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A b s t r a c t  

Data f rom se lec ted  o r b i t s  o f  t h e  NOAA-7 me teo ro l og i ca l  
s a t e l l i t e  a re  used f o r  an e x p l o r a t o r y  a n a l y s i s  of t h e  
su r f ace  v a r i a b i l i t y  i n  t h e  area o f  t h e  Aegean Sea us i ng  
t h e  STARS so f tware  system. The da ta  suggest t h a t  a  
pa t ch  o f  coo le r  water  ( < 22°C i n  summer) i n  t h e  n o r t h -  
west Aegean i s  due t o  m i x i n g  i n  t h e  Dardanel les .  
Another coo l  pa tch  i n  t h e  G u l f  o f  C o r i n t h  may be due t o  
w i  nd- induced upwel l  i n g  and t i d a l  - induced mix ing .  
E x c e l l e n t  c o r r e l a t i o n  i s  found between albedo (here  a  
measure of su r f ace  roughness) and su r f ace  temperature,  
w i t h  low albedo assoc ia ted  w i t h  h i g h  temperature;  t h e  
r e l a t i v e  p a t t e r n s  a re  d i sp l aced  s p a t i a l l y  depending upon 
t h e  topography o f  t h e  ad jacen t  shore1 i ne. 

1. I n t r o d u c t i o n  

One o f  t h e  reasons f o r  t h e  i n s t a l  l a t i o n  o f  a  sate1 1  i t e  r e c e i v i n g  s ta -  
t i o n  a t  SACLANTCEN (Wannamaker, 1983) was t o  mon i t o r  t h e  fea tu res  
v i s i b l e  i n  t h e  imagery f o r  i n d i c a t i o n s  o f  areas s u b j e c t  t o  v a r i a b i l i t y  
and perhaps t h e r e f o r e  deserv ing  f u r t h e r  study. Th i s  r e p o r t  dea ls  w i t h  
one such area. 

Dur ing  t h e  sumner o f  1982 da ta  f rom a  number o f  s a t e l l i t e  passes over 
t h e  eas te rn  Medi ter ranean were rece i ved  i n  suppor t  of a  research  
c r u i s e .  C e r t a i n  su r f ace  temperature f e a t u r e s  beyond t h e  l i m i t s  of t h e  
c r u i s e  i n v e s t i g a t i o n s  were noted i n  t h e  data,  i n  p a r t i c u l a r  a  r e g i o n  
o f  r e l a t i v e l y  coo l  water extended outward f rom t h e  Dardenel les  and 
another  r e g i o n  o f  coo l  water  e x i s t e d  i n  t h e  Gu l f  o f  Cor in th .  I t  was 
dec ided t o  make a  p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  area w i t h  m a t e r i a l  
from t h e  s a t e l l i t e  da ta  a rch ive .  

SACLANTCEN ho lds  d i g i t a l  tapes o f  se l ec ted  APT (Automat ic  P i c t u r e  
Transmiss ion)  da ta  o f  NOAA-6 and NOAA-7 s a t e l l i t e s  d a t i n g  from 
May 1982 and r o u g h l y  150 tapes o f  t h e  HRPT (High Reso lu t i on  P i c t u r e  
Transmiss ion)  da ta  ex tend ing  back t o  August 1979. APT and HRPT a re  
separate  s imultaneous t ransmiss ions  o f  da ta  f rom t h e  Advanced Very 
High Reso lu t i on  Radiometer. The APT fo rmat  i s  an analogue 
t r ansm iss i on  o f  averaged da ta  a t  two o f  t h e  f i v e  channels of t h e  
ins t rument .  F i g u r e  1 o f  17 October 1983 shows a  t y p i c a l  image of t h e  
area i n  t h i s  fo rmat .  SACLANTCEN d i g i t i z e s  these da ta  a t  r e c e p t i o n  i n  
o rde r  t o  analyse them q u a n t i t a t i v e l y  (Wannamaker, 1983). The HRPT 
fo rmat  i s  a  d i g i t a l  t r ansm iss i on  o f  5 channels o f  data, w i t h  a  nominal 
ground r e s o l u t i o n  o f  1 km. 
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2. Data 

A f te r  a  scan of t h e  quick- look images o f  t h e  archive, i t  was decided 
t o  concentrate on t h e  NOAA-7 O r b i t  5224. This  crossed the  equator on 
a  northbound pass a t  12:26:35 GMT on 28 June 1982 and was over t h e  
eas tern  Mediterranean a t  about 12:37 GMT. 

The r e l e v a n t  p a r t  o f  t h e  image was t rans fe r red  t o  t h e  STARS system and 
data from th ree  channels were se lected:  Channel 2  i n  t he  near- 
i n f r a r e d  a t  -0.85 pm,  and Channels 4  and 5  i n  t he  thermal i n f r a r e d  
( I R )  at-11 a n d 4 2  p m .  The data are s to red  on d i sk  w i t h  8  b i t s  per 
p i c t u r e  element ( p i x e l  ), and f o r  t he  thermal I R  channels t h i s  was done 
i n  such a  way t h a t  f u l l  p r e c i s i o n  (10 b i t )  was r e t a i n e d  i n  t h e  tem- 
pe ra tu re  range f rom approximately l Z ° C  t o  28OC, w i  t h  reduced r e s o l  u- 
t i o n  over t he  r e s t  o f  t he  range from -30°C t o  +40°C (Wannamaker, 
1983). 

The nea r - i n f ra red  Channel 2  image conf irmed t h a t  t he re  was l i t t l e  
c loud i n  t h i s  area. The coas t l i nes  were very  d i s t i n c t  and the  image 
f rom t h i s  channel was used t o  ' nav iga te '  t h e  data, which i nvo l ves  the  
i n t e r a c t i v e  l o c a t i o n  i n  t h e  image of known features on t h e  e a r t h  sur- 
f ace  (ground c o n t r o l  p o i n t s )  i n  r e l a t i o n  t o  t h e i r  p o s i t i o n s  est imated 
by t h e  computer program. The ground c o n t r o l  p o i n t s  i n  t h i s  area are 
1  i s t e d  i n  Table 1 and were au toma t i ca l l y  r e t r i e v e d  from the  master 
l i b r a r y  (Wannamaker and Nacin i ,  1984; Wannamaker e t  al., 1986). The 
r e s u l t s  o f  t h e  nav iga t i on  process are used t o  es t imate  the  a l t i t u d e  
and changing a t t i t u d e  of t h e  spacecraft  du r i ng  the  pe r i od  of data 
a c q u i s i t i o n ,  which subsequently a l lows t h e  t ransformat ion o f  t he  ima- 
ges t o  standard map p ro jec t i ons .  I n  order  t o  preserve t h e  f u l l  
s a t e l l i t e  sensor r e s o l u t i o n ,  two se ts  of images were generated i n  
Standard Mercator p ro jec t i ons :  one centred a t  39.5ON, 27OE and the  
o the r  a t  38ON, 23OE. The c e n t r a l  l a t i t u d e  i n  each case was taken as 
t h e  re fe rence l a t i t u d e  where 1 p i x e l  = 1 km2. The two remapped images 
f rom t h e  nea r - i n f ra red  channel a re  shown i n  F igs.  2a and 2b. 

Each channel had been c a l i b r a t e d  before t h e  data were mapped and the  
two thermal I R  channels were subsequently combined us ing  the  
express ion 

where 

TS = absolute sea-surface temperature measurement cor rec ted  
f o r  t h e  i n t e r v e n i n g  atmosphere, 

Tq = b r igh tness  temperature va lue i n  Channel 4, 

Tg = corresponding value i n  Channel 5. 
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The r e s u l t a n t  sea-sur face temperature images a re  shown i n  F ig .  3. 

The mapped images show a  number o f  i n t e r e s t i n g  fea tu res  which a re  
d iscussed a f t e r  t h e  genera l  me teo ro l og i ca l  s i t u a t i o n  has been 
ou t1  ined. 

3. Weather map 

The synop t i c  s i t u a t i o n  shown i n  F i g .  4 i n d i c a t e s  a  low p ressure  area 
( < 1000 mb) over  L i t h u a n i a  ex tend ing  a  c o l d  f r o n t  sou theas te r l y ,  and 
a l s o  w e s t e r l y  t r a i l i n g  over  c e n t r a l  Greece. Only a  few c l oud  s t r eaks  
a r e  no ted  i n  t h e  images, and t hey  a re  a l i g n e d  w i t h  t h e  f r o n t .  A 
secondary low ( < 1005 mb) i s  r e p o r t e d  on t h e  c h a r t  cen t red  over  t h e  
N. Aegean, w i t h  winds o f  about 5  t o  10 kn. There was s c a t t e r e d  cumu- 
l u s  over  t h e  land.  The l i n e  o f  c o l d  f r o n t  had moved about 37 km 
south-east  s i nce  t h e  m i d n i g h t  c h a r t  (approx. 0.9 mlsec) .  

4. Ana l ys i s  o f  sate1 1 i t e  images 

The s a t e l l i t e  da ta  shows t h e  c o l d e s t  water  i n  t h e  area t o  be a long  t h e  
south coas t  o f  t h e  Black Sea, where t h e  su r f ace  temperature has an 
average va lue  of 16.5OC, w i t h  an extreme va lue  of 15.6"C a t  one p o i n t .  
A major  r i v e r  en te r s  t h e  Black Sea i n  t h i s  area, and t h e  r e p o r t e d  wind 
near t h e  area i s  sou the r l y ,  perhaps i nduc ing  upwe l l i ng .  The c o o l e r  
water  o f  t h e  B lack Sea en te r s  t h e  Sea o f  Marmara. The surface ou t f low 
of t h e  Dardanel les  i s  c o o l e r  than  t h e  su r f ace  temperature i n  t h e  Sea 
of Marmara and extends i n t o  a  coo l  patch about 65 km l o n g  i n  t h e  eas t -  
west d i r e c t i o n  and r o u g h l y  30 km wide. Genera l l y  t h e  Aegean Sea has a  
m o t t l e d  appearance t y p i c a l  o f  'anomalous su r f ace  h e a t i n g '  under low 
wind c o n d i t i o n s  ( F e t t  e t  a l . ,  1977). The temperature i s  o b v i o u s l y  
h i g h e r  on one s i d e  o f  t h e  i s l a n d s  w i t h  l o c a l i z e d  c o l d  patches a l s o  
e v i d e n t  i n  bo th  F igs .  3a and 3b. Another f e a t u r e  t o  no te  i s  t h e  
c o o l e r  water  i n  t h e  Gulf o f  Cor in th .  I n  t h e  I o n i a n  Sea c o o l e r  water  
i n d i c a t i v e  of u p w e l l i n g  a long  t h e  i s l a n d s  and promontor ies  of Greece 
i s  c a r r i e d  a long  i n  a  sou theas te r l y  su r f ace  f low. Some of these 
f ea tu res  w i  11 now be d iscussed i n  more d e t a i  1; F ig .  5  shows t h e  l oca -  
t i o n s  of p l ace  names used i n  t h e  t e x t .  

5.  Dardane l les  o u t f l o w  

The r e l a t i v e l y  coo l  ( < 22.5OC) pa tch  o f  water cove r i ng  an area o f  
some 2200 km2 l y i n g  t o  t h e  south and eas t  o f  t h e  i s l a n d  of Limnos 
appears t o  emanate from t h e  Dardanel les .  The average temperature of 
t h e  area i s  21.84"C, a= 0.54 K). Th i s  i s  s i g n i f i c a n t l y  c o o l e r  than  
t h e  sur face of t h e  western end o f  t h e  Sea of Marmara (T = 25. 10°C, a = 
0.39 K). 
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To f u r t h e r  c h a r a c t e r i z e  t h e  temperature i n  t h i s  area, t h r e e  p r o f i l e s  
were taken as shown i n  F ig .  6. The f i r s t  p r o f i l e  (from the  i s l a n d  o f  
Ay ios E v s t r a t i o s  t o  t h e  cape of I l yasbaba)  c u t s  through t h e  no r the rn  
p a r t  o f  t h e  pool ,  i n d i c a t i n g  r a t h e r  ragged boundaries w i t h  m u l t i p l e  
c ross ings  of warmer water (F ig .  7) .  

The second p r o f i l e  ( f rom t h e  i s l a n d  o f  Limnos t o  Lesvos) i n d i c a t e s  a 
sharp southern boundary about 34 km a long t h i s  sou theas te r l y  l i n e ,  
w i t h  a  temperature r i s e  o f  1.7 K over a  few k i l ome t res .  

From the  t h i r d  p r o f i l e ,  be ing  n e a r l y  nor th -sou th  a t  about 25.5"E, t h e  
e x t e n t  o f  t h e  pa tch  i s  38 km. Along both of t h e  second and t h i r d  pro-  
f i l e s  t h e  co ldes t  temperature encountered was 20.1°C. A s i m i l a r l y  
p laced  p r o f i l e  was taken f rom t h e  APT image of 3  weeks l a t e r ,  21 J u l y  
1982. A t  t h i s  t ime, w i t h  j u s t  one thermal I R  channel ava i l ab le ,  t h e  
da ta  were n o t  co r rec ted  f o r  t h e  e f f e c t  o f  t h e  atmosphere. Th i s  pro-  
f i l e ,  i nc l uded  i n  F ig .  7, i n d i c a t e d  a sharp drop o f  4°C over 3 km a t  
t h e  no r the rn  boundary of t h e  pa tch  and a gradual warming t o  t h e  south. 
The land-sea boundary o f  t h e  west coas t  of Turkey was n o t  marked by a 
sharp temperature con t ras t ,  p o s s i b l y  due t o  r a d i a t i o n  c o o l i n g  o f  t h e  
l and  t o  near sea temperatures o r  due t o  coas ta l  fog. Without t h e  
second I R  channel t h e  p o s s i b i l i t y  cannot be ignored  t h a t  t h e  p r o f i l e  
da ta  may i n c l u d e  measurements f rom a fog l aye r .  

An APT image f o r  J u l y  30, 1982 showed t h e  coo l  patch i n  t h e  
Dardanel les Outf low t o  be a d i f f e r e n t  shape, and t h e  temperature drop 
was o n l y  1 K. However, s i nce  t h i s  area l a y  near t h e  edge o f  t h e  
image, where t h e  e f f ec t  of t h e  atmosphere i s  g rea tes t ,  t h i s  va lue  may 
n o t  be r e l i a b l e .  Never the less these da ta  imp l y  t h a t  t he  cool  pa tch  i s  
n o t  a  s t a t i c  feature.  

A p r o f i l e  a long t h e  Dardanel les i t s e l f  (F ig .  8 )  and i n t o  t h e  Sea o f  
Marmara i m p l i e s  t h a t  t h e  surface c o o l i n g  occurs a t  t h e  p o i n t  where t he  
channel changes d i r e c t i o n  sha rp l y  ( p o i n t  A) and near t h e  ent rance t o  
t h e  S t r a i t  ( p o i n t  B ) .  Some p r o f i l e s  across t h e  S t r a i t  i n d i c a t e  coo le r  
water a long t h e  southern shore b u t  n o t  a l l  of t h e  p r o f i l e s  con f i rm  
t h i s  observa t ion  and t h e  d i s tance  i s  t o o  s h o r t  compared t o  t h e  r e s o l u -  
t i o n  o f  t h e  s a t e l l i t e  sensor f o r  i t  t o  be accepted w i t h o u t  f u r t h e r  
evidence. One hypo thes is  i s  t h a t  t h e  f unne l i ng  and t u r b u l e n t  m i x i n g  
i n  t h e  sha l low Dardanel les i nco rpo ra tes  water from below t h e  t h e r -  
moc l ine  i n t o  t h e  sur face l aye rs .  Data taken by Defant (Defant, 1961; 
O f f i c e r ,  1976) i n  autumn (October),  w i t h  t h e  wind i n  t h e  d i r e c t i o n  o f  
t h e  su r f ace  c u r r e n t  (40 cm/s), i n d i c a t e  t h e  pycnoc l i ne  r i s i n g  smoothly 
19 'm f rom t h e  Sea o f  Marmara t o  t h e  Aegean. 

6. I n t e r - i s l a n d  u p w e l l i n g  

An i n t e r e s t i n g  s t r u c t u r e  was apparent a long t h e  l i n e  of t h e  Greek 
I s l a n d s  o f  Euboea, Andros, T inos and Mikonos i n  bo th  t h e  near-IR and 
I R  imagery. P r o f i l e s  were taken a long t h e  l i n e  shown i n  F ig .  9  and 
a r e  shown i n  F ig .  10. Th i s  i s  an a f te rnoon image w i t h  t h e  sun 's  spe- 
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c u l a r  p o s i t i o n  w e l l  t o  t h e  west. Hence t h e  s u n l i g h t  would be 
r e f l e c t e d  away f rom t h e  s a t e l l i t e  sensor if the  sea were calm. I n  a  
wind-roughened sea, however, some of t h e  wave face ts  would be a t  t h e  
p roper  angle t o  r e f l e c t  l i g h t  i n t o  t h e  sensor. Hence a  h i ghe r  
rad iance  va lue  f rom t h e  sea su r f ace  represen ts  a  rougher surface and 
i n  t u r n  h i ghe r  wind speed. 

I n  t h e  s t r a i t s  between t h e  i s l a n d s  a  h i ghe r  wind speed caused by fun-  
n e l  l i n g  o f  t h e  wind has c rea ted  a  rougher su r f ace  and a l s o  t h e  
u p w e l l i n g  o f  coo le r  subsur face water. A lso shown i n  F ig .  10 i s  a  
schematic of t h e  topography o f  t h e  i s l a n d s  a long a  l i n e  perpend icu la r  
t o  t h e  es t imated  wind d i r e c t i o n .  These va lues were taken from a  
n a u t i c a l  c h a r t  w i t h  contour  i n t e r v a l s  every  1000 f t  (305 m). Unless 
exp ress l y  g iven  on t h i s  char t ,  a l l  va lues between contour  i n t e r v a l s  
were assigned t o  t h e  m idpo in t  value. 

Cons idera t ion  o f  t h e  p r o f i l e s  shows, as expected f o r  alongshore f low, 
t h a t  t h e  p o i n t  o f  upwe l l i ng  and t h e  minimum temperature a re  aga ins t  
t h e  coast,  t o  t h e  l e f t  o f  t h e  maximum wind l o o k i n g  downwind. I n  t h e  
l e e  o f  t h e  i s l a n d s  t h e r e  i s  v i r t u a l l y  no wind m i x i n g  and t h e  incoming 
s o l a r  r a d i a t i o n  i s  t rapped i n  t h e  sur face l aye r ,  which becomes 'anoma- 
l o u s l y  h o t 1 .  Where t h e r e  i s  a  break i n  t h e  topography, t h e  wind 
b low ing  off shore can sweep away sur f  ace water  and cause upwel l  i ng and 
v e r t i c a l  mix ing.  Thus a t  these l o c a t i o n s  areas of c o o l e s t  surface 
temperature a re  a l i g n e d  w i t h  t h e  h i ghes t  rad iances  o r  windspeeds. 
A l though t h e r e  a re  o the r  f a c t o r s  invo lved ,  such as t h e  shapes of t h e  
i s l ands ,  su r face  c u r r e n t s  and sma l le r  sca le  topography, t h e r e  i s  an 
e x c e l l e n t  c o r r e l a t i o n  between h i g h  topography, low winds and h i g h  tem- 
pera tu res ,  and coo le r  temperatures where t h e  windspeed was h igher .  

7. G u l f  o f  C o r i n t h  

An area of about 730 km2 o f  t h e  Gu l f  of Co r i n th  was covered w i t h  water 
w i t h  a  temperature of l e s s  than 22OC; t h e  average was 20.84OC 
(0 = 0.69 K )  and t h e  minimum was 19.82OC. Winds a t  a  me teo ro log i ca l  
s t a t i o n  on t h e  nor th-west  coast  o f  Greece were r e p o r t e d  as w e s t e r l y  
a t  15 kn. Th i s  i s  supported by t h e  ev iden t  upwe l l i ng  on t h e  south- 
western coasts  o f  t h e  i s l a n d s  and Peloponnese. Th i s  wind, f unne l l ed  
i n t o  t h e  Gulf of Cor in th ,  cou ld  be expected t o  induce m i x i n g  and 
upwe l l i ng  of coo le r  water i n  t h e  Gulf. Nau t i ca l  c h a r t s  show t i d a l  
c u r r e n t s  i n  t h e  2-km-wide ent rance t o  be between 1 and 2  kn. The 
wider  ent rance t o  t h e  Gu l f  i s  much shal lower,  60 m, and may be warm t o  
t he  bottom. The Gu l f  i t s e l f  extends t o  depths of 934 m (Heezen e t  
a l . ,  1966). Upwe l l ing  a l s o  occurred i n  t h e  Gu l f  o f  Saronikas across a  
narrow pen insu la  f rom t h e  c i t y  o f  Cor in th .  A t  t h i s  t ime  of day i n  
summer, t h e  Gulf of Athens i s  u s u a l l y  dominated by onshore winds which 
would b lock  t h e  n o r t h w e s t e r l i e s  f rom i nduc ing  u p w e l l i n g  i n  t h i s  area. 
F i g u r e  11 shows a  temperature p r o f i l e  through t h e  area and t h e  p o s i -  
t i o n  o f  t h e  p r o f i l e  l i n e .  
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8. I s l a n d  hea t  shadows 

I n  t h e  thermal I R  images i t  i s  apparent t h a t  t h e  sea temperature on 
one s i d e  o f  most o f  t h e  i s l a n d s  i s  s i g n i f i c a n t l y  h i ghe r  than on t h e  
o ther .  These warm patches extend some d i s tance  away from the  i s l ands ,  
u s u a l l y  decreas ing i n  w i d t h  w i t h  d is tance.  Two p o s s i b l e  reasons f o r  
t h i s  a re  t h a t  t h e  i s l a n d s  a r e  b l o c k i n g  t h e  wind f l o w  and p reven t i ng  
wind-mix ing as discussed above, o r  t h a t  m o i s t  a i r  pass ing over t h e  
i s l a n d s  has become d r i e r  and/or warmer and i s  thus  decreas ing t h e  
a t t e n u a t i o n  of t h e  s i g n a l  reach ing  t h e  spacecraf t .  The l a t t e r  seems 
u n l i k e l y  i n  t h i s  case because t h e r e  i s  no evidence of p r e c i p i t a t i o n  o r  
c loud iness  on t h e  upwind s ides  o f  t h e  i s l ands .  I n  e i t h e r  case these 
'hea t  shadows' l i e  on t h e  leeward s i d e  o f  t h e  i s l a n d s  and extend down- 
wind. F i g u r e  12 shows a  schematic map of t h e  area w i t h  arrows i n d i -  
c a t i n g  t h e  es t imated  wind d i r e c t i o n  as t h e  a x i s  o f  t h e  warmer 
f ea tu res .  These a re  c o n s i s t e n t  w i t h  t h e  synop t i c  s i t u a t i o n  dep i c ted  
i n  t h e  weather map of F ig .  4 and l o c a l  topography. These p a t t e r n s  a re  
a  u s e f u l  i n d i c a t o r  of wind f low. A  cu r i ous  excep t ion  t o  t h i s  i s  a  
warm pa tch  ( > 27OC) o f  t h e  south coas t  of t h e  i s l a n d  of Lesvos. Th i s  
i s  on t h e  expected windward s i d e  of t h e  i s l a n d  and l i e s  over a  
depress ion i n  t h e  sea f l o o r .  The depth of t h i s  d i p  i s  more than 
300 fathoms (550 m), whereas t h e  general  depth i n  t h e  area i s  between 
100 and 200 fathoms (180 t o  365 m). 

9. I R  channel d i f f e r e n c e  

Shown i n  F ig .  13 i s  an image ob ta ined  by s u b t r a c t i n g  Channel 5  f rom 
Channel 4 (and adding a  b i a s  of 20 K ) .  Th i s  should g i v e  some measure 
of t h e  amount of water vapour i n  t h e  atmosphere. Clouds show up 
c l e a r l y  i n  whi te .  Atmospheric i n t e r n a l  waves w i t h  a  wavelength o f  
about 7 km a re  ev iden t  over t he  nor th-western Greek i s lands ,  
appa ren t l y  caused by t h e  wind f l ow ing  over  t h e  i s l a n d  of Cephalonia. 
A lso  ev iden t  i s  t h e  boundary between coo le r  water upwel led a long t he  
southwest coast  of Greece and t h e  I o n i a n  Sea water, suggest ing a  
p o s s i b l e  change i n  atmospheric water vapour a t  t h e  boundary - s ince  
t h e  a i r - s e a  temperature d i f fe rence  a f f ec t s  t h e  s t a b i  1  i ty  and h u m i d i t y  
of t h e  o v e r l y i n g  l a y e r  (Sweet e t  al . ,  1980). The coo l  water pa tch  i n  
t h e  G u l f  of C o r i n t h  (d iscussed above) i s  a l s o  ev iden t ,  p o s s i b l y  f o r  
t h e  same reasons. Th i s  i n d i c a t e s  t h e  va lue  of m u l t i p l e  I R  channels, 
s i nce  by proper  combinat ion these atmospheric e f f ec t s  can be l a r g e l y  
removed f rom t h e  s ing le-channel  es t imates  of temperature.  

Another po 
of i s l a n d s  
r e s u l t  o f  

i n t  t o  be noted i s  t h e  w h i t e  boundaries o f  t h e  eas te rn  edge 
and t h e  b lack  boundaries of t h e  western edges. Th i s  i s  t h e  
a  s l i g h t  m i s r e g i s t r a t i o n  between t h e  f i e l d s  o f  view o f  

Channel 4 and Channel 5, whereby t h e  l a t t e r  senses a  boundary f i r s t .  
Th i s  m i s r e g i s t r a t i o n  i s  n o t  s u f f i c i e n t  t o  c r e a t e  n o t i c e a b l e  no i se  a t  
oceanic  f r o n t s .  
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10. Concl u s i  ons 

The APT da ta  have i n d i c a t e d  an area o f  su r f ace  v a r i a b i l i t y  i n  t h e  
Medi ter ranean Sea and t h e  APT da ta  a r c h i v e  has been used t o  do a  qu i ck  
p r e l i m i n a r y  survey o f  an area us i ng  one HRPT image and a  few APT ima- 
ges. Thus t h e  APT r e c e i v i n g  system and da ta  a r c h i v e  has success fu l l y  
met one of i t s  des ign o b j e c t i v e s .  

The area surveyed was t h e  Aegean and Gu l f  of Cor in th ,  and hypotheses 
have been presented f o r  t h e  causes o f  f e a t u r e s  apparent i n  t h e  data:  

Observat ion 1 

A coo l  patch o f  water i n  t h e  n o r t h  Aegean cove r i ng  some 2200 
km2 has i t s  source i n  t h e  Dardanel les .  I t  i s  suggested t h a t  
i t  r e s u l t s  f rom m i x i n g  i n  t h a t  S t r a i t  between t h e  sur face and 
c o o l e r  u n d e r l y i n g  water caused by t h e  v e n t u r i  e f f e c t  of t h e  
narrow S t r a i t  and t h e  r i g h t  ang le  bend i n  i t s  course. APT 
data,  some o f  which was no t  d iscussed i n  d e t a i l  i n  t h i s  
r e p o r t ,  i n d i c a t e d  t h a t  t h i s  pa tch  does va ry  i n  e x t e n t  under 
d i f f e r e n t  wind cond i t i ons .  

Observa t ion  2 

Under wind speeds r e p o r t e d  as around 10 kn ( 5  m/s), u p w e l l i n g  
occur red  a t  p a r t i c u l a r  p o i n t s  o f f  many of t h e  Aegean i s l ands .  
Along t h e  i s l a n d  cha in  o f  Euboea, Andros, T inos and Mikanos, 
p r o f i l e s  o f  temperature and near- IR albedo i n d i c a t e d  t h a t  t h e  
albedo can be a  r e l i a b l e  i n d i c a t o r  o f  upwe l l i ng .  Between t h e  
i s l a n d s  t h e  channeled wind was alongshore and t h e  c o l d e s t  
temperatures (about  2  K below average) were found t o  t h e  l e f t  
of t h e  s t r onges t  wind ( h i g h e s t  a lbedo)  l o o k i n g  downwind. 
Where t h e  wind b low ing  over  an i s l a n d  induced sur face tem- 
p e r a t u r e  c o o l i n g  by m i x i n g  o r  upwe l l i ng ,  t h e  c o l d e s t  tem- 
p e r a t u r e  was a l i g n e d  w i t h  t h e  h i g h e s t  albedo. 

Under t h e  c o n d i t i o n s  encountered on t h e  day of t h e  HRPT 
image, t h e  i s l a n d s  b locked t h e  wind c r e a t i n g  hea t  shadows 
behind them. By t a k i n g  t h e  es t imated  wind d i r e c t i o n  as t h e  
a x i s  o f  these pa t t e rns ,  a  p i c t u r e  c o n s i s t e n t  w i t h  t h e  
me teo ro l og i ca l  s i t u a t i o n  was obta ined.  I n  t h e  absence o f  
c o n v e n t i a l  da ta  t h i s  techn ique  cou ld  be used t o  p r e d i c t  t h e  
d i r e c t i o n  (and p o s s i b l y  t h e  s t r e n g t h )  o f  low l e v e l  winds. 

Observa t ion  3  

An area o f  c o o l e r  water e x i s t s  i n  t h e  Gu l f  o f  C o r i n t h  i n  t h e  
deep water  eas t  o f  t h e  s i  11, which i s  a t  t h e  narrowest  p o i n t  
o f  t h e  Gu l f .  I t  i s  suggested t h a t  i t  i s  due t o  wind- induced 
m i x i n g  a ided by s t r ong  t i d a l  cu r ren t s .  

Report no. changed (Mar 2006): SR-103-UU



SACLANTCEN SR-103 

Observat ion 4 

Some o f  t h e  sur face fea tu res  i n  t h e  surface temperature ima- 
gery  were a l s o  ev iden t  i n  t h e  image ob ta ined  by t a k i n g  t h e  
d i f f e r e n c e  between Channels 4 and 5, and migh t  be due t o  
change i n  t h e  near-surface atmosphere r e s u l t i n g  from a change 
i n  a i r - sea  temperature.  Th i s  was n o t  as ev iden t  i n  t h e  
e a s t e r l y  p o r t i o n  o f  t h e  da ta  and i t  i s  suggested t h a t  t h i s  i s  
as r e s u l t  of t h e  d i f f e r e n t  o v e r l y i n g  a i r  mass t o  t h e  eas t  o f  
t h e  c o l d  f r o n t  c ross ing  Greece, a l though t h i s  would p l ace  t h e  
f r o n t  some 30 t o  50 km southwest of i t s  l o c a t i o n  on t h e  
synop t i c  cha r t .  

Th i s  was a p r e l i m i n a r y  a n a l y s i s  based on a few s a t e l l i t e  images. 
Obvious ly  f o r  a  f u l l  understanding of t h e  phenomena, measurements f rom 
sh ips  a re  requ i red .  If t h i s  were t o  be done i t  i s  suggested t h a t  
f i r s t  o f  a l l  t h e r e  should be f u r t h e r  a n a l y s i s  of t h e  s a t e l l i t e  imagery 
i n  t h e  arch ive;  t h e  o b j e c t i v e  would be t o  determine t he  temporal 
changes i n  t h e  sur face  express ions of t h e  fea tu res  and t h e i r  r e l a t i o n  
t o  su r f ace  winds and o the r  f ac to r s .  
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Pig. 1 An APT (Automatic Picture Transmission) near-IR image of the 
eastern Mediterranean area. Nominal resolution is 4 k m  per 
picture element. 

Report no. changed (Mar 2006): SR-103-UU



SACLANTCEN S R - 1 0 3  

Table 1 

Ground Control Points in the raw image; their true geodetic 
positions and estimated positions in the image on the computer disc. 

N DESCRIPTION 
1 ISTANBUL 
2 C. 9 M A R I A  D I  LEUCA 216 
3 N OTHONI A. K A S T R I  242 
4 N KERKIRA A. A R I L L A  243 
5 N  " A . L E V K I M I l I S 2 4 4  
6 VRAKHOI LAOOUDHIA 245 
7 N P A X O I  AKRA LAKKA 246 
8 AKRA M I T I K A S  247 
9 N LEVKAS YIRAPETRA 248 

10 N I S I S  SESOULA 249 
11  N LEVKAS DHOUKATON 250 
12 N. KEFA. A. D H I K H A L I A  251 
13 " A YEROCOM809 252 
14 N VARDHIANOI 253 
15 N K E F A . A  K A T E L I O S  234 
16 N ZAKINTHOS S K I N A R I  255 
17 " A K R I O N E R I  256 
1 8 " A HER1 257 
19 AKRA KATAKOLON 258 
20 N SAP D H I O  ADHELFLA 259 
21 AKRA L I V A D H I E S  260 
22 AKRA K I T R I E S  261 
23 AKRA TAINARON 262 
24 AKRA MALEAS 263 
25 AKRA ZOVOLLO 264 
26 N AND1 A APLOITARES 265 
27 SKIROS AKRA L I T H A R I  219 
28 AKRA PSEVDHOKAVOS 220 
29 AKRA AKRATHOS 22 1 
30 ILYASBABA BURNU 222 
31 BABA BURNU 223 

L A T I T U D E  
41. 000 
39.797 
39.864 
39.708 
39.461 
39.418 
39.242 
3s. 997 
J8.8JO 
38. 700 
38. 566 
38.283 
38. 182 
38. 134 
38.062 
37.933 
37. 807 
37. 653 
37 640 
36. 742 
36. 799 
36.916 
36. 387 
36.430 
36. 430 
35.825 
38. 783 
39. 950 
40. 133 
40. 050 
39. 483 

A L T I T U D E  
36. 0 
33. 3 
98. 0 
25. 0 
5. 0 

13. 0 
33. 0 
6. 0 
9. 0 

33. 0 
60. 0 
13. 0 
34. 0 

4 . 0  
73. 0 
57. 0 
13. 0 

182. 5 
36. 0 

102.0 
10. 0 
20. 0 
23. 0 
0. 0 
8. 0 

26. 0 
84. 0 
35. 0 
37. 0 
25. 0 
22. 0 

Table 2 

The results of the navigation process, giving the error between 
the true position as estimated by the operator and that determined 

after a statistical best-fit of the satellite motion. 

CCP ESTIMATION ERRORS AND UPDATED POSITION:  

GCP DESCRIPTOR LONQITUDE L A T I T U D E  RESOLUTION ERROR(ME1ERS) ERROR(P1XELS) 

N KERKIRA A A R I L L A  243 
N PAXOI  AKRA LAKKA 246 
N KEFA. A D H I K H A L I A  251 
AKRA KATAKOLON 258 
AKRA ZOVOLLO 264 
SKIROS AKRA L I T H A R I  219 
ILYASBABA BURNU 222 
BABA BURNU 223 

NUMBER OF GCPS I S RMS ERROR I N  METERS AND P I X E L S  a 2495.2993 2.6063 
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Fig. 2 The images mapped to a iVlercator Projection 
a) centred at 39.5ON, 27OE 
b) centred at 38ON, 23OE 
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Fig.3a-b The sea-surface temperature images corresponding to  Fig. 2. 
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B U L G A R I A  

T U R K E Y  

2 0' 2 5' E a s t  30 

1. D a r d a n e l l e s  
2. Gulf  of C o r i n t h  
3. Limnos I .  
4. Ayios E v s t r a t i o s  I .  
5. I l y a s b a b a  Cape 
6. Lesvos I .  
7. Euboea I .  

8. Andros I .  
9. Tinos  I .  

10. Mikonos I .  
11. Gulf of  S a r o n i k o s  
12.  Athens 
13. Cephalonia  I .  
14.  Gulf of  P a t r a  

Fig. 5 A char t  showing the  places named in t h e  text .  
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F i g . 6  Positions of the three profiles through the Dardanelles 
outflow. 
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Fig. 7 The temperature profiles through the Dardanelles outflow as 
discussed in the text .  
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"C 30 1 AEGEAN SEA MARMARA SEA 

Fig. 8 A temperature profile fron the Aegean to the Sea of Marmara 
along the course of the Dardanelles, indicating that most of 
the temperature drop occurs at two locations. 

Fig. 9 Positions of the temperature and albedo profiles along the 
Greek islands, marked on an image of thermal IR data (Channel 
4 at 11 p m ) .  
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CALM WlND 
A Z 

HOT COLD HOT COLD HOT COLD HOT COLD 

Fig. 10 Temperature and near-IR albedo along the line shown in 
Fig. 9. Also shown above is a schematic of the upwind 
topography of the islands upwind of the profile. The albedo 
can be taken as a measure of the surface wind speed (see 
text) .  
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Y GULF OF PATRA GULF OF CORINTH I 

Fig. 11 b) Position of the profile in Fig. lla) 

Report no. changed (Mar 2006): SR-103-UU



SACLANTCEN SR-103 

TURKEY 

22O EAST 24' 26' 28O 3 o0 

Fig. 12 Map of the area with estimated wind directions shown at 
selected sites based on the orientation of the heat shadows; 
c.f. the meteorological chart of Fig. 4. 

Report no. changed (Mar 2006): SR-103-UU



SACLANTCEN SR-103 

Fig. 13 Image depicting the algebraic difference between the  two  IR 
images. 
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