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O
ver the past several years, numerous articles have been written on 
ocean-air interactions. A variety of data sets as well as a number of 

different statistical methods have been used to identify the relationships 
that exist between the state of the Pacific Ocean sea surface temperature 
(SST) field and the atmosphere over North America (e.g., Fritz 1982; 
Yarnal and Diaz 1986; Nicholls 1988; Lau and Nath 1990). For example, 
Yarnal and Diaz (1986) and Namias and Cayan (1981) have studied the 
statistical relationships that exist between the Pacific Ocean temperature 
field and winter precipitation occurrence in the western United States. 
Namias and Cayan (1981) found that the summer Pacific Ocean temper
ature anomalies were related to the strength of the fall Aleutian Low 
pressure system. Likewise, Fritz (1985) and Pyke (1972) have stated that 
the nature of the Aleutian Low is related to the characteristics of the 
Pacific Ocean temperatures. Specifically, they related the strength and 
position of the low to water conditions. 

Our study presents an extension of these research projects and exam
ines the relationships between fall, winter, spring, and summer average 
surface air temperatures in California and fall, winter, spring, and sum
mer average Equatorial and northern Pacific Ocean temperatures. Few 
ocean-air interaction studies have concentrated solely on the entire state 
of California (Schonher and Nicholson 1989). However, several re
searchers have examined the relationships between either coastal 
California air temperatures or regional precipitation amounts (e.g., 
Yarnal and Diaz 1986, Namias 1988, Sheeley and Dorman 1979, Hannes 
1974). Furthermore, Ropelewski and Halpert (1986) have examined the 
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assoCiation between North American monthly mean air temperatures 
and El Niii.o I Southern Oscillation episodes. This report differs &om the 
previously mentioned research articles in several aspects. The major dif
ferences include the time period of analysis, the statistical technique em
ployed, and the individual station locations used in the analysis. This 
research paper is not restricted to the study of coastal sites, but employs 
a variety of California weather sampling sites. 

Study Area 

We selected seven ocean locations to represent the northeastern 
Pacific Ocean (fable 1). Three areas were chosen to represent the El 
Niii.o region along the Equator (Figure 1). Sea level atmospheric pres
sure data for the Southern Oscillation/El Niii.o Index (Bigg 1990) for the 
stations at Darwin (Australia) and Tahiti were included in our study. 
We used sixteen sites with a diversity of physical characteristics 
throughout California. 

Table 1. 
Northern Pacific Ocean Sea Surface Temperature Locations 

soc N, 1ssc W 
soc N, 14Sc W 
soc N, 13Sc W 

150°W 

NINO- 4 

120°W 

NINO- 3 

3Sc N, 1SSc W 
35c N, 14Sc W 
3Sc N, 13Sc W 
3Sc N, usc W 

Figure 1. El Nino Areas as Defined by Kousky and Halpert 
(Journal of Climate, Vol. 4, No. 1, January 1991) 
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Data and Methods 

Nineteen years of data were used (1970-1989). Since data from the 
Equatorial areas were not available prior to 1970, the length of the time 
period for our project was limited. We obtained the Equatorial sea sur
face temperature data and sea level pressure data from Dr. Kousky 
(refer to Journal of Climate 1991, for a description of the data). North 
Pacific sea surface temperatures were acquired from Mr.}. Goodridge 
and they represent averages calculated at Scripps [nstitute of 
Oceanography for so areas of latitude and longitude. The average sur
face air temperatures were taken from Climatological Data Annual 
Summary: California (NOAA). The values were then averaged by season. 
For example sum-
mer refers to the 
average air tem
peratures for the 42° 11--'---L-..!_--1---l----+--+-___:�-+---l--l 42o 

months of Jun e, 
July, and August; 
fall represents 
S e p t e m b e r ,  
October, and Nov
ember. Using a 
standard computer 
program, ocean 
temperatures, air 
temperatures, and 
sea level pressures 
were correlated 
with one an other 
for each season 
(Pearson's r). The 
computer program 
also calculated the 
significance level 
of each association 
using the Studenrs 
t distribution. 
Caution is  sug
gested in the use of 
the significance 
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Figure 2. Correlation Between Spring Ocean 
Temperatures at 50°N 145°W and Spring 

California Air Temperatures 
[Significance levels for all Figures: 

* = 0.01; ** = 0.001) 
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level when using a 
large data matrix; 

42· r-r--"'----l.._j_--i-+-----jl--t--+----t--+-l 42· some statistical as-
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Figure 3. Correlation Between Spring Ocean 
Temperatures at 35°N 125°W and Spring 

California Air Temperatures 

The significant 
correlations will be 
presented in the fol
lowing five subsec
tions. The spring 
data will be given 
first, followed by 
the summer data, 
fall data, winter 
data, and lastly the 
significant correla
tions formed be
tween sea level 
pressure measured 
at Tahiti and Dar
win and California 
air temperatures. 

Spring California air temperatures vs. spring SSTs. Figures 2 and 3 
show the correlations produced between sea surface temperatures at 
S0°N, 14S0W and 3S0N, and l2S0W and spring California air tempera
tures. Both figures indicate that Eureka, Ukiah, Fresno, San Diego, and 
Susanville were significantly correlated with water temperatures at both 
S0°N 14S0W, and 3S0N, l2S0W. Walsh and Richman (1981) also found 
that San Diego was significantly correlated with northern Pacifico cean 
temperatures in all seasons. Furthermore, Eureka, Ukiah, and Fresno 
have also been significantly correlated with high latitude ocean tempera
tures sampled at S0°N, 1SS0W (not shown). None of the California sites 
during the spring were significantlly correlated with water temperatures 
in the El Nifio areas. 
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Summer Cali fornia air temperatures vs. summer SSTs. During the 
northern hemispheric summer, the largest number of California sites 
were significantly correlated with Equatorial water temperatures in the 
El Nifio areas (Figure 4). Coastal sites of Eureka (positive), Ukiah (nega
tive), and Morro Bay (positive) and interior sites of Susanville (negative) 
and Bishop (negative) were related to the ocean temperatures sampled 
off of the coast of South- America. Further- more, Sacramento was signif
icantly correlated (negative) with El Niiio areas 3 and 4. 

Water tempera-
tures measured at 
35°N, 135°W were 

42• 

linked with air r-r--.1...--L._.L..-1---l--+--l-_j--1---l-J 42
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37° Bishop 

37° 
. ·.58* 

1981. They found 
Fresno 
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that the northeast 
36° 
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34° 

with their northern 
Pacific ocean tern- 33° 
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F1gure 4. Correlation Between Winter (S.H.) Ocean 
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Summer California Air Temperatures 
u y, w eras our 

study considers the summer months of June, July, and August. The sea 
surface temperatures taken at 35°N, l25°W were significantUy correlated 
with air temperatures measured at Eureka, Monterey, and San Diego. 
Apparently, these coastal air temperatures had been modified by the 
adjacent water. The coastal cities of San Diego and Los Angeles were 
strongly related (positively) to water temperatures sampled at 50°N, 
155°W. Thus, one can conclude that during the summer season, a com
plex pattern of correlations existed between California air temperatures, 
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especially the coastal cities, and water temperatures sampled along the 
Equator, in the subtropics, and at high latitudes. 

Fall California air temperatures vs. fall S STs. During the northern 
hemispheric fall, the coastal sites of Eureka, Monterey, and Los Angeles 
were strongly related (positively) to ocean temperatures in El Ni:iio area 
1 & 2. Eureka and Fresno were found significantly correlated (positively) 
with water temperatures taken at sooN, 13S0W. An inverse relationship 
occurred between water temperatures recorded at 3S0N, 1SS0W and the 
interior cities of Fresno, Bishop, Susanville, and Alturas (Figure 6). Once 
again, we found that air temperatures sampled at a few sites were 
strongly associated with ocean temperatures measured at both 3S0N and 
sooN latitude. This strong correlation agrees with the findings of both 
Nami._s (1978) and Hoerling, et al. (1992) that extratropical SST anoma
lies have important feed-backs with the seasonal climate of the west 
coast of North 
America. Namias, 114" 

et al. ( 1988) have 42° rr-'---L-.JL-+---J--l--+--l--+--+-l 42" 

also shown that 
certain specific 
areas of the Pacific 
Ocean have impor
tant effects on the 
atmospheric flow 
structure and 
storm tracks. This 
is possibly why the 
water temperatures 
sampled at both 
sooN, 1SS0W and 
sooN, 14S0W were 
not strongly re
lated to California 
airtemperatures  
but were only as
sociated with the 
nearby water tem
peratures sampled 
at S0°N, 135°W. 
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Figure 5. Correlation Between Summer Ocean 
Temperatures at 35°N 135°W and Summer 

California Air Temperatures 
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California winter air temperatures vs. winter SSTs. El Centro, Blythe, 
Monterey, Ukiah, and Eureka were postively correlated with SSTs col
lected at 35°N, l25°W (Figure 7) but were negatively correlated with 
ocean temperatures taken at 35°N, 145°W (Figure 8), and 35°N, 155°W. 
This interesting situation was probably related to the difference in year
to-year variations among these three ocean locations. From an examina
tion of  the raw 
data, the year-to-
year temperature 42·r:r--"---L-.L_-4-.J---+--l--l---l--� 42• 

changes sampled at 
35°N, l25°W were 
definitely out of 
phase with the 
other two sites. 
This situation un-
derscores the 
changeable nature 
of adjacent pools of 
water that exist in 
the ocean. 

The coastal 
cities of Eureka, 
Ukiah, and Mont-
erey had their re-
spective winter 
temperatures sig-
nificantly corre-
lated with winter 
water tempera
tures taken at 
50°N, 135°W. This 
finding agrees 
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Figure 6. Correlation Between Fall Ocean 
Temperatures at 35°N 155°W and Fall California 

Air Temperatures 

with the conclusions of Namias (1978) who showed that Eureka's air 
temperatures were significantly correlated with the sea surface tempera
tures measured at 40°N, l25°W. Likewise Granger (1988) concluded that 
winter northern California coastal climate anomalies had been in phase 
with extratropical teleconnections. Eureka's winter air temperatures 
were also strongly associated with water temperatures gathered along 
the Equator in El Nifi.o area #4. Again, Yarnal and Diaz (1986) indicated 
that coastal northern Californias' climate was significantly correlated 
with both the warm and cold phase of the Southern Oscillation. Thus, 
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Eureka's air temperatures response to the tropical water temp-erature 
changes likely represents some form of teleconnection. 

California air temperatures vs. sea level pressure. The sea level pres
sure values sampled at both Darwin and Tahiti are used in the calcula
tion of the Southern Oscillation Index (Bigg 1990). This index has been 
used to predict the onset of El Nii\o events (Allen, et al. 1991). It was in
teresting to see if any California sites were sensitive to the components 
of this important predictive index. Three California locations were sig
nificantly correlated to the index components. Darwin was positively 
correlated during the summer with Eureka, while Ukiah was positively 
correlated w ith 
Darwin during the IW 

spring, and nega-
42. r"-J"'---.i.-...L_---L_+-I---t--+------+---l---\-i 

tively correlated 
42° 

. 
Alturas during the summer 

season. Tahiti's sea 
level pressure was 
significantly corre
lated with air tem
peratures collected 

.49 f----+-f----+-+----t---t-1 .,. 

at both Los Ang
eles (summer; neg
ative) and Eureka 37• 

(winter; negative). 
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Figure 7. Correlation Between Winter Ocean 
Temperatures at 35°N 125°W and Winter 

California Air Temperatures 

have an impact on coastal northern California air temperatures. 
Furthermore, our research substantiates the conclusions drawn by 
Ropelewski and Halpert (1986) using harmonic analysis of monthly 
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North American 
temperatures. They 
found that North 42' rr---'---L-l._-+-.J--l--.J----+--1---t--l

42• 
American air tem
peratures were re
lated to El Nifio 
/S o u t h e r n  
Oscillation events 
but in a complex 
fashion. 

Conclusions 
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eka were significantly correlated to SSTs at the Equator (e.g., Figure 4), 
the subtropics (e.g., Figure 3), and at high latitudes (e.g., Figure 2). 
During the spring season, no Califomia cities were significantly corre
lated to water temperatures taken in the El Nino areas, while during the 
other three seasons, some California locations had been significantly cor
related with the El Nifio water temperatures. Possibly more California 
sites would be sensitive to tropical ocean temperatures if a seasonal lag 
was used. In Granger's 1988 study using a seasonal lag, coastal sites and 
water temperature anomalies were interrelated. Lastly, a few California 
locations were significantly correlated with sea level atmospheric pres
sure taken at either Tahiti or Darwin. This project also updates the find
ings of earlier studies such as Walsh and Richman (1981) who covered 
the period from 1947 to 1977 and Yarnal and Diaz (1986) who used only 
coastal data from 1933 to 1977. Also this analysis employed more sta-
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tions in California that the studies conducted by either Granger (1988) or 
Walsh and Richman (1981). Ocean temperatures sampled along 35°N 
latitude recorded more significant correlations with the air temperatures 
sites than water temperatures taken at either sooN latitude or along the 
Equator. This seems logical since the State of California extends in a 
north-south direction from about 33°N to 42°N latitude. The adjacent 
ocean and the atmospheric westerlies should influence Californias' cli
mate to some extent. These basic climatic influences have been described 
by Bailey (1966) many years ago. Future research should examine a vari
ety of SST lags with California climatic data and employ a denser ocean 
temperature grid to study the link between California's climate and the 
ocean. Once this link is established, then possibly climatic forecasts will 
improve. 
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