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1. ABSTRACT 

D i f f e r e n t  e s t i m a t e s  of  t h e  monthly mean s e a  s u r f a c e  t empera tu re  
(SST) f i e l d s  a r e  in t e rcompared .  F i e l d s  d e r i v e d  from s h i p  d a t a  a l o n e  
d i f f e r  s u b s t a n t i a l l y  i n  h i g h  SST g r a d i e n t  r e g i o n s  and i n  a r e a s  of 
low d a t a  d e n s i t y .  These d i f f e r e n c e s  e x h i b i t  s e a s o n a l  and i n t e r -  
annua l  v a r i a t i o n s  which a r e  s p a t i a l l y  c o r r e l a t e d .  The l a r g e  b i a s  
and v a r i a b i l i t y  p r e c l u d e  i n t e r c h a n g e a b l e  u s e  of  d i f f e r e n t  SST 
p r o d u c t s  d e r i v e d  from s h i p s  a l o n e .  

The d i f f e r e n c e  between SST f i e l d s  from s h i p s  and s i m i l a r  f i e l d s  
d e r i v e d  from a b lend  of s a t e l l i t e  and s h i p  d a t a  show many of t h e  
c h a r a c t e r i s t i c s  no ted  above ,no r th  of  30 N .  However, i n c l u s i o n  of  
s a t e l l i t e  d a t a  r e s u l t s  i n  a w a r m  b i a s  t h a t  i s  s u b s t a n t i a l l y  l a r g e r  
t h a n  t h a t  found between sh ip-only  p r o d u c t s .  The d i f f e r e n c e  f i e l d s  
s o u t h  o f  30 N are of o r d e r  one  s t a n d a r d  d e v i a t i o n  o r  more w i t h  t h e  
blended product  a g a i n  g e n e r a l l y  b e i n g  w a r m e r .  The d i f f e r e n c e  f i e l d s  
a r e  r e g i o n a l  i n  n a t u r e  a t  a l l  l a t i t u d e s .  Thus g l o b a l  o r  zona l  
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averaging  o f  t h e  f i e l d s ,  as i s  done i n  many papers  comparing satel-  
l i t e  SST's w i t h  o t h e r  estimates, could l e a d  t o  e r roneous  conc lus ions  
r ega rd ing  t h e  deg ree  of comparab i l i t y  between t h e  f i e l d s .  

2 .  INTRODUCTION 

Knowledge of t h e  oceans '  s u r f a c e  tempera ture  i s  va luab le  i n  a 
v a r i e t y  of areas of r e sea rch .  
a n a l y s e s  are c u r r e n t l y  be ing  made t o  g i v e  maps of sea s u r f a c e  t e m -  
p e r a t u r e  (SST). These maps are a v a i l a b l e  a t  a v a r i e t y  of t i m e  
i n t e r v a l s  from d a i l y  through monthly averages.  They cover  d i f f e r e n t  
s p a t i a l  scales from those  a s s o c i a t e d  wi th  f r o n t a l  zones t o  t h e  g loba l  
ocean. 

A s  a r e s u l t ,  a number of d i f f e r e n t  

In view of t h e  p r o l i f e r a t i o n  of SST products ,  i t  seems impor- 
t a n t  t o  de te rmine  i f  they  are  a l l  provid ing  t h e  same b a s i c  informa- 
t i o n .  For i n s t a n c e ,  Barnet e t  a1 (1979) showed l a r g e  d i f f e r e n c e s  
e x i s t e d  between i n  s i t u  d a t a  and s a t e l l i t e  de r ived  SST i n  t h e  
c e n t r a l  T r o p i c a l  P a c i f i c .  To i n i t i a t e  a broader  comparison w e  have 
concen t r a t ed  on monthly mean SST p roduc t s  f o r  t h e  A t l a n t i c  and 
P a c i f i c  Oceans. The prime q u e s t i o n  w e  addressed  was: Do d i f f e r e n t  
SST p roduc t s  g i v e  s i m i l a r  estimates o f  t h e  tempera ture  f i e l d  over  
bo th  space  and t i m e ?  I f  d i f f e r e n c e s  do occur ,  w e  w i l l  n o t  a t t empt  
t o  say  which SST product  i s  c o r r e c t ,  f o r  indeed t h e r e  i s  no way t o  
know f o r  su re .  We w i l l ,  however, c o n t r a s t  t h e  d i f f e r e n c e s  where 
p o s s i b l e  wi th  n a t u r a l  i n t e r a n n u a l  v a r i a b i l i t y  of  SST t o  see i f  t h e  
d c f f e r e n c e s  are  impor tan t  f o r  cl imate s t u d i e s .  
i s  t o  de te rmine  i f  t h e r e  are p o t e n t i a l  problems i n  t h e  SST p roduc t s ,  
no t  t o  do an e x t e n s i v e  e v a l u a t i o n  of them. 

Our pr imary purpose 

I n  t h e  fo l lowing  s e c t i o n  w e  compare SST f i e l d s  developed from 
i n  s i t u  d a t a ;  mainly synop t i c  s h i p  r e p o r t s .  These d i f f e r e n c e s  are  
then  c o n t r a s t e d  wi th  those  obta ined  by comparing a product  de r ived  
by b lending  s a t e l l i t e  and i n  s i t u  measurements wi th  one of t h e  i n  
s i t u -on ly  products .  The SST p roduc t s  were s e l e c t e d  s o l e l y  on t h e  
b a s i s  of  be ing  t h e  most convenient ly  a v a i l a b l e  f o r  a n a l y s i s  given 
t h e  t i m e  and r e sources  a v a i l a b l e  f o r  t h i s  s tudy .  

3 .  SST PRODUCTS DERIVED FROM SHIP OBSERVATIONS 

3.1 Temporal Comparison 

D i f f e r e n t  methods of  c o n s t r u c t i n g  SST p roduc t s  could p o s s i b l y  
l e a d  t o  r a t h e r  l a r g e  d i f f e r e n c e s  between them. To i n v e s t i g a t e  t h i s  
w e  s u b t r a c t e d  monthly tempera tures  der ived  from t h e  Nat iona l  
C l i m a t i c  C e n t e r ' s  h i s t o r i c a l  sea s u r f a c e  tempera ture  (HSST) summary 
product ,  
F i s h e r i e s  t e r v i c e  (NMFS), Southwest F i s h e r i e s  Center  i n  La J o l l a ,  
C a l i f o r n i a  (T ) .  These two p roduc t s  are developed i n  ve ry  
d i f f e r e n t  waysYCThe HSST d a t a  w e r e  ob ta ined  by averaging  a l l  a v a i l -  

from t h e  monthly product  of  t h e  Nat iona l  Marine SST' 
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a b l e  d a t a  w i t h i n  l a r g e  ocean  areas t o  g i v e  a s i n g l e  SST v a l u e  f o r  
each  area /month .  The d a t a  came from s h i p s '  logbook r e p o r t s  (TDF11). 
C l e a r l y ,  s h i f t s  i n  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  of  r e p o r t s  w i t h i n  
t h e  r e g i o n s  can  have a n  impact  on t h e  f i n a l  monthly ave rage ,  pa r -  
t i c u l a r l y  i f  t h e r e  a r e  l a r g e  n a t u r a l  SST g r a d i e n t s  i n  t h e  a v e r a g i n g  
area. The SWFC d a t a  were computed as  s i m p l e  a v e r a g e s  ove r  5' 
l a t i t u d e / l o n g i t u d e  s q u a r e s .  The i n p u t  f o r  t h e  c a l c u l a t i o n s  w a s  t h e  
r a d i o e d  s h i p  r e p o r t s  a v a i l a b l e  ove r  t h e  g l o b a l  weather  r e p o r t i n g  
network a t  s y n o p t i c  p e r i o d s .  The 5' SWFC d a t a  were summarized i n t o  
Marsden Squares  f o r  d i r e c t  comparison w i t h  T a t  several s e l e c t e d  
sites (F ig .  1, i n s e t ) .  The r e g i o n s  s e l e c t e d H ? s T  comparison were 
e i t h e r  d a t a  r i c h  and /o r  thought  impor t an t  t o  c l i m a t e  change.  

' t  i 
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F i g .  1: The d i f f e r e n c e  between s e a  s u r f a c e  temper- 
a t u r e  e s t i m a t e d  by t h e  Na t iona l  Marine F i s h e r i e s  
Service minus t h a t  e s t i m a t e d  from t h e  h i s t o r i c a l  s e a  
s u r f a c e  t empera tu re  p r o j e c t  i n  key r e g i o n s  of t h e  
P a c i f i c .  The d i f f e r e n c e s  have been no rma l i zed  by t h e  
s t a n d a r d  d e v i a t i o n  a s s o c i a t e d  w i t h  t h e  l-TPiF'S f i e l d .  
The i n s e t  of t h e  middle  p a n e l  shows t h e  l o c a t i o n  of 
t h e  r e g i o n s .  T h e i r  i d e n t i f i c a t i o n  number i s  g iven  
i n  t h e  upper  r i g h t  hand c o r n e r  of each  p a n e l .  The 
s e a s o n a l  ex t remes  i n  s t a n d a r d  d e v i a t i o n  a s s o c i a t e d  
w i t h  each  r e g i o n  a r e  i n d i c a t e d .  
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) w a s  computed f o r  each  month 
SWFg - TESST The d i f f e r e n c e  (T 

between 1961-1976. Remem er t ese are  not anomal i e s  b u t  d i f f e r e n c e s  
i n  a c t u a l  SST. To p u t  them i n t o  p e r s p e c t i v e ,  t h e y  were d i v i d e d  by 
t h e  SWFC s t a n d a r d  d e v i a t i o n  of  monthly SST (a ).  Thus t h e  d i f -  
f e r e n c e s  i n t r o d u c e d  by a n a l y s i s  methods can  bzW%rec t ly  r e l a t e d  t o  a 
s e l f - c o n s i s t e n t  measure o f  n a t u r a l  c l i m a t i c  f l u c t u a t i o n s  i n  SST. 

The d i f f e r e n c e  between t h e  d a t a  sets i s  s u b s t a n t i a l .  The 
r e g i o n  o f f  C e n t r a l  America1 (F ig .  1, upper)  shows a l a r g e  b i a s  
between t h e  two SST p r o d u c t s  of  ove r  two s t a n d a r d  d e v i a t i o n s  
(>1.5OC). 
The d i f f e r e n c e s  are  l a r g e s t  in t h e  e a r l y  f a l l  ( t y p i c a l l y  October )  
and smallest i n  e a r l y  s p r i n g  ( t y p i c a l l y  March) .  T h i s  s e a s o n a l  
s i g n a l  i n  t h e  d i f f e r e n c e  f i e l d  is rough ly  2a. Note t h a t  it i s  o u t  
o f  phase  w i t h  t h e  s e a s o n a l  v a r i a t i o n s  i n  s t a n d a r d  d e v i a t i o n  ( F i g .  

The s c a t t e r  abou t  t h i s  b i a s  i s  a l s o  approx ima te ly  f2a .  

1, u p p e r ) .  

Region 38, on t h e  d a t a  r i c h  s h i p p i n g  l a n e s  between t h e  w e s t  
c o a s t  and H a w a i i ,  shows t h a t  a b i a s  i s  s t i l l  p r e s e n t  b u t  i n  t h e  
o p p o s i t e  s e n s e  (T 
Theoseasonal  c h a r a c t e r  o f  t h e  s c a t t e r  p e r s i s t s  and i s  rough ly  1 . 5 ~  

0 
warmer) and smaller, rough ly  0.5~ (%0.5 C) .  SWFC 

i n  t h e  l a t e  w i n t e r  HSTT t e n d s  t o  b e  w a r m e r  t h a n  T 
c o l d e r  i n  l a t e  summer t o  ear y f a l l .  

Region 24 shows many of  t h e  same p r o p e r t i e s  as Regions 38 and 
60. In  a d d i t i o n  t h e r e  is  a d i s t u r b i n g  low f requency  component i n  
t h e  t empora l  v a r i a b i l i t y  t h a t  one  might  m i s t a k e n l y  a t t r i b u t e  t o  
n a t u r a l  c l i m a t i c  f l u c t u a t i o n s .  

In  summary, i t  is c l e a r  t h a t  t h e  two d a t a  sets compared h e r e  
have s u b s t a n t i a l  t empora l  d i f f e r e n c e s  between them. Some of  t h e  
problem w a s  t r a c e d  t o  s h i f t s  i n  t h e  sampl ing  c e n t r o i d s  of  t h e  HSST 
se t .  The SST d i f f e r e n c e s  a r e  a s  l a r g e  o r  l a r g e r  t h a n  t y p i c a l  
n a t u r a l  v a r i a t i o n s  t h a t  occu r  i n  t h e  s e l e c t e d  a r e a s  ( a c c o r d i n g  t o  
any one d a t a  s e t ) .  The d i f f e r e n c e s  have  b o t h  annua l  and i n t e r a n n u a l  
t i m e  s c a l e s .  Each d a t a  s e t ,  by i t s e l f ,  may b e  u s e f u l  f o r  c l i m a t e  
s t u d i e s  b u t  i t  is c l e a r  t h a t  t h e  two d a t a  s e t s  canno t  b e  used e i t h e r  
t o g e t h e r  o r  i n t e r c h a n g e a b l y  w i t h o u t  s e r i o u s  r i s k  of f a u l t y  con- 
c l u s i o n .  A more comple te  d i s c u s s i o n  of t h e  d i f f e r e n c e s  and s i m i -  
l a r i t i e s  between t h e  HSST and SWFC SST f i e l d s  i s  g iven  by S t e i n e r  

3.2 S p a t i a l  Comparison 

T h i s  comparison invo lved  two d i f f e r e n t  p r o d u c t s  d e r i v e d  from 
v i r t u a l l y  t h e  same i n p u t  d a t a ,  t h e  r a d i o e d  s y n o p t i c  s h i p  r e p o r t s .  
One might  expec t  b e t t e r  agreement  than  o b t a i n e d  above from somewhat 
d i f f e r e n t ,  b u t  s t i l l  h i g h l y  o v e r l a p p i n g ,  d a t a  sets. 

The f i r s t  SST produc t  came from t h e  NMFS P a c i f i c  Envi ronmenta l  
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Group (PEG). The r a d i o e d  r e p o r t s  are o b t a i n e d  d i r e c t l y  f rom t h e  
F l e e t  Numerical Oceanographic  C e n t e r  (FNOC) and made a v a i l a b l e  t o  
PEG where t h e y  are e d i t e d  and t h e n  ave raged  by  1' s q u a r e .  The 1' 
a v e r a g e s  are  t h e n  averaged  i n  5 boxes  t o  o b t a i n  a 5 t empera tu re  
f o r  each  month (T 
p roduc t  d e r i v e d  from v i r t u a l l y  t h e  s a m e  d a t a  and p r o j e c t e d  o n t o  
63 x 63 g r i d  spanning  t h e  Nor the rn  Hemisphere. 
i s  developed  e v e r y  1 2  h o u r s  by  s u c c e s s i v e  i n t e r p o l a t i o n  of t h e  
observed  v a l u e s ,  p l u s  c l i m a t o l o g y  i n  d a t a  poor  areas. The monthly 
mean of  t h e  1 2  h o u r l y  f i e l d s  (T ),  which w a s  r a t h e r  smooth, w a s  
p r o j e c t e d  o n t o  t h e  T 5' gridYN?ge d i f f e r e n c e s  (T T )  
computed and normali%8 by uFNOC , t h e  s t a n d a r d  devi%oz w@gcres- 
p e c t  t o  a l o n g  t e r m  monthly mean. Four Janua ry  and f o u r  J u l y  
d i f f e r e n c e  f i e l d s  w e r e  c o n s t r u c t e d  i n  t h i s  manner. 

0 0 

These  v a l u e s  were compared w i t h  t h e  FNOC PEG) * 

A new FNOC a n a l y s i s  

are shown i n  F i g u r e  2 .  
TfiNOC) la 

A n a l y s i s  of t h e  January%ta  s owed tff!?'the l a r g e s t  d i s c r e p a n c i e s  
occur  r o u t i n e l y  i n  t h e  f o l l o w i n g  areas: 1) o f f  t h e  east  c o a s t s  o f  
t h e  c o n t i n e n t s ,  where t h e  s t r o n g  SST g r a d i e n t s  a s s o c i a t e d  w i t h  t h e  
Gulf S t r e a m ,  Kuroshio and t h e i r  seaward e x t e n s i o n s  i n t r o d u c e  tre- 
mendous sampling and a n a l y s i s  problems;  d i f f e r e n c e s  of  l a  ( ~ 2 - 3 ' C )  

T y p i c a l  maps of (T - 

6 0 N  

4 0 N  

2O.N 

0" 

2 0 5  

6C-N 

4o"N 400N 

20.N 23" 

0- 

Fig .  2 :  SST f i e l d s  from t h e  P a c i f i c  Envi ronmenta l  
Group minus t h e  SST f i e l d s  from t h e  F l e e t  Naval 
Oceanographic  Cen te r .  The d i f f e r e n c e s  have been 
normal ized  by t h e  FNOC s t a n d a r d  d e v i a t i o n  and t h e  
r e s u l t s  con toured  a t  i n t e r v a l s  of  0 . 5 ~ .  These  
normal ized  d i f f e r e n c e  f i e l d s ,  t a k e n  d u r i n g  p e r i o d s  
o f  l a r g e  SST anomaly, are  t y p i c a l  o f  t h o s e  found 
i n  o t h e r  J a n u a r y  and J u l y ' s .  
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are common i n  t h e s e  areas; 2 )  i n  t h e  c e n t r a l  and e a s t e r n  p o r t i o n s  
of  t h e  P a c i f i c  below 20 N where t h e  o b s e r v a t i o n  d e n s i t y  is  low, 
where TFNOC > TpEE by rough ly  0.5-10 (0.5-1 C) s u g g e s t i n g ,  pe rhaps ,  
t h e  i n f l u e n c e  o f  c imato logy  on t h e  SST f i e l d ;  3) o f f  Newfoundland 
and Gregnland ,  which are d a t a  poor  areas, TpEG > TFpOC by about  

t h e  P a c i f i c ,  independent  o f  p o s i t i o n ,  w h i l e  t h e  reverse i s  t r u e  i n  
t h e  A t l a n t i c .  The v a l u e  o f  t h e  d i f f e r e n c e  is  about  0 .5  C f o r  b o t h  
c a s e s .  The number of  p o s i t i v e  d i f f e r e n c e s  i n  t h e  A t l a n t i c  is  
rough ly  t w i c e  t h e  number o f  n e g a t i v e  v a l u e s ,  w h i l e  i n  t h e  P a c i f i c  
t h e  n e g a t i v e s  outnumber t h e  p o s i t i v e s  i n  approx ima te ly  t h e  same 
p r o p o r t i o n .  There  seems no good e x p l a n a t i o n  f o r  t h i s ,  u n l e s s  i t  i s  
a g a i n  due  t o  i n c l u s i o n  of c l i m a t o l o g y  i n  t h e  FNOC produc t .  

0 

l-Za(?.l C);  and 4 )  t h e r e  i s  a g e n e r a l  t endency  f o r  FNOC ' T~~~ in 
0 

During J u l y  most o f  t h e  above c o n c l u s i o n s  h o l d .  I f  a n y t h i n g ,  
t h e  magnitude o f  t h e  d i f f e r e n c e s  i n  t h e  areas noted  i n  1) and 3)  are 
somewhat l a r g e r  and show more year - to-year  v a r i a b i l i t y .  I t e m  4 ,  

i n  b o t h  oceans .  t h e  g e n e r a l  b i a s ,  s t i l l  e x i s t s  o n l y  now T 
The r a t i o  of p o s i t i v e  d i f f e r e n c e s  t o  negag ive  i s  roughly  2 t o  1. EG > . TFNOC 

I n  summary, d i f f e r e n t  SST p r o d u c t s  d e r i v e d  from t h e  same b a s i c  
d a t a  set  o f  s h i p  r e p o r t s  d i f f e r  from each  o t h e r  by amounts l a r g e  
r e l a t i v e  t o  c l i m a t o l o g y  i n  a r e a s  of  h igh  SST g r a d i e n t  (Gulf Stream, 
Kuroshio ,  e t c . )  a n d / o r  low o b s e r v a t i o n  d e n s i t y .  In data  r i c h  areas 
t h e  two sets  a g r e e  much more c l o s e l y  b u t  s t i l l  t end  t o  have a s i g -  
n i f i c a n t ,  though s m a l l ,  b i a s .  The l a r g e  d i f f e r e n c e s ,  when t h e y  
o c c u r ,  a r e  t i m e  dependent  and t e n d  t o  have  l a r g c  s p a c e  s c a l e s  similar 
t o  SST anomal i e s  from any one d a t a  set. It i s  concluded ,  a g a i n ,  t h a t  
d i f f e r e n t  SST p r o d u c t s ,  used i n t e r c h a n g e a b l y  i n  c l i m a t e  s t u d i e s ,  may 
i n t r o d u c e  a h i g h  r i s k  of e r roneous  r e s u l t s .  

4 .  SATELLITEISHIP DERIVED SST PRODUCTS 

The b lended  s a t e l l i t e l s h i p  SST p roduc t  used i n  t h i s  s e c t i o n  
came from t h e  N a t i o n a l  M e t e o r o l o g i c a l  Cen te r  (NMC) and s p a n s  t h e  
p e r i o d  A p r i l  1379 - Janua ry  1980. The d a t a  w a s  a v a i l a b l e  numeri- 
c a l l y  on a 2' g r i d  as monthly ave rages .  
of t h e s e  f i e l d s  may b e  o b t a i n e d  from Larson  ( p e r s o n a l  communicat ion) .  
The a n a l y s i s  method h a s  undergone changes ove r  t h e  above t ime p e r i o d ,  
as  NMC s t r ives  t o  improve i t s  a n a l y s i s .  The r e s u l t  o f  t h e s e  changes  
w i l l  b e  e v i d e n t  below.  

Details of  t h e  c o n s t r u c t i o n  

4 . 1  Temporal Comparison: S a t e l l i t e s  vs.  In S i t u  

A l i m i t e d  number of  r u n s  of t h e  o p e r a t i o n a l  NMC g l o b a l  SST 
a n a l y s i s  sys tem were made i n  which each  i n  s i t u  SST r e p o r t  ( f rom s h i p  
i n j e c t i o n s ,  X B T ' S ,  f i x e d  and /o r  d r i f t i n g  buoys)  were compared t o  a l l  
TIROS-N re t r ieva ls  f a l l i n g  w i t h i n  50 km of i t s  l o c a t i o n  and 3 days  
of t h e  o b s e r v a t i o n  t i m e .  TIROS-N r e t r i e v a l s  a r e  provided  by t h e  
N a t i o n a l  Envi ronmenta l  S a t e l l i t e  S e r v i c e  and c o n s i s t  of a t empera tu re  
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1 

D r i f t i n g  Fixed 
O - l O O N  I n j e c t i o n  XBT BUOY Buoy 

Spr ing  1979 86 (9)  24(2)  0 0 
Summer 1979 324 (9 )  1 4 ( 2 )  45 (7)  0 
F a l l  1979 396 (13) 83  (5)  1 0 1  (8) 0 

4 5ON-55'N 

Spr ing  1979 150 ( 5 )  60 (7 )  0 1 2 ( 3 )  
Summer 1979 254 (7 )  2 w )  30 ( 3 )  9 ( 4 )  - 

which i s  i n t e n d e d  t o  b e  r e p r e s e n t a t i v e  o f  a 50 x 50 km area. The 
c e n t e r  of  t h e  s q u a r e  i s  t h e  p o s i t i o n  of t h e  re t r ieval .  The TIROS-N 
SST w a s  s u b t r a c t e d  from t h e  i n  s i t u  SST, t h e  r e s u l t i n g  d i f f e r e n c e s  
were e d i t e d  f o r  g r o s s  e r r o r s  and t h e  remain ing  v a l u e s  summarized by 
l a t i t u d e  bands f o r  each  r u n .  T h i s  z o n a l  a v e r a g i n g  p r o c e s s ,  which 
h a s  o f t e n  been used i n  p r e v i o u s  s a t e l l i t e  SST compar isons ,  is 
p o t e n t i a l l y  a dangerous s t e p  as w e  s h a l l  see below. 

Summaries of t h e  comparisons by season  f o r  t h e  l a t - l t u d e  bands 
o f  0' t o  10°N and 45'N t o  55'N are p r e s e n t e d  below. Tab le  1 shows 
t h e  number of p a i r e d  measurements and runs  ( i n  b r a c k e t s )  f rom which 
they  were d e r i v e d .  Each run  r e p r e s e n t s  a d i f f e r e n t  s y n o p t i c  s i t u -  
a t i o n  s e p a r a t e d  by a t  l e a s t  a few days .  Tab le  2 shows t h e  d i f f e r -  
ences  between t h e  s a t e l l i t e  SST and t h e  i n  s i t u  o b s e r v a t i o n s  sum- 
marized by seasons .  An adequa te  c l i m a t o l o g y  w a s  n o t  a v a i l a b l e  t o  
no rma l i ze  t h e s e  numbers by a s t a n d a r d  d e v i a t i o n  as i n  S e c t i o n  2.  

T a b l e  1 
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O-lOON 

S p r i n g  1979 

Summer 1979 

F a l l  1979 

Tab le  2 

Ship  XBT D r i f t i n g  Buoy Fixed  Buoy 
Mean Mean Mean Mean 

(S td6  Dev.) (S td6  Dev.) (S td6  Dev.) (Std;, Dev.) 
C C C C 

- - 1 . 0  0 .9  
(1.3) (0.6) 
0.6 -0.2 0.4 - 
(1.1) (0.1) (0.5) - 
-0.1 0.0 0.0 - 
(1.0) (1.1) (0.5) - 

- - 

S p r i n g  1979 

Summer 1979 

-0.1 
(1 .2 )  ( 0 . 3 )  - (0 .3)  
-0.8 -1.9 -0.7 -1.0 
( 1 . 4 )  (0 .9 )  ( 0 . 3 )  ( 0 . 2 )  

- 0.1 -0.2 

0 
d a t a  w e r e  dropped from t h e  NMC o p e r a t i o n a l  a n a l y s i s  n o r t h  of  30 N ,  
t h u s  p a i r s  a r e  no t  a v a i l a b l e  f o r  f a l l  i n  t h i s  band. 

I n  summary, i t  a p p e a r s  t h a t  t h e  s a t e l l i t e l s h i p  p r o d u c t ,  
averaged  i n  z o n a l  bands  around t h e  g l o b e ,  improved between s p r i n g  
and f a l l ,  1979 i n  t h e  t r o p i c s  r e l a t i v e  t o  i n  s i t u  measurements. 
Much of  t h i s  a p p a r e n t  improvement r e s u l t e d  from a l g o r i t h m  changes 
which now r e q u i r e  a d d i t i o n a l  independent  t e s t i n g .  A d d i t i o n a l  t e s t s  
must a l s o  de t e rmine  i f  t h e  z o n a l  a v e r a g i n g  a l l o w s  l a r g e  d i f f e r e n c e s  
of o p p o s i t e  sign i n  t h e  same band t o  c a n c e l  each o t h e r  ( s e e  below).  
A t  h i g h e r  l a t i t u d e s  t h e  t i m e  t r e n d  of  t h e  d i f f e r e n c e s  i s  s u b s t a n t i a l .  
I n  a d d i t i o n ,  t h e  d i f f e r e n c e s  a r e  l a r g e  enough (Tab le  2 )  t o  r a i s e  
s e r i o u s  doub t s  as  t o  t h e  u s e f u l n e s s  o f  t h e  s a t e l l i t e  d a t a  i n  
deve lop ing  a n  o p e r a t i o n a l  SST produc t  a t  mid t o  h i g h  l a t i t u d e .  I t  
is n o t  known i f  t h e  d i f f e r e n c e  a t  t h e s e  l a t i t u d e s  h a s  a s e a s o n a l  
component, o r  is  due  t o  i n s t r u m e n t a l  d r i f t  o r  t o  a l g o r i t h m  d i f f i -  
c u l t i e s .  

4.2 S p a t i a l  Comparison 

0 Monthly summaries of r ad ioed  s h i p  SST (T ) on a 2 g r i d  i n  

The re%!?;ing d i f f e r e n c e s  a r e  d i r e c t l y  
b o t h  oceans  w e r e  s u b t r a c t e d  from T 
p r o j e c t e d  on t o  a 5 g r i d .  
comparable  w i t h  t h o s e  of S e c t i o n  2 . 2  ( F i g .  2 )  and demons t r a t e  t h e  
e f f e c t  of s a t e l l i t e  SST on t h e  b lended  NElC p roduc t .  T y p i c a l  r e s u l t s  
f o r  J u l y  1979 and Janua ry  1980 a r e  shown i n  F i g u r e  3. 

normal?!&$ by uFNOC and 
0 
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F i g .  3 :  The SST d i f f e r e n c e  f i e l d s  o b t a i n e d  by s u b t r a c t i n g  
i n  s i t u  measurements from t h e  Na t iona l  M e t e o r o l o g i c a l  
Cen te r  SST p roduc t  ( i . e .  MC-Ship) .  The d i f f e r e n c e s  a r e  
a g a i n  normal ized  by t h e  s t a n d a r d  d e v i a t i o n  from t h e  FNOC 
d a t a  f i e l d s  making them d i r e c t l y  comparable  w i t h  F i g u r e  
2. 

The l a r g e s t  d i f f e r e n c e s  i n  F i g u r e  3 occur  s o u t h  o f  30 N where 
b o t h  s a t e l l i t e  and s h i p  d a t a  c o n t r i b u t e  t o  T . Values  of  one o r  
more s t a n d a r d  d e v i a t i o n s  are common. 
p o s i t i v e  and always demons t r a t e  h i g h  s p a t i a l  cohe rence .  The d i f -  
f e r e n c e s  i n  t h i s  r e g i o n  are  c o n s i s t e n t l y  l a r g e r  t h a n  t h o s e  a s s o c i -  
a t e d  w i t h  sh ip-only  SST p r o d u c t s  ( F i g .  2 ) .  The changes  i n  s a t e l l i t e  
a l g o r i t h m  no ted  above are  no t  a p p a r e n t  b u t  t h e n  t h e  l i m i t e d  s h i p  
d a t a  d o e s  n o t  a l l o w  a comparison ove r  t h e  whole t r o p i c a l  r e g i o n .  

0 

The d i%grences  a r e  g e n e r a l l y  

I n  l a t i t u d e s  above 30°N t h e  d i f f e r e n c e s  a r e  l a r g e s t  i n  t h e  
r e g i o n s  of  h i g h  SST g r a d i e n t  ( o f f  t h e  east  c o a s t s  of  t h e  c o n t i n e n t s  
and i n  t h e  northern-most  r e g i o n s  o f  t h e  oceans .  Note t h e  l a r g e  
b i a s  (0.5 - 1.0~) o v e r  t h e  m i d l a t i t u d e  ocean  i n  J u l y .  The problem 
l a r g e l y ,  b u t  n o t  comple t e ly ,  d i s a p p e a r e d  i n  October  when t h e  sat-  
e l l i t e  d a t a  w a s  d e l e t e d  from t h e  a n a l y s i s .  

The l a r g e s t  d i f f e r e n c e s  i n  b o t h  oceans  are  agaif i  r a t h e r  r e g i o n a l  
i n  n a t u r e .  For  i n s t a n c e ,  i n  t h e  d a t a  r i c h  a r e a s  o f f  t h e  c o a s t s  of  
C a l i f o r n i a ,  Mexico and C e n t r a l  A m e r i c a ,  TyI.lC > T  
n e a r l y  a l l  months i r r e s p e c t i v e  of  a l g o r i t h m  changk!;; e t c .  Much t h e  
same s i t u a t i o n  o c c u r s  o f f  t h e  w e s t  c o a s t  of North A f r i c a  and i n  t h e  
w e s t e r n  e q u a t o r i a l  P a c i f i c .  We can  o n l y  c o n j e c t u r e  as t o  t h e  
r e a s o n s  f o r  t h e s e  r e g i o n a l  v a r i a t i o n s .  I t  i s  c l e a r ,  however, t h a t  

by 1-Z0C i n  
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z o n a l  o r  g l o b a l  a v e r a g i n g  w i l l  s e r i o u s l y  d i s t o r t  t h e s e  c h a r a c t e r i s -  
t i c s  of  t h e  d i f f e r e n c e  f i e l d s .  

I n  summary, t h e  b lended  s a t e l l i t e / s h i p  SST f i e l d s  a r g  i n  many 
r e s p e c t s  s i m i l a r  t o  t h e  s h i p / s h i p  d i f f e r e n c e s  n o r t h  of 30 N a f t e r  
October  1979 .  P r i o r  t o  t h a t  t i m e  t h e r e  is  a s u b s t a n t i a l  b i a s  be- 
tween t h e  two f i e l d s  t h a t  i s  a p p a r e n t l y  due  t o  t h e  s a t e l l i t e  S S T ' s .  
Bes ides  t h i s  b i a s ,  t h e  major  d i f f e r e n c e s  are r e g i o n a l  i n  n a t u r e ,  
e . g . ,  a l o n g  t h e  e a s t e r n  margins  of t h e  oceans .  Below 30°N t h e  
d i f f e r e n c e s  a re  l a  o r  more, s p a t i a l l y  c o h e r e n t  and have long  t ime 
scales. They a g a i n  have  a r e g i o n a l  c h a r a c t e r .  It may b e  concluded 
t h a t  z o n a l  a v e r a g i n g ,  as  w e  d i d  i n  t h e  p r e v i o u s  s e c t i o n ,  may g i v e  
a n  o v e r l y  o p t i m i s t i c  estimate of t h e  c o m p a r a b i l i t y  of SST p r o d u c t s .  
Such g r o s s  a v e r a g i n g  shou ld  be  avo ided  i n  f u r t h e r  i n t e r c o m p a r i s o n  
work. 

5 .  CONCLUSIONS 

A l i m i t e d  i n t e r c o m p a r i s o n  of  supposedly  similar maps of  
monthly mean SST f o r  t h e  North P a c i f i c  and A t l a n t i c  Oceans l e a d  t o  
t h e  f o l l o w i n g  c o n c l u s i o n s :  

a )  D i f f e r e n c e s  between SST p r o d u c t s  d e r i v e d  from i n  s i t u  d a t a  a l o n e  
exceed one s t a n d a r d  d e v i a t i o n  i n  areas of h igh  SST g r a d i e n t  and/  
o r  low d a t a  d e n s i t y .  These d i f f e r e n c e s  seem due  t o  t h e  e d i t i n g /  
ave rag ing / smoo th ing  methods used on t h e  r e p o r t e d  d a t a  p l u s  t h e  
i n c l u s i o n  of c l i m a t o l o g y  i n  some p r o d u c t s  and n o t  o t h e r s .  I n  
any  e v e n t ,  t h e  d i f f e r e n c e  f i e l d  can  have l a r g e  t i m e  and s p a c e  
scales  r e m i n i s c e n t  of  n a t u r a l l y  o c c u r i n g  SST anomal i e s .  

b) D i f f e r e n c e s  between s a t e l l i t e  i n f l u e n c e d  SST p r o d u c t s  and t h o s e  
d e r i v e d  s o l e l y  from i n  s i t u  d a t a  a r e  s p a t i a l l y  s i m i l a r  t o ,  b u t  
n u m e r i c a l l y  l a r g e r  t h a n  noted  above.  The d e l e t i o n  of s a t e l l i t e  
d a t a  n o r t h  of  30 hT r e d u c e s  t h e  d i f f e r e n c e  f i e l d  t o  l e v e l s  com- 
p a r a b l e  t o  t h o s e  o b t a i n e d  from s h i p / s h i p  i n t e r c o m p a r i s o n s  a l o n e .  
South of 30°N t h e  s a t e l l i t e  i n f l u e n c e d  p r o d u c t s  seem t o  be  
b i a s e d  ove r  much of t h e  ocean ,  p a r t i c u l a r l y  n e a r  t h e  e a s t e r n  
margins  and i n  t h e  w e s t e r n  e q u a t o r i a l  P a c i f i c .  

0 

c )  The h i g h l y  r e g i o n a l  n a t u r e  of  t h e  d i f f e r e n c e s  between SST f i e l d s  
makes i t  unwise t o  e x p r e s s  t h e i r  d i s s i m i l a r i t i e s  i n  te rms  of  
z o n a l  a n d / o r  g l o b a l  a v e r a g e s .  Such c h a r a c t e r i z a t i o n  may l e a d  t o  
an  o v e r l y  o p t i m i s t i c  view of  t h e i r  co r re spondence .  

d )  The d i f f e r e n c e s  between SST f i e l d s  produced w i t h  % w i t h o u t  
s a t e l l i t e  d a t a  can  b e  so  l a r g e  as  t o  p r e c l u d e  t h e  i n t e r c h a n g e a b l e  
u s e  a n d / o r  b l e n d i n g  of  any two f i e l d s  w i t h o u t  s e r i o u s  r i s k  o f  
e r r o n e o u s  c o n c l u s i o n .  

e )  The t i m e  i s  r i p e  f o r  t h o s e  who c o n s t r u c t  SST p r o d u c t s  t o  
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c o l l e c t i v e l y  a g r e e  on a c o m o n  method o f  a n a l y s i s .  
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