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                          Abstract

   Characteristics of the SST anomaly field in the North Pacific and their relationship with the 
500mb geopotential height fluctuation in the Northern Hemisphere, were investigated, by using the 
5*5* grid SST data set for the North Pacific. This data set was newly calculated from the SST data 
file provided by the Japan Oceanographic Data Center. The typical zonal and meridional scales of the 
SST anomaly pattern are several and one to two thousands km, respectively. Typical SST anomaly 

patterns can be traced for several months to a year. Fluctuations with periods of several years are 
also found in spectral analyses for the SST anomaly field. The SST anomaly tends to appear almost 
simultaneously over a large area. Clear regularity is not found in the speed and the direction of the 
migration and/or the expansion of the SST anomaly pattern. However, for restricted periods, the SST 
anomaly pattern seems to move by advection. 

    In an EOF analysis of the SST anomaly, the first EOF shows an elliptic monopole spatial pattern 
centered on the central North Pacific. The time series of the coefficient of the first EOF shows a varia-
tion with periods of several months and of two to three years, but has no peak corresponding to the 
1972/73 El Nino event. Our results of the EOF analysis are similar to those of Davis (1976), but some-
what different from Weare et al. (1976) and Kawamura (1984) because of differences in the domain of 
the analyses. 

   The SST fluctuations are highly correlated with 500mb height variations in the Northern Hemi-
sphere. We could conclude based on the lag correlation analysis that the SST anomalies represented by 
the first EOF are caused by the 500mb height fluctuation corresponding to the PNA pattern.

1. Introduction 

  The sea surface temperature (SST) reflects 
the upper ocean thermal condition and its fluc-
tuations are related not only to the variations in 
the oceanic upper layer but also to atmospheric 
fluctuations. Therefore, it is important to in-
vestigate the SST anomaly variation in order to 
improve the understanding of the global scale 
ocean-atmosphere interactions. 

  In the previous studies, the characteristics of 
the large scale SST anomaly fluctuations have 
been investigated by, for example, Favorite and 
McLain (1973), Iida et al. (1974), Iida et al. 
(1975), and Nishihashi and Imai (1985) by using
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the SST anomaly maps and through correlation 
analyses and by, for instance, Barnett and Davis 

(1975), Davis (1976), Weare et al. (1976), Hsiung 
and Newell (1983), and Kawamura (1984) 
through the empirical orthogonal function (EOF) 
analyses. Michaelsen (1982) studied the phase 

propagation of SST anomaly through the fre-
quency domain principal component analysis 
(FDPC). On the other hand, statistical analyses 
of the SST anomaly variation were studied by, 
for example, Namias and Born (1970) and 
Namias (1970), in which they performed the 
autocorrelation analysis. 

  White and Walker (1974), White et al. (1980), 
Barnett (1981), White et al. (1982), and White 
et al. (1985), for example, studied on the re-
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lationship between the SST and the oceanic sub-
surface conditions through the data obtained 
from the ocean weather stations, XBT and AXBT 
data, BT observations and hydrographic data. 
The SST variation related to the fluctuation of 
the oceanic fronts was also studied, for example, 
by Saur (1980). Studies on the development of 
the ocean mixed layer which closely related to 
the SST variation were carried out by Elsberry 
and Camp (1978), Elsberry and Garwood (1978) 
and Elsberry and Raney (1978). 

  The empirical relationships (partly including 
the physical process, e.g., the Ekman drift cur-
rent) between the SST fluctuation and the 
atmospheric variation have been researched by, 
for example, Roden and Groves (1960), Namias 

(1959, 1971, 1973, 1975), and Davis (1976), in 
which they have attempted to simulate the SST 
anomaly based on the atmospheric conditions. 

  In the view of the relationships between the 

global scale atmospheric fluctuations and the 
large scale SST anomaly variation, Namias (1969, 
1971, 1978, 1980), Dickson and Namias (1976), 
and Douglas et al. (1982), for example, investi-

gated the SST fluctuation in the middle latitude. 
Lanzante (1984) and Love (1985) studied the 
relation between the SST and the atmospheric 
condition with the method proposed by Prohaska 

(1976). In Kawamura (1984, 1986), correlation 
analyses between the EOFs and sea level pressure 

(SLP), 500mb geopotential height were carried 
out. There are also a lot of numerical studies of 
the SST, e.g., Reynolds (1978), Frankignoul and 
Reynolds (1983), and Pitcher et al. (1986). Re-
cently, Frankignoul (1985) reviewed the studies 
of the SST anomaly and large scale atmospheric 
fluctuation, and also air-sea feed back in the 
middle latitude. 

  The purposes of the present study are to de-
scribe the characteristics of the dominant SST 
anomaly pattern in the North Pacific by using 
the newly developed SST data set, and to find 
the relation between the dominant SST anomaly 
fluctuation in the North Pacific and the atmos-

pheric nonseasonal variation over the Northern 
Hemisphere with the view point that the large 
scale SST fluctuations are the manifestation of 
the variations of the global scale ocean-atmos-
phere system. 

  The presentations of the study are as follows.

The data and data processing procedures will be 
described in Section 2. In Section 3, characteris-
tics of the SST anomaly in the North Pacific will 
be shown. In Section 4 EOF analysis of the SST 
anomaly and in Section 5 relationships between 
the 500mb height fluctuation in the Northern 
Hemisphere and the dominant SST anomaly 
pattern in the North Pacific will be shown. 

2. Data and data processing 

SST data 
  The original data provided by the Japan 

Oceanographic Data Center (JODC) cover the 
Pacific Ocean between 60*N and 30*S for the 

period from 1945 to 1981. These data include 
those by both the intake observations and the 
bucket observations. Though the difference be-
tween these two observation methods has been 

pointed out in previous studies (e.g., Barnett, 
1984), we ignored the difference because this 
effect is not thought to be serious for the pur-

pose of the present study. We used the data in 
the North Pacific during the period from 1969 
to 1979, since there were very few data during 
1945-1968 and after 1979, and in the southern 
hemisphere. 
  Before making the data sets, we eliminated 
apparently erroneous data which had values 
above 35.0* or under -2.5*. After the long-
term monthly mean SST and the monthly stand-
ard deviation (sigma) for each Marsden Square 

(MSQ) were calculated, the data of SST were also 
removed whose deviations from the long-term 
monthly mean values were beyond three times 
sigma. 

5*5* SST data set 
  We calculated the monthly mean SST aver-

aged for 5* (latitude) * 5* (longitude) grid for 
the North Pacific during the period from 1969 
to 1979. This averaging scale in space was em-

ployed in order to avoid the contamination by 
mesoscale fluctuations, which especially domi-
nate in the western North Pacific (White and 
Bernstein, 1979). The procedures used to cal-
culate the 5*5* data set are as follows: First, 
the SST data were averaged for 1* (latitude) * 
5* (longitude) grid for each month in order to 
reduce the distortion of the 5*5* averaged 
values caused by inhomogeneous spatial distri-
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Fig. 1. Array of the 5*5* SST data set. Black 

  circles indicate the grid points which have 132 

  continuous months (1969-1979) values, and 

  triangles are the grid points which have some 

  lacks of data.

bution of the data. In the case in which a 1*5* 

grid had no value, and when there were at least 
two adjacent grids with their values or when both 
the preceding and the following months of the 
same grid had their values, the value was filled 
by an interpolation from these values. Then, the 
5*5* grids were represented by the averages of 
the five 1*5* grid values included in each 5* 
5* box. In the case in which a 5*5* grid had 
still no value, a similar interpolation was made as 
the case of 1*5* grid. 

  The array of the 5*5* grid points finally 
used for the analyses is shown in Fig. l . 

500mb geopotential height data 
  Monthly mean 500mb geopotential height 

data for the Northern Hemisphere for the period 
from 1968 to 1980 were provided by Mr. H. 
Nakamura (Tohoku Univ., now at Univ. of 
Washington). Monthly mean values were calcu-
lated by him for the NMC (National Meteorologi-
cal Center) grid from daily 1200GMT 500mb 
geopotential height data from theNational Center 
for Atmospheric Research (NCAR) library. 

3. Characteristics of the SST anomaly field in 
   the North Pacific 

  We define the SST anomaly as the residual ob-
tained after subtracting the 11-year (1969-1979) 
monthly mean value from the monthly mean 
SST value for each month. 

SST anomaly maps and time-longitude and time-
latitude diagrams of the SST anomaly 

  In order to describe the spatial and temporal 
characteristics of the SST anomaly pattern in the 
North Pacific, the 132 monthly SST anomaly

maps over the North Pacific from January 1969 
to December 1979, the time-longitude and time-
latitude diagrams were drawn. The latter dia-

grams show the temporal fluctuations of the SST 
anomaly along a particular latitude plotted on 
the time versus longitude graph, and along a 

given meridian, respectively. In Fig. 2, the time-
longitude diagrams for 32.5*N and 42.5*N are 
shown (the time-latitude diagrams are not shown 
here). 
  The general characteristics of the temporal 

variation of the SST anomaly are described as 
follows from the observation of its distribution 
on the monthly SST anomaly maps and the time-
longitude and the time-latitude diagrams: (1) The 
SST anomaly appears over a large span almost 
simultaneously, and a quarter or a half of the 
area of the North Pacific is covered by one ano-
maly pattern with the same sign. (2) The amp-
litude of the SST anomaly is large (*2.0*) in 
the region north of 40*N, off Hokkaido, Japan, 
and in the region east of 160*W. (3) An anomaly 

pattern can usually be traced for several months 
to a year. Long-term fluctuations are shown with 

periods of several years in the time-longitude and 
time-latitude diagrams. (4) The zonal scale of the 
anomaly pattern is several thousands km, and the 
meridional scale is one to two thousands km. (5) 
Clear regularity is not found in the speed and the 
direction of the migration and/or the expansion 
of the SST anomaly pattern in this period. How-
ever, the migration and/or the expansion tend to 
be directed zonally in usual cases. 

  Nishihashi and Imai (1985) showed the sea-
sonally averaged SST anomaly maps for the 
Pacific Ocean for 1972, from 1976 to 1978 and 
from 1982 to 1983. In their figures also clear 
regularity was not found in the migration and/or 
expansion of the SST anomaly pattern. On the 
other hand, Favorite and McLain (1973) showed 
that the SST anomaly patterns moved anticyclo-
nically along the North Pacific subarctic gyre 
with the period of 5-6 years. Namias (1970) 
insisted through the correlation analysis that the 
SST anomaly moved along the subtropical gyre. 
However, movement of the SST anomaly pattern 
is rather random in the present study. Michaelsen 

(1982) showed from the FDPC analysis that the 
phase of the SST anomaly fluctuation with the 
frequency of 0.02 cycle per month (cpm) moved
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Fig. 2. Time-longitude diagrams of the SST anomaly; (a) 32.5*N and (b) 42.5*N. Hatched area 

  indicates the SST anomaly which is below -0.5*, and dotted area above +0.5*. Contour 

  interval is 0.5*.

eastward along the midlatitude of the North 
Pacific. However, we could not verify the above 
result by Michaelsen (1982) because the length 
of the data set was not enough to analyze for the 
variation with frequency of 0.02cpm. 

  Despite the characteristics mentioned in (5), 
in Fig. 2, for restricted periods, we can find the 
migration of the anomaly pattern in the eastwest 
direction. For example, in the period from the 
end of 1970 to the end of 1972, the positive ano-
maly pattern along 42.5*N moved from 170*E 
to 150*W with repeating the change in amplitude, 
i.e., strong in autumn and winter, and weak in 
spring and summer. The migration speed of this 

pattern was about 6.10-2m •s-1 (0.1 knot), which 
seems to be rather smaller than the current speed 
in this area, but this movement of the anomaly 
pattern is probably caused by advection of the 
North Pacific subarctic gyre. 

SST anomaly spectra 
  The SST anomaly spectrum was calculated for 

each 5*5* grid points in order to describe the 
characteristics of the temporal SST anomaly fluc-
tuations. The Maximum Entropy Method (the 
number of prediction-error filter term was 20) 
was used to calculate the spectra because of

advantage in treating short-length time series 
such as the SST anomaly in the present study. 
The SST anomaly spectra for several grids are 
shown in Fig. 3. 

  The general features of the SST anomaly spec-
trum for each grid point are as follows: (1) There 
are several peaks in the frequency band from 
0.1 to 0.5cpm and one peak in from 0.01 to 
0.1cpm band. (2) In the frequency band below 
0.01cpm band, the grid points at which the 
spectral density increases with decreasing fre-

quency, are distributed in the middle and eastern 
part of the North Pacific and along the Aleutian 
Islands and off the west coast of the North 
America (Fig. 3a, b). (3) The grid points with a 
high peak in from 0.01 to 0.1cpm band are 
found in almost all area, especially in the middle 
and the western part of the North Pacific (Fig. 
3b, c). Frequency of this peak is about from 
0.028cpm (period of about 3 years) to 0.056 
cpm (1.5 years). (4) Each grid point has several 
peaks in the frequency band higher than 0.1cpm, 
though these peaks are not so significant. (5) In 
lower latitude, some grid points have near-white 
spectrum (Fig. 3d). 

  In the previous studies, lida et al. (1974), in 
which the SST anomaly in the western North
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Fig. 3. Spectra of the SST anomaly for the grid points of (a) 42.5*N, 137.5*W, (b) 42.5*N, 

  177.5*E, (c) 37.5*N, 152.5*E, and (d) 7.5*N, 142.5*E.

Pacific during the period from 1956 to 1970, 
showed the SST anomaly spectra for 5*5* grid 
points in the region south and east to Japan 
Islands. They showed that the spectral peaks 
with the period of 5 to 7.5 years and 1 to 1.5 
years were found in almost area, in which they 
are strong in the northeastern area off Japan and 
the east coast of Hokkaido. However, the signifi-
cant peaks with the period of 2 to 3 years were 
found only in the region off the east and south 
coast of the Japan Islands. These features are 
somewhat different from the results in the 

present study. These differences might be caused 
by the difference in the period for analysis. Saiki 
and Nagasaka (1986) studied the regional mean 
SST anomaly and their spectra for the North 
and Equatorial Pacific. They found the 6 year-

period peak in all region and the 3.5 year-period 
peak in the equatorial region. In the eastern part 
of the North Pacific they also found the peak 
with the period of 10.5 years. The peaks of 
about from 3 to 1.5 year-period are found in 
the western region between 10*N to 35*N and 
in the eastern part. The 6 year-period fluctuations 
in the SST anomaly are generally found in the 
North Pacific, but in the present study such fre-

quency variation was unable to be detected as 
the sharp peak because of the shortness of the 
time series; frequency band lower than 0.01cpm 
in the present study probably include the energy 
of the fluctuation with the period of 6 years. 

4. EOF analysis of the SST anomaly 

  We applied an EOF analysis to the SST ano-
maly field in the North Pacific in order to ex-
tract the dominant spatial/time variation pattern 
of the anomaly field. There are several kinds of

EOF analysis techniques, i.e., the Covariance 
Method in which the EOFs are decomposed from 
the covariance matrix of SST anomalies, and the 
Cross Correlation Method in which the cross 
correlation matrix is used. In the present study, 
we applied the Covariance Method because by 
using this method, one can extract not only the 
dominant spatial pattern but also can show the 
location of specific regions with high variance 
relative to the rest of the field. 

  The data set used for the EOF analysis is 5* 

(latitude)*10* (longitude) mean monthly SST 
anomaly data set, because if we used the 5*5* 
data set with the number of grid points much 
larger than the number of samples, the rank of 
covariance matrix would be reduced so that the 
low-indexed sample eigenvalue might be over-
estimated and the high-indexed underestimated 
(Storch and Hannoschock, 1985). Each grid 
point value was calculated by averaging the two 
grids of the 5*5* SST data set in the same 
latitude in each MSQ box. This averaging pro-
cedure was based on the results in Section 3 that 
the spatial scale in east-west direction is about 
twice larger than that in north-south direction. 

  The first nine of the EOFs of the SST anomaly 
are beyond the 95% confidence interval of the 
noise EOFs which was estimated with the selec-
tion rule N proposed by Preisendorfer et al. 

(1981). However, in the third and fourth EOFs 
and in from the fifth through the ninth EOFs, 
effective degeneracies and mixings may occur 
because the sampling errors in eigenvalues of 
these EOFs are larger than the distance to neigh-
bouring eigenvalue (North et al., 1982). Ulti-
mately, we will discuss only the first and the 
second EOFs in the present study.
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Fig. 4. Spatial pattern and the time series of co-

  efficient of the first EOF of the SST anomaly 

  in the North Pacific.

  The spatial pattern of the first EOF (18.2% of 
total variance) is an elliptic monopole pattern 
with the center at 37.5*N, 177.5*E as shown in 
Fig. 4. The second EOF (13.9%) has the north-
south pattern, having the node along about 35*N 
line as shown in Fig. 5. The time series of coef-
ficients of the first two EOFs show the variations 
with periods of several months and two to three 
years. 

  It is noticeable that in the El Nino period from 
the end of 1972 to the beginning of 1973 there 
is no contribution of the first EOF, i.e., no re-
markable peak in the time series of coefficients. 
On the other hand, in the time series of the 
second EOF, remarkable peaks appeared in the 
summers of 1971, 1976 and 1977. 

  In order to describe the seasonality of each 
EOF, the seasonal contribution index (SCI) was 
defined as follows:

where Ci (M) is the seasonal contribution index 

(SCI) of the i-th EOF for the M-th calendar 
month (January, February, etc.), and fi (My) is 
the coefficient of the i-th EOF for the value of 
the M-th month of the year y (1969 to 1979). 
Seasonal variation of SCI is shown in Fig. 6. 

  It is clear from Fig. 6, that the first EOF is 
dominated in from January to May and December 
whereas the second EOF is prevailing from July 
through October. That is, it can be said that the

Fig. 6. Seasonal contribution indices (SCI) of the 

  first and the second EOFs. The definition of 

  SCI is referred to the text.

first EOF is the winter-season mode and the 
second EOF the summer-season mode. 

  Comparing with previous studies for the first 
EOF, the results of the present study primarily 
agree with those of Barnett and Davis (1975) and 
Davis (1976). Spatial pattern of the first EOFs of 
Weare et al. (1976), Hsiung and Newell (1983), 
and Kawamura (1984) also resemble that of the 

present study focusing on the area corresponding 
to the present study. The time series of coef-
ficient of the first EOF in the present study is, 
however, somewhat different, in the period from 
1972 to 1974, from those of Weare et al. (1976) 
and Kawamura (1984), in which their first EOFs 
were dominated by the signal of every El Nino 
events. Such difference is also found in the 

period from 1951 to 1954 in comparing with the 
results of Davis (1976) and those of Weare et al. 

(1976) and Kawamura (1984).

Fig.5.Same as Fig.4,except for the second EOF.
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  For the second EOF, the spatial pattern of the 

present study resembles those of Barnett and 
Davis (1975) and of Davis (1976). The time 
series of the coefficient is, however, not shown in 
their studies. The second EOFs of Weare et al. 
(1976) and Kawamura (1984) are quite different 
from that in the present study. 

  These differences between Weare et al. (1976), 
Kawamura (1984) and the present study were 

primarily caused by the area selected as the 
object of the study, i.e., their study included the 
central and eastern part of Equatorial Pacific. 
The method of EOF analysis in Kawamura 
(1984), i.e., the Cross Correlation Matrix method, 
also might cause the difference. 

  The differences among the results of the 
present study and those of Weare et al. (1976) 
and Kawamura (1984) suggest that the dominant 
mode of SST anomaly fluctuation in the North 
Pacific is not always coherent with that in the 
Equatorial Pacific Ocean. That is, negative SST 
anomaly does not always appear in the North 
Pacific during the El Nino event period. In fact, 
negative SST anomaly did not appear in the 
middle Noah Pacific during the period from the 
end of 1972 to the beginning of 1973 in the SST 
anomaly maps of the present study and also in 
those of Nishihashi and Imai (1985), Emery and 
Hamilton (1985), for example. 

  The SST anomalies in the summer of 1971, 
1976, and 1978, which represented by the 
second EOF, are thought to be restricted in thin 
surface layer because the second EOF is the 
summer-season mode, and because duration of 
these anomalies were up to 3 months. Actually, 
White et al. (1980) showed the upper ocean ther-
mal anomaly state during September 1976 to 
August 1978 for the eastern part of the North 
Pacific. These anomalies were probably generated 
by external-forcing anomaly such as heat flux 
anomaly at the sea surface (including cloudiness 
and/or insolation anomaly). 

5. Relationships between the results of EOF 
   analysis for the SST anomaly and the 500mb 

   height anomaly fluctuation 

  In this section, we will discuss the correlation 
analysis between the 500mb geopotential height 
anomaly in the Northern Hemisphere and the 
time series of coefficient of the EOFs for the SST

anomaly in the North Pacific. 
  Fluctuations of the 500mb geopotential 

height field are often used as one of the mani-
festations of the tropospheric activity. Since the 
tropospheric variation over the extratropical lati-
tude ocean shows a highly barotropic structure, 
especially in winter (Blackmon et al., 1979), the 
SLP variation has a high correlation with the 
500 mb height fluctuation. Moreover, previous 
studies on the atmospheric teleconnection have 
often been performed by using 500mb height 
field data (Wallace and Gutzler,1981, etc.). 

  We define the monthly 500mb geopotential 
height anomaly as the residual obtained after 
subtracting the 13-year mean (from 1968 to 
1980) monthly value from the monthly mean 
500mb geopotential height value of each NMC 
grid for each month. 

  In order to test the significance of the results 
in correlation analysis, the Monte Carlo simula-
tion was performed. In this simulation we cal-
culated correlation coefficients between the time 
series of the EOFs and artificially generated time 
series using the Marcov process formula 

   Xi=AXi-1+ni 
where A is the autocorrelation at a lag of one 
month and ni is white noise at time t = i (months) 
Coefficient A is to be determined from the auto- 
correlation function of monthly 500mb height 
anomalies. Then, the rejection region where the 
hypothesis of *=0 (* is the correlation coef- 
ficient of universe) is to be rejected is estimated 
based on the distribution of correlation coef-
ficients calculated above. In the present study, A 
was estimated by calculating sample autocorrela-
tions for several grid points of 500mb height 
data and values of 0.3*0.6 were obtained. The 
simulation was carried out for A=0.3, A=0.4 
A=0.5, and A=0.6, and showed that the re- 

jection regions with 10% significance level were 
greater than 0.18 for A=0.3, 0.20 for A=0.4, 
0.22 for A=0.5, and 0.25 for A=0.6, respec-
tively. 
  Figure 7 shows the spatial distribution pattern 
of correlation coefficients (from now on, referred 
to as correlation pattern) between the time series 
of coefficient of the first EOF and the 500mb 
height anomaly field fluctuation with no time 
lag. A remarkable feature is a wavelike pattern, in 
which negative coefficients distributing in sub-
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Fig. 7. Correlation pattern between the time 

  series of coefficient of the first EOF and the 

  500mb geopotential height anomaly fluctua-

  tion in the Northern Hemisphere with no time 

  lag. Hatched area indicates the correlation co-

  efficients which are below -0.2, and dotted 

  area above +0.2. Contour interval is 0.2.

tropical latitude over the Pacific, positive over 
the central and eastern North Pacific, and again 
negative over Alaska and the east coast of Canada. 
This pattern is identified with the Pacific/North 
American (PNA) teleconnection pattern (Wallace 
and Gutzler, 1981). It is worthwhile to note that 
the correlation pattern for the first EOF non-
dominant season (June to November, see Fig. 5) 
reveals also a weak PNA-like pattern (not shown 
here). 
  Figure 8 shows the results of lag correlation 
analysis. The correlation pattern over the North

Pacific with lag of -1 month (the atmosphere 
leads the ocean by one month) also clearly shows 
the PNA pattern, whereas no significant pattern 
appears over the North Pacific for the lag of +1 
month. This contrast between these figures is 
striking. The highest correlation is found in lag of 
-1 month though the PNA pattern is seen in lag 

of-2 and -3 months. 
  Relationships between the PNA pattern and 

the SST anomaly in the North Pacific are also 
confirmed by the correlation analysis between 
the SST anomaly and the PNA index defined by 
Wallace and Gutzler (1981). Correlation patterns 
resembling the spatial pattern of the first EOF 

(not shown here) are clearly shown for the first 
EOF dominant season (January to May and 
December). The highest correlation coefficients, 

*=-0 .53 at middle of the North Pacific and *=
0.57 at near the west coast of the North America, 
are obtained for lag of -1 month (atmosphere 
leads to ocean). Weak correlation pattern resemb-
ling the first EOF is also shown for the first EOF 
non-dominant season. 

  These results shows that the SST anomaly 
fluctuation represented by the first EOF is 
caused by the atmospheric variation correspond-
ing to the PNA pattern. Lag association, i.e., 
atmospheric fluctuation precedes the SST ano-
maly variation in the North Pacific, has been also 
supported by both statistical researches (e.g., 
Davis, 1976; Lanzante, 1984) and numerical ex-

periments (e.g., Pitcher et al., 1986). 
  The results of the correlation analysis for the

Fig. 8. Lag correlation patterns between the first EOF and the 500mb height; (a) lag of -1 month 

  (the atmosphere leads the ocean), (b) lag of +1 month.
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time series of the second EOF with no time lag 

(not shown here) shows the correlation pattern 
which is like the north-south oscillation with a 
node on about 40*N latitude line. This correla-
tion pattern, however, is rather weak and re-
stricted to the western North Pacific sector. 

  In the previous studies, Horel and Wallace 

(1981) and Kawamura (1984) also showed the 
PNA pattern for the correlation between the 
values in the Northern Hemisphere winter (or 
February) of the time series of the first EOF 
obtained from the Pacific SST anomaly including 
the equatorial region and the geopotential height 
anomaly over the Northern Hemisphere. Since 
the time series of their first EOF primarily re-

presents the SST anomaly in the eastern Equato-
rial Pacific, their results showed the relationship 
between the eastern Equatorial Pacific SST and 
the Northern Hemisphere in winter. Combining 
their results with that in the present study, it is 
concluded that in winter the SST anomaly in the 
North Pacific can be affected by that fluctuation 
in the equatorial region through the atmospheric 
variation corresponding to the PNA pattern. It 
is also shown in Dickson and Namias (1976) and 
Lanzante (1984) that the PNA pattern is related 
to the SST anomaly pattern resembling the first 
EOF in the present study. These results shown in 
previous studies are the interannual relationship 
for particular season between the dominant SST 
anomaly pattern in the North Pacific and the 
atmospheric fluctuation over the Northern 
Hemisphere, whereas the results presented here 
include the relation of both interannual and 
intermonthly fluctuations. Actually, Blackmon 
et al. (1984) and Esbensen (1984) revealed that 
the PNA teleconnection pattern has a wide fre-
quency band. 

6. Summary and Discussion 

  In the present study, we have shown the cha-
racteristics of the SST anomaly in the North 
Pacific, and the relationships between the SST 
anomaly and the 500mb height anomaly in the 
Northern Hemisphere. The general characteristics 
of the SST anomaly in the North Pacific are as 
follows: zonal and meridional scales are several 
thousands km, and one to two thousands km, re-
spectively. The anomaly pattern can be traced 
for several months to a year. The fluctuations

with period of several years are also found. The 
SST anomaly almost simultaneously appears at a 
large area. Clear regularity is not found in the 
speed and the direction of the migration and/or 
the expansion of the SST anomaly pattern. For 
restricted periods, however, the SST anomaly 
seems to move by advection. 

  The dominant SST anomaly pattern in the 
North Pacific, which is represented by the first 
EOF, has an elliptic monopole spatial pattern 
centered in the central North Pacific. The time 
series of coefficient of this pattern shows the 
variation with periods of several months and of 
two to three years, but has no peak correspond-
ing to the 1972/73 El Nino event. This result 
implies that the SST anomaly in the North Pacific 
is not always connected with the El Nino events 
during the ENSO periods. 

  The dominant SST anomaly fluctuation re-

presented by the first EOF is highly correlated 
with the atmospheric variation identified with 
the PNA pattern. Lag associations between the 
first EOF and the PNA pattern suggest that the 
dominant SST anomaly pattern in the North 
Pacific is caused by the PNA teleconnection 

pattern. 
  Reappearance of the SST anomaly of the same 
sign in successive years in Fig. 2 suggests that the 
ocean retains the heat content anomaly in the 
subsurface water over successive years, because 
the SST in winter can be strongly affected by the 
oceanic subsurface state due to deepening of 
surface mixed layer in winter. Weakening of the 
SST anomaly in warm season is caused by forma-
tion of the thin seasonal surface layer which ob-
structs the connection of the SST and the sub-
surface layer. This inference is supported by pre-
vious studies: White and Walker (1974) showed 
thermal variations in the ocean subsurface layer 
with the period from one to several years existed 
and the phase propagated from surface to in-
terior using the ocean ship observations, and 
White et al. (1980) showed that anomalous 
thermal condition in the oceanic subsurface layer 
retained over successive years. 

  It is difficult to estimate main processes con-
tributing to development of the large scale SST 

anomaly because of limits of the data in the pre-
sent study. Based on the previous studies, how-

ever, it is considered that most important pro-
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cesses are turbulent vertical mixing forced by 
wind stress and heat flux at sea surface; most 

part of both processes are induced by strong at-
mospheric storm events (Elsberry and Garwood, 
1978; Elsberry and Camp, 1978; Elsberry and 
Raney, 1978). In fact, in the winter of 1976/ 
1977 when large negative SST anomaly appeared 
in the middle of the North Pacific (see Fig. 11 of 
Namias, 1978), cyclone activity in the northern 

part of the North Pacific (or the Aleutian Low 
activity) was more intense than usual (Namias, 
1978; Emergy and lamilton, 1985) and White 
et al. (1980) showed that strong vertical mixing 
occurred in the middle of the Northl Pacific. This 
inference is also supported by numerical experi-
ments of Frankignoul and Reynolds (1983) and 
Haney (1985). Although the Ekman current may 
also contribute to the formation of the SST 
anomaly, Namias (1959), Roden and Groves 

(1960) and Clark (1972), for example, did not 
succeed to explain the SST anomaly or its change 
with this process quantitatively. The Ekman 

pumping effect induced by the large scale wind 
system is negligible (White et al. 1980). However, 
anomaly of large scale wind stress curl may cause 
the change in the SST field through the fluctua-
tion of the front or rim of wind-driven circula-
tion system. 

  All results in the present study indicate that 
the large scale SST anomaly fluctuations is one 
aspect of the variation in the global scale ocean-
atmosphere system. 
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1969年 ～1979年 の北太平洋表面水 温アノマ リの解析 およびその変動 と

       北半球500mb高 度場ア ノマ リとの関係

     岩 坂 直 人 ・花 輪 公 雄 ・鳥 羽 良 明

         (東北大学理学部地球物理学教室)

 北 太平 洋 月平均5° ×5° 格 子 デー タセ ッ トを 日本海 洋デ ー タセ ン ター提供 の表面 水温 資料か ら新 た
に計 算 し,北 太平 洋の 表面 水温 ア ノマ リの変動 の特 徴お よび北半球500mb高 度場 の変動 との 関係 につ

いて 調べ た。 表面水 温 ア ノマ リパ ター ンの代 表的 な空間 ス ケール は 東西約数千km ,南 北1～2千kmで あ
る。典 型 的 な表 面水 温 ア ノマ リバ ター ンは その出現 か ら数 ヵ月 ない し一年 ほ ど追 跡 で きる。スペ ク トル
解 析 の結果 は,表 面 水 温ア ノマ リには数年 程度 の周期 の変 動 も存 在す るこ とを示 した。表面 水温 ア ノマ

リは広 範 囲に わた りほぼ 同時 に 出現 し移動 拡 大す るが,そ の速 さや 方 向 には明 白な規 則性 は存在 しない

よ うに見 え る。 た だ し,時 期 を限 って見 れば,表 面水 温 ア ノマ リパ ター ンが移流 に よって動 いて い る と

考 える こ との で きる場 合 もあ る。

 表 面水温 ア ノマ リの主成 分解 析 に よ る と,第1主 成分 は北太 平洋 の 中央付 近 を中心 とす る同心楕 円状
の空 間パ ター ン を持つ 。係 数 の時 系列 は数 ヵ月 と数年 の周期 の 変動 が 卓越す るが,1972/73El Nino
event　に相 当す る ピー クはみ られ な い。本 研究 の主成 分解析 結 果 は　Davis(1976)の 研 究 結果 と一致 す る

が,研 究対 象海域 に赤 道域 を含 む　Weare et al.(1976)や　 Kawamura(1984)の 結果 とは多少異なって いる。 
表面水 温 の変動 は北 半球500mb高 度 場 の変動 と高 い相 関が あ り,ラ グ相 関解析 の結果 に よ る と北太

平 洋の表 面水 温 ア ノマ リの第1主 成分 の変動 は大 気の　PNA　 テ レコ ネ クシ ョンパ ター ン を示す 変動 に起

因す る と考 え られ る。


