 
I I I I  I I i a ~ t l i \ . i ~ c  ; 1 1 i ~ l  
cll l l l l l l l l l l1C;IL1ll l l \ . )cI  \LlII 1L~1;1111 1111' 11c\1111111) 11'1~1111~~I 

101 11111l1;11 c1<11;1 1~0IIc~11011 

l I l C  I )  \ \ l I 'S ~"11~1~l l~ l11  i l l  111;11~~I1111~ 111c ~ l 1 , 1 1 1 i ) 1 1 1 1  ;111~1 

\~~11\111 \ \  1111 1IlC ~ l l i l L ~ c \ \ l l l ~  l l , l ~ ~ l \ \ ; l l c  1, ' ~ l l l ~ > l l ~ l l c ~ l  

1 1 1  I \ \O ~ ~ I ~ ~ I ~ I I I , I I I O I I \  ~IIC l'1111;11hlc C~ I I I I I ~ I I I I I ~C~ I I~~~ \  

I'II!CL,\\~I~? 1111~~1 lace i P C l j l )  ; I I I~  ~ l i c ~ ~ ~ l ) ~ \ \ l l ~ S  ' I  IIC 
I'C'I'I i \  ;I " \ I I , I~ I - I~ I~ / \ I I ; I I~ -~~~~"  IIIII~~II>I(ICC\\III \!\1c111 

I l l  I l l  he l l l l l g L l l c l  1 I 1 2 \1111111l.111cO11\ 

~11.11111~~1\ 01 cI;ll'l , l ~ ~ ~ ~ L l I \ l l l O l l  ,lll<I ~ l loCC\ \ l l lg  I l lc PC Ill 
IIA\ I l1 i \ \11 c ~ l > i ~ ; ~ ~ l l  IILYI I>-:\ ~ILIIIIIS S l l ,A l< l  \I I 17. ,111d 

,111 cl;ll;l c l l l l c ~ l l i l l l  e \ ~ ~ l c l \ c \  'll>ll;1lLl 111c I~O leL~  LvL l l - l~ l l c  

Occ,111 L\'LII~I I ILI;II iO\\ ' l  I c l ~ ~ c ~ , ~ l ~  h 1 1 ~ 1 o l )  \ \ I P S  I, 

,I ~ l < l l l i l ~ l l o l l L ~  lL,LL,l\el Llllcl ~> l l l c c \~ l l l& !  l l l l l l  c l ~ ~ \ l ~ l l ~ ~ l  lil 
L ~ 1 l I l C ~ l  l l l i k e \ \  ,lll<I c011111111111L;llc -1 \ l l l ~ l c  Lll; l l l l lcl ill 
tl'll;l ~1011l 'I 1 ~ 1 ~ I l ~ ; l l  ~ l l l - c l ~ l l l  I l l  \ l ' \ '  

\ l l l l l I lCl  l1 l l~ l i l l l , l l l l  l ; lCc l  i l l  IIlC l ) ! \ \ I l 'S c<l l ILcf>l  I \  

; l~ l l l l l l l . l l lc  ~ l l 1 l LL~ \ \ l l l g  01 lIlC i l< l IC l  R<l\ \  <l,ll;l C~ l l l  I'C 
~ 1 , l l i  L~ l  l c l i  lil \ l . l l l l / , l l  ll \ , l \  ! l l l c \ > ; l ~ c  l ( 1 1  I1I11l\ ;lll(I 

I l lc LI,\S I \  c l l lc l l !  l-c\[>1ll l\ l l>lc UOl ' ~ l l l l c c l l l l ~  l l l c  <l:ll;l 
c l i g~ l i / c t l  I>! I l l c  ViVlI: ! I l l )  lhoa~cl l IIL, I ) . \S  I \  h~ io l cc l  

i 1 \ ~ 1  t l i c  \ 111. h u \  ,11111 I I I I ~ \  t l i c  III'I<'I ICLII-IIIIIL, 
"Ilc1;"lIlf \! "ell' I t  i . ~ ! l l I I ~ l l lC \  lilt \ / I )  l l l l , l l l l .  co1 I c~ l '  

(l,ll,l. ~ 1 l ~ l \ l ~ l L ' \  lC ; l l - l l l l l ~~  ~ l l L l L C \ \ l l l ~  111 lIlC cI'1l;l. , l l l l l  

I I . I ~ \ ~ ~ I  \ 1 1 1 ~  c1.11,1 l o  1111' I II'S SI;I~;I~\ ~ c l ~ ~ ~ ~ ~ c l c r c i l  I x ~ c k  

11, ~ l i c  .IIICI;III ;IIC I C C C I \ L ~ I  ;11111 Ice1 IIIIO 11 I ) . \h l l 'S  

i l l l ~ ~ L l l l g  \ l ,1 l l~ l l l  \11,1l11; i ! L l l ~ ~ l l l \  l l l l l l l  l l l ?  \ l ~ l l < l l  

r ~ ! l l ~ I ~ t ~ o ~ l l l l ;  Lll l l l  \ \ l l l ~ l l  1 '10 \ lL I~~\  I l l \ \  [>;I\\ , l l l l l -  

, l l l : l \ l l l ~  ~111c111lg ,lllli ; l l l l j > ~ l ~ l ~ ~ ; l l l o l 1  ,IIC i ~ l ~ l t l / c c I  ,I1 11 

III;I,\III~IIIII 1~111, 0 1  41 ti \;IIII~~C\ ~ i . 1  \L~COIICI / S X  t i l l )  (I,\/ 
\ c c i  I I I ~ I I J I  ~;II;I i \  \IOILXI 111 \ l i : ~ ~ c < l  IIIL,II~~II! ~IIIIIL,I\ 
(111 IIK ,\ / I )  INGIILI JIILI IIICII II,III,~CIILYI \ I,I t II~CIIICI 111 



l ~ l i c  HI'S III~III:IF~\ tl ic o\c1;1I1 U. \4 I I1S r ! \ l cm 111' 
HPS I \  I l l r c l l ; ~ c c d  l o  IIIL, I t la \ \  \ t o ~ ; ~ g c  a l ~ r l  backup  
IIC\ICC\ SCII;I~ (I:II~I 11o111 OIIICI \ e l l \ i l l \  II~;I! he InpLll 
Ill 1 l l l \  \ > \ l L ~ I l l  :lllil l l < l l l \ l ~ ~ l r c ~ l  1 0  tl1c I l l 's  1 0  p1-11\ 1cIc 
'lclilltloll;ll l l l l ~ l l  l l lL l l lo l l  Ill 1I1c ~ l ~ 3 e l < l l ~ l l  I l1c I tPS  ' l l \ l l  
I \  l c \ l>o l l \ l l> lc  lo1 1I1c l l < l l l \ l c l  <ll l i l  \1lll:lfc 01 1-'1\\ ;111c1 

I)IOC~~\LYI ~I,II;I The  HPS I \  ~ ~ o ~ i ~ l c c t c t l  111 IIIC i l ~ i l h  ~ I I I \C \  
and [l ie SIIIIII I,II>C h ,~chup \!\ICIII ~);II;I I \  ;II-CII~LCCI 1111 

l?;~cht~p i111cI 111 l p ~ c \ e ~  \ c :III :1~1cq~1;1tc ;IIIIOIIII~ (11 ;I\;IIILII~Ic 
LIl\k \[>'Ice Ill1 1I1c r i l l \  clllcl ~1 l occ \ \ c< l  <l'lt;l 

3. Environmental Data Processing 

Tile S i t \ !  11:1\ l t l l l f  lll'lclc 11\e 01 ' I l l  c l c~~ l l J> ; l l l l c  
eupcn t l ah l c  \ c n \ o l \  1111  I n c a \ u l l n g  / / I  \iiii oc ta l 1  
p ~ o p c ~ I ~ c \ .  I ) , \MPS ; ~ ~ l c l \  I l i c  n e l \ ; ~ n t ~ ~ f c \  0 1  auiol i lar lc 
p ~ - o c c \ \ i l ~ s  ;IIICI COIIIIIILIIII~;III()II 01 ~ l i c  i1;11;1 

3 I I t i i  1. ~ l x ~ ~ ~ ~ l c i l ~ l t ~  lliiili~ i11c.i i i i o y i  iil~li / I Y H T i  
- 1 . 1 ~ ~  ,A\ISSO .M A x n  I lllll\ I(IC\ ~ ~ l ~ ~ l ~ e l ~ l t L l l ~  \er\l l\ 
~ I c p l l l  I>! L l \ l l l f  'I ~l1c11111\101- ]l l-~lL>c 1IlClt clc\ct?llcl\ 
1li1011gl1 I l ~ c  \\;11c1 c o l u l ~ ~ l ~  ;11 a I \ r i o \ \ l ~  1;1Il la te  T l ~ c  
data I \  I I ~ I I \ I I I I ~ I ~ ~ ~  a \  .I I ~ c c l u e l ~ c )  ~ ~ ~ o t l u l a l e d  ( F M )  
\ ~ ~ n ; i l  11i;il \ ;II I ? \  a \  a I~IICII~II oi ICIII~I~I ; l lurr  The  
C l > l l \  el \ l~ l l l  c i ]L lL l~ l~ l l l  I \  

\ \ h c ~ e  I I \  111c I~-cqucnc)  111 1 I/ and T I \  111~. ~ c l n p e ~ : ~ ~ u ~ c  
III 'C' She r;ll1:e of l l ie p l ohc  I\ - 2  (' l o  35" C. '1'11~ 
C . I I I I ~ \ ~ > O I I ~ ~ I I I ~  ~ I C ~ L I C I I C I C \  :II-c 1368 H /  ,111il 2700 H /  
f h r  t ; ~ l l  I.IIC I \  1 57 m/ \cc  

3 1 3 Ill l~ I / l t ~ i i l / i l l I / c~  /ii,/ c,i11 I ~ i ~ O / i l t ~ l  \ / . I  YC7r') 
AXCP ' \  I l lca\ure Ihe \ c ~ - r ~ c ; ~ l  p l - o l ~ l c  o l  cul-re111 \peeel 
and tl11~cc11o11 \ \ 1 ~ 1 i  ,I con\ l ; ln l  b i a \  o l  o l l \ c l  T h l \  ~ I : I \  

I \  dcpe11cI~~111 (III [t ic ~OI I~ IL I~I I \  it! 0 1  1 1 1 ~  \ c : ~ l ~ l o o ~  ;111il 

i \  unhl111\\11 R c c ; ~ i ~ \ c  111 111e unhno\\11 I>I.I\. .~t>\olutc 
\ c l o c i l ~ c \  c;IllnoL he I ~ e c ~ ~ r ; ~ ~ ~ I ~  ~IC~C~IIIIIIC~I. h i [ [  CLII re111 
hhc;~r 111;1) hc (ICICI-IIIIIICCI Lo :I ~ I - C C I \ ~ ~ I I  01 I CIII/\CC 
( 0  02  LIIOI\) D;I~LI i \  I I ; I I I \ I I I~LL~~~ 1111 1111cc C;IIIICI 

l l e ~ ~ 1 l c l l C l ~ ~ \ .  I\\ ll tlf tl lc llcL~1lcllc1e\ L I I C  l l l c  Clll-lell1 il:ll;l 
I '  I t . ~ \ r - L L c \ !  I a n d  \ '  I 'YOI 111-SOLIIII). ,111~1 t 1 1 ~  t l ~ ~ ~ c l  
C~II-~ICI I \  I~III~CI-~I~IIIC III :I lo1111:1t \i11111;11 111 t t i c , 4X l3~ l  
I);~ta 110111 l l ~ c  A X C P  I \  \ ; ~ ~ l ~ p l c d  ;I[ 101 I/  nil [> lo \  iclc\ 
a ~ e ~ l i c a l  ~ c \ o l u t i o n  o l  0 i Ine lc r \  



[),\h1t1S 11;1\ l l l c  c;l~>;llllllt> 101- ~pl-occ\\l l l : 1111-cc 1>1>e\ 
o l  ,111 I ~ I ~ I I I ~ I I c ~ I  \ o r i o h ~ o ! \  t l ~ c  .AN/SS()-57. /\KISS(>- 
1 , \ l  I I I K /S \ (> -77 ( \ ' l , : \ l ) l  lh1111! The  .AN1 
SSQ-57 I~LIO! ~ I O \  ~c l c \  ,111 O I ~ ~ I I I - ( ~ I I ~ L ~ I I ~ I I I ; I ~  \1:11;11 111 

: l c o l l \ l l ~  ]>IL~\\Ll lc \ c1\11\ t1111c. \\ I11lc l l l ~ ,  lllIlt21 I\\ 11 

l h~~o !  \ a l \ o  11.~111\11111 ~ I I  C L ~ I I ~ I I ; I ~  11l t01 111;111011. 

.i 2 2 ~;<III\IIII$~I<III L , o < $  
TI;III\IIII\\I~III l o \ \  I\ [l ie ~ l ~ c ~ : ~ \ ~ I 1 r c l l ~ e r ~ l  0 1  tile ; I ~ ~ ~ I ~ L I ; I ~ I O I I  

( i t  \I:II;II IIOIII \ ( I L I ~ L ~  111 ~ - c c e i \ e ~  h l c c l i ; ~ ~ ~ i \ t i i \  IOI 
;l~t~1111<1111111 111cl11clc \ ]>~c, l I l l l l : ,  \ c ~ l l l c l - l l l g ,  ,111cI 
;ll3\ol-[1llllll l - l , l l l \ l l l l \ \ lo l l  I l l \ \  l p r o c e \ \ l l l ~  111c;1\11re\ 1I1c 
I - e c e ~ ~ c t l  \1211a l  I ~ o l r l  ;I c ; ~ l ~ h ~ - ~ l e t l  \c1111cc a h n o \ \ l ~  
cl~\Lalrcc aw;Iy I 'hc  t l i g ~ t ~ / c t l  l i m e  \ e l l c \  o l  1I1c i n ~ l i ; ~ l  
;LI I-I\ :ll I \  \\ IIIC[O\\ e(I to ~CI I IO\  e COIII:~IIIIII:IL~OII ~I~IIII 

I ? \  el he1 'IIIOII. [ l ~ e r i  I.'I\~ I . ~ L I I - ~ ~ I -  -1 T l l c  
\pectll1111 I \  \ u ~ i i n i e i l  o \ c ~  ,I 113 o c l . ~ \ c  111 o h l a ~ l ~  a 
r c c c ~ \  c I c \ c l  t R1.j. T l i c  I ~ ; I I ~ \ I I ~ I \ \ I ~ I I  I l l \ \  I \  tl1c11 
compulc ' l  13). 

1 1 >  = SL K1, ( 2 )  

Since 1 h c . 1 ~  I \  1111 S a \ !  \ la l l c l .~~t l  t o ~ ~ i i a r  1111 t l ; i l l \m l \ \ lon  
I  ~ ~ ~ I I ~ ~ I I I C I  a 1~11n1,ll I la\  been ~ l c \ c l o p e c l  I r  I \  
111;1dc 1111 111  tic 113 OCI:I\C band  ~ n l o l - l l ~ a l ~ o t ~  \ \ ~ l h  
add i t i on  111 I l a l l o u  h;111tl 1110 o c r a \ c  I c \ c l \  at l l ~ c  
\uri'acc cluct c ~ ~ t o f l '  IIC~IIICIIC). T I ) ] \  IIIC\\;I:C :11\0 

i n c l u d e \  \ o u ~ - c c  and ~ c c c ~ \  c~ dep th \ .  \ o u ~ - c c  t )  pc .  
p o s i t ~ o l ~  ant1 r;ili:e 

.? 2 .j /)/l~l'l / lO /~ ( / /  .~0/7~~/11101 \ 

T h e  A N I S S Q  5 3  i \  an ~ ~ l l c i ~ l ~ h r a ~ e c l  \ o l ~ o h u o q  Lhal 
PI-ovidc\ Ihrcc hisnalh lo]-  ana lys~s.  an o ~ ~ ~ n ~ - t I i l - c c t ~ o ~ l ; ~ l  
\ i g ~ l a l .  a NOI-LII-SOLI~II I~C;LIII ;11id an I-.a\(-Wc\l Rc; ln~ 
T h e w  \1g11;1l\ ;!I-e S ~ C ~ L I C I I C ~  ~ l i ~ ~ l t ~ l ~ l e \ c c I  ;II 0. 7 5 ;11111 

15 k H / :  r h c ~ c l o ~ - e .  thc l ~ c c l u c ~ l c ~  l c \ p o n \ c  i \  I ~ m ~ t e c l  l o  
a Ian fc  o l  0 l o  2 1 h H /  
T h e  ANISSQ-77 \onohuoy u \ c \  a v c l - t ~c ;~ l  l i ne  a[-1.~1) 
that can he \ t c c~ -cd  to  rhc c l c \ ~ ~ - c d  \ e r ~ ~ c a l  c l ~ ~ c c l ~ o n a l ~ l q  
T h i \  \onohuo> ~pro i luce\  1111-cc o u t p ~ ~ t  \ i p n ; ~ l \  l ~ h c  Lhc 
SSQ-5.7. ;III~I I \  ;11\0 I~IIIIICCI 10 the \.IIIIC 0 to  7 4 
h H c  l i c c l ~ ~ c l ~ c !  r a ~ l g c  OIIC I-C;I\OII IOI- LI\III: 

d i r e c t i o n a l  ~ - c c c ~ \ c ~ - \  i \  111 a \ o ~ d  r l i c  l > ~ ~ i h l e r n \  o l  

1)rl1~7\011cle\ ~) lo<l1lce '1 \CIIIC;II ~> l c l l l l c  01 .1111111\~1I1~1-1~ 
~ p ~ l q ) c ~ - t i c \ .  r ! l ~ c ; ~ l l >  ICIIII>CI;IIUIC. I~LIII~IC~II!.  :111cI 
\ "c \ \ l l l t '  111111,11 ] l l o cc \ \ l l l f  I L~q l l l l c \  ill? 11;11,1 1111111 lI1C 

c l l l l~> \~ l l l c lc  \he J l , l l l ~ ~ l l c \ t c l  L I~L~~ IL IL~L I  ;111cl c011\ C l  tell Ill 
c ~ i f ~ ~ i e r ~ - ~ n f  ~ I I I I \  o l  r n ~ l l ~ l > ; l ~ - \  i111h;~1) 1 0 1  I>IC\\LIIL'. 

~ l c g l c e \  c I11r tclll~1cl-;ll1llc. ;1111l ]pcl-cclll Ill1 l ~ ~ l < l l l \ e  
l i ~ ~ ~ i i i c l i l y  I3) ~I-;III\IIIIL~II~~ l l ~ c  ] ) o \ i [ i o ~ ~ .  c lelc~ I I I I I I ~ ~  II-OII~ 
;III 011bc>;11cl ( i l ls  \ e ~ l \ o i .  'I \ c ~ t ~ c ; i l  ] p ~ o t ~ l c  0 1  t11c \\i11<1 
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l0 .000 ice1 sc11\111 l - ~ \ ~ l l 1 l t l l l l l \  111 0 5 c I c~ l - cc \  C' 1111- 
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' fhc  PCP1 p ~ - o \  ~ t l c \  three c ~ i l l ~ l ~ ~ l ~ n ~ c a t ~ o n  Iha~-tlir ;LI-c 
1nLc1-faces: M I ! . -  1x8 f o ~  \ ~ I - I ; I ~  cl,1ln t l - ; ln \ l I l l \ \ lon  
~ I I I ~ L I : ~  stant la~cl  III~~I~;I~> CI!I)IO:I;IP~IC C(IIIII>III~II~. 
l i S -232  f o ~  \ c ~ ~ a l  ('(ITS c c l u ~ l > ~ ~ ~ c ~ l l .  and I : ~ l ~ c ~ n c t  l o r  
n c l \ r o r h  c o l l l m l l n l c a t l o n \  I ) ~ i r ~ n f  S I I , - \ l i l : \ l  1 1  7 
I)i\MI'S \uccc \ \ lu l l !  L ~ - ; l n \ ~ ~ ~ ~ t l c c l  claln b! \ a l c l l ~ l c  I ~ o m  
.I I l c c l  P-3C a l l - c ~ a l l  11s1ng Ihc ARC'-1x7 r ~ - a n \ c c ~ \ c l  l o  
l l i c  M E T O C  l ; l c ~ l ~ l y  111  rot;^, S~;IIII 1)at;l I~;I\ ; ~ l \ o  bee11 
~ ~ a l ~ \ l n l t t c d  I r o m  a b o a ~ d  ,I 1c\c;11cl1 P - 3 \  ll\ln: a 
J101o1-ola 1.S I 5  ~ ~ c l t o  t o  ,I 2 1  1111ntl I " ~ ~ I I I I !  '11 t h e  
K c !  W e \ [  X ' I \ ~ I I  ,AIL S I ~ I ~ I ~ I I I  L I I I ~ - ~ I ~ - \ I ~ ~ I ~  
( 1 L l I ; l  r l - ; l l l \ l l l l \ \ l l l l l  \\;I\ ~ l L ~ L l l l l l ~ ~ l l \ l l c ~ l  11\111g l l l ~  
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6.  Future I)e\ elopmelit 

h 2 I 3 . Y O I l )  I'~-o<.c,cci~;y 
I he , \ i ~ -  I : \ ~ i cnc l ; ~b l c  0 1 i 1 1 c ; 1 l  I ' c 1 n ~ 7 c 1 a t ~ 1 1 ~ l ) c p : l i  
i AXOTIII - I Iic A X O T l l  i \  ,111 c ~ i f ~ ~ ~ e c ~  111g IXIIIOI! pc 
[plolle c0111,1111111; ;I l l f l l l  \ c ; l l l c l l ~ l g  \ C I l \ ~ l l  Ill l l l L ~ ; l \ L l l ~ ~  

\+ atel c l a ~ - ~ t !  ;!I SSO IIIII ,111cl ;I I~,III~)CI.:IILIIL, \c11\i11 T l i f  
p111be ll'l\ ;I ellop l-cllc Ill 2 5 l l lclcl-\/\ccll1lcl 'lll~l ;I 
i l cp th  c n p a l l ~ l i l y  l o  3(!0 ~ l i e c c ~ \  



6.2..<. /.I~[II- PI-OCY,.\.\ /?I:: 

E u l > e r ~ e n w  a h o a ~ t l  rile O W I _  ~urcral'r II,I\ Itel to a I; lsrr 
h < ~ r h ) r ~ ~ ~ z r ~ - v  pl-occsslng t l c s ~ e n  co~ l ccp r  rhar c o ~ ~ l t l  hc  
11set1 IO e l ~ i p l o y  rhe D A M P S  c o ~ i i p ~ ~ ~ c r . ;  ro  pe l - io rm 
\UIIIC o f t h e   real-r~me l r : i ch~ng funcr ionc as w e l l  as 
many  ol' the ~ ) ~ - e s c n ~  s r o u n d  p l - occ \ r l ns  f u ~ i c ~ i c i n r  
o ~ ~ l ~ o a r c l   lie all-el-aft \ \ l i ~ l c  (he S L I I - ~ ~ )  \\.';IS IIII~~I-\\*;I~. 

T l i e  ~ ~ r i i i l u c t  b e ~ n s  ~ ? ~ - c l ~ m ~ n a r y  s u r v c y  i l i ~ a l ~ r y  
h C ~ r h y ~ ~ l c r ~ ~ c  cl1;rn.u ;~ncl clara to hc c o ~ r l ~ ~ i u ~ ~ ~ c a t s t l  VI,I 

J b l C l  ~protocols.  

6.3. Adtlitional I'rocessing 
I)Ahll"S honohuoy clara p ~ - o c e \ s ~ n f  c a p a h ~ l ~ t ~ e s  are ;In 
o ~ ~ r g r o \ v r l i  of the S S Q I  I 0  adv,~ncvtl ,Ilr t lcployahle 
Yourcc r csc ,~~ -c l i  ~ ~ c r f c ~ r ~ i i e d  h v  I'~;IIIIIIII~ S y s t t ' l ~ l s  
I l~corpor ;~ te t l .  T ~ I \  research has ~ t l c n ~ ~ r ~ t t l  \evera l  
~ x i s v l ~ l c  a d d i t i o n \  1 0  t he  DAMPS 131-oce\ \ iny  
i re per lo ire. 

/ ~ 0 / / 0 1 ! 1  . \ c o ( l / / C ~ / ~ / ! ~ ~  

M e ; ~ . s ~ ~ r c n i e n t  oS JC; I I I~ I I I~ :_T strc11;111 r e c ] ~ ~ l r e . \  l l i e  
t l ep l vyn~en t  of a c ; ~ l ~ h r i i t e d  ~ O L I I - ~ ~  ISUS. SSQ-I  10. 
clc.1 w ~ t h  the sonohuciy I'leld. The  ~ s l l c r ; ~ l  Iprocrssll lg 
\c l i c !~ l~c  l'or S C ~ ~ L C I  ill; I l l ra \ure lncn ls  I S  10 

I : ) c l r rm i r~e  the \ ou~ -cc  leve l  uncl the \out.ce bean1 
~p;lllerll. 

T l ~ c  bortonr \ccltrerlllg h l r c n ~ t h  ( B S )  can  II~CII be f0~111i l  
f r o l l ~ .  

BS  = RL. - SI. - EA. 13) 

where lil. I r ecc i \ c t l  level .  S L  i s  l hc  source l e l e l  ant1 
EA I\ 11ie eSfecti\,e ;~l-ea. 'l'tie e f f ec t i \ c  arca I\ IO logA  
- 1'L , \ , ,  where  A 1,s 111c area. ancl'l'l I\ the t w o  
ws? ~ran<rn~.s\ ion loss Srom the source ro th6 i n s n n ~ f ~ e c l  
;II-~IJ. T l i e  Ll-iin_\llllssIc111 IOSS mayhe  err1111;ttcd h y  a 

6.3. I .  B0r10111 Lf.l.?.? 
IIAbIPS b o t r o ~ ~ i  loss processl l ls ~ ~ i v o l \ ' c c  t\zlc~ ~ l ~ s r ~ l ~ c t  
r ~ c p s .  The  fil-uf IS to mra ru r c  1111. h i ~ l l o n i  loss c l i r rc r ly  
au n f u n c r ~ o ~ ~  01' I'I-ciluency ;il~tl g raz l l lg  ~ i n y l c .  'l'lic 
.;econd I.; t o  coli\,err t h e \ c  Il ie,1sul-emclirs i l l t o  
I I I ~~ I I I I ~~TUI  ~ n l ' o r ~ ~ l ~ i r ~ o n  on I~CIII~III i i l i d  SLI~?~?OIIOIII 

p r o p u - t ~ r \  Tor else III ~ I - ~ ~ ; I ~ . I I I < - H I  r~lodzls.  

M~~I\LII-~II~CIII I I ~  I?otrom losu rccllllrc.; 11 c ; ~ l ~ h ~ a l e c l  
Source ;ll a A l ~ o x n  i l i \ t a ~ l c e  I'roln rhe r e c e ~ v r r .  ;lntl 
~proceedc \1111tlar1> to rI-:lll\nil\slon ca lcu la t io l~s .  "I'hc 
d ~ t ' f c ~ - e ~ ~ c e  IS r0;11 t l ~ e  ~ n ~ t i a l  i l~re'cr  a ~ - r ~ v a l  is ~ g t ~ o r e c l  
;11icI the bor to ln  h[.iunce t l lne series ;ire proccssetl. 'l'hc 
Ihottom loss 15 coml)~l tscl  h y  c ;~ l cu l a r~ng  3 trilnSrli1ss1o1i 
1(1ss ~ O I -  ;i 11crrtc1Iy r e i l e c r ~ ~ ~ ~  Ih i~r ro l~ i .  .lnd t l ~ r  I ?o t r o~ l i  

loss is g i v u i  h \ .  

B L  = l-l-,>e,-lcc, -TL,,;L.:,~, r.r, 

The  second pliasc oi' the boI1or11 loss data p l -ocecs~ny 
e m p l o y s  r l i r  A u r o l n a r e d  I ~ ~ v e r s ~ o n  a l g c ? r ~ l h n ~ \  
c lcveloprd L I I I ~ ~ C ~  L I ~ C  SSQ- I I 0  IprOsl-:lIi1. T111\ l e c l i ~ ~ ~ c l ~ ~ e  
o p l ~ l n ~ z e \  tho fir ol' L o w  Frcc l r~enc\  Bo tL i i l l ~  Locs  
( '1 -FBL)  g e ( , ~ a c o ~ ~ s t ~ c  para lne lers  b y  employing a 
s ~ m u l a t e d  a n l l c ; l l ~ ~ i s  ~ ~ i e ~ l i o t l .  'The ; i pp ro~c . l i  ~ ~ s r i l  
e o l ~ u t r a i ~ i $  rlie 1p;lrillllett'rs 10 re,111?11c values ant1 clvos 
1101 I-equl l -c an  " e x p e l l "  s I : I r l l l l f  1)01111 ('or l l l r  
opt imizat ion. 

7. Conclusion 
Fol- the n l lss lvn  o f  I-npid e l l v l l r r n ~ l l e n t ~ ~ i  as\es.;lliollr 
I I A M P S  iu  ;I PI-oven r o t a l  s v s l e m  c o n c e p t  th,l l 
i~ icorpor ;~ tes  ~;LI;I C O ~ ~ C C L ~ O I I  Sro111 c l c ~ ~ t e d  al-e;l\. PI-e- 
~ x o c e s \ i n f  c ~ f  hcncol- data. ancl commulllc;lllc,Ils. ' f l ie  
sys tem Iev r ra@t . \  e.i i>tiny soTrw,~rc and 1 5  J k I C I S  
compl ianr  Sor ~ .o l l ncc r l v l r y  10 :ill users. 





Rapid-Response Aircraft Surveys of Short-Lived Events 
in the Coastal Atmosphere 

Abstract 

'I'LLO I icld IIIC;~\LII-CIIICI~~ programs ha\ c bccn c o ~ ~ t l u c ~ c i l  
o l l  Ihc h e \ [  cox\( of the Cnitctl S ~ a t c  a \  ~~:III 0 1  111c 
('oa\l;tl h lc tco~olog)  Acce1e1-alc(l Kc\caic.ll I r r ~ ~ t a ~ r \ c ~  
(:\I<Il. \ lx)~~\orcct  h) the U.S. Ol l ice o l  Nn\:lI l<c\ci~r-ell. 
' f l ~  ohjccli\ c ot Lhrh ARI I\ to dc\ clop LIII ~lnclct \I;III~IIII~ 
o l  t l ~ c  ycnc\ l \ .  PI-opagation anti clcc,~) o l  coa\l;~ll! 
I1,11>1xcl "\oulherl! \ u~pe \ "  i n  the alnlo\pl~cl-rc I~I:IIII~C 

I;i!cr a l o n ~  ~ i i o u n l ; i ~ n o ~ ~ \  coa\t l inc\ 'T'lic 1\10 IICILI 
~""fr.ll l l\. co11~llletcil Li~lr l l l f  iI1c \Lll11l11el-~ 01 1004 ;111d 
l1)0O. l l l i l l / c ~ l  r l lc; l \Ll lel l lc l l l \  Iro111 c~l : l \ l ; l l  
lllclc~llol~1,!!lc'll \t:1t1011\. coil\i;l l illl~l 1llI:lll~l \\ lllll 
1%-01 ilcl-\. moored and fl-cc-dl-ift~ny oll\hor-c hue! \. 2nd 
a n  111 \1 r~mer l te~ I  ~III-CI-11'1 I\ 1Icxiblc. mohi lc  ,~n t l  
~ .c \ lx )n\ i \c  III~,I\LII-CIIICIII capab~lrt! \ \ a \  ~rcqurrctl  lo^ 111c 
IIICLI\III,CIII~I~I 01 :11rSIo\\ ;111ci \ t~-at i Irc:~tron O \ C I  [ l ie 
1101-111;1Il~ cI;rt:~-\pal-\c coilstal OCc;lIl cI11e 10: ( 1  1 l l lc \I1011 
l i I c ~ ~ r n c \  0 1  \o11111erl> \ L I I - ~ C ~  ( I - ?  cia!\). ( 1 1 )  [I lc \peed 

ill \vhich \ u ~ g e \  propagate alonf the c o u \ ~  ( \ c \ c ra l  
11~1ncl1-ccl An~iday). and ( I I~)  the d i t ' f~c~l l ty  ill ;ICCLII-;IIC~~ 

lorcca\ting a sLII-guilorc than a day 01 so in  ailvancc ol 
]I\ 111it1:11ron. 

"To t l c ~ c r - ~ ~ l ~ r l c  the t l i r c c - d i ~ l ~ t ' r l \ i o ~ ~ ; ~ l  
\IICIC.[LII-C 01 :I l~unihel  ot \ O L I L ~ C ' I - ~ !  \ L I I : _ ' ~ \  

I X O ] ~ ; I ~ : I ~ I I I ~  i n  the at~no\pI irr ic rnal-r~~e 1,1!c1- 
011 rhc I ' .S .  l j e \ t  CO:I\I dul-irif \unlmer. \\ i l l1 
'1111 I C I C I I 1  \~I:l~l:lI rlllil tc'lllp~l-:ll l-c\01~111011 1 0  
c l i l l c ~ - e n l ~ ; ~ t c  h r t \ \ c e n  the candtdatc 
t i i \ ~ l l r  bancc t! pc\ or- propo\e ;I nrlt cantlidale 
]pl-occ\\. 

I.III\ ai1cl;rlt \! \ten1 p~-o \ed  to be In\ aluable 111 oht,~inir~g 
~;II;I 011 ~ l i c  I~~I~CC-C~III~~II\I~II;I~ \trLlctLll-e ;111c1 ~ \ O ~ U I I O I I  

o l  \c \cra l  \ou~het-I! \urge\ alon? the Cnli l 'orr~r;~ arid 
Oscgori coa\r\ SL'I en I-e\e;~r-ch flrglrt\ \\el-e tlou 11 dul-lng 
I004 and IIIII-I? -111rec ~-c\ea~-cl i  arid I \ \ o  c;~libr-;~tion I l i g h ~ \  
her-c I ' lou l~ t lu l -~ng \ummel- 1990. Tl ic 1')06 l l ~ f l i t \  
111cluclct1 l ~ \ c  l ' l~ f l i t  \ecluence\ i n  pilssuit 01 \ ~ ~ r t l i c ~ l )  
wincl ~wII [ \ .  On I\\ o o c c ~ \ r c ~ ~ i \  \be cc)or~Iin:~~ccl l l igl i t \  
\ v r ~ l ~  rllc ( ' I  30  ~ c \ e a r c l ~  aircraft opcrateil by Ihe National 
('~III~I- lor AInio\plicr-~c Rc\easch. u hich was s[;rlronccl 
111 Montercy. ('iiliiornia. dur lng the month o l l u n c  I000 

2 .  Aircraf't and Instrumentation 

2. I l'hc Aircraft 
l '~ l?cr  Se t~cc :~  Ill ;ilrcr;~ft \\:IS LI\L'LI for- [tic ~I;II:I 

collection proglanl The Seneca I11 I\ an ;111 nletal. lo\\ 
\ \ in$ ~ l o t ~ - [ ~ c \ \ ~ ~ r i / c c l .  t \ \ i l l -enpi~lcd :li~-c~-;~It C;IP;I~IC 01 
c,llr-!~nf \I\ 1ptr\on\. ~nc luding the pilot. I t  I\ ponered 
I?) r \ \  11 ( 'onr~ncnral. t~lrhocharpcd. 220-1101 \ c p o \ \ c ~ .  
111\10ri e11f11ic\ ;111cl c;111 cl.~rihe ;it a l t ~ t ~ l d e \  up 10 2i.000 11 
(7.675 rill ;~bo\c l c \ c l .  T!pical t l ~ g l i t  \pccil\ I-angc 
I l on l  ahout 00 knot\ (40  ~ n / \ e c )  11-uc ;III-\~CCCI ~UI-1112 
c l ~ n ~ b \ .  l o  .I m:l\rlnum o f  Ic)O hnot\ (98 m/\ec) ~ I L I C  

all\pced 111 c.rlii\e T ~ p l c a l  crulre c o n t ~ g l r r ; r r ~ o ~ ~  I \  I h5 
AI I~ I \  (85 m/\cci 11-LI~ ai~npeed ar altitude\ near IO.000 
It (3.050 111) For t!p~cal Ilr$it\. the ;~h\olutc cntlul-ance 
01 [IIC :III-CI-;I~[ I \  ILI\I undc~  \I\ hour\. and I[\ rna i i rnun~ 
1;lngc i\ ; I ~ ~ L I I  050 nautrcal m ~ l c \  ( 1.760 h m ) .  Tl ic 
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CLOUD PROGRESSION - 500 kmiday t. 6 rnisec, 

Figure 1. A {equence or thrcc v~\ ih lc  \:itclI~tc inl;igc\ \Iir]w~~i:r the ~north\\.ard progressloll ol' the cloud$ dul-~ng the 
southel-I! surge o f J u n e  lc)Y3.Thc \\* l i~lc lilic rulililng alo~ig>liorc ill the ~-~:l~lmosi panel i \  the l l~ghr rl-,ich o n  wli~cl i  the 
\'crt~cal section\ \ho\vn In Figure 5 wcrc t.~hcn. The N ( S )  ~ncl~calc.; thc norllier~i (\oull~cl-n) cncl ol'ihe 211-craA sections, 
a\  \ern in Figure .5. 

aircraft. Its normal \yatems and opel-;ili~ig proccdurci air-cl~ila comp~~tc r .  w h ~ c h  I\ a co~nmerc~al ly  available unit 
are descr~bed i n  the Srticc-ci 111 lti/i,rttici!iotr M~t~riictl c l c \~g~?cd  lor  u\c in general  viati ti on appl ical~on\. The 
[ P i l ~ r ,  IC)X4]. [ lur ing tills re\eal-cli l~l-og1-alli. [.light\ Shatlin all--tlaln computer ~-ecc~\-ed input f rom several of' 
were made wi th  three pe~-\ons aboal-il. anel fllglit apcccls i ls  o u  n scn\or\ (air temperature. \latic pre\\ure. pitot 
ranged from about 90 I,rlo~\ (46 m/\cc) [I-LIT ;II~SIICC~ [ > ~ C \ S L I I - ~ )  21s wcl l  ;I\ f'l-OI~ the Gartii in GPS-I50 and the 
during climb9 l o  125- 155 knots (hd-XO m/scc) true a~~-cr;lfI's K lng KCS-S5ACompass System (which i\ part 
airspeed in  I c ~ e l  flight. ol'the a ~ ~ - c ~ - a f l ' \  autopilot {ystern and determine5 aircraft 

heading). The Shadin air-data computer served as a 
2.2 Sensors and Instruments hachup lo  \omc o f  the \ensol-.;. since Ihe accuracies o f  
Several sensor\ and In\rrulnent\ were in\tnllctl in the 11s \el i \or\  were. i n  general. l ouc r  than those o f  the 
a i r c ra f t  t o  1neasu1-e the q ~ l a ~ l t ~ t i c \  rcc l~ l l l -e t l  1'01- cornpal-able \ensor\ described In ( I )  - (5)  above. Sensor 
computation o f  ~neteorological ly ~.clcvan[ val-iahlcs. allel ~nslrument accuracie\ XI-e given in  Bcftlc, c~rtrl. [ I  995 1. 
Sen\or \  that \sere ~ ~ i s t a l l e d  are a \  Sol low\: ( 1 ) a 
Ro\ernount Model 102E4AL total tcmpcl-aturc .;en\or The Ko\crnount lo l ;~ l  te~npel-atul-c \en$or and Vaisala 
for mea9~11-ement or ~~ lmospher i c  tempcratrlrc: ( 2  I a l i ~ ~ m i t l i t y  sensor were mounletl on the ~ ~ n d e r s ~ d e  of the 
Vaisala Model  50U hurn~di ty  \ensor 1 ) 1 -  mcasurellicnt a~rcral?. about 2 ~nelers behind the nose. Each \en\or is 
o f  atmospheric relative h u ~ i i ~ t l ~ t y ;  (3)  a Setra Moclcl3-70 enclo jed i n  a I-evcr\e-f low housing, and each was 
pressure sensol- l o r  mcnsurcmenl ol' ;ti ~111, all. 131-cssul-c ~nountcd about 0.2 m ofl'thc alrcraft centerl~ne. Each o f  
at the location oS the aircrat'~; (4)  a Sell-a Motlel 230 the Iwo  revcr\e-l'low h o ~ ~ s i n g \  protruded downward from 
differential pressure sensor to mcasurc [he alrcrnSl'\ the a~~-c~-a l l ' s  fuselage aboul7-X cni. Each also protruded 
Indicated airspeed; and (5)  ;I K V H  Modcl  C100 f l u x  I l i~-ough a mounting hole in  the aircrah skin. i n  order to 
gate compass for nieas~~remcnt o f ~ h c  al~-cl-aft'\ licatllng. ~provltle an electrical connection within the fuselage. A 
Instrume~its that were in\lalled in  (he ail-crnrt I ~ I -  ot1ic1- K o \ e ~ n o ~ i n t  Mode l  5 I OGA3A4 signal condi t ion ing 
measurements arc: (6 )  a Garmi l l  Mo t l c l  150 CiPS anlpl i f lc~- was ~ i i o ~ l n l c d  ~nside the aircraf'l fuselage within 
receiver, which mea\urecl the aircrart ' \  hori /ontal about I 0  c m  of whcre Ihc total temperature sensor 
po\i t ion (latitude and longitude). g ~ - o i ~ n d  \pcccl ant1 hO~lhl l l f  W;I\ ~ i i oun ted  to the I'u\elagc. The signal 
ground track: ( 7 )  a Terra Moclcl T I i A  3.500 radar contlitioning amplifier is astnall electronics package that 
altimeter for meaurement o f  the a i r c r a h '  ahsolutc connccls to the total lemperature \ensor. and i t  provide\ 
altitude above the ocean's SLII-race I I i ~ i i i t ed  to ill1 ;III~IUCIC the analog voltage output that is proportional to the 
o f  2,500 I t  (762 m)] ;  and (8)  a Shatlln Modcl 0 . 5 1 1 3 5  mcasul-cd tcrnperature, 



The V;IIL,;I~~ b;lro~nclcr. Sc~r . l  d~Stcren l~a l  I l rc\ \ i l rc \c l i \o r  
anel SII;ICIIII ; ~ i ~ - - d i ~ i ; ~  ~OIII~>IIICI- were I~~OIIIIIC~I ili'ide tlrc 
ail-cl-al'l acljacc~it to Ihc co l~ r ro l  con\olc (c I~ \c r~hc, I  b ~ I o \ \ ~ l .  
T l l c  h ; ~ r o ~ i ~ c ~ c r  \v,I.\ ~ ~ I I I I C C I ~ ~  [ o  IIIC ;~~rcr:ik',\ >I;IIIC 
~ x " \ u r ~  I I I I~.  ancl l l ie c l~ l le~-ent ia l  l > r t w ~ l r c  .;ensol- allel 
the S l ia t l i~ i  were ce in~~cc le t l  to the ;~ircraTl's \latic allel 
pi tot  IN-~'\\LII-~ l ~ n e \ .  T l ic  K V H  flux-;;~lc colnpais \va> 
n l o i ~ ~ l l c c l  al  lhc oi~lho; i~cl  e ~ l d  of Lhc r12l1l \vlng. in\iclc 
Ihc JII;ISII~ \ Y I I ) ~ I ~ ~ .  1 ' 1 1 ~  C;;1r111111 CiI'S- I SO \v ; I~  1110i11iIcd 
111 IIIC .II~cI+,I~I's i n \ ~ r u ~ l l c ~ l l  lp;lliel. ;I\ L\,;I\ ~ I i c ~ r c ~ - r ; i  rllcI;~r 
al1111rcii.1- ~ ~ i c l ~ c , ~ i o r .  Tlrc GI's anlell l la \\(a\ ~noun te i l  (111 

the r ~ l i p c r  S ~ ~ ~ e l a g e  c c ~ i l c r l i ~ r c .  Tlrc r i ~ t l ; ~ r  ; ~ I ~ i ~ ~ i e t c r  
;IIIICI~II;I~ were 1no111i~ccI o11 1111' ~ ~ ~ r d c ~ - \ i c l c  of1l1e t'u\clage 
J L I S ~  h c h ~ l l d  rhc [I-ailing ctlgt. o f  ~ h c  will:. 

2.2 Data .-\ccluisition 
I la ta  \\'ere sell1 r1-011r the co1111-iiI eo11\0Ic 10 1\\1o 'CI-I~II 
I)orl\ on  c;1c11 o f  I\VO I~I~CI-(I~OIIIIIIIICI\ t l r r o ~ ~ y l i  ~ ~ I I I -  KS- 
233- \ c r ~ ; ~ l  lillc.; ( l w o  l ine? I0 t a c h  ~ i i ~ c r o c o ~ i ~ l ? ~ ~ I f l ) .  
:Zpple M ; ~ c i ~ i ~ o \ l i  Po\\ le~-Kook ~ i i i c r o c o ~ l l j > l ~ l ~ , ~ . \  \\w-r' 
~ ~ . s c t i  f o r  IIII< prc!jcct. T l i c  I'lr.;~ s c r ~ a l  l111c I(? caclr 
I I I I ~ I ~ ~ ~ ~ o I ~ I ~ > ~ I I ~ ~  c ;~~- r~ce l  [Ire ~II;II:II ~I:II;I strc;1111 fro111 [Ire 
Sl iacl~n a i r - t la~a c ~ ~ ~ i i p i ~ l t ' r .  T h t  <;armin G I ' S l j O  sen1 
ir\ d ~ g ~ t a l  cl;11;1 111 11rc Sliaclin ;i~l--tlala col i lp l l ter 1111ec. 1x1' 
\cconci. and :III C i n r n i ~ ~ i  GIL'S-1.50 data  Lucre ~ h c n  
~ncc~~-po~ -a~ec l  I I I I~   lie Shat1111 w r ~ a l  OLI~~XII  ~I;II,I \Irc;IIii. 
T l l c  seco11c1 s c r i ; ~ l  lilitl L i l  c ; i~, l i  C ~ I ~ I ~ L I I C ~  1.;11-ricc1 
~ ~ i l ' o r r n : ~ t ~ o ~ i  Srolii the 51s l i c ~ ~ l i l c y  ~noclulc.\. T l i c re  
~ i i o ~ l i ~ l e \  \\rcre c o ~ i ~ ~ e c t c d  ill acna l  Fas l r~o~i .  slid ( l ie 
compi l tcs \y.;~clir COLII~ i l l l~~. rog:~ le  Lhe K e ~ I I r l c ~ ' , \  i l l  ;I 
~ > r e - d " e ~ . ~ i i ~ ~ ~ c t I  ~ C C ~ L I ~ I I C C .  d;11;1 ; IC~I I I ISI~I~I~ ;111cl clispl:i? 
iol'twnl-c \ys Ic~r i  Ircf211-ecl l o  ~ u l ~ \ c c l i ~ s n l l y  ;I.; lht. I I h Q  
syr lem)  w.1~ wr l i tcn  for  the h~l:~i.i~ilosIi ~n~c r i ?co~ i r l ?u rc~ - \  
Iby 5. kl. H:IIIIC\ [H[IIIIC~.\ ~ I I J ( /  f i 11111 ' .  le)941. T l ic  11.4Q 
5 ) s t ~ l l i  i~ b:~sccI 011 L:ibVIEM:. ;I c o m ~ i r c r c ~ a l l y  avail;lble 
\ o l ' ~ w ; ~ ~ - e  p r o t l u c ~  t h a l  I r a ~ i t l l c \  clata IIIPIII~OLIIIILI~. 
p roces ing.  : r ;~l~l i ic\  and \Ior;lec. 
Evr l -y  \cco~icl  dun l iy  ;I Hi:ilii. i l lc cl,~ta fi-oni <III source\ 
(Ci;lr~irilr. Sl i ,~cl~~r.  ~ l i c i  t i e ~ ~ l i l c y + < ~  c ; ~ ~ i i c  to e,~clr COI~~~ILI I~ I -  

~ I i r o ~ ~ g h  IIS I\\N~ ,rer~;~I ~IOI'IJ, \\!ere ~>r~cessceI ;III~ .\IoI-c~. 
'The l i n t  po r l  rccci\,ccl an ASCI I  I?~lnt of205 c l ia r ;~c~e~-s  
f l - on~  ~ h c  S l i ;~e l~~r  c \ c ~ - y  iecol~el.  -f111\ bursr c o t i r ; ~ i ~ ~ c d  the 
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Figul-c 3. Tlic \cn\or anel i n \ t r u ~ r ~ c ~ i t  c o ~ ~ t l - o l  
con~oI~.sI~o\vri ~nountccl In the Intcrlr>roTtlrc P~per 
Sencc~i Ill ;11rc1-attjurl hcli~nti thc pilot'.; \cat. 

Sha~ltn data ~ I L I \  the G a r m ~ n  CiPS- 150 clala The secontl 
port communicated through a da~\! -cham accc\\iny all 
\ ix  Keithley'\. The Kcithlcq ' \  were pollccl i n  \cquence 
lor  heir data aflcl- the c o l n p ~ ~ t c r  recel icd a hur\t I ~ o m  
the Shadin T ~ L I \ .  each \ccontl the Shad~n-p l~ l i -Gar~n in  
data were recc~ved. the data I rom the \cn\ol\ connected 
\,la K e ~ ~ h l c y ' \  ~rcad. all clata \aluc\ t ~ ~ i i c - \ t a ~ ~ i p e d  u ith 
[he compute1 \y\tem tlrnc. conccrjion equatlon\ applied 
where necestary. and all data al-ranged and \lored to the 
hard drive i n  cach computer 

For each ~;II-iahle whew value ua5 t ran\mi~tcd via a 
Keithley module l o  the coniputel. a con\c l \ lon Sro~n a 
digrtal voltage value to \c~cnt i f ic  unit\ wa\ pe rh rmcd  
pl-ior to the value b e ~ n g  writen lo  lhe d ~ s k  01- d~splayed 
The conversion equations were appliecl l o  Rosemonl 
remperat~cre. Vaisala h u m ~ d ~ t y .  Setra pre\\ure. Setra 
indicatec! air\pced, Terra radar al~itude. nntl K V H  aircrafl 
headlng I Hnr~o PI (11.. I995 1 I>ata we]-c logged Into a 
L a b V l E W  log-file on each comp~~tc r ' s  hard drive after 
cach ~ e c o n d  d u r ~ n g  the nigh1 After each flight, the 
LIAQ sy\ te~n was stopped and the lop-file w a  copied 
to a disketle lor  hackup 

2.3 lnflight Data Display 
Graphical displays and listing\ oi the measured variables 
were produced in  near-real time aboard the aircraft on 

each r n t c r o c o m p ~ ~ t a -  u \ i n g  L a h V I E W  \ o l t u a r c  
P~-e\ent;~l~on I~I-tnats. \ \hich could be selcclcd by the 
cornputel- \)\(ern operalo1 aboard the ;lirc~-alt, ~ncluclccl 
thefo l low~ng:  n current l i s t~ng  ol value\ l i11 the incoming 
\ x iab le \ :  ;I time serie\ prc\cntation (a  \[I-ill-char(-like 
cli\play) o l  ci thc~- one (11- ( \ to  \ar~ablc \ .  \\ 1111 the \pcc i f~c  
\ at~ables lo  he cli\pla!etl ancl [he time ~ntcl-\a1 \ i \ ihle In 
the \rrip-ch;~l-t \v~ndom \ \electable b the opei-ator: a 
121-iable i,.,. ~ a r i a b l e  plot. which pro\ idct l  lor display o l  
vcrtical 131-olilc when nl[iluclc or p r c s u ~ c  was cho\cn 
as the \elt ical axis: ancl a map. ~ v h ~ c h  \ h o ~ \ c d  the f l ighl 
track In ~-e;~l tllne These ot iboa~d display\ \\'ele cl-ucial 
i l l  executing llie Inca\urcnicnl I l ~ g h t \  e l l ic~cnl ly .  \ince a 
k11ouledgc o l  the atmo\phc~ic  \tructu~-c h c ~ n y  1nea5u1ccl 
wn\ necdccl l o  make 11il61-mcd inf l ight clccisions. I'OI 
cxa~nplc. whel-c to po \~ t io l l  all-craft prol i lc\  and flight 
IIIIC\ r e l a t ~ \ c  to the alrl'lom pattcl-n 

Several a tn lo \phe~-~c val-~ahlc\ mere dc~-l\ccl iron1 the 
ai l-craft  clata szt The  c l c r ~ v e d  var iab le\  inc lude 
atmosphc~-ic i r r  \it11 ternpel-alurc. potential tempera-lure. 
relative huliiitlity. rli ixtnf ~a l i o .  ail-den\it). aliil lhor~~onta l  
n l n d  \ e l o c ~ l ~  These \anable\ ha\e hccn plotted III 
\ c l - t ~ c a l  i ~ ~ i c l  I h o ~ - i ~ o n t i ~ l  \cc l ion fo t - t i~at  l o  galn a n  
under\tanding o f  alrno\pIic~-ic structure. 

Ke\ult \  firo111 our 1994 I l ight\ delincd lhc \trucLurc o l  
one propagalllig, coaslally 11-apped " \ ~ ~ ~ t l i e ~ - I y  surge" 
cvent We lound that il wa\ nor a s i~ l l p l c  tuo-layel- 
\ va \e l~hc  d~\ lurhancc.  11o1- wa\ i~ a two-layer zra\ ~ t y  
current. The June 10-1 1. I004 e\,ent u a \  oh\er\ed lo  
have an ovcl-all wavcl ihc charactel- m~ith an internal 
\ul-face boundary layer inlhcddcd w i t h ~ n  il, In which a 
\cry-nenl--\ul-lace cloud I:iyct- (o r  l og  layer) formecl 
Vertical \ections \how that the airf low ancl \ trat i f icat~on 
\\el-e clearl! 11101-e colnplcx rhan a two- l i~ycr  \)\tern 
RC\LIILS fro111 (hi\  work Ii;~vc appeared in  a Lcchnlcal/ 
data report [ I l c r ~ l r  et t r l  , 1905 1 and i n  two  articles [Rtrll~l? 
( , t  (11 . 1995. 1)orrntrn r t  (11.. 19061, and a thil-d article i s  
soon to he suh~ i i i  tted [Rc~l/)h (It (11 . 1996 1. 

The data \el we obta~ned In I996 captured l ~ v e  southerly 
wind episode\, each one d~l fcrent  froin the other, and all 
\ornewhat di l lcrent f r o n ~  I l ic June 10-1 1 ,  1994, case. 
Three of the 1996 episodes had a surge component, one 
cvent wa\  expected to protluce a southerly \urge hut d id  
not. and one event was a tran\ltion to synoptic scale 
\outherlie\ without a surge component 

The four \outherly surge ca\es that we n o w  have 
meawred include two surge5 hetween P o ~ n t  Conception 
and Point Reyes (June I993 and June 1996: these are 
referred to as the "southcln caces") and two  surges 
between Point  Reyes and Cape Blanco (Ju ly  and 
September 1996: these are ~rcferred to as Lhc "northern 
cases") Temperature and velocity sections horn these 
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F~guri. 5. V e r ~ ~ c a l  sccrions or polen~ial ~c~~lpcr:llurc allil .~lo~lpsh,)~.c airllow ohaer\ctl hy (he ~ircr:rfl dunng the June 
1994 outher ly  sul-gc  ret ti.^* 10 I..~gu~-c I j. k o ~ c  ~ h c  Tollow111g. ( i )  the w;lvc patrcrn I S  011ly In Ihe uppcr polllon ol'lhe 
~ ~ ~ v c l - s l o n ;  ( l i j  111e 11131111~ Iaycr ~raelf ( p o ~ e ~ i l ~ ~ ]  IC1iipcr,1lurc less 1ha11 295 K )  IS ol'il~111c u11if01?11 I I ~ I c I ~ ~ ~ s s .  ( 1 1 1 )  Ihe 
Ieatling cdgs 01'1he jourhrrlq . ~ l o ~ ~ y s h ~ , ~ - c  .llrl'low (jpectl -, 1 1 )  1s \olns I110 km ,Ihcatl ,,I ~ h s  cloud fronl. 2nd ( I \ )  Ihe 
cloud layel- I a1 lhc t ~ c e ~ n  \url-;ice. 1.r. 11 I \  .I laycr ol' Illy. 
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FORECASTING AND SILlULATING COASTAL OCEAN 
PROCESSES AND VARIABILITIES \VITH T H E  HARVARD 

OCEAN PREDICTION SYSTEhI 

Abstract 

Sustaznrd u c ~ . r ~ r t ~ / r  and efliciclcnl octanlr .  jrr,ld e.sl:mii:v* 
aTe noqc J e u ~ ~ b l < ,  because o j  Lhc nl o,' orran  pn- 
dzctzon . T ~ . Y ~ < ~ I I L J  .Such ~ y s t e r n . ~  p ~ o d , ~ ~ . t ,  T L O W C ( I Y ~ S ,  JoR~- 
casts a n d  dola-rlrzorn .vzmululzonr b y  rncidzng dynarrlzcv 
and oburraa1zon.v irzu Lhr asszmllullon ( I /  rr~?a.rl~rrin.<,n!~ 
znla namirzcrr! rnodr1.s r h ~  Hc~r,,omL O < r c ~ r z  F're,cl~< ,LO,: 
S y s l e n ~  :Y j l c ~ z h k ,  p u ~ i ( ~ b l f .  und (1, 1ir,l7-c ,v~~Lt 'nl  :OT 

nowcudLzny, J o n ~ a s l z n g  ond  szrn:z/riLzons HI(.?-L! P F J U : / . S  

jmnt the uppizcalzon o j  HOP.5 in iuarzon.s ~-ousia:  r n- 
uzronmenl.~, zncluding the .Llldd!r, .I:ii~rt!i~ R~gh: ,  i i ~ ~ r o  
Strazla und .Y!,n~zl (I/ Szrziy, art  pi r , r< , i~ l ( ,d  hrw 

fielc~s In t l ~ r  ,><car: is essenttitl lor ~~ic 'dern  oce i~n  S ~ I -  

e n  i n  r c l ~ ~ l g  For nlar:,; <lppIirat;c,r,s t;:r c9,r:- 
tinrloils Liri,r c s . r ~ l ~ ~ t ~ o n  of thrrc, c!lrr:rl~hii~nal s:n~)l)lii 
realiaaliorls i)vcr .L large regiu11,li ~ I c , ~ : I , L ~ : I  with [ s l ~ b  
mrsosr;ilr r r so l i~ t ion  are r e q ~ ~ ~ r r c i  Ic)r physical, l~i ,~lc>g- 
ical, cher~irc~rl ,  ; ~ r . o ~ ~ s t i c a l  and iiplrrcil st,;rlr variablrs, 
e g ; vrlc,city. I ~ ~ r ~ p e r a l u r e ,  bii>rr~;ws. ~ ~ r ~ l r i e n t s ,  s01111ci 
speed, ant! ritciiit!.~on fields Thrr r  ~rrt. nlilriir couplir~gh 
and  interilctions .Inlong t,hese lielcls \\l11c11 provide hot11 
challenges at111 u p p o r t u ~ i t i e s  for tlir 11sc of intcrr!isci- 
plinary trclir i~c~ii~ts Field e s t ~ r r , , r t ~ ~ ~ t ~  i r r  the 1,cean 1s 
cornpiex & r i ~ !  diitd b?ts are ger~rr.rllv sparse corr1p;~rrci 
t o  rpquiren:c~~;I.s I 'his is for the  rr:<)st p,rrl d u r  to  ILlr 
presencr 01 i r  lilr::? range of i~ i te rar l ive  space and  tilrlr 
s ~ a l e s  ;wro<iirlrri with the wide vilrirlv of oreanlc phr- 

. > n o r n ~ n a  I I I P  c ~ d s t a l  ocean is p i ~ r t i i ~ ~ l a r l y  challer~ginp, 
because uf' n~il l t iple forcing?; c ( ~ m ~ l c x  geometries, dntl 
bounddrv in te rac t~ons .  

Sustairleri ace (irate arid efficient irceanic fie]:] estl- 
mates  are now feasible because of the <advent af ocean 
predictio~i systrrus.  Such systerris pro~irlce nuwc;~st,s. 
forerasts and  data-driven simulations by melding dy- 
namics a r ~ d  r~bseivations via the  assirrlilation of rr~ea- 

, t , r ~ i r ~ r n t \  i111,> ~ , L ! I I , v ~ I < . L I  ~r:c~d.cls . A s s i ~ r l i l ~ ~ l > < ~ ~ :  pro- 
v~c:ra d v n a n ~ i c ~ ~ l  c l ~ i l ~ : s t r ~ : r n t  anci c!ynil~r:ici~i ~ n l e r p o l a -  
11,111 b:rror n7.c~<!cl> ;II;Y" C L  c r ~ t ~ c , J  role ;LI:I! t!lr n~elded  
t ~ ~ l ~ ~ r ~ a t e s  shoulr! .~srt ,r  w1tti Lhr observiltions r r ~ t h i n  ob- 
s r rv i~ t ional  rrrors .tncI si~tisIv the ~ i y n i l ~ r l ~ c s  within dv- 
r ~ ~ ~ ~ r : ~ c , , l  rnc~~ie l  Carr,jr O O O ~ I C ~ ~  (jeeaii prrdiciion by'sten~s 
proviclr I I > ~ C - ~ ~ I I I S I ~ . , ~  S,er ~ r ~ i ~ x ~ ~ l c i r l i  frcc!back+ i ~ ~ c l b d i n g  
. i~ i . rpt~ve  ~ i t r ~ : p l \ ~ i g  1 . 1  I l l t  ~thsr r . . . i t i~ ,~~i i l  ~.91~1pcnlirnl a n d  
i ~ r : p r < ~ v e d  d:r:airiies Sor tllr model corr?pol~e;\ l  

.\ri rf icient ,r:lc! grnerallv applic.rblr c ~ , i l ~ t a l  m e a n  
l~rcciict~i,n s.,steri, ~ r ! ~ i s t  t<rke into acco~in t  t h ~  w!de vari- 
< . t i  , > I  (.oastdl ~ ~ I C ~ I ~ ~ I I I ~ ~ I I ~ L  j c ~ ~ r r e n t s .  Waves, t ~ d e s ;  etc.1 
1~1111 f\)rcinps ( /)IIOY.I t i c  V ,  q i n d ;  erterr1,rl) w h ~ c l ~  vccur 
<,vrr t h e  n;ultiplic~iv of Itin-ie and sp;rre sc;rles T h e  
i , l ,s~rvational r:rtw<,rk will gerierallv c<,t:sist of' a mix 
< , I  pl ;~~forrris  an<! ~cr iz< , rs  with real tirnc, trlernetry de- 
i~lo-;rd In ncsteti i!<~~r:; l ir~s of Increasing rcsoli~tior~s.  T h e  
srl ' )I  c o ~ p l r d  ~ ~ : L c . r i I ~ s ~ i ~ ~ I i n a r v  n:odels for .lssirnilating 
l i l t .  (!;it3 wi l l  II,L:.c. c ~ , r r ~ p ; l t ~ b l e  tlr-o-W;LL ~lesteci cornpu- 
I r ~ t ~ o ~ ~ . l l  d ~ i n i ~ l t ~ s  i'reciic t ~ i , n  sys1e1r.s s h c ~ i ~ l ~ !  decelerate 
sc~ent~f ic  resr;lrrll IIrvp,ress in the i r : ~ ~ l t ~ s c ~ ~ l e  ~ n t e r m i t -  
l c i ~ l  ocean ~ L I I ~ !  I I : : ~ O T ~ ; L I I ~  Pr;rctical dpplic. i~l . i~~n a r e a  
i~iclucie r n a n ~ l g ~ r r ~ c r ~ l ,  <,I Llle rr1111tius~ ( c ~ i : ~ t , ~ ~ l  Lotie and 
I I ~ V ~ L I  alld m~irlrlr  <,pt,rations 

rile i ieve lopi r~r i~ t  I,! specific  region;^! preciictive ca- 
p i ~ b l l i t i ~ s  n i u b t  tllkr inli)  ~ L C C O I L ! ~ ~  rcgjr,!:ill phenomena 
i~rid the i n t e n d r ~ l  .rppl~ci~ti i)ns 01 the svsr r r i~  Accura- 
e ~ c s  1r:ust be I I C L C ~ : I I I I I ~ [ !  ;in(: v a l ~ d ~ i t i o n  criteria estab- 
lisl~ec! I!. is r ~ s r l ~ i l  I L ,  i iistii~giiish three phiwrs I I i  In the 
first descnplzar <,r rrpinrulory phase c ion~inant  scales, 
processes a11d ~rrtcr;ictirrns are identifirc! and  A model 
13 set I I ~  and nuiidaird as adequate 1,. rnrornpass the 
relevanl d v n a m ~ c s  I r i  Lhr sec i~nd.  or dynamzcal phase, 
a detinitivr knc~\rrlr(ige of the circulatior~ stri~cti lres a n d  
~nteractic)ns n:rcst he ilchieved and  tile specihc dynaml- 
cal processes t t ~ a t  poverrl svnoptlc feature evolntion a n d  
?vents establisheci. l I r : i~ng this phase !.he regional pre- 
dictive system IS ralzbmtrd. In thc th i rd ,  or predzcl~ve 
phase real t i m r  f<)rrcast experiments will! dense high 
quali ty d a t a  sptx I I I I I S ~  be carried o u t  ti) oenJy the sys- 
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tem. The find step is the design and verification of an  
efficient regional forecast system with minimal observa- 
tional resources for the desired accurxies  and applica- 
tions. 

In the remainder of this chapter we introduce the 
Harvard Ocean Prediction System (HOPS) and then il-  
lustrate its recent application to three diverse coastal 
and shelf regions with various forcings and phenomena. 
i) the Middle Atlantic Bight shelf/slope front dri.ieri by 
buoyancy effects and dominated by internal dynami- 
cal instabilities; ii) Haro Straits tidal fronts driven by 
the interaction of intense tides and an  estuarine cir- 
culation in the presence of tidal and topographically 
induced mixing, and iii) the variability of the Atlantic 
Ionian Stream system in the Strait  of Sirily and the 
western Ionian Sea driven by the general circulation, in- 
ternal dynamics and regional atmospheric fluxes. The 
first example involves data-driven simulations carried 
out for fundamental dyramical process research. The 
second example was carried out as part of a proof 01 
concept demonstration and involved providing real time 
frontal predictions as input to adaptive sampling mis- 
sion design for deployments of autonorrious underwa- 
ter vehicles. The third examplr involved six werks 
of real time nowcuting and forecasting, initiated o n  
shipboard, which provided environrnrntal guidance for 
NATO naval operations and maneuvers. 

2.  The Harvard Ocean Prediction Sys- 
tem - HOPS 
HOPS is a flexible, portable and grrleric system for 
nowcasting, foreci~sting and simulations. In a d d i t ~ t ~ n  
to its use in fundamental process studies, HOPS can 
be rapidly deployed to any region or the world oces:l. 
including the coastal and deep oceans and across thr  
shelfbreak with open, partially open or closed bound- 
aries. Real time and e t  sea forecasts have been carried 
out for more than adecade in fifteen sites in the Atlantic 
and Pacific Oceans and the hlediterranean Sea (uzd Fig. 
1). Recent reviews [2,  L.3j providr a iornprehensive pre- 
sentation of the system and overview of its applications 
including coupled physlc;ll-acoustical 1.1: and physical- 
biological 15: studies. X rigorous quantitative verifira- 
tion has been achieved for the Iceland-Faeroe Islands 
frontal system 161 Here we will only briefly high!ight a 
few points and new developments. 

The overall skstem schematic is shown on Fig. 2. 
The heart of the system for most coastal applications 
is a primitive equation physical dynarnical model which 
has been specially structurrd for accurate and efficient. 
ralculations over steep topography 17,tIj. Vertical co- 
ordinate options include sigma, hybrid and multiple 
sigma coordinate transformations which are calibrated 
for specific applications via sensitivity analyses to both 
vertical and horizontal resolutions [9]. Horizontal coor- 

dinate options include multiple two-way nests [9, rbtd . ] .  
A variety of physical, biological and acoustical, in situ 
and remotely sensed, da t a  types have been assimilated 
in a variety of applications. The da t a  analysis and man- 
agement modules of HOPS represent a major resource 
of the Harvard system. HOPS methodology involves 
the construction of a best possible initial synoptic re- 
alization as  a starting point for the assimilation of new 
synoptic data.  There is an  emphasis on the treatment 
of da t a  prior lo assimilation in order t o  maximize the 
impact of new da ta  in the light of prior data.  Struc- 
tured dala  models 13: are utilized for lhis purpose, e.g., 
feature models or typical synoptic structures [10,11,12] 
and empirical orthogonal functions (EOFs)  in one to 
three dimensions. Recent developments include: i) the 
use of temperature and salinity based, rather than ve- 
locity based, feature models which are more suitable 
over steep topography; ii) the addition of a dynamically 
balanced vertiral velocity to the feature models for ini- 
tialization and assimilations which will couple physics 
and biology: and, iii) the optical dynamical component 
(Fig. 2). For the construction of best possible synoptic 
realizations multiple da t a  streams, including structured 
da l a  models and seasonally adjusted historical synoptic 
realizations, are melded. Thr  modularity of HOPS fa- 
cilitates the se lect i~n of a subset of modules to form an 
efficient configuration for specific applications and also 
farilitates the addition of new or substitute modules. 

A robust (suboptimal) optimal interpolation (01 )  
da t a  assirnilation scheme with weights set by simple 
engineering-type assu~nptions has been used in HOPS 
for several years (31. 01,  well understood by meteorolo- 
gists, was adopt,ed in order to focus research resources 
on the assimilation of real ocean da t a  sets rapidly into 
the ocean dynarnical models for i~ first round of impact 
studies. .4 second quasioptimal assimilation scheme op- 
t h n .  Error Subspace Statistical Estimation (ESSE), has  
been developed and recently added to  the system. A ra- 
tional approach wa> used to identify an  efficient statis- 
thcal estimation scheme feasible for use in real time with 
real oceanic da1.a sets. The ESSE; goal is to determine 
the nonlinear rvolrition of the oceanic statc by mini- 
mizing the rr~ost energetic errors under the constraints 
of the dynamical and measurement models and both of 
their uncertainties [ l3] .  Error propagation is estimated 
via an  ensemble forecast using the full nonlinear model. 
The evolving error subspace is characterized by singular 
error vectors and values, i.e., time evolving three dimen- 
sional error EOFs. Melding weights for assimilation are 
determined using a minimum error variance criterion. 
Importantly, melding occurs in the error subspace and 
is thus much less costly than a classical analysis with 
the full error covariances. The error subspace is up- 
dated a t  the melding step by combining the forecast 
principal errors, i.e., errors arising from the dynamical 
model and the loss of predictability, with the error co- 



variances of the  measurements An example of ESSE 
assimilation is presented in Section 3 3 

3. Forecasts and Simulatiorls 
3.1. T h e  M i d d l e  A t l a n t i c  B i g h t  S h e l f - S l o p e  F r o n t  

T h e  frontal  boundary  between colder, fresher shelf wa- 
ters a n d  warmer,  saltier slope waters o f  the northeast, 
coast  of the  I!nited Sta tes ,  a l though part,ially density 
compensated,  suppor ts  a frontal  jet which exhibits  vig- 
orous submesoscale meandering a n d  eddying variabil- 
ities T h e  dynamics  of this frontal sys tem,  which is 
not yet well understood, is of interest not only ~n its 
own right,  b u t  also because the associatrc variabilittes 
give rise t o  shelf-slope exchange proresses for hea t ,  nu- 
tr ients,  etc T h e  de terminat ion  of the quali tat ive and  
quant i ta t ive  characteristics of these rxchange processes 
are i m p o r t a n t  topics in research 1111 deep sea,'coastal 
ocean interactions. Dynamical s t ~ t d i r s  vla both  ideal- 
ized process sludies a n d  d a t a  driven simu!ations have 
been carried o u t  [9, a n d  nowcasting. I ~ r e c a b t i n g  and  
simulations of coupled physical a n d  acoustical fields is 
current,ly in progress [ I l l  

For initialization of the shelf-slope front a tempera- 
ture  a n d  salinity based feature rnodel w u  constr .ict?d 
which, under appropriate parameters,  devclops within .I 

few days  realistic variabilities Shelf-slope interactions 
have been studied both  in the absrncr  a n d  presence of 
warm core rings of Gulf S t r e a m  origln I l a t a  sets a s s ~ m -  
ilated were from the extensive synoptir  hydrographic 
surveys with nominal 25km sampl ing  of the  M.-\R.LI.\P 
project  1151 a n d  the very high resoll~tion hydrographic 
d a t a  taken from the  rCV Bear in 1958 in a one degrre 
square centered a t  39.5' N lat i tude a n d  70 5' W longi- 
tude.  Fig 3 a  shows an  initializalion field consisting of a 
feature model yhelf break front and  a feature model ring 
embedded in to  shelf M A R M X P  clinlatology and  a uni- 
formly stratified slope. M A R M A P  synoptic d a t a  from 
May, 1984 is assimilated in to  t h r  initialization of the 
30-day long s i n l ~ ~ l a l i o n .  A two-way nested inner grid of 
3 k m  resolution is embedded in the  larger regional do- 
m a i n o f  9 k m  resolution. T h e  simulation on day  24 ( F l g  
3 b )  illustrates a n  interesting type of far field ring frontal 
interaction 'Two long filaments of shelf water are br lng  
drawn o u t  a n d  a n  isolated shelf water eddy is present 
Note t h a t  the  nest successfully copes with the  presence 
of a partial  r ing in the  fine domain  A four day  t ime 
series from a similar simulation with no ring b u t  with 
RV Bear d a t a  assimilated is shown on Fig 4 for the In- 
ner domain  Assimilation took place during days  3 and  
6. Both  shelf a n d  slope waters intrude across the shelf- 
break a n d  two way exchanges occur Results of these 
studies indicate early growth of a t  least two types of 
unstable waves followed by spect,ral sa tura t ion  a t  many 
scales, nonlinear wave steepening a n d  nonlinear trans- 
fer t o  larger scales, events vortices, a n d  hammerheads  

T h e  front has  been observed to  reestablish itself from a 
turbulent variability field over steep topography 

3.2. H a r o  S t r a i t s  T i d a l  E'ronts 

Haro St ra i t s  lie to  the east of Vancouver Island between 
the S t ra i t s  of Georgia a n d  J u a n  de Fuca I Fig 5 )  These 
s t ra i t s  consti tute a large estuarine sys tem in which salty 
water of North Pacific origin flows northward a t  depth  
a n d  is mixed with fresher water primarily of riverine 
origin flowing above it seaward a n d  southward  Haro  
St ra i t s  is believed t o  be the  region where most of the  
[nixing takes placr,  i l l t h ~ l ~ g h  Lhr relative impor tance  of 
ptr>sibl~ r i r~x~r lg  {>~ct'.rfics dnd I<~ratl . ,n* i ~ ~ l s  Iln,r h r r n  cu- 
i r ~ l d i ~ l ~ ~ d  116  r 11" r!,tuzr>nc clrl 11Iiit1on IS ~ t : d ~ ~ ~ r n ~ r a l i ~  
cati iplcd tav a n  vnprgrtit 1:~Iitl ll~om.c L V I ~ ~ I  !1pcecl3 in L I I C  
I I I I s 1 ,  I.)r~,.c~n h:; -ir-i~riil l,iddJ 
l c > r ,  111g qjr13til ~ ~ P I I L ~ ,  :iir t idal  c ~ r r t t I a L t ~ ~ ~ ~  varlcs frnrn 
t l c ~ . f  (fa;; a s  ..vril L ! ~  3 9 1 1  I n ~ n ~ e r  t ~ r r ~ r  v(-,~lrv. W I ~ I I  r r~ax- 
i r n r ~ m  tides orcurring in .June a n d  Ju ly  T h e  romplex  
tnpography and islirnd geometry [ F i g  5)  causes the 
liow to  be acceleratrri ~ I i r c ~ ~ ~ g h  passages between islands 
a n d  over s ~ l l s  which pr,)vides d mixing mechanism. .A 
variety of t idal  frunts t)cclir in the  region In particrllar 
;I t idal  front with .L gzrlerally north-sonth axis is often 
observed to  occur L o  t h r  south  of Striarl  Island 

In the summer  US 1996 the  Harvard group partici- 
p,~t,ed in a coupled physiciil a n d  acoustical s tudy  of the 
Ha10 Straits  tidal frontal p h e n o ~ l e n a  in collaboration 
with scientists frorri tllr Insti tute of Ocean Science (Sid- 
rrry,. hlassachusetts lrtotitute of Technology, and  the 
Woods Hole Ocrdnographic Insti tution j18,19,2Oj. T h e  
project objectives were oriented both  towards: i) the in- 
vestigation of basic scientific dynamical processes; a n d  
iii the developmenl of w e a n  predictive system method-  
ology with adapt ivr  sampl ing .  Platforms included ships.  
;urcraft ,  rnooritlgs. Hodts a n d  autonornolls underwater 
vehicles (AU\..s). 'l'hr I IOPS participation focused on 
the e b b  t idal  f r ~ t n t  south of S t u a r t  Island. Real t ime 
H O P S  with d a t a  assimilation carried o u t  
from 24 J u n e  to  3 .lllly 1996 were supplied l o  the  M I T  
it I;\ group, who took them t o  sea o n  oprra t iona l  work 
stations abuard  t.he vehicle tendel vessel The forecasts 
were used t o  a d a p t  the  .\LV mission tracks for effi- 
cient sampl ing  of thc frunt a n d  for verificdtion missions. 
HOPS functioned ;is the circulation model central t o  
t h r  XIJV Laboratory's  system schematic shown o n  Fig 
6 T h e  decision to  participate with H O P S  in J u n e  1996 
was taken only in April 1996 a n d  thus  this exercise re- 
quired ;L rapid se tup  of a forecast system for a n  unfa- 
rniliar region of highly complex a n d  poorly understood 
phenomena and  rugged geometry a n d  topography. T h e  
main  o b ~ e c t i v e  was to demonst ra te  the concept of real 
t ime predictions for adapt ive  sampl ing ,  with d a t a  as- 
similation a n d  feedhacks between t h r  model a n d  obser- 
vational components of the overall observational and  
predictive system 
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T h e  front south of S t u a r t  is observed t o  form dur- 
ing e b b  tide and  to  disappear Rood. Dvring e b b  there 
is a flow from the north of the  island around both  thr  
eastern a n d  western sides of the island, which convergrs 
t o  the south  of the  island a n d  continues to  flow south- 
ward,  e.g., (Fig. 7). At slack the  flow reverses. A s t ~ ~ d y  
of particle t ra jec tor~es  associated with the tidal circula- 
tion was carried out  based on the IOS tidal flou n ~ o d e l  
1171. I t  was foilnci tha t  water parcels on e ~ t h e r  side [)I' 
the ebb  front hiui originated in c l o s ~  proximity to  ~ a c h  
other t o  the  north of S t u a r t .  Approximatrly two t~c!,~i 
cycles were r e q ~ ~ i r z d  for the  waler 11, be transported 
perrnanently S~OITI  the nor th  of the islana t o  the  soiith 
of the island. T h r r e  are two major  charinels to  the west 
and  south of S tuar t  (Fig.  5) ( \ e n  a n d  Speiden Chi~11- 
nels). T h e  I~ypothrs i s  was i n t r o d ~ ~ c e d  tha t  mixing In 
the  flow t,hrough these channels was rr111ct1 rnorr inlensr 
than  in the flow th.rough H.lro S l r t ~ i t s  to  the west ol' 
S t u a r t ,  which togrther with the shrcrr deformation ~rrici 
corvergence in the tidal flow causrd thc front. A r n ~ x i i ~ g  
model quadratic in the How ancj i n v e r s e l ~  propor t~r ) r :~~l  
to  the depth wc> ~~ser!. Because of the shorr ~ i r n e  aviril- 
able a simple prototype bersion of HOPS was s r t  I I ~ .  

Tracer fields wrre n ~ i x r d  a n d  a<!vrctrtl hv the IOS t i d d  
velocities in t h r  upper layer or  ;L c i ~ n c r p t ~ i a l  I.wc lavrr 
model. T h e  prirliitive equat ior~  with combined t ~ ~ i ~ ~ l ,  
wind a n d  bnoyancv d r ~ v i n g  and  .I rilore sophistirat,t,~! 
mixing n-,ode1 is a na tura l  extensi<,n. F~jr the  protorypr 
model utilized, Fig. 8 a  shows i~ sillin.tv ~nitializnti(>r: 
based on NOD(: l~istorical  d a t a ,  24 hi,~::s prlor tu t l ~ r  
maximum e b b  tide sit,uation shown ,,n Fig 8b .  whicli 
illustrates t h r  frontogenetical n ~ e c h a ~ ~ ~ s r r ~ .  

'The real tirne oprrationa! forecilsts iissin~ilateci C T I I  
d a t a  from both  the  prior dav's  .A!"kr rr~issions and  a 
daily survey from a charter vessel. '['he charter vez- 
sel sampling wils subjectively d e s ~ g n e d  each dav by thr  
Harvard group b,ueti on the  H O P S  forecast. 'The daily 
AIJV mission and  (:'I'D surveys wrrr carried out, n o r n i  
naily from 6 a.nl. to  I2 noon. ' r h u s  the daily forecasts 
were of 36 11o11rs ~111ral.ion in urcier ti, allow the assinl- 
ilation of the prior day's d a t a  and L C )  extend Into Lhc 
forecast day's  rrlission time. For each forecast; trac- 
ers were initialized by clirr~atology. r\ svstrrnatic ver- 
ification s tudy is in progress. A successful example is 
presented o n  Fig. 9 for 25 J u n e  1996. I'he initial I.rn1- 
perature a n d  silliniLy are shown on Fig. 9 a , b  a n d  t h r  
predicted front3 clurir~g ebb  a n d  a t  a h r , ~ ~ t ,  midpoint of 
the morning ALTV  perat at ion are shown on Fig. 9c,d.  
Guided by this prediction C T D  carried hy  a n  XUV ar -  
complished a successful a n d  detailed snnipling of the 
front which also provided an  excellent verificat~on of 
the  H O P S  f o r e c u t .  ' Ihe  ACV sa l i r~ i ty  sect,ion on Fig. 
ye was obtained by the vehicle yrr yoing between the 
surface a n d  20 rn along a 3 k m  track; the vehicle re- 
versed direction half-way through the mission a n d  t h ~ s  
crossed the front twice. 

3.3. The A t l a n t i c  Ionian Stream in the Strait of 
Sicily and the Western Ionian Sea 
South  of the island of Sicily and nor th  of the  African 
roas t ,  a narrow s t ra i t  (Fig. LO) connects the  west- 
ern a n d  easterri basins of the Mediterranean Sea. In 
the west therr  is a shallow ( ~ 2 5 U r n )  sill a n d  t o  thz 
e ~ u t  a steep shelfbrrak, past  which the bot tom plunges 
from only a f r ~  hundred rneters to  the depth  of two 
t o  t,hree thollsand meters, 'The shelfbrrak fans o u t  t o  
the scuth  arid the shelf-slope region nort,h of Libya is 
broad a r ~ d  gent,le. ' rhe  flow in t h r  region is driven both  
by hlediterranrarl general circulation features a n d  local 
atmospheric Huxes. In the upper ocran;  relatively fresh 
water of ktlirntic origin Hows erastward in a topograph- 
ically controllrd jet ,  the .Atlantic lonian St ream (AIS) 
(F ig .  1 I!, which, after flowing nor!hward along the nar- 
rcw shelfbreak, s ~ p a r a t e s  in to  t h r  western lonian Sea. 
Wind-driving can maintain a codst,i~I current off Sicily 
a n d  can  inducr t,iologically irnporldnt upwelling events. 
i n  1994; the IIilrvarc! group undertook the deve1opmer.t 
of a rrgional Iorrcasr system (;,I this region in collabo- 
ration with S.A('I.ANT Lndersra Research Centre sci- 
entists ,  led in~b~ill lv b) Dr. Alex Warn-Varnas a n d  sub- 
sequently by I?r. ,111rgeri Sellschopp, T h e  region was 
( hosen as  I.rs!, brd for developing I1OPS coastal  capa- 
bilities becausr o f  its challenging geometry and topog- 
raphy and the varirty of intera, ti.ir processes and  driv- 
ing mechanisrr~s. . i n  exploratorv cruise in November, 
1994 [.XIS 9J lrd to  the design o f a  drfinitive survey for 
tlir regiondl c i r c ~ ~ l a t i o n  features, whicll was completed 
In October,  I!l!15 (AIS 95)  [ ? I ] .  ,,l"rorn mid-August Lo 
early October i n  1996, NATO navirs carried o u t  in this 
region a n  exrrclse in rapid e n v i r o ~ ~ r r ~ e n t a l  assessment 
called Rapid  Iiesponse 96 (RR9ti)  during which H O P S  
w i ~ s  ~usrd for rriil timc operational nowcasts and  Sore- 
casts (221. 

H O P S  W ~ L S  ~nit ial iaed a n d  ~ I I I I  a t  sea aboard  the 
NRV Alliance rrom I2 t o  22 Ailgust, subsequent fore- 
cClsts were car r i r~ i  out  a t  the S.XCLANrT Centre. T h e  
riowcdet and  forecast maps  show11 on Figure 11 are 
taken directlv fr(ir11 the RR96 web site,  where they 
were made  rr,tclilv ;~ccessibir t o  ~r l t r r r s ted  participants.  
S tandard  sound speed sections were preparrd as  indi- 
cated 011 Figure 10. At the s ta r t  of the exercise, a 
first guess synoptic realization wiu prepared by warm- 
ing the  Octr,ber 1995 realization to  Augnst conditions 
by artificial surface heating of the fields while under 
the cor~s t ra in t  of primitive equation dynamics.  As it 
,was acquired hy the ship,  hydrographic d a t a  was as- 
similated intc this circulation and  by 24 August only 
contemporary da1.a was utilized. Hased upon subjective 
interpretation uf the HOPS forecasts, adaptive sarn- 
pling pa t te rns  wrrr designed for the lat ter  par t  of t h e  
ship's cruise and for the two t o  three A X B T  flights per 
week throughout the dura t ion  of the exercise. T h e  U.S. 
Navy's Fleet Nurrierical Meteorological and  Oceanographi 



Center produr ts  were used t o  prepare atmospheric mo- 
m e n t u m ,  heat a n d  fresh water fluxes a t  Harvard; which 
were then  relayed t o  the forecast center 

Figure I I illrrstrates the na ture  of the mesoscale 
variabilities occurring in the main  thermocline due  t o  
internal dynamics  T h e  axis of the  AIS is a thermal 
front a t  a b o u t  26"C Notable features are the Adven- 
ture  Bank Vortex (ABV] centered a t  ~ ( 3 7 ' 3 ,  !3"E), 
the  Maltese Channel Crest (bI(:(:) ( 3 i 3 4 ,  1 4 3 E )  and 
the Ionian Shelfhreak 'iortex ILSL / I36 5 " N .  15 25"E) 
Cornparing Figs 1 l a  a n d  I l b ,  ah? rx ten t .  shape  and  
configuration of these features itre serri ot shift and  vary 
over tens of k i lorne te~s  o n  a time s ~ ~ ~ l r  of three t o  f o ~ ~ r  
days.  Aciditionel near sur far r  vi~rrabilities occur d u r  
t o  local atmospheric forcing, ils shown on Figure 12 
A shift of the  wind from southrrly a n d  weak (12aj  t o  
westerly (12bj  is accompanied by it significant shifting 
a n d  strengthening of the surfacr rur r rn ts  (12c.dj  

T h e  ESSE methodology describrd a t  the end of Src- 
tion 2 was used in real t ime for thr  f r s t  t ime to  prodrl( e 
a research-operational forrcast of lirlds and  errors a s  .L 

demonst ra l ion  of concept a n d  fr;uibility Kesulbs &re 
presentrd in Figure 1 2  for a t h r r r  d i ~ y  forecast heforr 

(12a)  a n d  after ( 1 2 b )  T h e  pattern of t.hr 
expecterl error of the objectively ;~r;;~Iyzed 12XR'r d a t a  
(12c) indiraces a flight d r s i g n r ~ i  tirst, t o  t.ie down t h r  
shape  of the  ISV a n d  then to  ;~rcuri~tel:v m d p  a luc,~l 
region of operat,ional interest .I'tir forecast error m a p  
after assirnilation (12dj  indicatrs rrri;r m a x i m a  w!iicl: 
nerd t o  be sampled  in lu tur r  liights Iltilizing tii:rr 
SUN Ultra Sparc 2 C P L s  and  orlr Spar r  20 14 CPI,; 
workst, i~tions,  the three day forer,lst, took one day 01 
wall clock t ime Follow-up pararrlr trr  sensitivity strrd- 
ies a n d  considerations of i ~ n p r ~ ~ v e d  networking of par- 
allel computa t ions  [13j ind i ra t r  I.hat elapsed t i m r  f o ~  
producing real t ime forecasts io111d be halved 

T h e  t ime evolution o l  the  r rg lor~al  circulation is 
driven by internal dynamical pruresses, inflow and c)~lt- 
flow boundary conditions anri s:~rfilre atniospheric !lrlxes 
Knowledge of internal dynamira l  processes a n d  bounci- 
a ry  conditions is affected byt  he c a l i b r a t ~ o n  and  t u n ~ n g  
of t h e  ocean dynamical model and  t h ~  quali ty,  qllan- 
t i ty anc! distr ibution of oceanic d a t a  T h e  knovilrdgr 
of sur far r  forcing is affected by t h r  t y p r ,  accuracy an11 
quant i ty  of atmospheric Huxrs and  the accuracy of t h r  
atmospheric weather forecasts In addit ion,  both  the  
atniovphere a n d  the ocean have pr rd~ctabi l i ty  l imits of 
a few dyas  a n d  a week or  two, rrspectively. d u r  to  iri- 
ternal  nonlinear dynamics.  A quick-look verificat~on 
comparison of HOPS RK96 forecasls with nowcasts ilnd 
AVHRR composite SSTs  indirated t h a t  variabilit:y In- 
dices for the  location and  shape  of t.he ABV, M C C  and 
ISV were predicted a t  a success rate of approximately 
75%. T h u s ,  RR96 indicates l h a t  a usef~illy accurate 
forecast capabil i ty for a few days  has been achie..rri for 

4. Summary and Conclusions 
T h e  melding of d a t a  a n d  dynamics  via assimilation of 
observations into coastal  ocean observing a n d  predic- 
tion systems provides a powerful new methodology of 
field estimation.  Such systems must  be anticipated t o  
significantly accelerate progress in coastdl ocean science 
a n d  t o  enhance capabilities for efficient a n d  conlprehen- 
sive coastal zone rnanilgerrieot a n d  operations 

The Harvard Ocean Prrdiction Systern ( H O P S )  is 
a Hexible, portable a n d  generic system for n o w r a t i n g .  
f o r e c c ~ t i n g  a n d  s in i~ l i~ t t~ ions  ivhirh can be utrlized in any 
region of the world ocr'iii: coilstal a n d  deep o(ear1 a n d  
.Lrross the shelf b r ~ i l k  ' rhr  physical dynarnical n ~ ( ~ d r l  IS 

prinritlve equation hilsrd ;~nci d a t a  assirnilation schernes 
include optimal interpoliltion a n d  a novel quasi-oplimal 
algorithm (error srrbspilrr sirn~rlation estimation) which 
eHicirntly forecdts  both  errors and  fields 4 variety of 
physical, biological ilnii , ~ r o ~ l s t i c a l .  in situ and remotely 
sensed. d a t a  t:,pes have been assimilaterl in '1 variety 
.,I applications anti regions HOPS has rrcently been 
srlr( rssfr,lly applied to  t.hrrr diverse coast a n d  shelf re- 
gions: the Middle At,li~nt.ir Uight shelf;'s!ope frunt, Haro 
St ra i t s  t,idal front,  anti t,hc 12 t l i~nt ic  Ionian S t r e a m  sys- 
t r r r ~  i r?  the  Strait  of S i c ~ l y  and Lhe wrstern Lunii~n Sea  
Q,lallLdtivr s n d  qt,i~ritrt,;rtivr rornpa;isc,ns indicate Lhat 
rusef~llly a rcura te  real tirnr ~rprratiorial  forecast rapabil-  
~bi rs  have been achievrcl 

, , 1 his resealch w w  s ~ ~ p p ~ ) r t , r i I  a t  Hdrvard Lnivrrsi ty by 
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Rapid Response to Geophysical Information NeedsExperience of 
establishing an Atmospheric and Ocean Forecast Model for the 

Olympic Games 1996 

Abstract 
tlc\cloped at PI ~ l i c c ~ o l i  L III\ CI-\I~> hy (; I. h l c l l o ~ - ; ~ ~ i d  

. l o l r l  I I I o / l l ~ l ;  I ( ( I  I ,2 1. B lumbc lg  ( l lo \ \  a1 I I ~ d l o 0 u ~ l l  1 1 1 ~  I I I It. 
~ , 1 0 1  , 1 1 1 1  , , , f l l l l l ~ ; l l l  l f l l i l l  1111~1lc111~1tnt!on a1 I ) K b l l  15 dcscrihcd 111 121 
I<,~IIII T I I ~  III~III~~I.~( 111 IIIO(/(,/ \(,I-IIII 11  (I\ OIIOI<IIIOII(I/ (I/I(,I 
I/II.(,(, \I <,c,L\ 11 (/<'/II <,1od24 /I~III.; /O\.~,I (;\I\ of II III(/~/II I, 
Llll ,y1 I(/) (Ill(/ 1 Ill l12111\ l.<OO l l l < ~ t < ~ l  y1 !(/I /(I/ 1/11, I111 c j  iil.<'ll 
\i l/ i i(i/~/c, ~\/u,I.wII~ 1, I-~,:.(II-I/~u:' III~~I~III~/\ r1111l 11.1 IIIII~ 111 
(1\/XJ( I\ 11/ 1/11, \<' I- l l / l  I 1  115 ,g(l;lll,</ t 11111/111 /~1~0/~/1~11l I\ 

Ill(, /(I1 L 11/ 11,(1/ 111111~ Ill (,(Ill 1/(11(1 /(I1 1/11, (I( <~1111 e l l l ( l I \  \I\ 

1. Introduclion 
:\Itel- the ~ ~ I ~ O I > I I I ~ I C  IIIJI\ of1 S L ~ \ i ~ ~ l ~ i , ~ I l .  Ciec1r21i1 III 
1005 the ~or\\c;l;lll \lc~corolog1c<ll l l l \ l l t l l ~ ~  ~ l l \ \ l l l  
\\;I\ :I\!,~CI ll! rlic \o~-\\e?i:~l i  Y c ~ c l ~ r ~ ~ i ~  :\\\OCI;I~IOII 1 1  
11NMI c o ~ ~ l i l  1110\1tIc \pecial lo~cc; i \ r \  o l  \ t ~ n d  ant1 
cul-I-cnt\ lol- 11ic Kol \ \cg lan > ; ~ c I i l ~ l ~ g  rcaln clul-ing lhc 
w i l ~ n g  e\e l l l \  o l  l l ic Olympic Game\ III 1006 A \  I;II~ a\ 
l i i i i l  June o l  IOOh. i c . only lo111 ~ v e c k \  hefore Ilic 
O l > n i p ~ c \ .  I)N\ ' l1 l o r m r d  a \III,III 9 1 - O L I ~  ( 1 1  
11icrco1-olog~\r\ ,111cl oce ; inog~-ap I i c~  ro p ~ o \ ~ d c  rhc 
Iiccc\\al-! 1n1o1 III,IIIOI~ hrl\ecl 011 ;I \CIUI> 01 ;ill ; IL I [OI~~; I~I~ 

IILIIII~~IC~I~ I I~O~CIII I~ I~ i~-ee;~\ t  of \\ 11it1 ,111c1 CLIII-en[\. I ' l ic 
\>\tern \ \a \  L I ~  ;111tl 1~1l l11ing ;III-c;I~I) ;IIICI 1111-ee \\ech\. 
one wcch h c l o ~ c  rhc O lqmp ic  \ailing c \cn ts  \ \a \  
\chcduleil ro tahc place. 

I'hc backg~-o~~ l l t l  101- lhc ~-cquc\t \\;I\ rli,~l rhc Nor\\c:lall 
! a c l i t i n ~  rc;Inl ~ILIIII~: the ~ I C \ I O I I \  O l ! r i i p ~ c \  I I ~  

13;11-cclona. Spai l~ .  11,1c1 cuperiencecl 11i;lt \l>cc~;il clcl,~~lccl 
\ \ i d  fol-eca\r\ ohra~ncd d~~.ccl l !  II-OII~ I )N \ I I  \\;I\ o l  
\slue. I n  p;~l.liculal lhc! maint;~~nctl  I~I;II 11 % a \  n ~ I - L I ~ I ; I ~  

set ol ' iniol-matio~i allti Ihnt i t  h ; ~ l  l ic l l~ct l  ~ h c  N o ~ - u c g ~ a l ~  
rcaln to \vin a 2olcl ~iiecl;~l i n  [he Euro l~c cl~nghy c\cnr 
Th i \  time al-ou~icl lhcy al\o a\hctl lo] clc~ailed curl-cnl 
lO~ec:~st\. ill P;I~~~~III;II- \111ce large liclal cul-renl\ had heell 
oh\er-\ed ~ L I I - I I ~ ~  ~ l i c  prcoI!nlpic 11.1~11 ~ \ c ' I I ~ \  

I )Uh l l  lias li)r \011ic tlnic ~ s \ u c d  Il)l cc;~\r\ o f  cul-rcn15 
and storm sul-gc\ In NOI.L\.C~I~II \\;I~cI-\ bilscd 011 a l i 1 1 1 )  I.,~,,,., 1 ~~~~~~l~ (,I a 4s 11,,,11 cul-lenl ;llld ,c;l I ~ \ ~ I  fi)lCC:lsl 
t l~ rcc -d~~ i ien \ io~ i ;~ l .  h a ~ o c l ~ n i c  n u ~ i i c l  lei11 ocean model \ ;llltl rcl1 ~ ~ l r ~ c g l ~ l l l  c,ll l:cbl-Ll;ll-! 20,  I 997 S C I I I ~  CIII-LC\ 

opcratlng o n  a 20 km g r ~ d  mesh (c  g . I:igure I )  The rca ~ ~ \ ~ l  In llli.lcl, ( ,111Cn1, 21-c I ~ ~ I C \ ~ I I L C C ~  a \  ;III-o\\\ 
~ n o d c l  IS a \ ~ I \ I O I I  ol' lhc I'r~ncctoli Occali blodcl (POM) I hc ,Irlo\r head ~OIIII, 111 llic C ~ I I C C L I ~ ~ I I  0 1  1 1 1 ~  CIIIICIII dlicl 11' 

and IS called [lie I \rual-lne and C'onslal Ocean hlodcl - Icllg~Ii I> l ~ ropo~-~~c>~ la l  L O  rhc CIII-]el11 \peril I Ilc \c.~lc 1111 111 \ I  
T I i r c c - D ~ ~ ~ i c ~ i \ ~ o n ; ~ i ; ~ l  ( F C O h l 3 D )  Ir \ \ a \  o ~ - l ~ i n a l l >  I, g1\c11 111 IIIC ~ I ~ L I I ~  



FISUR 2 .  E.\i1111plr of 3 DEuMl : ~ t ~ ~ ~ o ~ p l l e r i c  h~rrc t~qt  I I Y I I I ~  l h t  ~noclrl HIRLAM. S I I ~ W I I  1 ~ 4 8  hou~ Sowtar? ~n~llarcd :IL'& 
hour U1'C O I I  'Fehru:~r/ 24. I9!)i ior \ V I I ~ ~  a1 I0 II I  iind lnlcnn S C ~ I  lcvel prcsxL!rc. 

TIIF octal1 lorecast take\ 115 rn;Iltl d t i u ~ n g  force\ \ ~ ~ c l i  a\ 
m ~ n d .  a t n ~ ~ s p h e ~ - t c  pre\auR atid heat fluxes from H ~ I  
atrnosplrrre   nod el fol-ccasr (e;g.: F i g ~ ~ r e  2). Addit~otlal 
forcilir ir ~ u p p l i c d  by cli~iintologicaI (month11 ~ n e a n )  
C L I I - I - ~ ~ I S  ;~nd  yea level, ~ n c l u d ~ n g  t~clal ~nfnrlnation. Tlirsk 
are p r c i f i e d  ; ~ t  the moilelr ope11 boundal-~es. Finally, 
clil i iat~l0gtcal Inionthly n l e a t ~ )  he rh~va te r  dlschargcs 
fr(>m nlajgl- rivers al.e5~1pplicd $11 the rrlevant locatlot17. 

T h e  \alllc ,111odel has also heen uqed In varlou\ spc.ci:ll 
p~-ojeci\ ~\*hich in\olve\ model i~lg  ~ F d e k ~ i l e c l  curicnr:. 
in I~nltted al-eas. e.g.. the Ve\tfjordeti i l l  northern No]-uay 
ancl ~ I I E  O\ ' l~floKl in $ o u t h e a j n ~ - ~ ~  Norwa)r.Throupli such 
pq),jec[' DNhll has cievelopcrl a %!\tern tor \ \ h ~ c l i  a 
limited alza o.Fsmaller gncl size may be ne\ted into [he 
c.oar?e ~ilerti  gl-id of the f o ~ c a ~ l  tilotlel area to pl-ovidr 
mot-r deidti.e, The Iir\tlng i~ otle LV; I~ .  ~ i i e a ~ i i t l ~  111:it 

~ n l o r ~ r ~ a t ~ o n  IS  only subm~trcul f ~ o m  the coarw m e r l ~  
moclel rc )  the fitit n<e$h moclel. Such a nesting \ystenl 1s 
also ~ tnp len~an tcd  for the a t tn0~pIie1-~c model. 

Belou i \  p?esented the e\periellcr gatnetl frorn the ~ - : l ~ p ~ d  

~.Cspon$r to the Norwegian Yachtinf Xs$@c~a t~on ,  The 
f(>recast sqslem is dascl-ibed in Sect-to11 2, \\liile the 
experience gained is yresclited In Sectton 3. 

2. The numerical modeling forecast system for 
the 1996 Olympics 
In 01-de1- to accommudate the needs ~ ( V I I  cletailed current 
hl-ecaht. the.. a f o r e c a ~ t  that resol\ e5 the cut-rent change5 
ocer the race area, a tl-iply nested ocean and allnosphere 
model system b a s c c l o ~ ~  the operntlynal sy\lerns at  DNMl 
was trnployed. 

W ~ n d s  Lvere fomcafted  sing a -live k ~ n  gl -~d versioll o f  
rlie Notwegian I~rtiited a[-ea 111odel (NC)IILAILI5). T h ~ s  
was r~cst rd  111to a 5 0  km version (NOR.LpM50); rvhich 
In turn was 11cstr.d   ti to the E~unpean  Center for hledi~lm- 
Range L\'eatlier 'Foeecast (ECM\VF)>s global forecast 
model, In coopel-ation w ~ t h  Hydt-equal, In$.. USA: a 
300 m grld V ~ I - S I Q I I  of DNMI's operar~otial ocean model 
EC:OM3U 



( l iencefor t l~  EC 'OMi l l -300)  L\~I.; \et u p  to co\;cr tllc 
\Va\\;~\v Sound race arca..l'll~\ \,ct-\lon wa\ nc\ted \L'~I~IIII 

:I f t \e  h ~ i i  gr~c l  \ ~ I \ I O I I  ol' 111c \;111ie 1110cIel ! l i c ~ l c c f ~ i ~ - l l ~  
t2COhl3U-.i J \v111cl1 ex; i~ .~ l )  ~ ~ i ; ~ t c I i c i l  the NORlL.Ah.15 
,~rcn. Tlie f ~ \ e  hi vcr\1o11 \\;I\ III LLII-11 tic\tcd 111tci ;I 2 0  
hni  grid \ el-\ion co\ cr111: IIIC L'S ca\t co;i\t I'I-on1 Flol-~cI;n 
l o  Long Islalid ! l ~ c t ~ c c f o r ~ l i  I.:C'Oh13Il-20). O n  tlie olhcll 
hol~ndarncs the 20 h111 sr~c l  111oclel \\,a\ lot-cecl bq 111011t111y 
111ei11i c l ~ ~ ~ i i ~ t o l o g ~ c ; ~ l  \ ;iluc\ ol' \aliniry, tcmpcr;~lut-c. 
CLI~~CIII a ~ ~ t l  sea Icvcl ill ; ~ t l c l i ~ ~ o n  to tidal molion l'ro111 
I ~ L I ~  tidal COI~\~~LLICIII\.~I'I~~ \CI LIP 01-the systc111 w i ~ \  111:1tlc 
ca\ier due to \onlc 121-ccaulioti\ l;~hcn at DNPvll i n  \elrill: 
1111 II general opc ra l~o~~ ; l l  ~ ~ ~ c i c l c l ~ n g  \y\telii. FOI- i~ i \ ta l lcc  
ll ic opcs~~ l~c i~ i :~ l  1110ilc1 \~ILIII :1llo\v\ [lie fine 111c\l1 L I ~ ~ L L  

IO he cir :~tiy .;IX :111cl o f  :II~> gslil 111e\li, F~1rtl1e1- ~ l i c  
on-lcntatlon oT11ic l'111e 11ic\l1 ;nil c;in be \ke\vecl ~ - c l a l ~ \ ~ c  
to tl1c c0:11-\c lllc,\ll, ,~ \ l l  1I1c l l lc\ l lc\  l l l L I \ l .  llc>\\e\ct-. he 
rc:~il:~r \+,I[II ~ -e \pec~  lo  :1 l p o l ~ r  , \~c~-cog~-;~pl i ic ~ I - o ~ ~ ~ ~ I O I I .  

:\I1 [lie ne\lecl nloi lcl \  XI-c ~clciin~cal escel?t k>t- the gr1~1 
\we LIII~ COII~I~LIILI~IOI~;I~ ~IOIII;III~ ;11id co1it;un I-~LIL~IIC\ ll1;11, 
u l l e l l  ;~etiv;~teiI. ;III[~II~I;I~~c,III~ \;11cs llic i t i l i r ~ l l i t l i o ~ l  
nccc\sarq lo r  en eve11 l'lllcr grid 1uc\l1 nlodel. Thi \  op l~o t l  
u i s  cxlrcmely ~~ \e i ' u l  ill l l ~ c  11-lply ~ le\ ted approach lake11 
here. T l ic  ne \ l l l l g  o f  t l ~ c  \;I]-IOLIS : ~ t ~ ~ i ~ \ p l i e ~ - i c  i111cI 
oceat~ograpti~c ~noclcl\  \\.;I\ :iccompl~\heti I~~OLI~ I I  IIic 
Ll\c tllc ncl\\ r e ~ ~ l \ . ~ ~ ~ O 1 l  \CII~IIIC ( 1 . ~ ~ 1  131. 

Tlic t o p c ~ y s ~ ~ p l i ~  L ~ ~ l i l  l c ~ ~ ~ c l  COIIIOLI~\ Sol- ?iOKL,4h~I50 ;111cl 
NORL,\h,l5. \vc~-c ~:nlictl l'ro111 111e ETOPO5 ilal,~ba\c. 
The ~nfon-mat~on \\;I\ a ~ ~ l o n ~ ; ~ l i c ; ~ l l  ~~i lerpol ;~re i l  l o  lhc 
model grid on" l l ic l o c ; ~ l ~ o ~ l  oI'111e grld \\,a\ \ l~cc~l ' ict l .  
and ; l ~~ lo~na l t ca l l y  gc11c1-atcil Il ic Int~clloccan mall-11. 

S~nce Noruay i\ a III~III~~I- o f  llnc European C'cntcr 111- 
M e d i ~ n ~ i - R ~ u i g c  L+'callicr I:orcca\~ ( E C M W F i  ll ie \ca 
\~~ t -L l cc  tclnpcl-;~lul-e (SST) coultl be clownloacleil cl1rcc11> 
1'rom tile ECk IM ' I ,  SS'f al l ;nl) \~\.  111 a t l t l i t ~o l l  lhc 
~~t.ci.\\;i~-y i n f o r ~ ~ i ; i l ~ o ~ l  an I l ~ c  open bo~~nc las~z \  ol' lhc 
NOI<L.Ah,l.ljO \ \ a \  (13) auto1ll;lrlc ~-ol l t lnc\ I do\\ nliiailccl 
1.1-0111 [lie EC\ lL \ ' t  ;loI~;il Ic~ree;~.\l c~n~il ~iesteil IIIIO l l ic 
111oilcl e n i p l o y ~ n g  l l ic  FI<S tcc l i~ inque.  I n  l u r n  
NORL;\MjO ]pro\ ~clccl ll lc tlccc\\arq infol-ni;lt~on ,I[ lllc 
ope11 b o u n d , ~ ~ i c ~  l'or 11ic kt11 N O R L A M S  moilel. I1 
i\ i~nportant to ~rcali/c I l ~ a l   he I n o  N O R L A M  motlcl\ 
: ~ l \ o  contain aulonlalic ro~l l i t le \  ul icreby ;rvailahlc I-cal 
l i m e  observa t ion \  (1 l1 ro~ lg I i  l l l e  w o r l t l  w i t l c  
mctcorolosic;~l GTS \)\tc111) i\ ; ~ \ s ~ ~ n ~ l a t c d  tnlo l l ~ c  
; lnaI j \ l \  which PI-ov~cle\ 1111. 1111tia1 c o n d ~ t ~ o n \  (01. c:icl~ 
lorecast. 

S i ~ i i i l ; ~ ~  pn-occcl~~rc\ \\ere :il\o l o l l~ \vec l  reg:~~-d i~~:  11ic 
~ l - i p l y  ne\tecl occa~logr; i l~h~c ~notlcls. .Tlii' bath! ~ilcrt-y. 
c\ccpt fon- ECOkI3I)-300. \\.;is c~gain tahen Iron1 1111. 
l T O P O 5  tlatabahc anti . n ~ ~ ~ o ~ ~ l a l i c ; ~ l l >  ~nterpolatci l  onlo 
the re\pectlve model g ~ - ~ t l \ .  1;or the ECOhl3D-.300 Ihc 
lolx~graphy \V;I\ ~prov~tlct l  hy HytlroQual Inc. bawd OII 

21-]el \pec~f icat~ons I'I~IIII I)N\11. Deta~led nnforrn;~rio~~ 
011 topography is cxlrc~ircly in~portant jince i t  IS \ \el l  

h11o\\11 [hat the t ~ d a l  cu~- rc~ l t \  ,Ire \tl-onyly influenced h! 
c\,ell \111all i le ta~l \  i n  the topc~grapliy. 111 ;~dd~t ton i t  \va\ 
hno\ \n  l l la l  the tide\ pr0\ ~ i l c i l  the i lon i~n,~nt  cut-rent 
c o ~ ~ i l x ) ~ i c ~ i l  in  the race arc,l. 1'111\ ]point\ i o  onc ol' [lie 
1i1'1jcir oh \ t :~c le \  111 \ett111g 1111 l l i c  l'111e ~ i i e \ l i  
occ,~~~ogr;~phnc model module\ l'or a rapncl I-e\pon\c 
action. Dcta l led [opofl-aph! i l l l 'o r lnat~on 1s rarely 
ava~lablc in digital fol-m (\cc c l ~ \ c r ~ \ \ ~ o n  hc lo~v )  and mor-e 
ofrell l l i ;~n not n l~ i s t  he cligir~/ccl lol- each appl~catnon. 

,\I 11ic h o l ~ t l d a r i c  o f  ll lc coal-\c inc\Ii ECOM3D-20 
111otlcl. t l ~ c  ~iece\\;ir> ~ I~~'~~II~: I I I~I I  111 t c r ~ i i \  U S  tlirec- 
ili1lic11\1o11;11 CLI~~CI I I~ .  I~IIIIIC~:I~UI-C ;n11cI \ ;~ l i t~~t !  f~c lds \\-a\ 
r;lhcn from the c l~~naro los ic ,~I  Illcan I - ~ \ L I I ~ \  jtor .ALI~LI\~. 
T l l c ~ c  ilarcr \\:I\ p r o ~ ~ i l i l i l  lh! tlyilroQu:il Inc. 111 d~g~t : i I  
l o r ~ n a l  through t h c ~ r  accc\> to 1111. r c \ ~ ~ I t \  f rom the 
cii,~gllo\ric [-(In\ of T. I-;/cr anil (;. L. b l c l l o ~ -  at lhi l  
I'rincclon I:nlver\~l! [4I.  

l icgarcl~ng t~clal ~ n f o r m ; ~ l ~ o t ~  OIII! t~el,~l ampl~tude\ \\el-e 
;~va~l ;~hlc  to LIS. The) wel-c ,1gai11 ~p~-o\ ' i i lcd h) Hldn-oQual 
Illc. The al~lpl i tudc o~-~gtt lalccl fro111 llic tllodel result\ of 
11ic flohal tidal rnoilel ar Orcgoll Slatc LJt~i\cl-$ity. Since 
11ic I;RS nesting al,pn-o;~cl~ c ~ l l l ~ l o y e c l  also requnre\ 
I I I~O~I~~: I [~OI I  on t~d;tl e ~ ~ r - r e ~ ~ l \ .  t l i ~ \  131-0hIct11 \V:I\. ~ I L I ~  to 
11ic l i l i ~ c  co~ists:~itit\ i ~ ~ v o I \ c c l .  \ o l \ c i l  ill :tti ad l ~ o c  
I~ ICI I~ I IC~.  ob ta~n  the nccc\\,ll-! t ~ ~ l a l  t h ~ n c t ~ c )  eneK! 
rllc l ~ t l a l  ;i l i ipl~rnde \\"I\ ~~icrca\cc l  hy a cet-I:iln f a c t o ~  
.l-li i\ ~IIII~IIILICI~ ~'LI~IOI- \ \ ,C I \  \1111ply 1~111cil b:1\cil o11 
c.;pcrlcni.e ti-om c:il.l~cs Sort l i  Sea l ~ i l a l  111odcllng effol-t\ 
'It I>WYll. 

I"111;111) 11ie 1'trc\h\\,;1ter di\cIi,~rgc IICCC\~;~I-! l o r  the mosr 
clcta~lccl model. i.e.. the EC'OM31)-300. \\,a\ collected 
hy ;~ncl \ ~ ~ b m ~ t t e d  to D N M l  l'l-0111 tlycll-oQua1 Inc. Thl \  
~~lc luc lcd the di\ch;~rzc rrom two ol'rhc 111qot- l-i\er\ close 
lo  ll lc Wassaw Sound I-ace ;~rc.;n. 

2.2. Setup of the operational runs 

111 gcnel-al tlie opcl-altonal run5 \\*a\ clone In a step\\,~\c 
III:IIII~CI: F.il-\t NORl.~AhliO \bra\ 1.1111 ;11ic1 \vhet1 completed 
tI1e11 iXOKl..Ahl5. Only \\ l1c.11 llic I~tmc)~pllcn-~c foi-eca\t 
\ \ a \  cotiipleted \ \ a \  EC0213I)-70 \[at-led. Thereal'ter 
IiC'OM3D-5 was run wli l  lllc11 l'lnally t2C0X1311-300. 
'I'li11\ infol-mation tt-om one ~not lu lc  \\a\ only n~ade  
a\a~lahlc  to the next ~ n o d c l  i l l  I I I I~ once II\ own forecast 
u a \  completed. T l i i \  way a loscca\t Sr-o~n tlie coarser 
IIIC\IIC were always ;i\ail;~hlc c \ c n  1 1 ' 0 1 1 ~  ol' the finer 
nlc\ l i  nioilel forcca\l r1111\ \ l i o ~ ~ l i l  It;lil. 

2.2. I. l \ ' / / l i / , ~  

111 01-dcl- to 11rovndc a 24 hour d i l ~ l ~ l c d  \\~nnd forecast 
hlarllng at 00 I i o ~ l r  LTC. rlic h'OI<L.Ak150 model \\*as 
]run lirst. T h ~ s  run actuallq con \~ \ l s  01'1il~11 r ~ ~ n i s  ~ f ' \ \ ' h t ch  
1I1c lirst three wcrc periht-nncd lo  171-o\ ~ d c  ln~t ra l  \ alues 
l i ~ r  lhc actual 111ode1 (bt-cc;~sI. .l-I11\ I \  ~:II-t 01'\\1lat 1s 
~-cfcl-rcd to as tllc analysi\. 7 l lc \c  runs concnst of a 
scquc~ iw  oftlirec 6 Ihoi~t- fii~-cc;rsl 1117 to the anal1 s ~ s  tlme. 



Dul-ing these 1.~111s all available observations ( t l i ro~~gh  
GTS)  u ~ t h ~ n  rhc at-ca were assnnilatcd Into the modcl 
In add~t ion,  as  mcnt~oncd above, NORLAM50 was also 
forced at the boundaries of its computat~onal d o m a ~ n  
by rcsulrs f'roln the ECMLVF's global forecast .I'l~c 
fourth run rlicn p ~ o v ~ d c d  the 24 hour forecast. 
Nexr. and a \  \(ion a\ NORLAMSO had completed 
foreca\l. NORLAMS u a s  run in fashion 5i1n1la1- to t l i ; ~ ~  
d e s c ~ ~ b c c l  1.01- NORLAM5O. but u ~ t h o u t  any cl;tla 
a \ \ ~ m i l a t ~ o t i  (onl! a \ e r )  f e u  ob \e~- \ ; t t l on \  \ \ e ~ - c  
;~ \ ; t~ l ab lc )  LVhcll NOKI.Ak15 had finisheel it\ lol-cca\l 
t l ~ c  ~ c \ u l t  \ \ a \  a ~ ~ ~ o m a t i c a l l !  \ubnlitted to :I y a p h ~ c  
package ( w e  Sec t~on  7 X 3 )  

The a t m o \ l > l ~ c ~ - ~ c  moc1t.l modules uel-c ser in opcr~trion 
on Jul) 8. I906. i c . one meek prlor to the fir\t race 

The ocean forecasts wcrc not that siniplc to i ~ i i t ~ a l ~ / c  
One of the Inaln problems in ocean forecasting is rhc 
provis~on ol'rcasonably (dynatnically) balanced initla1 
liclds T h ~ s  pl-oblcm stems from the fact that the ocean 
"mcmot-y" I S  m ~ ~ c l i  longel- than the atmosphct-c one, and  
hence ~rcquircs  a 1nuc11 longer  sp~r iu l i  tillic 7111s 
combined \+1111 the fact that no global forecast similar 
to thc E[MLI F atlnosphcric forecast exists fot- the occ;un 
makes the ~ n ~ t i a l ~ r a t i o n  of the occanograpliic tiiodcls 
rn~lcli mote PI-oblemat~c Co~nmonly  the ocean moclcls 
Ilabc to be spun up for sollie length of s ~ ~ n ~ r l a t c d  time 
\\ell allccld o f  tllc actual Eorecastlng tlme To this end 
arcli~vcd ;rtmospheric analysis as  me11 as other fol-c~ng 
data h a \ c  to be L I X ~  T l ~ e  ncccssaIy sp in~ tp  t ~ ~ i i c  is 
commonly dctermi~icd by monitoring tlie timc p c r ~ o d  11 
takes for tlic ~ o t a l  kincric energy to level o f f  Gcncrnlly 
the lal-gcr the gcogt-aphrc domain covet-cd the longel- 
rlic splnup timc. 

Figuri. 3. The NOKLAMS +I8 UTC hour foreca\r ~\\uecl hawel 
on the 00 UTC' hour anal)\]\ on July 28. 1'1'16 The m~ncl i \  
d~\pl:~ycd ;I \  licadlc\\ al-lou\ mllere the l'eatliel- ~ndlcatcs 11ic 
 nil \t~cnftli The allom polnts in the direct~on ol thc m i n d  
Nole the ~nilucncc 01 the land-sea m;ltrlx The c~-o\ \  111 llic 
m~ddlc 01 Ihe l ~ y i ~ ~ e  ~nd~cate \  [he locntlon ol Ihe lace ;IIC;I 

alony 111~ C;I \ ICI  11 CIS C O ; ~ \ I  

Pol rlic present appl~cat ion the EC'OM31)-70 mas spun 
L I ~  fol-a silnulaled p e r ~ o d  o f a b o ~ ~ t  tlircc nionlh b c g ~ n n ~ n g  
May 10, 1996  F o r  t h i s  pu rpose  w i ~ ~ d  a n d  o the r  
:1t1nosl7Iicr1c driving l'orces were downloaded from Lhc 
ECMWF analysis a r ch~vcs  Tlic splnttp was complctcd 
at the simulated time of 00 UTC' July 9, 1006 The tnitial 
\n lucs  for the  spinup were  taken I'lom the August  
c l ~ ~ n a t o l o g y  given in [4] ECOM3D-5 was spun up 
beginning June 15. 1996 nlhile ECOM31)-300 \\as spun 
u ~ i  bcginn~ng July 1 .  1996. T h ~ s  \ fay FC'OM31)-5 could 
take it \  boundary and  i n ~ t i a l  \ a l u c \  d~ t - ec t ly  fl-om 
tIC'Ohl3D-20. and ECOhl3D-300 In 11s turn could take 
1l1c ncccasaly data directly from EC'OM31)5 

~ - I $ L I I C  4 Ex;~~iiple of curl-CIII E ~ I C C ; I \ I  C ~ I I C I I I I C I I I  \$ill) rile 
; I I I I I O \ ~ ~ I ~ I I C  lorecast homn In F I ~ L I I - e  3 'The I ~ r c c a \ ~  I \  1101ii 
Ihc ECOM1D-IOO and co\er\ the lace ali.;t 01 Wa\\a\\ Sound. 
Cull-enl\ arc p~esented ;I\ espla~nctl In Figu~c 2 Notc the 
~nllucncc of the detailed lopogl-aphy on ~l ic  outgcil~tg riclc 

At tlie real time the spinup procedure was \tarred (July 
I .  1996) atmospheric analysis field\ 1113 lo ;tnd includ~ng 
July 8. I996 were for ob\ iou\ 1-ca\on\ not avail:~blc Thus 
llic s p i n ~ ~ p  of the oceanograph~c niodel moclules had to 
hc made in rwo \teps. One LIP to and includinp July I. 
19% and a \econd fro111 July 2. 19c)6 LIP to ;111d ~ncluding 
Ju14 8. 1996. at \vhich tlme the moclcl\ w c ~ c  I - L I ~  in 
opc~; t t~onal  mode. 1.e.. the a t rno\phc~-~c forc~ng uct-e then 
PI-o\ Itled b! NORLAMSO for the ECOM3D-70 and by 
NORLAMS regarding the ECOM3D-5. 

Once the pertinent modcl So~,cca\t\ were PI-oduced the 
r e \ ~ ~ I t \  were  automat ical ly  suhmittccl Lo a graphic  
package for presentation. Two \CIS of products were 
aulomatically produced by this package. One  was 
~ n l c n d c d  for  the Internet and were  in the  fot-m of 
a n ~ m ~ t t i o n s  for both winds and curt-cnIs (he whole 24  
haul-forecast pel-iod. The animation\ wel-c put o n  Internet 
by Sch~bstedNet  (one o f rhc  m q j o ~  Inlcrncr pt-ov~del-s in 
Nol-way ). 



The xxonci p~oduc t  \ \as an autolnatlc generation o l  IS 101-cca\t. hut :d\o lirnits the p o \ s i h i l ~ ~ ~ e \  01 ~ ~ C I ~ ~ O I - I I ~ I I ~ ~  ;I 

pnpcr ~,lols s l i o \ \ ~ l i ~ !  wind I-especti\c currcnts one I i o u ~  ~ i i ean~ny fu l  \allclat~on o f  the ~no t l c l  setup Io l - ;~  lie\\ al-e:l . .  . 
apal-t cc11tc1-cd al-ound the time o f  the races T l i ~ \  \ \ a h  

mricic c iu~ lng  tlic nol-ma1 ~ n o r n i n g  u.ol.k~ng Iioul-s 111 

Nor\\ay " l id suh~ii i t tcd to the Norwegian yachting tc; l~i i  
ill tlic S I i i ~  lilcsiliiilc. r l ius tlie S~rccasts \vc~-c n ~ a ~ l a h l c  
to t l ~ c  tc;lnl cal ly 111 rlic Inornlng US tlmc (six 1io111 IIIII~ 
dlffcrcncc) and \ \e l l  before the races o f  that day 
,A t!l>~c;~l 1.01-ec;l\t ~ i iade b! NORL.AXI5 I\ \ I i o \ \ ~ l  III 
I - ~ ~ I I I ~  7. \ \ I I I I~  ;I ~!17ic;1I ocean fo~-cc,~sl I \  \ h o \ \ ~ l  111 

I11g~1re -1, TIie\c 1p101\ ill-c i ' \ r l~i~ples 01 thc plot\ prc\c~iti.i l 
(111 the Intel-net 

3. 1)iscussioii and final remarks 
The ~ n p i i l  1c\1701i\e 1 0  the I-equest fi-0111 the N o l - \ \ e g ~ a ~ ~  
Yacht~ng ;\ \ \ocia[ io~i h a \  r i~ade poss~blc clue to sollie 
gcncr i~ l  p r e e : ~ ~ ~ l i o ~ ~ s  1ii:lcIe at D N M I  in setting "13 i ~ \  
opcratio~ial mo i l c l l i ~ ig  5ystel-n. Hoaever, tlie \ y \ t c ~ i i  at 
I I N M I  i \  nol pel-lcct. The etperlence gai~iecl 11-om t h ~ \  
cxcl-ciw and s ~ ~ i i ~ l i ~ r  applications leads L I  to conclurlc 
ll lc lol lo\\  111g. 

I ) To I~\I>UI~CI LO ;I r;11)1d raponse reclue\t ~t i \  elec~~lcell! 
a 11iiqo1- ;IcI\ ;IIII;IF~ 1 0  be M ~ t h ~ n  an operation;ll i ns t~ tu i~o l i  
(\LICII ;I\ I I N L I I ) .  I t  makc\ 11 e;~s! to I-ccci\c ancl ~ l ~ a n f c  
o h s e l - \ i ~ t ~ o n \  ;~cce\ \ ih le  o \ e r  the G T S  ( e \ e i i  \ o ~ i l c  
occanograp l~ ic  data arc  ailabl able o \ c r  [ h i \  111.I) 

C'o~i~monl! al \o ilutoliiatlc \!\tern\ for rllnnilif ~ n o J c l \  
111 O~~I:IIIOII,I~ ~ i ~ o i l c  ;111-e;1ci! ~ ~ 1 s t  I I I ~ ~ L I ~ I I ~ ~  g r ;~p l i i c~~ l  
l>ach:~fe\ lo1 Ixc\cntatlon. i e.. the infra\t~-uctul-c I \  

;lIrc;lcl> Ill [>lilcc. 

2)  The ~ i i odc l  \) \re111 cnlploqed should he pol-table. i c.. 
no seopral>hical inlol-mallon. such as grid orient;tt~oli. 
$ 1 ~  ;IIICI IOC;IIIOI~ 01 c o ~ i i p ~ l t a t ~ ~ n a l  domain. \ h o ~ ~ l i l  he 
1i;11-el-cotlcil i n  [lie nlodcls. A l l  such ~nfol-mation slioultl 
he f~ \u i  tIiro11g11 i11101-11iat1011 on Lopogl-aphy. 

3 )  L )~ l l k~ -c l l l  tlala a ~ c h i v c s  \hoult l  be colleclecl ancl 
prcl>a~-al I'OI- ca\) acces\ i n  order to be able to rap1c11> 
CYII-;IC~ l l ic IICC~IC~I ~ I I ~ L I L  to the models, i e.. arcl i i \c\ 01 

topo?ral)h>. ~ i ionr l i l )  mean c l imato log~cal  \a luc \  o l  
\a l ln~t ) .  ~ c ~ i i p c r a t ~ ~ r c .  \ea Ice. cul-I-ent and sea lc\ el. t i c l r ~ l  
motioli. ~ i i u~ i t l i l !  ~ i i c i ~ ~ i  I~e\h\ \n ter  run-off from I - I \~ I - \  

In  11ic e\ ,~~i i l> lc  I r o n  11ic 1900 01) mpicc \ho\\ l i  liere too 
111~1cli tioic \\:I\ \\ ;~\tecI 011 LII-I-;II~F~II~ the t rd~i l  i1113~1t T l i ~ \  
\ \ a \  I~I~IIII~! clue to  11ie lack o f  appropl- iatc 11tl;11 
in to~l i ia t ion 101- tile g i \en are;r. \ \ h ~ c h  cleal-I) I\ o ~ i l s ~ t l c  
the IIOI-I~I~I l ' o ~ e c ; ~ \ t ~ ~ i ~  ill-ea 1.t~ Xor\vi~y. Ne\e~-tliclc\s. 
the task \voulcl II;I\~ hcen much easler ] f a l l  npp~-op~-i;rlc 
global tidal 1nl61-1iintio1i databa\e had been In exlslcncc. 

c71;ln haters F o l  in\t;~ncc \LICII ;I e l ; ~ l ; ~ h ~ s ~  exists for Nor\ve,' 
ancl have hccn ~ ~ s c c l  to advantage for rapid I-cspon\e\ III 

~~~1; I l l  u.:ltel~s. N o r w ~ ~  

1) A major ~prohlcrn pertuning to the oceanogl-apliic [>al-r 
01. the rapit1 I-csponse I\ the lack o f  a real t1111e occ;inlc 
o b s e r \ a t ~ o ~ i  \ystel i i .  I t  not  on14 ~ n h ~ b i t s  a p ~ o p c r  
~nit iul i /at ion (dat;~ a\s in i~ la t~ol i )  o l  the model befol-c c ~ c h  

5 )  'fhc r e \ ~ ~ l t \  f rom N O R L A M S  wa\  \uh jcc t i \ c l )  
\ ;~liclatctl i ~ f a ~ ~ i s t  a\ allable o h \ e ~  \ atlolls t i \  c~ G'I'S ;111cl 
,~gailisl s ~ x c ~ ; ~ l  obscl-\ations (clov nloadcil \ l a  I11tc1-11etJ 
11.o1ii .ILIIOII~;I~IC neather \t;lti011\ 111 tllc S;1\:11111;111 ,II-C;I 

111 I>~I~~I~LII:II- tlie 111cldeI \\;I\ \;il~rl;~tccl ; I~;I I I~\~ k110\\11 
IC;I~LII~\ \11e1i ;I\ coa\tal con\ el-fence allil lancl-\C:I h~cc/ i '  
c.lli.ct\ TIic\e effect\ \ee111e~i 10 hi' \ \e l l  C;II>ILII-C~I Ih! tI1c 
l l l ~ l i l c l  ~\ 1!~3lc;ll c\'llllplc I\ \ l l ~ l \ \ l l  Ill l ~ lg l l r c  -3. 1;1ki.11 
1 1 0 1 i i  111e 00 +IS L T C  IIOLII 101-cer1\1 11\11ig SOI<l- \)I5 
A \  I \  c \  1de11[ Ir011i thi\ t ' i ~ ~ l ~ e  t l ~ i l t  tlie ;iho\c 111~11t101led 

h )  .l'lic 11clal cul-I-cnrs proi luccd h! the 111oclcl \ \ a \  
( \ ~ ~ l > ~ c c ~ i \ c l !  ) \ ~111d~itecl ;I~:IIII\I \pcc1;11 I~LIO! LIJ~;I 
l x o \  icleil h! N 0 A . A  on Intel net clu~-ilig the c\ en[\. 1'111\  
\IIOL\C~ tI1;1t the tid;ll period In the 11iotlel laffct l  ; ~ h o ~ ~ t  
00  111111~1tes. Flle ];IS v 21s probabl! iluc to tI1c ~nailcclu;~tc 
ticl;~l i ~ i I o ~ - ~ i i ~ i t ~ o l i  ~~va i I ;~h lc  ;111tl ~ ~ ~ i c l c ~ - \ c o r c \  the lpoilit 
~iiacle 111 3 )  i iho\c 

The ;1~1tlio1-5 ale 111dcbted to .A I I \~~ I I~  I(>\\ ;111il l i , i r ~ ~ I i l  
I.:II~~~I.IIII ;II D X h l l  \\.~LII~LI~ t1ic11 clIol-t \  1I1c 1.1pii1 
I-c\pon\c to tlic rciluest t r o ~ l i  the SOI-\\C~ICII~ \I;1c11111ig 
I\\OCI,I~IOII \\auld ha\c been impo\ \~blc .  \ \c \\oulcl ;il\o 
I ~ h c  ro rh;~nk I a n  F Blumhcrf allel I l l \  c c i I l c ~ ~ ~ ~ ~ c \  ;I[ 

H!cl~-oQua1 Inc. f o ~  PI-o\ id~ng tile \al-lou\ 11113111 ~1;1t;1 
~iccilccl lor t l ~ e  oce:~nop~-aph~c moilel\ It I\ al\o \\ ill1 
f~-;lti l~~cIe \\o111d l ike to tIi;111h 111:11i! 01 O L I I - ~ O I I ~ ~ I ~ L I ~ \  
at 1)SLIl 101- lhelpi~ig us \\it11 \ettlnp up rlic Ilunicl1c,11 
nioclcl~ng \>\tern Thank\ ;11so foes to S c I ~ i h \ r c i l S ~ ~  101- 

a l l o \ \ i l ~ g  II\ to "hl-oacica\l" Ilie iol-cca\t\ on IIIIC~IICL 

I I I Rlumbel-g. A F .  and G. I. Mcl lo~- .  22 i l c r c ~  1pt1011 01 ;I 

l l i ~ c c - c l ~ ~ i ~ e ~ ~ s ~ o ~ i ; ~ l  co:1\ti11 occ;111 c i ~ - c ~ ~ l ; ~ [ ~ o ~ i  ~ i~oc lc l .  
In: ~ l ' l i ~ - c e - D ~ m c ~ i s ~ o ~ ~ ; ~ l  Coa\tal Occ;i~l Lloclcl\. cil. 
K. S. I leap\. :\GU Coa\ral ancl I.:\ILI;II-II~~ SCI ... -1. 
. \ ~ i l c ~ i c a n  Geoph!sical U I ~ I O I ~ .  \ ~ ; I \ ~ I I I ~ ~ I o I ~  I1.C.. 
1987, 

121 L ~ ~ ~ g c i l ~ ~ l i l .  H.. 1995: I I~I~~CI~~~IILDLI~I~ 0 1  the I'I.IIIC~~OII 
Occ,111 I l o d c l  (POLI/EC'O\I?DI :I[ the Sor\\cf1;111 
'L1ctco1-olofical Inst~tute (DSI11) .  Re\carcli Kcpo~-1 
N o  5. N o ~ - \ \ c f ~ a n  hleteol-olog~cal In \ t~tutc .  O\lo. 
Nor\\ a> 

13 1 Ma r t~n \en  ancl Ensedahl. 1'987: I ~ i i p l c ~ n c ~ i ~ a l ~ o l ~ i  ;inel 
te\ting o l  a lateral schcn~e a \  an ope11 hol~ncl:l~-> 
c o ~ i c l i t ~ o n  fo r  a b a r o t r o p ~ c  ~ i i o t l e l ,  C 'oa\ la l  
t<~iginccl.ing. 11. 603-637 

(41 I:/cl-. T .  and G. L Mcllor. l00.1. 1)1;1slioslic alitl 
1>1,og1iost1c ca lc~~lat ions o f  tllc Nol-tli :~II;III~IC 
C'II-culat~o~i and sea le \c l  Llalng a slgllla c o o ~ - t l ~ ~ ~ a r i .  
occali ~ n o d c l  ./ Geo/~l11 5 Rc\ 99. 1-1. I se)- 1-1. I ' I 





Determining the Coastal Environment by 
Data Assimilation using an Adjoint Technique 



IIICIIIC~ I n  t ill111 d l r e c ~ ~ o n s  r c h p c c ~ ~ v c l ) .  J I I ~  q 1s 
tree \urfacc c l c v a l ~ o ~ ~  Walcr  ~ l e p l h  1s d c ~ r o ~ e d  hy  H 
and the C o r ~ o l l a  I r cquc l~cy  hy / Surldcc ;III~ ht111ti111 
srrcssea arc rcprcsc l~rcd  by  r w ~ r h  vd r~ t i u \  \upcracr lpl \  

i s  I t  
I'he surlacc slrcaaca 111 .r J I I~  v ~ I ~ C C I I ~ I I ~ .  r aud 
i s . \ /  r respccrlvcly. arc J c ~ c r l n l ~ l ~ . d  hy 111c k ~ n i w l ~  w111il 

t lc ld,  w l i l ch  IS n cg l~g l t i l c  lo r  the data 111 he p r c \ c l ~ l c d  
hcrc C'ompr~nenls 111 h r ~ l l ~ i r n  \tress die p,~ralnclcr~/ccl  
as lu l lcr lons {11  l l ic  currcll lh 

r o ~ . , t l  = K L l ;  +lI.li ~ - k .  \, 1 2 1 

2.2. D iscre te  F ~ ~ r m u l e t i ~ i n  
I 'hc above cquatlonh arc \~ i l vcc l  ,111 ,I r c c ~ a l ~ y u l a r  g1111 
111 I anti 1, and ~ i v c r  t ~ ~ ~ ~ l o r ~ ~ i l y  \ p a c ~ O  11111c\ SI~CCIII- 
tally, ;I C gr ld  W I I ~  ;I IOI;II 111 !bl ~ I ~ \ ~ I I O I I  ~IIIIII\ I \  

used alld the gr l i i  polnls .Ire I~CIIIIII~~II l>y ,I \III~IC 111- 

e x  1 ,  1, , I = I .M 1'111ic 1s ~ c p r ~ ~ \ ~ ~ ~ : ~ c c  .~s  'V UIII- 

r n  I p / \ ~ I I ~ I I I I  11ic L O I I I ~ ~ ~ I  II:~I;III~~II 0 1  
12.31. ,111 depcnclclll : a r ~ ; ~ h l c \  .Ire ~ i .p r i . \ i . l~ lcd  .I( 1 1 1 1 1 ~  

I,, h> J >talc v c c l ~ ~ r  

I : le~ne l~rs  (11  Inalr lx A,,  g ~ v c  w c ~ g l ~ l h  111 lhz ~;II;I \.;~lucs. 
p ~ i s s ~ h l y  d l l f c r c ~ ~ t  l o r  ,Illtcrc111 ~ y p c s  (11  <I;II;I. ,II I I I I ~ ~  I,, 
I a r I r e  i r e  I I a Hcrc nil 15  use11 .I\ 
a scalar wclght 111 ~ d l u s l  ~ l i c  ~ l ~ l l u c l ~ c c  0 1  /,, r ~ , l ; n~vc  111 

other lcrrns ~ l l r r oduccd  Idler I.or \ I I I I ~ ~ I ~ I I ~ ,  11  1s ;IS- 
sumed [hat a l l  da l ; ~  I lc al g i l d  ~ ~ I I I I I S .  I ~ I ~ I ~ o ~ g l ~  the ~ e p -  
~~SCI I~P I I~ I I  I S  ~CIICI:II c11ougI1 111 I ~ l I o ~  ti l lrcr ; ~p -  
proaches 

111 presenl lng resulls hc low,  we w ~ l l  Icprc \c l r l  I,, ,rs 
the sum 01 ~ ~ I I I ~ I ~ U I I I ~ I I ~  1r11m d ~ l l c r c ~ r ~  ~ y p ~ , \  0 1  d;lla. 
lhus g l v l ng  a lneasurc ( 1 1  l l ie \ucccss 111 a s ~ m ~ l a l ~ l r c  ,I 

parl lcular l ype 01 data 111 p i ~ r l ~ c u l a r  wc w ~ l l  lakc, 
J g  = l a  + Jc . wlicrc 1(1 J I I ~  I ( .  c;1cIi 0 1  11ir11r 151, L I ~ C  

r c \ p ~ . c l l \ c  c ~ i ~ ~ l r ~ h u ~ ~ o n \  I r ~ i l n  !\I)( I' d11d mciorcd cur -  
rcn l  IIICIC~ d;ll,r 

2.3. So lu t i on  Equa t i ons  

As '1 \~IUIIOII lor  rlrc a s \ ~ ~ n ~ l a l c d  l ~ c l d a  thdl  s a ~ ~ s f l c s  
111~ d ~ l l d l l l l l ~ l l  I'qULlllOllh ( 4 )  alld I I I l l l l l l l l / C S  the ddla 
IIII~II~;IICI~ ( 5 )  CJII he O ~ I J I I I C ~  hy  .I standard con- 
\ l ra l l lcd l c a s ~  \quarcs III I ' h a ~  I>, hy  mll1lrnl/ll1g the 
e0\1 lu l l c l l~ l1 l  

w ~ l h  rcapccl to cornpo~~~:~r ls  ( 1 1  the s t d c  vecror\. 1 ,  ,,, 
autl l lrc I ,lgrullgc l l l u l t ~p l l c r  vectors. L,,, I'hc rn1111- 
111ulr1 (11 I I \  c l ~a rac l c r l / cd  hy [he v a l ~ l s h ~ l l g  o I  11s dc-  
r l vn l lvcs  w ~ l l i  1 c s p ~ ~ 1  111 each 01 theas c ~ ~ r n p ~ i ~ l c ~ l ~ s  
\ppl1cd11011 ,iI t l i 1 5  CIIII~IIIOII i111d \o11)e stralghl lor-  
w;~r i l  ~ n a ~ l l p u l a l ~ ~ i l ~  Icad I11 l l ic  equallolls 

~ I I  - /)I! llI-l - / I !  = ( )  l I = I .  .!\' (7~1)  

I ~U, I I I I~ I I  1 7 ~ i  ri,pcdl\ ~ h c  dy l~ ,~ l n l ca l  L Y ~ I ~ ~ I I I I I ~  14 ) .  
UIIICII IIIC , : h \ ~ l l ! ~ ! a t ~ o ~ i  \~IU!IOII I l ~ c r i l ~ i r ~  must \a l l s ly  

L , X . I L I ~ ~  k 1 d l r 1 ~  I),, I\  the J~I I~I I I I  (11 O,, ,  hu! lo r  111c 
~ I I I L . . ~ ~  ~I!II~IIIII~\ u\cd Irere 11  I\ \1111ply 11ic Iri l l lbpOC 
I ) ,  I1 rlL,p\ lhc I Jgr;lllyc lnu l l lp l l c r \  hdchward 111 

IIIIIL, I III;IIIV l l i c  two othcrw,~\c u ~ r d e t ~ ~ r c d  I dgrangc 
I I I U I ~ I ~ I I L . ~  \ c c ~ o r ,  drc J ~ \ I ~ I I L , : ~  111c \ a l uc \  

A )  = I .  i,,$ + I - 0 I 7c. ill 

I Ilc I . ~ t ~ c r  COII~!~III I I  C I I \ U ~ ~ \  111rlt a l l  ~ l l e  A w ~ l l  he /CTII 

1 1  lhc \~ I~UI I I~ I I  \ ee l o r \  I, 111i11cli 1111 J i ~ l i l  po1111s (I,, 
I l l c  [ i r ~ ~ h l c ~ l ~  has IIOW heen \o lvc i l  111 p r ~ l l c ~ p l c  

I ' I~erc  I \  l l ic  \~IIIC l~urnher  111 UII~IIOWII vccIors ds vec- 
IOI C ~ L I ~ I I I O I I ~ ,  \<i 11id1 1 7 )  I? J l u l l y  dctcr111111cd l ~ l i c a r  
\ y \ l c l n  I3u1 tor C L C I I  .r ~nodc \ r  lnodcl  d~ i rna ln .  111' 
.y\;cln l lralrlx I \  \ ( ,  Inrgc. l y p ~ c a l  y hab111g order 10'. 
I l r~ r l  .I ~ I r a ~ g l l ~ l ~ i ~ w d r ~ l  111bcrs1o11 1s 1101 po>h~h l c  

111src;ril. .I ~olu11011 1ccI1111quc 1s dcvclopct l  I n  w l i l ch  
\0111c \uhhcl 01 the UII~III~WII q l l i l r l l l l ~ e ~  drc ~ e l ~ c l e d  
~ 1 1 d  c~d l i ~s t~ :d  I I C I ~ I I ~ C I ~  ICI \ Iccr 11ic O~UIIOII dow11 the 
gr;1c11c111 111 ~ l i c  cosl  IUIICIII~II 10) I'he \ ~ i l u ~ ~ o n  thus 
Iound 15  ~ r r l l ~ l m ~ / c d  w ~ l h  rcbpect l o  lhesc sclccrcd un- 
I W I  o r  c i ~ ~ r i l  r h  I;or example, 1111t1al or 
I111al v;~lucs (I,, clr I , )  1nlgh1 he choseu l o r  c o ~ ~ l r r ~ l s  (;IS 
111 I ? , i ! j  o r  balucs at la lcral  h o u ~ l d a r ~ c s  l o r  some o r  a l l  
v ; ~ r ~ ; ~ h l c s  ids cl~i l lc III t h ~ s  paper) W e  cons~de r  i lexl  
IIIC \~ICCIIOII 111 co111roI var~ah lcs  helore dlscusslng 
lu r t l l c l  l h r  I I C ~ ~ I I V C  YIIIUII~II procedure 

2.4. C o n t r o l  Variables 
AS~I~III~CIII 111 varlahleb ds c(1111roIs IS a rnalrer o t  ar l .  
h~u l  \uh lcc l  IO \;ilne general p r lnc lp lcs  

r l  I'hc ~ r i odc l  \hou ld  depend ~ [ r o n g l y  ,in l h e ~ r  



value. In111;ll \ ;~ lucs  d l o l ~ c  w ~ l l  he LI poor C ~ I I I C C  III ,I 

\y \ tc l l l  ~1111 \ l ro l lg  Iorc111g J I I ~  \ [ ro l l$  dd111p11ig u , l i ~ , r ~ ~  
Ihc i . l l c c ~  (11  I I I I ~ I ~ ~  conJ111o11h lhcco~nc\ ~r r i . l c \ , ,~ l r~  h ~ . -  
r e  I I I I n I I  S111111arly. II 111c 
~ n o d c l  ~CIIII~III ~h \ i )  ldrgc 1 1 1 ~ 1  h< l l ~ l ~d ; r r y  IorcI I Ig 11d\ 

l ~ t l l c  c l l c c ~  ij lr the In lc r lo r .  1hc11 h t iun~ iary  vdluc\ h!, 
thclnh~, lvc\  makc poor  con l ro l  v . ~ r ~ . ~ h l e \  

3.5. So lu t i on  P r ~ ~ c r d u r e  

2.6. F u r t h e r  ( 'onstraint ,  

.\ddll lOlldl C i l l l \ l l . l l l l l \  ,111 I l l< ~ ~ 1 ~ ~ I 1 0 1 1  Illd). h ~ '  ~ \ i ' d  1 0  

I I I ~ U C ~  ~ l c \ ~ r i . d  propcr l l c \  I1 Ihc \c  C.III h ~ .  c xp rc \ae~ l  
:I\ qu,~,lral~c l't)r!l~h, \.I? I ,  o r  .I! J\ h c l < ~ w ,  1 1 1 ~ 1 1  11 l h  

s ~ r , ~ ~ g I i ~ I ~ ~ r w ~ r d  10 ,111(1 1lic111 Ih roug l i  .I ~~V I \CL I  c ( I \ ~  
IU:ICIIIIII. \IIIC.C l l l c l r  frdcl1c111\ w ~ t l i  rc \pcc I  10 l l lc  ~ 0 1 1 -  
~ r o l  \sar~dhlc\ CJII hc cv ; r l u ;~~c~ l  ,I\ III ( 1 1  \IL.[~ 111)  , i h ~ \ c .  
I IIJI I\. ((1) I \  I -c~~I ; IL 'c~  hy  

I ~~~ I I I L~ I I I \  LII 111c WL , I~~ I I I I I ~  III,II~IC~\ / I , ,  ,ire ~.1111\1ruclcd 
1 0  < \ , ~ I U ~ I L .  111~ \ q ! ~ , ~ r ~ x l  V I I ~ I I C I I ~  ,111tl. <I\  lh~,lort,. 0 ,  I \  d 
~ ~ ~ 1 g ~ l I l l l g  [IdI,IIIICICI l ' l l l \  c11111d t ld \ '~ '  Ih<'L'!l 111~1~dL'<t 
111 1 1 1 ~ .  O~.I?III;I~ prtlh1~.111 II~IIIIU~~IIIOII. h111 11  I \  CIIIICC~- 
III~II!\ dlld col1ll>!lldll~llli111! ~1111p I~ r  IIOI 1 0  110 \o 

,\I r l cp  i l r l  111  1 1 1 ~  .rlh~ivc Ilcr,rll\,c \LII~IIIC. 1 1  I \  5 ~ 1 -  
I I L I~ I I I  10 C,\.IIU~IIL, 1 1 1 ~ .  :!~,I~ICIII\ I WIIII r ~ , \ pcc l  1 0  
I !  I I  I I I ~ I C  I I l l \  i .111 nc ~IOIIL. hv ~ ~ . \ p l ~ c l l l y  
IIIIIL.I-CIIIIJIIII~ ( 0 1  ,IIIO i . \ ' i ~ l ~ d t ~ ~ ~ g  1 1  .!I l l l ~  ~o111ro1 
I~OI I I I  C \ I I I ~  IIIC ~ > I U I I ~ I I  I,, .1\~~111ahIe '11 1 1 1 ~ 1 1  11cr~111vc 
\lL, l> 

2 (1 2 .r!l/ll/ /~ l , l - l~ ' l / ! l  111, 
I-ICIL\\ 011c11 ~IOIIIIII~IL~ 1 1 1 ~  codhli l l  cII\~IroIIIIIcIII ~ 1 1 d  lrlay 
:lo1 he .I(I<~LI;IIL~I! ~ ~ ' l > r c \ ~ ' ~ l l ~ ' t i  1 1  I l lc  ~ 1 ~ 1 l a  I \  hpdr\c 111 

IIIIIC J\ 111 1 1 1 ~ .  L,I\L. h ~ . l o w  l ' l ic p r c \ u ~ ~ ~ p l l ~ ~ 1 ~  ( 1 1  dp- 
~"."\l l l l" lc 11'1,11 ~ 1 c l l " ' l l c l l ~  Cdll Ihc l l l c l u< l c~ l  I l l  1hc 
IIIIIOII 111 \cv<.r,ll LV.I~, Hcrc we III;I~.L. '11 cdc11 ilcr'r- 
II\*L. \ I L . ~ .  .! ~L,~~L',,II!II i \ l  I~IL. c11111ri11 \s,~r;ahlc\ .igdlnht 
.I L I ~ O \ ~ I I  \e l  11t1;ll I ~ L . ~ u ~ I I c I L . \ .  \ay m ,  ] = I .  . . I  r l l a l  
I\. .IIIcr cilc11 IIcr;l l loll l l lc  \~I~UIIOII rll l l lc  1-111 co111ro1 
IN~IIII la a IIIIIC \ C S I C \  ) ,,. 1:aclr I lmc \cr lch 15  dp- 
1~ox1111a tcd  hy .ill CX[>I.C\\I~II o l  t l lc type 
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Figure  1 I I I  I I I L ~ I I I I I  Mi~dcl 
CICV;IIIOII plll l~ts 'Ire \how11 d h  11111a 1 . 1 1 ~  C ' J I I I I I ~ I I I ; ~  
coast. dpprox~lni~lcd hy model vc loc~ l )  p111111h. I \  .II 
r ~ g h l ,  w ~ l h  ~ I I  . u c r ~ \ k  dl 0cc;!11\1dc I3dll1ylnclr) 
~ I I ~ I I I  rhc gr~dtlctl  clo111a111 I S  ~ I \ ' C I I  h!' coIIIour I I I I C \  . II  
O m  ~ ~ ~ c r v l ,  Heavy d o ~ a  ~ndrh ul~clcrua) .11)('1' 
currcnl proI11cs 1rti111 d \crIc\ ( 1 1  \urvcyh I wo c ~ r c I e \  
11ci1r llle upper I r ; ~ c k l ~ l ~ c  I I I ~ I L ~ I ~  \urlacc current 111c- 
[era 

whcrc /I, ,, I S  a I I ; I ~ I I I I I I I I ~  approx1lnaIli)lr i l l  111c 111lc\ 
alld ~ h c  sums ,ire over all tllncs J I I ~  ,111 t.ol~trcll ~ O I I I I S .  

I : ~ l~a l ly ,  grad~crrts 0 1  .I, w ~ r h  reapell I I I  the col~t rol  
~ a r ~ a h l e s  call he evalua~cd c x p l ~ c ~ ~ l y  1nak111g uSe ( 1 1  
i I I )  aud  he \ o l u I ~ o l ~ s  ava~ lah l c  ; I I  Ihal Ilcrall\c \ ~ c p .  
I'llc effecr I S  lo pcl la l~/e  ~ h c  cosl I U I I ~ I I O I I  lor noll- 
Ildal llmc ~ C ~ C I I ~ C I I C C .  

F igure  2 Va!uc\ 01 ~ h c  lour c o m p o ~ ~ c n r s  1 1 1  ~ l l c  
C11a1 Iu11cIlo11 dahoc~atcd wllll vilrlouh data and t)rhcr 
collhlrallllh 111. error 111 11ll111g the Al>CI' currclll 
daln. I (  . err111 111 l ~ l l ~ ~ ~ g  Ihc currcllt lncter dala: l v .  
error 111 \dIlaIylllg Ihc v~irllclly c1111hlra1111, 11. error I I I  

\ a I la ly l l l~  1I1c I l c I J l  c,lllaIl-;lllll, 

( 1 1  lh<, I ~ I W I I  <I !  O c c a l ~ a ~ d c .  ( ' , ~ l ~ l c ) r ~ r ~ n .  A \erlc\  0 1  I I I I I C  

\urvcyh waj  111,ldc over ~ h c  c lcvc~r-d;~y llllcrval 17-77 
t)ctohcr 1005 U \ I I I ~  a sh~p- lnoul~rcd A1)C'I' Surveys 
wcri. rull ,1l011g p ~ c c c w ~ s c  \ l ra~ghI  cour \c \ ,  ellher 
,118111g tllc hoxc;rr palter11 ev1cIe11t 111 [..I;. I or around 
ihe pcr~phcry  111 Ihc \urvcy .Irsa. I wo \urlacc currour 
mclcr\ ,ipc~arccl C O I I I I I I U ~ I ~ ~ ~  ilur~lrf the cxpcrllnclrt. 

Curre111 [ , r o l ~ l ~ , \  Irom the .\I)('I' survey were vcrll- 
cdlly 1111qr;llct1 1 1 1  crcdlc a har ~ r r o p ~ c  l ~ e l d  c o ~ n p a l ~ h l c  
W I I ~  ihc C ~ U ; I I I ~ I I I S  111 rnrnllloll. I 'hc  surlacc currclll 
Inelera wcrc u\cd il\ 2\11111alc\ 01  I W I C ~  the harol rop~c 
C O I I I ~ O I I ~ I I I ,  hascd 1111 lhc vcr l~cal  hrructurc 111 rhc 
A p r ~ l ~ l c  I ' hc~ r  role W;I\ 1110al valuable 111 ch- 
I a h l ~ s h ~ n g  ~ h c  phase 111 Ihc I~clal currents 

3.2. Assimilation 
I'hc :\l)('l'  nil surlaco currclll dala were a \ a ~ m ~ l a r c d  
us111g ~ h c  Icc l~n~quc.  I I U I ~ I I I ~ ~  , ~hovc  uslng 1 8 )  aa coht 
I I I I I C I I ~ I I .  I rcqucIIcIcs 0 1  the lour dorn~nal~c  ~ ~ d c \  111 

ihc 11hscrv111g ,Irca, M ? ,  S ? .  N? .  and K :  were chohc11 
I11r Ihc l ~ d a l  collstralnl. C:onlrol varlablej were take11 
alo112 the 111wer 2nd ollshorc \ ~ d c s  of rhc model do- 
Inaln .\ ornc \rep 111 ! O  \cc was used In acc~ l rda~ lcc  3. The Oceanside Experiment wlrh ~ h t :  uhual C‘ i~ura l~ t - l : r l cd r~chs - l . cvy  s i a h ~ l ~ r y  c r l ~ c -  
rloll. 111 I I I L *  llllcrcsl $11 cornpular lo~~al  clficlcncy, ccr- 

3.1. Data la111 qua111111ca.   no st 11o1ahly rhc conrrol var~ablcs ,  
A lest dalasct wila colleclcd 011 lllc llarrow \hell wc\l were c1111y cvalualcd a! 15 In111 ~ ~ ~ I c r v a l s  W I I ~  InIcrIIIc- 



Figure  3 (:0111p>iri\o11 ~ C I ~ C C I I  ,1rlg111aI ~ 1 l ) C ; l '  ~ I ~ I J  J I I ~   he 1'111al c~s\~rnili i tcd l ~ c l d  during O I I C  of the 
.41)CI' \ur\,cya ( a )  Mc,~aurcil  ~u r r c l l l .  i h ~  C'USSCIII.; f'rorn aa>irni l~11~111.  i c )  I)irfcrel~cc. 'I'hr, survey 
\larlcd .u upper right 16007 ~ I I I  I X  0 c 1  '15 dl111 rcqu~rcil  ~rcarly 8 11s. 111 co~nplcre .  a \ uhs t a l r~~a l  part of '  
a l ~ d a l  cyclc. 111 1111s cornpar~aor~ ~ h c  ah i ln l l~ i c i l  currcnr \ s c c ~ l ~ r \  arc ~ I I O W I I  time\ 1l1i11 111o\1 llcarly 
rnalch llle Iilnc alld p ~ s i t i o ~ l  I I ( C : I C I I  n~caaurcnicIII. 

d ~ a l e  values I~iuntl hy rn l c rp~~ la l ro r~  when Ilccc\sary. 
l n i t~a l  conilitio~la wcrc C I C J S I ~  1 r rcIc~a111 l'i~r 1111\ 

\ i luatio~r.  uillcc 'I \ o u t h u a r d - l l o w i ~ ~ g  ci1rre111 I'luahccI 
1I1e arcs t la~ly ,  T o  ' I V O I ~  llicir rorrndl d p p ~ , a r a ~ ~ c c  i l l  

~ h c  a s s ~ ~ n ~ l a t i l ~ n .  ,I \pin-up I I I I I ~  wa\ ~ l~ l roduccd  a1 lllc 
S I ~ I - t  o f  which tile i11111al ~ O I I ~ I ! I O I I \  wcrc scl 10 /cro. 
, ~ l h l s  I W O  clay ~lllcrval hel;~rc Irlc,i\urclncllls \larlctl 
~ l l o w c d  [he  ~ s a ~ ~ n ~ l a ~ ~ o n  c q u a ~ ~ o ~ ~ r  111 adjust gradually 
toward ~ h c  dala valuea. C o n v c r g c ~ ~ c c  i l l  ~ h c  ilcralive 
pr~iccdurc  wd\ rapid, as seen I I I  big. '. 
3.3. Results 
I11 I+g. 3 ,  rca1,lt 01' the asailnilat~ull 1s compared (11- 
rcctly with (lala Irorn one of  rllc AI)CI' survcya. 
Srnoothncah 11f  he 01ted \ o l u ~ i i ~ ~ ~  colnparcd w ~ t h  lhc 
ohservaliona 15 e\ ,rder~I.  as is II I C I I ( ~ C I I C ~  01' lhc Ilow 10 
lollow hathyrnc~ric colllour\, 'I'lle uuhsranlial dilfcr- 
encrs  h e ~ w c c ~ l  ohserved and as\rrn~lalcd currcllra i l l  

the deeper ~ O S I I O I I  o f  ~ h z  domaili we i ~ ~ ~ r r h u ~ c  I O  a ilc- 
f ~ c ~ e n c y  111  he AI)C'I' Ineasurcrrrellla. .l'he J:rta ex- 
(ended only lo i~ tleplh 11f 150 In; sa1isTaclory cslllnalcs 
o f  harotropic curse111 could 1101 he lnadc whcrc lllc 
water was \uhs~allrlally greater. 

0 1 h c r  c l ~ a c r c p ~ ~ ~ c ~ c \  hc~wecll  lillcd and lneasurcd 
curr~.lus have 1111 \ a ~ i s f d c ~ o r y  cxp la~ la l l o l~  \Illce all (he 
crr1,r \ourccs ~ ~ I I ~ I I I O I I  111 AF)C:I' I I ~ ~ C S V ~ I I O I I Y  havc 
heell Ircatcd. We C ~ I I I I ~ I ~  d r s ~ ~ l ~ g u ~ a h  hctween rneaa- 
urclncnt error\  J I I C I  ~ h c  prcscncc 01' \mall-scale varl- 
dhillry 11o1 dc\crlhctl hy the pre\ulncd dynamics 11or 
ddcqualcly sar~ll)lcd 111 the \ur\cy. 

4. Discussion 

4.1. Prospects  l'or Rapid  Assessment 
" u s i r n ~ l a l l ~ ~ ~ ~  ol'lhc lypc we havc d~hc r lhcd  provldeb a 
v~r tual ly  cornplclc d c s c r ~ p t ~ o l l  i ~ f  I I K  variahlcj dc-  
\crrhcd hy ~ l r e  ~ r l l~dc l  p rov~d ing  Ihal ~ h c  model is ap-  
proprlatc I O  ihc drca and lhal u l ' f ic~cnl  d a ~ a  I S  avail- 
;~hlc ,  It c i i~nhi~rcs  data. dynalnics. and prcconcc~vsd 
ideas of what ~ h c  cnvlronrncrll I \  c rpcclcd  to look l ~ k c  
i l l  an optirnuln t+asl11~111 10 producc $ridded i ~ e l d s  In 
p a c e  J I I ~  t ~ l n e  of  all the variahlc\. Co~nputar~c!nal 
rcqulrclncnls arc 1 n 0 d ~ ~ d I e .  I t  rnay hc ~hough t  01- as J 

d y n a ~ n ~ c a l l y  corrrcl lorrn 11I' d a ~ a  lnterpolauon, I 1  
may also c r v c  lor dala cxtrapulaliol~ I I I  cithcr apace 
or Ilrnt: s~ l l cc  the dornaln of rhc model rnay he larger 
~ h a n  the do mall^ 111 whlch there is dala. I':orward tlmc 



cxr rapt i la l~on,  or p r c d ~ c t l o n .  I \  \ ~ n ~ p l y  d mal lc r  (11 
cont lnu lng l o  s lcp io rwdrd  I n  111rle w ~ l h  Ihs \JIIIC 

cqua l lon  ( 7a )  uhed I n  rhc d a h ~ l n l l d l ~ o n  cIynarnrc\ 

I h c  ~ n ~ l ~ a l  asacr l~ t in  01 lhc  p r c v ~ o u \  paragrap11 
conlalns \ o ~ i i c  Inalor q u a l l l ~ c a t ~ i i n h  Sornc varl;thl~,\ 
01 Intcrcsr may nor he dcscr~hecl  hy  ~ h c  model.  \ ~ I I -  
a h ~ l r ~ y  0 1  ~ h c    nod el for uhc I n  n racl lcdl  area may ncil 
he known ( I  p r - r ~ ~ r i ,  and 11 1s no1 clear I low much ciala 
1s r c q u ~ r c t l  I'ticsc ~ssucs Jrc. h~,yond ~ h c  scope 0 1  1111\ 

paper ,lnd 111~. laar w ~ l l  rsqu l rc  lurr l icr  rsscarch I n  l l lc  
rc lndlnlng pardgrdplia. we dr.rw on cxpcr lcncc :dlnccl 
I rorn I l lc  Occans~dc  da ldh i~ l  10  l ~ ~ g l ~ l ~ g l l l  home prncI~c, i I  
Issue\ 

4.2. Data Requ i remen ts  
Areas 0 1  I;ICIIC~I ln lercal  I n  111c cii;rslal /one liabc I V ~ I -  
ca l  d ~ ~ n c n c ~ ~ i n a  0 1  on l v  d I c w  I c n  t11 k~ l o l nc t c rh  I wo 
laelorb prcvcn l  l h ~ s  I ~ ~ n ~ l c d  \c;rlc I~OIII I rana la l~ng ln lo  
a corrchpond~ngl:+ I l m ~ l e t l  rcqu l r~ , l l l cn l  l o r  dard i ,11 \1  
14 hl1(1r1 IIuah~n: l l rnc A l i i ~ ~ \ l ~ t ~ r c  ct ! rrcnl \  ~ I I L . ~  II'I\,L, 
spccds \ u l l ~ c ~ c n t  10 I luah IIIL, \ l r ~ d y  ~1rL.a I n  Ic\h ~ h a n  
one day I  II caplure ,~cl\,ccrc(l Ic,~luri.\. l rcqucnl ciala 
uptlalcs drc chrcnt lal  S~,ciincl I \  \rirdll \ p a c c - I ~ ~ r l c  
scalrs near co;~sl  I'hchc ,rrlhc lr1)111 \ r r l , ~ l l  h a l l i y ~ r l ~ ~ l r ~ c  
lealure\ c o ~ n h i n c d  ~ I I I I  ~ ~ ~ l , ~ l - l h c ~ ~ o e l  \ , a r ~ a h ~ l ~ r y .  .rntl 
can he , ~ c c o ~ ~ r p a n ~ c t l  hy radla~ccl  W.IVL.\ I IIIIL, \L,rl!,\ 
data II~IIII 11xctI I ~ \ I ~ U I I I L . ~ I ~  I \  l p ~ ~ r r ~ c ~ ~ l n r l !  ~ ' ~ I u ' r h l ~ ~  
lo r  p r t l cc \ \  ~ d c n t ~ l l c  l [ l ( jn  .rnel It!r p ro \  1d1n2 rcpc.rlscl 
da r ,~  upt lalc\  ~h ~ h c  d l c ~  1 4  c i ~ n l ~ n u a l l y  h c ~ n g  I l u \ l ~ ~ ~ i  
I . t i 1  I m n y  [hu~poaca. ,i s ~ n g l c  ~ n r l ~ u ~ n ~ ~ n l c t l  511c I \  .la 
uhclul  ah .I clcd~calct l  h ~ p  

( i ~ i o d  h; l l l ly lnctr~c clala is cr111c;llly I lnpor lnnl  '111t1 
Ihal  I~OIII c ~ i n v c n l ~ ~ i n a l  v Iu rcc \  15  o l l c n  1nat1equ;lIc 

4.3. I n s t r u m e n t a l i o n  K e q u i r r ~ n r n l >  
We  know wl lal  nccdh 111 he ~ ~ r c a \ u r ~ ~ c l  ~ n c l  11i1\* ! < I  

Incdhurc 1 1  I I ~ r o u g l i  \ u c I ~  ~ c c l ~ r i ~ q u ~ ~ \  &I\ d \ h l l i l l l i ~ l ~ o n  
we know I low 10 rnakc IIIL, I ln i \ l  I ro ln  ~ h c  J ,~ la  '1 
lnodchl ,lrrJy 0 1  ~OIIOIII 111ounIccl !\l)Cl'\ 'rnd I I ~ C  

gauges, pcrllapa accornpan~cd Ihy 111oor~.d lcmpcralurc 
antl \ a l ~ n ~ l y  I l lcasui lng cha~nh.  (.In p ~ o v ~ d c  \ u l l ~ c l ~ t n l  
~ n l o r m a l l o n  l o r  c(in11nuouh upt l ;~ lc \  111 ,In ,~~~III~II~IIIVC 
t a c l ~ c a l  . m a  111ode1 I'hc ~noelcl  c;irl he gcne ra l~ / c t l  10 

rrcar ~ l i r c c - ( l ~ ~ n c n h ~ o n a l .  rl lnc v , I I \ * I ~ ~  I ~ e l d \  I ' l l< 
cha l lcne~,  l o r  r a p ~ d  cnv~ r t i n l ncn la l  .Issc\hlncnl Is In  
l ~ l n c l y  c l c l ~vc r y  0 1  r c s u l l  I ' r~. \cnl  ~ m i o r c t l  rnslru- 
Incnlor lon ~ c c c ~ r d s  data ~ n ~ c r n a l l y .  wllcrcaa lhc  opcr;l- 
t ~ o n i l l  ncctls :)I laclrcnl  ; ~ h \ ~ l n ~ l a l ~ v c  ~rn~dc. la wr l l  rc -  
qu l rc  Iha l  clar;r he reported In  ncdr ly real I l lnc 

A ~ ~ k r i r ~ n ~ l r r ~ ~ 1 1 1 1 ~ 1 1 1 ~  I : ~ n a n c ~ a l  \upporr 0 1  lhrs work  w.la 
p r o v ~ d c t l  Ihy !lie O l l ~ c c  (11  N;I\,;I~ I<chcarcli t l l rougl i  
I'rogr;1111 1:lc111cn1 h O 2 l N  
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Merging Disparate Oceanographic Data 
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2.  Theory 

2.3. NI.IIIIIRIIII D ~ ~ ~ l ~ ~ ~ l i l r i c ~ s  
\\'II~.II 1~.~11111., t 11 (  1 1 1 1 \  (of ;i v;rr~,~blr. of i~~i.~:rc.il. arc 
~ I ICMI I  OII 1111, l l l ~  \ li111111~l;jry. 1111, ,I;II;I GIICIIIIII Iw r<:p- 
r f i < , ~ ~ l . r ~ $ l   IS 
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4. Discussion 
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Data Input to Operational Sonar Forecast Models 
in Shallow Water. 

Fo~\i . l iu~i~s;~n\t: i l t  ~ICI K u ~ i ~ I e \ \ \ c I i ~  
l u ~  \ \ ,~ \ \ i l~- \c l i ,~ l l  u1ii1 Gcopli! \ IL 

(!.\$'(;I 
K l a ~ ~ \ c l o ~  Icr Ll'cy 2-24 

2-11-18 K ~ e l .  (;I:KhTANY 
I:III~I~ t\\yCil I \ \ ?  hi euncr tlc 

,411 i~nl 'orta~i l  l ic ld  o f  rapid ell\ II onmcnlal a\\c\sllicli l 
I \  t l ic : i \ sc \ \ l ncn l  of  tire acoustical I?l-on,le:ltion 

5 m .  

c t ~ ~ i d ~ l ~ o t l s  for \OI~CII- at :I ccrL;1111 alca ol'tl ic cont~nsi ir ,~l 
\IicII' T l ic  N;ILL o l?c~ator \  ;IIC ;ICCJII:IIIIIC~ \\1t11 the 
~-cclui~-e~i ients 111 l l ~ c  deep sea rhcy  k n o n  ~ h o ~ ~ t  the 
~~n l?o~- ta~ icco f ' l l i c  1111vcd l i ~ y c ~  depth, the c~ 111cal depth. 
anil II the! XI-c clc\cr. tlic! LIIO\\ nlao l l ic plopayatlon 
cl'l'cc~\ o f  c t ~ l d  ill- \\ at-ni ed i l~c \  I lo\\  c\ cl-, all 1l1c5c \\i.ll 
k ~ ~ o \ + n  rules ale 1101 appl~cahlc 111 sllallo\\ \\atel-. coastal 
u;rlc~-, conlincd \\:rtcr. 01- l i on  \\c ~ i i ~ g l i t  (:ill1 the \vatel-s 
011 the cont~ncnt:~l \ l ic l f  s ~ g n i l ~ c . ~ ~ ~ t l y  sliallo\\cr than tlic 
e l -~ t~ca l  depth (the dcptli \\l ieti. thc p ~ c \ \ u ~ c  111l1uencc 
~LIIC\ OLlt tl1c III~IICI tcIll~ler:I~Urc\ close to the \C,I \lll-facc. 
so Illat \\it11 Iilorc \%atcr depth plo[)ag;llloll \ \ i thout 
bolt0111 contact I\ poss~blc). 1.11~ el-]tical dclith is rather 
ol ' tc~i more 1l1.1n 1000 m I~npor lant  pl;rcc\ I ~ I -  ~rapiii 
ell\ 1r0111iic1it:il ; i \ \ e \ \ ~ i i c ~ i ~  \\ 1 1 1  ha\ e gcncr;~llq \\atel- 
dcpllis less 11iali c ~ - ~ t ~ c n l  dcptli. \ \ I ic t l ic~ they arc In the 
li11-ct'l-ont of'a ccrtatn coLlntl.) 01-at a clioke point f o ~  sea 
I"l\a"gcs 

2. Priorities of data input 
r l i c  dccp \\atel l,uIcs ahout the c n \ ~ ~ - o n ~ i i c n t : ~ l  cffcct\ 
ale 11ot any 111o1c nliplicablc in these \\:Itel\ I lie mall1 
~nl lucnces thcl-c ate in  the ordcl- o f  ~ ~ n p o r t a ~ l c c  

t ~~r t l ic r rnorc ll ic re\ erhcl-atior from tlic b o l ~ ~ i d a r ~ c \  I\ 

cl-tlcl:ll fot al l \  ;1ct1\ c 5011ar l?)l-cc:l\t 

It should be \a-4 cIc:11 IIIJI \ \ c  s l r o ~ ~ l d  t14 to get \\1t11 
I<I!A t i ~ s t  tlic data of 'pr i~i l :~l-y ~ml>o~-t:u~cc ancl then tho\c 
ol'scco11da1-! ilnportancc I11c.t-cthl-c. I \\ 1 1 1  d~scu \ \  o~i l !  
\ el-) sl1il1-tl! 111e 5 0 ~ 1 1 i c i  ipcc i l  p~ -o l i l c  ;111il 111c \LII 1:1ce 
c l ~ i i ~ a c t c ~ - ~ ~ t ~ c \  

r l l c  sea \~lt-l;lcc cll~llLlc!crlsllcs, I c \\;1\e\ :111cl s\\c11 ale 
;1ct~1;111> qlll lc c;I\> to ;I\'IC\\. hy satcl l~tc Icmote scn\ln? 
2nd b! the hno\\lcdgi. ol' t l ~ c  \ \ i l i J  I ~ c l d  that can be 
d c ~ ~ \ c d  a1\0 Il-oin rhi. p r c \ s ~ ~ ~ c  f ~ c l d  C el-tainl!. 11 I\ 
d~l ' t icult  to 111aLc :I fol-cca\r. but that I\ the same \\ 1111 all 
\ ~ c i ~ t l i c ~ -  IOI-CC:IS~ T h ~ s  1 \ 1 1 1  1101 be ~'~II-IIICI i i ~ \ c ~ ~ s s e t i  III 

Illla pap" 

3. Sea surface and sound speed profiles 
I l t A  o f ' i l ~ c  t l ~ ~ - c c - d ~ l ~ i c ~ ~ \ ~ o r l a l  soutid \ l ~ c c d  fielcl I\ a 
\ c r y  tougli task Tlicrc \\ 111 hc n s~~ t ' l i c~cn t  numher ol' 
1~;i1~crscical111y \ \ ~ t l i  t l ~ t  p~ol ' i lc  co~iil?:i~-cil to tlio\i. \\ 1111 
t l ~ c  \\ atel- i l c l ~ ~ l i  and tlic Ilottt111i clin~-:ictc~ I \ I I~ \  Hot\ c\ cr. 
\ o ~ i i c  \ c ( ~ t - c l \  t11.e r e i l ~ ~ l r c i l  0 1 1  the 1101 ~ /o l i t :~ l  \ a r ~ i ~ b ~ l ~  t\ 
\ \c  feel oh l~gcd  to a sliol-r J~scuss~o t~ .  belonging to the 
tc;i111 tl1~11 111-oduccd MOC'ASSIN [ I  I I -he qualit) ol' 
model-n \o~~;r~-r; lngc ~ x c t l ~ c t ~ o n  ~ i i odc I \  I \  aswsscd 5o1i1c 
t ~ ~ i i e ~  Li? 11ic11- :I~III!> ro !ii111tIlc I~OI-I/IJIII~I~ \ :II-I~~IOII\ o l  
IIIC sound \pccil Because \OII:I~ ranFc\ ol\en arc cro\\ l l ly 
..doma~lla" ol' l i istol-~cal \ol ind \peed prof i le\.  11 I \  
believed that 111c model\ s l ~ o ~ ~ l d  c o l i s ~ d c ~  \ u c l ~  a cli:ingc 
- by \\ l i : ~ ~ c \  i.1, riictliod I lo\\ c\ er. \\ c \llolrld tior h rgc l .  
that c\ en ,I I'to~it 1s not n \ el-tical bol-dc~ zcpal-atltig l \ \ o  
\cctio1i5 01' \\ ale1 tn,i\sc\ I-lie lnc l~n:u~ot i  of a fi-ont I\ 
nor~nal ly  ; ~ h o ~ ~ t  I '  out or t l ic  lio117onti1l plane. mole Hat 
~ l i a n  a t yp~c ;~ l  'Iollnd I-;I~ 'lhc pl-opng;ltlon depends t l i a ~ ~  
~ t r o n g l y  ol i  1111. type o f  rl-;1ll\ltlon. Illat I \  nol-mally not 
,I\ ailable \ \c  di.c~dcd t11crcll~1-c. to abandon tlic c \ l \ t lng 
\cl-slon o f  4IOC'.\SSI\ \ \ ~ r l i  ransc i lc l?c~~denr  \ounJ 
\peed prol'~lcs. M c simpl) 111 c\er\ c the k l ~ o \ \  ledge thar 
the sound \peed n 111  be Iangc dc l ic~ idcnt  and 1% i l l  
tl icrcfo~-c l i~ot lucc fol-\\ ;r~-tl scallcrlllg 

Thi. compalar l \e  m o d c l ~ t ~ g  l'or rhc \III.OC \ L I ~ \ c )  

Shall(>\\ hlcni lou in t l ~ c  l i a l t ~ c  \ \ a \  IICI-I~I~IIIC~ \I ~ t l l  [ \ t o  
I-ttngc dcpc~idcnt ~nodcls  illiil [lie r;IIIgc ~ ~ i d c ~ ~ c n d c ~ i t  hut 
Ih~- \ \a~-d \cattcring moilcl MOC'.ASSIN I ? ]  The rcs~ l l t \  
\\CI-C t l i ; ~ t  ;I ~C[~I-I~~IIII\IIC;III~ I-;III~C ~ ~ i d c p c ~ l i l c ~ i t  
m o d c l ~ n g  \ \ a \  not cicccl~tal,ls. bur  r l ~ a t  the ~rariye 



T l l i \  c o l ~ c l r ~ d c \  O I I ~  d i s c u s h ~ o ~ ~  of the \ouni l  spccd 
~>rol'l lc\. C'crtLlllll~. 11 I\ 111cc lo 11;1\c tlli. l>~\ l  l,ll~J\\lc~lgc 
ahot11 1 1 1 ~  111-ofiIci ,IIILI c\.c11 llic Llircc-(i~~i~c~~i~o~~;~l SOLII~CI 
1'1eIiI. but II IS 1101 llic ticlcl 01- \cvel-t i l i . l ' ~ c ~ c ~ ~ c ~ c s  o f  
OPC~;III~I~:II soo;Ir II)~-ecast ~ ~ i c ~ d e l i ~ i g .  

B:IIII~I~IC~I-~ IS ~11c1~c i~~1- t  Y ~ I I I  ;I t l ~ ~ t b t ~ ~ ) ~ ~  (11- I<I:,A, 111 ;I 

~ ~ i o c l c l  11Lc lIOC':\SSl\. tl1'11 11;111illi.\ l i i ~ - \ v ~ ~ - t l  \c :~~tcr l~ iy .  
LIic g l -~d  \ i re  ol'I)I3I)H5 \\III he \ ~ ~ t ~ ~ c ~ c n l  ,1114 nay. bul 
[he dala i n  the tlatabasc s l ~ o r ~ l t l  he eI~ceI\ecI: and tlic 
cfSccl~\c I-ousI111i.s.; i r f t l ic hca I l oc~r~ l iou lc l  be prov~dcd.  
T l i ~ \  IS ,I 1prc~bIc111 o l ' l ~ o ~ t o ~ i ~  ~ y p c  (rock \\ 1 1 1  hi. I-OLI~II 
anti I I I L I~  \ \ I I I  he \ ~ i i o o t l i )  :III~ \!nai l  hc,~lc h o ~ l o l i i  
c~lll l~lLll-\. I t  I S  llccc\\;ll-y tC1 ~>1*o\~l~lc \~ l c I l  roLlgllllcss lll:l]l\. 
; lci~l l t lol l : l l l~ to tI1c ll;lt l l~v~lllcll-~, 

T l ~ c w  p;lrall1ctcri . I ~ C  ;II\o ;I~~'LY,IIIIF I-?\ L ~ ~ ~ > L ~ I . ; I T I I ~ I ~ .  111 

udt11t1011 \vs 11;rvi. l o  cons~ilcr I i ~ r  that tlic . . ln\~\ iblc" 
r o ~ ~ g l ~ ~ ~ c \ \ .  i.c. \ ar~:ltlons o f  sur l i~cc i~nl>ct l ;~ncc and 
i n l i o ~ ~ i o g c n c ~ t ~ c \  111 l l ic \ o l u ~ ~ ~ c  o f  rlie hci~10111. Tl ic 
: I ~ \ , I I I ~ J ~ C  of r e \ e r l i ~ r ~ ~ t ~ i ~ ~ i  I<. II~;II 11 C;III lic I I I~JSI I~CL~ 

ad IIOL.. Inticcd r l ~ c  ob\c~-vci l  ~ -cvc~-bc~-a t~c i~ i  clurl l~g sonar 
ol3cr;11i011 call 17c ;~l>l>lii'd to get I I I ~ ~ ) ~ I ~ ~ ; I ~ I O I I  ;I~OIIT t l ~ c  
acou\l~cal bel lavl i~r ol'an arcill 3 .  

5. Bottom cha~.;~cteristics 
Tlic 111o5l 1lnpol-I;ll11 and d~i ' l '~cul l  l:rslc o f  I<I::\ li)r sollar 
f o r c c , ~ \ l  i \  the a c c ] u ~ \ ~ t ~ o ~ ~  ol' l l ic  rclcv:111l hot to^^^ 
c I i ~ ~ r : ~ c l c ~ - ~ ~ t ~ c \ ,  j \ l  1'1ri1 \\,< II:I\ c 10 c ~ ~ ~ c L I \ \  111c type c i ~ ~ c l  
d c p l l ~  I-,lngc oi' r c ~ l ~ ~ ~ r c c l  data. 

'I ' l i~s Inc,llls lor  all ncllvc \oliar \v1111 a I i e q ~ ~ c l ~ c y  ol';ibou~ 
I 0  k l  I/. 1111. rcli.vnlit t l cp l l~  \\ill he bcl\$cen 4 ~I I I  and 1.5 
In. Fol- lqp1c;11 pass]\ e ~ o ~ i ~ ~ r a p p l i c a t ~ o ~ i \  111 sl1nllo\v \rater 
\ \ c  L I \ ~  ahor~t 200 t i /  (111~ \el-y 111ucl1 l o \ \ c ~ -  I ' rc i l~~cnc~cs 
o f  11iotIcr11 ~ I ; I ~ \ I \C  \ o ~ i a l -  ~ r c  0111) III tlccp \\,:lter 
II~~~OI-I;IIII J. Tli ls I ~ \ L I I I ~  III a i lcptli I - J I I ~ ~  01.2 111 10 11c:11-ly 
100 111. 

7112 o11ic1- c1uc\t1011 is \\hat the Iypc o I ~ c l i a r a c ~ c r ~ / a t ~ o n  
I\. I t  I\ ~: I I~I~I-  \\.ell L l ~ o \ v n  t1i:it rlic rcl1cc111 ~ t y  o1'1lic sc,i 
I loor I\ lpr1111;~1lq ~ ~ i l l u c ~ ~ ~ c c l  by tlic comp~-css~o~la l  \ \ a l e  
\ p w d  ;111d \ c c o ~ i d ; ~ l - y  h y  the a t t c n u a t i o ~ l  ol' the 
c o n ~ l x c ~ \ i o ~ i a !  \\avc \~>ecd pel- iv ;~\e Ie~igtIi. 

Sllear \\ :I\ c\ Ilia) :rl\o be o i '~mpo~- l ,~~lce.  hut olil) al \heal- 
speccis (11- lllorc ~II:III ;II>OIIL I50  111 \. l-o\v S~I~:II- \pccds 
o n l y  h a \ c  r l ~ c  cl'l'ccl of a \ I I ~ I I I  i i i c rca \c  ol' the 
c o ~ ~ i p r c \ \ ~ o ~ ~ ~ ~ l  \\:I\ c :ILI~I~LI:IL~~II. c ~ ~ ~ d  111c c o l i ~ p r c v , ~ o ~ ~ ~ i I  
;II~L'II~I~IIIOI~ IS a n y \ \ a y  1101 \vcll 1k11o\v11. 

' f l i is Illcalls h a t  - liil- ~~l lconsol ld ;~ lcd scdirncl~l\  - the 
I i c a r  lnaq be ncglcclcd. '1-lie pl-ohle111 I\ dlfficulr enough 
\ v i t l l o ~ ~ l  \lic:~r. FOLI \\,]I1 \ el-! \~IC~OIII Ii11ii I~ICI~\ ~I'\LII-I~cI~II 
>cd~nicl i t  .;ound \pci.tl  nil ;I~~~I~LI:III~II. \\'c I~;I\ c to take 
a n  other \\:I? fill- lil;A. The l - c la r~o~ l  l>e t \ \ cc~~  porosity 
; ~ n d  co~i~prcs\ ional  \\.;I\ c speed is qullc wel l  co111i1-mcd. 
.I tirst ,~l>lwc~ncli g ~ v c \  \\'ood's cqual~on. IS:I\\IIIII~II~ a 
L I I ~ I ~ O I - I ~ I  yr;1111 t i c ~ i i ~ l !  o f  ~IIC \ c c l ~ ~ i i c ~ i t  141. !\ lot o f  
c ~ ~ i l ~ n c , ~ l  c \a lua i~on \  l i .61 and I31ot-Stoll 111eo1-y [7]  
lllod~l'y 1111. \\'ood'\ cilu;lllon ~ ~ I - I I I L I ~ ~ I  \ \ l t l i  r:1111c1- g o ~ d  
accul-acy. 

Blot-Sltrll tlicorq \Iltr\\.s al\o - 111 :ooil ag1.cclnclll wit11 
c ~ n p i l - ~ c a l  ii;rta - a rc l :~ t ion bet\\-cell grain s l rc  and 
co11iprcshio11:11 \ \ ; ~ \ c  ; ~ l l e ~ i ~ ~ : l t i c ~ ~ ~ .  ,111ci I~ I I -~~Ic~I I~o~c,  tlicl-c 
cxlsta a r c la l~on  bcr\\-cc11 poroc l~> and g1-ai11 \ ~ / c  Sol- 
~~nconio l~t lar i .d  si'd~mcnls. 

L' I I~~II-I~II~I~~?. n e  l i d  ratlicl- sc ldo l~ l  maps ol'porosity 
arlil g ra i~ i  In 1rc111olc ti[-eas of t l lc  \vorld. If ally hottom 
Iliap i\ :r\a~l:lhlc it 15 1lio\r l ~ k c l y  OIIC o f  the gcolog~cal 
c . l n rs~~~c , l l~ t i n  o f  ll ic cc i l~mcnt  or t l ~ c  t).pc o f  \111-l'iclal 
scdimcnr. - 1 . 1 1 ~  age 0 1 '  ,I r c d ~ ~ n c n ~  I\ not n r c l c \ a n l  
~ICOLIS~IC;II I>;II-:IIIIC~~I~. except tli i i l ;III hottom type\ older 
ll lan ~~LI;I~LXII::"~ \\.ill 111o\t l ikely he co~iso l~dalcd to a 
ccrlalll l ~ ~ ~ ~ o ~ ~ ~ l t .  C o ~ i \ o l ~ i i ; ~ t c d  SCCIIIII~I~IS \vi l l  Ii;~ve a 
r'111itr I11gl1 ~OII~~II-~S~I~II~;II :11ici s l~c:~r  ipccci and :ISC ~ i i os t  
l ~ h c l y  nor I lal  and s ~ n o o t l ~ .  Tlicsc ;Ire c l~a~.actc l -~st~c\  that 
;I]-e not apl~-ccialed t i~l-oul.   ask. Fol- lu~~atcly. the \ca Iloor 
I\ co\crcd by quaternary SC~IIII~III\ 111 most an.;l\. For 
lo\v l ' r c c ~ u c ~ ~ c ~  a p p l ~ c a i ~ o ~ ~ s  tl~esi. In;il>\ may he L I \ ~ S L I I  to 
d e ~ e r ~ i i ~ r ~ c  I~IIIC C ~ L I L I ~ ~ ~ I I ~ I ~ >  12as1s. >(I the t l i ~ c k ~ ~ c ~ ~  o f  
an ~ n t c r ~ ~ ~ c d ~ : r l c  layel- I \  Icy\ t1ia11 100 In deep.-rllc gl-:iIn 
\ ~ / c  :III~ tl~crchy the porosity oSqualc~-11ary scd~mcnls is 
]lot I-ulcti he 111c age o1'1I1c s c d i ~ i i c ~ i ~  ;III~ is IIIC~CI~II-C ~ i o t  
<Ill ae~ll \ t lC, l I  relc\ ;1lll i]Ll:lllllty 



hlol-c uscfi~l at-c Inaps of tllc surfic~:rl scrl~lnent r>l,cs Is 
tlicl-c mud, sand or rock nt the sea Iloor" Infor~l la t~on 
abollt thcsc types 1s not o l~ ly  a\ailablc in specific sul-ticlal 
sediment m:rps. hut al\o ill L I S L I ~ I  n i l v~ga t~ona l  maps 
( tho~ igh  the c \a luat lon of such tnli~rlnation Ins! be 
tedious and i~ncc r t a~n) .  

A scvcl-c problcnl is the \el-tical cl~stributlon o f  t l ~ c  
scdllncn[s In tllc dcptll ~ l ~ t c r \ a l  111ctltioned I t  :i~>pcu-h 
t l~a t  \be ]nay as\ulne fol-tI1c highel- l'rcclucncles tI1at thcrc 
1s o ~ ~ l y  one sedl~nent  type I I I  the I-clcvant depth i~~ tc rva l .  
Thcrc ]nay be \ c ry  thin laycrs of cclltlmctcrh of' \oli 
sedllncnts o r  ~ l ~ o r e  hard 5cdimcnts. fol- e ~ a l n p l c .  I t  
happens also that on the ncighborl~ood of sand tlcl>oslts 
thin sand laycrs on (and In) 1i1~1d deposits 11l:ly appear 

11 \101~111S that \\ ere tl-anslwrted hy sinyle e\ cnt\ of st1.011, 
or 50. [\lore l1hc1> the ~ ~ p p e r  fen Iiictcr\ are o i ' ~ l ~ c  sallic 
type. IlO\\..e~el: 

This does not nlcan that lllc acoustical pal-amctcrs \\ 1 1 1  
hc independelit o f  deptll. Ham~l ton  IS1 g ~ \ c s  t!pical 
c ~ n p ~ t - l ~ i l  dccpll~ d c p e n d c ~ ~ l  co~nprcs s~ona l  \ca \c  spccds 
a \  :I c o n s c q u c ~ ~ c e  o f  the o\crbul-dell pl-cssurc. This 
lxoduccs a frctl~lcncy dcpclldent rcllcctlon cocl'liclcnl 
that results In ~pc~-Cect f i t i~ng \ \ l t l ~  ~~l lmcrlcnl  mo i l c l~ns  
ol' sound propagatloll ro ~l~casul-cd data. 

A1togctllc1-. i l ~ l i ~ r l n a t ~ o n  ol' tlie local tkpe of \cd~mi.nt 
may be dcllic\ cil 111 p r t ~ i c i ~ l c .  tlii~t 1 5  s~ l f ' l i c~e~ l t  li)l.;~cti\e 
sonar forccas~ lilr frequcnc~cs above I kHz. 

to tl~osc of NISSh1 I 1  and  M( iS  

A collcctlon ol'hottom type. as 111 table I \va\ tcntatl\ el! 
csri~bllshed for the motlcl MOCASSIN.  1 - n o  I '~~rthcr 
scales o f b o t t o ~ n  types wcrc constl-uctcd by comparison 
01' t r a n s m i \ s l o n  lo s s  ~ n c a s u r c ~ n c n t s  a n d  mode l  
c a l c u l n t ~ o l l s .  Fig. 7 ;111d 3 sIlo\v so11ie t r acks  o f  
trallsmiss~oll losr runs l i ~ r  this comparison. 111 additloll 
PI-ofiling mcasure~nents  o f the  angular rcflccllv~ly have 
been taken (iiy.  I )  Thc old NlSSM I 1  bo t ton~  li~rnlula 
g l \ c \  a correct fi-cq~iency dcpendel~cc. \ \ h ~ l c  tlic CiSkI 
bottoln f o r ~ ~ ~ i i l a  pro\ ldcs an unl-callstlc ~ -e I l cc t~ \  lty at 
small angles 11 I S  a s s ~ ~ l n c d  that this 1s a conscilucnce of 

I I I C  mcnsilrement ~>rocedul-c and that t l ~ c  data \ \ c ~ - c  
malnly lor tlccp water applicat~ons as\cmblcd. 
I'roducer\ of sul-licinl scdilncl~t maps do  not primarily 
I ' O C L I ~  011 t l ~ e  a c o ~ l s t l c c ~ l  c l ~ a l - a c t e r i / i ~ t ~ o t ~ .  and  a 
s t a n d a r d ~ r c d  typ l f l cn [~on  is ]lot ; ~ \ a l l ; ~ b l c .  191 c.2. 
pro\ idcs  -IS classcr o f  scdimc.nt tl1n1 h a ~ c  to he 
distr~butcd propcrl! rn tlic I\IOC';\SSIN c l i ~ s s ~ s .  'l'l~c 
classes ol'sccli~iicnr o1'/10] 111 the Baltic Sen Lire 
- sand \\ it11 mlllot- <oft bot~oln  arcas 
- Ii;~l-rl bottom ( t i l l .  ;llso bedrock) 
- Iial-d boltoln ant1 band bot[oll~ cquallq d l s t r ~ b ~ ~ t c d  
- sand bottom \\ ill1 lninol- I1a1.d boltom areas 
- sand hottom (snntl a n d  pr:r\cl) 
- sand botlom and soft botrolli cilually d~stributccl 
- soft hotto111 (silt clay mud)  
- soil bottom I\ 1tl1 minor h;l~-d bottoln outdl-ops 
- s o h  hottom ancl 11ard bottt1111 ciluallq di\tr~buli.ti 
- hard hot~oln  w ~ t h  Ininor soli bottom areas. 

The col-l-c5l1ondcncc ortliesc cla\scs to Illc MOC'ASSIN 
classes i \  not oh\ i o ~ l s  and mu\t be toned by emplllcal d;lta. 

A cornpartson of a ~ a ~ l a b l c  da~;r so~~ l -ces  \\ 1111 o \ \n  s a~np lc  
data ind~catcd.  tl~nt tlic accuracy of cu~s t inp  largc ;irc;l 
\ cd~mcn t  t!pe maps 1s I-athcl- lo\\ .  lnalnly bccausc of' 
~nsufticiicn I-esolut1011 of the botroln (the rcl>renccd data 
arc exceptions in this ~rcspcct. tllcy appear to be cl~lilc 
~rcliablc). T h ~ s  ~ n c : u ~ \  that tllc grid is O.K.. but that tllc 
data represent no S L I ~ I I  ~resolut~on as  coultl be pro\ idcd 
by tlie g r ~ d .  M a n y  m a p s  appea r  to he  a k ind o f  
.,gcopoc~l.y", 1.e. they do  not correlate LO rcal~ty  and  to 
Inore rc l~ahlc  maps. Tl iere t i~~-c .  \vc dec~cletl to take 111 all 
cases. \ v l ~ c ~ - c  no cluallty pro\c t i  data sources  \ \ e r e  
n\ailahlc. n clultc simple estllllatc for thc databank of 
MOCASSIN: 



111 tiat areas, I.E. \vater ilcptll less illall 200 m weassLillie 
line sand. so Hrr 111c1-c I I IO hasln sur~oundcd by sh;rllowc~~ 
\\atel: Such b a s ~ n s  W I I I  contaln clay. 111 deep \Later w ~ l l  
he clay. a n d  at the slopes coarse \and. T111s botto11i t y ~ ~  
can he dclitrcti from 111s DBDI35 bntlly~iictr? Inap. 11' 
avail:lhle. ;ll\o I~yd~-og~- , rpl l~c  m;rps i~l'cul-rent speed ma) 
he ~ ~ s c d  fbr c s t ~ t i ~ a t ~ o t l  ol'grain s ~ z c  d~stnhutioll  and hy 
tliat o f  the I?oltom tyllc. 'The Illal? I01 chow5 a good 
e:.\alliplc Sol- rhlh r c l ; l t ~ o ~ ~ .  

M'c scc thal wc have a hierarcliy of hottot11 data w ~ t h  
increasing accuracy: 

- chtimarc 13). ba t l iy~i ie~ry 
- n a v ~ g ; ~ t i o n ; ~ l  rn;lp\ and  s lx l r ;~d tc  ~ n f o r ~ n a t ~ o n .  
c o ~ i i b t n c d  w111i the  h ; ~ l l i y m e r r ~ c  ~ n f o r m a t i o n ,  o r  
occonagrapll~c CLII-rctlt 111;1ps 
- dedicatctl Inaps ol'sut-lic~al s c d ~ m r n t s  
- ~ I I - e c t  ~rctlcctiv~ty ortrams~niss~on loss mcnsu~-clnents. 
'Tlic acoustical validat~oll (fig. 7. 3 )  15 a c h ~ c \ e d  by TI.- 
measu remen t \  o f  FWCi in Nor111 and  H; l l t~c  Sca.  
Reasonable t i i ; ~ ~ ?  ~nfo~-lnat ton 1s ndd~lionally available to 
11s in certain al-cas. 

6. Data acquisition 
Thts discussion c o ~ t l d  tempt to the o p ~ n ~ o t i  tliat tlie 
pt-oblcm o f  r a p ~ d  bottom data input mould be solved. 
True I S  onl) tliat a co~lccpt  of data co l l cc t~o~ i  c k ~ s t s  for 
lhigll cnougll I'1sc~1~1cnucs. The proccss of data convcrsio~i 
fiom a d ig~ t l r ed  map to ;I g r ~ d  dcpentls strotigly on tlic 
strategy of data gene]-at~on for cxa~iil,lc. Poss~bly. it is 

tlie s111rplcst way to p r o d ~ ~ c e  tllc reclull.ed gridded data 
fortlie MOCASSIN MOCASSIN model by dra\\Ing the 
~nappcd  and dtgitlring tlie~il in gl-iddcd form. 

4notl1cr lproblt.111 1s the 111lccrtai13 ~nl 'ormation about 
a v a ~ l a h ~ l ~ r y  ofdaln. For a eel-la111 arca ill Notthern Eut-ope 
Ire go1 once the ~ n I ' o ~ - r n a ~ ~ o l l  that I-casonablc bottom 
infor~r ia t~on should he available in 5 d1ll21-ent dntbnses. 
One ol'tl~ern had 1k1r the \\~llole area ..data not a\~ailable". 
rhr otllc~- posted ;\I all places ..\;md". t l i :~ t  w ~ l l  11ot be t t - L I ~  
Ibr Inl-gc parts ol'tll;it arca. the tl i~rd appca~-cd to be not 
cxlslcnt. the r~ot-lll ttldeed had already cr number o f  a 
company lo ro rdc r~~ ig .  but it \V;IS ~ i o t  ycr Issued. alltl only 
the ti 1111 was a\~:r~lnble witli re;lsonablc data. T l l ~ s  map, 
I ~ o w e v e ~ '  C O \  CI-cd only sotne percentage of the al-ea in 
cl~tcstioli. 

Nr.ve~-rhelc~s. 1111s 15 a still b e t ~ c r  slru:rllon than h ; ~ v ~ n g  
three maps of botloln type frotn onc 21-ca that a r c  
ahsolutcly ~~ncorre la ted.  

7. Conclusion 
Nowadirys sonal- I-angc p rcd ic t~o l~  acculncy is not-mally 
not anymore res t r~cted by the i l ~ ~ a l i t y  of the applied 
a lgor t l l l lns .  but by  the  ~ n f o r m a t ~ o n  abou t  t he  
cnvit-onment. 

Though llic sea Iloor docs 1101 vat-y c r ~ t ~ c a l l y  ivilli time. 
11 IS the I ~ l n l t ~ n g  lilctor for \Iinllow water prcd~ctlons. 
The r c q ~ ~ ~ t - c d  botloti~ ~ n f o ~ - t i i ; ~ t ~ o n  Sol- lower ti-equrnc~rs 
can only be esllmt~trcl only by inverse  nodc cling o r  very 
de t a i l ed  a t ~ ~ d i c \  o f  t hc  3 d ~ m e n s ~ o t i a l  s e d ~ m c n t  
distribution. The \ltuatlon is easiel- fot- Iligller frequency 
sonar prcd~ction. 1.c. for f r e c l ~ ~ e t ~ c ~ c s  h ~ g h e r  than I kl-lz. 
For thcsc li-cquc~lctes just the upper few decimetres of 
the sea Iloor cliaraclct-~sc the sea tlool- s~~fticiently. This 
remedy. Ilowevct-. makes  REA of  tllc sea  Iloor not 
r c d u n d a l ~ ~  but acll~cvable. Evcn for places where maps 
are a l a~ lab le ,  the application of REA is necessary. The 
a \ a ~ l a b l r  i~lformatiot> has to be discovered. transfor~ned 
illto typcs o f  acoust~cal  rclcvtunce, and va l~da ted  by 
. . ~ n a j o ~ - ~ t y  d e c ~ s ~ o n "  o f  tnfor~nat ion of  ~ndepcndcn t  
sourccc or fioni d ~ r e c t  REA mcasuretne~its o r  ~nvers ion 
lrotll ava~lable  acol~stical mcnsurements. 
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Assessing the Bottom-interacting Sonar Environment 

Da\ i d  M.F. C h a p t i ~ a l i .  D a l c  I ) .  El l is .  ant1 Philip K SLILII 

Abstract 

1.  Introcluction 
Man) occall acou\tlc\ I,lhol-atollc\ ~ncludlng I)I<E.\ 
have conlrlhuted to a lalpc hotly o l  reseal-ch Ili;lt Iln\ 
cxp lo l cd  11ic p l ~ y s l c s  o f  b o I r o l ~ ~ - l n t c l ; r c t ~ ~ ~ g  ocean 
acoustic\. tilcntli\ 111g t l ~ c  pli)sic;il Iplocca\c\ yo\ clnlng 
the ~ ~ I O P ; I ~ ; I ~ I O I ~  ~ f \ ( ~ t l l i i l  111 11ic OCC,III alld I t \  o l l \ l i oo t \~  
amhlcnl I IOIS~ and I-c\ ct bcrnt lol~ 12 hai ~~III;IIII\ to he 
done 15 to isolate t l ~ c  gco-acoust~c p;rlamelcls ~II;II I-call? 
~ i i a t t c l  111 n g i \  en \cclial-lo a n d  l o  de\ clop ~ c l l a b l c  
~~~IIIIICI~IC\ 117 I ~ ? C ~ \ L I I C  tl lcli i 111 I I I ~ \ L I I ~  e>e~1 ;IICCI\ T l l ~ r  
rcquilc\ not only a ilccl, a p p ~ c c ~ : ~ t ~ i ~ ~ i  o l ' l l ~ c  ~ph>slc\ 
( theory) .  hilt ;rlso o l  \ \hat i \  t c c l ~ n i c a l l y  I ' ~ ; ~ ~ l h i c  
( p r x ~ i c c )  I\/lodcl\ ;III~ 11lodcII111g ;II-C :I key c l c ~ ~ i c ~ i t  o l  
Rapid 1.11\11-onnien1al ,\sssssnic~it ( [ I F - \ )  IIIC! alc a n  
lntegt-al 1?;11-f of all! I I I ~ ~ I - S I ~ I ~  1pli1ci.i.; k l ~ i  irori~rlcnr;il 
IXO~WIIC\ 0bta111ctI 1111oi1g11 tllc a ly> l~cat lo t~ o l ' \c lcnt~ l ic  
model\ C;III hc u\ctl III operatlo11;rl \onat 1 2 0  l i r n ~ a n c c  
prcd lcr lon ~ n o d c l s .  alld ~ - c \ c l h c ~ - a t i o l l  ~~lot lc. l-dat;r 
difl>tcricc\ can be 11\ed 10 ~ii:~li ;IIIIIIII~~OLJ\ \~;III~I-II>; 

fcatul c\ on LIic \e;~\>ctI 
Naval \onills opclnrc 111 a varlet) 01 oceanog~.~l>lllc ant1 
g e ~ p l i >  \leal cn\ i l o ~ r l ~ ~ c n t s .  and  plcdictlng 01- \ll i iulatlng 
sonal- 11c1 Ji)l-niallcc li)l 130th ;1c11\ c ;111d I ia \ \ l \  c \ o l i i l l ~  
COIIIII~LIC\ to hc i l l1 ;11-1 hC1scci (111 sc~c~ l t~ l ' i c  1p1111cll~lc\ 
Apalt l'roln the cxpcc~cd char;~ctcl lstics o f  \on,ll- talyct 
3110 the \ p e ~ l r i ~ a t l o l l  o f  the \O l l , l I  arri1y. ll1e S O l l i l l  

i l ~odc l l c l -  l iccds IO ILlion ~ i i u c l ~  a h o u ~  1111. : r c o u \ ~ ~ c  
el11 1rc>ti11ie111 [hat co l l \c ) \  rlic i lc \ l lcd \lgnal ,111ti ,!t tlic 
\8111C I l l l l C  1lltl(ltlllce\ 1101\c ; l l l~I or r ~ \ c l l > e l ; ~ ~ l l l l l  111;11 

cluttcl- Ihc cllsplay M'c rcgar-d ~~loc lc ls  a \  ;III c\\ctrti:rl 
com]>olicnI of an!) \onat- system. h11I ~hc! 11iu\1 hc u\ed 

\ \  1111 c'll-c. 1I1c lc \ l l l t \  l i l  rI1c I l l O \ I  ~> l l \ \ lc ;1 l l~-c~l l l -cc I  ;lll~i 
cii~npllt:~tlon;~lI?-i~cc~~~;~lc occall , ~ c o ~ ~ \ t i c  plol,agcrllon 
1110cic1\ ~ ~ 1 1 1  lhc IIO II~OI-c 1~11:1lilc III;III rlic i l i p~ i t \  1110\ 1iIcc1 
\ \  ~t I~ICI! lhc ~ I I I I - C ; I ~ I \ ~ I ~  t ~ i  c\pccI 1I1:11 cn\  ~lonl l lcntn l  

cl;ltcllla\c\ \ \ I l l  e\1\t I'll1 <Ill ~ ~ l l , \ l I l l ~  ll~l\;ll ll lc<lllc\. '111 

; ~ l l c r n i ~ l l ~ c  soluLlon i\ lo  ,llIcmpt lo \u l \  1'p tlic o]3cl~rIlona\ 
~ n c a  j ~ r s ~  ~VI(N 10 dcl?lo) 111cl1t. 111 nllcilipl l o  i l~i lcl i l !  i iscss 
111c \(lllal- Ope1,ltllly el l \  l I O l l l l l C l l 1  1 5  t1111c \ \ I l l  1x2 
] 3 l ~ C I ~ ~ L I \ .  l l l ~  g02ll 01 \ I I C ~ ~  d l.;lllliI CI1\ 110111111'111~11 
,I\.;cssnicl11 (I<E,l) \\ou111 he to ~ ~ I C I I I I I I I C  t l i ~ \ c  I'c;IIuI~\ 
01'  lhe c ~ ~ \ i l o l ~ l ~ i c n l  111o\t i l ~ ~ l > c ~ r l : ~ r i l  to 1l1c jo11a1 
~ l lodel l l l ig  ra\L. 1-nI11c1 111,111 to I>:IIIII .I con i l~ l c l i cn \ i \ c  
ciccanogl aplitc and gcolih! \IC;II 1"" 11-,III ot'rlic ,Ilea S l i t \  
1p;1pc1 \\ 1 1 1  le \  lei\ the I11;1i11g111\ 111 I I R L  -\'\ l i i l ;~) II~TIJ 

~ l i~css l l l c l i l  0 1  l l lc sci l~lcd ~ 1 r i ~ J l c l ~ I c ~ .  ll lc~llcill ly 11l:llc~lcd- 
l l c ld  111\c1\1on for  gco-ircousr~c ~ p t o p c l ~ i c \ .  \elstno- 
,~cousttc In\ cl \Itin flit \IIC:II \ \ a \  c plc~l ict-t~c\ 'I 1c11ll3c11.11 
\ ( I t - \  e> 01 \l1'1ll0\\ \\ ,11e1 'llllLIlclll 1101\c. 'Illti 11\c l l f  
IC\CI-~CI~I I IOI I  data ro c\ l lacr Iio11i11n los i  ant1 \cnhcd 
scattering ~ p l o l ~ c r t ~ c s  ,Ill l iough occ;r~iogrnpl~~c :rspecti 
\\ 1 1 1  he louclicil til3oli. 11ic clnl?I ia\~\ \\ 1 1 1  he on ;r\\c\\ing 
IIIC ~SO-;ICOLI\IIC c11\ I I ( I I I I I ~ ~ I ~ ~  111-c~e111eii lh! ~IIC oci'an 
hotto111 aiiil rllc In \c l \  (11 t l ~ c  \cahcd hcnca~li  

2. The sonar oceanographic environment 
Tlic ba\lc \ I I I~J~ p l ~ ~ i h l c l i l  I \  tlic t i c rcc t~o~ l  01' ;I \I:II;I~ 

rna5kctI lh! ~ l i c  p~-c\cl icc 01'no1\c ;1:10 (11 IC\CI~ICI;IIIOII 

A passi\c ~(III~II de~cc t \  ;I ta lgc~  by \C I I~ I I I ~  II\ \e l f -  
scncralctl \oulids tllc I-ccci\ccl \lgn;ll depcntl\ on the 
\OLIICS \II c ~ i y t l ~  and the t t a n s l l i ~ \ i ~ o l ~  113\2: 11ic 111;1\kllig 
I I O I S ~  I, 111c :III~~>~~III IIOI\C l i : ~ c h y ~ o ~ ~ ~ > c i  411 < I ~ I I \  c \I~I~;II 

"13i l ig~" (111 ~ l i c  ta lgc~.  IIIC I -~CCI \C~ I  i'c1111 I c \ c I  t l c l ~ c ~ i d \  
OII the ;ICIILC \OIII.CC le\cl. Ilic tivo-\\:I? Ilnnsml\\lo!l loss. 
a n d  the h;rch\c,~rtct \rlcligrll o l ' ~ l i c  1,11gct. rllc nla\klng 
.III~IIICI~I I I ~ I \ C  I \  , ~ I I ~ I I ~ ~ I ~ I C ~  h? IIIC IC\CI-~CI;IIII clic1-2> 
01' tlic ~IUI~OIII: 1111ig \c ;~~~cl -cc i  h;tcl, lo the I ~ C C I \ ~ I  b! 
Ihc en\ Itonlncnl 
fhc t ra l l \ l~ l t \ \ lon lo>\ ;111ihlcnr 11o1\c. and  rc \  cl Ihcl-allon 
c;ili be c ~ i ~ i \ ~ i l c ~ - c d  ;i\ ell\ IIOIIII~CI~I;I~ ~ILIIIIIIII~\. .II~LI can 
he mca \~ l l cd  l l t c ~ ~ i ; ~ t ~ \ c l ! .  tllc! c,111 be l ~ ~ c c l ~ c ~ c t l .  11' 
Illill-c ftlllti;1lllcl1lal ell\ ll~llllllc1lt;ll ~~L l~ l l l t l t l c \  t11c ~ l l O i \ l l  

t . igl i rc I ~ l l u s t r a l c \  rhc ~ - c l ; ~ l i o n \ h ~ p \  h c l ~ \ c c n  
cn\ ~ ~ o n l ~ l c n l ; ~ l .  acoLI\IIc,  lid \CII~;II 1110dcIs A1otli.l.; fill- 
~ptcdlcr lng t ~ ~ ~ i . ; r n ~ \ ~ t ~ i n  lo.;\ ,IIC ~ c l a t ~ \ c l !  n~:irul-c 
I ultlrcl 111oilclc ( ~ ~ s u a l l )  b u ~ l t  011 jplopcig:llli~n III~L~CI\) 
I1avc I3cc11 ~ l c \ c l o ~ ~ c t l  sot < l l l l l ~ l c l l t  l l I ~ l \ C  a11d 
I ~ \ ~ ~ ~ ~ ~ I ; I I I I I I ~ .  13~1r t l ~ c y  I ~ ~ L I I I - C  III;II~! t t - a t i \ ~ ~ i i \ \ ~ o ~ ~  Ills\ 



C, t- 

8' SIGNAL PROCESSING \ 
b 4 

9 ' BASIC ACOUSTIC MODELS \ 
4b 

/ PROPAGATION ',, 

/ ENVIRONMENTAL MODELS \ 

, R A C E  ; VOLUME - [ BOTTOM ?, 

sprcacl~ng a l e  1c1;llcd to I l lc c ~ ~ \ ~ l - o n r n c n l .  b ~ ~ t  arc 
~rcscascl~ lop~cs ;~nti  Iw! O I I ~  tllc CIII-I-CII~ \c011e oI'DRE.\'\ 
RF:\ act(\ ~ t )  
LII\ 11011111el1tal I ~ I O I ~ C I  r~cs ( i f  l l ~ e  occan sul-lilcc ,111d \\ ;II~I 

\ > o l u l ~ ~ c  at-c ~ -cnao~ l ;~b ly  acccss~hlc  tli l-ougll rcmorc 
scnslllg 01- d i r cc~  I l lca\ l~remcll l .  scahcd ~ ~ ~ l i i ~ ~ l x ~ t ~ o ~ i  1s 
~ n u c l l  I1a1-dcr l o  o h l n ~ l ~ .  and o l i e ~ i  only ; r \ ;~~ lab lc  h! 
ncou \ l~c  Incan\ Sc;rtlcd p l -opc~- l~c\  arc ~ p a ~ t i c u l a ~ l q  
11111x11 1:1111 Sol- sl1;1110\\ I\;I~CI, ~IIICL. aco~~s l i c  pr013i1gat1011 
i n  IIIIIC~I u f t l l c  \ \ o ~ l d ' s  \ l ~ i ~ l l o a '  ~IC~;II I  \V:ILCI-s i \  
d o l n ~ n a [ c d  by  borrom 1nrc.1-acl~on AI\ci. \cabccl 
p l - o l ? c ~ ~ ~ c \  :u-c IIIOIC e1~11-ablc. 111 1I1c \CII~C 111~11 tl1c4 do 
not ncccl 1 0  be rc l lc ;~~ct i ly  I-C\III\ eyed. ~ I I C C  III~;I\III-cd. 
111 1111s Ip;lpel- a c co~ lcc~~ t ra tc  on Ihc ;r\scsslnelll ofscahctl 
g c o - ; r e o ~ ~ s t ~ c  propc111cs IIII~OI-~LIII~ I'OI \I1113 st111;1r 
f r c i l u c ~ ~ u c ~ ( . - \ l ~ l ~ o ~ ~ y I i  111e 110110111 11 c \ e n  ~ n o l - c  
11111x11-1,1111 ~OI -  IIIIIIC COIIII~CI-IIIC;I\LIIC~. \ \ c  110 1 1 0 1  IIICIU~C 
MC'h1 a c l l \ ~ t i c \  In 0u1 c o n s ~ d c ~ - : ~ l ~ o ~ ~ s  ) 

2.1 Sound spced 

l (> \ \ : l l c i \  1I1c sl11f:lcc or ti(>\\ ll\\:ll~l\ lo\\:lrci\ rI1c ~lrlll(~111. 

01 I \  C \C I I  ductcd h! a \oulld \peed mlnl lnuln 11 I \  

i".bc1111;11 to ha\c  a Icplcscntarl\c \ound \peeti p ~ o f i l c  
fiir tlic opc~-:~tional ;~rc ;~ chcn 1f11 is a s~nglc  s~l:ipsl~ol 
and t111\ is ~c;ldily ohla~nablc I'rolll \l~~p-dcl,lo>ccl (11- ai l -  
d c l ~ l o ? c t l  e\1~c1id:rhlc bath! rhel ~nog l -ap l~ ,  (YB I>) 
\ l u l ~ ~ l ' l c  casts (11 el  a n  81-ca \\ o ~ ~ l d  11111)10\ c the 
asscsslllclll (11' I~ I -C \ ; I I~ I I I~  c o l l d i ~ ~ o ~ ~ s  and III;I~ ~ I - O V ~ ~ C  

~ n f o l . l l ~ ; ~ l ~ o l ~  o11 ~ c o g r ; r p h ~ c a l  \ ; l r i a l ~ o n \  l l~;r l  ~ n i g l l l  
I I I ~ C I - ~ C I ~  \\1t11 \OII~I~ opc~- :~t io l~\ ,  \LICII :IS ~CC;III r~-e>~~t\, 
tdd~es.  ,111~1 CIII-I-CIII\ 

To modc l  ~ ~ c l l  c o l l ~ p l ~ c a t ~ o l ~ s  111tcns11'1cs 111c task 
cno~- lno t~s ly  I f  t l ~ c  CIILII-OIIIIICIII is g e ~ g ~ - i ~ l > l ~ ~ c a l l y  
Invarlalll ( i .c  ~-angc-l l~dcpendc~~l).  acoustic p~op:~gal ion 
IS c y l l ~ ~ i l ~ ~ c ; r l l y  \ q ~ ~ ~ l n c t r ~ c a l .  111 c f f c c ~  ~ rc t luc~ng  111e 
c1Illl~lll l; l l l~lllLll ~11-~>l~ lc I l l  I11 t \ \< l  clllllcll:,lolls Latc1-:11 
\a r la l l o l l  o l ' t l ~ c  occan wale1 1nas5 rcclull-es three- 
d i l n c l ~ \ i o n a l  mode l l i ng  c a p n b ~ l i ~ y .  (11- he!-\ ~ c c a b l c  
: I ~ O ~ I I I I ~ I  to I s  1 5  rllc COIIIPIC\II~ o f  the 
en\ 1rolllllcnl :u~d  III~~ICIIIII~ l;l\l\ y~-o\ \  \. doc:, the 
susccpl~h~l l tp  to el-1-01. 

2.2 The role of orcall circulatiol~ n~odc l s  and remotc 
sensing 
\';ll~darctl ocean c ~ ~ - c u l a t ~ o n  models suppl~ctl  \I 1111 ~117- 

to-dale ~cmpcralul-c. cul-I-cnl, allel \ a l i~ l i t y  pl-ol~lcs in  an 
;rl-ca o f ~ ~ ~ l c r c s t  may [pro\ ~ d c  a li~~-cc;rsl good l i i r  sc\ el-al 
day\. b u ~  lllaq o l~ l !  hc u s c f ~ ~ l  111 a l c l - ~ ~ n g  IIIC opc1;rto1-5 to 
\ o n a ~ - - u ~ ~ I l - ~ c n d l ~  ocean fcatul-c\ ~arhcr [hall p r o \ ~ d ~ n g  
prcclsc ~npu ls  to son:ll- modcl:, 121 I n  tllc \alllc vein. 
rcmolc \cl lslng 01' ocean sr~~-I':rce t c ~ n p c ~ - a r ~ ~ ~ c  may 
]pro\  tic I I I I ~ ~ I I - ~ ~ I ~ ~  ~ ' I C ~ ~ I - O I I I I ~  111Iij1-1naLlon. hul ~t IS no1 
c l c a ~  ~II:II Illcbc tiala c'ln he rn:~pl>cd Into \ound speed 
~profilcs ~ ~ s c l i ~ l  1'01- sonal- m o d e l l i ~ ~ g  

2.3 Occan surface ror~ghness 
A n  ag~l ;~ lc t l  occan \LII lilcc ~ i ~ t ~ - o t i ~ ~ c c \  loss (bq \c;llter~ng) 
t'or enel-gy I-cflecling 1'1-om the \c;r sr~rfacc :III~ el-catcs 
~cverbc l -at~on througI1 hackscallel- l o  the aon;rl (I'cir an 
; ~ c t ~ \  c so11;11 i Tlic gc0111et1-ical IOLI~IICII~II~ o1rI1c \ I I I - ~~CC 

I \  t l ~ c  ~ p t - l ~ ~ c ~ p a l  p I l y \ ~ c a l  f a c r o ~  Icading ~ i i  these 
PIICI~OIIICII;I. but cI(1~1(1s 01' ~ ~ i ~ ~ ~ o - h ~ ~ h b l c s  ~ I I ~ I  hc11cal11 
h e  su~l i lcc  may also co~~ t r ibu tc .  I lcf lecl ion loss and 
surface backscat1c1- cocl ' l ic~cnls : I~C ~ypica l ly  cos~clatcd 
\\ i t l i  OCC;III :I\ chciglit. "yea stale" 01 local \\ ~nc l  \p~.cd. 
cstllnnlc\ o l ' \ \ h ~ c l i  ;lrc t.c:rd~l! a \  ;r~I;rble on-s11c (11, from 
I emote scllsors 

2.3 Acoustic arnhicnt noise 
.I\ pass!\ c \o i~a~-dc rcc r~on  IS a s ~ g l ~ a l - ~ n - n o ~ \ c   problem. 
c s t i m a t ~ l ~ g  Ihe a l n h ~ c n t  nolsc Icvc ls  ( h ~  a single 
o l n n ~ d i ~ c c l ~ o n d  I~ycl l-opl~onc) a ~ l t l  1111: ho l -~ /o~ l la l  and 
\ c r t ~ c ; ~ l  t l ~ ~ c c t ~ o n ; l l ~ r !  (I'ol- I ~ y d r o p h o ~ ~ c  all;ry\ 01- 
d l l -cct lo~ l~ l l  \ensol-\) I \  111s1 a 11111?~11-tanr to lhc bona~ 
~ p ~ c d ~ c r ~ o l l    nod el :I\ s ~ ~ n l ~ l a t ~ ~ ~ g  r l ~ e  a l g ~ ~ a l  level  
Stat~st~c;~ l  a ~ n h ~ c n l  11oisc data c u ~ \ ~ .  h u ~  the coverage is 
s p o t ~ y  boll1 111 g a i g ~ : ~ l > l ~ y  and season A ~pa~ t~cu la l -  



~ ~ - u b l c l n  1s tlie l n f  llcncc ol' 11c:u by s l r~pping,  w l ~ i c h  
generates extra nolsc tliat 1 5  liighly Lariablc In timc and 
d i r cc l~o l~ .  Tlic changcahlc slid 11np1-cd~ctahlc I I ~ ~ L I I - e  01. 
i r ~ i ~ b l c ~ i t  ~ i o i s c  seellis to d ~ c t a t c  t ha t  a n  1 1 1  \ / i / /  
mcn\lrcment at tlic timc would he tlic best estllnatc ( 1 1  
r l ~ c  solla1 lias pl-o\ ision Ibl- \c icnt~f ic  data collcct~on slid 
~scductlon) Al tcrnat~\c ly .  olic ~ n ~ g l i t  cons~del-  \~pnn l  
proccsslng t c c l i n ~ q ~ ~ c s  \ucli a \  o t lapt~\  e bcamtbl-m~ng, 
\\Iie~.cby tlic s~pl ia l  ploce\slng algal-~thm attempt\ to 
accollllt thr the c l i a n g ~ ~ i g  nolsc ell\ 11-onmcnt 

2.5 An~hient  noise modelling 
Models cxlst for s i m ~ ~ l a t ~ n g  11o1\c fields, but these arc 
c s scn t~a l ly  varlants of occan acoustic propagation 
~nodc l s  A s s ~ l r n ~ n g  a dis t l -~hut~on o f  .;en surface source\ 
and  01- a d~stl-ibution of occa l~  \l i~pping. tlic propapallon 
models sum LIP [lie con t r~bu t~ons  pl -opa~at lng from all 
~ I I I - e c s  to the reeel\ cr loearlon. r c s ~ ~ l t ~ l i g  In a s i ~ i i l ~ l a t ~ o n  
oftlie Ic\cls and di rect~onal~ty  of tlic amb~en t  nolse field. 
Pal -~~culnr ly  In shallo\\ warel-, 111c acoustlc rcflcct~oli 
el1, ,rt,r~tc~-istics . . of the sc:lbcd ~nl lucncc the properties ol. 
11ic nolsc field (and the s~g l i a l  field!) Also, thl-cc- 
d imcns~onal  propagatlon n~odc l s  may be r equ~red  to 
~ n o d c l  noise a r r~v ing  From soul-ccs at any b e a r ~ n g  o r  
lanpc 

T h e  dcpt l i  o f  [lie ocean  1 5  a n o t h e r  1mpo1-tan1 
occnnographic ~ n p u t ,  liccdcd ro account tol- acoustic 
cllcl-gy I-cflccted and scartcl-cd 1.1-0111 the scabed ( I f  tlicrc 
is s ~ g n ~ f i c a n t  bottom ~ntcl-action. ~t is the ~i ios t  Importalir 
occa~ iog raph~c  input.) Echo {or~ndcrs can provide dcptli 
~lndcl- Ilic vessel: ~nulti-beam echo sounders produce 
swaths o f  hathymetric data. At n give11 gcograpli~cal 
location. tlie ocean depth docs not change signllicantly 
In Ilmc. so batliymetr~c databirsch ale a reasonable soul-cc 
o f  data.  p ro i ided  tlie c o ~ c l - a g e  and  r c so lu t~on  a!-c 
:~cIcquatc. Even \\ ~t l i  a ~sangc-~ndcpcndelit sound bpccd 
PI-olilc. a sloping or ~ r ~ . c g ~ l l a ~  occan bottom ~ntroduccs  
rhc need for range-depcndcnt o r  t h r e e - d ~ m e n c ~ o ~ i ; ~ l  
PI-opagation models. M'atel- dcptli is c r ~ ~ c i a l l y  Ilnportanl 
In shallow watcl (i.c. on conlilicntal shclves), as  tlic 
dcgrcc o f b o t t o ~ n  intcractiol~ is r n ~ ~ c l i  greater for a give11 
soul-cc-~cccivcr range In shallow watcr than for the same 
range in dccp watcl-. 
' l h c  bat l iymctry  is a key f c n t ~ ~ l - c  in d e t e r m i n ~ n g  
rc\crbcration. Unless the sonar 1s \ c ry  d ~ r e c t ~ o n a l .  
hottom rcverbcration w ~ l l  do l i l~~ la t c  the reverbcrat~on 
licltl. In deep n a t c r m ~ ~ l t ~ p l e  surface-botto111 reflections 
(I;rtIiometcr ~scturns) d o m ~ n a t c  at short times. ~vliilc 
Sca t~~rc  scattcrlng ( c  g . h a s ~ n  malplns and seamount\) 
doln~natcs  at lolig times; In sliallow watcr backscattcr~ng 
li-om slopes (banks, islands o r  the coast) dominates In 
add i t~on  to the large-scale batlrymctr~c slopes, tlicrc is 
rhc s~iiall-scale rouglincss that detc l -m~nes  the local 
scatlcnng D~scussion of I-evcl-bcl-at~on due to backscattcl-~ng 
li .o~n the scabed is deferred to a later section 

3. The sonar geophysical environment 
T l ~ c  ~rolc of the scabed as  all acoustlc rcf lcclo~ irntl 
scallercr lias been lncntioncd In a bo t tom-~n tc~-ac t~~ ig  
:rcousl~c ~nu l t~pa t l i  en\ 11-o~i~iicnt. rhc acoustlc ~rdlcction 
and  scattcrllig propest~cs ol ' t l~c  scat1oo1- intlucncc \onill- 
pel-fol-mance Shallo\\ na1c.1 ( co~ i t~ncn ta l  slicl\e\) c o ~ ~ l t l  
he considel-ed an c \ t l -cn~c I I I L I I I I [ X I ~ I ~  c ~ i \ ~ ~ - o ~ ~ ~ i i c ~ i t  111 

\\ Iiicli 111c acoustic ~ ~ i l l u e ~ l c e  oKtlle scabcd is pal-anlounr 
I I I ~ I - e  a{-c a l~i ios t  as Inally \\a!\ to paramctel17c t l ~ c  
; i c o ~ ~ s t i c  effect o f  the scahcd ; I \  there al-e cornputel 
~i iodcls  that claim to accollllt li)~ tlie effect 
A\  t l ~ ~ s  is tlie 1iiai11 t h ~ ~ ~ s l  ol'rlii\ papcr, the paralnctcrs 
will be ~ntroduccd lirst as n gl-oup, and the discuss~on ol 
as\css~iicnt mctliotis m 1 1 1  Iollo\\ 

3.1 Gco-acoustic propagation parameters 
Bott0111-~~iteractirig 0cca11 ; I C ~ L I ~ ~ I C  propagatioll ~ l lodcls  
~ ~ c c d  scicral or all o f  tlic li)llo\\ ~ n g  .;cabed paralllcler\ 
;I\ 111lx1t data, e~tlicr ;IS constants. piecc\\lse constant 
lilllct~ona of depth. or cont~liuoLls f i l ~ ~ c t ~ o n s  of depth. 
w111i lateral varlatlons ~ncludcd.  ~ fappropr l a t c  

sound speed (prcs\l~l-c or co~iiprcssional w a l e )  . density 
attenuation cocllic~cnr ol 'co~nprcss~onal  \ \ a ~ c  
shear spccd ( t ra l i \ \e~- \c  01 rotational \ \ a \ c )  
attenuation coet ' f ic~c~~t  O ( ' \ I I C ; I I -  \ \ a \  e 

(I3orrom 01- ~nter-layer ~so~~glincss-111 thc conte\t  of  
r c l l c c t ~ o ~ i  loss-IS i ~ ~ i o t l i c ~  ~lnpol-tant parameter. bur 
Inany models are ~lnablc  to lianclle it ) 
Some models simply replace a dc t a~ led  treatment 01. 
: rco~~stic propagatlon w ~ t l i ~ n  the scabcd with a ticqucncy- 
dependent and angle-dependent plane wavc r c f l c c t ~ o ~ ~  
c o c f f i c ~ c n t .  If the  rcl,rcsc~iration o f  the  a c o u s r ~ c  
~scllcction process IS accr~~-;~rc .  this 1s all one neetls. as 
tlic so1iar and tlie I ~ I - g e t  a r c  In tlie \ \ a t e r  ( a  s a l c  
assumption). The de t a~ l s  of t l ~ c  acoust~cal  procchsc\ 
\ \~t l i in  tlie seabed arc not nccdcd. only t l ie~r  net cl'l;.ct 
o n  the sound field In rhc marc1 column 

3.2 Acoustically equivalent scahcds 
Lnlarging on this last pollit, I I  may not be ncccssal-y to 
have a gcophys~cally p~ccisc  ~scprcscntation oftlic scnhcd 
at all. p r o v ~ d e d  the net a c o u s t ~ c  cffcct is modcllccl 
adcq~lately for tlic sonar ~ i lodc l l~ng  task To t h ~ s  end. 
for cacli real seabed. t l i c~c  c u ~ s t s  a frlln~ly ofacoust~cal ly  
c q ~ ~ l ~ a l c n t  seabeds that PI-oducc the dcsil-ed effcct. but 
whose particulal- p a r n ~ n c r c ~ \  1nay not lnatch Fol 
example. ~t has long bccn ~ I I ~ \ L I I  that the contribut~on 
to ~icar-grazing bottoln lo\s by conversion of energy I I I ~ O  

low-spccd shear waves In llic scabcd call be ~ n i m ~ c h c d  
by clightly decreasing the dclisity and slightly ~ncrcnsing 
the a t tenuat ion o f  the  colnpl-c\aional wavc  This  
tccliniquc is particulal-ly I ic lpl~~l  il'thc propagation lnodcl 
ir t  tlic heart o f  tlie sonal- s ~ ~ i i r ~ l a r o r  h n o ~ v s  not l i~ng about 
slical- Lvaves. The eq r~~ \a l c l i t  seabed is-~n gencl-alp 



11-cqucnc?-depc1i(ic111 I lie c o ~ i c c p t  1 5  1 n 1 1 l a 1  to 
~ ~ ~ l c r j i o l a t ~ n g  a cur! c ol ' l-cllccl~o~i lo\\  \ s g1-a7111g angle. 
a \  uscci in many I-ny-tl-ace ~notlcls.  

3.3 Scattering and rcvcrlwration parametcry 
I lie ocean bottom scarrc~-\ \ound in l n l~ch  the \ awe  
\ r a \ a n d  h a  ~ n u c l i  ~ l i c  \ , imc e f f ec t  011 \olial- 
O~lClKlll<)llS-ab lhl' OCCall \ l l l ~ l ; l ~ ~ .  \\ 1111 501116' l l l l ~ l O ~ ~ d l 1 ~  

tl~lli.rcnccz. FII-stl!. tllc \c;~rlcl-~ny 1p1opc!t1c\ \ dl-) \lo\\ I! 
\\ 1111 Illnc and they a1.c fixed 111 gcogl-aphical loearlon. 
so  I I \ I I I ~  da tabase\  to atol-c anti ~rctl-ieve \callcl-l~ig 
~ p ; ~ ~ - a ~ i c t c r s  1s a fca\ihlc O ~ I I O I I .  Secondly. as a o ~ ~ n d  
p e ~ ~ c I r ; ~ t c s  to S O I ~ I C  extell1 illlo Ilic sc i~bed (111o1-e so ill 

l o \ \ c~ -  1'1-cq~~cncics). 11ic \cabcd \ I I L I ~ ~ L I ~ ~  bcncat l~  l l ~ c  
\% ntcr seabed ~ntcl-facc 111us1 llc c o ~ i s ~ d c r c d  Thcol-cl~cal 
hachsc:rtrering ~i iodcl \  ha\cd onl! upon scattel-lny f ~ o m  
I - O L I ~ I I  \il~-t',lccs do no1 sccln to lcll r l~c  fill1 stol-): t h c ~ c  I \  
e \  I ~ C I I C C  that fine-scale al-lalloll\ ofacoustic propcrt~c\ 
\\ 11111n rile \oIurne of the \cahcdju\ t  bcneatli the su~-t',~cc 
li :~\c ;I large ~ n t l i ~ e n c c  If 1111s I \  so. thcn translal~lig 
g c o p l ~ y s i c a l  data  f l -o~n t la tahascs  Inlo s c a l l c ~ - ~ l ~ y  
p ;~~-a~ i i c t c~ - s  may be ovcl.\\ l i c l~~ icd  by the cons~dcrablc  
amount of high-rcsolut~on daln ~-cqui~-cd fol- the task 
Al t c rna t i \ e ly ,  t l ~ c  scallc1-111g and  backscn t i c r ing  
P I - O P U - I I ~  o f t l i e  ~ c a b c d  could be su r \ eyed  at I l ~ c  
fi.ccll~cnc~cs of 111tcl-c\1 and \~orcci .4gn1n. a n  i ~ i  \ i i r i  

I I I ~ ; I ~ ~ I I C I I ~ ~ I ~ ~  at tlic t~l i ic  of deplo>iiicnt may be the bcrl 
\ O I U I I O I ~ .  although t111\ noultl  d ~ c t a t e  that 5c1cnlif1c 
r c d u c ~ ~ o n  o f  acouTtlc dnra he ~ n c l l ~ d c d  In 11ic sonill- 
ploccsslng soft\\ai-e s u ~ ~ c .  
Tlic \as t  I~tcratul-c on scal~cl-lng attests to the d ~ K ~ c u l l y  
111 11-eating the process ~ n a t l ~ e ~ i i a t ~ c a l l y .  Fol- sonar  
lnodcl l~ng purposes, an C I ~ ~ I I - i c a l  nppl-oach is generally 

Inputs 

Source  Frequency 

Geometry  

Bathymetry 

I I \ C ( I  F ~ C ~ I I C I I C ! -  i ~ l i c l  I ~ ~ i g I c - d e ~ ~ e ~ i d e ~ i ~  \ C J I ~ C I - I I I ~  
I'lincr~ons d c r ~ \ c d  I I O I I ~  InciraLIremenls arc u\cd 1.01 

surface and botlom scnlier~ng. and  used in \onat ~iioclcls 
The  w ~ n d  spccd o r  acn \rate is the key pC1ralnctcr 
co~.rclatcd to sur l i~cc  \c;rrIc~.ing Hottoln s c ; ~ t ~ c r i ~ ~ g  I \  

I ~ ig l i l y  \ a ~ - ~ a b l c .  and  I I O I  ~ c a d ~ l y  d e d u c e d  I'rom 
f ~ ~ ~ ~ d a l n s l i r a l  pliys~c;rl clllnntltles It is I I ~ c I ~ ~ I ' o I - c  ~ I I I  
1rnpo1-1a1it pal-amcte~- I'OI d c t c ~ m ~ ~ i a t ~ o n  tl11-011yl1 111 ,\ 
lcclin~ilues 1-he ilsc of \cattcl-llis f i ~ n c l ~ o n s  lo tli.\c~ ~ b i '  
I I I ~  cSl'cct of the C I I \  ~ l - o ~ ~ r n c n l  I S  s~ rn~ ia l -  111 p r~~ lc ip l c  lo 
lhc eclul\alcnl \c;rhcd conccpl. 

4.Assessing the geo-acoustic environment for 
sonar 

1. I l'raditional sun cy method, (direct rncasurcmcnt) 
(;copliysicnl \111\c! rccl1111quca de\elopcd  ti)^ o ~ l  and 
?a\ explorat~ol~ and oi l~cr  scnhcd acti\ Itle5 iia\ c ~p~-o\  ~ d c d  
d;ltil ~-cIc \a l i t  lo hollo~ii-111tc1-act11ig occali acollsllc\. 
I I I~II - I -CSOIUIIUII  \ C I - I I C ; I ~ - I I I C ~ ~ C I I C C  s e ~ s ~ n l c  PI-otilcrs (1.c 
e c h o  soundcl-s  c l ~ l i a ~ i c c d  lo  P I -occs s  sub -ho i rom 
~.cllcctions) p ~ o \  ~ d c  ~n l i )~ lna l ion  on layering In su~- l i c~a l  
sediments, and  have lately bccn 111ip~ovcd to prov~dc  
approximate c c d ~ ~ ~ l c l ~ t  class~ficntion I-lo\\c\cr. Ihcsc 
devices do nor dll-cctly p r o ~ l d c  scd imen~  gco-acol ls~~c 
p ; ~ ~ a ~ l l c t e ~ s .  \ \ I I I C I I  I I I L I \ ~  he cxtl-apolated fi-o~n d ~ ~ - c c ~  
I I I C ; ~ \ I I I - C I ~ I C I ~ ~ S  011 a \ \ o c ~ i ~ t c d  COI-c .;a~nplcs or horcliolc\. 
1 ) ccp - toned  ~ c o ~ I I ! \ I c ; I I  d r rays  call IIIC;ISIII-e ~ l i c  
i o ~ i i l ~ ~ - e s s ~ o ~ i a l  S I > C C ~  11s111g el-it ical-angle \c l \ ln lc  
reli.action mclliod\ S i d c c : ~ ~ ~  \anal- pro\ ides a qualitarivc 
111casu1-c of scabcd ~rol~ghncss: some mr~l t~-hcaln  echo 
s o l ~ ~ i d c r s  can reduce I-ciu1.11~ l o  give seabed backscallc~- 
cocfticicnls. 

Sonar Model Outputs 

X$ Measured Slgnal Field 

Geo-acoustics 

Real World 

aaust 



111 IIICII~\ C;I\C\ tlic hotto111 I\ III;ICCC~\II~I~ 10 d i ~ i ' ~ ~  
I l I C ~ I ~ l I I ~ C I l l ~ I l I  ;111~1 111\51~\1011 ~ ~ ~ l l l l l l l l l c \  ;IlK I l \ ~ d  TIIC 
~p~occdurc ~ l i \ o l \ c s  making ;I ~ n c a s u ~ c ~ i i c ~ i t  ( s l ~ c h  ;I> 
Ir;~n\mission lo \ \ )  tlicn colnparllig to a lnotlcl 111-ctlict~on 
hascd ol i  solnc 111cas~u-cd 01- assumed en\ l~-onlncnt:~l 
111puI\ (pe~Ji:~p\ 1101ii a dataha\c) The d~l ' l i .~cncc~ ale 
tI1c11 cnlll~>nlccl. ,111~1 ll\ecl 1 0  ~ ~ l ~ t : l l l l  l l l lpl<)\ eel c\tlIl l i ltc\ 
l i lt t l ~ c  d e \ ~ t c d  en\ il-onmciital ~ n p u t s  ( s u c l ~  as gco- 
;rcousllc p a ~ i ~ ~ i i c t c r s )  The c o ~ ~ c c p t n a l  p~occdure  IS 

~ l l u \ t ~ n r c d  111 I . ~ g u l c  2 
1111 CISIOII C;III be ciol~e I~~:IIIII;~~~>. \ \ I~c~-i 'b! ;III C\PCII 

~ i inkcs m n c  ctluc;~tcd guc\\cs ,111d : ich~c\ c\ ~cci\onablc 
i~g~cc l i i cn t  h c l \ \ c c l ~  modcl ;111ci data )\I] ;111c11i;it1\ c 1s 

LIII i11\crslo11 ; ~ l g o ~ - ~ t l i ~ i ~ .  n l i c ~ c  ;I pa1:111ictcr \1>;1cc ib 
\c;rrcIicd lo  I'III~ a n  o p t i r n ~ ~ l i ~  (01- ncul- o p r ~ ~ i r u l ~ i )  f i t  to 
111c tlatn 1111s ~ii:r! he comp~~ta t~ona l I>  il i le11\1\e. and 
r l ~ c  ~ph! \1c;11 \o lu t~on  Ilia> nor he \el-> ~re: r l~ \ l~c 

I o  ~II:II-RC~CII/C tlic ~CO-;IC(III\~IC cn\  11-o1111ic1it I~IOI-c 

e \ ; ~ e ~ I y .  tlic oce;111 ;IC~II\IICI;III C O I I ~ ~ I I I C ~  ;~ \ ; l i l ab lc  
~ l i l ' o ~ i ~ ~ a t i o n  I r o ~ n  t ~ - a d ~ t ~ o l ~ ; ~ l  \III\C! I cc l l n~quc \  01- 

cl:rtabnscs. makes an educatctl g l l c ~ s  o f  ~ h c  tclnainilig 
P;I~;II~ICIC~~. ;111ti i ~ t t c ~ ~ i p t s  10 11iodc1 L I ~ C ~ I \ ~ I I - C ~  r ~ ~ ~ ) ~ ~ ~ t ~ e  
PI-ovagation lo \ \  as a fi lnclion o f  [range at ;I \el-ics o l  
l ic i lucnc~cs. a ~ t c ~ n p t l n g  to at Ica\t I-epl-oducc 111c trend 
o l ' t l ~c  c1:it;i. II'IIOI tlic dcta~ly 1 1  I\ rare tIi;rt tlic lirst tr! I \  

c\ c11 close, hut rli l\ dcpcnds up011 the expel lcncc ol 111c 
~noticl lcr T111ougli a proccbs tl1:11 lias collie io hc knon  11 

; ~ s  " r c p e t ~ t ~ \ c  I 'o~\ \ard modelling", all cupc~ icnccd  
IIIO~~IICI- C~III ~ r c l i ~ l c  the p:r~;r~nclcrs o f r h c  Input ~ i i o d c l  
to ;ICIIIC\C ~-c;r\cln,~ble 221-cc~iicnt. pt-o\ ~cied that tile 
Ixopagatlon ~i ioclcl  has accou~itcd for all tlic ~ p l ~ > \ ~ c a l  
I ~ I ~ O C C S S ~ S  III\,OILC~ 111 tlic CYIICI-III?CII~ 

4 , 2  2 Ac ~ I I I \ / / ~  111i1ti 170i l  / I ( z / ( /  I / I I , ~ , I  ~ I O I I  

l t ~ ~ e l - s i o ~ i  ~CCIIIIIIILIC~ ital-t \\ 1111 tlic measr~rcd cl;lta. apply 
II~CIII IO a ~ i i o d e l .  2nd p l - o \ ~ d e  cstlmarc\ o f  lnodcl  
palatiieter5 Llslng ,I d~sc~p l lnc i l  slid ~ c p ~ - o d u c ~ b l c  111ethotl 
~~np lcmcn tcd  (111 :I colnpllrcl hlatchcd liclcl I l i \crslon 
uses aclual mca\urcmcnt\ ol'llic ocean acousllc 131-CS~LII-c 
l ic ld  gcncl-atcd Ily a kno \v~ i  \o~l l-cc nieas~il-etl al  ;In al-[-a> 
o\  CI a 5liorl IIIIIC IIIICI-\ al. :I sliiall \pacc-t~l i ic "s~iapshot" 
i i l ' ~ l ~ c  field 1111s snapbhot I\ c~lrnpaled \\ I ~ I I  a ~ rcp l~ca  o l  
the \;llile s i ~ ~ i ~ ~ l ; ~ ~ e d  L\ ~ t h  an ocean acou\tic ipropagatloli 
modcl  The t n i \ ~ n a l c h  hc lwccn  er tpc l i~ i icnta l  and  
siliiulatcd fields is q ~ l a n ~ i l ~ c d  and t111~o~1g11 ;I PI-OCCS\ 

o f  automalccl ~ c l > c t ~ t ~ \ c  l o ~ - \ \ n r d  ~ i i o t l e l l ~ n g - r h c  
~ i i ~ s l n a l c l ~  I \  ~ c c l ~ ~ c e d  to all acccp~;tble Ic\ el. 131-oilucing ;I 
\el o f  bcst-c\l~~~ialc~tc gco-aco~~sl ic  paranictcr\ 

4 2 3 . S ~ , I \ / I I ( J - I I ~  o ~ i \ t i c ,  / / I I , ( , I  \ ; ( ] / I  

I \ I n s  soul-ccs a ~ i d  r e c c ~ \ c l - \  (geop l ionc \  i l l id  o r  
I iyt l t-ophone) (111 ~ l i c  seahcd tells or I~LI I I~IC~S 0 1  IIIC~I-CS 

apal-t. one call guicl-ate and rccc~cc i n t c ~  lilcc \\a\ cs al 
ll ic occaiilscdi~ncnt boundiu-y whosc spcctl o I ' i r d \a~~cc  
is \rrongly dcpclidcnt upon ~ l i c  dcptli prol i lc o f  alieal- 

\pcu i  In  aleas \\IICIC ho11o111 ~ c t l c c t ~ o ~ i  l o \ \  due lo 
c \ c t t a t ~ o ~ i  0 1  \II~:II \\;I\c\ I \  \ I~ I I I~~C: I I~ I ,  1111s tccl1111~]~1c 
I \  a n   nilx xi^ la111 III\ c\tlg;lll\ c ~ o o l  FOI s c ~ \ ~ ~ i o - n c o ~ ~ \ t ~ c  
III\ cl  51on. tlic i l ~ c c d  o f  the IIIICI I';ICC \\ ;I\ e\ I\ IICL~I~IIIII~CCI 
o \ c r  a \vide I'~cclllcncy halid ;111d m ; ~ ~ c l ~ c t l  to modcl 
111 cclictio~is. e11Iic1- by I - C ~ ~ I I ~ I \  c fo~- \ \  ;II-CI 1iiotIcl1111y (11 

I>\ automated 1io11-l~nca~ I c a \ t - ~ i l ~ ~ , ~ ~ c \  I I ~ I I ~ I I I ~ I ~ ~ I ~ I O I ~  

4 2 4 1/11 <,I \ / i l l 1  i l /  1,) / l < ' l  i l t i i l / l  i / i l l i l  

III\C~S~OII o l ' ~ c \  el bc1at1011 (I;II;I call be u\ctl l o  cstlln,llc 
gco-acoustic ;111d scattcr111g P;II;~IIIC~~I\ IIc\ CI h e ~ - : ~ l ~ o ~ i  
(I;it;i arc comll;llcd to the p ~ c t l ~ c t ~ o n  f iol i i  a \li;illo\\ \ \ ; I~cI  
IC \  c ~ b e r a t ~ o l ~  111oilcl Snl- \\ I11cIi tlic \o1111d \11ecd ~ p ~ o t i l c  
I \  1\110\\1i. ;IIICI ;I IC;I\OI~;II~IC gco-aco l l \~ l c  ~ i l o d c l  I \  

a \a~ lab lc  71ic b o t t o ~ l i  \~ ; I I I~ I - I I~~  c l ~ a ~ a c l c l - ~ r t ~ c s  CIIC 

LIII~IIOWII. so I.;~~iihe~-t's I-LIIC \\ itl i all a\\lilnetl hack5callc1 
cocfr ic~cl i t  I\ adopted Tl ic ~ p ~ c d ~ c r i o n  u\uall! d~sag~-ccs 
\\ 1111 the d:11;1. \O the l3~1eI\\e;1t1el- \ l l - c l l ~ l l l  I\ :ldj l l \ tc'( i  
rnanllall! to a c l ~ ~ c \  c acccplahlc ;rs~-ecrncnr \\ 1111 the dn~a  
T l ~ c  PI-occilu~c I S  i>p~c:r l l> ~rcpcatcd at a 11urnbcl 0 1  
l i c c l ~ ~ a i c i c \  Tlicsc esrlniatcs can the11 he ~ ~ s c c l  In models 
l i)~ sonar pel-li11-~nancc p~-cd~cl lons 
l l l c  ~ - i ' s ~ ~ l l ~ n s  \c;iltc~-~lig \ t l c ~ ~ g r l i \  dcpc~i i l  ~ I I  llic as\ l~ t~ ic t l  
gco-acolistlc 111odel. ancl co11\cq~1c1itl! ;IIC \cn\ l t l \c  lo 
crl-01s In II ( i lohal i n \ c l \ ~ o l i  I~CIII~I~IIC\ dc\cIopcd l i i ~  
mntclicd f~clcl  ~p~occss~ l ig  c;rli he ~ ~ s e d  to \ ~ m u l t a n c o ~ ~ \ l )  
In\.el-t f o l  the yco-acou\ l~c lp,l1amcrcl\ a n d  bottoln 
\catterlng flue lo the l r a ~ i d o ~ ~ i  1iat~11-e 01 tlic IC \  C I - ~ ~ ' I ~ ~ I O I I  

cI;i~a. TII~IC 1s 110 pl i i~sc I I ~ ~ ~ ) I - I I ~ ~ ~ ~ I O I I  :111d C ~ I I S C ~ L I C I I I ~ ~  

l l c l c  I I 1111111a1011 l 1 1 1  1 I 11111111c11 I I l l \  
[nay be bcnclici;~l i f  i t  leads to S I I I I ~ ~ ~  I - ~ ~ > L I \ I  proccdul-c\ 

5. REA and I-elated a c t i ~ i t i e s  b!, IIKEA a~it l  
associa tes  
I)cScncc I icsca~ch t \ t ; ~ b l ~ \ l i ~ i i c ~ i l  ..\LI;II~IIC ha\ a lolig 
I11sto1-y oI~occ;111 ;lcOllstlcs lrc\c;ll-cll. l l lc l l l~ l l l lg  L~ottolll- 
i11tc1-acllllg 0cc;111 LlcoLlstlc\, ]1;ll-tlc~ll;ll-ly I l l  \ll;lllc>\\ \\;Itel 
131 DREA Iia\ \c\ era1 acll\ c sea-sollig I c\ca~-ch PI o ~ ~ p s  
co1Iecr111g ell\ I I - ~ I I I I ~ C I ~ ~ ~ ~  ~;II;I. LI \ I I I ~  a \;I[ lcl). o f  ~reacatcli 
systems dcplo!cd fi-oni tlic acci l~sr~cal l>-cj l~~ct ~ rc \c ;~~c l i  
\IIIPKCFAV C)L,FST slid ( F A \  tNL)l!A\ 'OUR 
(I :c]~~al ly s ~ g l i ~ f i c a n t  1s \\elk {lint \ h a \  pel forlnctl ill 
1)cfcncc Reseal-cli E \ tab l i \ l ~~ncn t  Pac~l'lc \4o1k at tliat 
l a h o ~ - n t o ~ >  contlnucs at a ~cd i i ced  \ r ; r l l ~ ~ i y  l e \c l  a \  
t s q u i m ; ~ l t  1)clcncc R e \ c a ~ c h  D c t a c l i ~ i ~ c n t .  a nc\\  
dl \  lslon ol' l)I<f A EDRl)  ~ l s o  has ;ill act]\ c onyolily 
~rcscarch ~hl-u\r on mme co~rl i lcr~~icasu~-cs 0lhe1- ~ c s c n l c l ~  
;1ct1\1ty Iins 111o\cd to ~nclust~-v a n d  tlic L 'ndcr \ \a lc~-  
,\co~l5tlcs c l1;111 at tI1c L 111\c1\1ty n s \  1c101-1;1 1 
1 he l i rnda~ncnt;~l goal\ 01'1)111~. .2'\ Rapltl I II\ 11-01~1iic1it~1l 
A\$css~ncl i l  act!\ ~ t y  a1 e. 

Timely products to suppol-I sea ant1 ni l  opcl-alloli\ 
Impl-o\ ccl ~iicasul-cmc~ir a ~ i d  ln\clblon ~ c c h n ~ q l ~ c \  
Better 111pl1ts ;IIICI 1111lcIcl\ SCII C c ~ ~ ~ ; ~ c l ~ ; ~ ~ i  1i;i\:11 i111tI 
marltll i ic all- sonar siliiulators 
Suppol-t l i11 in-house dcvc lop~nc l~ t  111-ojccts 



b a s ~ s  o f  ~ c c l ~ n ~ q ~ ~ c s  r l i c ~ l  \ \ o ~ ~ l d  he ~ncl~~clccl  111 an Kt-.\ 
initiatl\c. \\ 1rI1 a l o \ \ c ~  lc\cl ol'cffol-t app l~ed  to creatllis 
REA lxoducts for opcrat~onal ~ l s c  0111-  ln\cstlgatlons 
and ~iiodcl dcvelopmcl~t cont ln~lc  to he guided by the 
r c q u ~ ~ - c ~ ~ ~ e ~ ~ t s c o f  11ie C;lnadla~i Navy and Air Force Sol 
sonal- pcrli)~-mance p~-ccl~ct~ol i  

5.1 Bottom-interacting ocean acon\tic\ 
IIREA Iia\ l>vourcd I ~ l o  \ I i a l l~ \ r  \ Z : I ~ C I -  \ ~ t e s  011 t l ~ c  
Scoria11 S l ~ c l f  fol- 115 s l ia l lo \ \  \ \ : ~ t c ~ -  n c o u s t l c \  
euperlmenls one Iias 7 5  111 \\ are1 o \  c~ :I \allti bank. t l ~ c  
o t h e ~  lin\ 2 10 In of \\arc1 o \ c l  a cia! baz111 Rccctil 
cxpct-ll l~cnts h a \ e  collcctcd data i 'o~ geo-acoustic 
Inversion. ~ n a t c h c d  f~c l t l  Invcrsloll. matched f ~ c l t l  
l o c a l ~ / a t ~ o n .  a m b i e ~ i t  I I ~ I S ~  s t l~d ic s .  and a d a p t i \ c  
beamrorlning \ v ~ t h  \cl-l~cal array5 In a d d ~ l ~ o n .  \ r e  ha\ c 
spo11so1-cd a !cat-1o11y a~ l ih~e l i t  11o1se ~ L I I - \  e)  01'4 shallo\\ 
\vatel- s ~ t c \  tlil-ougli monrlily d c p l o y ~ n c ~ ~ t s  ofsonobuoys 
from all-crnl'l D R t A  collaborates ~ \ ~ t l i  the  Ocean 
A c o u s t ~ c  ('hail- at llic C ~ i ~ v c r s ~ t y  ol' V l c t o r ~ a  anti 
super\ ~ s e s  colitl-act \ \o~-k 111 tllese areas 

5.2 \ l a t ched  field in \crs ion (hlFI) 
This mclliod o f  en\ il-on~ncntal assesslncnt has made 
~i luch progl-css in many tlil-cctions, but I S  lirr from being 
a standard tool. T1ie1-c Iin\c been alna/lng s ~ l c c c s s c  
and d ~ \ m a l  l i~~ lu re s .  a \  ~cpol-tcd at a I O O ( i  \\(>I-kshop 141 
at EDRI) ( t o  be repeated 111 1997) C ~~r rcn t ly .  DREA 
I-cacal-ch I \  l i~cussed on s c ~ ~ s ~ t ~ v ~ t v  s t ~ ~ d ~ c s  lo dc t c rm~ne  
wli~cli  scabcd paralnclcl.~ have the most ~nt luencc ~ I I  

thc uatcl--borne acoustic licld. and lic~icc M.I I ICI I  are 111osl 
accc,s~blc ~l i rough \1FI Also. DREA I S  particlpating 
in a challenge to i n~c l - t  a benchmark scr of aimulatcd 
matchcd licld data of progl-css~\e d~fticulty. lo test \IF1 
a l g o r ~ t l i ~ n s  T h r o ~ ~ g l i  c o n t r a c t e d  I-cscal-ell, t w o  
exper~~i icnta l  data sets l io~ir  the D R t A  tcsl sites arc 
bcing I-cducctl using \IF1 It is cxpcctctl that MFI Lvill 
cvenrually become an ~lnpot-tant tool fol- RCA In suppol,I 
of \onar modelltng. but 1101 a panacea 

5.4 Ambient  noise s tudie \  
A y e a r - l o ~ ~ g  sul-\ey coti\lstlng ol'montlily s~lapsliots 0 1 '  
; rrnbic~~t nolsc at  foul- s l~a l lou  water sitcs u i l l  131-ovidc a 
~ ~ s e f i ~ l  d;itnh;l\c for so11:u modcllers FUI-1hc1- n~ialysis of 
rhc results may 131-ov~dc 111siglit 111to the rclalioli bct \ \cc~i  
a m h ~ e n t  ~ l o ~ s c  Ic\els and \lotto111 tqpe .\ ~noticl f o ~  i i o ~ \ c  
colierencc :rr \ crt~cally-\cl)ari~tcd sliallo\\ -\rarer sensols 
lias sli0~1.11 rlic c o ~ i ~ b ~ ~ i e d  ~ ~ i l l u c ~ i c e  ol'tllc \ o ~ ~ t i d  speed 
pl-ofilc and rlic acoustlc ~rcllccliv~ty for tllc sea floor on 
the \ e r t~ca l  d i~ec t~ona l i t y  ol'the noise ficld 161 F ~ ~ L I I - c  4 
~ l l i ~ s t ~ a t c \  tllc ~nl lucncc ol'a do\\ II\\~I-d-I-ell-acting s o u ~ ~ t i  
spmd prolilc o n  nolsc col1c1-cncc A s u n  cy ol'li~\torical 
DREA aliib~cnt nolse measuremenis lias hccn performed 
and c o ~ i i l ~ l c d  In \ulnmal-y I ' O I - I I ~  

5.5 Equ i \ a l cn t  seabed ~ n o d c l s  
T h r o ~ ~ g l i  conll-actcd and  i11-1ioiisc 1-escal-cli. a search is 
~lnder\+ ay Sot- Ihe optimal I-cpl-cscntation ofrhc acoustical 
effect of l l ~ c  \cabcd in the contcxt of solinl- operalion 
The goal I S  lo c l ~ m ~ n a t e  g c o - a c o ~ ~ s t ~ c  paralnclcrs to which 
\ona r  o p o - : ~ r ~ o n  1s i n \ c ~ ~ \ ~ t l \ c  and  to s enc ra t e  all 
11-1-cduc1hle set ofroburt sco-acoust~c pal-atiictcrs It Inah 
~ h c n  be pos \~h lc  to dc\ ~ s c  cspe~-imcnts ro ~ n p ~ d l y  and 
rel~ably as\cs\ these parametel-s In p r e ~  lously ~ ~ n s u ~ ~ ~ e y c d  
areas o f  ~ n ~ c r c s t  (possibly uslng acousllc tnatclied ficld 
~nvc r s ion )  An Importan1 complcn~cnt  lo this work 
\\auld be to dc\e lop tl-anslatton algot-~tlim\ t h a ~  \\auld 
gene ra t e  ~ h c  ~ d c a l  pal-amctcr set fl-0111 r r a d ~ t ~ o n a l  
gcophys~cal  databases. 

5.6 Re \c rhe ra t ion  measu remen t s  a n d  analysis 
,\ large pol-tion o f  DREA's  cffol-t I S  In support  o f  
1nteg1-xed act l \c  and p a s \ ~ \ c  sonal- systclns , I n  ac t i \c  
sonar systclli 15 ~ inde r  dcvclopmcnt for C'cltiad~iln to\\ed- 
array ships For the palrol iurcl-aft a procc\slng systc~i i  
fol- sonobuoys I S  a lso  b c ~ n g  dcvclopcd,  w ~ t h  both 
tlionost:ltlc i111d blsti111c a c t i \ c  s o ~ ~ i l l -  capab i l i t y  
.Alongside tl i~s. a range-dependent sliallo\\ \\ ntcr ac t i \c  
sonar  m o d c l l ~ n g  c a p a b ~ l l t y  15  b c ~ n g  d c ~ c l o p c d  Sol- 

tnatclicd licld In\ crsion ol 'acoust~c data ~ c c o r d e d  at tlic F~ g,,re 3, ,5c,15111 (,() 11511( 1111 \ l l l ,~ l l .  
sallie S I ~ C  011 a Lertical I I ~ I C  array Thi\ may be the ti[-\[ /)l-O/;/c~\ ~ / l ~ l l ~ l ~ l l l l l l c ~ ~ ~ / l ~ o l l l  l l l l c ~ l ~ / l l ~  c, I1 ~ l l~c '~/ l \ /~c~l~, \ Iol l  ~7'111~1 attempt at dl~-cctly cornpat lng ~rcsults of sclsmo-acoustic irieu.cl~i-c~r/ I I . ~ I / I  ill7 oc.c~rii /?ol/oiri \ ~ ~ s I I I ~ I I I ~ ~ / ~ ~ I :  
Inversion ;und a c o ~ ~ s t l c  mnlclicd field i~ lvc r s~on .  

5.3 Scismo-acoustic inversion 
As pal-t 01' ;I srudy on t l ~ c  use of geopliotic sensors I I I  3 

~~nder \ \a tc~-acoost ics .  I)li l .A collected data on intcrlr~cc 
\ \ a \ e  d ~ s p c r s ~ o ~ i  that \ \ a s  s ~ ~ c c c s s f ~ ~ l l y  ~ n \ e r t e d  10 - 10- 
pl-ovldc \hear p e e d  prolilc\ at the two I)llt:A test sitcs. E 
Figure3 sshous tlic rcsulls ol '~nterfacc wave d ~ s p e r s ~ o n  5 D 20 expe r~~ i i cn t s  at sites u1rl1 c l a y ~ s ~ l t  bottoliis 151. In thcsc o 
cases. tllc "stalrcasc" prolilc may be a11 appl-oxlmatlon 
to a con t i l i~~ous  po\lcr-la\\ pl-ohle. as  \uggcstcd ln the 30 

f ~ g u l - c  T h e  e x p c r i ~ i i c n t a l  a n d  da t a  ~scduc t ion  
methodology for this wol-k removes ~t fl-o~n the "rapid" 40 
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DREA'r ~ESFPI-cl i  p111pxe~  and fol- Ilicorporatlon In [he 
Canacllari v e r s l u ~ ~  of the N.4TO pred~ctioli systemAESS. 
We feel tli:~t ~l~regrated m o d e l l ~ ~ i g c a p a h ~ l ~ t y  I S  important 
for the soliar systems. The in tegrat~o~i  of AESS \+it11 
the lowed 31-I-ay development is also b u n g  investigated. 

200 400 600 800 1000 

F~gi l re  5 ~l lus t r ?~ t r i  the very 51mple ~nve l - s~on  pl-ocedul-c 
d e s c r ~ b e t l  a b o v e  111 S e c t ~ o n  4.2.4. Esps1-1111e1ital 
r ev r rbe ra t~on  data (.sol~d I ~ n e ]  , ~ r t  co11ip:u-ed to tlie 
precllct~o~i frorn a shallow water revel-tlel-at~on   nod el 
w ~ t h  811 a s su~ned  backscatter coeFFic~ent of-27 d B  [73. 
Acliust~ng t h ~ s  coef i ic~ent  to -35 d B  ]niproves tlie lit. 
F ~ g n r e  6 s l ~ n ~ v s  hackscatterlng s t rengt l~s  obtalned at 
aevel-a1 Frequenc~es at two diffel-rrit slle?. Results ,frci~n 
applying global ~liversion teclili~clue\ s~~i iul taneously  to 
geo-acoustic pal-amrtel-s a n d  bachscatte~- parameters 
liavc bee11 repol-red at a recent co~l-ferrnce [XI. 
Collahoral~ve work 1s ~rnpnl-tant In developing REA 
tecli~ilcl~ies. Carlada partic~patwd Irl the recent "I.ATT0 
MlLOC cscrclse R a p ~ d  Respolise. Re \e~-he ra t~on  data 
were gathered o n  Alllance  sing the SACLANTCEN 
towed ;l.rl-ay. Software developed at tlic SACLANTCEN. 

I I I I t I I I 
0 5 10 15 20 25 30 

Tlmc ( s )  

D R I A :  and P m ~ i  Stare U n ~ v e n l t y  was used ro e.\twct 
[lie reverberat~on rlliie s e r~eg  ,ind co11ipa1-e w~t l i  ~iiodcl 
prcdlc~~ons.  Key pruci~ic t~ are polarplotuof robved 31-ray 
t111ie series: wh~cl i  pl-od~rce "maps" of the hach~cattel-ing 
overlaid o n  the batliy~iietr).. Examples o f ' t h ~ s  type of 
1x)lal- plot are see11 In r t ferc l~ces  [C): 101. We k e l  rhal no 
towrd-array :rct~\.c. soliar iysteiii should be w ~ t l ~ o ~ ~ t  t l i~ s  
tea ture. 
111 atldltloll. e i t ~ ~ i i a k ~  ~ ) . f  b o t t ~ ~ i i  loss aricl scattel-lng 
~trengt l i  \vere obta~ricd ar several iltes. '1-111s work 1s 
~ F I I I ~  S L I ~ ~ O ~ C ' ~  h y  hie jl!S) Office o'f Navel I<cfrarcli 
and further c l e ~ e l o p r ~ i e ~ i t s  w ~ l l  he made 111 the 1907 
e~e rc i se .  The techli~clur\ M 1 1 1  be used d l  I>II.EA as \%ell: 
tllrougli contractrd a n d  I N - l i o ~ ~ s e  effort. 

6. Conclusions 
T h ~ s  a r t~c l e  has PI-esrnted tlie DRFA v ~ o v  011 rlic task o f  
assessing tlie ocean e ~ i \ ~ ~ ~ - o n ~ i i e n t  In rlie conrekt of \olial- 
operations, \$it11 all c ~ i i p h a s ~ s  on bottolii  litera action 
~Ft ' tcts.  Many I ~ . ; L I C ?  lieve been r a~sed ,  yet only to~~c l i ed  
up011 In a supel-fic~al way. It i \  hoped that the art~clt '  
con\eys  the I ~ I O ~ I V ~ ~ I C I I I  1'C)rC)R.EA (arid ;~.ssoc~atetl) work 
In R a p ~ d  Envi1-on1iic1ital.4~~ess1nent; the ~ ~ i i p o r t a ~ i c z  we 
~ l i ~ c e  011 V ~ I - I O L I )  i l ~ p e c t ~  o f  tlie  reseal-cli, and an 
~ ~ i d l c a t ~ o n  of wtirrc WF thmk ~t will lead. 
In oul- research, we liave t 'o~~nd that the grearest d c l a ~  111 

~riodel-data comparlsolia has been in getrllig the data 
fro111 the  r n e a s ~ l ~ - e ~ n e n t  d e v ~ c e s  to rlie niodel t'ol- 
inversion. 
Models are  mature? databores spa]-se o r  Inaccurate. 
~nversion t e c l i n ~ q ~ ~ c s  e x ~ s t ,  alid computat~o~ial  Ipa\ver 1s 
r.enerally a v a ~ l a b l t .  Inteyr:it~o~i \vitli ~ i ~ e a . s ~ ~ ~ - e ~ n r n t  
syvems  needs to be dolie, 2nd \we feel progrei5 call be 
lnadc ~ r a d ~ l y .  0urgc)al 1s to develop robust tcc l in~c]~~es  
thar L V I I I  be  able To p f o v ~ d e  ~ ~ s e f i ~ l .  i111tl P C ~ I S O I I X ~ ~ )  
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Appendix:  A comment  on the utility of 
databases 
I,)c,l?~te the bo[~l11srlcani~11 o l '~ l i c  co~nputnl~oli;rl acouirlc 
t l~odcI \  \v I i ic I~ fb1-11i ~ l i c  Iki'r~icl o f  sonar s~rnul;itor.;. 111c 
prcdlctlons of s11cl1 hkstrln\ 111~1st be t c ~ n p e ~ d  by  he 
GI(;O I-ulc. ( iar lx~sc 111. Cii11-hnge Out. I t  I S  L~ I I I~ I I I I~  to 
t l~~n lc  that marlnc gcophyatcal dalabascs w ~ l l  pl-o\ iclc a 
ba\ia I b ~ - c o n s t ~ - ~ t c t ~ ~ i g  gco-acou\tlc I-cpl-csclitat~ot~\ ol'lhc 
scahcd for sotinr ~nodcl l i t ig. I ~ l t  tlicrc arc p i l h ~ l l s  oi l  1111.; 
11:1tIl. Firstly. thc i-clc\anr geophysical pal-;~l~ictcrs 1 i1~1st  
I>c ~~ni lerc tood ;und ~ rc l~ah iy  mcasul-rd. Secolidl). t I i r \c 
tlata rn~15t bc ~l~\c. l- tet l  111to 111c database a ~ l t l  a v < ~ ~ l ; ~ b l c '  
T l~ l rd l y .  one has to Il,~ve \\wllLval~datc.d \ c ~ c ~ ~ ~ l l i c    nod el\ 
I?!r t r : ~ l l > I ~ ~ t ~ t l g  tlic g e o p l ~ v \ ~ c ; ~ l  cl?a~-ac~er~.;r~cz 01' 111e 
ceahcd Into rcasonahlc cslllunIcs o f t l i e  acou\tlc el-'fccts. 
11 i\ our cxpcric~icc 111~11 CI;II;II~LIS~S C~~I~ILI I - I I I~ g c o p l ~ y \ ~ c ~ ~ l  
d:rt:r---ho\~eve~- Iielpiil l they arc to rheii- d e s i g n e r t o l i e n  
I;lck parameters cr~lci;rl to tllc sonar ~nodcl lcr .  For 
example. a database colltatnlng the geograpl~~cal  c x l c ~ ~ t .  
tl~~cl<ness. and c l a s \ ~ l ' i c a ~ l o ~ ~  o f  s ~ t r f i c ~ a l  s e d ~ t i i c l l l  1s of 
i ~ t l l c  use w i tho i~ t  the a\\oclatcd den\ltic\. , o ~ ~ n t l  speed\, 
i111d aco~~s t i c  ~ U ~ I I L I ~ I ~ I O I ~  p:i!-alncters. There I\ also a 
~ c ~ ~ i l e n c q  for operator.; to tru\r data In datab;~rc< w ~ t l l o ~ l r  
quc.\l~oning the ped~grcc \\~l lcrc d ~ d  the data 01-~g~na~c"  
Iiokv dld 11 gel IICI.~? I \  11  validated'? how I~ILI~II 01 '11  ha\ 
bccn invented (11- g~lc\scd" 1Vc must be \v:11-y ol'hcliig 
li)olcd that we l iovr \olvcd our ~,~-oblcliis b~lnply  I~CCIILI~C 
we l i i ~ v e  techno logy  (hat provides ready ;rccess to 
vast amounts  of data. 
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I .  Introduction 

" l i o chy  lioacl" \\*;I\ a l l i rec-ycal-  ( 1993-95) N X I ' O  
MII..OC \urvey  f i l i i c l i  took place in  Ihe \he l l ' I za le r \  
;~c!l;~ccl~l l o  the no~ - l h \ r ev r c r~ l  n'cir\\cplall coa\t. cenlel-ctl 
I~II l'esll'lcirden. The  survey \V;IS ~plannct l  LO a \ \ c \ *  1111. 

c f f c c r s  o r  tllc. e:.VII~?IlII lCIll 1111 1he [3el-f0rll l i l l lcc~ o r  
o p e r , ~ l ~ o ~ ? ~ ~ l  ASJV son,lr C C [ L I I ~ ~ I I I ~ I ~ ~ .  ,A PI*I I~CI~~II  ;~IIII \\,;Is 
l l l c  ~ ~ n p r o \ r e n ~ e n ~  o r  111011110r111~ ;II~CI r o r i l ~ , 1 \ 1 1 1 i g  
c ~ ~ ~ ? ~ ~ l ~ ~ l ~ t i e s  rele\g?111l 10 IIJ\,,II oper;ll~cilib i l l  111~ ,lrc,l. 

Vesll:iortisn ih conr~t le rcc l  l o  h e  ,I d ~ ~ f i c i ~ l t  ,IE,I 111 

pel-ror l i l  ASW ;icl1\,111es 1 1 1 ,  !~IIIIOLI~II l ~ d ~ i l  cur rc l l l \  
I h rou fh  l hc  120Cote~~ arcl i~l .wlapo arc l ~ h c l y  l o  proi lucc 
Ills11 \~LI[I;II ;III~ l c ~ i ~ [ ) o r ; ~ l  V ; ~ I . I ; I ~ I ~ I ~ ~  o f  I l l ?  
ocea~~os r : i l ' l ~~c  c o l l d i l ~ o n \  In  { l ie  region. (he oh \ c~ -vc t l  
?1co11.;11c prop;lg;ltlon I\ a l \ o  afTcclctl by  thc c ~ i ~ l i ] l l c \  
l o l ~ ~ : r . ~ p h \ .  ~ l ' l i e  Ipar l1cul ,1r a ~ l l b l e n r  nol , \e 
Cll. i ~ r ~ i ~ l e r ~ ~ t i i s  . . II~SICIC tl ie l l u r i i  post' a further ~ p r o h l c ~ ~ ~ .  

11111xo\~11ig IIIC k~ io \v lec lge  al i i l  u n t l c r ~ ~ ~ ~ n i l ~ n g  ol' 
1l1c key  o c e ; ~ ~ l o ~ ~ - , ~ p I i i c  ~procesut.\ causl l ig \ . ; ~ r ~ . ~ h ~ l ~ r y  
111 111c reFlon. ~1'111.; i~ lc lue lc t l  111e L I \ ~  o f  ;l lahvra lory  
l l loc~e~ 111 to ( 1 1  \ ILI( I~ C ; I L I \ C I ~ ~ ~ ~ C I  rc~;lt1011.\~lll15. I ~ ~ J  
~ ~ L I ; I I ~ L I ~ ~  c u r l - e t ~ ~  re \pon\e \  ; ~ n d  var iahi l i ly ,  ; ~n t l  ( 1 1 1 1  

c l e \~be  ;ill e f i e c t ~ v e  ~nc; l \ t l rcn lcn l  stralesy. 2nd 
va l i i la r lng  a n ~ ~ m c r ~ c a l  I i g i l ~ o i l )  n a n i ~ c a l  m~ i t l c l .  

:-\I] opu'.~lion;~l l 'orecasl~ng .\y\lc111 for the Vcsl l  lorden 
;trc,l can o n l y  he ; ~ c c o ~ l - ~ l ~ l ~ . ~ l i c t l  usln: an ; i i l ~ ; i ~ i c e t i  

11u11ie1-ical h y d r o i l g ~ ~ a ~ ~ i ~ c ; ~ I  ~ncitlcl. 111 [he Kochy  I loa t l  
p r o j e c t ,  t he  E C O M - 3 D  ~ r ~ o i l e l  a t  l l kh l l  \ \ , a \  
c111pIciycd Sol- t1-1;11 r r ) r t . c ; ~ i I ~ ~ l s  c l ~ ~ r ~ r i g  I \vo  r ~ e l c l  
~~ I I I~? ; I I~ I I \  I.?]. . . I h e ~ e  \\,ere roo I't.\v 11151111.1~~11 >el? o f  f ~c l c l  1I,11.1 
; ~ \ r , ~~ lab le  to  caprurc rl ic I I ~ I C  11;1lur,il v ' ~ r ~ ; i h ~ l ~ ~ y  \\,ill1111 
\ e s ~ I ~ o r d e ~ i .  o r  10 i u n s l r u c l  ;i i non th l y  o r  \\,eckl!, 
; iverafr  hyi i ros~-, lphy 141. WIIII so I ~ t t I e  hnow l r t l pc  
;I~OLII tlii. ;>I-ra 11 \v:is c l~ l ' f~cu l r  ro i l e v ~ s e  ;I der:i~lccl f ~ e l t l  
11ie;15~11-ement progrcinl r l i , ~ ~  \ v o ~ ~ l i l  reveal imporla111 
;111i1 rcl>l-e'iellt;1llvc I I ~ ~ ' O I I I ~ ~ I [ I O I I  f o r   he area. 'l'lie 
l a h o r a r o ~ y  ~ i ~ o t l c l  \\;is ~ ~ \ c i l  to 1'111 I n  the g ~ p \  i n  o u r  
k n o u l r d p e ,  2nd 10 p r o \ ~ c l c  ;I I?J\I\ l b r  c h o o s ~ n g  ,111 

c f f c c l i v c  ~ n e a \ u ~ - r ~ n e n ~  \1r:llt.:!. 7'hc niodel \ ~ m ~ ~ l , l r r i l  
t l i e  ~IIO\VII C L I I - ~ C I ~ I ~  L ~ ~ ~ c l  5111.i\vecI 11ite1-11;iI 11c1al 
, ~ ~ i ~ l ? l i ~ d r o ~ n e s  15 I. 

2. 1)eveloping a forecasting system for the 
region 
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var iab~l i t )  on 211 t i~i lc  sc:~le,. Shor t - t~me  v a ~ - ~ a b i l ~ t )  
L.omes m a ~ n l y  FI-0111 ticlal ant1 meteorolog~cal  fol-c~ng. 
Senso~ial effects are p;irtlcularly strong. Vecti:lortlrll 
I S  ~ n f l u c n c r d  by three tliffel-ent water ma<<er .  the 
Coastal Water. [hi. Arl ;~l i t~c  1Vare1- ant1 local freshwatcl- 
runoff. The char;lctel~srlcs of:ill thl-er (11- these water 
I n a \ x s  ch;lnge ~ I ~ I - ~ L I ~ ~ I C I L I ~  tlie ~ C ~ I I - .  Submet-ged. 
nie\oscale e d d ~ e s  ~ ~ I ~ I ; I I I I I I I ~  v;lrlou\ co~i ihlnl~t io l i \  of 
these, for a week or t ~ ' o .  are ;I pl-o~ninent featul-e of 
the circulation in Ve\tljci~-tleli. 

Iluring the early stage\ ol' planning the Rocky 
IZoad \LIrve). ~t \\';15 realizetl 1Ii;11 loo l ~ t t l e  \ \ ; a \  k n o w n  
a h o u t  t he  a r e a  to  he ; ~ l > l e  t o  d e v l r e  atlecluare 
CxIwr1lilents i ~ n d  111011110r11ig s y ~ t r l n s  ior the aco~ t s t~cs .  
S o m e  of t h e  needed  I I ~ ~ > L I ~ S  c a ~ i i e  fr0111 tlic 
o c e a ~ i o p r a p l i l c  rcqeal-cll ; I [  S I N T E F  C I V I I  ;111cl 

Eli\,~ronrnental E n ~ ~ n e e r ~ n ~ .  ( for~i ler lv  the Norweji~all  
Hycll-otechnlcal ~aborar( ; r ) ' )  and  the 1nst1tut; O F  
Marine Research ( IMR) .  f : lg~~l-c  I .  Extent of tllc labol-atory model. 

3. Laboratory simulation of the ocean 
circulation in Vestfjorden 

A rotatln? I,~bor;~torv 11iodt.l ( F I ?  I )  was hu111 to 
~ t u d y  the ocean c ~ r c u l ; i t ~ o ~ l  In the Loforen reg1011 IJr 
The model \\'as fol-crtl by ~ i ~ o n t h l y  averaged Atl;~ntli. 
Water and weekly averaged Noruegian Coastal Water 
i l iflo~v\.  Diurlliil L I L I ; I I  ckllrrelit< rh l -o~~gh  the L o f c ~ t c ~ ~  
at-ch~pelago hel-e calihl;ltecl Into the ~i lodel  by ti l t i~ig 
thc ; I X I \  of rotallon. The rllerg) (lux in these C L I I - I - C I I ~ \  

i \  eclual to Ih;lt of g ;~ l e  I'orce wind\ over the entlre 
1:lord. I'he thadecl area i l l  Fig 1 show\  the reglon ol' 
photogrammetr~c analy\i.\ o f  the internal tidec 15 1. 

The laboratory results. .;l~ilplifird to two layer\ 
(112  ? I  Lipree well \v1t11 L I ~ o \ \ * I I  currents In the ;ib\elice 
of ektrsme wind fol-c~ng 141. S h e  vs l~da t ion  o f  rile 
laboratory model to rclcvallt r~elcl rneasurelnents 
.;liows d e v ~ a t ~ o n \  on the order  of 1 5  M. w h ~ c h  I.; 

t ) p ~ c , ~ l  for curl-en1 model.;. A I;II-gc pal-t o l t h e  el-ror I.; 
clue to ~rnper lect  boundary cvliclit~ons and nol\y r~elcl 
data. The dashetl line in Fig 2 s h o w  thc section \I he!-e 
i ~ r  .\it~r velocity and 11-acel- dye measurelnents were 
~nadz .  

The  current Jc.1 In the Moshenes  Sound is all 
Ililportant d r ~ v i n g  mec l i an~r~ i l  for [lie physics. We have 
callcd th i \  the hl;lcl.;trom, although the c lasr lcal  
Maelstrom is a frontal tortlaclo at the edge of the let. 

The cartoon of thc jer 111 F1g 3 shows how i t  
promote? lnixlng of  water m;l\\e\ and internal wave? 
\ ~ l i ~ c h  propagate into [lit. I:lo~-tl. 

rZ major re\i11r ft'o~ir the lahoratol-y model w ; ~ \  the 
observation ol ' l~irgc a~nl>l~tucle  ( u p  to 15 m) intcrllal 
t ide\ to the ea \ t  of V;cr>+y. Hel-r, the thel - rnocl~~le  
mo\eh 30 111 \ertlcally w ~ t l l ~ n  h hour\. 

For the Rocky Roacl work. the var~abi l i ty  causecl 
hy the internal tides: ancl tlie ~l ie \oscale  eddies in the 
t h c r ~ n o c l ~ n e .  and along the fl-0111 hetween the At l an r~c  
; ~ n d  c o ~ ~ s t a l  ha t e r  ~ i l a \ \ e? .  were o f ~ i l o s t  Interest. Fro111 
the lahorarorq simulat~on.; .  ;111eI ; ~v ; l~ l~ ib l e  field data, 
;In ~ ~ n c i c ~ - \ t a n d ~ n g  wau pa~net l  of the hey oceanograph~c 
forcings \\hich ]nust he ~ i i e a ? ~ ~ r e c l  andlor ~nocielled In 
01-dcr to develop ;I rcll;~hle i"orec;~st~np c a p e b ~ l ~ t y  oi" 
these feature\ in the  region, tlrr inflow\ of A t lnn~ lc  
ancl coa\ ta l  waters.  the t ~ d a l  cul-I-ents through the 
L o h t e n  archipelago ancl wincls, The v;lriable responw 
in Ve\tl:jordcn must also he mea \~ l r ed  to evaluale the 
~noclel re\ults and valiclatc forec;l\tillg system\. 



4.1. 1)ediratetl \tud? of rneso\r;~le eddies in the 
~ ~ y c n o c l i n e  

Q u a s l \ t a l ~ o l ~ ; l r y  m e i i r h c a l c  c d d ~ c s  ,Ire ;III 

i l l i l )o r l r l t i t  f e ; l t ~ ~ r t  1'01 I ~ C  IICOLI.;IIC P rop r r l l eS  (11' 
\/c\-tljol-den.'l.lie r e \ ~ ~ l t s  I'rolii l l i c  current 11ic1e.r ;irr;l) 
~ l n l ? l l c d  ~ h a l  1,11-gc eJc11c.s t.a.;l o f  l l ie Moshenc.\ Suuncl 
.II-c Fo l -n~rd  bv rl ic l lclal jrr t l u r l l ~ g  sprln: ~lcles. ;111d 
,ire ailvectt.cl o u l  u f  t i le f l o rd  I I ~  i l i c  un t lc r f lo \v  o f  
! \ l l a~ i t l c  \Vatsr. LVc lhel-erorr  t l c c ~ g ~ i r t l  a11 Il irelislvc. 
f ~ c l c l  \ ludq to the cart  of V;crgy III Ma) 1905 to  clucly 
i ler :~i ls of  t l ie rc.;k)un\e o f  LIII\ \~ r , l l~ l ' led  ~CCI~~IIV<IC;II 
s y s ~ e ~ i i  191.1 101. 

F l ~ u r c  i . ' S l~ r  rld,ll j t ' ~  ~ i i r c , ~ ~ g l i  L o i o r c r ~ .  'Slit. t.clcl~t..s ;I~~~IC.II- 10 he S\\J.WIII.; o t  l ' l l a l n r ~ ~ t s  Troni 
WVC~;II t~i l ; i l  I I I ICCI IOI~S ti) [ l i t  II\*CI~VC~III~', JS sketcl~eci  

4. A field measurement program 

T h e  ,=\ t lat l~lc 1Va1er 111f low and thc. bl,lclsrrr,lll J C ~  ~ p y u ~ ( ~ l ~ ~ i c  to l l l c  e:l\t oi 'Vtertiy. 
\vct-c IIIOIIIICII-e~l l?y I~~C;IIIS o r  h o t t o ~ > i  prcssLlrc ~etisc11-s 
. ~ t  s ta l~o~ i . ;  7t3.C a l i i l  8.') re.;lxctlvcly. 'Tlic ~ l i i l o w  of 
r\l l , lntlc U',ller w a \  ; ~ l ?o  ~ n o ~ i l t o r c d  hy  cur re l l l  ~ i i c l r l - \  5 .  Predictal,ility of the variability 
at \ l ; ~ l l o l i s  3,  h and 7 A ,  w l i ~ l e  tl ie 111 l l 0 i ~  oI'Coi1\t;1l 
U ' a l e ~  W;I? ~ i i ( ~ ~ ~ i t o r ~ c I  ;11 SI;III~II 5.  SI;IIIOII 1 \\;IS ;I T h e  d r \ r e l v l , ~ i i e n t  o f  a r e l ~ , ~ h l e  f o r e c . ~ c t ~ n g  
cul-I-el11 ~ l i c r c r  ,ll-l-ay COIICISIII I~ ot ~ I V C  CLlr lc~l l  I i ie te l  c ; tp ; lb~ l i ty  c l r l >e~ l t l r  olr i l l <  tlr2ri.e t o  v r l l ~ c l i  l l l c  
1i ioor11iy.  pl;~cecl 111 LI rcSlol i  \V~ICII s l ~owe t l  I l l l c r e c t l l l ~  Illcrcc'sses r i i ~ i . r i / i ~  i l i e  v a r ~ . ~ h ~ l ~ l y  III the reg lo l l  C;III he 
Yt ruc lurcs  I n  . ; , ~ t r l l ~ r c  l l i c r m a l  I l ! lafc$ 17 l . [S ] .  4 ~ ~ l c ~ n i r o r e i i  o r~?re i l l c le i l .  I ~ h e  firllow111: conc lu?~o l l s  011 
t he r l l ~ l s t o r  cha in  at S I ~ I I ~ I I  5 gave ;I Inc.l\Llrc o i  tlit. 111c ~ p r e c l ~ c ~ ; ~ l ~ ~ l ~ t v  o f  [ l ie  \ - c ~ r ~ c ~ l ~ ~ l ~ t y  w r r c  ~ p r c w t ~ t c i l  at 
, ~ \ a ~ l a h l c  ~ x ~ t r n t i a l  energ) oi' the Norwe:ll;~n Coa\ ta l  the I<ocky R( I , I~~ Ocrnnof r , lp l~ !  W o r h ~ l i o p  I I  1 1 .  
C u r r c ~ i l .  T l l c  most c l l c r ~ c r ~ c  \ , , ~ r l a l ) ~ l~ l y  wh i ch  IS rc lcv .~nt  

111 , I C I C I I ~ I ~ I ~  10 1111s 1110111101-1112. O V C ~  ?CYC.~;II 10  .4SW 15 clue rrl 111lernal 11cIcs. 'S~clal \ ' ; i t ~ d I ? ~ l ~ t y  IS 

mo l i l l i s .  l l i e r c  w c r c  I \ V ~ I  s!@lioprli, I~yclro:r ,~pl i lc ~ i r e c l ~ c ~ ; ~ l ~ l c ,  IIII~ CIIS~~CLII I  I > ~ C ~ I L I ~ C  ~ t i t e r ~ i ~ ~ l  W C I V ~  



propag:lt io~l, bo th  h u r ~ r o ~ l t a l l y  and vc r t~ca l l y ,  depcncl\ 
o n  the c I i , ~ n f ~ n f  d c n \ ~ t y  ~ l r c ~ l ' ~ l e i .  

T ~ d : l l  j e t s  ~ l i t r o d u c c  I ' ~ l ; i ~ i i e n t \  o f  ,111i.n \varcr 
ma\ \e \  a l  l p ! u~ i c l i nc  clcprll\. The f ine  \ t r ~ ~ c t u ~ - c  i\ Ii,~rcl 
to p r e d ~ c t  bu t  me\oscalc eclciic\ ,Ire rornlccl wh i ch  l a i t  
ove r  a wccL .  Sur face I i c : ~ t i n ~  ancl \v inel- inducccl  
I~I I \ I I?~ ;111cl ~ ~ p \ \ ~ r l l ~ n f  alTci.t the cI i ; l r ; icrcr~\t ic\  o f t l ~ c  
\ ~ ~ r f ~ l c e  \v:Ircr\ .lnd tl lc t ~c l ; ~ l  j e t  o n  1110\1 l l n l e  \tale\. 

T h e  fcnct-,ll c i l - c u l a t ~ o n  o f  the lal-gel- feature\. 
w l i ~ c h  arc ;~clvcctcd b r l ~ c  uncte~-f low. \cems to he 
p r e d ~ c t a b l c  ove r  l o n f e r  t l tnc.  bu t  \ire d o  not  h;i\c 
enough clata to qu,lnt~l'y tl lc clct,lili. 

6. Monitoring key parameters 

011er;1t1ot1.11 I 'u~-ec: ist~t~s n l odc l \  C,III he r u n  o l ~ l !  
\\11c11 tI1c l lccc\\:lr! r o r c l l l ~  ~l:l l ' l  c;111 lhc 'lcqLIll~cc1 
o l le ra t~ona i ly .  T l l c  moclcl\ can. I n  ILI~II. \ I io\v [he nlo\r  
coht e f f e c t ~ \ c  C O I ~ ~ ~ I I ~ ; I ~ I O I I  ol' ill \ I ~ L I  ;111d rcmotc l )  
i r n \ e d  cl;~r,~ \ \ ' h~c I i  are t~ccclecl to  r un  the Sol-eca\ti. 
T h e  p r o c e \ i  I \  thu \  Intcr;icrlve. 

T l ie  iirI'lo\\ o f .A t l : in t~c  \\',ltcr to  \ ;c\r l lo~-den I\ at1 
~ m p u r r n n l  r o r c ~ n f  f o r  l l i ~ ,  t r ; ~n \po r t  I I ~  nii.\o\i.ale 
cclclies. Fol-  r l ic  pu rpo \ c  01' t noc l c l ~n f .  u c  ncccl a n  
111tegratcil va lue  o f  r h r  f l u \  '11 ,I re;~so~l; lb le I t n l e  
r e h o l u r ~ o l ~ .  A l l  , l lyor i thni  III \ \ h ~ c h  the .4rl;illtic M'atcr 
111rlo\\ c;l11 llc c ~ i ~ ~ i p ~ ~ r e c l  ft-0117 Iti\\-p:~\, l'11tcrcd c u t ~ \ t ~ ~ l  
\\,;~tct- l c vc l  cl,~t;~, o f  the type i~ \ec I  to n io t i l to r  t ~ c l c ~  
ancl cu r f c i .  \ \a\  h ~ ~ g p c i t c t l  I n  [ IO I .  I'hc ; ~ l g o r i t h n ~  
correct\  f o ~  a t r no \ l ~hc r i c  ~ I ' c ~ ~ L I I - ~  ;LIICI t l ~ e  b ~ ~ u y a n c y  
ol' the Coa.rral M'atel- i n  Vc \ t l lo rdcn.  ;lncl IS \ho\vn 111 

predict  the 5-cl,1y v , ~ r ~ a h ~ l ~ t y  l l f t h e  \ lope cut-rent \\ 1tI1 
;in accurac! o f  I 5  

Thc c1311y clranfe\ o r \ \ - ~ n ~ l - ~ n d u c c c l  u[,\\cllin: ancl 
\urge nra l -  1,trfolen rzcluire\ I I I  v i r i ~  r n o l l ~ r o ~ - i n g  anclior 
;I l i ~ g h  r c \ o l u t ~ o ~ i  ~ l u ~ l i c r ~ c , l l  mo i le l  (I. 

7. Summary 

T h e r e  . ~ r c  i e \ e ~ * a l  a \ p e c r  ol' the p h ) \ i c i  ol' 
Vc\rt jorden t l ~ a t  XI-c c ~ t l i e r  ~lctern11111i11c o \ ,c~-  rxtenclc.(l 
~ p i ' ~ - i o d i  o r  c ~ 1 1  be n l o n ~ t o r c c l  a1111 s ~ l n p l e .  c o \ r -  
el 'fecti\,e 111ctl1od\. T l i c \ c  III~LIIS a1.c I I C C C \ \ ; I ~ ~  f o r  
c l c ve lop~ng  an (,pel-ational I 'o rcca\ t~nf  \)stern f o r  the 
acoustic p ~ - o p c r t ~ e s  of rhe region. 111 ; ~ c l d ~ l ~ o n .  thcrc 
:ire i u m c  \ t ochas r~c  pal-amcrer,. I ~ k c  rhc ; ~ t m o \ p h e ~ - ~ c  
val- i ,~blei .  \ v l l ~ c I i  ma) li:i\.c t i 1  be monirorccl \\ 1111 muc l i  
111fhrr ip ; l t~ ;~ l  and temporal  r c i o l u t ~ o n  t l i a l ~  rl1;it \ v h ~ c l i  
I\ ~ ~ v a ~ l a b l c  1111-oufh the 11,1t1onal rnonltorII1g ne tuo rk .  

Some  ol' r l icbe d e t a ~ l \  w ~ l l  be  ~ p r o v ~ c l e d  bq r i l le  
r e i o l u t ~ o ~ i  t i i ~ ~ i i e ~ - ~ c ; ~ I  ~ l ~ o c l c l i .  FI-0111 IIIC ; ~ h ~ \ e .  i [  111~1) 

be co~ lc luc lcd  that any o l ~ e ~ - a t ~ o n a l  I'orci.a\t~ng \ y \ r c n ~  
~ ~ 1 1 1  III\.(II\ c io111e ~OI-171 ~ l ' ; ~ d ~ a ~ i e e c I  Ii)(Irod) II;~I~IIC;I~ 

~ n ~ ~ n r e r i c ; ~ l  111odel. 
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Nonlinear Fourier Analysis with Cnoidal \Yaws 

Abstract 

I .  Introduction 
I n  1Iic I,I\I hal f  o i  thc I\\.L,II~ICI~I ~ ~ c l i r u l - ~  ,I number 0 1  

l!i1])c~rt:lnl L I ~ \ C I I I ~ I ~ ~ ~ I ~ I \  II:I\C l i c c ~ i  1i1:1~ie \\]Ill scsar~l  11) 
Ihc L I I I ~ ~ S I I I I I I I  ol' non l~nc.~r  \ r a \ c  [~~II[):I~:I~II!II I I ] .  O I  
] i ;~ r l l cu la~-  rc lc \ ;~ncc  l o  l l ~ c  p r c e n l  ivorh Ira\ hccn l l ~ c  
c I i \ co~c ry  !)I' 1:1rsc c l ;~sw\  o f  II(JII/III(,(I~ 1 1 0 1  (, (,OII(IIIOIIS 
\ \*hose \11lu11(;n\ m a y  l ic  c o n i [ i l ~ i c i l  \ v ~ i h i , ~ ~ l  
~II>~~O\III~,III~II :I 11c\\ recl1111il~1c rcl'cl-rcil I,) ,I, 111c 
l l l l ~ C l - ~ l ~  \ l~(ll l l~~lll~ l ro l l \ / ,~ r l l l  1/,51.1 17.r lll,l! lbc \ l C \ \ ~ ~ d  
:I\ :I k111d 01. IIOII/III(,~I~ I:(III~II,I (;II(I!\ \ I \ ,  \ :111cl 1So1 r t ~ l l )  
I I O I ~ ~ I ~ C ; I ~  \\:lye motlon. IVIIILII li;~, 111;111! or IIIC IIICC 
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i.a\r In  rerms o f  a l ~ n d  ill" ir(111111ir~ir F1111rirr ci~ic i l .v\ i \  
w h ~ c l i .  In  1I1r sm;~ l l  ;~mplr tudc I ~ r n ~ t .  reduce\ to [he 
ordin;~ry.  I ~nea r  F o u r ~ c r  11-ansrorrn. I t  I\ I'ol- t h ~ s  rc:lson 
that [he non l~near  Fou r~c r  approach may hc v~c i vcd  ah :I 
g c n u : ~ l i / : ~ t ~ o n  o l  IIIIC;I~ F o u r ~ e r  ;rn;lly\r\. The ~ i l a j o r  
d~l"T~clr l ty ~ 1 1 t h  cxpi(11t111~ p e r ~ o t l ~ c  Invcr \c  {cattcrlng 
theory In  pr:~ctrcal a l , r I~c ; l t~on I th:11 It I\ not normally 
s t ud~e i l  o ~ ~ t \ ~ d c  o f  the c u r r ~ c u l ; ~  111' rn: l themal~cal  
p h y \ ~ c \  and a p p l ~ c d  m: l thcmat~c\ .  I.C. oce:~nographcr\. 
f l u ~ d  i l y ~ ~ a n ~ ~ c ~ s t s  and ocean cnglnccr\ not ord inar~ ly  
atudy the theor) o f  tlrc p c r ~ o d ~ c  Scl i rocd~nfcr opcr;ltor. 
h y p c r c l l ~ p t ~ c  1unct1oli\. H - f u n c r ~ o ~ ~ \  .~n t l  ~ l g e h r : ~ ~ ~  
gcolnctry. The present p:lper a v o ~ j ,  r l l c ~ c  lnathenrat~c:~l 
d i f l ~ c u l t ~ c \  and drscu\\c\ p r ~ n l a r ~ l y  rhc ~phys~ca l  rc\ult\. 
wh1cI1 arc. 111 an appl~cal lons context. rallic!- s~lnplc.  

2. Linear Fourier Analysis 

111 tllc prc\cnt C:I\C there :I~C .I' sInL \\,;l\-e\ \ b l i ~ c l ~  ;\re 
~ n t c r p r c t c d  as "dcgrcch o l  ! ' reet l i i l i~ '  or F o u r ~ c r  
componcn r "  I n  thc W:IL.C [ run .  111 ( I )  IIic rl,, ;ire the 
F i x ~ r ~ c r  :~mpl i tude\.  tlrc A,, ;lrc the \v;1vc numhcr\ .  rhc 
to,, :lrc ~ l l c  i r e q u e n ~ ~ c \  :lnd the Oj3  ;I]-c the pha>e\. 'The 
I - e l ; r t l ~ ~ n ~ h ~ p  hct\vcen the I'rcquenc~cc (I),, and the w . ~ \ c  
nunihcr\ 4,, I\ glvcn h) the drspcr\1011 rcI:il~on. \br111e11 
s y m l i i ~ l ~ c a l l y :  o,, = (0,,(4,, ). Thc  c l~hpcrh~o~:  r c l n r~o i i  
i l r l ~ n c r  Ihc phy!;~cs VI;I lhc i:orrcponclcncc~ 

For  example ihc s ~ m p l c  dlsperh~on r c l : ~ r~on  fo r  I(II,~ 
1 l ' ~ I l ' f ' ~  111 .?/ i ( l / /~ lL~ bV(Jl1'I' 

has 111c ; l \ \ oc~a ted  p ; l r t~ :~ l  d~ f f r r i . r i l ~ ;~ l  cquarioli ( the 
lineal-~sccl K~, r tcwcg-dcVr~cs  cqn:lt~oni. 

-- 
The circil.~c.rcn[q 1 ,, = \ ' ,y i r ,  p = i.,,/r2 i (7 :IT conht;lnr\ 
\\rhrcli clcpcnd upon rhc depth 11 ancl ~ r ; i \ , i r a r ~ n n ; ~ l  
acce lc ra t~on K. Tl ic \ ~ m p l c \ t  p e r ~ o d ~ c  \ i ~ l u l l on  lo  ( 3 )  13 .I 
t r a ~ c l l ~ n ~  \111c w:l\,c 

f r om  w h ~ r h  l hc  y c n e ~ : ~ l  Foul-1c.r \ i l l ~ ~ t ~ c n  for ,\' 
colnponcnlc 111:ly he con\ t r~ ic tcd  lib ( I  ). 'The Important 
po in l  I \  [11;1t the (III~/I/IIII(/~,Y of tl!(, \III(, I I ~ ! I ' ( ~ Y  ( I I J ~  ! / Ic, I~ 
/ ~ l ~ c ~ . \ c \  or(2 i r~~ i . \ r ( i f i I \  (11 1 1 i ~  irri~rrl~i!. / ~ ~ I J I  !,li,,/ rliiir I/I(, 
I~I~IIIOII 1.5 i i ~ i r ~ r i r .  I n  occanlc a p p l ~ c : ~ t ~ i ~ n \  one I \  or lc l i  
rn tc rc \ ted  I;] l he  ; ~ n : ~ l y \ ~ \  o f  t1111c >cr lc . .  I.C. 

mca\urcmcnt\  of the \\-:~vc :~n ip l~ tu i l c .  iji1i.11. t;1kc11 '11 

3. Nonline:rr Fourier i\nalysis 



pc~ tod t c  sc l u l~on  ,)f ( 5 )  I\ the 111i1irlol 11ri1c. \ \ e l l  known 
I n  \hallo\v \vntcl nceanogr:~phy and oSS$ho~c cnglneerlng 
IC)- 131- 

w h c ~ e  /i = n / 6 p  = 3 1  211' The modulu \ .  III. of the 
c l l t p ~ t c  funct~cin r 11. the non l~nc ; l ~  ph;lsc \peed. ('. and 
the nolne. q,  depend eup l~c t t l y  on the ampl~ tudc.  I ] , ,  
1141: o,, =('A,, Note  th:lt Ihc ic t les  In  1 6 ) .  su~ tah l y  
t luncated to N Ictrns. I \  the shallow-U,;ILCI. NLh otdel  
Stoke\ wave I n  the l i m t l  ;I\ the rnodulu\ 111 + O  the, 
c t i o~d ;~ l  \\';L\c I C ~ L I C C \  to ;I \IIIC W;IVC. ivl le~: III -+ I the 
cno~d; l l  \v;l\c ;~pproach?\ a \ r ~ l ~ l a l - )  \ \ : ~ \ c  III \ o l ~ t o n .  
~ntc l -med~arc  :slue o f  ~ h c  modulus c o ~ l c \ p o n d  to thc 
Stokes wavc (scc Fig. I )  

W ~ t h  rcg:irtl l o  (5)  and ( 6 )  an Impol-l:lnl ptohlcrn In  
malhernatic:ll phystc5 ;lnd ~ c l ; ~ l c d  pl-ac11c:tl : ~ p p l ~ c a l ~ o n \  
Ii;~s tcmaincd []pen fol ;I ccnlltt). i r  I\ \bell hnli\vn that 
I ~nca l -  Four-tc~ an:t1yb1, \ \o lhs  we! ]  lo1 11nea1 \\:1\c 
cq i~a l ions  w ~ l h  hIne wavc h:lsts t u n c l ~ o n \ .  Thc Inkire 
d i l . l ~ c u l I  qucs t ton  as r r ~  w i ~ c t h c r  t I 1 ~ 1 r  c x ~ s t h  :I 
g c n c r a l i ~ a l ~ o n  o l  ltnear F o u ~ ~ e r  :1n;11y\1s :vh~ch u s c  
cnoldnl wave h :~ \ i \  func t~on\  \ \ a \  ~c \o l \ c c I  III ~ercrencc 
/ X I  Thts wol-L lotmulatcs n o n l ~ n e a ~  F ~ L I I I ~ I  an,~l!\t\ I n  :I 
phystcal  a n d  ~ i i : ~ t h e m a r ~ c ; ~ l  l o r m  \vh~ct t  I \  \ ~ m p ! c  
cnouxh that pr; tct~cal  occ:lno,vlaph~c and 2ngneeltn: 

Y u n d a m e n l a l  ' l ' heo rem of' N o n l i n e ; ~ r  F o u r i e r  
Analysis: 

= l l , , , ( \ , / )  F 11 ,,,, 1 I . t )  --- 
I ,,, , \,,I ,1-,,~,,,,#,, -- \I ,1111, 8 ,  I,,,,, I, , , 1 I , 1 1  

I , # l # l l , l l  8 , -  , 1 1 1 1 2  I,, , 111,,1 8 ,  1 8 

;t l>plication\ o l  the rnclhod c a n  n o w  he 1n:lde T h ~ s  
;~pproach I\ ha\ctl upon the gcner;~l p c t ~ o d ~ c  \olutton 11, 

3 The Synthesis of' Nonlinear \Vale Trains 
the K d V  ccluatlon 15)  In  tc lms o f  ~ h c  \ i i -c .~ l led  H -  Using Nonlinear Fourier Analysis 
/llll( 11011 I C/Il l ~ \ ~ ~ l l l ~ l f l i l l l  I11 l t l l \  s ~ c l l ~ l ~ l  \ \ c  :l l lcl lc\\ l l lc t\,Lte, ( 1 1  \ ! l l t l l c \ l / l l l ~  

\ h : l l l ~ i u -wa l c~  \\;I\c 11.:111\ 110111 ti1c11 LOII\~IILI~III C I I I I I ~ ; ~ ~  
,)' 

/ i 17 (1 . r )=2 - l 11O,~ (~ . r )  w;~vcs The appl-o;~e.lr ; ~ t l r ~ l l t e i l  I \  to $ I \C  \ c v c ~ ; ~ l  
,1v2 example\ \ \ i i l ch  ~llu,tl:lrc [l ie F C ~ C I : I ~ I I !  i i ~  rlic mc t l l i ~ i l  

The , \~-~IIoIc! , I~-\ \ , I \~ ~~ IL I I IO I I  IO K t ) \ '  1 5  :1\c11 lh! f X I 

ut11ch c:~tt he \\I-I:ICII 

l ic l -c /V I\ tttr n~ tmhc t  o l  cno~da l  \ \ ; ~ \ c \  In  :I Ihrond- 
\pcctrum) \i?lul.on to the Kd\' equation I l i c  \umrn:~lton 
~ n d ~ c e s  M,, ( I  5 ti < N )  ; ~ r c  \tntply ~ n t c g c ~ - \  i ~ ~ m m c i l  
11-on1 -m to rr- The 8-functtc~n p h a c  ha\c  the same 
h1.m as I n  111icn1 Fouriel :rn:~lys~s: 17,, = L,, I - (I],,: + I$,, 

E x p l ~ c i l  cnmput:~t ion of Ihc pet-~od m: r r l~ \ .  H - ( B , , , , , ] .  
the wave ~ iun ihcrs .  L , , .  the I l c q ~ ~ e n c ~ e \ .  (I,,, an11 the 
phr~hcs. O,, I \  d~scussed el\c\\herc. I S ;  Tl~c, p e r ~ o J  
matr ix H I\ con5tant and ncgatt \e deftnltc and d c f ~ n c \  
the cnoidal  wavc arnp l~ tu t lcs  and m o d u l ~  ( t l ~agon ;~ l  
~ c r m s )  and ~ t i c ~ l -  nonlincnt pall.-wtse Inlet : I~r lnns ( 0 1 1 ~  

H a ?  L I I I I \ I ~ ~ I  ;III c\:1111pIc \\'1t11 V = 5 ~I~IIICI:II 
w;I\,?s. 7'11~ C I ~ O I ~ : I ~  \\,:I\c \I>CCIIIIIII I\ \I1111111 III FI; 1. 
hoth the CIIIII~I:~~ \\;I\c ,1n11>11111dc\, I ] , ,  :111d 11111tl\111. 
III,,, :~rc g1;1p11cd ;I, :I IIIIIL.IIOII 0 1  \\;I\<, IILIIII~CI, A,,  
I g l1  5 5 TIlC III\I l ~ c ~ t l l l l l ~ t ~  L ~ ~ ~ ~ ~ ~ I ~ ~ I  \i:l\e, 
m o d u l u  neat I .  f r i l  - I .  :~ncl Iicncc call tic ~ n ~ c t - [ ~ ~ c t e t l  
;I\ ;\ sol11;11) \ \ : ~ \ c  Tl ic I I C \ ~  LIIOI~;I~ \$;I\c 11:1< IIII~LILIILI\ 
0 0 1  and I\ ;I Slohc\ \\:I\c Tile ICIII:IIII~I~ IIIICC \ \ : I \c\  
III:I> he tli1it1gl11 !>I , t \  \IIIJII ,11iip11111clc S ~ r ~ h c \  \ \ ; I \ c \  
u ~ t h  ntcidul~ O i l .  ! )  <i ,111cl I!?.: %111e tl1:11 tllc \ \ : I \ C  

r i un l hc~ \  01 the \ LIIIOII, L 1 i i 11~1 ;11  \ \ : ~ \ c \  II~I\C t11c \:IILIC\ 
L , ,  = IlAk = ?n11 1 1  Ill1 I = 2i6 C l l l  ;111tl 11 = I ,? , 5  
The l t \ c  i 1 1 1 i t c I ~ 1 1  I \ , I \ ~ \  .IIC \Iii1\\11 .I[ tllc to[i 111 FI$ i III 



Flgi l re 1. A n  esnniplc o f  nolllrnc;ir Fourrcr :III:I~VSI$ 
uslnf  the rnvcrre \cntLcrlilg Ir:lnsfor~l>. 'flrcre arc f i vc  
c ~ i ~ ~ ~ d n l  w;l-vc componrnt< 111 rhc rpccrrunl. Siio\vii are 
(l ie arnpl~rudes. I ] , , ,  and  [he n l odu l~ .  in,,. 11r lhf  cnc>~d:ll 
\v:1vc5. 

W a r  Wbvc Train '7 
F~gu re  3. '1-hc. c l i o~dn l  w;ivc cc)mpc!ncnrr III 111c sptlcrruri! 
o f  Flg. 2 arc ~ h y w n ,  iogtlrl icr w ~ i h  ~ h c  sun1 o f  111~ 

c ~ i ~ ~ d a l  \Lave). nonl inear 1nler:lctlong ;111ti ryntheslzrd 
f i vc -con lp01 l~ lh  W ~ \ E  [rart. 7'he Irnear \ul!crpo\rllc1n o f  
l h r  cnorda l  u ; ~ \ c   plus ~ ~ l r c i - a c t ~ ~ l ~ l r  yreld.: rhc 
syn lhe>~ r rd  wavc t r a n  at ilrc bollnrn o r  rhc pancl. 

speclruiii i l  I ?  eno l~ f k  III;II l l ic p;irrlcul.lr ~ ~ l r n p o l l e l l l  I IC~  

he ~nclucl?cl i l l  the .:lrln (71. T l r ~ u  I\ a i ~ n ~ ~ ~ l l l ~ i h c d  h i  1101 

IIICILICIIII~ l l ic ?II~IIIII,LI~~I~I fo r  ,I I ~ , I ~ I I L ~ I I ; I ~  ,\I,,; for  
ehamplc. i l ' lhc rl i~rcl c.i~c,iel,~l w:rvc 1.5 rrol \v:l~rtc(l 111 lhc 



Figil l? 5. A n  example of the ~nt t . r :~cr io !~  lit.t\\*cen [\r,i., 

Stoke.\ wn\es of Fig. 3. 

s y n t h s \ ~ z e d  wave  t ra ln  one excluclcs ~ h c  M? 
sun im:~ l~on Troll1 i7h). A typ~c; l l  example I\  praphed 111 

\ c r t ~ i : i /  o ~ c l c ~  \!c \IIo\\ IIIC tol11111i \11ic \V.IVC. .\LIII~ 0 1  
[he\{: I\\II componcni\ .  ~ l i c  n o l l l ~ n c : ~ ~  Ilitcl';lrtlon\ ;III~I 
the cynr l~c\ l /ccl  \ ! : ~ \ c  II,III> NIIIC 1I1:1t 111c ~ i o ~ i l l l i c : ~ ~  
~ n t e ~ - ' ~ c r ~ i i ~ i  L ~ ~ ~ ~ I ~ L I I I I I I I  I \  / , u  ~! / i : (~ i /  1 ~ 1 1  ki,l 11  (11 c 
1 c.,i l~~l-r~il /!:I, \I~~II;)II \O IL .  l u ~ l l ~ c r .  111.11 111c 1101111~1~ ,11  

encrgellc\ (11  the \ \ ' :~ \c  II:IIII 
F ly .  5 \II<I\\\ l l ~ c  \ ! ~ l t l ~ c \ ~ \  1 1 1  r\\,o SIIIAL~\ \!:I\c\ 

(cornponc i~r \  .\I- 11: 111'111 IFI; 11 A \  IICIIIIC [ l ie 
C O ~ I ~ I ~ L I I I O I ~ \  ~ I I C  ;1\c11 113 \L,IIIC<II OI<IL:I 1 l l i 1 1 1  I I I~ 10 

hottom rhc Lnn S(ohc\ \ \ a \ c \ ,  r l ~ c  \urn ( 3 1  1111 S t o h c ~  
waves. Ihc n o n l ~ n c : ~ ~  Il l lcl; lcrlrvl\ ;1nc1 Ihc c r ~ ~ i s r ~ u c l c d  
K d V  u : l \ c  ( la in  Tl ic I I I L C I ~ L I I I I I ~ \  111 1h1\ r\;111ipIc :IIC 

~ a t h c ~  \m:~ l l .  cluc 111 rile t : ~ i t  r l i ; ~ ~  [I;? \cioncI Srohcs 
u n \ c  I\ o l  ~ c I a t ~ \ ~ , l )  \m;ill I ~ ~ ~ ~ ~ i I ~ ~ ~ ~ c I e  FI; (1 ;I\c\ [he 
cnnst1~1cr11111 ill :I S111hcr i \ a \ c  :11>c1 ;I \IIIC \\:I\c. IICIL,. 
:Igaln 111~' InLcl:rctl[ill\ ale \III,III clue II! l l ic  \III:III- 
; ~ r n p l ~ r l ~ t l c \  t i 1  rhc. I , I I~~[~OIICI~~\ 1.1; 7 \!IIIIIC\I/C\ ~ U I J  

conipoIieriI\ \\IIILII .IIC \I> ,111.111 tl1:11 LIIL,! :IIC IIC:III~ 
\ lnc \ \ a l e \  Thc IIIIIIIII~~:II I I ~ ~ C I . I L ~ I I I I ~ \  :IIC \cell IO 111:1hr 
an  airno\[ IIC~II:IIIIC i ~ i n t ~ ~ h u t ~ o l i  \I'c 11;1\c \c lcc~ccl  (he 
,111e \v;I\c\ 111 c11Ilc1 111 II~CILI~IIC\ h >  L,\:II(I! 3A ;I 

\m .~ l l  ~ l ~ ~ ~ i l l i i ' ~  \\ c L I ~ L I \  II~I\C \III~I// i i t i i / i I1111~1~~ /)r[ir IOI. 
\ \ h ~ c l i  I~I)II~IIIC;II III~CI,ILIIOII\ . I I ~  1101 \cI-> llil[xl]t:inL B \  
s rudy~ng rhc c\:~nil,lc\ I l l \ t  y \ c n  i i l ic  heg111\ Io  t l c \c lop  
;I fec l~ny  101 thc IICII:I\ IO I  111 ~ l ~ : ~ l l o \ v - u ~ ; ~ t c ~  ~ i o ~ i l ~ n e : ~ r  
u :r\c 11:1111\ \ \  111~11 I~,I\ c o l i l y  ;I ~ C \ V  I - I ~ I I I ~ , I ~  iv:lve 
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5 .  Analysis of Shallow-Water Ocean M'aves 
Wc now  c o n s ~ d e ~  Llrc :lnaly\ic o l  ;I \u~l : lce 

rl lne c r ~ c  o l i t : ~~ncd  troll1 the A d l l a t ~ c  Sc:i 111 16 5 m o! 
\ \a lc l  ahnt~ t  20 L m  f ~ o m  Vcnlcc [ I 5 1  111 I ' I~  X!;I! \ \ c  
\how [hi. m c ; ~ \ l ~ ~ e d  \\;I\c t l; l ln lol- \tl11c11 r l ~ c  \ ~ g n t l ~ c n l ~ l  
w:r\ c hclght 1\ 2 0 m. Lhc la1 g c \ ~  v. a\ c\ ale :~hout 7 5 11: 

111 h e ~ g h t  :~ncl Ihc :l\clagc ICIO c losln;  11c11oc1 I I 0  I 
\cc Thc cr1111clal u a \ c  \pcc l l i lm I\ ~ I L C I I  In  FI: X(I1) 
\ r . l ~ e ~ c  the c l io~c l ;~ l  u a \ c  \l1ccl1;1l a1:1p11111clc\ i \ o l ~ d  I I I I ~ )  
;111c1 1111' 1iiod1111 (di)ttccI IIIIC) :IIC \h(1\\11 NIIIC thdt Llic 
~ ~ ~ o c l u l u s  I 1;11gc at low I I C ~ L I C I ~ C ~  ;III~ I~ICII ~CIICI;III) 
clccrenscs w ~ l h  incrcclhtng (~cquency .  hut I lses Lo :I 

1n:Ixlrnum ( -  0 27) ne;ll [he 11c;lh o f  :Ire \ ~ ~ L ~ I L I I I I  - 0 I 
The pIr!\~c:ll ~ n l c l p l c t n l ~ o n  o l  t l lc \e l c \ u l t \  I \  

~ e l a r ~ v e l y  : ~ ~ n p l c  at l o b  I~cclucnc! : l r c~c  ;IIC \ c \ c l a I  
\ m a l l - a m p l ~ l u d e  \ o i ~ t o ~ i \  I n  Ihc .;pccllunl. \ \ l ~ ~ l c  ;I{ 

I ; l~gcr  l reqi lcncy rhe compolicllL\ :II~ at II;II\~ 111odc1;1tc- 
alnpl i tude Stokes wave\ Wc h a \ c  app l~c i l  Ihc knlilc 
\pcc l r ;~ l  d e c o l ~ ~ p o \ ~ t i o l ,  ti1 rhc data i11;lI \ \ c  p r c \ ~ o i ~ \ l !  
; ippllcd ro the ~ ~ u r n r ~ - ~ c a l l >  \ ! l~rhc\ i /et l  \ \ C I \ C  I la ln \  111 

the I;ISI S ~ ~ ~ I ~ I I ! ,  Thcsc ~ c \ i ~ l t s  i11-c \ I~o \ \ I I  111 FI: 
WIICIC the (11s1 50 c n ~ ~ d : ~ !  U~;IL.CS 111 I~IC \ P C C ~ I L I I ~ ~  :IIC 

g lvcn We  have :~unc;~tccl Ihc n u m h c ~  III cno~cl:ll wa \ c \  
;IS ;In exel ct \c III lo)! -II(I\ 5 /1/1<,1 I I I~~ , I /  1\11, II~/ II\II~(,O 
II (11 /, /I(IIII ( Ihc lo\v-p:~\\  l ~ c c l ~ ~ c n c ~  I:III;L I, 0 111 0 2 
l l / ] .  Thc \t11i1 (1: thc 50 ~ I I I I I ~~ I I  \\;I., c \  I \  \IIIII\ 11 helo\\ 
lhc  cnold;ll u : I \e \  In  Fig. 0 L ~ h e \ \ ~ \ c .  IIIC n o n l ~ n c ; ~ ~  
Inlc lact ions II;I\~~ ;~ lso  heell compi~tccl  ::11cI 1111s (;me 
' I C I ~ C S  I g ~ ; ~ p l ~ c d  hcIo\v Ihc ' r ~ l ~ ~ r n r c d  L.II(II~:~~ \ \aye\ 
F ~ n a l l )  lhc I o u  pass- l~l tcrccl  : \ c l ~ ~ a t ~ c  SC;I t1111c \CIIC' 

II:I\ heel1 ~ c ~ o ~ ~ \ t ~ i ~ c t c d  31 l l lc Iho11o111 0 1  IIIC I I~LIIC 
FIOI~I the ;~ l>o \ c  I - ~~L I I I L ,  1 1  I \  c l c ; ~ ~  Lli:11 1I1r ~ l o n l l ~ ~ c : ~ ~  

c l l c c ~ s  111 1111s ~:II[ICLI~;II A~III:IIIC SC;I \\:IvL~ II'II!I ;IIC 

1c1;111\~cly 1:lr:c This I\ c \ ~ c l c ~ ~ ~ c c l  1 1  lh! 111c \;IILIC\ 1111 

t11c n ~ o d u l l  lo1 Ino\t  o l  lhc cllo~clal \ \ , ~ \ c  \ l ~ ~ ' c t ~ u n ~  inolc 
I~;II lnany o l  t l lC componclir\ : I ~ C  c f l e ~ t ~ \ e I !  \IIIC \\:I\c\ 
u l r ~ l e  a l c \ \ .  IIC;II !hc \JICCII;I! pc;~k. .IIC IIIO~~I:IIC 

; ~n l p l~ tude  SloLc\ w;~;ch. {cc F i g  X(h) )  :III~ 7) by 1tic 
lact Lhat Ihc non l~nca l  ;n tc r ;~c l~on con l~ lhur lo l l  1s I;II:~ 
c l ~ r n p a ~ c c l  t<1 111c \ u ~ ~ r l ~ l c c l  c n o ~ d ; ~ l  \ \ : i \ c \  (FI: <I) 
i i ~ i w c \ r ~ ,  111 ?CIICI;II tlic I I ~ I ~ I : I C ~ ; , ~ I ~ S  L,:III lhc c \  CII I:II;CI 
i \ s c  lo1 c.i:~~njl lc F i g  3 )  One ~ ~ o ~ ! c l u t l c ~  ll1,11 lhc r l l c c r \  
o l  1111. n011l111c;11111cs 111 lhc ~ ~ I c \ c I l t  i , l \ C  C I I C  I l l lp0ll: l l l l  
;111cl p l - ov~de  \omc ~ n s , g h l  In to  the lhcl1;1\1111 o l  the 
IIIC:I\LIIC~ W:IVU ~ I - ; L I ~  FII\I. I I O ~ ~  ~II;II lhc  '~~IIIIIIICCI 
CIIOI~I;II W;I\ c\  ;II-C l:~rgcr ~II~III 111c II~C,I\UI LYI \\:I\ L, 11 ;IIII 
~ t \ c l l  B! \ i l [ ie lpo \ lng  lhc \ L I I ~ I I ! I ~ I I ~ ~  111 IIIL. cno~d, i l  
w ;~ \es  b ~ l h  the I~OI~~IIIC;!I IIIICI;I~LIOI~\ I I I I~!  t l i : ~ ~  ll lc 
mL,:l\ulcd i v ;~ \ c  : imp l~ luc lc \  ale \ I I I~ I / /~ , I  Ih:ln thl. 
s i ~ ~ ~ i i i i e d  CII~ICI:II w 3 \ c \  TIIIS OCCIII\ IIC~:IUSC thc 
~l i lc~-;1c~~c)n\ SIIC c l ~ c c t ~ v c l y  (1i11 ,I/ 11!1(i\(, \ \1 l11  lhc III~;I- 
L I S C ~  t1111c \CIIC";. The ph;~\c \ h ~ l t ~ n g  ~ I O ~ C I ~ !  15 ( 1 1  
C O L I I ~  ;I \ \e l l -Lno i \n  non l~ne.~ !  [ ~h ! s~<a l  lp l lcn~~:ncr~a. the 
plc\ent  culls delnonstr:~lc tl1:lt c l lcct  . ~ l \ o  o c c u ~ \  
1111- /I// i o m p o ~ ~ c n l s  I n  lhc IST  \pect1~1111 l111c l o  lhc 
nlodcr:ltc \ I /C  o l  Lhc I I I ~ ~ I , I C ~ I I > ~ I  c o n l l ~ l ~ u t ~ o n  In  Ihc 



I p .  1 1  I I I  I I ~ I I I I I I ~  111 ~ ) . l r t i c ~ ~ I . i r  
the i / h 3  de:pe~~clr~icc 1111 iIcp111 LJII II;I\~ ,I s i g ~ i i f i r ; r ~ l t  
~ n f l u e n c c  [ in  ~ ~ n ~ r l ~ i l c , i r  ctTc;.i.r.; i l l  s l~o , i l i ng  \V.l\'c I~;IIIIS. 

I n  sent.r,~l. ~ I I C  sl10111tl 11111 ~ , \ l l c c t  t i i t  i ~ l f l u e l l c t .  I I ~  

III~II~II~~:~~II!* III tic ~ L ~ ~ ~ L I ~ I ~ , I I I \ ~ c  III II:IILI~C. I~I*~I~I;II-II! 
IJ~C:IUX for UIITII?I~IIII~ I, lrp~, U ~ ~ c l l  I I L I I I ~ ~ ~ L ~ ~  IIIC 
II~IIII~~:II* !II~?~,IL.~~IIII? i.i111 be r~~ij;Iily 117 tlic S;IIIIC SIZC 

,IS thc \ ~ ~ r n n ~ ? c l  i-noitl,ll \\-.~vi..;. 

6. Brief Discussion of Floating I5odv Mot.ions 



I ~ m ~ t a t ~ r ~ n <  i c t  o n  the length o l  r h l i  p;rpes. \vc i I i ; ~ I l  
con$~t lc r  onl) the lollo\vln: c a w  

K IS ;I c o ~ i \ ~ a r i ~  ;lnd f7(0.1) I \  t l ~ c  \v;~vc amplituclc ;I[ 
some I'lxcd spatial I o c a t l ~ i ~ i .  1 =!I. 1'11~1\ 111 tlic prc\cnt 
prohlcln ;I I'lo;lt~n; oh lc r t  i i  ~ ~ ~ h l c c r  to a IIIJIIIIII~~~~~. 
. ~ r o ~ ~ l ~ i r \ r ~ ~ - .  1~~ r i 11 -01  ~ I I ~ ~ I I I , ~  ~ " I i r r  11 I \  :~ l - r~ , I lo r i l~~ l l~ r i  ((1 i l ir2 
. rc l i  .SII~/(~I .C ~I~I~~IIIIII~. Note 111;lt III the :rbxn<c. o f  
dyn: i~ i i l c \  !II~-0) and drag !(.-I)), the \ . c~3c l  ii10t1o11 
f o l l ow \  (l ie iurfnce e le \a l ion .  \ ! I \  - q!O.i!. L lhcwl\u.  
11 we :Is\umc that (. = h = 0 \\,c 11;1vc only aict ' lcr ; r t~c~i l  
c f l c c l i  !;I I' lo;~[~ng huoy) ant1 the rn11[11ili I given by. 

\ ~ h l c h  I \  mcrc l )  [he  logarlrh111 I I ~  ;I H - f u ~ ~ c ~ t o ~ i '  TIII\ 
pl-ohleni IS g ~ v c n  31. a ~*el;~rlvcl! \ ~ n ~ p l c  cx;~ml,lc ~ v h i c l ~  
can he ~ ~ s e d  l o  p r o v ~ d c  I ~ $ I ~ I I I  Into a large n~111ihc1- I~I' 
other Irnportalit cases [ 161. 

Rcccnl ly O\hornc  iX.161 h : ~ \  \ I iown that lhc 0- 
function ( I  3 )  ~ i i a y  hc wrlttc11 111 I!IC l ~ ~ i I I ~ \ v i ~ i g  LI\CI'III 
tol-m\. 

I ~. - ~ ~~ 

I n  1131 we li:~\-e wrl l ten the .V ncstcil cum.; In  the H-- 
f unc l~on  (13 )  ;I\ 3 s l ~ i g l c  \111ii 111 I c s~ i i \  11f tlic 'ordcr~n: 
pal-amcter I", 'The rrequcncle$. O l .  :lnd plia,ci. ;IS? 
dcfincd hy :  

N I I I ~  that tile \ L I ~ ~ L , I ~ L ~ I ~ I \  1111 t11c I I I L I I ~ L ~ ~  .ill \ ~ n i p l !  
refer to  the sc'c(ucn~~.~l  \rlrlilii:ltlrln I )  LI ~ h c  ~ n ~ d c l l c  I,I.III 

I" I 1.4,. TIIII, tile i t s ~ , ~ o r  111~licc5 7 , ; ; ; .  ,\!:..... !d,.) I, 
o h ~ n i n c ~ l  :inil ; ~ \ c l ) i ~ ; ~ l c i l  \r l r l ~  :I P:II.IICII~;II. 1 I ,111r( .  \v h i i l l  
IS lncremcnlct l  c:lch I l m c  onc ol' tlie I I I L ~ I ~ ~ .  :\1; I\: 

r.h;lnged I n  Il ie 11c\lccl WIII 111 ( 13 ). T1lC 111 bt ~+qu;lllon in 
! lO !  i ; ~ y \  111,11 111c I ~ c i l u c l i c ~ c \  111 111~' O - - l r ~ ~ l c l ~ c i n  .1r1: 
111tcycr l l l ~ l l l l ~ > l c \  <!I 11lC I~!\vc\I l l -cL] l lc l l~>. 11,l = 2x1 7 . .  
\ihcsc 1- I \  the L ~ I I ~ \ C I ~  p c r ~ ~ d  111 tllc \v. I \L.  II..IIII I I I~LII I~ 
l I ? l ,  

TI' ctrmputc 111c I.IIICI ,11111 cIioo\c ;I \,I~:IL, 111 11 .  \:I\ 3. 
Tl lc l l  coll lpll lc rllc I, I,! ! 1 - 1  1111- ;I11 I. I~ll l1I l l le \ ; l l l l c \  (11 

I I11r \ \ I l l ~ l l  I! x 3 'I'lll\ i \  tI1c \ ~ l l l \ C l  I l l  I Ill1 \ i l l l L~ l l  I 1  = 3 
:lllil I\ llcllc~: IIlL, \ l l ~ l \ C t  l I \ C l  \ \ l l l c l l  ( I S 1  I \  (11 I1c 
\l l l l l l l letl, *Ill,, ll l<l! l l l l \  ~ l 0 1 1 1 1  \e l  I \  l l l ~ ,  l l l t ~ ~ l \ c ~ ~ ~ l l l l l  (11 ;I 
I's:~ctal cu r \ c  I S  .III(I .I /11ir l / r~111~1l IIIIC ,I] \111111, CIIO'CI~ 
Y,IILIC 0 1  1,. ~IL,IIL.L.. IIIL,:I~c~~~~:III! \ I I~ ; I~ I I I~ .  I~IL,I-~ ,IT ~ t i  

i ~ i l i ~ i ~ l c  ~ i !~~! i l i c r  111. \;IILIL,\ 111  110 \IIIII O \ L , I  1 1 1 1  L,ILII ~ , ~ c ~ l ~ ~ c  
(11' 11 111 t 1 1 ~  ~,~~II IK;I~L, WIG\ I I $1. ~ ~ I ; I L ~ I ~ ~ ~ , ~ ~ \  \pe,1h111;. 
I111\\ C\.CI-, i l l lc (11 Cllllr,rc ~ l I I11\  O \  CI' 111,III~ I ( \ \  L'' !i'l 111, 

No\v IIOIC \\'II:II ~ l i c  ,II>II\C I I I : I~~I~I~~;I I IV,I~ c h c ] - r ~ \ c  
IIJ\ CII~IIC I-11s 11'. c.111 IIC \ICM~CII ;I\ :I \III,III IIIII;ICIC 
lle<;l11\1! I t  11;1\ r ~~~ . l l l c c ( l  1I1c c l l l l l~ l l l c : l l c~ l  H-l'1111c111111 ( 131 
111 ;In ~I,~/III~II;\ /FOIO-;I I- \I,I.!~,> (:I 1111, / I \ [ , ( /  \IJOII(I/ IIOIIII. 

.\ = 11. Tl ic I I~IL. I I I~ I L~ I I L~ I~ I I ~  ~ct111: 1111 tlic I~II~,IIIII~ \ ,c\ \cI  
I \  tt icn ~ 0 1 i i ] 1 1 t t c ~ I  I>! 1121. Iro111 \v l i i~ . l i  11  I \  

\ t r ; ~ ~ ~ l i i i ~ ~ s ~ ~ v ; ~ s c l  111 > l l ( i \ \  III~II /-.(il (1150 I!,,, (111 OI-I/III(II-Y 
~ ~ I I ~ I - I ~ ~ I .  \(,I-II,\- ,111tl II~L,I-CIIII-~ the ~ , ~ I I I I ~ I O ~ I  i i i r ~ i i o ~ i  ( ' / I  
II(I.\ II??II /1111\ IIII(,III,I:!'~/. l3! IIIII.I>L~LIL.III~ <I IIIIL~:II-I/:I~II~I~ 
t r ; ~ ~ ~ \ f ~ i r ~ i i ; ~ t ~ ( i ~ ~  111 1I1c H-~~IIIC~II>I~ I ~III;: ~ ' ~ I ~ I I ~ ~ I I ~ c  \CI-IC\. 

i l ~ c  c l l t l rc  CII:IIICL.~IIIF P ~ I I C C ~ I I ~ C  ~ i s c l l  II;I\ IICCII 
II I~C~I-I~CL~ M 111 I \  IIII\ ~CSIIII \(I IIIII~II~I:IIII.~ IICC:III\C 1 1  
\,I!\ tti:~r li! LI\III: 111c [,~IIII-ICI- ~ I I ~ ~ ~ I L I C I ~ I ~  111 rllc 1'111-~1112 
r1111ct11111 l ' ( l 1  ( \ ~ I l l ~ ! l  11;1\.c I1cc11 c l i ~ r l i ~ ~ t l  I1.0111 1I1c 
~ ~ ) l n p l e \  I~~,Ic!~I I IL,~!  or i ~ i v c l nc  \ ~ ; ~ t ~ c r ~ t i c ~ l ~ c o r y  I 121. 
I 1 3 1 )  \ V C  L.,ln ~1111111111~  11ic I I - c ( ~ ~ I C I ~ L ~  ~ ~ \ ~ J I I I I \ L ,  I ! I I ~ ~ I I ~ I I  

!'I) using \-IoI~~/(II-~/ IIII,,OI 111i,i/ri1(1\, I c. l i lc II\II;I~ \ inc- 
\v;1\c-111 5 l l l c - \ \~ l \c -o l l l  , l ~>~~ l~ l l ; l c l l ,  

I t  I\ al\tr ~ ~ i ~ l ~ o s t , ! n L  to conhitlci IIIC i l ! ~ ~ a m ~ c a l  
1 1 l 1 c 1  1 1  1 I \ I l l c  1111111 i 1 1 1 1  I \ 
~nipo~-t:lnt Tlic C(III:III~II 111 I I~O~I I~ I I  II;I\ 1111, lor111 

\\,Iicsc ~ ( r 1 = 1  \ I ~ I . \ I I I I  ,II.,LI 1 1 1 ~  V I I ~ L I I I ~  ILIIILIIIII~ L , i v ~  
II;I\ a lior17o11t~11 11,111. 1 1 ,  1111\ L,I\C o ~ i c  I'II~cI~. II  II~~CI~;II-!  

111 keep [lie \I~~III;II I~~II.I 111 tlic H-ILIIICIIIIII. \II ~II:II tlic 
c~i~~1itcsp;lrt 111 ! 141 I~C~OIII\:~, 



'1'1111s I l i r  i o c f f ~ c ~ e n l  In rile \ c c f~nd  \on1 i l c l ~c l i i l \  OII lhc 
sp;ll:c VLI-I;IIII~. .r. 0 1 i c  f1111l\ [ l ie ~ ~ I ~ C I ~ : I ~ ~ % ~ I I I I ~ I I  11t' l l ic  
I '~:~in~;tr> scrlc.5 for rlie,c c ~ i c f f ~ ~ ~ ~ i ~ n t s  

7.  Analysis of Data from a Wave F'lunic 
W C  Ii;lbc pertormeel cc\cr: l l  :.l~rl'.!~.c \va\'c 

cxp r r l n i cn l \  ill :I \V; I I~  I;III~ ~ICIIIIV IIIL.;II~II ,I[ l l ic  
I.(l i~vc~-\~ty o f  F l i ~ l ~ n c i :  In ~ l i c  t-lydrnul~c.: Ccc l~ i ln  [!I' 111~ .  
Llcl>:~rtmrnr o f  C IV I~  EIISIPCC~~I~~. Tl ic \v;I\,L, I;III~ i <  ,I 
Iring untl n,~l-row channel I:I~ tl~rnc~~src?lrc 0.76 In \ 0.S Iri 
x 46 m. i l l l c ~ l  i o  :I typlc.11 clcjllh o f  :11111111 5 l :  CIII. 41 OIIC 

end o f  IIIC t;11ik ,I \V:I\,C yr l icrator l i ; ~ \  I ~CL , I~  ~ : i ~ t ; ~ l l c c l  
w h ~ c t i  c o n c l \ l i  rrf :I verric;~l. ~ ( ? m p ~ ~ ~ c r - c ~ ~ ~ ~ t r ~ ~ I l c i l  
p,ltltllc lh:11 o c c r ~ l l ~ c $  rhr enrll'c l :h , l~ i l i r~  irClFb ZCC'IIOII 
'The mo\*cn ic l i t  o f  ~ l i c  \\,,lvc n 1 . 1 ~ c r  i~ f u l l y  
~programmal!lc t l i r o ~ ~ f l i  ;I cr?nlrol :111d fc:ctll~.~ck . ; ~ h l c ~ i ~ .  
A t l c \ k~o l>  c o ~ l ~ p u r c r  u ~ r l i  ,In I n l c l  XO3S(: J~I.I~L.C\CIIP 

11rri\1dc< I I I I C I I I ~ ~ I I ~  c(111lrr11 (11 the p , ~ i l ~ j l c  l l i ~ > t ~ i j ~ .  

L>clailr of 1111s svulcln 111;ty I!e So~irid cI\'e\i.licrc liil!. 
'I'lic i~r: t  I 0  riictcrq o f  111c 1;11ik II;I* ,I fl,11 I~IJ~IPII~. 

\ \ l i ~ l c  lhc  r c rna~n ing  3 I l i lc lcrs I\ l:ci~;f~:~~l-ctl i v ~ l l i  ;I 
cc inc l -e~c rani17 u , l i ~ c l i  II;I~ 1'h xlopc.. Tl~i.; 
e x [ ? c ~ ' ~ ~ i i c ~ i ~ ; ~ l  ~ . ~ ! n r ~ y i ~ r , i l ~ r i ~ r  IS ni1111v.1li:il r\vo jp1-llii.iri. 
CI!I I>I~I~~,I~I~~I~? (1)  tlic r;llrlp p r o v ~ d ~ >  ,111 c,Cfici?li~ \v;!y 
I r i  nillilml;.c rr:rlecl~on. \ \ + l ~ ~ l c  (1) ;I[ l l ic .;.line l ln lc 11  
~ ~ f f c r \  thc p ~ . ~ q \ ~ h ~ l ~ l y  o f  \rucl::~lig \V;IW I!~II;IIIIILS on I l i r  
r l o l ~  11helf ( 1 1 1 ~  dcta11h 01' lhis latter \111d? ;ire dc1:1ycd 
111 a I;~rcr p ~ ~ l ~ l i c a t ~ o n ) .  Mi~~~! r i~ ; . ; r r~on o f  rcflccrccl \va\rc\ 
I *  III' courrt, kt11 i ~ n l ~ o r t ; ~ ~ ~ l  c~in<!clci'aric!~l f?r 1112 ni~;!lvsis 
~ ~ r i n ~ ~ t l c ~ - c c l  I i c rc~n,  liccauuc the l i d \  TIII:;II~~!II : I I I~  lhe 
\car tc r lng  lr:!nst'o~-m. :1rsunlc u ~ i ~ i l ~ ~ - c c l i o ~ ~ , ~ I  \V;IVC 

niolion. 
E ~ g t i l  rc\l<l:llri.c wave l1c1gIi1 yauycs Lucre placccl ,II 

. i rb~t l -a~-v  \I~,I~I:II IIIC:I~IOIIS .1Io11y t l ~ e  eh.~~i,1I. For  11.1~ 
[.ircw111 S!IICIV ~ I V C  g.111ze1: rcc~rcIccI (I;II;I ill l l ~ c  ini11:il l iJ 
In sccticjn i?l'liir r ; ~na l  wlilcl! \?:I\ cc in l i fu~r t l  \\(ILII :! f l ~ l  
I~o l lon i .  -1hc cii~tpi~t.; o f  the faugcr w c ~  \ . ~~ i i p l r c l  ;111t! 

c o ~ ~ v e r t c d  11, i,llgltal f om i  ;II .I l y p ~ c a l  r;llc ol '20 I-I/: rlic 
d;~l:i :IrC I~ICII rccnrdccl rin compl l tcr  cll.ck 111 rc ;~ l  11mi.. 
Doll1 wa\*c 111,lker p o . \ ~ ~ i o l i  ;IIIC! ~I.II,I ~rc:orcliny .Irix 
i o ~ ~ t r o l l c d  h v  ttie. XO.<F(l-b;~\cd dcsk l c l ~  io111~u1c. r  \vi;~cli 
ccinlnlnc spcc~ ;~ l  ;Icqul?lllcin, p i - c l ~ m ~ n ~ ~ r v  .~~i , i lv . : !c , I I I~ 
cc~ntrol  scrfr\v,lrc developed for t h ~ s  I';I~I~IIv. T l ic  an,llo;~ 
l ~ : ~ - t l ~ g ~ t ~ l / ~ l ~ ~ ~ ~ ; ~ l - t ~ ~ - ~ ~ i ~ l ~ ~ ~  c l c c l r ~ i ~ i ~ c  \ v ~ l c ~ i i  II:I\ I?I>II 
rc>olutlor!. ~.1111 ;I banipl111f ~ T C ~ L I C I I C V  cr  i 0  I-IL r ~ i r  Oic 



Rapid Env~ronment:ii Aescssmcnt. NATO SACLANTCEN. Lcr~cl .  1t:lly I 0  - 14 R,larcIi. ! ' ) ! i f  

0 1  2 1 1 5 h 7 X  
T ~ m c  acc 

F ~ g u r e  10. R e s ~ ~ l t a  o r  Inver re  ic:lttcrtl i@ l r an \ f v rm  
clnalys~\ r j l  wabe C~:II;I ohta~nccl  I n  ihe wake ratih I n  
Flol-cnce. Shown i n  \c r [~cc l l  orclcr arc tllc I ?  cno~da l  
wave, In  the pec l r l i n l .  the \uni  c!f th r  c ~ i r ~ ~ c l : ~ l  waves. 
[he ngn l~near  Inlcr:lcuon\ c~nd [he mt.a\urcel \v;~vc 1r:iln. 
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Abstract 

2. Introduction 
3 .  Requirements 

Kcmo lc  \) \ lc111\ I \ l , l l iayrmenl 
LLricle B i ~ t i c l w ~ ~ l ~ l i  op l i o l i \  
( i lobn l  ( ' o \ c ~ , ~ g c  cYL H i g l i  q11;~111> 
I i e l i e \ e  p r c \ \ ~ ~ r c  (111 olpcrat~onal l i c ~ \ \ o t  h \  
II~IL'IO~I~S~I~IIII! ck S L ~ C L I ~ ~  C ~ i ~ i ~ t i i l ~ ~ i ~ c ; ~ t i ( l ~ i \  
R:111gs o l  C '~11 i i1 i1c1c1,1 l -o I l - l l i c -~ l i c l l  c q ~ ~ ~ p ~ i l e ~ i t  
i COTS I 
K~;I~-IIIIIC 01 IIC;II I.C;II-IIII~C ~ ,L~ I ; I ~ ) I~ I~ I c \  ,A\ ;11l;1bli. 
~ i n y t i m e  ,111cI ;ill! \\ 1ii.1-e 

4. Inmarsat: History & Evolution 

The SI~I~;IIOI I C \  ;IIC ~~~~COIIIIIIIIIIIC;I~I~II\ en t i l ie \ .  
~ i o r ~ i l l  I \ \ l i i c I i  c o n ~ t - i h u l c  ;I \ I iare o t  t l ic  
Orp:1111z,1rion\ cal i11~1l ancl i~nclct-l,~hc 1ou1111c (11 s ~ \ t g l i l  
0 1  1I1c l~llll<ll\,lI l ) l f c c l ~ ~ l - : l t e  1l111111gl1 1 1 1 ~ ~  l t l l l l ~ l l - \ , l l  



Councll.  I r  is u\ually the S~gliatorleh which acl as tcl-minals and tlic rcrre t r ia l  netwolhs 
sc rc i ce  p rov ic l e~s ,  01-[el-ing commelc i a l  s a t e l l ~ l c  
c o m m u n l c a l l o n \  t o  c u , l o m e r  4.3. Mobile  E a r t h  S ta t ions  Inmarsa t -A  

Inmal-sat \arcllites Or ig~na l ly  c o ~ i c e i \ c d  to prov~cle This I \  the o ~ i g i n a l  1nmal.sar \I1113 terminal. in 
a g l o b a l .  i l i r c r n a t ~ o n a l l )  g o \  el ned  m a r ~ t ~ n ~ c  \cr \  ~ c e  \incc 1982 It pro\ 
cornmunicnt~ons fuc~llt) .  Inmarsal no\+ offer\ \er\  ~ c c s  
to l and -mob~le  and ac ronau t~c i~ l  cu \ to~ i i e r \  a \  \ \ell .  

The \ysrem consists of the l o l l o i v ~ ~ ~ g  componcnts: 
Sa t c l l~ t e \  
Mohilc Earth \tation\ lMI:S) 
12nlicl Eal-th stallon\ ( 1 - 1 3 )  

Full ~eclutidanc> i \  bullt into all tllc\c component\ 
through the pol- ion ot B a c h ~ ~ p  \ a t r l l ~ t r \ .  o \ c r  30 
LES' \  and o l l c l ~ n f \  from a I - J I I ; ~  01' ~ n a n u l a c t u ~ c ~ - s  
& supp1ie1-\. 

4.1. Sate l l i tes  
Inmal-silt 1"-ocidcs near-ploh;~l coverage t h r o ~ ~ g h  

four geo\tationnr) \atellite\ Each ot these pro\ idc\ 
co\el- to n large c l l ~ p t ~ c a l  ~ ; I I . L  01 the globe hno\\ti as  
an Ocean K c f ~ o n  The u\e  ol jico\tatlonar) o ~ b ~ r \  
does nor ;~llo\+ rhe \atellltes to scc the extreme polnt- 
!regton\ hut 111 the mat-itime conrcxt c o \ c r  cxtcntl\ lo 
all ware[-\ wl~icli  ere open to norl~ial ~ ~ a v i g a t ~ o n  

1-nOrm ,.bm.#w??- 
64 5 0.gre.. E l l  

T h r \ e  .ire b e ~ n g  replaced the i r d  :enelation 
s)\teln of \atellires which offer.  

Higher Ipocver 
Lal-gcr number of channels 
Slm( Ucam capability 

N, , ~ c l g a t ~ o l i n l  , .  t r a n s p o n d e r  10 i m p r o v e  G P S  
accuracy. 

T h e  s e l - \ l c e  ~ 1 1 1  h e  c o ~ i i p l c t i i c ~ i r c d  b y  tlic 
Intermecl~ate CII-culal- Orb11 n c ~ w o ~ - h  of sarellires 
to be opel-atcd by ICO I'or opcl.;~tion in 1999. 

4.2. L a n d  E a r t h  S ta t ions  
T h e w  arc character~sed by huge ( 1  1-14 met[-c 

d ~ a r n e t e r )  clish a n t e n n a \  po l~ i t cc l  t o w a r d s  the  
satellite\. They arc operated hq \ome S ~ g n ; ~ t o ~ - i e \  
and act as  a gatc\vaq between rhe .;atellitec and the 
t e r r e s t r~a l  tierwork. As  \\,ell a \  p c r f o r m ~ n g  [hi \  
function. a \ p c c ~ a l  Network Contl-ol S t a t ~ o n  in each 
Ocean R c g ~ o n  controls both accc\.; to tlie networh 
and the Slou ol' ~nl'ormation LIII-OLI:II ~ t .  Figure I 
s h o w s  L l ~ i l l  ~ n ~ ; ~ t i y  c o ~ ~ n t r l e s  ; I I . O I I I I ~  tlie w o r l d .  
i l ic lud~ng CIS ancl NATO count l -~e\ .  Iia\e their own 
LES o f fe r~n :  c l~rect  conncct lon ~ C L W C C I I  lnohile 

tele])Iio~ic I volce 
telex. (50 b a ~ ~ c l )  
tax I9600 t > [ > \ )  
data I9600 hp\ i  
h ~ g h  \pcccl cl;~ta ( H S D )  (.i6/64 hh\r 
G.MDSS C'onipl~ance 

Thcl-e arc ~ I I - O L I I ~ ~  15.200 Innial-\al-A l e r~n lna l s  
In use a1 pl-c\c~lr. The m a ~ - ~ t i ~ r i e  terliiinals tyicpally 
c o m p r i s e  o l  A h o v e - d e c k  a n d  I3clow-deck 
e q u i p m e n t \ .  w ~ r t i  the  dome-\lial>ccl a n t e n n a  
\upporting a a u t o - s t n h ~ l i r a t i o ~ ~  \o lliat ~t can track 
Lk \ ta )  lochccl [lnro the \ a t e l l ~ t c \  c \ c n  In \el-!. 
\trans seas 

This is tlie d ig~ral  huccessor to Inmarhat-A. Offers 
the jame \erviccs al rlie h ig l i e t  q ~ ~ a l ~ t y .  Suitable for 
l i~ph  volume ~15et-s. Inma~sat-B w a \  1nt1-oclucccl in 1994 
ancl [hcl-e are all-cacly 1.010 t e rm~na l \  co~ i i~ i i i s s~one t l .  

Both Inma1 \at-AIB \ ~ ~ p p o r t  ;I ri111:c ol applications 
\\ h ~ c h  ~ n c l u d e .  

Dala C o r n ~ i i u n ~ c n t ~ o n \  Xr Electl-on~c Mail 
Electronic Data Interclia~ife (EI)I )  
Shipboa]-cl Inlegrated Syctenis 
Comprcs\ccl V ~ d e o  
Stu l l l l l l  I i n c ~ y p t ~ o n  etc 

T h ~ s  is a lo\b-co\r. l ifl i~weight ~ i i o b ~ l c  earth station 
using d ~ g ~ t a l  technolo:) to offel- telepholic. ~ned ium-  
\ [ x e d  facsi~iiile ;~ntl  data capab i l~ t i c \  Illtl~;lrsat-hl 
cntcrctl s e n  ice S I N - I I I ~  I993 ancl there a]-e already 
h.hOO terrn~nal \  111 u \c  It prov~t le \ :  

Mediu~l i  clual~r) digital voice 



T ~ I \  I\ cqu~va l cn t  to  the I n l n ;~ r \ a t -M  hut I \  \ ~ i i : ~ l l c ~  
ancl I tg l i te l  and \ \ol-h\  111 rl ie Spot beam\  o l t e t ed  h! 
the 31-el genet;ltlon \ a t c l l ~ t e  \!\tern\. .Antetitla \ I / C  I\ 

0 5 - 0 7 111 111 \ I /C c~t ic l  11  \\ci:h\ I t \ \  t l i ;~ti 2  k y  

I ' I 'wo-way M e \ \ a g l n f  tot-: 

'Telex. F a c \ ~ r n l l c .  1Iat;l de l i \ c~ - !  
I 'STK. P S D N .  N 2 5 .  X.400.  I l l tcrnet acce\\  
5 ~ 1 p p n r t \  LIPLO 37 hb! te\  per t \  
1'1-01 ~ d c \  a I ;IIC 0 1  600  h p \  

2 .  I);II,I Kepor t tng  & I ' o l l ~ n g :  
t n d ~ v l d u a l .  (; I .OLI~.  ilrc;l 
A l l o w \  37  byre \  0 1  packet\  
;I[ p~-c-;~r~;t t igccI i t i t e l - \ a l \  01- t l~gget -ec i  b! 
~ ~ o l l i n g  an! LI I~IC 

3.  F;llhaliced :roul> c .~ l l \  
1.lcetNet ( ( ' o ~ r ~ ~ i i c l c i a l )  
S~lSetyNcr (Sa l c t y )  

I t  t l icorporatc\  the 1:nhanced (;roup C a l l  ( E G O  
f, CILIIII! , '  lo t -  ~ - c c e i \  i t i f  S : l f e t )NET  ;III~I F lee tNF.7 '  
br.o~~cIc.,~\l mc\\ ; l fe\  I . l c c rNET  o t t e r \  the opt ton  o l  
ht-oaclca\t lng rl ie\\;tge\ to  pl-e-cic l~nccl  c l c ~ \ c d  LI\CI 

:l'oLl]>\ 

('apable of t ran \n l i t t ing  automatic po \ l l i o i i  repol-I\ 
ant1 \ I io r t  13-packet )  tl;~l;l I-cpot-t\. Inm; l l \a t -C I\ 

e\pectct l  l o  be  iitrecl 111 I;lrfe numhc r \  (11  11-uch\ ant1 
a lmo\ t  ;ill !net-chant \ h ~ l > \  ; Ibout 70.000 I nma~ \ ; r t -C  
t e r l ~ i ~ t l a l \  are I n  LI\C locl'~) 

Soot1 i t  w i l l  be  cot l ip lcmentecl  hq Inmal - \a t -C3 
wI11cIi w ~ l l  be eben \ t ~ i a l l c s  hu t  s t i l l  o l l c l -  the u n l e  
\ c ~ - ~ ~ c c \ .  L ~ ~ - f c t  n i ; ~~ -kc t \  ;LI-C the T r a ~ i \ p o r r  t ndu \ t~ - y .  
C;t~l l t ; t i l lcr  Mi lna:ct i ic~~t  rid Coa\ ta l  M':~lct\ 

Inn~arsat-DID+: i\ ;l neb\ \a te l l l l c  I ' ; I ~ I I ~ ~  \el-\ i ce  
due 111 he inrroducccl IO ~ h c  market i n  IL)r)(x I t  o l l e l \ -  

One-way dellbet-y o i  tric\sagc\ L I ~ I U  400  by te \  

Inmarsat-t: I\ the I n l i l a t \ ; ~ t  I hane l  Enictgi .nc> 
I ' o \ ~ t ~ o n  I n c l l c , ~ t ~ ~ l :  R a c l ~ o  I3eacon ~ E P I I < R I  
T I ; I I I \ I~~I \ \ IOI~ \  c ~ t i  he  I I ~ I ~ I L I ~ C ~ I  111;1r1~1~1l l~.  01  

; tu~omat ica l l )  \\IICI~ the E P l K H  Ilo,lt\ 11-ee altct- ,I \111p 
l o ~ ~ t l d e r \ ,  T h e  c l i \ t t c j \  tme\\;ige cot i l ;~ in\  a l l  \t;~liclalcl 
I > t \ t r e \ \  M c \ \ a g c  (;enerator i l l lo l - tnat ion. i n c l u t l ~ t i p  
l x ~ \ i t i o n .  upd;~tccl con t~nuou \ l !  h! :In 1ntc:latccl (;I'S 
\ , ~ t e l l ~ t c  no \  l:atloti ~ C C C I \ C I -  

4.4. Special :\nd \ 'due  A d d e t l  Scr\ ices  

GI-OLI~> ( 'a l l \  
C ' o ~ ~ i ~ x e \ \ c c l  i ' i d e o  T i '  
Slo\r- \ i . ;~n TV 
X:l\ 1 ~ ~ 1 l 1 i i t i  t ~ ~ l ' o r l l l ; ~ t ~ i ~ t ~  
Sub \ \ c l - t l > t~o~ i  Neb\ \  - E l c e l l - o n l c  M a i l  MIIII ( ; a t e \ \ ay \  I n l o  t l l c  
ful1ow111g I ICIU.O~~\  

t - I 'STN 1 I.'as 
t - I 'SDY ( \  25 I 
t - N 400 
t - In lcsnr t  

STLJ llllll F,nct-)ptioll ca l i ;~h i l l t le \  
FlecrNcr Set-\ Ices 

Intesn;tt~on;tl S a i e t b N E T  S c ~ \ l c e :  i\ a \~>i .c lal  
bl-oadc;l\t \ c l - \ t c c  pt-o\  iclecl 1111-o~tgli the I n m L l r \ ~ l t  
\atel l i te\  I r  I\ ILII-I o r  the t~ i l i , l t ~ccc l  G t o ~ l p  C;III I I : ( iCI 
\el-\ Ice which 111 lul-n i\ pat1 o l  t l lc I ~ ~ ~ ~ i a r s a l - C  S) \let11 
S;~l'ety N E T  i\ :I I ~ ; L I  it111ic \;llet! ~ ~ i I o l - t i i : ~ t i o ~ ?  hro;~(lc:~\t 
\c rv lcc  o l ' l e r ~ ~ i g  11-ee rcceptIot1 (111 h o i ~ t d  al ly \ ~~ t l ab l ! ,  
c q u l p p e d  \hip h u t  u ~ t h  a c c c \ \  r c \ l t t c t c e l  t o  
~ l i t c rna t~ona l l !  ;~p] i t -o\  ed ~I~~CI~III;III(III IXO\ ic1i.1-\. I n  the 
( i \ lL lSS.  S:~lc[! K k - I  I\ LI\~CI to l l~o;~clc:~\ t  tia\ I~;IIIOI~:I~, 

~ i i c r c o r o l o g ~ c ~ l l  ,~ncl S.AR I I ~ ~ O ~ I ~ I ; ~ ~ I ( I I I  to O C C J ~ I  ,I~c;I\ 
;~ t id  to co;~\t;~I :II.C:I\ nor co \~ , rcc l  h! U A V T E N  

5. Peaceful I'urposes 

Ar t i c l e  3. Pal-agt-aph 3 ot  [t ic Il lmat-sat Co l i bcn l l on  
\tales "the Organization shall act exclusivcl? for 
I'eaceful Purposes" L1ndct !he g u i d r l ~ n e \  ~ \ \ u c c l  (111 

IIII\ . the ~ O I I U \ \ I I I ~  II\C\ o i  IIII~I,II\;II XC :LIIO\\CCI 

( I )  LI\c I>! ,II-III~~ force\ 11111Itt:11.) L IW)  1101 I I ~ \  o I \  eel 
I n  . ~ r m e t l  c o n t l t c t  and t h l c a t  t o  (11- bl-c;icli 0 1  the 
I>c;lcc. 



i i i )  U \ e  h y  L N  peacekeepins 01 pcacemaki l lg 
l o ~ c e \  a c t i n g  ~ ~ n c l c ~  rhe n ~ ~ \ p ~ c c \  o l  the  U N  III 
~ n i p l e n i r n t ~ l t ~ o n  o l  I ' S  SCCLISIL) COL I I~C I~  d r c i \ t ~ l i \  ill 
01-clet to mnlnt:itli 01 tc\tot-e ~n rc t - l i a~ to l i a I  peace a1ic1 
\ ecu~ -~ t !  i r re \pecr t \e  o f  such [ I N  lot-ces beco~ i i i t i g  
IIIL(II\C~ I n  a1111ctl c o l i f l ~ c t  i n  the acco~i ip l ishmcnt  o l  
l l i c i ~  L N  m t \ s t o ~ l :  i l i \ o l \ emenL  i n  ;11-111ccl con f l i c l  I\ a 
~ x ~ \ \ ~ b ~ l t t \ i  i r n p l t c ~ l  i l l  [ l ie ~ i ia tn lenancc or  resrora t io~ l  
o l  ~ntc~- t i :~ r iona l  peace and \ecul-lry h) U N  fo rce\  

~ i i l  L'\e o l  In~ i ia t - \a t  b! nrnlccl l o l ee \  engafccl 
III a ~ n i c t l  c o n f l ~ c l  I\ ~ p e ~ - l n ~ t t e d  f o ~  c l i \ l ~ c \ \  and \afcry 
C ~ I I I I I I L I I I ~ ~ ~ ~ I ~ I ~ S .  ;111d 101 c o ~ i l ~ n u n t c a t i o n \  ~ c l a t ~ n p  l o  
Ihc pro tec t ion o l  rl ic wounded. sick. \hipwreckccl .  
p ~ - i \ ~ i n c ~ \  of \\:it L~ntl ~ l t ans .  pu~- \uant  to [ l ie G e n c ~ a  
Keel C l o \ \  COII\CIILI(III\. l 9 4 0 ,  ;11ic1 the P ro toco l \  
.Aclcltltonal ro the ( i c l l e \ : ~  Co1i \c t i~ to11\ .  1977 The  
\;i~iic a p p l ~ e \  to pc1\011;11 and ~ x i \ a l c .  n o n - t a c t ~ c ~ ~ l  
col i l lnunlcat l t ,n\  h )  ~ l l e l nbe r \  o l  lhc  a1 lneel force\ Ilia1 
;~rc not ~ e l a t c d  to UI I n  \uppor t  o l  tl ic war  e f for t  

( I \ )  Use b! a11iicd IOI-CC\ - o t l i c ~  1li;111 U N  ICII-CC\ 
acrl l ig ~ tnde r  the a ~ ~ \ p i c c \  o f  the U K  Sec~~t - i t !  COLIIICII 
- 111\01\ed i n  i n t c l ~ i a l ~ o t i u l  01 n o t i - ~ n l e t ~ ~ ~ ~ t t o ~ i a l  arniecl 
c o l l l l ~ c t  I \ .  I n  p ~ ~ ~ i c ~ p l e .  no r  pe t -m i t t ed  une l c~ -  
( ' o ~ ~ \ c n t ~ o n .  A t - t ~ c l c  3(.3). f i l t hou t  pl-cjucllce to [ l ie 
esce l ) l i ~na l  c a w  0 1  I cg i t t n i a~e  tndi \  ~ c l u i ~ l  o r  co l lec l ivc  
\c l lLclcfence a:atll\t a rmed  attach and w i t h ~ n  the 
I ~ t l i ~ l a ~ t o n \  e \ tab l~ \ l i cc l  I)! L K  C h a l l c ~ .  A ~ r t c l e  5 I The 
l i i t t c ~  p r ~ h i b ~ l  l i ~ c \ c l i t ~ \ e  a c t i o l i  ;ind \ e l f - h e l p  
11i\oI \  111: armed l o ~ c c  111 the ab\ence o l  n tmed attack 

I ~ i ~ l ~ i ~ ~ s a t  I - C C ~ L I I I ~ \  ;I govcrnmct i la l  unc le~tak lng b) 
a cotiil'elent authot-11). l o  guardnlcc ;~clherence to t hew  
c o ~ i d i l t o ~ i \ .  HOVVC~CI-. 11 I \  c l e a ~  tliilt L I \ ~  o f  lnn iar \a l  
i\ ~ L ' I  ~nittted lot- tni;t11) peacekeepins. \ca~-cl i  and re\cuc 
IS: \R) and h u m ~ ~ ~ i ~ r , ~ ~ ~ a n  operat ion\ 13) theil- \ e l !  
~ i ; l t ~ t ~ c .  t hew  \ \ i l l  0 1 1 ~ 1 1  ~ n \ o l \ e  jcllnl ~ ipc t -a t ion \  b! 
the l o ~ c e \  o i  m o l e  1Iia11 one counl l !  

6. Environmental / Remote Monitoring 
Exanlples 

6.1. Superv i so ry  C o n t r o l  And D a t a  Acquisition 
systems ( S C A D A )  

Data I\ encoileel l i l t- o p t i m ~ \ a t i o ~ i  I c ~ i c ~ - ) . p t ~ o n  alicl 
; i ~ ~ l o - t l a n \ m ~ t r c d  ;It f i \ e n  intet-\;~ls l 'o l l ins enable\ 
~ e t l i c ~ t e  nianagenlel l l  ancl t r a n \ m i \ \ ~ o l i  at an) o t h e ~  
t ime  1 1  I-cquired. 

I 'yp~cal syslenl i ~ ~ i l l l c t i ~ e n t a l i o ~ l \  ~ n c l u d c t h c ~ ~ \ c o l  
IIIOIC t11;11i one 0 1  I11e IIIIIIL~I-\~I~ \)\re111 o l l c ~ ~ ~ t i g \  

IOM-CI;I~;I rate\ are ~ ~ s c c l  lo1 t r an \m i \ \ i on  over 
the In tn ;~ t \a t -C net \ \o rh  Iro111 BoLI!\. ~ret i iotr  
SCAD;\ \ !stem\ t o  ;I ccnrt-al  p l o c e \ \ l l i g  
cCIllI-C 
Wl7c1-c ;In) o f  t he  c o ~ i i p l i c a t e d  l u \ i o n  1 
111erg11if ;llid model  app l~cat ions is  car1 iccl o ~ ~ t  
a11c1 1111' r e i u l t l ~ i s  d a t a  c o n \ c c l u c n r l y  
tr3ll\ l l l iLled 
O \ C I  i~ high-data la te  l i n k  o \ e r  the In t i la l \a t -  
A I B  H S D  ( 6 4  k b p r )  l o  I-e~i iote \ e \ \ r l \  ctc 

T h i \  e f f e c t ~ \ c l y  dcmon\ t~-a tcs  the nbi l t t )  o f  \e l l ing  LIP 

and  u t l l i \ i n g  a W i d e  A rea  N e t w o r k  \ y s t c m  w h ~ c h  
enables the ~ t \ c  o f  d i f f e r i ng  network  opt ions such as 
X.15. I S D N .  X 400 and the l l l tct t let  

P u b l ~ c  u t ~ l ~ r y  companier L I \ ~  I n m - C ' \  capah~ l i t i es  
l o  ~nensut-c water levels, ~ r n i n l ~ i l l .  cvaporat iol i  and to 
:11\o c o t l l t ~ l  \ lu ice  gates locaretl i n  rura l  01 ~ c m o t e  
~ r e a \  o f  S AIIICI ica and A l r i c a  

6.3. F isher ies  
A l l  thl-cc pal-ltch tn \o lve t l  i n  I - i \ h ~ n g  C;O\CIIII~ICI~~ 

A f e n c ~ c \ .  F ish ing fleets and F ~ \ l i c ~ m a n  uselbenef i t  
l r o m  the inSol-matton exchangct l  v ia  the Inmar \a t -C/  
B n e t w o ~ k  I . ' ~ \ h ~ n g  vessels i l l  Arsent ina rerurn \ca 
temperature alicl \ ~ l i n t t >  to \ l i o~c -based  \ c t s t i r i f ~ c  
ccl i t re\  :~t id I C C C I \ ~  data to ctiahlc opttm,ll 1tacLin2 
o f  Tuna \ho le \  ctc 

6.4. O t h e r s  

P i p c l ~ t i c  t i io t i t to l lng  - c ~ i l l c c t i o n  o f  clata I ~ o m  
compre\\ot- \ .  \ ; ~ l \ c s  and rnc1i.l l ng  \rations 

Metro log ic ;~ I  moni tor ing - o l  wtnd,  temperature 
and pres \u lc  111 \ a r i ou r  rctnolc locat ions o l  L>ancl and 
Sen reg ion\  



7. Why Inmarsat Meets Military 
Kequirenle~its ? 

8. Conclusion 
111111,11\;11 I I I { I ~ ~ I ~ C  \ ; i t ? l I ~ ! c  C O I ~ I I I I L I I I I - C ~ ~ L ~ ~ ~ I ~ \  

c,lpab11111e\ oI1c.1 a ~ ~ ~ a c t ~ c c i l  ;ind L O \ ~ - ~ . I ~ C C ~ I \ ~ .  \~ILIIIOII 
ro the comml l l l l c ; l l lo l i \  nsc i l \  o l  101111 IOICC\ cligilfc11 
111 ~GICC~CCINI IF.  SC;IICII i l l i d  KC\CIIL, ;III~I II~III~:~II~[;II.I;II~ 
opc1-;1ti1111\ :\ I t111  1:11ige 111 I , I~I I I I IL. \  I \  ; i ~ \ ; l ~ l : l I ~ l c  
IIICILICIII~~ \ OICL,, iI;11;it, Lclc\, l i t \ ,  ~ - I I~ : I I I  ;IIICI C I ~ ~ ~ I S ~ I ~ L , !  

l lc;lcoll\ ~ l i l l l l l c  Lcl l l l l l l ' t l \  L,;lll I7c 1111ci1 I l l  \ I l l ]>,  
' 1 1 1 ' 1  I \ c I l l c c  1 L C  l l l  111,111~)~111'lt>lc 
C o ~ i ~ p ~ l ~ ~ h l c  L , C I L I I ~ ~ I I ~ C ~ I L  c ~ ~ i c l  \ c r \  ILL,\ C;III lhc o h ~ : ~ ~ ~ ~ c c l  

9. ,Ans\rers to questions 
\11! i~LlC'\I10Il\ 0 1  l e i ] l lC \ t \  I01 I l l ! l l C  111Ii~l 111;i11IOIl 

~ c l , ~ ~ ~ n f  [!I t i l l \  1i.11ic1 "1 IIIII~;II\;II \ ~ I \ I L , ~ \  \ I I ( I L I ~ ~  hi' 
t l l lcclccl  ~31Clt'l.llll! \ 1;1 I : l l lcl l l  LO 





ARGOS SECOND AND THIRD GENERATIONS 

Ahstract: 

1 . The Argos System 
The Argos Data Collection and I..oc;~llon Sa[ellitc 

Sy\ tcm I S  operated ~ ~ n c l c r  a partnel-ihlp ; I ~ I - c e m e n l  
he [wt . cn  N O A A  ( N a r l o n n l  O c c a l ~ o g r ; ~ p l i ~ c  and  
Atmospheric A d r n ~ n ~ ~ r r a t ~ o n  - L 'SAI  and C N E S  
(Cenrre  National d'lzrudes S p a t ~ a l e s  - France )  lo  
provltle a \ \ o r l d w ~ d e  ~ l i - \ i l u  envlro111nrnt ;~l  da t a  
collecrioli and Doppler-dcl-ived locarioli \ervice. 

The nlo\l \ ~ g n ~ l ' i c a n [  u \e  of At-gos ~ l i \ o l \ e \  L ~ C .  

l o c a ~ i o n  and  c o l l e c r ~ o n  o l  da ta  ;~s \oc l a t ec l  wllh 
wol-lwltle ~c i en t i f i c  psogr:ilii\ [hat ~ ~ i l c l v  ocean\ (buoy5 
and Slo;~ts).  ; ~ n ~ m a l s  ( i l ~ ~ d s .  11iii1-111e ;11ic1 t~rres t l -1~11 
a n ~ l i ~ a l r ) .  ~~trnojphel-c  ancl cal-th. 

Argo\ I \  ;I worldwiclc satcll~te-hasetl  \y\lem \vh~ch 
locure\ f~xe t l  and m o h ~ l c  platform\ ant1 collect\  the 
data they tran\mit. I t  was dcvelopetl 111 coopel-at~cin 
herween the French Sp;ice Agency iC:NF.S) 'lnd the 
Na t~ona l  O c e a n ~ c  ~int l  ~1 tmosphe1- IC  At l rn ln l s t~a t~on  
(NOAA.  USA). 

'Thc Argos inall-u~iienl i h  f lown on board N O A A  
ja lc l l~le \ .  Three al-c \ ~ ~ ~ i u l l a n e o u \ l j  ill wrvlce  at mo\l 
t ime\.  ar 8 5 0  kni alr~ruclc (111 clrculal-.  polar o r b ~ ~ s .  

T~gctllrl- .  I I I C ~  1>1-0\,1di' C ~ I I I I > I C I ~  cc>\~crllfc oI'll1e 
E.c~~-tli several r111ie.\ a day ( f l s ~ l r c  I ). 

Figure 1 - The Argos system provides a 
global coverage 

(!\el- ~ - e l a l ~ o l ~ \  and M O I - I ~ W I C I C   SICIT IT^ O I ) ~ I - ; I ~ I O I ~ \  

a r e  handlccl by C L S  ( C o l l e c l c ~ .  L o c c i / ~ s c i r i ( ~ ~ r ,  
.Siir~,llire.\) In T o ~ l l o ~ ~ c e .  France ;~ntl  Sc r \ ' ~cc  Argo.: I11c 
111 L ~ I - g o .  M;~ryl;~ncl - USA. C:I..S I.: a s u b s ~ d ~ a l - y  i l l  
CNES (the Space FrenchA:cncy) alitl IFKEMEK ( lhe  
Frerich ocean a g e n c y ~ C L S  uses a w o r l d w ~ d e  network 
0frcpre5en[-arlve\.  reg1011al ~I ' i~ec . : .  \ub\idiarie\ ancl 
proce\\lng cen~cl-s  to make u \ c ~ - \ '  platform loearlon\ 
and data a\,nilahle. 

2. Argos for the Earth environment 
D u e  to [hc  ~rcpula t ionu g o \ f c r n l n p  the  ~r,~cllo 

Frequency \vh~cli AI-pos trali\niltlcr\ use. [hc i i r fo s  
\yrtern I \  dc\lslicd and I-c\cr\ctl  for  he \tucl\illp. 
~iio~iltorllig ~111~1 ]protectiu~l o f lhc  cc~rlli'\ e11\f1ro11111cIil. 
TI-ad~tional Arfos applicationc 111cludr oceanofraphy. 



'l'ahle 1 :  Actibc platforms in ol~cration in 
1)rcemher I996 

Tl11\ table co t~ l ' l r l i r \  rhc con t~ l i uc r l  :~-o\ \ th 111 I l i c  
11\e 01 41-:c>\ l o r  l l l c  \ l l l t l ! i l l~,  111~1111101i~1~ ;111tI 
p r o ~ c c ~ ~ o n  0 1  l l i c  e c ~ ~ - t l i ' \  e l l \  iron1i1c111 

l ) c \ ~ g n  h lcah1 l i loug l l \  h> m a n l ~ l ; i c l u t - c ~ \  h a \ c  
111cIed l l l c  denl ;~~icl .  IC;ICI~II~ to e\c1-~111;1Ilc1-. 11yI11c1- 
t lan \ l i r l t le r \   lo^ tt.~cI,~ny lnol-e ;inel n1ol.c dii 'Fclctir 
I! pm 01 mea\u l  cmcnt  p l a t f o ~ i i i \  

3. Features of the Argos System 
3.1 - (;loha1 co\ eragc 

At-go\ IS the on l )  \ : i lc l l~ le-ha\ccl  \ y \ l c m  of ~ t \  k in t l  
o l l c r ~ n s  f u l l  g lohu l  co \ c rage  

a )  I'olar orhits pro\itle excellelit visihilit!: 
2s (42 .  1 p;1\\c\ 'I tl;l! o \ e r  l>[ll;ll rc:1011\ 

- I ?  ( 1 X. . )  lp;i\\c\ ,I c 1 . 1 ~  el E i ~ r o p c  
- 7 I 1 1  : )  pn \ \ c \  a tl,~! ,I[ the Equarot 

%i l l1  lhrec \ a l c l l i l c \  

1 1 )  Tape recorder  on hoard the s;~tellites store 
tl;l(a gatheretl  a long  the \rhole orbi ta l  
re\ olution 

l11l1itinf 0 1  l l i c  d i ~ t ; ~  ~~;II~~II I I \ \ IOII l i l te  (400 h11\ ]pet 
\econd I. mc.lli a ha^ t l -an\mlrrc l \  can. 

3.3 - Doppler location + (;IIS 
T h e  A ~ g o \  ~) t -oce\ \ inp  ccnIel-\ norn ia l l )  l ~ \ e  11ic 

Dopp l c t -  c l l c c l  l o  l oca l c  t l a l i \ n l l l t e r \  I n  l cgu la l -  
o p c r a l ~ n g  cont l l t ion \ .  ( h i \  11tu\ ~ t l c \  accurac! (11 3 5 0  
t i l e t e l \    yo\ L I \ ~ \  ;I e l ~ ~ i l ~ c . , ~ t r i i  n c l \ \ o t  h o t  
i>ih~rnyi-nlhl i !  hc,lcon\. and l i ~ i a t ~ i i n  I I ~ \  o l \  c \  11111 1) 
COIII~IC'I C~IICIII;I~I~I~\ a1 the ~ > ~ o c c \ \ l n f  c c l i l c ~ \  

The  ac l \ ;~n~; iyc \  oi' D o [ ~ l ) l c ~  l o c a l ~ o n  

- ]OM l I ~ ; I I l \ I l l I I 1 C 1 ~  [IOWCI. C O l l \ l l l l l ~ h ~ l t l l l .  

Sonic I I \ ~ I \  ;II-C a l \ c  \Lattlng 10 LIW C;PS ri.c.c~\ el-\. 
n l i ~ c h  I~;IvL. ctrnic dorm c o ~ i \ ~ c l c l a b l q  I n  \ i / c  \ \ c ~ g h t  
;inti c o \ l  7 I i c  (;PS l i x c \  1~10\ ic lct l  hy l h c  I -ccc i \c r \  
a le ~ n c l u d c i l  i n  the Ar:o\ i i i c \ \ , i ~ c \  ~ u i d  vc l a l c i l  to  the 
A r f o \  P r o i c \ \ ~ n s  Center\  a \  1 1  rhe! \\el-c \ c ~ i \ o ~  tlala. 
Lo\\  A i y o \  I r ; i ~ i \ r n ~ t t c ~  1x1\\ct  c o n \ u n i p I ~ ~ t i  an t i  
C ~ ~ I C I ~ I ~ I  11;11i\tiit\\1o11 r e ~ i i ; ~ t ~ i  l l i c  ~ n i i ~ i t i  ; ~ l l r ; ~ c t ~ ( ~ ~ i \  

T h e  I>IO~~\\ I I I :  \y\tc111\ h;t\c heel1 ~ n o t l i l ~ c c l  to  
niake ~ h c  GI'S po \ i r i on \  a \ a ~ l a h l c  I n  Lhe w n i c  101-mat 
:I\ that ~ ~ \ c t l  IOI (l ie ~ e g u l a r  l l o l ~ l ) l c ~ - - t l e r ~ \  ct l  loc ; l r i t~n \  
U\e l - \  can  i ' l i o (~ \c  \ \ h ~ c I i e \ e ~ -  Io1-111 01' IOC;III(~I~ he\ [  
\LIII\ t l i e i ~  ~ i c c i l \ .  kincl h a \ c  a '.\p;~rc" \ ! \ l e~ i i  

4 .  System enhancements 
4.1 - Users' c\olving needs 

T h e  a h o \ c  Ica ture \  m c c l  tl lc need\ o f  ;I h loat l  
tansc ot ~ ~ \ c r \  111 \ c l cn t i f i c  atitl app l ied  f ~ e l t l \  We at 
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Argos processing facilities 
- - -. 

Figure 2 - Argos Processing facilities 

A Broader International Cooperation 

Figure 3 - A broader International Cooperation 



lialxcl Env i~o l~~r~c~r l a l  A \ \ C ~ \ I I I ~ I I I .  NATO SA('L.ANTCkN. 1.c11ci. 1tL~I? 10 - 13 Ma~ch.  1997 

C L S  alrtl Setnice  A 1 9 o \  Inc. arc con\ tant ly  i l l  

c o ~ l t i ~ c t  w ~ t h  the111 e ~ t h e t  In Ipcrson 01- t h ~ - o ~ ~ g h  \urvcy\.  
and 1-eco~d t l ~ c ~ r  feel ing\  to make \u rc  the Argo \  
\!\tern keep\ up ~41th the~l-  rcclulrrment\ 

The foul nialn area\ I I I  \ \h ich Argo\ c \o lves  are 

- data \ o l u n ~ c ,  inc~-ea\ i l l s  the amount ol data sent 
011 each \ , ~ t c l l ~ t e  pa\ \ .  

- iliiplement~n: a I-etul-n I ~ n h  hack to t~an \~n l t t e l - \  to 
make the \y \ tcm ]no!-c l l c x ~ h l e  ancl to remotely 
control t t - a l~ \m~t l r r \  

1 .2  - \Yor ld~ide  cooperation 
f'eople ;I]-ound t h e  a o r l d  at-c b c c o m i ~ ~ f  

incl-ea\ingly coliccrned ahu i~ t  the neccl to \tudy a n d  
1no11it0r t he  C I I \  I ~ C I I I I I I C I I I .  G o v e t - ~ l ~ i ~ c ~ l r s  a r c  
~ e \ p o ~ i d ~ n g  h! ~ m p l e n l c ~ l t i n g  \ \o t - ld \ \~cle  {atellire 
network\ throi~gh ~ n t r r n a t ~ o n a l  cooperatloll. To be t t e~  
meet the\e  need\, and con\ol idatc  the  ole of ~ L I I -  
\y\tcni for o b \ e ~ \ l n g  and 111-otecting the environment.  
A~yo\  i \  becom~ng more Intel nationally ha\cd (F~gure  3)  

In 1996 the ~ n ~ t ~ a l  prog~-alll between France and 
tlie LJnitcd Sla lc \  wa\  cxtclidcd to bring in Japan 
Fro111 1999 the Argos ~ns t l - l~men t  will he flown on the 
AI>F;OS I1 sa te l l~tc .  opet-atod hy the Na t~ona l  Space 
Dc\  clopmenl Afencq o r  .lapan INASDA) .  This 1% i l l  
be the first \arellite launch I I I  \ \hat is expected to he a 
long-term coopet-ation p ~ - o g ~ - a m  

we , I I ~  . - a l \ o  in the  1i11;ll phase  o l  \ igning an 
a:~ee~iient to 1.1) Argo\.  (10111 7002, ~ I I  the METOI' 
\ ; ~ t c l l ~ t e \  operated by the Eut-opean Metcot-olog~cal 
Sa t c l l~ t e  O r g a n ~ / a r ~ o n  (tUMF:TSAT). 

More  coope ra t ion  ; I ~ I - c e m e n t 5  will d o u b t l e \ \  
I I  GI-adui~l lq  they will help  10 increa\e  the 
nl~rnher of \a tc l l~re \  in o t -h~t .  and con t r~hu tc  to ~ n e e t ~ n g  
w o r l d w ~ d e  need\ fot PI-orcctinf the enblronment ol 
0111 planet 

4.3 - Higher performance equipment on hoard the 
satellites 

. > I he \econtl generation ol At-gos in \ t~-uments  w ~ l l  
g ~ ; ~ d u a l l y  f o  ~ n t o  'ervice It-om 1997. \ tartlng with 
\ a t e l l ~ t e  K ill t h e  N O A A  s e r l e \ .  T h e  m;lln 
~11lli1t1cemenr\ ; ~ r c  ;IS t ( l l loa\ .  

recrlver bandwidth 1nc1-ca\cd from 74 to 80 kH/ .  

- sy\teln capacity quadrupled 

- onhoard 1-cccl\er sen\ltl \  I ( >  ~ l icrea\cd b! 2 d B  

'fhc inelease 111 ~-ccclvel. bancl\ridth means a new 
form ol \y \ lcm managelnent. 7'0 get the be\[ O L I ~  of 
the AI-go\ \ystern'\ high senh~tibity. and ~ e t l u c e  the 
!risk of Inc\\ages col l i i l~ng.  a e  plan to r e \ e l \ c  a 24- 
k H /  h'lntl (;I u id th  c q u i \ a l e n ~  to th;~t of the current 
Argo \  \ y \ t c tn )  at the  bottom ctltl ol the 8 0 - k H z  
bandw~dt l i  lor low-power t r a n \ ~ n i t t c ~ \ .  The I-cmnining 
bandwitlth will bc tor 11-ansmtttc~-5 using normal power 
l e \ e l \ .  

To t:rLc adianlage of the cluadt-upl~ng In \y \ tem 
capaclty w ~ t h  Argos-2. t r ;ws~~i i t tcrs  will be able to 
send l i ~ g l ~ c s  volumes ol data.  

These change\ In tlie management of the A I - g o  
\ystem Il-o~n the \ccond-generat io~l ,  in 1997. I \  part 
of ~ L I I  continuing c l lor t \  to ~ n c c t  ~ ~ s e r \ '  new nccds 
whi le  r c t a ~ n i n g  compat ibi l i ty  with t h e ~ r  c x i \ t ~ n g  
e q u i p m e n t .  T h i \  I \  open ing  tlic way for  thit-d- 
f ene l - a l lon  A l s o \ :  the  d e s ~ g n  pl ia \e  \ t a ~ - t c d  in 
Septembel- I996 

T h e  1;ltejt needs  ana lys i s  wah d o n e  tlr~.ough 
q u c \ t i o ~ l ~ r a ~ r e s  \ en [  to all u \ c ~ \  In 1995 .  and 1 5  

c o n t ~ n u i ~ l f  through c111ecr contact We can a l r c ; ~ d j  
see that the data collection channel needs \plitting 
into three c p a r a t e  ~porlions (Figure 3 ) .  

a )  Standard ("center") channel .  keeping the 
feature\ of the Argo\-  I s!, stem Thl \  coultl co \  el- 
t h e  n e e d \  of 1 1 - a d ~ t ~ o n a l  a p p l ~ c a t ~ o n \  u \ l n g  
p t - ~ t ~ r i t i ~ e  t rans~i i i t te~-s ,  r e q i ~ i ~ - ~ n g  I O W  co\ t  ;111d 
opet-ating with \ t a n d a d  radiatctl power. 

b )  I.o\*-power channel. but \ t ~ l l  ~ \ ~ t h  today ' s  
modulat ion patteln and random a c c e \ \  to the 
sa t e l l i~e  ~recelvcr. There coultl he two type\ of 
t r a ~ i s ~ ~ i ~ \ \ i o n s :  

at 400 h ~ t \  per \ rcond.  with a (>-dB impro\cmcnt  
o\ er the Argo\- 1 linh budget A 11-ansm~ttet- could 
p r o b ~ d c  the same performance a today wilh a 
quartel, ol the power. 

at 1 0 0  h ~ t \  per \ccond. with a 1 1-cIB ~rnpl-o\cnient 
t i \e t  A I - ~ O S  1 .  The  data  \ % ~ i ~ l d  h a \ e  \ p c c ~ a l  
addi t~onal  encotlillg 

T h ~ s  channel woultl push min i ;~ tu t - i~a t~on  and low 
~ O W C I -  C ~ I I S L I I I I P ~ I O I I  to t h e i ~  linllt\ 

C )  High-volume channel. w ~ t h  :I n e a  tnodulat~on 
pattcl-n lor data tran\mission. though still u\ing 
~ rando~n  acce\\ .  Thc data rate would increase fl-rlln 
today ' \  400 b ~ t s  pel \econcl to 5 k ~ l o  h ~ t \  per 
\ec(~licl 

The new \ystem wol~ ld  meet the increa\ing nccds 
of today'\  s c i e n t ~ f ~ c  L I S ~ I - s  while I -c ta in~ng the original 
feature\ o l  Argo\ wherever po\ \ ih le  

Each 01 the three "\epa~-ate" Argo\ \ ) \ tern\  (111 
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boat-d the \atel l t le\  \4o11ltl hcep 1111 u i t h  a p a ~ r ~ c u l a ~  
\e l  0 1  need\ 

F rom n o w  to the ~pl ia\c R i i l  At-guh-3 i n  Scp l cmhc~-  
1097, we  w i l l  con l inue OLII ~ i i c c [ i n g \  and ta lk \  w ~ l h  
IIWI-\ 10 (refine the c o ~ i c c p l \  i i ~ ~ t l i n e c l  above and hcltcl- 
~~ l i i l c r \ l ; l nd  the change\ liccdecl and their i rnpacl\  on 
appl lca t lon\ .  

1.1 - Downlink messaging 

T h e  [main need i \  l o  ~ i i a h e  ~ r a n s m i t t e r \  mo re  
Slcxihlc to use The capabi l t l )  ro \end Ines\agc\ l o  
an) l tan \ml t te r  ;in! \r here on Eat-ti1 f r om a I o~ -ea t -L I i -  
o r b i t ~ n f  ( L E O )  \a ts l l i t c  ~ 1 1 1 1  d o ~ ~ b l l e \ \  be unique l o  
I I - g o \  lot- a Ions t lmc AI-go\ \\111 be able l o  \c11<1 
nie\\age\ ro t ran\mi l te r \  an!\\hc~.e on Earth. 

Use rs  Ines\age\  lo ~ r a l i \ m i l l e r \  hill he 
~ ~ p l o a d c d  b y  a m a t e r  plat fo1.1~1 network  f o r  stol-;lgc 
on  heal-d the satell ite ( F I ~ L I ~ C  5 )  They can then be \c t i l  
l o :  

all transmitters "allcast" function T h l \  cou l i l  
he u \ e d  to o p t l m i / c  l r a n \ m l \ \ l o n \  b! \end i l l y  
~ t - ; i ~ i \ ~ i i i ~ t e r \  the r lnie\  ar \ \ l i ~ c h  the \ a t e l l ~ t c \  arc 
l o  pa \ \  o \ e r  them 

a set of transmitters: "multicast" function For 
example, a ( ingle ~ r o ~ ~ p  n ic \ \agc cou ld  Lrizger all 
i ih \c rvat ion nelwi11-L 111to accelcratcd or  r o u r i ~ i c  
obwrva t i on  rnodc. 

a single transmitter: "monocast" function Thc 
1ii;111! app l i ca l i on \  coulcl  ~ n c l u d e  \ \ r ~ t c h ~ n g  a 
tran\ lnl t ter o n  01 o f l .  cha t i g~ng  the \arnpl i l ig t,;Irc. 
\ \ + l t c h ~ n f  \ e n \ " '  c i i t i I ~ ~ ~ ~ r a t ~ o n \ .  \ e n c l ~ n g  
nl tmerical  data. and \o (111 

Each me\\age uill have :I u \c l u l  length of 151 lh11\ 
I ~ I i i \  w o u l d  b e  e n o u g h  101 t l i e  m o s l  c o n i l ~ l c x  
app l i ca l~on \  

- detecting satellite passes A ba\ ic  ~ -ece l \ c r  u ~ l l  
be able to dc lcc l  a pa\ \  by  p ~ c k ~ n g  up  a \ p e c ~ a l  
Flag, repealccl pet - lo t l~ca l ly  i t1  the data f low 

acknowledging reception of  a transmitter 
message. O ~ i c c  rhc \atell ire rece l l  c \  the Ii ic\\age. 
r r i o r - f r e e .  I r  \c l ic l \  thc A r g o \  t r ; i l i \n i l l le l  a n  
.~chno\\  l e t l g~ i i c l i l  o \  ct- the d o h  n l ~ n k  chal i l ie l .  \ o  
the t t a n \ m i l t c ~  can \enel the next mt.\\;igc. .T l i~ \  
capahiltry cou ld  lhc i ~ \ r c l  to check (211 rran\tnla\ lol i  
c~ua l i l y  atid i ~ i c ~ e ; i \ c  d:~l:i vo lume.  

T o  u';e tl ie c l own l l ~ i k  funct ion and st111 enjoy the 
:id\ antage\ oE lod;~) ' \  A rgo \  \y\ tem. tran\ni l t ter\  w ~ l l  
l iced to be f i t ted u ~ ~ l i  \n ia l l .  l o w - p o u e r  reccl \et- \ .  

h'lodel\ \ r ~ l l i o ~ ~ t  I - c c c ~ \ c r \  \r111 \rill bc c o ~ i i p a r ~ b l e  
  lit ti Argo\ .  ~ ~ n d  \ r ~ l l  be ahlc to operate I n   lie \ m e  
\ray a \  toda! 

5 . Conclusion 
Argos u \e r \ '  c l r a n g ~ n g  needs, as e v ~ t l c ~ i c c r l  h y  

\ tudie\.  clue\lionnail,c\ ;IIICI pe rwna l  conlnct.  Iiavc I c ~ l  
ro rhc d c c i \ ~ o n  to clc\clop a ~h i rd - f ene l -a l i o~ i  \y \ ten i  
l o r  tl ie earl! 1000\ 

The ma ln  en l ia~ iccn icnr \  \ r i l l  he: 
- ~ i i o r e  c a p a c ~ l !  l o  l i a ~ i d l e  l o \ v -po \ \ e r .  " \ L I ~ -  

l l l l t l latl l l-e" l l-; ln\l l l lr leI-\. 

- a t e n f o l d  I n c r c a \ e  i n  rhc  a rnoun l  o l  da ta  ;I 
(1-ansrnittcr- w ~ l l  he able l o  send on each s a t c l l ~ l c  
[hLl\\. 

- '1 u o r l d u i i l c  d i i ~ 1 1 1 1 1 i h  ~ i i e \ s a g l n g  l u ~ i c l ~ o ~ i .  
operatin: \ \ o r l t l u  ~ t l c  ;inti matchcd to rhc u a q   he 
A I - ~ o \  \ y \ t c ~ i i  \ r o ~ - h \ ,  
The A rgo \  \) \ [en1 I \  a l \o  opening LIP ro hro;idcr 

in lc rnn l iona l  coopct-alton, under agreemcnl\  w ~ l h  l l i c  
I l ~ i i t e c l  Srate\. . lapall ancl \eon Europe  A t g o \  I \  

c i i n \ ~ l ~ t l r ~ l i n g  i l \  I-iilc :I\ a w(,rldwitle \ y l c m  clcs~pnct l  
and cled~cated lot- s luc ly l~ ig ,  ob\erv ing ant1 prorcc l lng  
rhe El-lh's 
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Abstract 

Th1.s pupr r  presen1.s rhe work cu r r~ rc l  oul lo L,onrrr[ 1 
SACLANTC1:'N lo lnrernet unll 1 0  rx l r f~ i l  Ihr Cc'nlrr 's  
network lo sru, enub1in-i. s runl l r )> Loninlunlc,1/11111 
wilh R/V Al l~unce  und o ~ h r r  n~oh i l r  rlurloni 
purllclpurlng ro sru rrluls T17r srcurln. ~trrpltcucloni 
d r r i v l n ~  from rhr corrnri,llon 10 Inlrr:~rl urc 
discussed und /lie solur~on ulloprrd urc. desi rrhril 
Exurnplt..~ of rhr use (11 nrolirrrr L O I I I I I ! U I I ~ ~ U I I O ~ ~  

l r chno log~es  a n d  Grogruj~hicuI  Irl/iint!ution S \ J S I ~ I ? I \  
during expr r i~nen l .~  a1 seu u r r  ulso ,qlven 

1. Introduction 

1.1. Requirement5 
SACI.AN'rCEN IS lncreas~!igly ~ l ~ v o l v c d  111 

actlvltlcs [hat rcqulrc fast (ottcn real tlmc) a ~ ~ d  
reliable exchange ol ~ n f o r m a t : . ~ ~ ~  w ~ t h  parulers 
dlstribulcd all over the world Sclcnt~sts  commun~catc  
daily w ~ t h  correspondents In liurope and the US ant1 
need lo he able lo access data avallable I n ~ m  d ~ t l c r e l ~ ~  
sources and Iocatlons f h ~ s  a p p l ~ e  dlso d u r ~ n g  sea 
Lrlals, when datd and ~ntormat lon necessary lo 
perform the mlsslon are exchanged Irom s h ~ p  to sh11rc 
and vlccvcrsa Furthermore, the ~mprovcd 
cornmulilcatlon l a c ~ l ~ t ~ e s  together w ~ t h  the c a p a b ~ l ~ t y  
of refcrcnclng data to preclsc geographical Iocat~oli.  
arc very uselul to coordinate complex sea test.; 
~nvolvlng mul t~ple  platforms 

1.2. COTS Technology 
'To sausfy the requlrcmcnts for improved 

communlcatlon. SACLANTCEN has ddoptcd 
so lu t~ons  based on Commcrclal Off The Shell 
(COTS) Internet technology 

pdht Icw yedrj. J I I J  has hcc (~mc  a dc Idcto standard 
I I I ~  \ c i c n t ~ t ~ c  and ~ U S I I ~ C S S  con l rnun~ca t io~~  I t  I S  based 
on well provcn dnd open standards, and Its d~ t lu s lon  
has torced the ~lcvcloplncnt o f  very rcllahlc low cost 
Iidrdware and bollwarc products targeted 10 lhc mash 
lnarket 

I'hcrc arc al\o zomc v u l n e r a b ~ l ~ t ~ c s ,  mainly related 
10 hccurlty and d ~ a ~ l d h l l ~ t y ,  that prevent 11s use lor 
Inl\hlon e r ~ t ~ c d i  (d1i11 mlllldry) ~ p p l ~ e a t ~ o ~ i s ,  hut they 
~ ' I I I  also hl: 1n1111rnl~cd by taking appropriate 
s~llutlollb 

However. lhc cost saving and the seamless 
Illlcgratlon 01 w~dc ly  dlspcrscd resources achlcvable 
w ~ t h  lnlzrnet-hascd c i~:nlnun~cat~on.  outwclgh by far 
11s dlsddvalllag~s 

Figure 1 SACLANTCEN Networks 

Internet has undergone a d rama l~c  growth In the 
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2. SACLANTCEN network infrastructure 

2.1. The saclanlcen.nato.in1 domain 
SACI.AN'l'Cl:N has added LO the existing ~Icmpcst 

and Restricted networks. a Lh~rd nclwcirk dedicated 10 

cornrnunical~ons that is phys~cally separated from the 
others 

A l~hough much can hc done to prevent 
unauthori/cd access to SACI.AN'l'CIIN networks, Lhc 
complcxily o f  the syslcms ~nvolved does not 
guarantee the ful l  protection ol a computer connected 
to Internet and therefore we havc adopted a sale 
approach to keep our maln nclworks scp;~ratcd I ~ o m  

~ ~ 

the communication nclwork as shown i n  ICig 1 

There arc three aspects Lo consider Lhc in l rus~on 
of externill hackers, the u n a u l h o ~ i ~ c d  Iransfcr ol d a ~ a  
and the dilfusion of viruses in  our networks 

lhcsc  concerns have hccn addressed by scparallng 
the networks with sensit~vc inlormation ( ~ h i a  IS In 
accordance wilh NATO rcgulal~ons that l ~ m i t  the use ol 
Lhc worldwide Internet only lo NA'IO UNI.IMI'II:I) 
traffic), and by adopting a sc~lcs of rcstrlctlvc cont~-oIs 
at the 1n1c1-laces 

[:or example, the onlv connccl~on rcquesls we ~icccpl 
from lhc I n l c~nc l  are those lo lhc clcctron~c mall scrvlcc 
and Lhosc 10 the World Wide Wch service 

Vlrus checks arc pc:-lormeti rout~ncly on all 
imported lilcs A l l  these ac t iv~ l~cs  ale coo~d~nalcd by 
the AI)I' sccur~ty section 

The SACI.ANI'CI:.N domain is connected to Lhc 
Inlerncl wilh a redundant I2XKbps conncclion managed 
through C'isco routers Thc SAC'I.AN'I CI:N nc lwo~ k 

128 kbp5 EaiHnZ S u v W e  LAN 

ISDN Dackup SICLANTCEN Cmrnun,cdloo. LA* 

Figure 2 The saclantc nato int domain 

infrastructure, shown in Fig 2. is organized i n  different 
Ethernet networks (external Lransil, I.ANs in support of 

l ~ c l d  work. WWW server nctwork and 
SACI.AN'l'CliN communications I A N ) :  tr 
exchanges hctwcen each of lhosc networks anc 
outs~dc world are regulated by lircwalls and rl 
access conll-ol lists 

2.2. Networks f o r  f ie ld work 
'l'hc networking subsystem onhoard KIV All i; 

shown on I:lg 3, consists o f  Lwo multiprotocol rol 
su~table 101- ~ h c  management 01 on-demand d 
connecttons and three commun~cation channel 
transmit data fACS cellular phones and Inmars 
and H l ~ n k s  

Figure 3 The NRV Alliance Network 

l h c  Inn>a~sat A systrm is an analog syslcm 
for vo~cc, lax and data lransrnission, sil 
Iransmittcd Irom [he ship arc relayed by the Inm 
sat;llilc to n ground station ;ind I rom Lhere the; 
routed th~ough the public switched telephone net 
10 t h c ~ r  l inal destination A new digilal sys 
Inmarsat 11. has recently been installed and a1 
tully d ig~ ta l  communications at 64Kbps between I 
and ground stations, the ground l ink makes use o 
liuropean 1SI)N digital network 

The cc l lu la~ phone system ~nslal lcd on All ian 
connected to ~ h c  analog cellular network o f  the I t  
I''1'1'. and can only be used close (up to approx 8 
d~stance) to the Italian coast, although ranges ol 
K m  havc occasionally been ach~cved The I 

d i g~ ta l  cellular network offers an alternativ 
Inmarsat connectivity when operating near the r 
of most t:uropean countries: however due to 
synchroni~al ion constraints imposed by ( 

communications between the mobile and the 
station, i t  w i l l  not be possiblc to use i t  
operating h r (  i e more than 35 Km)  from the shc 



The analog cel lu lar phone allows an average data 
rate o f  4Kbps and has an opcrat lng cost o f  ahout $10 
per Mbyte  However.  due to the ~ n s t a b ~ l ~ r y  o f  the 
analog channel, we have Iound that a rel ldblc data 
transmlsslon at aea ahould not  exceed approx~marc ly  
5 mlnutes, thus I ~ m ~ t ~ l i g  the p r a c t ~ c a l  s u e  of data 
transfer to about ISOKl3yte 

The d i g ~ t a l  (;SM cel lu lar scrvlce should allow a 
data rate o f  XKbps and w ~ l l  havc an opcrat lng cosl 01 
$5  per Mby te  As the ( iSM data servlcc has lust been 
~n t roduced  111 I ~ a l y ,  we do not havc yct s u l f ~ c ~ e l r t  
experience about the lndxl lnulr l  p rac t~ca l  d u r a ~ ~ o n  01 
the data transfer 

I'hc lnmarsal  A allows all average data rate 0 1  
4Kbps and has an o p c r a t ~ l ~ g  cost o t  dhout 2 0 0  per 
Mhy t c  The a v a ~ l a h ~ l ~ t y  01 the sa t c l l ~ t c  cha l~ne l  I\ 
often very poor ,  and thcrcl i i re lumarsat A IS a v ~ d h l c  
s o l u t ~ o n  only l o r  hatch data \crvlccs ( t y p ~ c a l l y  1s uhcd 
for e-mal l  and short  dala trai istcr)  

Inmarsat H supports a data rate 01 63Kbps w ~ t h  .in 
operating cost o f  about 5 0  per Mby te  I)uc to the 
d ~ g ~ t a l  nature 0 1  the channel Inniarsdl  B guaral l lcc\  
error frcc data t r a n s ~ n ~ s s ~ ~ i n  

Recent ly arc a p p c a r l l l  on  the marker sprc.iJ 
spectrum radlos Ihdt call c~11111ccl l ANs over \ h ~ i r t  
distances ( f ew  K m )  and dl low data ralca up 1 0  ol lc 
Mbps  W ~ t h  appropr lalc a111c1in~s the range a1 \C;I 

cou ld  be extcndcd up 11) ;~bour 2 0  Krn  

2.3. Security considerations 
Kemote acccss to the Centre's resources I S  

accomplished vla the l l i l c r nc~  ~ t s c l l  o r  vla ~ h c  p u h l ~ c  
swltchcd telephone network (I'S'I'N) A w~dc\prcad 
concern assoclatcd w ~ l l i  provldlng a remote acccha 
servlce IS assoclatcd IO user aurhcnt~ca l~o l l  t h ~ a  
becomes extremely Irnportallt when access I madc 
through the analog ccllular phone network, whlch I\ 

parllcularly vu l nc r~h l c  I0 eaccadropp~l~g attach\ 
For t h ~ r  rcasorl, cha l lc~~gc- rcspo~ isc  au then t~ca t i o~~  

tcchnlqucs based 011 cryptograph~c algor~thms sht)ulJ 
be standard practlcc. to avold the r ~ a k  o f  passwork 
playback attacks 

Where data Intcgr l ty and c o n f ~ d c n t ~ a l ~ t y  1s al l  
important Issue. the use 111 c ryp lo  tcchno log~cs cal l  
be extended e ~ t h c r  at the network  o r  at the 
appl lcat lo l i  layer l : I I ~ c ~ e ~ i t  s o l u t ~ ~ n s  are dvall i lhlc 
uslng standard g o v c r n ~ n c n l / m ~ l ~ l a r y  securlty tools or 
commerclal  products 

3. Data communications in support to the 
program of work 

3.1. Communications and <;IS 
A t  SACL.ANTCL:N [:-Maps (E l cc t r on~c  Maps),  

composed of  a (;cograph~cal l ~ i f o r m a t ~ o n  System 

((;IS) l ~ n k e d  to  numer~ca l  data, text. Image. and 
g raph~cs  o f  marlnc ~ n f o r m a t ~ o o .  arc used w ~ t h  
r c l a t~ve l y  Inexpenslvc transp~ir tahlc computers and 
~ . o ~ n m c r c ~ a l  communlcat lon so f~wa rc  [ I ]  and [31 

1,;-Maps have been uscd 10 aupporr p l a n n ~ n g  and 
at-sea cxerclses and experlrncnrs, as we l l  as p r o v ~ d l n g  
a r c l d t~ona l  database [-I] 

I h c  [:-Map IS a11 cd~t. ib lc.  expandable 
gcograph~ca l ly  rcfcronced daln scr, w ~ t h  va r~ah l c  
c o ~ n p l c x ~ t y  and s u e  11 s ~ m p l c  map c o l ~ t a ~ ~ l ~ n g  on ly  
bathymctry can he asacmblcd 111 Inlnutcs to hours 
I ro ln  cx ls t lng  d ~ g ~ t a l  bathyrnctry 1.11v1ronmcntal data. 
such as bathymctry.  ht)ttt)rn J I I ~  walcr cha rac t c r~s l~cs .  
,111d p<lsl t lons 11f a r t~ l ac t s  such as wrecks, plpel lncs. 
and cables, are lnpu l  and gcc~graphlcal ly I ~ n k c d  I t )  the 
d1g1t.11 chart I'hc map Image I.; uscd d ~ r c c r l y  to Input.  
Iocstc. and rctr lcce data and other 111Ior11iat10n 

Used at sea. [he 1.1-Map t u ~ ~ c t ~ ~ i n a  as lhe rcposl lory 
lo r  l l cw ly  lnpur r ea l - l ~ rnc  Iocat11111 and se11sor 
~ ~ r l o r ~ n a l l o ~ i  such as (iPS posl t lon, radar, and 
cxpcr lmeut pt is l t lon data such as sonar c o ~ i t a c t ~  New 
11iql' o v c r l ~ y s .  t<)r I I I S I ~ I ~ C ~  0 1  ho l t o r~ l - r cvc rbc ra t~o~ i  
character and bot tom sottncss, can be c o m p ~ l e d  and 
c d ~ t c d  111 v ~ r t u a l l y  rcal-IIIIIC as the 1111~)rmatlon 
bcci i lnc\  avallahle 

Figure 4 Communications ln Support lo Oceanography 

rc lcrcnced ~ n f ~ r r n a t ~ u n  1,) be shared r a p ~ d l y  N e w  map 
layers o f  posl t lons, areas, and Ilnes, as we l l  as 
~nurncrlcal data related 10 posl t lons, have been 
e l cc t r on~ca l l y  commun~ca t cd  and merged w ~ t h  
dup l~ca te  coples of the I--Map at remote locat~ons.  

3.2. Communications in support to oceanography 
As shown I n  Fig. 4, the E -Map  was used as a 

p r ~ m a r y  means of communlcat lng  complex 
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gcog rap l~~ca l ly  referenced ~nlor lnat lon d u r ~ n g  several 
oceanograptiic experiment,, ncu map layer\ wcrs 
comrnun~cated c lcc t r t~n~cal ly  1 0  SACI.AN I CI:N. 
whcrc [tic) werc rncrfed wlth a dup l~ca t e  copy (11 ttic 
prepared lndp taken On the h i p \  1 lie dots on the nlap 
(11. 1.1s J ~ n d ~ c x i .  ihr  I ~ c a t ~ o n  111 the crpcrlmcnts 

Standard L-inail was uhctl as J carrier for t~ l ch  ( 1 1  
the new Inop layers. and [hi' concept 111 a l l ow~nf  ;I 
rcrnorc \ire v ~ c u  and ~ , I V L .  lull ( ; IS  editlny .~ntl 
t~lticr c'ap,lhll~llc\ u i th  l l i ~ ,  ncu rnap layer\ w,lr 
pro\cn  

3.3. Communica t i ons  in s u p p ~ ~ r l  l o  l l C X l  
.\\ pan (11 the W ~ n t c r  Sun-?  tr~,ll  a rcali.;tic hl('hl 

e n v ~ r o n ~ n c n l ; ~ I  i!\hessmenl ( 1 1  d \ I I I ~ I I  area was cilrrii~tl 
out I'lic 1nclln goal o l  [hi\  e rpc r i~nen t  was to tc\t kintl 
cva lua~c  the growth c a p a h ~ l ~ ~ i c \  ( 1 1  thc I:-Map \y\rcln 
u ~ t h  tllc Irirnar\ar I 3  t i ~ a t l  \pci.d d~si t i l l  il,~t.i 

Figure 5 MCM Experiment 
coinmun~ial ion \ysrcni 

As \liown In 1.1g -5. llic cxpcrllllcnt look pl,lcc 
along rhc SI. coart  { ~ f  S ~ c ~ l y  and ~nvolvcd a Ilrst pa \ \  
in[(] rlie i lcl~nctl  beach aypro,~ch 'irsa. acqulrlnf 
picture\ 1ro111 ttlc sldc-\can \onar 1 I )  ln r?di L I I I I ~  
S c ~ n \  01 ~ l i c  rcilccrion \ci\rrilc 17) i\-ere mddc a ~ i d  
located , r l<~ns  the rrack as s c p c n t \  and a ho t lon~  
analy\ih lor the Irnc was c s~ rupo l .~ t cd  Into a ~ O ~ I O I I I  

tnap lor the ari:a ( 3 )  [hat contained hotll~iri 
~ n t o r n i a ~ i o n  according to A 1'1' 24  \tandarda 

I he s ~ t l c  scan plcturcs and 11ic lriaps ue rc  [hen 
transmitted 111 SACL.AN rCI,N J S  (;IS [nay Idycrs and 
mer:cd u i t h  ,I dup l~ca t c  copy ( 1 1  lhc map 

i\ tcain 01 MCbl experts at S . lCI  A N  I CI:N ehohc 
a 1 krn w ~ d c  land In what appc,~rcd to hz the mo\t 
lavorahlc scatloor conditionh Illis inlormation was 
sent ro Alliance and a second hurvcy took place 111 

Improve the knowledge of the lane 'I he results o l  the 
\ccond survey wcrc Iransmitted w~ th ln  1 r~iinutes of 
rcachlng the end 0 1  the u r \ c . y  I ~ n c  ,lnJ avalldhlz to 
S!\CI..\N I C1.N tsani AS soon as ~ncr:cd w ~ t h  t h c ~ r  
copy of the map 

3.4. Communica t i ons  in s u p p o r t  to  Rapid  Response  
C 'o ;nmun~c,n~i?n\  lor t :xcrc~sc l i , ~ p ~ c l  l icsponsc 

i n \ { ~ l \ c d  coord~n.rrins i l ~ l a  ;sctian:c\ hi~ru8cen seven 
c l~l l i~rcnt  loc'ltirinr. ~ n c l u d ~ n g  5 s h ~ p \  cilnducttng sea 
rr1.11\. ci~nncct'd u\ing cellhl;lr pli i~nc\ kind the 
Inlsrnct y r t ~ l i ~ c t ~ l  \ U I I L .  

I h t a  ,;uch ,I\ ( ' I  I). XI3 1'. XC1'1). XSV,  sarellitc 
~niagcb dnil ~ n c l c o  oh~c rva t ions  were c(~l lcc tcd  and 
uploaded 1 1 1  .I ci.ntral data lus i l~n I~ie1111y at 
S:\(L'l.RNCI:b ,I\ \Iiown In I : I ~  6 

Figure 6 SACLANTCEN Data Server for Raptd Response 

I)ara I ~ l c \  wcrc intcgrdtcti by hc;lticr l ~ l e s  
con l a in~ng  a ( icscr~pl ion acco rd~ng  111 ;I prcdcfincd 
standard header Iilc\ were used 10 c a w  autornatlc 
,irchival ot dara l ) a t ~  were then lnade ava~lahle  ro all 
the \hips partlclpatlng In the expcrlrncnt and ICI 
\elected inllltary ~ o i l l r n a n i l  and \clcntilli. inhtltutes 
Acccsh to thc d,~t,i was rcs t r~crcd ublng access l ~ s r s  
hascd on the I C'l'lll' address oi the c ;~l ler  and on 
uscrnamcipasssvc~rd ~couplcs Alter a successSul 
au~hcnt ica t ion.  U \ C ~ C  were presented a query Il)rnl to 
case the cxlracrion o f  data: ~nlcrr i rgar~ons  were 
possible using I i i n ~ r ~ n g  criterla such oh gcograph~cal  
I i ~ c a r ~ o n  ( I .a t~ludci l  o n g ~ t u d e ) ,  obscrvar~on p e r ~ u d  or  
data t l p c  New dcvclopmentb in colninunlcatlons In 
\upport of Rapid Ilcsponai: will focuh on Iniprovlng 
Ihc mcchan~srrrh lor data exchange and luslon, uslng 
dis t r~buted database3 and h ~ g h c r  speed 
cornmunlcallun l ~ n k s  



4. Future options 
Advances ~n data co rnmun~ca t~ons  rcclinolog~c\ 

open new spaces and upportunlrles thal can hs 
cxp lo~ tcd  ~n support of s c ~ e n t ~ l ~ c  research 

SACI.ANI'CI!N I S  dc t~vely  Investlgarln: new 
~ e c h n o l o g ~ e s  to enable $ c ~ e n r ~ s r s  ~ n v ~ l b e d  ~n \ea I r~a l s  
I r i  ~nleracl  w ~ t h  t h c ~ r  ci~llcagues aahtrre ~n A r11nc1y 
cosl c t l ec r~vc  and secure l a sh~on  

4.1. Mobile communicat ions  
In ~ h c  near tuturc v,e w ~ l l  w~ tness  t t ~ c  r a p ~ d  

d ~ l f u s ~ o n  [it cheap d ~ g ~ r a l  portable rerm~nals ,  w11l1 
world wlde coverage, capable of trans~rlllllng v o ~ c c .  
lax, Images, v ~ d c o  and data at low cosl At prc\cnl.  
cellular phones whlch allow the trans~nl.snln t i 1  

v o ~ c e ,  lax ant1 data to r c m o ~ e  locations, cobcr solr~c i l l  

Ihc communlcallon needs ol our \ c ~ e n l ~ l ~ c  
cxpcrlments. hut are l ~ r n ~ l c d  ~n speed and ~n c ~ ~ c r a g ~ ~  
al sea 

I,or s h ~ p  lo shore cornmunlcatlons. Ihc Inlrrar\.~l 
sa te l l~tc  s c r v ~ c c  1s a dc lacto co rn rnc rc~~ l  atanil.~rcl 

Satc l l~lc  capaclty for 111c Inmarsar sysreII1 con\l\r\  
o l  tour operat~onal  s a ~ e l l ~ r e s  placed ~n # c ~ i \ r d ~ ~ i ~ n ~ r )  
o r h ~ t s  over the Arlant~c (cast and west).  I'acil~c   nil 
l n d ~ a n  oceans Calls lo or from a rerrn~nal ~ r i .  r c l ~ q c d  
v ~ a  sa tc l l~tc  lo one o i  25 coastdl earth starltjn\. ~ h ' r i .  
lhcy are palched d~rc;lly ~ n t o   tic ~ n l s r n . i ~ ~ t ~ n , ~ l  
sw~rched Ie lec~~mmun~c 'a l lons  ncrworks I'hc Inm,~r\ar 
I3 standard all(rws d ~ g ~ t a l  volce, fax, vldco .tnd cl.~ra 
commun~cat lon at 64Khps lnlnarsar c i l l ~ . r \  also 
slower speed d lg~ ta l  mcssaglng systems, s u ~ r ~ h l e  lor 
low-volume dala Iransmlsslons, such ds s h ~ p  or buoy 
p o s ~ l ~ o n  ~n lo r rna t~on ,  at a speed of 600 hps 

(icoslallonary satellltes arc no1 well \ u ~ l c d  l { i  

I ~ I C ~ ~ C I I V C  co~nmunlca l~ons  due lo (he N I ~ L *  d l s l ~ n c e  
covered In the up l~nk-downl~nk  phase ant1 Itic 
assoc~atcd llmc delays 'l'hesc prohlcms can he 
overcome u s ~ n g  low earth orb11 sa ts l l~lcs :  rhc 
~ncrcascd need lor worldw~dc c o n n e c l ~ v ~ l q  and Ihs 
advances ~n electronic technology rnakc now pos \~h le  
Lhc csLahl~shment of complex nctworks 0 1  sars l l~lcs .  
called constcllat~ons, o f f c r~ng  hlgh qual~ry \crvlccs 
lor a convcnlcnt price. uslng compacl suhacr~her  
unlts, about the s u e  , ) f a  standard cellular phone 

I r ~ d ~ u m ,  for examplc. 1s a prolecl d s ~ g n c d  ro 
enable anyone, anywhere on land, at sea, or In llie Jlr .  
ro cornmunlcate dlrectly wlth anyone else. u s ~ n z  
alfordable handheld unlts w ~ t h  all the lealure\ 0 1  
cellular phones, vla a nerwork of 77 small, smart low 
earth orb11 (LEO) sate l l~tes ,  o rh l t~ng  ar an c lcvar~on 
of 413 n.ml Unllke Inmarsat, thrse s a t c l l~ l s s  would 
not be geosynchronous, hut would he place0 In a 
polar low earth orb11 Each satellite wlll commun~calc  

w111i users, ground statlon gateways, and the other 
sarc l l~lcs  Ground statlon gateways ~n varlous 
counrr~cs  w ~ l l  ~ntcrfact '  w ~ t h  exlsrlng publlc Iclephone 
networks In add~ t lon  to the handheld unlts, units will 
a l s t~  bc ava~lahle  for cars,  trucks, boats, s h ~ p s  and 
planes 

Ihe  I.l:O satc l l~te  marker I S  appcal~ng lor horh 
le lcco~n operators and manufacrurers. thus Irld~urn 1s 
IIOI going I ~ I  he the sole player tither opcrattirs such 
a \  ( i l oha l s l~ r ,  Orhcomrn or l e l c ~ l c s ~ c  ~ 1 1 1  star1 
(3llcr1ng l l lc~r  servlces ~n  he next few years Some 
player\ w ~ l l  concentrare ~n prov~dlng bolce servlccs. 
w h ~ l c  olhers w ~ l l  s p e c ~ a l ~ f e  ~n data cornrnunlcallons 
I I  they w ~ l l  rnalntaln rhe promlses lhey are lndklng 
today, we can expect to havc as much bandw~dth as 
we nccd, al a reasonable p r ~ c c  

4.2. Wireless networks 
1 o connect I.ANs over shcirt dlstanccs (a  lew Krn). 

I I  15  pos s~h lc  10 use sprcad spectrum r a d ~ o s  dcjlgned 
1,) colnhal srrony ~nler tcrence and lo prevcnl message 
rccovcry by unaulhor~/ed recelvcrs 

I hcse radnlj a l l t~w data raws of some blhps w ~ l t i ~ n  
I ~ n e  ( 1 1  \ I ~ I I I  ~ n d  opsrate ~n Ihr 2 I G H I  range w ~ r h  no 
I ~ c c n s ~ n f  rcqulrerncnts W ~ r h  appropriate anlennas 
11ie) cun cr icnd l h c ~ r  opcratlng range at sea to ahour 
20 KIII 

I ' r s l~~r i~narq r e s ~ s  habc heen c o n d u c t ~ ~ I  at 
S.4VI AN I CI:N to demonstrate the poss lb~ l~ ty  01 
u s ~ n g  spread spectrum ~ a d ~ o s  as h u ~ l d ~ n g  blocks lor 
po~nr  10 ptllnr ICI'IIP nelwork c ~ i n n c c l ~ o n s  Ihc 
r ~ \ u I [ \  ohlalncd SO fdr have heen very promlslng 
Sc rv~ccs  such as l ~ l e  transfer and WWW access Irom 
a rnoh~lc  I'C havc been demonstrated Future work 
w ~ l l  conccntlalc (in pclformance measurement5 under 
~pc ra r lona l  condlllons 

1:urlher cxpcrlrnenultlon w ~ l l  evalualc 1'1mc 
I ) ~ v ~ s ~ o n  Mult~plcxlnt: schemes as  a more I lcx~hlc  
allel-nat~vc to po~nr  lo polnr llnks whenever there 1s a 
neeit lo exchange dala from a cluster (e g a group 01 
h ~ p s  conduct~ng a survey) to a central l o c a ~ ~ o n  (c  g a 
ccnrra l~lcd daia t u s ~ o n  l a c ~ l ~ t y )  

1.3. Encrypt ion 
Whenever there I S  the nesd to exchange d a ~ a  ~n a 

sccurc way ( m c a n ~ n g  that the data cannot he altered 
w~rhoul  dc t cc t~on  and cannot be read by u n a u r h o r ~ ~ e d  
reclplents) vld an exposzd network. the only way to 
proccctl I S  to make use of cryptography 

l 'oday a great deal of C O r S  products c x ~ s t  to 
otter an excellent grade of protection lor Inlsslon 
c r ~ t ~ c a l  bus~ness  appl~cat lons  Alrhough they are not 
ye( endorsed for use w ~ t h  c lass l f~ed ~ n f o r m a r ~ o n .  the 
a lgor~thms they ~mplemen t  are well known for thelr 
robustness and many f ~ n a n c ~ a l  and industrial 
~ n s t ~ ~ u t ~ o n s  already use them for real life corporate 
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applications 
In TCPIIPapplications tunnel tnanclgrrs act Ju.\t 

above the 1P level .  implementing "IP over  11'" 
tunnels .  for t h ~ s  reason. the tunnel software I S  
absolutely application-independent and appl icat~on 
- t ransparent .  requir ing no  change  to ex l s t lng  
software other that installing a new soltware I~brar): 

l ix~s t ing  products use powerful KC3 encryptton 
algorithms to ensure conf iden t~a l~ ty  and tnes,\(i,qr 
digest (M115) checksurns to ensure d:l!a ~ntegri ty  
The initial key exchange is made using USA ( U I V ~ A L  
- S h a m i r  - A d l e m a n )  p u b l ~ c  key  e x c h a n g e  
technology 

All traffic lrom the remote host to the internal 
host and viccversa is encrypted: no trall'ic travels 
in c l e a r  t e x t ,  s o  passwi;rds  a n d  d a t a  c a n  be 
t r a n s m i t t e d  wi th  no  p a r t ~ c u l a r -  w o r r y  O n c c  
negotiated for the first time. key> arc changed every 
30 minutes, using state oC ~ h c  art RS.4 p u b l ~ c - k ~ y  
encryption techniques 

Onc important ~ s s u e  is the key s i ~ c .  the 1ongc.1 
the  key. the h a r d e r  it 1s to h r e a k  the  c o d e  
Unfortunatcly, US regulations limit to 3 0  b ~ t ~  the 
key SILL. of crypto products l o r  the ~ n t c r n a l ~ o ~ l a l  
market, while the domestic ver5lon can n a ~ c  key\ 
of 128 b ~ t s .  that grow to 5 1 2  bi t \  for  t h ~ .  kc)  
exchange phase. thus o t fc r~ng  a much h ~ g h c r  dc.2ri.c 
of protection 

It m u s t  h o w e v e r  he no ted  tha t  the USA 
algorithms have been publi>hcd since almoat 
decades,  i t  w ~ l l  therelore be pos.\iblc to w ~ . ~ t e  n e b  
code l ib ra r~es  based on RSA, using kcy5 ot 'arhi l~ary 
length and achieving the ~ t e s ~ r e d  grade ol coding 
complexity 

SACL.ANTCEN is actlvely investigating new 
technologies to enable scientists involved in sea 
t r ~ a l s  to interact w ~ t h  their colleagues ashore ~n a 
t~mcly .  cost effective and secure f ~ s h i o n  

Using modern con~municat ion techniques based 
o n  C O T S  Internet  products .  and commerc ia l ly  
available (ieographical Information Systems. data 
acquired at sea can be shared in real time w ~ t h  
p a i t n c ~ s  d i s t r~hu ted  world w ~ d e  

S.\C'I.ANTC'f<N has  d e m o n s t r a t e d  the  
cllcctivcness of such approach d u r ~ n g  several sea 
trials. and is monitoring the rapid hardware and 
soltwarc developments of the communication held 

l 'art~cular attention is given to commercial  
Spread Spectrum radios, opcratlng in the 2 4 ( ~ H L  
band. and to services otfired by [.ow barth Orbiting 
satcllitcs 
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1 .  Introduction 
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2 .  REA datasets 
111 J ~ ~ I ~ I O I I  to t l ~ e  \C;IIC ~ I I I ~  ~ C ~ I I U ~ C - ~ J ~ C C I ~ I ~  nature i i l  
rhe tJpe o l  ~ ~ i l o r n i ; ~ l ~ o n  requit-eel l o r  K E A  t T ~ ~ b l c  I ) .  
the II;I~LII-~ 0 1  i l i c  e l l \  i t -on l i~e l i l ;~ l  II~~O~III;I~~OII I-C~LIII-C~I 
I I C C ~ \  to he 1;1hc11 11110 C O I ~ \ I ~ C I ; I ~ I I ~ I I  T h i j  I \  hot11 
h c c a u \ c  CLI I  ICIII e n \  t r o l r n i c ~ ~ t a l  \ c n \ i n f  anel 
IIIC:I\U~~IIICIIL et lulpnienl can ctrl lcct more data In ;I 
\hart t ime t1i;111 c . l ~ ~ ~  p ~ \ \ t b l !  be u\cel o[>crnt~onall!. 
\ \hen i l ec l \ t o~ i  ~ r i a h ~ n g  I \  often locu\ci l  ti11 il\ill,o \111111Ic 
hut III~III! Iocu\i.el ;mil r ~ l c \ ~ ~ n r  ~ ~ ~ l o l - ~ l ~ ; r r i o n  to m;ihc 
~ - c l ; r t ~ \ e l >  \ I I I I ~ ~ C  c I t c t \ i on \  ~ a l ~ ~ c l l ! .  and hec ;~u \c  
i l ~ i f c t - c n t  m ~ l l t a r >  a p p l i c a r ~ o n \  t c i l u i r r  d t l l e r c ~ ~ t  
c o ~ l f i g u l - a t i o ~ i  01 o p t ~ m i ~ a t ~ o n  0 1  tlic data. O n l y  lhc  
nece\sary i l i l ' o r~ i ia r ion \hou ld  he p r c \ c ~ l t e d  I n  the heal 
\ \ a >  f o r  rap l i l  ;11ic1 CCI\) u\e.  K I :A  i ~ i l o r ~ n a t i o ~ i  l i l l \  
111e dam gap ~C'LMCCII 111alo1- ~IILI 11io1c zet~eral izet l  clal;~ 
\el \ .  and ~h;lt \\ h ~ c h  I \  nece\\;il! 10 colnrnclrcc t111111~11-) 

OperallOll\. 
b n \ i r o n m c n r ; ~ l  ant1 o the l -  1n lo1 l l i , l 1 t on  m u \ t  l ie  
acquil-etl. a\\c\\i.t l. I-educetl. ;~nt l  o p t ~ ~ l l t / e d  f o r  a ~ ~ \ c r .  
I ~ I \  I d;~la l u \~ t r l r  What  dala \ I i o ~ ~ l c l  be colleclccl: 
h o w  i\ ~t 10 he L I \ c~ I :  and u h c r c  \Iitrulcl l -c\ource\ he 
concenll-arctl'! ' l ' l~c \c  '11-e ba\ ic  cluc\t lon\  ha^ neeil l o  
he c ~ ~ l ~ l r e \ \ c ~ l  l>clorc t:i\hi~i: C I~ I~~ I  ~ I C L ~ L I I \ I [ I O I ~  ;1\\c1\ 
Bccau\e o t  1t1111leil Kt;\ tlnli. ant1 r c \ o ~ ~ r c e \ .  horh  ~ l i c  
~ , ~ - c c ~ \ e  natulc (11  \ \ha[ mea\uscmcll1\ ;III~ ob \c r \ o t i on \  

.3 )  e.g..c;lll-! , l L l t  lllllltl-\u1-\ e l ,  l < ; l ~ i l ~ l  Ell\tt-otllllc1ll;ll 
i \ \ \ e s \ ~ ~ i c ~ i t  (11 ; I I I I ~ > ~ ~ I ~ I O L I \  ;I\\;ILIII IIIIIC For MC'M 
~> l ; l l l l l l l l ~  pLll]>o\c\, \\I l l1 fc;ltlllc l c \ o l l l t l ~ l l l  (11 lea\ lI1;lll I 
m to cha l -ac tc~~/c  1111nc-l~he ohlcct\ (Opc~ ;~ r i ona l )  

arc b e ~ n p  co l l c c [ cd  need\ l o  he .~hsc.\ \cd For :In> 
~XII-L~UII~I- RI:.\. ;I\ \ \ e l l  a \  c o ~ ~ \ ~ c l c r ~ ~ ~ g  ho\\  be \ (  l o  
Iu\e LIII~I COII~IIIIIIIIC;I~~ the ~ n l o ~ - m ; ~ t ~ o n  lot-interacti\c u\c. 
T t - ; l d~ t t o~~a l  cl,~la co l l c c t~on .  fo r  c \a~ i rp l c .  oiren l o c i ~ \ c \  
olr acqu11-1n2 eel-lain i n fo rn la r i o l l  \ i m p l y  hecau\c  
p r o f ~ - ; ~ ~ n \ .  ; ~ g e ~ i c i c \ .  and sea-foil12 a c t ~ v i t ~ e s  are \ \e l l  
orf;~~'i/eel lo r  earl-) lng  OLII the IIIC;I~IIICIIICII~ profl-;lllih. 
E \ t e n \ t \ c  C'I'I) mc;~\urcrncnr\  101- In\ tance. \ \ l ~ o \ c  
c o l l e c t ~ o n  ,IIICI a \  cra:tnf in to  huge I h ~ \ l o r ~ c a l  data \e l \  
\ \ a s  o t -~g in ;~ l l !  01 the u t ~ n o \ r  ~ l ~ r ~ ~ o ~ - r a l i e e  for  cnrr! 111g 
O L I ~  AI~~I\LI~IIIJIIIIC WJ I~ ; I I ~  ( . ISM' )  111 opel l  occ:111 
;LI-~;L\. arc o l  ol~l!, I ~ n l ~ t e d  1111po1lancc I n  the ne ; l ~ \ l ~o rc  
l i r t o l - a l  L\IICIC M l n e  C o u ~ r ~ c ~ - ~ ~ i c ; l \ ~ t r e \  ( M C M )  
I1~111ting and ~IC;I~;IIICC l o r  SC;II'IO~II- IIIIIICS i$ C:II.I.IC~I 
o ~ t t .  T h l \  I\ l h c c : ~ ~ ~ \ c  the uatct-  co lumn  PI-ope[-tie\ al-c 
h i ~ h l y  \ a l -~ah l c  ancl l lorlnall! o l ic o l  ~ h r  III~I actlol l \  
0 1  a n  5IC'hIV i \ l ~ n c  C o ~ ~ n t e ~ - - r \ l c ; i \ ~ ~ r t  Ve \ \ e l )  u p o ~ i  
I~;IC~IIII~ :I I~OIIIC 01- lrnle 10 ~ I c ; I ~  I \  to o h l ; ~ t ~ i  ;I I-c~II- 
t in ie CTD \ o  111.11 ;In cut-rent \ouncl \ e l oc l t )  p1-1il1lc 
can be obt;ti~lccl Periodic C T I I \  at-c take11 dur tng ~ h c  
c o u r \ e  01-  I l i c  M C ' M  a c t i v ~ t y  hccau \c  the h i g l i l y  
~ a r i a h l e  S V P  w i l l  \Lrongl) aHccl a l l  \anal- use I n  l l lc 
\hal lo\r  \\;11cr 'S l i i~ \ .  e l t o r t \  p ~ ~ l  i n l o  c o l l c c t ~ n g  nlol-c 
l h a n  a te \ \  C'-I-I)\ ;I\ p a l l  0 1  l l i c  VC'M RE/\ a r c  
p t o b a b l !  l ; ~ ~ f c l !  r e d u ~ i d a i ~ t  LVl th  :(loti 
l o ~ - c k n o \ \ l t ' c l ~ c  (11 precisel) lhc  1) 11c (11 i n f o t -ma l~on  
that 15 reql111-eel lot- any parttcul;~t m ~ l ~ t a t - y  app l~ca t i o~ l .  
c l i 'or t  can hc I-ocurcd o n  c o l l c c l ~ n g  o n l y  Lhc mo \ t  
relevant ~n lo l -mal lon.  

11 is irnpol-tali1 to note that no( a l l  e l l \  t r onn~cn ta l  ali i l 
a ~ l ~ f a c t  ~ n l o r t l l a l ~ o n  I \  e i l ua l l !  I ~ h c l >  t o  ~ncc t l  
; I ~ L ~ L I I \ I ~ K ~ I I  (11 upclattng ( T a h l c  21 O [ > c ~ ; ~ r ~ o n a l l >  
~ - c I c \ a t i l  11ilor111;11to11 C;III be ( I t \  lclcd ~ n t o  thl-ee 
c;ttcfories (I';thlc 2). on l y  one ( 1 1  u l i ~ c l i  is IIOI-III;~~~! 

o l  KEA phy \ i ca l  ;III~ tenipor;ll ~II;LI;ICLCI. l n t r ; ~ r i \ i c~ i I  
Icatut-es are stahlc enough l o  nor I - ~ L ~ L I ~ I - C  c x t c n \ ~ v c  
K E A  \ u r \ q  ;inel tlnra fusion. anel 11;111\ient l ea~u l - c \  
:Ire too \1101-1-11\et1 10 make t11c11. \ u l \ c !  III? I-ele\ all1 
1 0  RE:\ rt.l,~rccl I~~,I I I~~II I~ ~ C I I \ I I I C \  ~ I~~;I~I~~I~\ IcI I I  
Icatures are o l  Il lrelest i'or R E t I  



71,~l)le 2. ~'+'i~ti ir~? O~~~CI IL~I -~ , .S .  ~ V o t  11 ~:oir i /~r -c , / i~~rr . \~~?e  11.51 (I~II(I/(:CI-\, II~-I>(I.\, i l i z i i  I~~II/ICI(I/ ( ~ ~ ~ ~ I ~ I - I I I c I I ~ c ~ ~  iii-li[~iet.\+, 
c.ro~ii/~le.\ oil/\.. KEA ~ t c r i ~ : ~ r ~ ~ ~ . \ ~ p i ~ ~ h t i h l ~  fotrrrt ot i  rhc rrrurnrrciri,.\~~~nl becicii.\e ~ i ( i r o J ~ . ~ r  ~trc~?itr~~~crrl~f~~~it~~rc~.~ !nil: 
be ovt r i loh lu  i n  I.rr.\to~-icrrl o r  orker- e.~i.,tiii,y r111/11\cr.\- ~ v k i l c  r ru r~ .s~o i t  t r i f i ~ r r ~ i r r t ~ o ~ i  1.5 / loL/c r n  chiiir,ye b r rwe r r i  t i ic  
REA trrlt l the C o ~ n h ( ~ l  .S/II,~? (7i7hlcz I ) .  

I n l ~ - a n \ ~ e n t  features 21-c those tha l  al-e not  l ~ h c l y  ro 
change p o \ ~ t ~ o ~ ~  01- ct ia l-acrcr o v e r  a c o n ~ ~ c l e r a h l c  
pe l -~od.  Data  rc levanr to rhc \e  fe;ltr~re\ I\ l ~ h e l y  to  be 
: lval lahlr  l'rorn h ~ \ t o ~ - i c a l ,  n i ~ l ~ t a r y .  and other e x l \ l i n g  
t lnt ;~ \ource\.  F o r  i r istancc. ha thyme t r y  and loc;ll 
\cal.loor mo rpho logy  c h a ~ i g c  at a rate \ l o w  enough \o 

111;11 data setr co l lcc lc t l  yeal-\. ;lntl over  a \pan o f  u p  to  
I iundreds o f  years may rcn la in  rclcv;~nt. Very deta~ lcc l  
b a ~ h y m c t r i c  d a ~ ; ~  \ers. wi l l1 contoul-  in te l - \ 'a1  a \  close 

1 111. a lso  m a y  lrenlall l v a l ~ c l  o n  \ o l nc  type5 oI' 
~ e a f l o o r  I-cpardless oTrI1e11- t l r r ; l~ lcd  narure. u h i l c  I l iev  
m;l) need complcre  u p d ~ l t ~ n ~  011 o ther  seal' l~ior I ~ ~ C S  

under cerr.l in oceanogra[,h~c c o n d ~ t ~ o n S .  u s ~ l a l l y  where 
\lorIi1s ci111 a l te r  the \c ;~ I Ic~or  l i lo rpho logy  o n  a 2 - 3  Irl 
wale,  Tramsicnt Tealures XI-c Ihtr \e Ihat are too \ m ; ~ l l  
o r  \ hu r l - l i ved  to mahc I h c ~ r  hurvcy and r e c o r d ~ n g  111 a 
[lala set o f  value hecau\e hy  Ihe Lillie that the next 
~ n i l i l a r y  intervent ion level  ih enihal-kcd upon, Lhcy 1ri;ly 
he  \ r g n i f i c a n r l y  ; ~ l r c r c d  01- ah\ent .  E f f o r t  \pent  
rn;lpplng and acquil-111g the ~ p ~ - c c i \ c  p o \ ~ t i o n s  of a l l  o f  
t1 ic. t~ f e a t ~ ~ r e s  [nay he I;II-gcly wasled i f  the ~ n f o r ~ n a t ~ o n  
I S  no (  useti. A l t hough  the number  and d i \ r r i b u l ~ o n  oI' 
1111ne-l~he oh lec t s  ; ~ n d  I l i e ~ r  a ~ c a l  d ~ s t r i h u t ~ o n  I S  

I l i l por ta l i t  to R E A  ; ~ c t ~ v ~ t ~ c , ~ .  the precise p o s i l ~ ~ ) ~ i  o f  
each i\ not. A I  rhe nexr level .  howevel-. whcr i  actual 
M C M  hunt lng. c l a \ \ i f i c ; l r ~o~ l :  ; ~ n d  clearance operal lons 
21-c embarked ~ ~ p o n .  some o r  rhc h ~ g h l y  detai led d;11;1 
\cts that can he acquil-etl dul-ing the KEA opera t lo l l \  
Inoy be reconf igurcd ~ O I -  IIW. I3ccau\e modern  \ idc-  
\can and  o the r  \onarh  I h ;~ t  Inay  h e  used i n  K E A  
no rma l l y  captul-c ~ n r o r m a t i o n  at I l i c  detai led level .  II 

J Intran\irnl 

can be ;~rch ivedso that 11 call I lc r ~ j e t l  I;~tcr. ~Tnccc \ \a~-y .  
WILIIOLII ~ U I  the1 SLII-VCY. 

hlrta~ran!ient 

Routs eslecrlon for cc!nvog or ~rnph~hlouc 
c~ssaulr. beach gr:liiie~~~.r. currrlll and 
hiolo;ically for~licd sc:~floc!r ~ilorpiiolog. 
boundariti 

Forrheachdsprr.n~ri~~c,.ca~itl h;irc.,tor~n b~rnis. 
wachout5 on harr~er h,ln, r,indh;irc 111 rlvera and 
e\tuarie\. \mall ~raflocrr   re,^ l y e \ ,  deta~led 
houndarie\. tea$r;i\s n~e;~dow\. mine-like 
objects, ocra~io;r;~plirc tIc.nienls 

Fi.ued bridfrr. tunncle. I,~rze conc~rucrionr, 
n~lnorrodd~. M,qor ~~i~ l~~ar~fc i rc i .s , rn~nr t~c ldr  

Ohjrct\ h 
Fratore\ 

Art~t;icti 

Mc la t l -an j ien t  features ; I I ~  o f  all ~ n t e r ~ n e d ~ a t e  phys ica l  
and tempora l  scale and arc b! 1l1c11- naturc s i gn~ f l can t  
To1 KEA a c t ~ \ i l ~ e \ .  They  ;ire niorc detai led than the 
rIicl\c f o r  w h i c h  i n f o r m a r ~ o l l  I \  I ~ a h l e  to  be found I n  
c x l \ l l n g  data source\, ancl ~ ~ \ u ; ~ l l y  ho ld  [he p a r t ~ c u l a r  
i11fo1-111at1on nece\ \a~-y  fo r  o l>c~ - ;~~ iona l  planninp. They 
;II-e a l r o  l e \ $  tran\ lent tl1;11i i l id lv idu ;~ I  ~i ; l t~ lr ; l l  fealul-es. 
s ~ ~ c h  a \  (he l o c a t ~ o n  o r  rl ie cl-cut oT i n d ~ ~ ~ d u a l  sand 
W;IV~S. and arc l ~ i l h l c  to  C ~ I I I P ~ I Y C  :I v ; ~ l ~ d  d i ~ l i l  set over  
the r l lne \pan that enconlp;lr<c.r 111~11 ~ n i ; ~ p p i ~ l f  ;111t1 
f l ~ \ ~ o n .  and  I n l t l a t l o n  111' r n ~ l ~ t : ~ r v  ac t iv l t !  (11- data 
a c q u ~ s ~ l l o n  necessal-y Tor the next I c vc l  o f  m i l l t ; ~ r v  
in le rvent ion .  

I 

Traor~cnt 

We:~thsr ri.l;nerl 

R~pplc ~n:irks, pock~narks. deta~led 
oceanogr;~ph~c Ilie;icllrellirnt ch'lracter ICTD, 
SVPI .  seJ sl~le.  \ l~rf. hcach undertoa currrlil 
pattern. (Iatu oflltlt 

Operat~on:~l forcr clrnicnlc i t ~nk r .  truchs, 
~~r~~llrrypc~i;~~~c!~~~,c~~.).~c~~ipcir;~ryroa~. S~nall 
1111l11;iry f u r c c ~ ,  ~ i ~ ~ ~ i c f i c l d i  

Sraflaor ~ypss c.;.. 11111dtly, 
~a~idy, TedSracs. rocky, rc!(l;]j, 
rmooth, currcnl or bl~/~r_lc; l l ly  
ts\rurrd se~floors 

Morpholo~~c;il ;III~ Geo;raphlc;il 
element\. r.2.. Kocl, p~~~n:lclec, 
holes, floodpl;i~ns, lon~\horc bar 
itlands. river ~iiciu~h~. dclla and 
la:oon confiL PII~JIIOII, 

Harhon,leverr,rii:1lorro;1dwcirks 
and carthwcrrks, h:lbllallon<. 
Headquarrcrs (c.g.. the Pe~itagnn) 

I<EA- \ ign i f i canr  feature\ h ; ~ v r  a par t icu lar  size ~ a n g e .  
clcgl-ec o f  permanence, and signi f icance Sol- par t icu lar  
~ i i i l ~ l a r y  opera t ion \ .  F o r  instance. I'or a m i l i t a r y  
operaLlon where ail- c u \ h ~ o n  cc I i l c lc \  al-e to  he u\et l  
c x c l u \ ~ \ ' e l y  f o r  ; ~ ~ r ~ p l i ~ h ~ c i u \  : ~ \ s a l l l t ,  the  p r e c i \ e  
loca l lon  o f  a forebeach 11-ough 15  of l i tclc \ ~gn~ f i c ; l nce .  
\ V ~ C I - C ; I \  f o r  an  ;15\;1~11t \ v i t h  I ; I I~~I I~E ho i l ts .  l l i e  
knowledge o f  the p l - c c i . ~  I o c a l ~ o ~ ~  I S  o f  greet value ar 
bo th  the p l ; lnn~ng and ci in ihat Icvcls. 

3. The E-Map 
'I'Iic E - M a p  con \ i \ r \  oSco~~~l ,u le r  \ o l ' r u ~ ~ ~ - e  c o m p r ~ s i n g  
;I Gcog raph~ca l  I n l ' o r n r a ~ ~ ~ i n  Sy\ rcm ((;IS) nav~g; r t~onu l  
c l i a l - t  c o n t a ~ n i n g  [ n a p  l a y e r \  h o l d i n g  d i f f e r e n t  
rypc \  o f p e o g r a p h ~ c ; ~ I I y  r c I ' c ~ c l l c c d  point. I ~ n c .  



;111t1 111i:~gc 1l1l111lii;1tion i n  a r e l a ~ ~ o n a l  r l a tobac  I I / I t  
Ihceti ~p loc lucc i l  u s i n s  n e w  ~ i i e r h ( ~ c l o l o f ~ c \  0 1  

o l ~ l x i ~ - r u n i r y  lha\ecl on  cr i \ t in:  ~portahle anil clc\htol> 
4cc1ml>utc1\. C o l l ~ l r ~ e r c i a l .  O f l  T h e  S l i e l l  i ( ' 0 T S )  
\ ~ ~ l r \ \ a l c .  1nrclnt.t tcclinolo:iea. ant1 e \ i \ t ~ n f  s;itcllitc- 
1ratli11-ccllphonc \!\tern\. An eail! \ ~ I \ I ~ I I  01 rlic 1:- 
h l a p  \\;I\ ~ n ~ r ~ a l l !  ~ m p l e r n e n t c d  a \  JII ;IILI r o  
Sr\( ' l . . \N~I( ' I<S m a ~ - ~ l i e  \ c i en t~ f i c  ~-e\c;i~-clr c i u ! \ c \  I t \  
~ t \ c  li:i\ t l l ,~nr.~r~c; i l l !  cu t  po\t-PI-oce\\t~i: 11mc .I I I~ 

\uh \ cc lucn~  ~ c r ~ \ ~ t i e \  \ uch  a \  report  and \ c ~ c ~ i r ~ l ~ c  
p,~l?et Ip!c\cl i la l lon tl110~1fh in te f t ,~ led a ~ c I i ~ \ ~ n :  o l  
I I ~ I~ I I~ I ; I I IO I~  2;111icd 011 \ u c c e \ \ i \ e  e \ j x l l n l c l l l \  atlrl 
\ L I I \ ~ !  \. I3eca~1\c p o \ ~ t ~ o n \  can be i n p u ~  ~111-ccrly I111111 
] la\  1f;ll11111;1l \ ) \ t c l n \  (e.2. (D)GPS)  at \ea ;~n t l  \c1111c ',, , .. .II,I c,ln he Inp l l l  clil-ectly r r om en\  i r o n n i c ~ ~ l a l  \CII\OI-\ 

u i l l i o u t  i n l c ~ m c t l ~ a r e  p ~ o c e \ s i n s  Llslns AV ( A i t t l ~ o -  
\ i \ua l  111- mul11-media) c o m p u l e ~ \  on ~ h ~ c h  I l ~ c  l:-M;11i 
i \  ~ n \ ~ a l l c t l .  ~ h c  aclual n l - c h i \ ~ n g  clot\ no[  in ipo\c  all 
unniatiageahlc u o ~ h  load In fo l -mal ion ;lntl p o s i l ~ o l ~  
tlar;~ cntcl-ctl I n l o  the E - M a p  al-e taggccl \+irh ohlccr 
~ t l c ~ r l i l ~ c l - \  lo t  111ihlnf when. o r  \hortl! a l r e ~  the) ; I I ~  

accluircrl K c \ \  map o \er la )  \. fol- In\ tancc ol Iholtonl- 
I -c\cl-hcl-at ion, \caSloo~-  \ amp le  ant1 c l a \ \ ~ l t c ; i t ~ o n .  
\ t i ~ p ' \  11:1ch\. ~ o i ~ t c  h o i ~ n d n ~ l e \ .  core  and \ ; tn~ l? lc  
locar~ons. ctc . can he compi led and ed~rccl  I n  rc ,~ l -  
11111~ .  ;~ncl I ICC ; I I I ~~ I - ; I ~~ IC  data po \ l t i on \  cat1 he I ~ n h c t l  
\\IIII l l i c  \ c r ~ l i e t l  data  thin mlnu tc \  

T l ic  1:-hl;tl> p ro \  ~ t l e \  a f r a p l i ~ c  inrerface. ~n t c f ra l c r l  
a t - c l i ~ \ c  lot  r \ \ c ~ - \ \ a y  ~rca l - t ime c o n ~ ~ n u ~ i ~ c ; r t ~ o ~ ~ \  121. 
tnou L I \ I I ~ ~  horh cc l lphonc and I n m n ~ \ n t - K  l inks  ,2 
n c u  I c v c l  111 cx t l -cn ic l )  t - a p ~ t l  c o n r r n u n i c ; ~ l ~ o ~ ~  0 1  
c o ~ ~ i p I c \  :eogs; lp l i~c; i l ly-refere~~cd ~ n l o r ~ i i a l i o ~ i  c;tll 
he ;II~;IIIIC~ L I \ I I I ~  r l ic E -Map  ;I\ tl ic core o f  dara l u \ i on -  
c o ~ i i ~ i i ~ ~ n ~ c a r ~ c , ~ ~ \  ac r l v l t y  T h c  h; l \ i \  of thc I-;I~>I(I 
~ ~ I ~ I I ~ I L I I I ~ ~ ~ L I I ~ I I  o l  erlired, updatetl, and new ~ ) o \ ~ l ~ o ~ i \  
;111tl t1;1t;1 I \  r~;lti\l'ct oI'11tily thc new it1t'o1111;1111it1 11-o111 
~v11c1.c 11 li;l\ Ihcc~i feneratetl to any 01 a l l  ol1rc1- \ i re \  
p a r r ~ c ~ p ; ~ t i ~ r g  ill thc 111formation shal-111s N e w  III;~~ 

layc l - \  a l l t l  \ i lppol- l tn:  d a t a  f i l e \  a l e  \ a \ cc l  2nd 
cxpolrccl. ant1 I l len co rnmun~ca tcd  e lecr~on~c; i l l !  to 
other \11c\ \ \ h c ~ - e  LIIC! C;LII he mel-set1 I n  c lu l> l~c ,~ le  
c i i p ~ c \  111 r l ic ;tl-ca E -h lap  LVhen an  i n f o ~ - m a t ~ o n  I l cn l  
I \  mct:ctl ;it ;I remote \ire. i t  i \  beconic\  Iparr o l  rhar 
C \ I \ I I I ~ :  CI~I~;I\CI \\it11 r ~ ~ ~ t ~ > ~ i i a t i ~  : c ~ ~ r , l l ~ I i ~ c i i l  i ~ t i c l  
~ c l a r ~ o l i a l  clarah:i\c ~ c f e ~ e n c t .  Upt la te i l  ] nap \  a l e  
no t  l n a l l )  a ~ - c l i ~ \  ed  o n  C I I - K O h 1  l o r  I n t e l  l ~ a l  
St \ ( ' I .AhT( ' I lK  u \c  i o l l o u i n g  each rt.\eal-cli c ~ - u ~ \ c  

>\I p t c \u i r .  rhc 1-.-Ll;il~ I\ a re\earch tool  \ i ~ ~ t a h l c  I.(II- 
\LIPP~~IIII: \111:lc \ h ~ p  niar lne research c l - u ~ \ c s  a t ~ r l  
a ~ - c h i \ ~ n g  I l i c  t l ~ l l c ~ e n ~  type\  o l  dat;l i n  an easi ly 
I oc i~ r ;~h l c  ;11i(1 c x t ~ ~ ~ c r ; ~ b l c  nrannc~- Arc l r iv in f .  l i~ ihi t i :  
i111tl ~ i ~ i p u l a t i n g  tl ic G I S  layers st111 require\ hc l cn l l \ l \  
(11 he ; l \ \ i \ l c ~ I  ~ I I  the ~ c \ e a ~ c h  cruise\ by \ L I ~ ~ O I - L  \ [ a l l  
~ \ ~ r l i  teIc\;111r e11111pi11t.1- \ h i l l \  S;i111ili;11 w i ~ l i  the 
c o t n m c ~ c ~ ; ~ l  \ o l t u ; ~ l c  T h i \  act lv l ty is p r c \ c~ i r l y  c ; ~ t t ~ c t l  

i l l11 rn; l~nly durin: the ~ ~ c n L i l i c  a c l i v ~ l ~ c \  a \  11o111ial 
S / \ C I A N T C E N  pract ice II wa\  pel-ccicccl. Ihowcvc~-, 
I l ia l  rhc E -Map  methodology ~ r i ~ f l i r  I~III\ ~ d c  rhc b a \ ~ \  
1o1 eel-taln n i i l i l a r y  a c t l \ ~ l i c \ ,  p a ~ l ~ c l ~ l a ~ l !  l h o \ c  
c o n c c ~ - n e ~ i  \ \ ~ t h  a c q ~ 1 i s 1 1 1 0 1 i  0 1  c ~ i \ ~ ~ o t i ~ i i c t i l ; ~ I  
111lo1 niar lon 101- Kapid  E n v ~ ~ o n n ~ c n t a l  / \ \ \c \ \n len l  

4. E-Map as a Prototype RE!\ Tool 
K; ip l t l  b n \ t ~ o n m c n r a l  A \ \ e \ \ m c n r  c , ~ l i  h c \ l  he  
CoI lce I \ed o f  ;1\ a I e \ ~ l O l l \ e  10 ~1;IlllcllI;tl 1111I11;11-! 
~ - c ~ l ~ ~ t r c m e n t \  kfC'hT : ~ c t i \ i l ~ c \ .  lot  III\~:III~~, I;III II~IO 

rue gc~ict ; l l  categnrte\, :11ca a\\c\\111c111 1 0 1  ~ I ; I I I I I I ~ ~  
p t~r l>u\e \ .  ant1 rea l - t ime oper;lllon\ ~ I ~ I i c  l;-M;lp \ \a \  
~ ~ \ c t l  111 rhc cour\e o f  a {pecial  and I ~ m i r c r l  lil;A-ry11c 
~I I ICI - ; ICI~V~ exe rc i se  M ~ O \ C  ;I~II~ \\;I\ s e I e ~ t 1 1 1 g  ;I 

~lea~-\hol.c I-outc for  M C M  operation In  all a m p l r i h ~ o ~ ~ \  
a\\aulr  /one along the SE cox\ [  o l  S ~ c i l y  'l'hc c ~ i a \ l ; ~ l  
:LIC;I \ c I cc t cd  was [he \ ~ t e  o l  a r ca l  ; i n ~ p l ~ ~ h l ~ ~ u \  
I n \a \ l on  i n  1943: thu\ [ h e w  ~-csn l t \  tt iu\ can he jurlycrl 
a:nln\l a real opel-ational bachgl-ountl 'l'lic f1-M;lp 
\+a \  not  reprogrammed o r  \pec ia l ly  t l c ~ c l o p c t l  lo1 
0lw1;1rional a p p l ~ c a ~ ~ o n  bccau\c  (11  r i n ~ c  anrl \ t a l l  
: i \ a ~ l a h ~ l i t y  con \ t r a~n t \ .  bu t  hq 11\11rg c\ l l -a ~ ~ c t \ o n n c l  
ancl u 1 l h  ca t -e fu l  p r e p a r a l l o n  th ;~r  t o o h  ~ n r o  
c i i t i \ ~ t I c ~ ~ ~ t i i i ~ ~  ex l \ r ]ng F<-h!l;ip I i t ~ r ~ r ; i t ~ o n \  111 I ( \  I t \ \ -  
r ha l~ - l u l l !  cle\ eloped form. re\tctl the cclncclhl 111 u \ tn f  
rlic f:-hlap ~ ~ ~ e t l i o d o l o g !  a \  the  ha\^\ 101 lili,\ .~ct i \ l r !  
1.111tlic1- dc t ; l~ i \ .  i n c l u d ~ n f  text o l  a l l  ~ i r c \ \ ; ~ f c  r ~ ; ~ l l i c .  
at-e a \ ; ~ ~ l a h l e  I n  the CI-LII\~ Repo l l  131 ~ l i a t  ~licluclecl 
1 1 i 1 \  c \ c r c i \ c  

I - l i g l r - r c . \ o l ~ ~ l i o n  MCiLl \ e n l l o o ~ -  c l l ; ~ ~ - ; ~ c t c t ~ / a t ~ ~ ~ ~ i  I \  

111;11nly C O I I ~ I I ~ C ~  to water( \ h a l l o w c ~ -  rhan I 0 0  m. 
11;1111cula1ly between 5 0  m ant1 Ihc hcncli A n ~ l , I i ~ h ~ o l ~ \  
I ~ I ~ C I ; I ~ ~ O I ~ \  ~ n i ~ ~ \ t  have access ro ho lh  nc;l~-\hol-c I ; ~nd  
;11irl 111;11-itie i n l ' o~ -n ia t~o~ i  Sealloot- c h a ~ - a c r c r ~ / a t i m  on 
I c \ \  than I melel  \talc is  necessary. h ~ 1 1  1.01- I21:A rhc 
t t ~ l o l - m a t ~ o n  c;~n be gene rn l~ / cd .  RI-I~;I~~ a]-ca \ L I I - \ ~  

ant1 tl;lt;l ; ~ ~ - c h i \ i n s  method\ al-c ttiapploprlare. T t ic  
l : - M a l ~  h:l\ excel lent p o \ \ i h ~ l ~ t ~ c s  101-  t l a l ; ~  l u \ ~ o n ' \  
hccau\c i l  i\ \talc-independent. 12tnhctl. t c l ; ~ ~ c t l  c I i ; ~ t  t \  
III \ \ ~ r l c l )  \ ~11-b in: \talc\ a n d  i n i o ~  n l ,~r ion conrcnr. 
~ n c l u i l ~ n g  \e l ->  h i g h - r e \ o l u l i o n .  l o c ; ~ l  \talc anrl 
r c f ~ o n a l  scale chart \  that may ho ld  \ el! c l ~ l l c ~ c t i r  Ih~tr 
ICI;IICII i n l o l l n a t ~ o n .  can fol-ni pal-1 o l  ;~II ~nlc:latecl 
~ ~ i ~ ~ l r ~ - I e \ t ' l  E -Map .  

T h e  rn ; i i~ i  f oa l  o l  [ h i \  exel-ci \e \ $ a \  l o  m o l e  l u l l )  
c \  a l ua~c  E -Map  data f u \ i on  and comlni lnlc.~l lol l \  Ll\ln: 
ho1h c c l l ~ ~ l r o ~ i e  and Inmar \a t -B 141. the I i i yh  \peed 
(l1:11;11 (1;11;1 c o m m u n i c a t i o n  \).\ten1 15 1 I l i g h  
I - c \o l u t i on  \ e n l l o o ~ -  image \  ( \ i c lc -scan.  t c l l c c t i o ~ i  
\ c t \ ~ i i i c .  \ ideo) .  ~~nage -based  ch;~t-t\ ( t -cg i \ l c~-c t l  \ i t lc-  
\can). i lntl 11-a~nc-grabbed Irn;lgc\ a \  \ca l loo l  \ iclcci\. 
c o ~ ~ l t l  a l l  he l nadc  p a r t  o l  I l i c  IC-Mal, ;11icI 
co rnm~~n~cc r red  a part o t  a n  i n ~ c g l a t c t l  ~ n l o r m i ~ ~ i o n  
11;~La:c I l ~ ~ p l i c a t c  chart \  o i l h e  alca \ \ c ~ c  c \ ~ a h l ~ \ l i c t l  



otr the NATO 12escarch Vessel (RV) ALLIANC'E ant1 
a[ SACI.,ANTCEN. The \hortest intcrv;ll\ hctwec~r  
data ca l~ tu re .  ; ~ n a l y \ t \ .  and E-Map updating ~ t \ i n g  
eIec11-olric e o ~ ~ i ~ ~ i t ~ ~ i ~ e ; ~ t i o n  \\ere a l \o  t le term~ncd.  
In\truclions as  ro which agencle\ were to he informed 
;111d \ ~ , h ; ~ t  Icvel oC tntcl-action \r a \  expected \let-e t\suecl 
hy the C B C  an,llogue i~ntnediately prior ro b e g i ~ r ~ r ~ n s  
thc e\crct\c.  The I-ule\ of the game. a \  such. were 
p ro~r r~ t l f ;~ t ed .  A f'lrst operational ta\hing was thcn 
t\\uecl: r l i ~ \  rlltr~ated rile frrst en \*~ronmen ta l  \urve! 
and I . C \ [ I ~ I I ~ C ,  whtch ~ n c l u d e d  colnniunlcatlng the 
~n tcg~- ;~ tcc l  up-elate t n f o r m a t ~ o n  hack to the C B C  
a n ; l l o g ~ t c .  A f t e r  m e r g i n g  a n d  a \ \ c \ \ n r e n t  a t  
SACI.ANTCEI\ ' .  a second operatlolial taskin: l o r  
more de tn~ lcd  information in an area selectetl on the 
h a \ ~ s  ol'scsult\ gainctl during the fir\t  a \ \c \ \ lncnt  u a \  
I \ \ L I ~ ~ .  Thi \  yenel-atcd a jecond response, whtch war 
con\idel-ctl Ilie clo\e of the structured interactive RF:A 
exel-else. Cat-c usas taken to Insure [hat all infortiiatio~i 
comnrttn~cated u a s  of operattonal qualtty 

5. KEA in an operational situation 

5.1. 1 Exercise Setting 
The olxr;~trolial \cenat-lo wa \  babed on tlie ne,lr-let-m 
poss ihr l t~y (11' ;I reill oper;ltion In the ea\tern A ~ I - ~ a t t c .  
\vlicre NATO ~rc~ni'orccment by sea might be neccs.ial-y. 
A I I I I I I C  tI11-e;lt 111 the larldtng area could he alrr~cipatccl 
.I\ a ~po tc~r t~a l  tlanger to any amphtbioui opel-atloti cvcn 
though no \ h o r c l ~ n e  rhel-e \?a,$ pre\ently l io \ t~lc .  The 
oblcct~ve was to collect and interact~vel) colnniLtlrlc;1lc 
cnv~l-ontr rcnta l  data  l relevant fo r  p l ann ing  M C h l  
o lx~- ;~ l ions .  ~noc lc l~ng  a future colntnand and control - 

olxraliotral ncliv~ty. In preparation for t h ~ \  po\\thle 
even[ .  the  s r ~ - ~ ~ c t u r e d  exe rc l se  w a s  d c ~ t \ c d  tliat 
c o n \ i \ r e d  oT 3 par ls .  I .  Rapitl  env i~ -onnrcn [ ;~ l  
; l \ \ c s s m e n l .  2 .  M C M  operation ; ~ d v t c e .  3. 
Amphihtoit\ landing operation advice. 

5.2. I<xercise aims and organization 
T h e  ~rre t l ro t lo logy ~ n v o l v e d  r n t e r a c t ~ \ c  E -L l l ;~p  
c o ~ i i r n ~ ~ n ~ c a t ~ o n s  ~ t s ing  ~rcal dataset\  acqu~rct l .  l'usccl. 
airtl conrrlictnicatcd under [he  pre \ \urc  ol ' r i~ne.  ,A Tirrr 
survey ~ n t o  the bcacli approach area w ~ \  fol loucd hy 
a \cc~~ncl ,  I I I ~ I - e  deta~led tnve\rigation ot a selcctcd I;inc 
,~iti .r  re-r;~sLing Srom SACLANTCEN. Tht \  ~ o I I o \ I ~ ~  
tllc liormal practice I'or picking the hest na~-~-oiv  hcacli 
a p p r o i ~ c h  latrc t'rotn an initial  d'lta se t .  ancl tlicn 
asses\lt ig t h a ~  In gl-eater d e r a ~ l .  O n  hoth \ u r \ - e > \  
pictut-c* ucse  captured Erorn the side-scan w n a r  In real 

time wl i~ l c  the h ~ p  wa \  moving: \idea Illrage\ of 
a \ c a g ~ - a \ \  meadou f r ~ n g ~ n g  the \u~- f  Lone u c r c  
tiratlc at \elected point\ .  Scans of the rcflect~otr 
sci\mic\ h e r e  linked along the tracks. and a hollolrr 
analy\i\  for the line wa\  extrapolared Into \eafloor 
c l a \ \ i f~c ; l t~on  chart.; for- the area bawd  o n  \ta~id;trcl 
NATO nolnencl;~ture. .A seaf loo~-  ch;lrt ol' \ p t . c ~ l ~ c  
MCM ;ittrlhures \uch as  the antierpateel tnittiihe~-ol' 
~ r r i n e - l ~ k e  olqccts per area. \\,a\ ;ll\o pl-otluced. 
Based on these charts and the asrocrntecl Ilriafcs. 
w h ~ c h  \\,ere merged \vtth a dup l~ca tc  copy ol ' the  
chal-t at SACLANTCEN. a I h\ tl - w~clc lane \\*a\ 
\ e l ec t ed  i n  what  wa(  j udged  to he the  most  
I'nvorable (eatloor cond~ t rons  fol- MCR.1 ; ~ c t t \ ~ ~ t ) .  

5.3. Exercise Activity 

FI,-.Y/ o l x ~ r u c i o ~ ~ u i  ic~shrrig ciiid ro.\~xnr>c~ 
I .  Contluct an MCM area \ul-vcy a lo~if  clrannel X 

([nap layer and locations denoted). 
3. The following envlronrnentnl parameter5 s h o ~ ~ l d  he 

reported to SACLANTCEK- 
A. Water depth. 
B. Seahed profile. 
C. Seabed composit~on. 
I). I.lhelthc)od of mine hurial ( \ c o u ~  .lncl 1mp;lctJ. 
E. Inctdence of Seagras\ and othet- \ ifnrf~cant 

biological feature\. 
F. General \catloor areas and den r~ ty  ornarur;illy 

occut-rtng mine-like \(mar echots. 
C;, Any other notable attr~bures. 
1 .  Provide estimates for rrme to colnplcte lash ancl 

time to transfer procc\setl d;~ra. 

The area wa\ entered twice: the fir\[ time \r irh [lie KV 
ALI.IANCE cont~nuously {ailing at 4 knot\ ;~cqutring 
high-resolution retlection (eismic I-ccortls. ude-\call 
sonat-, multtbcarn (SWATH) bathymctry. ; ~ n d  u\ing 
expendable oceanogr;tphic mc;t\ur-erne111 lools. 

Wherever possible. text infol-matio~l w a  ~ncludecl 
(Ill-cctlg on the chart layer to d im~n i s l i  po\ \ ib lc  
conlusion and enhance \uabtlit). The Image data 
pt-ovidecl add~ t iona l  \upporttng ~n l ;o l -~na t~on  that 
was used at the Command and Colltrol an;~lofe  to 
v e r ~ l y  the at-sea interpl-etation,\. A l t l i o~~gh  11 \ \~o t~ ld  
h a v e  been  poss rh l e  for  the  clectston for  the  
place~rient of the i n v a \ ~ o n  lane to he maclc l'rom 
the map layer\ o f  5eafloor type5 aloni.. tlie a b ~ l ~ r y  
to l ~ n h  the support ing ~ n f o r m a t ~ o n  [ o  the niap 
layel- \ .  g a v e  the  C & C  a n a l o g u e  tnc rcasc t l  
conlidence. 
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The rcspon\e 10 rhr first t;i\Lin$! con\~ste i l  of 10-1 5 
new Inap lavers alicl hu~~d~-ec l c  ofllnkecl f ~ l e s  conn.;lrrlns 
o i  lest.  r,~l?lct. n ~ ~ m c ~ - c ~ a l  dara. and i~iiages. 1111,1ycs 
cons~.;rrcl of .\ln;lr I‘I- me\ \elected tl-0111 I I I C  soal'lvor 
V I ~ C O . ;  o f  I I I C  core S I I C S  ; I I ILI  the \easras.; ,lle,lr. r ~ t l e -  
se;111 ~ O I I ; I I -  1111;1$ey ~111eii1ted il-orn the ~ O I - I I I  of 111e1r 
O I - I ~ I I ~ ; I ~  rr;~lLt~~n(-.  caplul-e. and \cans of rhr rrl'l(-.c11on 
\cl\nilc \ccllolls ;~lolig the track. In all ca\ec. each 
image M';I\ l i l~kcd l l i ro~~g l i  11 f ~ l e  ria~rie lo 111c local io l~ 
oli [he  (.;IS r ~ t l e  of l h r  E - M a p  \o [hat all im;lgc\ c o ~ ~ l t l  
he accc.\\cil  d ~ r r c l l )  Ih~-o~~ : l i  t he  ( n a p  g r a l > h ~ c ; ~ l  
~ n l e r k ~ c r  ilhlng the ~ i iou \c  TOI- \ c lcc t~on.  Nulnc~-lc;~l ~ I ; I I ; I  
Sro111 (lie ~ ~ c r , ~ n o y r a p l ~ ~ c  ca\ l \  W;I\ placed in f ~ l r s  wll111n 
the apprr'I>rlLIIc l'oltlcrr on the real t~onal  da l a l~ase  s~c lc  

ol' [ h e  E - M a p .  a n d  ~ 1 \ o  l i l~het l  lo  Inap la!crs for 
gr;lphical \elcclio~i.  Sollie texl M ; I \  ~)rii~leL.tl tllrccrlq on 
III;II) Ic~yer \ .  u l i ~ l e  othel- 1 ~ x 1  wa\  col i la~~lct l  i l l  Word 
I'roccsso~- file\ (later convcl-lcil lo Cl7'1\.1l.. I'or tllrccl 
I I I I C ~ I I ~ I  ; I C C ~ \ S ) .  slid in table\ rhar coultl Ilc I r a l ~ \ ~ n l ~ ~ c d  
~ I ~ ~ I I I  ;I \\'(>I-d Procecsor d o c u ~ i i c ~ ~ l  or ; I \  ~ ln ,~ye.c  \a\,rtl 

. , I Iic I I I I I ~  rc11~11rcd ~ I - O I I I  the heflnnlny o l ' t l ~ c  slirvry 10 

l l l c .  c o ~ i i ~ i i u ~ ~ ~ c a t ~ o n  o f  the 1111e2r;1tetl ~ l a l ; i s c ~  \\,,IS 
c s~ rcn ie ly  ~ l i o r t  ior t111.;. tvpc o i  acllvlly. 4 hiiurc oli 
llic rir . ;~ survcy I-un \$*as io l lo \ \~r i l  lhy 2.5 lho~irs ol' 
S ~ I I I I I J I I I I ~  i111d ; I I I ; ~ ~ ~ S I T  of S C ~ I I I I C . I I I ~  ;IIIL.~I V I C I C O  
~ ~ i s { w c l ~ ( u ~ c ~  3.5 l iou~-\ f o r c o ~ n l > l c I ~ o ~ ~  of;ill 'Ii,~rl la!rr\ 
. ~ n d  In1erpret;ltlon followed, 1111c1-spe1cctl \rl lh mc;ll.;. 
- 1 ' 1 1 ~  \VOI-h h e s a n  wi lh  p l ~ l l i l ~ g  I I I C  S P O I ? I I ! S I C ; I I  
cqu1l3111e111 111 llie \v;rter at about 0X:OO ant1 coliililulilcat 
M ; I S  achlc\,cd h y  about 20.00. The conllllllnlc;llloll 
I I I I I C S  [ h r ~ n \ e l v e \  were a l \o  I i o r t .  
I .  SIIILIII ~ i i e s sa fe \  w ~ t h  i ~ t r t i c h ~ i ~ c ~ ~ l \  or ~ I ; I I ; I ,  c11;11 I S ,  

l ~ ~ ~ t I  111\1r~1cliotlb, elc., each rook ,lhoul I lnlllnlr Iol;11 
fronl "hr~itl" to completion: lolal al>olll 20  rrlllllllr\. 
1. I larsc Iiiessage via In111ar\aI-l3 o r  Illla?". ~ I I , I I - l  
1;lycrs. i l ; l r , l .  .lnd mcsuape. Thc Irail>Fc:r r,llc .~i.I~lr\*cil  
L I S I I I ~  lllc I ~ i ~ l l ~ ~ r ~ a t - B  \v;I\ vel-y close lo lhc r l icorc .~~c;~l  
1 I I I ~  \pceii ol' (14 Kbph. NRV .Al,.l,.l.AN(~E I I I ; I I I ; I ~ C ~  10 

l r a~ i \ f c r  56 fi1c.u fol- u rot~il 01' i.; MH of iliil,~ 111 I .3.S 
111111. '11 ,111 d\,cr;Iyc speecl o f  52 K h l s  

i..?.'. S ~ ' l ~ O 1 1 1 ~  / " . \ X I I I ~  ilil(i l~e..\/"ll'.T" 
' r l ~ ~ s  wa.r \en[  ;rfter ;tn e\,oluat~olr o f  I I I C  l'li-51 resljollsc 
; I I  S.\CI..AWTCEN f o l l o w ~ n g  mergllif of ~ h c  ncw I!.- 
hl;~l>tlal;i ; r l r i l  :~n;lly\is by Ope~ntlon;ll  l icscarc l~ C ~ I - ~ L I ~  
.\l;~Ff. The \econtl. anti narl-owrr area \\Oar ~ t l r~ l r iS~e t l  ;I.; 
l3c111g ~ h c  probable i n \ . a \ ~ o n  I;lnc lo 111c I~c;~cl l .  h 
dclailctl \rlr\ey of Lhc 1 ,000 )artl-\\ltlc clia1111c1 wn\ 
111~11  ~ l ~ l l ~ a t e d  \o that c o r n r n u n i c ; ~ ~ ~ ~ ~ ~  oI'l~r\*. nl;ll> 1;1yc1-\ 
lo  SACI.AN.I'CEN in an E-Map t o r ~ ~ ~ a l  c o ~ ~ l c l  bc ~natlc.  
.l'l~c li~rrc\ fol. mahlng the c n v l ~ - o l ~ n ~ e n l , ~ I  t l c \ c r ~ p ~ i o ~ ~  
;~nt l  I I I ~ I ~ S  ror r ~ e e o ~ ~ i p l ~ s h ~ l l e I I t  o f o h j e c l i v e ~  \VCI-c ; ~ l so  
~r lo~~irorecl  CIS part o r  the r \pe~- i~ i r cn t .  



F ~ g ~ i i e j .  7rrr;gc t;?sidp-~cori .inr!c!%rc~,g/i (grf!h" sec&~:~;ardr 
ner,  0:: Fi8. A) ~ ~ ~ o ! u l i ; g  7 t - r ~ ~  ,IIC!P:T C ~ S F ? ~  C J C ) ~  IY'L.L~~,F 'ptb 
.re,qiyisj ZarIc. 100 I,.! cc,ci.~ .ride ,krirrr ~~~~~~~r. rquo I rtnc 
scr/ ia. 

. . I h r  1e?l>c111se l o  r h ~ c  scconcl I '15li11ig COI~I I?~I I IS I ~ F  I\VQ 
c l la r l  I,~yc~-c co r i l a~ r~ l~ - i i .  lhe  recj~i l ret l  111~orrri.1l1oii wc rd  
c o n i p l e ~ c i l  <IIICI CIIII-III~~III~C,.II~~ 111 SACI,AN'I'CEI\( 
P ~ l r s  . ~ ~ ~ , ~ c t i c t l  ro . i r l  t-1~1,111 rri~~s.i;t: *an[ I rorn ;I pi!rt:~DIt 
ci1111pu1u- I lcar 111c E - ~ ~ . I c ,  cn l r lp l l l c r  W I ~ ~ I I I I  I 5  I T I ~ I I L I I C . ~  

i > T  r e , ~ c t ~ i ~ ~ g  ti le crril g F  111c I,i~re ;;llr\-?y. 111 . ~ t l c ~ i ~ i o ~ ~ .  6 
f1le.c f r ~ r  a i c tn l  nF2.3 MB. \vcrc cr~l-nrr-rl~nic;~tcrI il-I 5.6 
mril. T r r~ l !~  N R V  A L L I A ~ ~ C E  10 t l ic N : ~ \ ) ~ i l  Ur~rIc:i-s::n 
Warfare C c n ~ e r  !I\JU\.VC) III N e \ v p o r ~  RI. U.S.A.. TQI- 
, i c scss r r r~ r~~  1 1 1  ~ h c  cclniexr c F a j o ~ l i l  L.F,4S p m ~ r a r ~ i .  A 
f111-tIicr l<~r:c CQITIIIIL~IIIC:III~:III \.V;IS rv~,~clc 1.c~ IJLI!L;II ...- . 
N a v y  resc%j~'cl.r ccrilcr, 

' ~ L I ~ ~ c ~ I I I I ~ ~ ~ s ~ c ~  CI\ICSI,I~ c ~ f  IIIC .YL~L,OII<I \LIK;&~ LI~!()~I 

III-\I ( I  ig. i l :~ S ~ I C I L V ~  ~ I I C  s l 1 2 I i I  1 1 ~ 1 1  \ ~ ~ I I ~ ~ ~ C , I I I I  
~ ~ i o c l ~ I ~ i i ; i l ~ o ~ ~  i1rnre.1 I?(ILIII~~;II-ICS. N o l r  1/1;11 rnrI(  ( r ~ r l ' l  
In ~ l i c  > l i ; i l l vwe~ l  :~rc,~ rc .~c l icd  011 lt ie secontl I l lre occurs 
l jn  rl ic _ c c t ~ f l o ~ ~ -  ~ l i i s  i s  i ~ ~ ~ c ~ - p ~ - c l c r l  In  l l i c  ovcr:lll rl.1.11.1 
CIS <I cc>lrlllll.lrjrl> ~ac l :  ~ IC ISE  111~11 r ~ j l l o i \ ~ s  ,I ~ C S ~ > I ~ I I I I  
~ e ~ l i ~ ; i c a l  IIII~I. -The I~E~ I ! I I Z  cif 1111:: very de~. i i led  . c ~ ~ ~ r l y  
\vcrc i ~ ~ c o r p o r ; : ~ c d  i l l  ~ l i c  ovcl-al l  S i c i l i ; i ~ ~ - T u i r i s i n ~ ~  
I ' l , i~fr j r r l l  E-Mill? ~ l - ~ c j r ~ l y  <rTrt.r r . t ! r n l ? l e~ io~ l  o r  l t ~ r  ,. c.utrclsc. I l le mi.ll:, l,~yer:: ~I.I~.IWIII$ 11.1c s::tI~rnci~r r yp t s  
: i ~ i i l  r o c k y  s rc r f loor  aerc: f d ~ r c d  anrl ~ ~ l ? d : ~ ~ c c l .  I r r  
~pr~~ lc i l? ; i l .  11:is ,111r i1~u1c o f  u l ? d , - ~ ~ i ~ i  c c r ~ l r l  I:c cvr r i tc l  

or1 ?<>pies CJF l,~r;e rrl;lp l , lytr3 50 I I ~ ~ I I  111e r i r i g i ~ r , l I  

i ~ ~ F o r m ~ , ~ r ~ o n .  W I I ~ I ~ L I I  111e 011-sire presence o f  an  
e r~v~ ron rnen ta l i s r  who c o l ~ l d  v r r ~ f y  the new dara  a11d 
ovr.~%c the cdi!in: o f r h e  npp rop r i a~e  [nap 10ytrg. cr?i~lci 
bc e d ~ t e r l  ;:ice 1t1e f!veri~ll daraser wichour 1os11.1g al ly 
of  [ he  nng l r ra l  n'rap layers. T h i s  select ive a d ~ r ~ o r i  IS a 
fc:i~ure O F  GTS irrid 1s cine o f  the ma711 reasoris w h y  a 
user  Frol i~ber ir l  e ~ i v ~ r o r ~ ~ i i p n ~ a l  I nFo r r r~ . i r i o~ l  syslerr l  
sl.iouid be C I S  bused. r : ~ r i ~e r  rhan belrrr  ~ r c s i d c ~ i t  111 

s i ng le  f ~ l e ~ n i . . i g c n  o r g r ~ c l d c d  darnbascs. 

FOIIO\VIII& 111e e n d  o f  [ h e  secorici survey .  video 
inspscr lorrs o f  rhc ourer  s u r f  zone ( t k  . cha l l ~ \ . ves~  
re;ichctl by  he I < V A L L I A N C E !  uvere r r r a d ~  c t l o ~ ~ g  w ~ t t i  
det.a~lecl i ~ i s p c c ~ i r ? ~ ~  nF111c seagrass t o n e  Fur abc1~11 an 
hour. C c l o r  Irnaxcs wsre capt~11.cc1 i n  rail- me. us ing 
t h c s e m e A V c o ~ ? : p ~ ~ t c r  t t r a~  W R 3  wsccl to capture ' t iages 
f r o m   he side-SC;III sonar. 
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The  concept o l  L I \ I I I ~  t l ie F.-YI;lp a \  a prlmnr! I l lcal l \  o l  
comml ln l ca t l l l g  coml,lex geog l -np l i~cn l l>  r c l e ~ c ~ i i c t l  
in for lnat io l i  \La\ 1pro\e11 161 The plc\el i r  c; lpahl l i r~c\ 
o f  the E-M;lp L I \ C ~  111 t I i ~ \  e x p c r i ~ i ~ e ~ i t  call ;II-C~I\ e ;IIICI 
locate ~sap~r l  CII\~I-onmental as\e\\ment infol-rn; l t~ol l  o l  
ope ra t~ona l  chal-i~ctcr. appl-oprlate f o r  M C M  a c t l \ ~ t ~ c \  
Interact ive REA ; ~ c l i v i l l e \  I n  a d c i g n a t c d  a l ~ ~ p l ~ i h i o u \  
I n n d ~ n s  / one  u c r e  \ u c c e \ \ f u l l y  c a ~ - ~ - ~ c c l  our a \  all 
~ ~ i t e ~ - ; ~ e t i \ , e  \ I I - L I C ~ L I ~ C ~  cxerclse 
The  E-h lap c l c ~ i i o ~ ~ \ t l ; ~ t e d  i t \  cnpahllit) to commilnlcatc 
de ta~ le t l  allt l comple \  111Fo1-mat1on I-ele\ant to \1('\1 
ope rn r~on \  I n  a \el-! \ h o ~ t  t lme I n  fact. 2 c h a ~ t  I,I!~I\ 
c o ~ i \ t i l ~ ~ l t ' ~ l  l l i c  c l ~ t ~ r i '  ~srpl! to the \econcl I-LIII 111ro lhc  
beach Once rhc a l t r ~ b u t c \  o \ e l  a g rne~, l l  a l>l>~oacI i  
al-e;~ u c r c  Lnou l l .  f o o d  placenielir o f  a \econt l  I ~ n c  
a l lo \ \ed ;I t l e t ,~~ l c t l  p lc ru lc  lo  be g,~inecl 111 a l lno \ [  lea l -  
t lme 
O f  C O L I ~ \ C .  d c i ~ l ~ l i g  u l t h  ;I rei l l  thl-eat bq ca l - r )~ng  out 
an K E A  where m lnc \  nray ha \e  already heen laid.  a 
ship l i ke  the R V  AI. I . IANCE probably w o ~ ~ l d  11ot be 
L I S C ~  H O M C \ C I .  w ~ l h  e111~1~ging rnethoclology ant1 
re lnotc  data a c c l ~ ~ l \ l t i o n  s y s t c m j  w ~ t h ~ n  reach. the 
potentla1 o l  the I i - M ~ l a l ~  \) \ tern demonstl-atccl di11-1np rhc 
exercl \e i \  clc;il- The cl;ita col lectet l  u a \  t'u\ccl i n  the 
€ - M a p  \ \1th111 a I c \ \  h o u r \  and  c o ~ i i m u n c ~ a l c c l  
i ~n rned~a te l !  111 \uch a \\.I! that ~t cou ld  he \ I\LI/~III/CCI 

7. Operational potential 
An expanclctl I l - M a ] >  e o ~ i i n i u n i c a t ~ o ~ ~ \  concept Il ia) 
c o n i i l -  \ i g n i l i c ; ~ n t  i r np l -ovemen t  i n  ,I n u m h c ~  ( 1 1  
opel-ational alca\. lot Il i\tance, M l n e  Countel--Mca\u~-c\ 
Ve\ \e l \  ( M C M V ) .  ~ n c l u c l ~ n g  drone-sh~ps M C M V  unit\ 
can LIK an [ I -Map  a a Tact ical  Data  Sy\tenr w ~ t h  the 
E -Map  tahlng a feet1 Slom the \hips'  n a \ i g a t ~ o n  \ y \ t c l r ~  
I n  a t l d l t ~ o n  to the M C M  clata c ~ ~ r r c n l l y  hc ing  accl~111-ccl. 
the E - M a p  can he cxpanclecl to add l ~ n k e d  \on;lt-picti~rc\ 
o f  object\ (11- \ ldco I~OIII 110V\ .  ancl text ant1 IILIIIICI-IC;I~ 

data. MIIICI~ I \  1 1 1 1 ~  hepl (111 tape I n  their on11 ; l l -chi \c\  
€ - M a p  t l , l t ,~ I \  ~~ i rcnc lcc l  I'ol u \e  o n  \ m a l l  d i \ c - t ! l x  
d ~ g ~ t a l  \>\ICIII\ \ \ l ie le  CIII-ect access o f  po \ i t l on   nil 
\ u p p o ~ - t ~ ~ i f  clar,~ a le  l i l lhed and he ld  togethcl .  . I - l i ~ \  
l n f o r ~ i ~ ; ~ t ~ o ~ i  ci111 he c o l ~ i l ~ i ~ ~ ~ i l c i t t e d  I n  neall! ~-c;il IIIII~ 
\ \ ~ t h ~ n  the t;i\h f r oup  ;111c1 then lol\\a~-clecl t o  the I-,I\L 
G I - o ~ p  C o ~ ~ i l i i ; ~ ~ l t l e l .  the  A r e a  C o m m a n t l c ~ \ .  ; ~ n t l  
\uppo l r lng  ac t i \  l r i c \ .  \ ~ l c l i  a\ at- \ea l e \ ~ ~ p p l )  M l n c  
Wal-fat-c I);~la <'c l i tc~-\  call qual i t )  cont ro l  neu  E-h4;11> 
I -C~ IS I I~ I~ \ .  u l l ~ c h  C;III tIic11 he C ~ I T I I I I U ~ I C ~ ~ ~ C ~  h;lcL 110\\'1i 
Llie opcrat lonal c h a ~ n  l o  o l h e ~  cl;lta user \ i tc \ .  
E - M a p  U H I I I I I ~ I I I I ~ ; ~ ~ I ~ ~ ~ \  lo t -  M C M  p u r p o \ c \  can  
enconip;l\\ bo th  alea ant1 I O L I ~ ~  (Llrveq. as we l l  ;I\ ; ~ c ~ u a l  
opc l -a t~on\ .  The  o h j c c t ~ v c  o f  ;ln M C M - K E A  \ L I I \ ~ >  I\ 

to PI-ox ~c le  ~cnc.1-al hot l l  \eaFloo~- and occanti:rapl~ic 
en\ i ronmcnl .~ l  clal,~ 1.01 ;ill ;ll-cu to pel-n?lt opt ln iun l  l ou l c  
\ e l cc r~on  Once rhc I-ULI~C ha\ been \elected. h o \ \ c \  cr. 
a mo le  dc ta~ l c t l  t-X1,11) apl>llc,~tinn 111s> be unc l c l t ahc~~  
T h e  d i l l e r c ~ ~ c c  hc t \ r ce l l  the { \ t o  I e \ e l \  ot E-hl; i l> 

ap l> l lca t~on nla! he ~ l lu \ t ra tee l  u \ l nF  \c;lheil contacts. 
I:OI an REA \u r \ c ) .  the oh l cc t i i c  I \  I ~ h e l )  l o  detel-mine 
ant1 111op the 'dens~t ! '  o l  n l l n c - l ~ h c  oh jec l \  on  the 
\ e a l l o o ~  In  order to \eleel I-outc\ thal !pa\\ thl-ough areas 
o l  r c l a t ~ v e l y  ' l o w '  cluttel-. \b 'hc~ca\ the object ive o f  
I-OLIIC c lcar i lnccis to locate prcc i \c l  i l ~ d l v l d u a l  mine-  
l ihc  \anal echoes f o r  mlnc  ~ n v e \ t i g a t i o ~ i ,  cl;ls\i l icatlon. 
atlil. 1 1  nccc\\ary.  cleclrancc pnt-po\c\  
I:-hlap a l l o ~ \ \  l o r  spcc~a l  1nIo11n;ltion-l.icIi naLifauonal 
chal-t\ to he created lot- r e a l - t ~ l r ~ c  M C M  appl lca t~ons.  
~' I I I \  I \  ~ e g a r d e d  by LI\ a \  a Inalol- i l c \ c l opmen t  alea. 
\\111cIi h :~ \  onl !  been touchecl L I ~ U I I  r h ~ o ~ ~ g h  the 
procluelion o l  protot! p r  \ r a f l o o ~  acoi l \ t lc image I I S  
n a \  ~ y a t i o n u l  chart \  i ~ t  SACI.ASTC'I:N 7'l ic\e image- 
ba\ccl char t \  can p ro \  ~ d e  a ne\\ Incan\ o f  s h o \ v ~ n g  
111ec1\el> located detai l  o l  \ea l loor  ales\ ant1 o f f e r  
o p ~ ~ 0 1 ~ ~ 1 i i l i e ~  that arc not a l louet l  h! cul-~-enl 111-actice\ 
Si t lc- \can image\ are used a \  rhc h ; i c L g r o ~ ~ t ~ d  of smal l-  
\talc G l S  cha r t \  and \tnndal-cl image -p l -oce \ \ i ng  
\o I t \v i l~ -e  cat1 be used to edit  the i l i lagc The  images 
c a n  ~ l s o  b e  p r o c c \ c d  u \ i n g  ; l u toma t l c  t a rge t  
Iccogn l l lon  {ol twarc. Thcsc enhanced Image\ can then 
he u \e i l  I n  t h e ~ r  E - M a p  conll:i~ratiolr by  operators 
L l C M  ,I\ the wo rh lng  nav~g; i t iona l  chart  Co lored 
I ~ O I I \  can he pl,lced o n  oh l cc t \  I n  III-C~CI- to con \eq  
~ n l o r l i ~ a t ~ o n  a h o ~ l ~  the nature o l  the ohlcct.  the l e t e l  
o l  c l e a r a ~ ~ c e .  and i n d ~ c a t ~ o l l \  101- ~ I I - t l i c l -  ac t l \ , l t \  

8. E-\lap development for REA 
( ; IS-ha\cd ( o r  E - M a p )  coniniunlcat loI l \  II~;I) 11ot 011ly 
II;I\C i t  111;110r ~ m p a c t  on N a ~ a l  ac t i \   tie\. bu l  on olher 
a c t ~ v i t l c \  lh;lt require r a p ~ d  In tc lac t l \c  con~lnun icnt lon 
o l  thc\e l e ~ e l 5  and volu111cs o l  ~n lo l -ma l i on  acqu l \ i t ion  
al~cl  exchange. At present. Inany 1111lil;try meswges. 
w l l ~ e h  ;II-c l ow  data volulne prinrecl t l ocun l c l~ t \  w l io \e  
lor111 ma\ originally de l lned by  ~ c l c t y p c  technology. 
cor l l t l  he 1x1-gely replaced h y  t l ~ c  E - M a p  1nte1-active 
~ n S o ~ - ~ n a r ~ o n - r t c h  Cot-mat. MIIICII I \  Ie \ \  ~ I O I I C  to error. 
IIJ\ a \el- !  l o \ \  wo l -h loac l  at t he  p o l n t  o f  
~ ~ ~ ~ ~ > l c ~ i ~ c l ~ t i l l l o n .  can bc \I\LI;III/CCI lapl i l l !  l o l l o u i n g  
~ c c c ~ l ' l .  ;!nil \rill al lo\ \  In \ t lucr l ( ln \  to Ihc a c ~ r c l  upon 
\ c r>  raplcll! 

1:111the1- cle\elopliient o l  the \ o l t \ \  u ~ c   nil ol>t l ln l /at ion 
0 1  e ' i ~ \ t l ~ i g  c ~ m r n u n ~ c i ~ t i o ~ l \  C ; I~X I~ I~ I I IC \  \ l i ~ ~ ~ l d  al lo\ \  
the E - M a p  me thodo logy  t o  hccomc  t l ie   ha\^\ l o r  
c o l ~ ~ l ~ l i n g  a n d  d i \ \ e l n l na t l ng  ~ n l o ~ - r n ; ~ t l o n  among 
l lcc t  OI \ e \ \ c l \  operat ing i n t c r a c l ~ \ c l y  I n  rea l - t i ~ne .  I n  
collccrr w ~ t h  remote \Ites E - M a p \  l i a \~c  the potent ial  
t o  l p l o v ~ d e  '1 new  c o r n l n u n i c a t i o ~ ~ \  ~ n c d l u m  I n  an 
~ l ~ t c l - a c t i v e  ~ n f o r m a t ~ o n - r i c h  l o r~ r i a r  

.l-lic pre\en"lcnpab~litics o t  the F-M;lp u\ccl i n  t h ~ \  
C \ C I C I \ C  ; ~ l I ~ u , s  fo1- a r c h i \ ~ l i g  i11 ic I  IOC~I~III~ R E A  
~ l ~ l o ~ l n a r ~ o n  appropr lare  lo1 h4CM a c t l \ ~ t l e \ . T h e  
~ l e ~ ~ l ~ ~ ~ ~ \ l l - ; ~ t c c l  liear real-l ime intcl-acli\c comlnun lcat ion 
c i i p ; ~ h ~ l ~ t ~ e \  \\auld g i \ e  'In o p r ~ ~ ~ ~ ~ / c c l  ,lnil f u l l !  
clc\ clo]-rt.tl \ e r \ l on  of thc \>  \ [c ln  .I nc,lr- ~ i p e ~ a t ~ o n a l  
c.~palhl l l l )  at ~ e l a t i \ e l !  lo \ \  c l c \ c l o p ~ ~ ~ c l i r  co \ t \  413 



T h e  E-) lap nlethoilolo:! t hu \  \ I l o n \  ~ i ~ o n ~ i \ i .  1111  

c l c \ c l opmcn t  .I\ n mean \  (11 IL I \ I~:  L. I I \ I I (~~I I ICI I I ; I~  

i ~ i l o t ~ i i ~ l l i o t i  c ~ ~ ~ c l  ;~ tc t i i \ i t ig  11 fo1~li11111:1l N,I\;II ; I C ~ I \  111c\ 
a n d  lo1 ~ n l o ~ m , l t ~ o n  c r c l i n n g e  / \ l t I ~ o ~ ~ ~ l i  IIIL. 
a n l p h ~ h ~ o u \  a \ \ :~u l t  cxel-ci \c \ho\\,ccl tll,lr ~ l r c  1. \la11 
n1ethod11lo:q ha\  exceptional ~OIC I~ I I ; I ~  lo1 c I c \ c l ~ i l ~ n i ~ ~ ~ i ~  
a an o p c ~ : ~ t i o n a l  too l .  t111-the1 d c \ c l o [ i ~ n c ~ n t  n ~ l l  hi, 
ncce\\ary The  1:-Map al~p~-o; lct i  to el;ita l u \ ~ o n  1n.l) 
h a \ e  p a l - t ~ c ~ ~ l a r  in lere \ t  fo r  1n1111:11y I I C ~ ; L I I I I ~ I ; I I ~ ~ I ~ C  

I2roFl-arn\. e p e c ~ a l l y  i n  an ~ n t e r n a t ~ o n a l  L,II\ IIOI~IIICIII 

nhe l -c  c o l n p u ~ e r  hardware :inti \ o i l u a r c  I \  1111111\i,l> 111 

c \ c t  be t io~no lgated.  

T h e  clevelopment \ hou l t l  ~ n c l u t l e .  I a \ e l  LI\CI-- 

II-icndly in tor~nat ion- layered E-Rl;lp re lc \ ;~nt  1 0  K ; I \>  
\pon\ol-  intere\t \ :  d i R e ~ e n t  N a \ y  del i \  t t ~ c \  I~I:I> I-CCILIIIL~ 

\ome\\h;~t d ~ f f c r e n t  c o n f ~ g ~ ~ t - a t l o n \  o l ' c l ; ~ ~ ; ~  cal i tnlc , I I I~~ 

d~ \p la !  but common object I ~ n h  S~lc  nanle\ can he ~ ~ \ c t l  
among  n n u ~ n h e r  o t  d~ f f e l - en t  ~ r n p l c n i c ~ i r : ~ ~ ~ o ~ ~ \ .  2 
( ! \el- f t -~cndl> and 121-:el! ;lutom;lllc l ~ l c  \ a l e .  c\l1111r. 
11-an\fct-. and m c l - g ~ n g  ~noc lu l c \  m u \ l  he t l ~ , \  c lol ict l  1111- 

ea\! \ e l e c ~ i o n  a n d  \ I\LI~~~I/;IIIIIII. ? IIIICIIICI 
r e c l i n ~ > l ~ ~ p ?  m u \ t  hi. o p l ~ m ~ / e t l  1111  l l i c  Ihi.rl 
cornmunlcdl lon\ 1 The de\elopecl 1 - i l l a l l  II~LI\I he 
p o ~ t a b l c  and I-ohu\t. I t  mu \ t  h a \ c  the c a p a h ~ l ~ ~ >  t i 1  t;lhc 
n a \ ~ g a ~ ~ c ) ~ i  11-on? GPS.  I I G P S  o n  ;ill! ~ i l a r l ~ i ~ ~ ~ ~  111 

opportunlt !  01- f l - o ~ n  a hani l -helcl  CI'S IIIII~ i . \  
n;l\ ~ g a t ~ o n a l  l n r c r f a c c  t o r  \ c l c c t ~ n g  : I ~ I I ~ I I I I ~ I ~ I L  

po\ltlotl: l l lllpLlt\ ' l l l c l  l l lL lp l;l>el-tcl:ltloll'll tl:lt:lll<l\c I1lc 
:eneration \v i l l  sreat l )  a ~ d  data ILI\III~ I n ~ l i ~ ~ i \ i .  ~III-L,CI 
ttlcorpnr:~tion o f  Inia:e\ i l o n ~  Il1gli-re\o1~111,11 \I~~C-\C;III 
ancl ~ r l l e c l i o n  \ e ~ \ m i c  equll,menl 1111 d ~ g ~ l a l  1111)111 lii 
an  E-Map: p o \ i t ~ o n  or  f ~ l e -a t -a - t ime  Inpl l l  ;ILIIOII~;I~CC~ 

6 S t i ~ p - t o - \ h i p  a n d  \ h ~ p - l o - \ l i ~ ~ ~ c  I l l t c l a c l l \ c  
co~nrn l~n ic ; l t ion  I n  near real-111iic \IIIIII~~~ lie cclu,~lly 
\nlooth. n ~ t h  any c o n l l n ~ ~ n ~ c a t i o n \  \ ~ \ I ~ I I I  c,~p,llilc 111 

c l c l i v e r i n g  d ~ g ~ t a l  t i l e \  7 .  M u \ l  he ;~hlc.  (11  

c o n l ~ n ~ ~ n ~ c a t e  between a l l  sltes I n  near- ~ r c a l - l ~ n ~ c  

Thcre  i \  a further ~ c c l ~ ~ i ~ - c r n c n l  lo1 v c ~ y  higl1 clu;ll~t> 
cnv~ ronn i cn ta l  ~ n l o r m a l ~ o n  lol-  \ h o a l ~ n p  anrl ~ ~ c a ~ - \ h ~ i ~ - c  
11ltor;~l  a!-ca\ N e w  rncrhods ncct l  l o  he c l c \ c l~~ l i cc l  at 
l o w  co\ t  to l c covc r  [ h i \  ~ n f o r m a ~ ~ o n .  w h ~ c l i  can onl)  
bc obtained by h u ~ n a n  Inrcr\cnclor i  i n  the \IIIII~ rcl-ln 
A t  pl-c\cnt,  thcl-c is  no systenlal lc h ~ g h  I L ~ \ I I ~ ~ ~ I ~ I I  

\ ca t l oo r  and ncar\hol-e mapping \!\I~III III 11\c i\ 

pl -o to~ype \>stern ba\cd on ~ [ ~ c t - a l ~ o n a l  \ c i c n t ~ I i ~  i l l \  i l l y  
m c t l i o d \  h a \  h c c n  elc\clo[,ccl ~ i ~ ~ y i n ; ~ l l !  at 
S A C I - A N T C E N .  L;i Spcr i ;~ .  I ta ly  I n  c o ~ ~ j u n c r i o n  wi l l1 
I ta l lan  % a \ !  MC\4  ;1ct1\ ~ l i c \  I t  I\ p1-c\c1111! I I I I ~ C I  

i u l - l h e r  d e \ e l o p m e n t  at N K L  I r  i \  ;I c ~ r n ~ l ~ ~ n c e l  
o l ~ \ e r \ ; ~ l ~ o n a l n i c a \ ~ ~ r c m c n t  \ \  \ ten1 1 0 1  [ ) I \  C I  

C I I ; I I , ~C~~ , I I / ; I ~ I~~ I I  (11 IICC;LI~II~I;IPIII ;II~LI \C;I~~(II)I \ ~ t e \  
to ~ L ~ I I ~ C C ~ I I ~ I C , I ~  \ i ,~~ ic I , i~ ( l \  \\ ~ t l i  o I l \ c~ - \  ;IIIO~\ (1111 111: the 
i c l u ~ \ c  0 1  c l ~ \ i . \  III \\ h1c.11 the t - c c o \ c ~ r J  t n t o ~ l n a l ~ o n  
i.ao he IIII~LII 11 i t 11  ;I c ~ ~ i i l i i ~ ~ e r  clr1t;~h;~\c \ I \ L I ~ ~ I / ~ ~ ~ ~ o I I  

\! \tc111 I111 I;I~IILI ~ I ~ I I I I I I L I I ~ ~ C ; I ~ ~ ~ ~  T l i c \ e  ~ l ~ i t ~  \\ 1 1 1  
17111\ iclc 1 0 1  1i:1\1c li1:11 ~ r e \ o I ~ ~ t ~ i i ~ i  \ cL~ l l o (? r  tnorpholo:> 
'III~I p l ~ > \ ~ c ; ~ l  ~ I L I I ~ C I I I ~ \  c l~t : \ ,  \ \vcl l  :I\ \er! dct~111cd 
o c c a n c ~ y ~ a p t ~ ~ c .  I I I I I I I ~ ~ ~ I I ~ I ~  that i \  ~ ~ \ e f u l  i i i  theit- o \ \ n  
~i;!llr ;III~ <11\o \41ll p r o k ~ d e  g ~ o ~ ~ n i l - t r ~ t l l  to :ICOLI\IIC 
\'all11111 ~naplxn: rcc1111ique\ .\lthou:h the d l \ c ~ -  t lat ;~ 
I I ~ I ~ ~ - I I ; I I I ~ I I  ~ c c ~ c l ~ i y  t ~ i i  i  I e l  ~ tn t l c r  l u l l  
~ l c ~ c l o ~ ) ~ ~ ~ c ~ ~ t .  I[ \IIIILIICI be co~ i \ ic le rc i l  :l\ :I LI\~IIII ]p:111 
111 ;III o \ , c ~ a l l  I.-M:III \ y \ l cn i  

9. Conclusions 

I3! c o n i l i ~ n ~ n f  l h c  I . - X l a l ~  \ o t r \ \ d ~ - c  ope~a lec l  I n  a 
.\I~,IIccI' ~ICCIIIIIIIC C O I ~ ~ I ~ ~ L I I ~ I C ; I ~ I O I ?  t ~ - a n i c \ \ ~ r h  'lnd 
I n t c ~ ~ i c ~  tcch~~oIti:>. ~ n i c t l i o d o l o ~ ~  h:l\ hccn de\ i . lope~l 
that IIII\\ a l l o \ \ \  lo1 the ~ c a l - t ~ ~ n e  \ha l l r ig  ( ~ i c o n l p l e \  
g c ~ i ~ t a ~ i l i ~ c a l l > - I - e l e r c n c e t l  dnt,~ \c t \ .  T h i \  , l l l ou \  tol- 
~ c a l  t l n c  clat,~ l o  he current (111 :I t i ~ ~ ~ i i b r r  01 p la [ lo rm\ .  
IIICIIICIIII? c o t i i ~ i i ~ ~ ~ i c l  center\ .  at almost the \anle tlrne 
I l lc I c c l i n ~ i l ~ ~ g >  ; ~ l \ o  : i l l o \ \ \  f o r  n e u  ope ra t i ona l  
~ i ~ - i ~ w d ~ ~ t e \  to (IcvcIo11 ha\ed on  the enhanced anlounl 
0 1  u \ e l u l  ~ n l o r r n a t ~ o n  that can be c o ~ n m ~ ~ n i c a l e t l  and 
l l rc \peed \ ~ ~ t h  n l i i c h  colnnlun1cat lnf  \ l tes  can he 
ca\11) ~ ~ p c l a l c d  

I:OI cl;~~a lu \ ion .  thc ab i l i t y  l o  both  communica lc  not 
cinly a packet o l  in lor~n; l l ion. but to e d ~ t  i t  intet-acl~vely 
;I( mo le  I l la l l  one place o f l e r \  cxc i l i ng  p o \ s ~ b ~ l ~ t ~ e \  A 
lu l le l -  o l l c ~ a l i o n a l  i ~ ~ i p l e m c n t a t ~ o n .  h o w e l e r .  w o u l d  
~ ~ t o h : ~ l i I y  ~ i o l  ~nclucle the capabi l i ty l o  d ~ r e c t l y  e d ~ t  map 
layer\   nil I ~ l c f  a1 eve14 c o r n l n i ~ n i c a t ~ n  \ I le  

i Z I t h11~1~ t i  ! l ie l ocu \  o l ~ h e  cle\eloprncnt dc \cr~hec l  hel-c 
h ;~ \  11cc11 lot  a 1111litar) a p p l ~ c a t ~ o n .  the methodology 
can :II\II l ie appl lct l  to n o ~ i - ~ n ~ l ~ t a r y  a g e n c l r  \uch a \  
[;I\\ ~ 1 1 ~ 0 l ~ ~ ~ l 1 1 ~ 1 1 1  ; l l l~ I  C I \  1 l ~ ; l l l  i l [ l p l l ~ i l t lO l l \  \ U C ~  ;I\ 1113P 
;111cl ~II;II-~ upcl;~tinf 
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1 .  Introduction 

2 .  4 cluich look at experience, at 
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,111 ~ I I I ~ I I , I L , ~  t o  ~ l i c  \ I ~ i p \  1rai1:11 I ~ I O ~ . I C I C \  
I I~~( I I I~ I ; I [ I I~ I~ ;I~IIIII \LIII;I~C \ h i p \  I n  thc ale;]. tl1;ir III;I! 

CCIIcI'Ilc .1c011\11L~ ccllOc\ \I t l l ~  c1:d ( I f  C'ICII 11111. .l\ 

\\ell ,I\ IIIIIU 10. i l i l l - ~n f .  , lnd . ~ t t c ~ -  to1111al C \ L . I ~ I \ C  

~>ll; l\c\. ;I ll; l\ lc , 1 ~ ~ l l l \ t l c  l - ~ l l L ? c l l ~ l l l  llI;l]> 1, ~ ~ r o c l l l ~ ~ c c l .  
I I I \ I I I I  I I I ~  TIIC L I I ~ I O I I  111 

3. The KI1\ life c ~ c l e  

3.1. The ~ ) r e l ) ; w ; ~ t i o ~ ~  plr:lse 

11111i1is 1Ii1\ p I i ; ~ \ c  :11l t l lc  p e r l l ~ i e ~ i l  l i ~ \ I ~ i r ~ c i t l  
~II~~IIII;III~II ;1\;111;1l~lc IOI- 1lic :II-~~I oS ~ l i c  c x c ~ c i \ c  (11 

"c\cnl . '  i \  c i ~ l l c c l ~ t l  ant1 placccl on the Innp o l  Ioat lc i l  
I n l o  lhc tlal, l l i ,~\c I III\ i\ I ) l>~ca l l !  the t ime \ \ l l c l l  coa\I  
I ~ n c \ .  l h a ~ l i > ~ l l c t ~ > .  h ~ i l t o r n  (!pi.\. b o t t o m  f c a l u ~ c \ .  
\ l i lLl\ l lc;l l \\;11c1 c11l1111111 1l'll:l ;11c c ~ l l l c C l c ~ l  

3.2. 'l'hc d a t a  a c q u i s i t i o n  p h a w  

Sho111! b c l ~ i ~ c  the occ l i l l cncc  0 1  111~. C\CI I I  IIIC 
t l l l lC -~ l c~>c l1~ l c l l t  cI'1t:l. ell- Lllc <11c,1 \ ~ > c c l l l c  ~ I , l l , l  ;I12 
c ~ l l l c ~ ~ l c 1 l  \\ 1 L l l  I l l \ltLl l1 l?i l \ l l lc l l lc l l l \  I I l l \  I \  ,I \ l> l l l t .  
I I I~L , I~ \ I \C lpc1-10d ~ILIIIII; \ \ h ~ c I i  tlic (1;11;1 I ) I ~ L ~ \ \ I I I ~  i1111s 
I \  L.~I[IC,;II r):~t;l i ~ ~ \ ~ ~ ~ ~ ~  ;II~CI CI<II;I l ~ ~ ~ l c ~ ~ ~ ~ ~ l l l y  illlt~ 

d;11;1 1111ii111ct\ \t; lrt to  he  ;I\;III;IITIc :IIIII IC;ICI! 101. 

t11\11 1111111011 

4.lmportant issues 

-I. I. ( ' l i cn t  %el-vcr m o d e l  



r ~ a L ~ e o g r a ~ h c a 1  Data 

\t;ltelrrel1t. .She ~cle;il KE.4 I n f o r m a r ~ o n  \ystetli IS ;I C;IS 
11i;11 15 lh,~ct.rl 011 \ e p a r a t e  client.; ;111il s e r ~ ~ c ~ - s  
i~c?n l~ l lc~n lc ; l l i~~;  ~ ~ \ i l i p  i r ~ te rne l  j ) ro t~~~( i I . \ .  ' l l i e  c l ~ c l ~ l /  
server ~i ioclel  I io\ \ever I \  .I very genet-ic t rpre\el l lat l iJI i l  
Q u e \ l ~ o n \  are. \ V l ~ ~ c l i  format f o r  tl ie geos rap l i ~c  I i l ' ip i  
!K;~ster. \ec tor  o r  boili'.'): W h ~ c l i  local  funct ion\.s l lo~i l t l  
t l ie c l ~ e l l t  be able to per for l i i  (Pan and zoo1119 Sw1tcl1 
i i r i /o~"f .  .lclrvaIc laycrs? ) Whtch k i nd  ~ l ' c l ~ c t ~ r  soT1~;11-e 
\v11I he u\etlr! ( a  \talidnrcl hro\%\er.  n brow\er  LVI~II 
\ p w i f ~ c  extel l \ lo l ls.  ill- a \pec i f ic  G I S  client!) 

4.2. 'l'he M u l t i p l e  C o m m u n i c a t i n g  GIS mot le l  . . I h e  . l l te rnat i \v  to the I n t c r n r t  C l l e n l  -Sel-\,er 
1iiodc1 I S  the MLII~IPII'. co l i ~ r i i un~c ; i t i ~ i p  G I S  ~ !~J IE I I~S .  

1);1t,1 ,Ire i c l l t  r rom ilat;l \oLirce\ to a c rn~ t -a l  41 l t '  WIIICII 
IS I-esl)ons~ble f o r  ~lat;l uplocidln?. Drl tCl b;~sc ;111il 111'1p 
r~pclater arc sent ~pe r i o i l ~ca l l y  I n  batch nintlc l o  ,111 G I S  
\11es 111 the  S~c ld .  T h i s  r ~ i o d e l  I i i ls 'I I ~ ~ I I I ~ ~ C I .  o f  
cli\atlv;intage?. the f i r \ [  of them b e ~ l i g  t1i;lt s l l l i l la r  
\ Y \ W I I I \  (l i; lrt lu;i~-c and  su f twa~ -e i  at-c ~-ccli l i lccl on  a l l  
loc;llrori\ where [ l ie G.1.S I\ Lo be usecl. c l ien t \  will 
no(  he 1liulti-pl;ltFor1i1.i111d \o f tware I~ce l l ce \  mu \ t  he 
p ~ l r c l i ; ~ ~ c d .  'l'lle advantage IS however  tli;~t i'veli u l l h  
I l ln l ler l  com~lll lnic:it ic,n cupabi l l i ies at a l l  locatlolls thc 
Ci.1.S. 17 a\,atl; lhlc wt th  ;III i t \  f u n c t i o ~ ~ ; ~ l ~ ~ i e ~  ; l r ~d  l'ull) 
inter-act~ve. . l ' l i~s i~ the model  adopteil b)  S;ti.lalitcen 

rot. 11ie experl l i lc l i t \  ; ~ t i d  C~~'ITIOI~~~I-:~IICIII\ ~ i i ~ l c l c  1111 10 

11Ou"- 

4.3. Data formats 
'l'lic cllolci.\ about data Sut-~iiat\ 11~1\?e ill1 IIIIP;ICL 

0 1 1  data Slow and at-c another \ c r y  tmportant Issue. 111 
;I co l l ip le \  <)atem "\ tand' l rd~zc" the S~II'IW~II-C III;I> 

hell> to solve the data c\chanpi' [>I-obietlis. but 11 IS 

nell l iel- rlic on ly  no r  the be\r solutioti. S ~ a ~ l i l a r d l ~ , ~ t ~ o t i  
o r  t l i r  data form;it\ i s  n requ l r cmrn t  f o r  hurl1 tl ie 
~ l i f i i r t l l a t ~ o n  syuteni ~ i i ode la .  whi le Tor 111s c l~e~ i t / se~ -ve t -  
rl lodel the I l ia ln 131-obletii 1s to cleflnc s t ; i ~ l i l ~ i r ~ l \  f o ~ l l i ~  
il,it;i re l i t  From the data 5ourct.s 10 the cl: i~.i  Fusion 
I ; i h~~ t . r~o ry  r f ron i  ~ h r  tl;~ra .servels to the cllelirs the 
r r~ rn i :~ t  1s i le l>e~l i ls ~ ~ p o t i  the ~ c l c c t e i l  client rc~ftw:ire). 
Sor Iht. n i l l l l ip le  C I S  moclel tlieri' I) the freeclo~i i  !and 
ihc  lreetl) to i le f lne  the data forll iatc hot11 I ~ c l w e e l i  the 
clatit SOLII-cea ;lncl the central G I s  alit l herwee11 tl i ls atlcl 
1l1c \y \ [e r i i \  iri the f~e ld .  

T l i c  1x111it liere IS no t  the ahiznce oI' \lantl;11-cl,. 
hut 1l1clet.d (l ie ex i \ lence o f  too 111;lliy \l; l l idi~rds. I11 

~ w ~ ~ i c i p l c  the spread of Inter l let  has ~ f i~ \hzc l  col i i l l lon. 
~ l i u l t i p l a l r o r l l i  tol.mats f o r  data: i n  adt l l t ion Ilier-e at-e 
c p w i l ' l c  G I S  exchhanfe sr;lndal-cl tha t  I I ~ L I S ~  be 
coli5ii lcrrd. A l l  al ternat ivr \o lu t lon  !l?otli t~loclals. data 
~O~III;IIY hot11 he twee~ i  the tlat;r soilrce.; and tlic data 
f u r l o n  lahor;~tor->I ) is to Five rlic o r l g l l l n ron  11ie rot;~l  
I'reeiloilr to decldr the fot-m:its f o r  the d,~ta  hey arc 
i en t l ~ l i s .  71ili appl-oach way adopteil at SCicl;~nti.rl1 Tc~r 
1iE.A 96. w ~ l h  conle i n r e r c c t l l i ~  I-csults. 

4..l'. I. GIs ~ ~ , ~ l ~ l ~ ~ l l l ~ ~ ~  . \ / ~ l l l ~ l ~ i l ~ l - /  
There 15 ill1 appt-oved Na to  (;IS tlar;l excl ial lgc 

stalit l,~l-tl ( S T A N A G  7074)  t h a ~  cnu l t l  be crreil r v ~ l l i  
both ~ l l o t l e l s  and fot- thc n ~ u l r l p l c  C;IS rllc'~tlel both  
beI\ \cel i  the data \out-ces ani l  rl ic tiat;i l u \ ~ o n  I,ib ancl 
fro111 1111.; to the \ ) \ t cms  I n  the ficltl. The ~ ) rob len l  I\ 
111:1t 1 1 1 1 ~  s t ;~~ i i l ;~ rd  is not l i hc l y  to be ~v lc le%prra t l  :IS 
lo l lg  :I\ 11 lahe\ \o lnuch effort  to olitairi i t \  clescrtl~tron. 
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Other stantlal-ds at-e the STANAC; 1 I 16, and the 
old NODEF (Naro data exchange format). Apparentl! 
in practice these standard) are 1101 I I ~ L I C ~ I  used yet. 

4.3.2. I I I / C ' ~ I I ~ ~  S I ( I I I ~ L I / I - ( ~ \  (11110gc.s LIIILI ~ I - c I ~ / I ; c , . \  / 
While GIF ~ i n d  JPEG are well est:ibil~shed forniats 

for I-asterized i~iiapes. thsl-e I \  110 cclu~v;~lent for vector 
plots. Tlie va1-1ous PS. EPS forlliat.; are often not 
compatible. ;~ncl tliel-efol-e nik prefr re l~ce here i j  for 
pdf .  tlie ~n i lu s r ry  s tandard p r o ~ n o t e d  b)  Adobe.  
Acrobat rcatlers itre free anci c \ ~ \ t s  for most L ~ I I I Y  
platforms. W~litlow.\ slid ;\lac: tlie pelf wrlters LII-e alsii 
available for the same platforlilc. ;]I-e rlor free bur 
certdnly ;~ft'ol-clablc. Tlie integl-:rt~oli of.~\crobat reacler 
with Netsc;~pe I . ;  an iliiportal~t asget. 

4.4. Users 
For all ~ l~fornia t lo l i  jystelns, i n c l u d i ~ ~ g  geographic 

lnforrnat~on systems. there are di fkrent  categol-ies of 
~ 1 s e r j : ~ v h o  1 5  10~1cl11ig the clat;~, :111c/ \vIio I S  access l l~g 
them illahins i i~ t c r roga t ionc  '11 \ f a r i o ~ l s  level  o f  
colnple \~ty .  orjLlst r e q ~ ~ e \ t i n ~  slid rccelvlnp [he result 
of standard queries. For a Kea ~nfo r~ l i a t l on  sy.;tetn 
ho\\e\,er thcl-e is a specific reclull-ement: a slmplc 
Interface as  none of the user will be profesjionallq 
i n io l i ed  with this system for a long pcriotl. Thel-e is 
little time fol- t ra~ning.  and in a n y  case n o  convinie l~ce 
in it. The syj rem must therefore he s i~l table  for  ~ i s c  
by a large  11ulnbe1- of peoplc. \vlth 110 s p e c ~ r ~ c  
exper lsnct .  \ \~ l io  could  receive a s  L I  nlaulrnum it 

t r a in~ng  clazs of one day. 

5. Solutions based on commercial systems 
Hau111g see11 [lie requlremelirs. let L I ~  have a look 

at \\#hat I \  conirnerc1,llly avall ,~hle lo .;el up ;I system 
meering thest. reclulremrnr. \Vh;it fcillows 1.; thr r i l s~~ l t  
of a n  invcs[ly:rtloti that doe.; Iiot ]pretend to be 
complete: In a d c l ~ t ~ o n  the evo lu t~on  oF\vliat 1s offel-ed 
ia jo q~ l i ch  that \~hate \ :er  Ilia) he completed today. 
may not be so In two \vceh\ timc. 111 all) ca \ e  at the 
rnornent this i ?  thc sItuatlon. 

5.1. The (;IS 
..\I1 lnqril. ve~iclors of (;IS software are offel-in: 

o r  s o o n  wi l l  of i 'e r  . ;ys tems haseil  on  Inte l -net  
technology. as  cle~cl-lbed in the clicnt-rcrvet- model 
above 

A r c V l e ~  l l i~e r r~e t  Map sene l -  I t  is the jlmplest 
technical solution. the map\ are raster ~icti\ 'e i ~ n a p e :  
the object \electton i \  done as 11-;~ilitionallv with ;~ i t i ve  
maps. A basic bro\vse~-  acts as c l~e l i t :  7oo1iis illid p;111 
are [he r e ~ u l t  of Iliteractlonq w ~ t h  the server. Tlie 
c l lent  does  very lirtle. and  the load ~ ~ i l p o s e d  on 
comrnunlcatloli I ~ n e s  contlnuosly resending rastel- 
Images is liigl~. My irnprejsioli is that at this stage 
the product cannot be u\ed In n ~ o t n p l ~ x  a p p l ~ c a t i o t ~  
unle.;\ unlimetecl bandwidth  I S  , ~ \ , , ~ ~ l ; ~ b l e  on the 

Intcr~rapl i  C;eohlecl~a Web Map ' uses vector map:, 
coded in "Actlve CGbl." CGb? I.; ;,an olcl IS(.) \ t<~lidard 
for praphici.  t h n ~  h:is been enhanced to ,~llo\v the 
tlct'lnltlon of a c t ~ \ * c  ob~ec t s .  Tlis Wt.t.;c;~pe browier  
m:iy display :~cti\~e. CGhl coded niap.; ancl allo\v to 
1111el-act \vlth thrlll I I '  provided with a cpec i f~c  plug- 
In. The problem 1s that the plug-ln 1s at the moment 
only a v i ~ ~ l a b l c  fol- U'lnclows platform\. 

Map in fo  h l a p l ~ i f o  Pro\er\ .er. '  l 'he  ellent i 5  a 
ct.lntl,~rd bro\\~cet-. with the same acl\fantages and 
I~niltations of tlir ESKl JAI-c \lie\v) rolutlon. 

None o r these  s0l~111~111s seems io 111c sat~sTaciory. 
, . I he I - ~ ~ L I I I - c I ~ ~ ~ I ~ ~  to ~1st.  vectol- map.; Seems to be 
undel-stood (except h) ESRI). Intel-graph f i l e $  lrie the 
~ l n p ~ e s s ~ o n  of nio\.il~g In the (right tlirectloti. hut there 
i h  still a lot oFworh to d o  to improve tllr I ' ~ ~ ~ i c t ~ o ~ r a l i t i e j  
glven to the c l~cl i t  i r oom and pan. layc1-s ~litcraction. 
~ I L I L ~ I  requejts V; I I I I I : I~ IOI I  ... I :  L I I C  c l~ei i t  ~ ~ r o g r ~ l ~ ~ i l i i ~ ~ b i l i [ y  
I *  piteliliall!f available ( J a v , ~  and J a \ * L ~ s ~ r ~ ~ ) ~ )  but still 
1s not offel-ed. and tlicreforc [he ~ntel-actl\ , l~y that coultl 
I>c :~cliieved with v o ~ c c  21-ade colnmunlc,ltlt,n lines I \  

I ~ m ~ t c d .  

5.2. The G I s  building blocks. 
M'hile an el'fcctivi. Intel-net basctl GIS is st111 to 

ccilne, some prollllsltif components o f ~ i  F L I I ~ I - L I  syste111 
are '111-endy oli tlic I I I~ I -ke t .  One of thcsc I S  Acrobat 
3.0 and the ~relatrcl rol-mnt ( p d C  f o r  vccti11- based 
21-aphlcs. Bclng ; ~ b l r  to \vork In ~ n t i ~ n a t e  col~liection 
wi[h the browser   the^-e 1s a Netscape p l u g - ~ n  to 
acce?s Acrobat Reatlcr 3.0). to hanclle acllve object\  
ancl vector Inap\, allel to take advalitage ol' sen0el-< 
capahlc of byte scrvllif  node. ~t seenlr to ha\gc Inort 
oI'1I1e func r lon ;~ l~ t~es  1.equ1rt.d r o  i i~hpl ;~?  ; ~ I I  Inreractlve 
~iiiip 011 an Intcrnet cliclit.: 

A l ~ o t l i e ~  po\slble bullcling block 1'01- ; I I I  Intel-net 
haseci GIS 1 5  Quarck I~iilnedia. L ~ k e  -\el-ohat reader. 
I [ \  cllenr is able to cl~spl;~y vector based i~li:Iges with 
acl l \e  objects. Opposite to Acrobat tlie client I S  a n  
~ l p l p l ~ c a t ~ o n  s p e c ~ i i c  bro\\ser:  this 1s .~n ,lclvantage as 
Ihe generic buttonc. 1con5. w ~ n d o w s  O F  11ic Netscape 
browser do  not occupy the scl-een of tlic GIS c l~cn t .  
Tlie c l lsadva~~tage o f Q u ; ~ r c h  Immecll;i sol'tw;~rc I \  that 
Its client is at thc Iiiolnellt only nva~lable  for I'C and 
Mac co~nputel-s'. 

A thlrd collipoliellt is Netscape co111111~11liciltor 
~ r i t t i  irs ability to lia~iclle html docu~iielits structured 
111 laqers. It i j  a1 beta version l e \ e l  no\\. and tlemo'\ 
are available on Internet." 

5.3. The Data haw 
-The altet-11at1ve 11~1-c I \  between C;IS [hat  use 

111terlial tables as rrlatloni~l data b a e s .  :ind others that 
h a \ e  the ability to relate geographical o b j e c t  of the 
m a p  to  infor lnat io t i  In t ab l e s  m a ~ l l t ; ~ ~ n e t l  hy a 
co~~ \wnt iona l  re lnt~i i r~al  clatn base systeln. e.tternal ro 



t l ic (;IS. M o s t  (;IS o f fer  110th por\1hil111e5. I bel ievc 
that the cnpoh~l i t ie \  ol'Iraditional S O L  ba jed r e l a r ~ o ~ i a l  
d a ~ a  h;~\e \) \ tern\.  and 11ic c o m p l c \ ~ t y  o f  \ome of  the 
il;lln \ve use mahe the 111ihed c \~-Le~-na l  ciara ba\c  a 
hetrcl- cho~ce,  I t  1s l io\vevcr i l e~~ r ; i b l e  th:~t the data h:~sc 
\!\tern has t hc  \ p c c ~ l ' ~ c  a h i l ~ t y  t o  o r g a n l r e  ilat,l 
gcugr;lphically (such a s  the Oracle 7 X lu l t i d i r nens~~n . )  
A con\ iderahle atlvatiragc ol' the Interne[ technology 
i\ Ihat (here is n o  necd to 11a\.c on a \ i ns l e  s>stcrn 11ic 
i l;~[a aer\er and the peogra l ) l i~c  herver. 

5.4. Data validation and uploading: Operational 
considerations 

The data mu\ [  be \,;llitlatcd on tl ic f ~ e l d .  ;I\ c l o \ c  
ar po \< ib l r  to the ; icqu ls~t~on:  l ~ o w e \ ~ e ~ -  the c o n \ ' e ~ - \ ~ o n  
made at thc soLIrcc o f  101-1ii;1t to ;I col i i rnon \ t ; l~id;~r i l  
. ;~~~t, lble f o r  automatic i ~ j l l o ; ~ d  15 hcyond \ \hat c o i ~ l i l  
he I-equested (give11 the r i~ i ic .  TI-~III~. [he n ~ ~ n i b e r  ol'i1,lta 
\oLlrce\ and the I l n i~ t cc l  al i io l l l l l  ~ I ' t r a l n ~ n g  r l ia l  c t ~ ~ ~ l c l  
he g i i en .  see the p ~ - c v i o ~ ~ s  \cel lon).  I t  I \  rather sal'cr 
IO ;)free to ha \e   lie clata \en[ I n  \\atl ievet- l'ol-mat 
I t icy are a[ the or lg l l i  ;11>c1 l i a \ e  a central teani ~ v h o  
w i l l  take care of' converh ion\  and uploading. T h i \  
opcr:ltlon may also i ~ i c l u d c  a \econd data v a l i d a t ~ o ~ i  
phase. 

- - 
3.3. The communication facilities 

T h e r e  i s  .I \ e p a r a l c  I p r c \ cn ta t l o t i  a b o u t  
C O I ~ ~ I ~ ~ L I I ? I C ; I ~ I ~ I I  ~ ;LCI I IL I~ \~  : :I[ tl ie moment  the t \ i80  
system\ are Inmnr\ar 13 l~~ii l  ceII~11ar telephone. .-\bout 
cc l lu lc l r  telephone\ the hai l  ~ i e \ \  I\ that whar doe\  lie 
i o h  better fol- ua, due l o  better range I\ the "oli l" 
analoguc standard ( T A C S )  G S M  coverage at rea I \  
m11ch mol-c l im~tcc l .  

'l'lie ~ ~ a a b l e  data I-ate i \  0.0 h lor Ce l l u l a~ -  tc lcphonc 
111111\ ;itiiI h l k  (ISLIN-like) Sot- Inmat-\at B.  

6. Conclusions 
The G I S  15 ~n i lecc l  a n  1de~11 ~n lo r rna t i on  sgstc~ i i .  

fo r  ~n fo r rna t i on  s ~ ~ p p o r t  LO K t A .  
111 i l t u i l t l on  where data sources and LIS~I-s ,Ire 

d ~ \ ~ r ~ h u t e d  a c l ~ e n ~ - s c ~ - v c ~ -  IS I \  [he an5wcr a5 ~t al lo\b\ 
geographic int'orm;ltio~i t l i \ ~ ~ . ~ b u ~ ~ o n  to a large n u m h c ~ -  

ol 'u\cr\ .  A t  the momcnt  an cn lc rg ing (;IS tha( meet\  
thc KE.4 r e q u i r e m e n t  and 111 lpart~cular i\ su~ tab le  to 
\ V O I - ~  In t  \erver mode I \  1101 on 11ic rn;l~-Let. bu t  the 
coniponents are here. :111cl rl ic [,lcturc I \  c h a n g ~ n g  
cve1-!1 clay. Fot- t he  r l m c  h c ~ n p  t l ie  m u l t i p l e  
c o ~ i i ~ i i ~ ~ ~ r ~ c a r ~ ~ i g  G I S  i\ a11 ~ x c c l l ~ ~ i t  ; i l ~ e r ~ i a r ~ \ c .  better 
pc.rliap\ :IS long a s  the t i u~ i i hc r  of \~te.\ Llhlng (;IS is 
li1111Lt'cI. 

161 " l i t t p - / i l i o m e . n c t s ~ ; ~ ~ ~ c . c o ~ i i ~ c o ~ i i p r o d / p r o d ~ ~ c t ~ !  
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Abstract 

1 .  Background 
7111s ;l~-t~cli '  pre\enrz zw o\ c t \  it\\ oi' ;I ]let\\ (11 L-h;i\otl 
C;cog~-apli~c Ill l i~~rnation S>brcm (( ; IS)  a t c l l ~ t o c ~ u ~ o  2nd 
i t \  a p p l ~ c a t ~ o n >  that i h  cu~-rc~l t l>  i~ndct tic\ c lo l>~ l lo~~I  1111 
suplx)]t of U.A,TO'\ I - ap~d  en\  11-oti~ncntiil a\\c\\l!lcilt 
d'fol-t, The objecti\ c 15 to ticmonstr~rto 11ci11 I-e,ll-t~mo 
Image processi~ig c a p a b ~ l ~ t ~ c s .  and i l i t c ~ i ~ c t ~ \  c C\CII:III:IC 
o fda t a  b c t ~ c e ~ l  tli~iltiplc. d ~ s t ~ - ~ b u t c d  L I \ ~ I - S  

To address one  of the cc11~1-al o h l c c t ~ \ c .  of I<ap~t l  
Rcsponsc (RR) \\Iiich is t l ~ c  i l ~ > \ c ~ l i ~ n a t ~ o l ~  ol i t ~ n c -  
cr l t~cal  data and i11fo1-mation. \ \ c  Ila\ o ~ ~ ~ ~ p l e r n c ~ l t c i l  ; I I I  

irltcracti\ c net\\ork-based Image p r o c e \ \ ~ ~ l g  sysrclt1 111;1t 
rclics on high spccd access to rc~notcly  slorctl clans a~l t l  
pr-ocesslng po\\cr. 

71'l~c types o f  .;ntcll~tc data col lcc~cd dut Ing 1<1<-00 
il-~cluded: ERS-2 and RADARSAI s y n t l ~ c t ~ c  npcl-turo 
1-adar (SAR). NOAAAdvnnccd Vcry t l ~ g l i  Kcsolutioll 
R a d i o m e t e r  ( A V H R R ) ,  LIMSP . ;pcc~a l  sellhot- 
nllcrowavc imager (SSM:I) and tlic I'tcl~cli SI'O-I' 
nlulti-spectral itnagcry. The core o l t h c  r c~no lc  so11\11lg 
ddta Ihr RR-06. however, cons~stcd ol AVI IKI< a ~ l d  
ERS-2'SAR imagct-y UK41)ARSA-I im;~pct y. lio\\c\cr. 
was no t  ~ r t ~ l i ~ c d  du1111g the expet-~mctit due lo tlclaq\ 111 

~ - c c c ~ \   in^! the data 

1i)rliiation TIic11. l i~gll  res0l~1t1011 ( 150m) SXR Images 
\ \ C I - C  so111 C I ; ~  tllc INTERYET to U u \ a l  Rc\cnrch 
ILahol-11tol-y ( N I I L )  111 L\a.;ll~ngton. D C Sor post- 
p ~ o c c s \ i l i g   lid 11113ge 1l l t~11)1.~t : l t io11 t111aIIy. the 
; I I I I I O L ; I I C ~  ~ ~ I ~ L I I C  I I ~ ; I ~ S  \ \ere \ C I I ~  \ l a  the I N T E R h t 7  
1'1-om NIII. to 11ic SAC'L!'\UT('EN \ \ o ~ l d   tie \\cb 
( \ \  \\ \\ ) llolncpagc I he app~-clnch used durlng the 
C \ C l C l S C  I>? 1 1 1 ~  IIllilgC ~ l l l ~ l ~ > h ~  \ \ ; I \  10 \ i t \ \  t l l ~  I[)\\ 
t -c\oI~tiotl  ( I 5 k111) I I I I ~ ~ C I ? .  \ c I cc~  I - C ~ I O I ~ S  and features 
o l t ~ l t c ~ e \ t .  ;u~tl  po\t the fin,~l 171-oducts 011 the home page 
1'01- t11c ol>c~-; l to~-  \\ 11111' t l11\  a p p ~ - o a c h  z s ~ - \ c d  the  
~ I ~ I ~ I O I ~ ~ ~ I - , I ~ I O I I  I > L I I - ~ O S ~  of' the I<R-96 \ \ I l tc l~  \\:I\ tllc 
t l ~ \ \ e ~ n ~ n a t ~ o l ~  oi 'd,ita o \c t -  the \ \ \ \  \ \ .  ~t ce\crel) 
r o \ t ~ - ~ c ~ c i l  tlic e ~ i ( l - ~ ~ \ c t  SIOIII I I I ~ C I - ~ I C ~ I I I ~  \\ 1r11 tllc d ~ [ a  01- 
l rot i~  cl1ooh111y I l l \  1 1 ~ 1 -  o\\l i  1cg1011s ot'111tcrcst T I I L I ~  11 
~ C C ; I I I I C  ~ I C ; I I  tI1;11 it l!c\\ a l~p~c~; icI i  fot- i l l f o ~ t ~ l a t ~ ~ ~ ~ !  
C \ ~ I ; I C L I ~ I I  \ \ ; I \  ~~eei le t i  111 oldel- to I - C ; I I I L ~  tlle i'till bcllcfit\ 
ol'I11gI1 \peed 1lct\\01-h111g a ~ l d  to transiijt-m RR from n 
c\j)CI 1111e11t;1~ COIlec~~t to ~[)i'r;ltlC>ll~ll Statllb 

111 1111s I I ~ I I I ~ I I  ~>ll;~ro. SOI- dc111o11strat1o11 ~ L I I - I > O \ C S .  

\ \ c  115c only tllc 1:RS-2 S.AR Imager).. \ \hich bcc:u~se 
ill. 11's I11211 \1>;111;11 l c ~ o l u t ~ o n .  1s by  far the mosl 
co l i l l~~ l ;~ l~o t i ;~ I I )  cicln;untl~ny scn\or. I-cqulrlng ma\s i \c  
;llnolllllh ol'storagc. ~ ~ c t \ \ o r h  througl lp~~t  and proccsslng 
I )O \ \CI  A scp;11;1tc (;IS mod~i lc  Sor ~ n ~ ~ l t ~ - l a y c t - c d  data 
I I ~ ~ ~ ~ I - ; I L I O I ~  and scn\or t'~1sio11 hd.; hccn dc\ eloped \\ hicli 
11sc5 a "liypcl-cube" arch~tccluro ( t  ~gl l rc  1 ). the detn~ls  
o l u l l ~ c l ~  ate ill [I I 

- ICIZS S A I Z  - A V E I I I I i  - S S M / I  - 1'3 S A l i  - Temp. .Sul - Sound Spct - I % s r t h y m e t r y  
- 

In support o f  RR-96. ;I total o i ' J0  I,IIS-7 and otic 1:iKorc ( 1  olti.la!ered geo-re.crenced da ta  
RADAIlSAT SAR Images \\ere nc i l~ l i~cd  tlut-1112 I I I C  I IeI.c. \ \ e  ~ i l C L I S  llle I let\\ol-ke~.baicd image  hro\\seI- 
period A ~ ~ g n s t  12 to 5 Oclobcr. Ic)O(> I h c  la\\  SAII , l l a ,  \ \ a s  ~ ~ C \ c ~ o l ~ e ~  i;,l , l l e  F-KS.? SA,R 
data stream \\as first do\\ n-linked 111 ~-eal - t~lno to 1111. 

lecci\ lng s t a t~on  in \\ c\t ~ I . C L I ~ I I  111 I. K 1 . 1  0111 I I I C I C ,  
the data n r ~ s  t - o ~ ~ t e d  \ l a  111g11 speed I~t l l \ \  I O  1)R-I 2. T h c  , \rchitccture 
t-arnborouslr I-emote s c n \ ~ n y  f ' i l c l l ~ ~ ~ c \  lot 11!1~1gc TIlc b:~\ic co~nponciits of the a r c l l ~ t c c t ~ ~ r c  cons~s t  of 



the Image scl-1 el- ( I S )  system. tlrc net\\ orh. ancl the ills0 PI-o\'ic\\\\ch allo\\s for in~el-act~ve ~ m a g e  proces5ing. 
applications and tools fol- the c l ~ c n t  ( 1 - I ~ L I I - C  2 )  I t  i l l  I I \ C I  dc1'111cd products. v ~ s u a l ~ r a t ~ o n .  data querles. a ~ r d  
a s s ~ ~ n l e d  that all c l~cnts  ha\ c access to the IS \ l a  a ~ r i o d c ~ n  I f  rb1L lilc gene]-atlon 
(14.4 kb s)  01- a high $peed ~iet\zork. and I ~ I ~ I - a c t  \v~tIi tlic 
host uslng a WEB bran scr Once connection IS cs~ahl~shcd 1 w ~ t h  the serker. two poss~blc sccnal-10s cxist In the I'll-st 
scenario ~t is assutncd that clicnl A has 111n11ctl c o ~ n p u t ~ n g  
power In terms of spccd, memo]-y. and storagc 111 this 
case we I l a ~ e  configured a system in wliich the data. tlic 
comput~ng pouer. and algorithms all t-c\~dc on the host' 
server side The data sets a i d  c l~cnt 'appl ical~o~rs  al-c nor 
collocatcd. The satell~tc Imagery is locatctl and stored - -  
relnotely on the scrvcl, and  I S  supplied to ~ l i e  c l~cn l ,  
applicat~on on as needed basis by nic;lns ol'n ~ilodcrn or 
Irigh speed-network In the second sccnal-lo. client I3 h a  
s ~ g n i f ~ c a n t l y  niorc c o ~ n p u t ~ i i g  pouc l -  ;111oivi11g 
downloading and use of locally ~scsidcnt proccssi~rg tools 

In the operational envlrolilnclit. the 1.11-st 
scenario 1s lnorc likely to occur i l s  most licltl opclalol\ i do not have access to li~gli  spccd co~npul ing or largc 
storage devices. it IS often ~mpract~cal  to transl;.~ Inrgc 1)IShS CI)-f10.\1 
volulncs of data For cxnmple. Ilic SAR data srtiragc - 
requirements collectcd during RR-96 cucecdcd i GI3 of 

.II'kEBOS 
d ~ s k  space The other consideration is that tllcrc 111;14 be 
multiple sources of data \\l11cl1 nray need ~nalntenancc Figure (2)  The system architecture 
and updates. These tasks arc typ~call) pel-fhl-~ncd at a 
fiis1011 centel and S ~ I O L I ~ ~  I I O ~  I I ~ \ c ) ~ \ c  01 pLlt ~lllleCCs\ill.y 011  L I I C  \ C I - \ C I -  sldc. S,AR data is organl~ed ill three layers 
burdens on tlie clienr G ~ \ e n  [hcsc c o n s r ~ - a ~ n t s .  a n  alltl In r\\o d~ffcl-cnr spatl,ll I-e,olutions 111 the fil-st layer. 
lnno\ati\c approach to distr~butcd computln! I \  r c q ~ ~ ~ r c d  111c tlarn 15 organized as a sct-lcs of lnosnics co\ering the 
in order to pro\ ~ d e  the user it11 I I ~ ~ ~ Y I I I I L ~ I I ~  I lex~b~l l ty  ;~nd  l<l< ol>c~-; i t i~~g L I I - ~ L I S  ( F t g ~ ~ r c  3 )  
Intcracrlons. 

2.1. Hard\\are/soft\\are Configurat io~~ 
Tlic IS system \\hich store\. I-ctl-~c\es. and procc\\c\ llic 
client-suppl~cd qucrlcs conilsts o l  tlrc Sollo\\ Ing ha~clualc 
and softnare components: 

( 200 MHr  Pcnt~um PIO ope(-aung \ \ 1 t 1 1  \ ~ n g l c  01 

multlple processors. 
( P r o V ~ e \ v  imagc  proccshing s o f ~ u a l - c  ilnd 

ProVie\vA;cb scrvcr 
( CD-ROM jl~kcbox 
( Two 9 GB hard dr~ves .  

Tlic IS may consist o f a  snlgle Penti~lin PI-o innclr~nc u ~ t h  
onc or multiple processors, o r  a set-ics of cool-dinatcd 
platfor~ns operating in parallel. The main engine\ kil- 
imagc processing and hyper tcxt markup langu;~gc 
(HTML) file generation are the ProV~cu and I'roVic\vM'ch 
software systems All tlic applications. ~ n c l u d ~ n p  sensor 
fusion, ~nulti-layel-ed data ayncrglsm. automatic k a t l ~ r c  
detection, and extractlon of geophys~cel paramc~cl-s born 
relnotcly sensed nnagery were dc\clopcd using PI.OVICLI 
and ProV~ewM.eb u l i ~ c h  are ava~ lab lc  commc~-c~a l ly .  
Tlicsc arc li~ghly versatile. PC-based I;~nguagc\ (dcvclopcd 
by ACT). that operate under the MS \\ ~ndows  3 r  and LT. 
as 32 bit appllcat~on. One of the unique c a p a b ~ l ~ ~ ~ c s  of 
ProVie~v is that it permits thc proccsslng of large \o lu~ncs  
of data using ~rtual image \ a]-iahle. that is. (Inages c;ln 
be large as tlie d ~ s k  space 

1;igure (6) Edge-enhanccd image 

In this Inycr. Ihc client can choose imagery by date. 
by g c o p r a p h ~ c  cool-dinates ,  o r  by spec i fy ing  the  
sakcl l~tc  01-bit number. In the second layer, the c l ~ e n t  
can acccsh lo\\ ~scsolution ( 1 . 5  k m )  SAR maps that 
arc gcorcfcl-c~iccd and arc  ~ndiiidually stored on SCSl 
I r lrc lo\\ ~rcsolutlon images ( F ~ g ~ l r e  4 )  provide a 
\ynoptlc \ ~ c \ \  ol [hi. legions and features of In teres t  



2.2.  Algor i thms 
I inpr t ive inents  In \ a t e l l i t r  t e c h n o l o g y  h a v e  

\ ~ g n ~ f i c a n t l y  a f f e c t e d  o u r  a h ~ l i ~ y  t o  a s s e s s  t h e  
e n v ~ r o n l n e n t  A I  tlle s a m e  t i m e ,  h o w e v e r ,  t h e  
coinplex~ties and the v o l u ~ n e  of  ~nfonnat ion  that can be 
processed  hy human Interprerers have  d r a ~ n a t ~ c a l l y  
1ncre;ised To tackle I ~ I S  complex ,  ~ n u l t i d i ~ n e n s ~ o n a l  
problem bolne degree of ;iutomalion is required. Here we 
have designed 'I series of algorithins to asslst in extracting 
qu;lnut;ltive infor~nalton 

', Edge detrcuon 
( l 'wo-diinens~onal t i lrect~onal spectra 
; Cluster \eeking < W ~ n d  vector r e l r ~ r v a l  
( Sensor fuslon 
i Autoinalic .;hape de tec t~on 

Figure  (4) Low resolution synopt ic  S A R  image. 
EStV(:l~pyright 

In the third layer.  he client \ p e c ~ t i e \  ,I r ~ ~ h - ~ r g ~ o r l  
( 5  12x5 17) of h ~ s  choice which 1s Ioc;~ted u 11l11n 111e I O U  
resoiution linage A1 1111s point 111e I S  l-elrle\r\  111911 
resolution ( 1 5 0  In) image \ u h \ r ~ s  from .I ( 'D-R0h.I  
jukebox Figure 5 1s an eu ;~mple  of  ,I s u h - r e g ~ l i ~ l  fro111 
the aouthem t ~ p  of S ~ c ~ l y  If'tlic c l ~ e n t s  ha\  e t t ~ r  c o i n p u ~ ~ n g  
capab~llt ies they can do\\nload raw dat;i < ~ n d  p ~ o c e e d  \\1111 

their own appl~cauona  Howecer. if there .Ire I I I I I I I I ~ . I ~  

computing c a p a h ~ l i u r \ .  clients c,ln u t ~ l l / e  the I C I I I O I ~  

linage processing power  hat rrslde\  on 111e rer \e r  r ~ ~ i e  
For both cases, reveral Ilnase proce\sing ,~ lgc i r~ t l~ ina  I I ; I \ C  
been developeti for  he clienl 

F igure  (5) High resolution sub-mage  
ESNCopyr ight  

F ~ g u r e  0 1s CI result of applying a edge- 
cletectitin filter to  he prevlous linage (figure 5)  

F igure  (6)  Edge-enhanced  image  
3 .  Applications 

SAR ~ ~ n a g e r y  can p r o v ~ d e  r a p ~ d  assessment of the 
background oce:~nographic and a~tnospheric environment 
over ;I c;lrlety of\patial  and temporal bcales Because of 
11s l i ~ g l ~  spati ;~l  ieso lu~ion  and all-weather capab~l i t ies ,  
SAR can ; ~ l s o  ~ le tec l  ~naninade  fealures such as oil spills 
:ind sl l~psiwakes Below 1s ;I par t~a l  l ~ s t  of oceanograph~c 
; ~ n d  ;rtlnospherlc features that are readily ~ d e n l ~ f i a b l e  in 
SAR imagery [?I. 

( Internal and surface waves 
C'urren~ boundaries and types 

! 1;ronts and eddles 
{ B o l l o ~ n  5ignatures 
,,' W~ndiGust  fronts 
/ Atinospher~c  in~erna l  gravlty waves 
( Katabattc winds 
(; (:ellular convection cells 
Thunderstorms, r a ~ n  cells, and squall lines 
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F o r  tactical  appl ica t ions ,  however .  o n e  mus l  g o  
beyond s ~ m p l e  f e a ~ u r e  idcn t i l i ca t~ons  and d c ~ c c t i o n  The  
goal  1s to derive as much quantl tat lve ini 'ormar~on and 
g e o p h y s ~ c a l  products from a combination of' sensor5 ,is 
p o s s i b l e  g i v e n  t h e  s p a t l a l ,  s p e c t r a l ,  a n d  I c m p o r a l  
constraints o f  the scnsors S o m e  o r  rhc S A R - d c r ~ v c d  
geophysical  products ~ n c l u d c  l o c a r ~ o n s  <ind type> o f  
o c e a n ~ c l a ~ m o s p h c r ~ c  fimnts, w ~ n d  speed and d i r c c t ~ o n ,  
propagallon dlrcclion and h c ~ g h ~  o f  shoa l ing  wavcs.  
m a g n ~ t u d e s  o f  llttoral currents. and locauona of c o ; ~ s ~ ; ~ l  
geomorphological Seaturcs such a s  suhmarinc a n d  wavcs 
and  sand banks,  beach berms  and lroughs.  s u b m a r ~ n c  
canyons and headlands Morc imporLanrly, \ubscq~lcnr  
to  d c t c c r ~ o n  and ~ d c n ~ ~ l i c a t ~ o n ,  the charac tc r i s t~c  Ilmc 
scales Sor the various p h y s ~ c a l  processes musl be d c l i n c ~ i  
T h e  u l t ~ m a r c  goa l  i s  to  p r o v i d e  the  e n d - u s e r  w ~ r l l  
~ n S o r m a t ~ o n  w i l h ~ n  ~ a c r ~ c a l l y  usahlc r i ~ n c  \ c ; ~ l c s  The 
usable-rime-scale 1s. howe\cr ,  a  luncr~on ol'rwo temporal 
v a r ~ a b l e s ,  the "delivery-tirnc" rhrough 11ic nctwork,  and 
~ h c  "age" or " I I ~ c - s p a n "  oi'11ic phy\~c ; i l  proccssc5 rile 
"de l ivery-~lme"  can \dry Tor each c l ~ c n ~  d c p c n d ~ n g  on 
rhe system's communlcauon handwldth .ind rhroughpur 
requlrcmcnts Assuming thal ;in ; i tmospher~c  g u \ ~  I'ronl 
and an o c e a n ~ c  f r o n ~  Iiavc heen ~ d c n r ~ l i c d  In ,I SAR 111lagc 
We know Srom d y n a m ~ c a l  p r ~ n c ~ p a l s  thar a ~ m o s p l i c r ~ c  g u \ ~  
fronts can form and d ~ s s ~ p a l i .  ovcr p c r ~ o d s  ol  \evcr;il 
mlnures, while occanograph~c  Sronrs can  la\^ o\ cr periods 
o l s c v c r a l  days Operauonally.  I I  lakes , i b o u ~  I )ur  ro [ILL. 

hours I'rom ~ h c  lirnc o i ' d o \ + n - l ~ n L  lo ~ I ~ g ~ ~ i i l l y  procc\s ,I 

SAR Image Hcncc,  from the \tandpoint ui'11ic cn~l -user .  
~ n f o r m a r ~ o n  r c g a r d ~ n g  111c gual liont r i i ; ~ ~  bc t ,~cr~c;i l lv 
useless, w h ~ l e  rhe ~ n l o r n i a r ~ o n  r c s a r d ~ n y  rhc occ;inic rro~ii 
remalns tacrically useful A \lralcgy lor d c l i n ~ n g  11ic "l~i'c- 
span" or "age" ni ' thc k a r u r c \  \ccn In the Irnasc1.y m u s ~  
be dcvlscd in accordance W I I I I  p l iv \~ca l ly-dcr~\cc l  \c;lllng 
paramelers [3]  

4. Conclusions 
W I I ~  ~ h c  rcccnr a d c a n c c s  in high-speed n c r w o r k ~ n g  
Icchnology. 11 is now possible lo deliver lo the end-user 
I ~ m c - c r i ~ ~ c a l  occanograpli~c~atmohphcric in format~on on  
;I varlely of s p e l ~ o l  scales An oper;~tional  REA system 
rcqulrcs t ~ m c l y  access lo gcospalial inl 'ormat~on from a 
~ n u l l l ~ u d c  oi' s e n s o r s  a n d  p l a t f o r m s  H e r e ,  w e  
~rnplcmcnlctl   he framework for d near rcal-lime image  
procc\slng archilcclurc that al lows high-speed access to 
~ n h r m ; i l i o n  w h ~ c l i  1s s ~ o r c d  o n  '1 r c m o l c  hos t  T h e  
challcngc I S  LO d c l ~ v c r  Lo ~ l i c  end-user useful in format~on 
faarcr kind in 'I morc aulornallc I s l i ~ o n  using ~ n u l t ~ p l e  
d~s l r ihurcd  dala sources 

5. Acknowledgments 
This u o r k  was sponsored by SPAWAR The  authors wlsh 
lo rlianh [ IRA.  I!K h>r .;upplying [he E R S - 3 S A R  Imagery 
wli~cli  maclc 1111s work possiblc 
References 
[ I  ] F Ahhall, C I  al."A PC-based rcniorc sensing system 

l i ~ r  d e t c c ~ i o n  and c l a s ~ f ~ c a u o n  o f o c c a n i c  fronts". 
P r o c c c d ~ n g  o f  IGARSS, L ~ n c o l n .  Nebraska. May. 
ILI9O 

111 U' Alpcrc, "Vc; l surcmen~ of rnc \o-sca le  oceanic and  
, ~ t r n o s p h c r ~ c  p l icnon~cna  by ERS-I SAR" The  Radlo 
S C I  Bull . N O  275. DCC 1005 

131 1 Orlanshi. "4 r ; i~ional  \ubdi\'lsion oSscalcs for 
c i l r n o \ p i ~ c r ~ c  processc,." B L ( / /  Irnc~r \letcot-o So< . 
i 1 1 l  6 .  pp 527.530. May I975 



Author Index 

A 
Aardoom. J. 105 
Ainswol-[h. T. I l l  
Akal. T. 25 
Allan. T. D. 5 3  
A l p e n .  W. 07 
AsLar~ .  F. 2x5 

B 
Bane. J. M. 179 
Beclbol-o~~gh, D. 137 
Bellingham, J. G. 145 
Hergamasco. L. 237 
Bel-ni. A. 26 l 
Boalman. .I. B. 15 
Bovio. E. 261.269.279 
Boyd, J. 205 

C 
Camus. J. R. 
CAI-ron. M. 
Cartmill, J. 
Cavalel-i, L. 
Ch:~prii:~~i. D. M. F, 
C l i~~rc l i .  C. 
Curl-ie. W. 
Curlin. T. B, 

D 
Du, I-. J. 
Ilur-ham. I'l. L. 
E 
Ellis. 11. 11. 
Elisseeff', P. 
Essen: H.-H. 
Even. M. 

G 
Greidan~r? .  H. 

Grosch, C. E. 

H 
Haeger, S. 
H:unmond, N. 
tlillyel.. R. 
Hvllancl, T. 

I 
I \  nnov. I-. M. 

.I 
Innsen. R. 
Jenwrud.  T. 
. l o ~ ~ r d i n .  F. 

K 
Kcramidas. G. A. 
K ~ r w a n .  A. D. 

I, 
Lcwis. J. K. 
Lewis, M. R. 
L,ipphardt, B. L. 
Locklin, J. 
L u  ira.  K. M. M. 

M 
M c C l ~ m a n s .  T. A. 
McLean. S. D. 
Malal-et. E. 
Martinsen. E. A. 
Max. M. D. 
Mied. R. P, 
Moh~ndra .  M. 

0 
O'Ncill ,  C. J. 
Ortega. C. 
Osborne. A. R, 

P 
Perkins. H. 
Petti. M. 
Pislck. P. 

R 
Robinson. A. R. 
Rcled. L. P. 

S 
S c h m ~ d t .  H. 
Scott. J. C. 
Sellschopp. J. 
Serio. M. 
Shen. C. Y. 
S p ~ n a ,  F. 
Staal. P. R. 
Stevenson, J. M. 
S ~ o c k d o n .  H. 



T 
Thiclc. I<. 
Tlclbucr:cr. I). 
Tr;uigcled. A. 
Trvna. I). R. 

V 
Valle-Levlll\on. A. 
Vu\\eur. N. 



Environmen 

and marine geology applied to antisubmarine, mine and amphibious 

the conference is 

NATO SACLANT Undersea Research Centre 

SBN 88-9001 94-0-9 


	CP-44
	Contents
	Preface
	Executive Summary
	Assimilation and modelling
	Measurement systems
	Remote sensing executive summary
	G.I.S. Executive summary
	National Perspectives on Rapid Environmental Assessment
	Evolving U.S. Navy Requirements for Rapid Environmental Assessment
	United Kingdom requirements for Rapid Environmental Assessment
	French exploratory development in REA
	United States Naval Meteorology and Oceanography Command Plans for Rapid Environmental Assessment

	NATO's Rapid Response Survey
	RAPID RESPONSE 96 - A Demonstration of NATO's Rapid Environmental Assessment Capability
	Rapid Environmental Assessment, SACLANTCEN Techniques used during RAPID RESPONSE '96
	Data Management and Exchange during RAPID RESPONSE '96: Problems ans Solutions
	Describing and Forecasting Ocean Conditions during Operation Rapid Response
	Maritime Patrol Aircraft Operations During OPERATION RAPID RESPONSE 96
	Rapid Environmental Assessment Capabilities of the Naval Oceanographic Office

	Remote Sensing
	A review of the potential contributions - and limitations -of Earth Observing satellites
	New Remote Sensors for Application to Rapid Response Environmental Assessment
	Satellite Remote Sensing in Rapid Environmental Assessment. The Optimum Use of Available Data
	Deduction of subsurface structures from satellite measured sea-surface temperature
	SPOT bathymetry and bottom type mapping for Rapid Response 96
	Inferring Subsurface Current Structure in a Coastal Ocean From Remote Sensing Data
	Remote Sensing in the Surf Zone - Non-traditional Methods
	Measurement of Mesoscale Oceanic and Atmospheric Phenomena by ERS-1/2 SAR
	The use of radar for bathymetry assesment
	Estimates of Seabed Topography from Synthetic Aperture Radar Images
	Use of Remote Imagery to Obtain Flow Information in the Littoral Zone
	Rapid Assessment of Current Velocities in the Coastal Ocean
	The Use of Satellites to Detect Oil Slicks at Sea

	In situ Sensors
	Acoustically Focused Oceanographic Sampling in Coastal Environments 
	Autonomous Oceanographic Sampling Networks: Status Report through FY97/Q1
	A Prototype Autonomous Buoyed Environmental Measurement System 
	Rapid Assessment of the Optical Attenuation Profile
	The Denied Area Measurement Processing System (DAMPS) and its Role in Rapid Environmental Assessment
	Rapid-Response Aircraft Surveys of Short-Lived Events in the Coastal Atmosphere

	Assimilation, Modelling and Prediction
	Forecasting and Simulating Coastal Ocean Processes and Variabilities with the Harvard Ocean Prediction System 
	Rapid Response to Geophysical Information Needs Experience of establishing an Atmospheric and Ocean Forecast Model for the Olympic Games 1996
	Determining the Coastal Environment by Data Assimilation using an Adjoint Technique
	Merging Disparate Oceanographic Data
	Data Input to Operational Sonar Forecast Models in Shallow Water
	Assessing the Bottom-interacting Sonar Environment
	Measuring and Predicting Ocean Circulation and Variability in Vestfjorden (Norway) - some experiences from the MILOC Survey Rocky Road
	Nonlinear Fourier Analysis with Cnoidal \Yaws

	Communications
	Inmarsat Mobile Satellite Comunications for Environmental Monitoring Applications
	Argos Second and Third Generations
	Communication Technology in Support of SACLANTCEN Programme of Work

	Geographic Information Systems
	The E-Map, Innovative COTS Software for Data Fusion and Interactive Communication for Rapid Environmental Assessment
	GIS and E-MAPS as the basis for data fusion and near real-time information distribution: present capabilities, REA specific requirements and directions for development
	A Network-based GIS for Support of Rapid Response Environmental Assessment

	Author Index




