
The El Nino event that has caused 
major physical and biological changes in 
the equatorial Pacific since early 1981 
began to affect the waters off California 
by December.  Changes in surface and 
subsurface temperature. sea level, sur- 
face currents.  and plankton have been 
noted ( I .  2). Oceanographic data ob- 
tained fortuitously on  previously sched- 
uled cruises, at shore stationy, or  from 
sampling programs initiated in haste af- 
ter the event had been recognized are 

limited in spatial and temporal coverage. 
Global sea-surface temperature (SST) 
data analyzed routinely by the National 
Oceanic and Atmospheric Admini5tra- 
tion ( N O A A )  (3 )  provide good coverage. 
but only after averaging over large areas 
has removed energetic mesoscale fea- 
tures.  

Fortunately. systematic sampling of 
the ocean surface has been carried out 
with B variety of \ensor\  aboard orbiting 
satellites during the entire course of the 
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Fig. IA.  Advanced Very High Rewlu t ion  Radiometer sea-wrfdce temperature image off 
southern California. 
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1982-1983 El NiAo. These sensors pro- 
vide extensive and synoptic coverage 
with resolution to  I km2. Accurate esti- 
mates of SST can  be retrieved from 
Advanced Very High Resolution Radi- 
ometer (AVHRR) infrared radiance data  
with sufficient precision to  permit the 
detection of interannual changes. Satel- 
lite imagery of the S S T  field reveals 
changes in coastal upwelling intensity 
and circulation patterns, as  well as  gross 
SST anomalies. 

T h e  AVHRR data from daytime 
NOAA-7 passes (- 1430 local time) 
were received and processed at Scripps 
Institution of Oceanography's Satellite 
Oceanography Facility. Calibration and 
multichannel SST retrieval were based 
on established and verified algorithms 
( 4 ) .  The differential effect of water vapor 
in thermal-infrared channels 4 and 5 al- 
lows correction of the negative error 
caused by atmospheric absorption and 
reemission of infrared radiation from the 
sea surface. The  matching of satellite 
SST estimates from 18 February 1982 
with ship SST measurements from 35 
stations off southern California occupied 
on the same day (5) yielded a root-mean- 
square deviation of 2 0.35"C with a neg- 
ligible bias of +O.O7"C. 

On 16 December 1982, the ocean off 
the coast  of southern California and 
northern Baja California was not consis- 
tently warmer than 1 year earlier (Fig. 
IA): the mean and standard deviation of 
pixel-by-pixel SST differences were 
-0.44" 2 0.89"C. However,  striking dif- 
ferences in mesoscale features are  appar- 
ent. The plume of cold water off Point 
Conception ( top left corner) is a perenni- 
al feature formed by offshore advection 
of California Current water from the 
north augmented by coastal upwelling. 
The  plume was still present in December 
1982 but was warmer by up to  3°C than in 
1981. Small patches of relatively cool 
water along the coast  were less intense in 
December 1982, a sign of weakened 
coastal upwelling. 

On IO January 1983, this region was 
considerably warmer than I year earlier 
(Fig. IB). Pixel-by-pixel differences av- 
eraged + I .72" & 1 .20°C and were great- 
e r  than +4"C near the coast. Neither the 
plume of cold water off Point Conception 
nor signs of coastal upwelling were evi- 
dent. However ,  cooler California Cur- 
rent water was present offshore and to  
the north just  beyond the corner of the 
image. February satellite data show that 
the following effects of El Niiio persist- 
ed:  SST differences up to  + 4 O  to  5°C near 
the coast, very weak coastal upwelling, 
and no sign of a cold-water plume off 
Point Conception. An anomalously 
strong seasonal poleward countercurrent 
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observed off Point Conception in Febru- 
ary may account for the displacement of 

In April and May, effects of El Nino 
could not be seen in comparisons be- 
tween 1982 and 1983 satellite images. 
During April and May 1Y82, SST anoma- 
lies of -0.3" to +2.2"C were observed off 
California (3), representing the "nor- 
mal" interannual variability of the Cali- 
fornia Current system. An increase in 
coastal upwelling to near normal levels 
during April 1983 was indicated by cool 
water along the coast south of San Die- 
go, California. By July 1983. however. 
the El Nino effects observed in Decem- 
ber through February were once again 
evident: SST differences up to 4°C were 
associated with warm water intruding 
along the coast toward Point Concep- 
tion. and coastal upwelling appears to 
have been distinctly weaker than in July 
1982. 

On I O  May 1983, the ocean off the 
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Fig. I. Advanced Very 
High Resolution Radiom- 
eter sea-surface tempera- 
ture images off southern 
California (B) ,  central- 
northern California (Cl. 
and Oregon-Washington 
(D); Coastal Zone Color 
Scanner phytoplankton 
pigment images off south- 
ern California (E). 
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Fig. 2. Time series of IYX2-1983 monthly anomalies along the Pacific coast. Monthly sea- 
surface temperature anomalies from 1942-1969 means (A )  are from NOAA analyses of ship. 
buoy, and satellite data (3) averaged in 3" \quares. Monthly upwelling index anomalie5 from 
1946-1971 mean5 (B)  are normalired by the standard deviations o f  values published by Bakun 
(13). The upwelling index is equal to offshore Ekman transport, computed from surface wind 
stress vectors derived from synoptic analyses of the surface atmospheric pressure. 

coast of central and northern California 
was not uniformly warmer than 1 year 
earlier (Fig. IC). Pixel-by-pixel differ- 
ences were + 1 .%" ? I .9WC and up to 
+S"C north of San Francisco. However, 
coastal gpwelling south of San Francisco 
appears to have been more intense in 
1983, when SST was colder by up to 
4 . X  than in 1982. On 29 July 1983, 
the ocean off the coast of Washington 
and Oregon was much warmer than 1 
year earlier (Fig. ID). Pixel-by-pixel dif- 
ferences were +2.69" 2 1.99"C. with 
changes up to +6.7"C associated with 
weaker coastal upwelling. 

The Coastal Zone Color Scanner 
(CZCS) on Nimbus-7 provides visible 
color data reflecting the biological effects 
of El Nino in terms of changes in phyto- 
plankton biomass and productivity (7).  
On IS March 1983, phytoplankton pig- 



ment levels (CSJ off southern California 
were considerably lower than on 19 April 
1982 (Fig. 1E) (8). The I983 c',,, values 
along the coast were generally less than 
halfthe 1982 values. In 1982. waters with 
C,;,, > 0.8 mg m-' extended more than 
100 km offshore in plumes associated 
with upwelling near Point Conception. 
This represents typical early spring con- 
ditions in  the Southern California Bight. 
In the 1983 image. only tenuous upwell- 
ing plumes can be seen at Point Concep- 
tion. with high C,.,, values only in near- 
shore waters. Monthly ship transects off 
southern California since March I983 
have shown increasing departures from 
normal: the maximum layer of chloro- 
phyll deepened along with the mixed 
layer. and integrated chlorophyll values 
in the water column declined to one- 
quarter of the normal by August (2 ,  9 ) .  
The satellite images cuggest that the ini- 
tial reduction of nearshore phytoplank- 
ton productivity during El Nino was as- 
sociated with weakened upwelling. 

These satellite data corroborate the 
results of two routine data analyses pro- 
viding more complete spatiotemporal 
coverage of El Nino (summarized in Fig. 
2 ) .  Along the coast from 27" to 40"N. 
markedly anomalous warm temperatures 
and weak upwelling indices began in 
December 1982 and peaked in February 
and March 1983 (Fig. 2A). The slope of 
SST anomaly contours in December and 
January indicates poleward propagation 
at I05 km day- I. compared to a theoreti- 
cal phase speed of 100 km day- '  for 
coastal trapped internal Kelvin waves. 
In theory, poleward geostrophic flow 
induced by a Kelvin wave may transmit 
El Nino SST and sea-level anomalies 
from the equator, although Simpson 
shows that the 1982-1983 California 
anomalies were more consistent with on- 
shore transport induced by large-scale 
atmo\pheric forcing in the north Pacific 
(10). In fact, the anomalies in the upwell- 
ing index in Fig. 2B. which indicate 
positive onshore transport anomalie\. 
appear to propagate equatorward at 150 
km day- ' .  For several months beginning 
in April, upwelling indices returned to 
near or above normal and SST anomalies 
declined to 0.Y to 1.5"C. This modera- 
t ion  of El Nino is also evident in time 
series of sea level along the California 
coast ( I / )  and follows a transient decline 
in equatorial SST anomalies that began 
in January and February (12) .  

The view of El Nino provided by these 
satellite images, especially the direct evi- 
dence of weakened coastal upwelling, 
could not be readily obtained from con- 
ventional ship and buoy data. One of the 
primary benefits of oceanographic sen- 

sors on satellites is that they provide 
extensive and synoptic coverage of lo- 
calized mesoscale changes at the sea 
surface. 
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