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Summary 

Analysis of the long-term variability of interseasonal correlations between various climato- 
logical data for the western United States indicates that the transient aspects of these 
correlations are linked to trends in Sea Surface .Temperatures (SST) in the Pacific Ocean. 
Stratifying climatological data by the dominant modes of Pacific SST anomalies seems 
to enhance interseasonal correlations between various climate parameters for the western 
plateau area. For example, when warm SSTs occur in the equatorial eastern Pacific, 
summer precipitation anomalies in peripheral areas of the plateau are highly correlated 
with thermal and precipitation anomalies over the plateau during the prior spring. When 
we selectively examine portions of the data set representing extreme SST anomaly con- 
ditions, the inferred associations become systematically stronger. The observations 
suggest that much of the variance typically encountered in computing interseasonal 
correlation statistics for climatological data may be due to variable influences associated 
with ocean temperature anomalies in remote locations. Although no comprehensive 
explanation is offered for the observations, there is a general consistency with prior 
studies of the relationships between various SST anomalies and weather trends in western 
North America. With additional refinement and extended scope these results may provide 
the basis for improved forecasts of seasonal weather trends, both in the western United 
States and elsewhere. 

Zusammenfassung 

Der Einflui~ von Oberfl~ichentemperaturen des Pazifiks auf die jahreszeitlichen Nieder- 
schl/ige fiber dem wesflichen Plateau der Vereinigten Staaten 

Die Analyse der aUmfihlichen Ver~inderlichkeit der Korrelationen zwischen meteorologi- 
schen Daten aus verschiedenen Jahreszeiten zeigen iiber den westlichen Vereinigten 
Staaten, dal~ ein Zusammenhang zwischen diesen )~nderungen und den Tendenzen in 
den Meeresoberfl~ichentemperaturen im Pazifik besteht. Wenn klimatologische Daten 
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je nach den dominierenden Feldern der Meerestemperaturen eingeordnet werden, ver- 
bessern sich die Korrelationen, welche verschiedene Jahreszeiten tiberspmmen. So sind 
zum Beispiel bei warmen Meerestemperaturanomalien inn ~quatorialen Ostpazifik die 
sommerlichen Niederschlagsanomalien in der Umgebung des Plateaus stark mit den 
Temperatur- und Niederschlagsanomalien fiber dem Plateau im vorhergehenden Frtthling 
korreliert. Wird jene Untergruppe der Daten untersucht, welche extremen Meerestem- 
peraturanomalien entspricht, so werden die entsprechenden Korrelationsbeziehungen 
noch stSrker. Diese Beobachtungen deuten an, daf,~ ein Grof~teil der Varianz, die far 
gew6hnlich in Korrelationen klimatologischer Daten zwischen verschiedenen Jahres- 
zeiten auftritt, auf Einfliisse yon Meerestemperaturanomalien in entfernten Gebieten 
zurfickgeftihrt werden kann. Obzwar keine umfassende Erkl~rung ft~r diese Beobach- 
mngstatsache angeboten wird, besteht eine allgemeine Konsistenz mit frNleren Studien 
in den Zusammenh~ngen zwischen Meerestemperaturanomalien und Wittemngstendenzen 
im westlichen Nordamerika. Verbesserte und erweiterte Studien dieser Art k6nnen die 
Basis tar die Langfristprogl)ose jahreszeitlicher Wittemngstendenzen in den Vereinigten 
Staaten und anderswo bilden. 

1. In t roduct ion 

This note describes preliminary work with empirical procedures for fore- 
casting seasonal precipitation anomalies in the Western Plateau region o f  
the United States. In developing empirical relationships for long-range 
weather forecasting it is prudent  to study situations wherein reasonable 
forcing mechanisms can be identified, a priori,  to account  for any strong 
statistical associations that might be obtained. One typical situation involves 
the monsoon  circulations o f  the Northern Hemisphere. Recently Tang and 
Reiter [t} and Reiter and Tang [2] have described the effects o f  thermal 
forcing over elevated terrain for  a variety o f  monsoon  flow regimes in and 
around the Tibetan and Rocky  Mountain Plateau regions. Because the 
influence o f  plateau-induced forcing is now reasonably well-defined we can 
anticipate the probable influence o f  anomalous thermal or moisture con- 
ditions on subsequent weather. The apparent association between anomalous 
Eurasian snow cover and the intensity o f  the summer monsoon in India, 
described by Hahn and Shukla [4] and Dickson [3] is cited as an example 
o f  prior work in this area. 
The lack o f  long-term stability for interseasonal correlations between various 
weather elements is a well-known problem in long-range weather forecasting. 
Nicholls [5] has shown that op t imum seasonal forecasts for spring precipita- 
tion in Australia are obtained when the empirical data base for these fore- 
casts is limited to the 15-year period preceding the year for which the fore- 
cast is made. When either longer or  shorter records were used the quality o f  
the precipitation forecasts tended to deteriorate. This result is a notable 
improvement  over many correlation studies wherein apparently strong 
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associations are observed in limited data but simply fail when a longer 
period of  record is examined. 
Many researchers have argued that anomalous Sea Surface Temperatures 
(SST) in the Pacific ocean exert an important influence on atmospheric 
circulation over North America on seasonal time scales [6-9] .  Because SST 
anomalies tend to be relatively stable in time, one way of  incorporating 
slowly varying anomalies of  large-scale circulations into the analysis of  
climatological data is to stratify the data by the dominant modes of  SST 
variations. The simplest approach is to group climatological data according 
to the sign of broad scale SST anomalies and compare the interseasonal 
correlations obtained for each subset. 

2. Data and Methods 

With the assistance of  Dr. RoyJenne of  the National Center of  Atmospheric 
Research we obtained a 40-year ( 1941 - 1980) record of monthly air tem- 
peratures and precipitation for many stations in the continental United 
States. This data set is limited to those stations which had not undergone 
a significant change of  location during this 40-year interval. These data 
were further screened to remove stations for which more than three percent 
of the monthly reports were characterized as either "estimated" or 
"missing". The remaining stations in a seven-state study area are shown in 
Fig. 1. The data included more than 450 precipitation stations and more 
than 300 air temperature stations. 
Seasonal anomaliesrelative to the 40-year means were computed for tem- 
perature and precipitation for each station. Seasons were defined as 
December, January and February for winter; March, April and May for 
spring, and so forth. No attempt was made to remove any long-term trends 
in the data. The anomalies for each season at each station were then ranked 
from one to forty wherein the driest (coolest) season was given the value 
"one" and the wettest (warmest) season given the value "forty".  The ranked 
values for each season were also summed for 10 to 15 stations within the 
smaller regions shown in Fig. 1. These regional sums of  ranks were then 
reranked from one to forty, as described above, to obtain spatially averaged 
indices of seasonal anomalies for each area. 
We initially examined somewhat smaller spatial and temporal domains. 
Working with 20 years of  data (1961 - 1980) we computed the correlation 
between the combined seasonal precipitation at 25 high elevation stations 
in the upper Colorado River Basin (see Fig. 1) and temperature and pre- 
cipitation data in the nearby area for various seasonal lags. A surprisingly 
strong correlation was observed between winter precipitation in the upper 
Colorado Basin and air temperatures during the preceding autumns in 
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Fig. 1. Study area and precipitation stations. Temperature data were obtained for approxi- 
mately 75 percent of these locations. Spatially averaged anomaly indices were obtained 
tor each of the four smaller regions. The circled dots represent stations above 
2000 meters elevation that comprised the upper Colorado River Basin index (see text). 
The thin dashed lines bound areas above 2000 meters elevation and the heavy dashed 
line represents the continental divide between Pacific and Atlantic drainages 

nor theastern  Arizona.  This finding p r o m p t e d  us to const ruct  area averaged 
t empera tu re  and prec ip i ta t ion  indices for  area 3, so as to al low closer exami-  
na t ion  o f  this relat ionship.  Composi te  t empera tu re  and prec ip i ta t ion  indices 
for  areas 1, 2 and 4 were also cons t ruc ted  at  the same time. Areas 1 and 4 
were in the  ex t reme nor thwes te rn  and southeas tern  corners o f  the original 
da ta  set. Area  2 was near  the  nor theas te rn  corner  o f  the region and included 
the site o f  Colorado  Sta te  Universi ty.  With the  excep t ion  o f  area 2 a de- 
l iberate ef for t  was made  to have the area indices span at least two major  
drainages so as to  avoid dominance  by  very localized effects.  The da ta  set 
was later  expanded  to include 40 years o f  da ta  for  the somewhat  larger 
domain  shown in Fig. 1. 
Only large-scale variat ions o f  SSTs were used to s t ra t i fy  the land area cl imato-  
logical data.  F o r  this we have relied ent i re ly  on publ ished analyses o f  SST 
anomalies  which are referenced below. 

As we were seeking only to  examine the strength and stabil i ty o f  simple 
interseasonal  correlat ions between the various area and s ta t ion anomaly  
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indices, only elementary statistical methods have been applied. Testing for 
correlations (Spearman's Rank Correlation Test) at various seasonal lags 
(0 to 4) has been done for most combinations of  temperature and pre- 
cipitation indices for the four areas shown in Fig. 1. To examine the tem- 
poral variability of  these correlations, we have computed 5-, 10- and 15-year 
running correlations for each combination of indices at each lag. In addition, 
for most cases we have also computed lagged correlations between the area 
indices of  temperature and precipitation and anomalies at each individual 
station within the region. 

3, Results 

The running correlation tests between the various area averaged indices 
yielded a large number of  correlation time series, most o f  which revealed 
rather substantial temporal variability in the strength of  the interseasonal 
associations. Several recurrent patterns of  variation were observed in many 
of  the time series, one of  which is illustrated in Fig. 2, Inspection of  the 
anomaly time series in Fig. 2B reveals that, although these two indices tend 
to track one another most of  the time, the sequence is interspersed with 
brief periods where the two series are notably out of  phase. Comparing 
the in phase and out of  phase periods of  these anomaly time series with 
the widely reported trends of  SSTs in the equatorial eastern Pacific 
(Fig. 2B) revealed a rather close correspondence. In particular, when SSTs 
in the equatorial eastern Pacific were warmer than normal, the time series 
in Fig. 2B tend to be in phase; when cold anomalies occurred in the equa- 
torial eastern Pacific, the series are frequently out of  phase. 
We examined this apparent connection by splitting the 40 years of  data 
into two 20-year sets representing comparatively positive and negative 
SST anomalies in the equatorial eastern Pacific during the spring of  each 
year. The spring period was considered so that seasonal forecasts for summer 
precipitation might be made from the resulting data sets. For convenience 
we will refer to the condition in which comparatively warm SSTs occur in 
the eastern Pacific as the Negative Southern Oscillation (NSO), as it tends 
to coincide with negative surface pressure anomalies at Tahiti. The cold 
water, or Positive Southern Oscillation phase will be referred to as the PSO. 
In lieu of  a suitable SST data set o f  our own for this distinction, various 
published data were examined [ 10-18].  The resulting NSO and PSO years, 
listed in Table 1, represent our subjective evaluation of these and other 
sources. In general these designations reflect the broad scale trend in the 
SST anomalies along the equator from 180 ° eastward. Many of  the SO phase 
designations in Table 1 were based on rather close visual examination of  
plotted data. In addition, the SST data for the 1940s are notably poorer 
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Fig. 2A. Running correlation coefficients (ordinate) between spring temperature 
anomalies in area 3 and summer precipitation in area 4 for 5- (solid line), 10- (dahsed 
line) and 15- (dotted line) year periods. The abscissa represents the last year of data 
entering each respective correlation value. Hence, the first 15-year correlation value, 
representing 1941-55, is plotted for 1955 
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Fig. 2B. Forty-year (1941 980) ranked time series of spring air temperature anomalies 
in area 3 (dashed) and summer precipitation anomalies in area 4 (solid). Ordinate gives 
the rank (1 . . .  40). The intermittent line just above the abscissa represents those years 
(after 1949) when relatively warm SST conditions occurred during spring in the 
Equatorial Eastern Pacific 
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and less representative than those available for the rest of  the period and 
only two sources of  temporally detailed data were located for the period 
1941 through 1948 [ 12, 14]. Because of the lack of  intercomparability and 
because the available data were limited to values representative of  areas 

Table 1. Years (1941-1980) when Spring Sea Surface Temperatures were Comparatively 
Warm (NSO) and Comparatively Cool (PSO} in the Equatorial Eastern Pacific Ocean 

NSO: 1941,42,44,48,51,52,53,57,58,59,60,63,65,66,69,70,72,76,77,80 
PSO: 1943,44,45,47,49,50,54,55,56,61,62,64,67,68,71,73,74,75,78,79 

Table 2. Years with the Ten Warmest (NSO) and Ten Coolest (PSO) Spring Sea Surface 
Temperatures h* the Equatorial Eastern Pacific Ocean During the Years 1950-1980 

NSO: 1952,53,57,58.59,65,66,69,72,80 
PSO: 1950,54,55,56,62,64,68,71,74,75 

Table 3. Years (1950-79) when the Sign of the First Eigenvector of Spring Pacific 
Sea Surface Temperatures was Positive (NSO) and Negative PSO). Following Fig. t 
in Horel and Wallace [16] and Fig. 4 in Hsiung and Newell [18] 

NSO: I952, 53, 57, 58, 59, 60, 61,65, 66, 69, 70, 72, 76, 77, 79 (15 years) 
PSO: 1950, 51, 54, 55, 56, 62, 63, 64, 67, 68, 71, 73, 74, 75, 78 (15 years) 

totally south of  the equator, we treated this eight-year period as a separate 
data set which was divided into four warm and four cool SST years. To 
check the results for the two 20-year periods, we then selected ten years 
each with the warmest and coldest equatorial Pacific SST values in the 
period between 1950 and 1980. These years are listed in Table 2. Because 
the SO is a Pacific basin-wide phenomenon, we also separated the years 
according to the sign of  the first eigenvector of  SST anomalies in the eastern 
equatorial and north Pacific Ocean during the spring of  each year (Table 3). 
This stratification is based on data for the 30-year period between 1950 
and 1979, originally computed by Weare et al. [17], and extended by Horel 
and Wallace [16] and Hsiung and Newell [18]. 
Whereas the 40-year rank correlation between spring air temperature in 
area 3 and summer precipitation in area 4 was found to be 0.390, the 
20-5~ear values were 0.800 and - 0 . 1 8 5  for the negative and positive phases 
of  the SO, respectively. For the 10-year extreme case correlation tests, the 
values were 0.830 for the NSO and - 0 . 0 7 9  for the PSO. Results for the 
15-year correlations using the first eigenvector of eastern Pacific SST's 
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were 0.886 for the NSO and 0.156 for the PSO. The direct implication 
of these findings is that during the negative phase of  the SO a large portion 
of  the variance of summer precipitation in eastern New Mexico (area 4) is 
explained by spring air temperature anomalies in area 3. However, correla- 
tions obtained in this way must be interpreted with caution. The oppor- 
tunity for chance assocations in tests of  this sort is fairly high and cannot 
be precisely defined. Nevertheless, for reference we note that the critical 
correlation values for the 1% significance level for 40, 20 and 15 temporal 
degrees of  freedom are 0.394, 0.534 and 0.623, respectively. 

Although this relationship has not been objectively tested with independent 
data, the associations between spring temperature in area 3 and summer 
precipitation anomalies in area 4 (published routinely in the Weekly Weather 
and Crop Bulletin) for 1981 through 1984 are qualitatively correct. Also, 
the extreme case results described previously and other random tests for 
subsets o f  the NSO data show good internal consistency for the rather 
strong interseasonal correlations. 

The summer precipitation index for area 4 was also correlated with spring 
air temperature anomalies at each station in the entire study region for all 
40 years. Results of  this test, shown in Fig. 3A, are consistent with Fig. 2 
but suggest that an even stronger association exists between summer pre- 
cipitation in area 4 and spring air temperatures in northeastern Wyoming. 
Similar analyses are shown in Figs. 3B and 3C except that the data have 
been separated according to the SO breakdown given in Table 1. This simple 
decomposition yields a much different perspective. The NSO correlation 
field in Fig. 3B has a southwest to northeast orientation and is much 
stronger, especially in southwestern Utah. During the PSO years (Fig. 3C) 
the correlation field is generally negative and appears to be oriented from 
north to south. 
This spatial decomposition was repeated for the eigenvector stratification 
given in Table 3. In this case (not shown) similar patterns were obtained for 
the correlation fields but correlations exceeding 0.75 were obtained for 
most o f  the area enclosed by the 0.6 isopleth in Fig. 3B. The corresponding 
PSO correlation values in Fig. 3C increased slightly (i.e., became less 
negative) and hence were insignificant everywhere. 

Since relatively warm (cool) springs in the study region also tend to be 
relatively dry (wet) [ 19], we tested to see whether a similar spatial distri- 
bution of  correlations, but o f  the opposite sign, existed between spring pre- 
cipitation over the region and summer precipitation in eastern New Mexico. 
Results o f  this test for both phases of  the SO are shown in Fig. 4. Once 
again the strength of the correlation is greatly diminished during the PSO 
phase and the strongest correlations during the NSO are centered in Utah, 
most notably over the Wasatch Mountains. 
Methods for estimating the effective degrees of  freedom and hence of  the 
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Fig. 3. (A) Analysis of 40-year rank correlations between spring air temperature 
anomalies at each station and subsequent summer precipitation anomalies in area 4. 
The cluster of small triangular symbols represents the locations of stations included 
in the area 4 index. The analysis shows those areas within which most of the station 
correlations, (e.g., the median correlations) exceeded the values shown. (B) and ((2) 
as in Fig. 3A, except that the data have been separated into 20-year sets according to 
the negative (NSO) or positive (PSO) phase of the Southern Oscillation during the prior 
spring. The negative and positive years are listed in Table 1 and the basis for the SO 
designations is described in the text 
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Fig, 4. As in Fig. 3B and C, except for spring precipitation at each station in relation 
to summer precipitation in area 4 

statistical significance in data fields such as those in Figs. 3 and 4 have been 
described by Davis [20] and Livezey and Chen [21 ]. Monte Carlo tests of  
this sort require a comparatively large commitment  of  resources and were 
not systematically applied in these preliminary studies. However, limited 
testing with random data yielded notably weaker correlations than those 
shown in Figs. 3A, 3B, and 4A. 
Another characteristic behavior observed in the running correlation time 
series, but for cold season precipitation, is illustrated in Fig. 5. A distinct 
change in phase relationship between the anomaly time series in Fig. 5B 
occurred in the early to mid-1960s. This out of  phase to in phase switch 
is reflected in the gradual reversal of  the sign of the running correlation 
time series. The timing of  this phase reversal is similar to that of a notable 
change in the second eigenvector of  global SSTs which, as reported by 
Weare et al. [ 17] and, Hsiung and Newell [ 18] reflects a long-term cooling 
trend in the North Pacific Ocean. The time series of  the amplitude for this 
SST eigenvector is consistently positive prior to 1964 and, with the ex- 
ception of a brief period in 1967, is consistently negative thereafter. 
With this temporal scale in mind we divided the climatological data for the 
plateau area into two periods, fall 1949 to winter 1964 and fall 1964 to 
winter I980, and obtained the results shown in Fig. 6. These analyses 
represent the correlations between regional air temperatures in fall and 
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Fig. 5. (A) As m Fig. 2A, except for fall air temperature in area 3 and winter plus spring 
precipitation in area 1. (B) As in Fig. 2B, except for fall air temperature in area 3 (dashed 
line) and winter plus spring precipitation in area 1 (solid line) 

the combined cold season (winter and spring) precipitation at the highland 
stations in the upper  Colorado River Basin (these high elevation stations 
are shown in Fig. 1). The results in Fig. 6 also reflect the change in the 
interseasonal relationship between the two periods that are observed in 
Fig. 5. 
We repeated the analysis shown in Fig. 6 f o r  two 10-year periods; 1954 
to t 963 when Hsiung's and Newell 's second SST eigenvector was consistently 
positive and, 1971 to 1980, when it was consistently negative. The 1954 
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A. 1949- 64 B. 1964-80 

Fig. 6. Correlations between fall air temperatures at each station and cold season (winter 
plus spring) precipitation in the upper Colorado River Basin for 1949-64 (15 years) 
and 1964-80 (16 years). The stations included in the upper Colorado index are shown 
in Fig. 1 

to 1963 correlations were found to be essentially the same as those in 
Fig. 6A. The pattern of  the correlation fields for the 1971 to 1980 period 
was similar to that in Fig. 6B but was stronger such that most of the area 
within the 0.6 isopleth in Fig. 6B had correlation values exceeding 0.8. 
The latter results lend additional credibility to the suggested association 
between trends in North Pacific SSTs and the correlation between fall air 
temperatures and cold season precipitation over the plateau. 
Several other large-scale climate parameters have been reported to undergo 
abrupt shifts or transitions at the same time as those represented in Figs. 5 
and 6. In addition to North Pacific SSTs these include: the frequency of  
cyclogenesis over Norttt America (see [22]), eigenvectors of Northern 
Hemisphere sea level pressure (see [23]), and empirical climate state vectors 
proposed by Barnett and Preisendorfer [7] and Baker-Blocker and Bouwer 
[24]. Also, it can be observed in Fig. 2A that after about 1963 consistently 
positive correlations occur between spring air temperature in area 3 and 
summer precipitation in area 4, even though the frequency of NSO and PSO 
years during this period is approximately equal. Hence, the abrupt changes in 
the correlations shown in Figs. 5 and 6 have multiple parallels in other 
climate data and therefore seem unlikely to be due entirely to chance. 
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Fig. 7. (A) Correlations between regional spring air temperatures and summer precipita- 
tion in area 1 for the NSO stratification (20 years), (B) for the North Pacific cooling 
trend from 1964 to 1980 (16 years)• The years for the NSO analysis are given in Table 1. 
In (12), the five strongest PSO years (68, 7 t, 74, 75, 78) have been removed from the 
data for (B) 
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Previous research has shown that good spatial coherence exists between 
the large-scale variations of  SSTs throughout the northern and the equatorial 
regions of the Pacific Ocean [6, 17, 18, 25]. Therefore, it would be overly 
simplistic to assume that the influence of  SST variability in only one region 
of  the Pacific completely governs any of  the interseasonal associations 
described previously. This consideration is illustrated in Fig. 7 wherein 
correlations are stratified according to both the equatorial SST anomalies 
and the North Pacific cooling trend. Each of the analyses in Fig. 7 shows 
strong correlations between regional spring air temperature anomalies and 
warm season (summer plus fall) precipitation in area 1. However, in contrast 
with the findings for area 4 (Figs. 3 and 4), the strongest correlations in 
this case (Fig. 7B) appear to be linked to the cooling trend in the North 
Pacific. 
Correlations obtained for data stratified according to a combined index 
of  both the SO and the North Pacific cooling trend are shown in Fig. 7C 
and in Fig. 8. In each case very strong correlations are obtained, though 
for a somewhat diminished data base. The previously noted trend in Fig. 2A, 
after 1963, is apparently a reflection of  the same associations observed in 
Fig. 7C, but of  the opposite sign relative to spring air temperatures. The 
results in Fig. 8 show the relationship between fall air temperatures and 
cold season precipitation in the upper Colorado basin when Pacific SST 
anomalies are characterized by; (A) warm water in both the eastern equa- 
torial areas as well as the northeast and northwest Pacific and; (B) cold 
surface water in these same areas. 
From Figs. 2 through 8 and related results we find that, in general, inter- 
seasonal relationships like those discussed above for the northwestern 
portion of  the region (e.g., area 1) appear to be dominated by SST ano- 
malies in the North Pacific. However, for most of the region, influences can 
be ascribed to both the North Pacific and equatorial Pacific SST fields, 
with a tendency for stronger correlations in relation to equatorial Pacific 
SST anomalies, especially for warm season precipitation anomalies. 

4. Discussion 

The results in the previous section summarize our preliminary analyses 
of two recurrent patterns in the long-term variations of  interseasonal 
correlations between climate data for the western plateau of the United 
States..Several additional patterns of  long-term variation were observed 
for other combinations of  area indices and seasonal lags but these have 
not yet been examined in detail. The significance of  the results is com- 
promised by the limited spatial domain and lack of rigorous statistical 
testing. Nevertheless, to establish the direction for additional work it is 
useful to explore some of the implications of  these initial results. 
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Fig. 8. (A) Ten-year correlations between fall air temperatures and cold season pre- 
cipitation in the upper Colorado basin for fall 1949 through winter 1964 with the 
five strongest PSO years (1949, 50, 54, 55, 56) removed. (B) As in A but for fall 1964 
through winter 1980 with the six strongest NSO years (1965, 68, 69, 72, 76, 79) removed 

It can be argued that the NSO and PSO correlations shown in Figs. 3 and 4 
may be a manifestation of  the same circulation anomalies that lead to extended 
droughts in the Great Plains. Chen [26] has shown that when the SO is 
negative during Northern Hemisphere springs, 700 mb height fields over 
North America in the following summers tend to assume a pattern similar 
to that which Namias [27] and Erickson [28] have linked to droughts in 
the south central United States. This so-called "three wave" pattern con- 
sists of anomalously high 700 mb heights centered over the eastern North 
Pacific, the southern Great Plains and the central North Atlantic. These 
highs are separated by low centers over the northeastern and southwestern 
United States. This anomaly pattern tends to be reversed during summers 
following PSO springs. Composite summer height fields for both phases of 
the SO also show these same anomaly patterns (Figs. 14 and 15 in [26]). 

The development of  an upper level anticyclone over the southern Great 
Plains is a normal feature of the annual spring-to-summer transition period. 
Therefore, relatively wet and cool conditions over the western plateau in 
spring present a favorable phase association for the timely enhancement of  
this Great Plains high as part of the preferred three wave pattern of  NSO 
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Fig. 9. Correlations between summer precipitation at each station and summer 
precipitation in area 4 for both phases of the southern oscillation (20 years) 

\ 

summers. Allowing that  enhanced and presistent high pressure over the 
southern Great Plains tends to suppress convective precipitation in eastern 
New Mexico, dry summers in area 4 are then systematically linked to wet, 
cool NSO springs over the plateau as shown in Figs. 3A and 4A. Conversely, 
dry and warm spring conditions over the plateau will oppose the develop- 
ment o f  the characteristic three wave pattern o f  the NSO. Consequently,  
in this case a diminished or  displaced Great Plains high will allow greater 
than normal summer precipitation in area 4. 
This interpretation o f  Figs. 3A and 4A suggests that  summer precipitation 
anomalies over the plains o f  eastern New Mexico should be inversely related 
to summer  precipitation over the plateau during NSO years, This conjecture 
is verified by the results shown in Figs. 9 and 10 which, however, also indi- 
cate a similar inverse association during PSO years. 
The PSO correlations in Figs. 3B and 4B require a related but somewhat  
different interpretation. The correlations between summer PSO precipita- 
tion in areas 3 and 4 and regional precipitation during the prior winter 
are shown in Fig) 11. The analyses in Fig. 11 reflect the same general trend 
that is obtained when regional spring precipitation is correlated with PSO 
summer precipitation in each of  the areas, but  the winter to summer correla- 
tions are notably stronger as can be seen by comparing Fig. 10B with Fig. 4B. 
Patterns o f  correlations similar to, but  weaker than, those in Fig. 1 1 were 
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Fig. 10. Correlations between summer precipitation at each station and summer 
precipitation in area 3 for both phases of the southern oscillation (20 years) 

also obtained when combined winter and spring precipitation anomalies were 
correlated with summer precipitation in areas 3 and 4. The reasons for the 
latter observation are not clear but may be related to the timing of  the onset 
of  the wet seasons in these areas. (The relationships in Fig. 11 also become 
much stronger when data are further stratified as in Figs. 7C and 8.) 
As indicated previously, Chen's study [26] shows a tendency for the occur- 
rence of  greater than normal summer 700 mb heights over the western and 
northern portion of  the plateau during PSO summers. Hence, the negative 
correlations in Fig. 10A suggest that above normal summer precipitation 
occurs in area 3 when dry conditions and anomalous thermal forcing over 
the plateau are sufficient to generate low-level advection of  moisture into 
area 3 from the south in opposition to the preferred PSO circulation. This 
logic can be extended to make inferences for inverse effects during wet 
PSO springs over the plateau and, for the downwind influence of  anomalous 
plateau conditions on circulation anomalies over the Great Plains and hence, 
for summer PSO precipitation trends in area 4. 
Following the work of  Chen [26] and Namias [6], similar arguments can be 
advanced for mechanisms linking the influence of the SO and North Pacific 
SST anomalies to the correlations shown in Figs. 6, 7 and 8. However, both 
these and the previous arguments are speculative in view of the limited scope 
of the present study. 
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Fig. 1 i. Correlations between winter precipitation at each station and subsequent summer 
precipitation in area 3 (A) and area 4 (B) during the PSO 

Summary and Conclusions 

The long-term trends of  SSTs in the equatorial and North Pacific Ocean have 
been used as indices for separating climatological data for the western 
plateau of  the United States. The resulting data subsets exhibit substantially 
stonger interseasonal correlations than were obtained either for the entire 
data period or for limited tests with randomly selected data. When data are 
grouped according to the sign of SST anomalies in the equatorial eastern 
Pacific, strong correlations are observed between spring temperatures and 
precipitation and subsequent summer precipitation, especially in the 
southern and eastern portions of the Western Plateau. When data are grouped 
according to the long-term trends of SSTs in the North Pacific, strong 
associations are observed between fall air temperatures and winter pre- 
cipitation, especially in the western and northern portions of the study 
region. Additional systematic stratifications for extreme case SST anomalies 
and for combinations of  both SST anomaly modes consistently lead to even 
stronger interseasonal correlations. In accord with prior analyses and 
modeling studies, the results also suggest that certain combinations of  
anomalous land and sea surface conditions may promote the development 
of the rather stable circulation patterns associated with notable climatic 
anomalies. 
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F r o m  these results we conc lude  tha t  the  same cl imatological  factors  which 
govern the long-term variabi l i ty  o f  broad-scale SST anomalies  in the Pacific 
Ocean also can be observed as slowly varying trends in the  interseasonal  
correlat ions be tween  various cl imate data  in the western Uni ted  States, 

I f  this apparen t  l inkage can be verified with more  r igorous me thods ,  simple 
c l imate  da ta  should then be useful for making improved seasonal weather  
forecasts,  b o t h  for  the  western Uni ted  States  and presumably  elsewhere. 
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