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ABSTRACT

Anomalous patterns of the atmospheric circulation and climate are studied corresponding to the two
basic interdecadal variation modes of sea surface temperature (SST) in the North Pacific, namely, the
25–35-year mode and the 7–10-year mode. Results clearly indicate that corresponding to the positive and
negative phases of the interdecadal modes of SST anomaly (SSTA) in the North Pacific, the anomalous
patterns of the atmospheric circulation and climate are approximately out of phase, fully illustrating the
important role of the interdecadal modes of SST. Since the two interdecadal modes of SSTA in the North
Pacific have similar horizontal structures, their impacts on the atmospheric circulation and climate are also
analogous. The impact of the interdecadal modes of the North Pacific SST on the atmospheric circulation
is barotropic at middle latitudes and baroclinic in tropical regions.
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interdecadal mode

1. Introduction

In the 1980s, some interdecadal climate features
received attention. For example, an abrupt change
in the activity of the El Niño/Southern Oscillation
(ENSO) from 1976–1977 was recognized (Quinn and
Neal, 1984). Later, interdacadal variability of the
ENSO cycle was pointed out (Nitta and Yamada, 1989;
Wang, 1995; Qian et al., 1998). Simultaneously, sci-
entists noticed that the interdecadal variability of the
tropical Pacific SST was not only related to the vari-
ation of sea surface temperature (SST) in the North
Pacific, but also correlated with the variability of the
atmospheric circulation (Tanimoto et al., 1993; Tren-
berth and Hurrelle, 1994). Some studies have also
shown that interdecadal climate variations in China
are related to the SST variations in the North Pa-
cific (Li and Liao, 1996; Chen and Song, 1998; Li
et al., 2002). Naturally, the interdecadal variability
of the North Pacific SST and its impact on the cli-
mate became important parts of the international CLI-
VAR (Climate Variability and Predictability) program
(WCRP, 1995).

A study of the SST variability in the North Pacific,
based on empirical orthogonal function (EOF) analy-
sis, claimed that the leading EOF of the global SST

field, which is identified with ENSO variability, was
representative of interannual variability. The other
linearly independent “residual” field was regarded as
a decadal-centurial-scale variability, and called the
ENSO-like pattern for its similarity to the ENSO pat-
tern as well as the Pacific Decadal Oscillation (PDO)
(Zhang et al., 1997; Mantua et al., 1997). The ex-
istence of interdecadal variability in the upper-ocean
temperature field in the North Pacific, including the
variability of the thermocline, has also been found
using other methods (Zhang and Levitus, 1997; Li,
1998; Wang and Liu, 2000). Some studies indicate
that the interdecadal pattern of SST in the North Pa-
cific is characterized by clockwise circulation around
the basin (Zhang and Levitus, 1997). Some scientists
disagree with using one of the leading EOFs to depict
a specific timescale variability because they think that
the EOF not only denotes variability for a specified
timescale, but also for other timescales. So it is nec-
essary to further study the interdecadal variability of
SST in the North Pacific.

Based on 1900–1997 SST data (5◦×5◦ resolution)
from the Hadley Center of England, our research with
spectrum analysis and bandpass filters has showed
that the interdecadal variability of SSTA in the North
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Pacific mainly exhibits two basic modes with 25–35-
yr and 7–10-yr periods (Xian and Li, 2003). Al-
though the timescales of the two modes are not the
same, their spacial patterns are very similar with each
other, but different from the so-called “ENSO-like”
pattern. These modes not only show north-south
(north-northwest to south-southeast, more accurately)
oscillation, but are also characterized by a clockwise
motion.

In this paper, we use monthly mean sea level pres-
sure (SLP) data (1871–1994, 5◦× 5◦. resolution) from
the Hadley Center, NCEP reanalysis data (1948–2000,
2.5◦×2.5◦ resolution), and NASA monthly mean global
land surface precipitation data (1850–1995, 2.5◦×2.5◦

resolution, but some data contained gaps and omis-
sions) to investigate the impacts of interdecadal North
Pacific SST modes on the atmospheric circulation and
climate. In order to clearly reveal the relation (in-
fluence) of the interdecadal SSTA mode with atmo-
spheric circulation and climate, the anomalies of some
atmospheric variables (sea level pressure, geopotential
height at 500 hPa, precipitation, etc. will be analyzed
comparatively corresponding to different phases of the
interdecadal mode.

2. Interdecadal modes of the North Pacific
SSTA

The power spectrum analyses with significance test
and wavelet analysis in the time series of SSTA in the
North Pacific (referring to the Pacific north of 10◦S
in this paper) about 100 years long have shown two
main peaks of the frequency bands that correspond
to the 25–35-yr and 7–10-yr quasi-periods (Xian and
Li, 2003). Therefore, it is possible to obtain the fun-
damental patterns of the two interdecadal modes by
using a band-pass filtered method in which the central
frequencies are according to the 30-yr and 8-yr peri-
ods, respectively. Figures 1 and 2 show positive and
negative phases of the 25–35-yr mode and the 7–10-yr
mode respectively, clearly demonstrating the similarity
in patterns of the two modes. For the positive (neg-
ative) phases, there are positive (negative) SSTA in
the region (30◦– 55◦N, 140◦E–140◦W), and anomalies
with the opposite sign in most other regions. The do-
main of the fundamental SSTA for the 25–35-yr mode
is a little larger than that for the 7–10-yr mode, and its
center of fundamental SSTA is slightly further south
than the 7–10-yr mode.

It is evident for either the 25–35-yr mode or the 7–
10-yr mode, the magnitudes of SSTA in the North Pa-
cific shown in Fig. 1 or Fig. 2 are close to those shown
in some studies in relation to the Pacific interdecadal
variation (Zhang et al., 1997; Chao et al., 2000).

According to the temporal variation of the 25–35-
yr mode, which is abtained based on filtered data, it
is not difficult to notice that 1914–1923, 1943–1956,
and 1968–1978 are periods with positive phases, while
1900–1910, 1927–1942, 1957–1967, and 1982–1988 are
periods with negative phases. Though the temporal
variation of the 7–10-yr mode is not as clear as the
25–35-yr mode, the periods with different phases are
still apparent. In this study, the characteristics of the
atmospheric circulation and climate variation corre-
sponding to the positive and negative phases of the in-
terdecadal variability of SSTA in the North Pacific are
obtained by composite analysis. We will investigate
anomalous features of the atmospheric circulation and
climate corresponding to positive and negative phases
of the 25–35-yr mode in the North Pacific SSTA. Note
that the record lengths of various physical variables
of the atmospheric circulation and climate are differ-
ent, but that of the sea level pressure (SLP) is longest.
Therefore, the data during the time intervals of 1936–
1942 and 1982–1988 as a representative state of the
negative phase are only used in the composite analy-
ses of the SLP, but it is impossible to use data in the
1936–1942 period for other analyses (as there are no
atmospheric circulation data before 1950). In order to
discuss remarkable features of the anomalous patterns
for the positive phase of the 25–35-yr mode, the anal-
ysis is based only on the data in the 1950-1956 period;
the data during 1968–1978 is not used because the am-
plitude of the 25–35-yr mode is smaller and unstable
in that period.

With respect to the 7–10-yr mode, we can syn-
thesize the atmospheric circulation states with several
time intervals for positive and negative phases as men-
tioned above: 1954–1956 and 1962–1964 for the posi-
tive phase, and 1958–1960 and 1977–1979 for the neg-
ative phase, respectively.

3. Anomalies of the SLP field corresponding
to the interdecadal modes of SSTA in the
North Pacific

During winter when the positive phase of the North
Pacific SSTA 25–35-yr mode appears, i.e., winters of
1950–1956, positive SLP anomalies are found north of
30◦N in the Pacific region, with a maximum value of
4 hPa located near the Aleutian Islands, indicating a
weak Aleutian low in that period (Fig. 3a). Positive
anomalies are also found over the Siberian and North
Atlantic Oceans indicating a strengthened Siberian
high and a weak Icelandic low; furthermore, negative
anomalies with smaller amplitude appear on the North
American continent, suggesting a weak North Amer-
ican high in that period. During winters when the
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Fig.1  25～35yr mode of the SSTA（℃）in the North Pacific

（a）Positive phase

（b）Negative phase

(a)

(b)

Fig. 1. The 25–35-yr mode of SSTA in the North Pacific. (a) positive phase, (b) negative phase.

negative phase of the 25–35-yr mode is present, i.e.,
during winters of 1936–1942 and 1982–1988, an op-
posite SLP anomaly pattern over the North Pacific
emerges. There are negative anomalies over the North
Pacific, centered at the Aleutian Islands with a maxi-
mum value of negative 4 hPa, smaller negative anoma-
lies over the North Atlantic, positive anomalies over
most parts of the North American continent, and weak
positive anomalies north of the of Eurasian continent

(Fig. 3b). The SLP anomalies over the North Pacific
are most directly affected by SSTA. Therefore when
SSTA changes its polarity from positive to negative,
the sign of the SLP anomalies changes correspondingly.

During winter when the positive phase of the North
Pacific SSTA 7–10-yr mode appears, the anomalous
pattern of the SLP field (Fig. 4a) is similar to that
of 25–35-yr mode positive phase (Fig. 3a). Over the
North Pacific and north of the Eurasian continent, Ice-
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Fig.2  7～10yr mode of the SSTA（℃）in the North Pacific

（a）Positive phase

（b）Negative phase

(a)

(b)

Fig. 2. The 7–10-yr mode of SSTA in the North Pacific. (a) positive phase, (b) negative phase.

land and Greenland, as well as an expansive region
spreading southward from the eastern coast of the Pa-
cific Ocean, the SLP anomalies are positive. Two
strong centers are located over the Aleutian Islands
and the North Atlantic, with a maximum of 4 hPa, and
one weak center is located at the Siberian. Negative
anomalies occur over the northwestern Pacific and the
center of the North Atlantic. During winter when the
negative phase of the SSTA 7–10-yr mode in the North
Pacific appears, the anomalous SLP pattern (Fig. 4b)

resembles that of the negative phase of the 25–35-yr
mode, except when there are weak positive anoma-
lies over the northwestern Pacific and strong negative
anomalies over the Asian continent.

The similarity between Fig. 3 and Fig. 4 indicates
that corresponding to the positive or negative phases
of 7–10-yr mode or the 25–35-yr mode of the North
Pacific SSTA, the global sea level pressure field gen-
erally has identical responses. In other words, similar
anomalous SLP patterns correspond to a similar SSTA
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distribution in the North Pacific, which fully reveals
the significant impact of the interdecadal SSTA modes
(variation) in the North Pacific on the atmospheric
circulation and climate. Furthermore, by comparing
the spatial signatures in the extratropical North Pa-
cific and tropical Pacific between Fig. 3 and Fig. 4, we
find a positive correlation (response) in the extratrop-
ical region and a negative correlation (response) in the
tropical region, i.e., a positive (negative) SLP anomaly
in the extratropical region results from a positive (neg-
ative) SSTA, but a negative (positive) SLP anomaly
in the tropical region results from a positive (negative)
SSTA . Consistent with other studies (Shukla and Wal-
lace, 1983; Li and Xiao, 1992), the responses of the
tropical and middle latitude atmosphere are different
to SSTA with the same sign, even though we just dis-
cuss the interdecadal variation in this study.

As we know, the large-scale air-sea interaction is
an important problem for further study, particularly
in the extratropical area (Frankignoul, 1985; Kushnir
et al., 2002). In the tropics, the atmospheric response
is mainly forced by the latent heat, the deep convec-
tion anomaly associated with the convergence pattern
at the lower troposphere, and the divergence pattern
at the upper troposphere. But in the mid-high lat-
itudes, the amounts of latent heat are much smaller
and the atmospheric response is mainly forced by the
surface boundary processes (such as sensible heat ex-
change), and the air temperature anomalies over the
sea are well correlated with the SST anomalies. Then,
higher (lower) sea level pressure is associated with
higher (lower) air temperature, and the large-scale at-
mospheric response to SSTA is a barotropical struc-
ture.

Fig.3  Composite winter SLP anomaly (hPa) corresponding to the 25～35yr mode

（a）Positive phase

（b）Negative phase

(b)

(a)

Fig. 3. The SLP anomalies (hPa) in winter corresponding to the positive (a) and negative (b)
phases of the SSTA 25–35-yr mode in the North Pacific. The values exceeding 0.18 (below –0.18)
in (a) and exceeding 0.15 (below –0.15) in (b) are significant at the 95% level.
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4. Anomalies of the 500-hPa geopotential
height field

The anomalous structures of 500-hPa height in
wintertime corresponding to positive and negative
phases of the 25–35-yr mode are shown in Fig. 5. Dur-
ing winter when the positive phase of the North Pacific
SSTA 25–35-yr mode appears, i.e., winters of 1950–
1956, positive 500-hPa height anomalies are found
north of 30◦N over the North Pacific, centered over
the south of the Aleutian with a maximum value of
40 gpm. Negative anomalies are over northwest North
America. Also there are positive anomalies over the
North Atlantic and Greenland, schematically showing
a negative PNA teleconnection pattern. Moreover, a
positive anomaly center is also found over the north
of Europe. Tropical and subtropical regions globally
represent negative height anomalies, while the Antarc-
tic shows positive anomalies. During winter when the
negative phase of the North Pacific SSTA 25–35-yr
mode appears, i.e., winters of 1982–1988, the anoma-

lous pattern of the 500-hPa height field is primarily
opposite to that of the positive phase of the 25–35-
yr mode. Over the North Pacific, north of 30◦N,
and over northeast Asia, height anomalies are nega-
tive, changing to the opposite polarity over northwest
North America and reverting to the same polarity over
Greenland and Southward. Moreover, tropical and
subtropical regions mostly exhibit positive anomalies,
while the Antarctic shows negative anomalies. The
above-mentioned anomalous pattern of the 500-hPa
geopotential height over the North Pacific is very simi-
lar to that shown in the study of Mantua et al. (1997).

During the positive-phase winter of the SSTA 7–10-
yr mode in the North Pacific, the anomalous pattern
of the 500-hPa height field resembles that of the win-
tertime 25–35-yr mode with a positive phase, however
the positive anomaly center located at Greenland is
slightly more to the north (Fig. 6). Positive 500-hPa
height anomalies are found over the northern part of
the Eurasian continent stretching eastward and a little

Fig.4  Same as in Fig.3 but for the 7～10yr mode

(a)

(b)

Fig. 4. Same as in Fig. 3 but for the SSTA 7–10-yr mode. The values exceeding 0.18 (below –0.18)
are significant at the 95% level.
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fig.5  Composite winter 500hPa height anomaly (gpm) corresponding to the 25～35yr mode

（a）Positive phase

（b）Negative phase

(a)

(b)

Fig. 5. 500-hPa height anomalies (gpm) in winter corresponding to the positive (a) and negative
(b) phases of the SSTA 25–35-yr mode in the North Pacific. The values exceeding 16.8 (below
–16.8) are significant at the 95% level.

southward to the North Pacific, with two centers, one
over Siberia with a maximum value of 40 gpm, and the
other over the Bering Strait with a maximum value of
50 gpm. While North America experiences primar-
ily negative anomalies, Greenland and Iceland exhibit
positive anomalies; global tropical and subtropical re-
gions represent negative anomalies and the Antarctic
shows positive anomalies. During winter when the
negative phase of the SSTA 7–10-yr mode in the North
Pacific dominates, the anomalous pattern of the 500-
hPa height field is also similar to that of the 25–35-yr

mode with negative phase, but the negative anomaly
center located in Greenland is now slightly more to the
south (Fig. 6). Negative 500-hPa height anomalies are
found over the northern Eurasian continent stretching
eastward and a little southward to the North Pacific,
with three centers, one over Siberia with a minimum
value of –40 gpm, another over the eastern part of the
North Pacific with a minimum value of –30 gpm, and
a weak center over the sea of Ochotsk. There are pos-
itive anomalies over the northern part of North Amer-
ica and Greenland, and negative anomalies over the
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fig.6  Composite winter 500hPa height anomaly (gpm) corresponding to the 7～10yr mode

（a）Positive phase

（b）Negative phase

(a)

(b)

Fig. 6. Same as in Fig. 5 but for the SSTA 7–10-yr mode.

southeast of North America and the North Atlantic;
global tropical and subtropical regions represent neg-
ative anomalies and the Antarctic exhibits positive
anomalies.

Fig. 5 and 6 show an effect of the North Pacific
SSTA interdecadal modes on the global 500-hPa height
field, with the anomalous patterns of the 500-hPa
height field almost completely reversed for the oppo-
site phase of the interdecadal modes. Furthermore, by
comparing Fig. 3 with Fig. 5, and Fig. 4 with Fig. 6,
we notice that the anomalous patterns of the SLP and
500-hPa fields are also very similar. Consequently, at
high and middle latitudes, the response of the atmo-

spheric circulation to the interdecadal modes of the
North Pacific SSTA is primarily barotropic.

5. Anomalous wind field at 1000 hPa

For the positive-phase winters of the SSTA 25–35-
yr mode in the North Pacific, our discussion focuses
on the anomalous field over the Northern Hemisphere
and the tropical regions. The anomalous wind field
over the North Pacific clearly shows an anticyclone
structure, while the tropical Pacific is dominated by
a strong anomalous easterly, and there are apparent
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Fig.7  Composite wind anomaly (m/s) at 1000hPa corresponding to the 25～35yr mode 
（a）Positive phase

（b）Negative phase

(a)

(b)

Fig. 7. Anomalies of the 1000-hPa wind field in winter, corresponding to the positive phase (a)
and negative phase (b) of the SSTA 25–35-yr mode in the North Pacific.

divergent flows over the tropical Indian Ocean and
an anomalous northerly exists over East Asia. Cross-
equatorial flow over the Atlantic is northward and sim-
ilar to an anticyclone (Fig. 7a). During winter when
the negative phase of the North Pacific SSTA 25–35-
yr mode appears, in contrast to the state of the pos-
itive phase, the anomalous wind field over the North

Pacific exhibits a cyclone structure, and an anoma-
lous westerly prevails over the tropical Pacific. There
are convergent flows over the tropical Indian Ocean
and anticyclonic flow over the North Atlantic. Cross-
equatorial flow over the Atlantic is southward and is
cyclone-like. An anomalous southerly is dominant over
East Asia, although the anomalous wind field is weak
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Fig.8  Composite wind anomaly (m/s) at 1000hPa corresponding to the 7～10yr mode 
（a）Positive phase

（b）Negative phase

(a)

(b)

Fig. 8. Anomalies of the 1000-hPa wind field in winter, corresponding to the positive phase (a)
and negative phase (b) of the SSTA 7–10-yr mode in the North Pacific.

(Fig. 7b).
During winter when the positive phase of the SSTA

7–10-yr mode in the North Pacific appears, similar to
the wind state during the positive phase of the 25–
35-yr mode, the anomalous wind field over the North
Pacific exhibits an anticyclone structure. The trop-
ical Pacific is dominated by an easterly, and there

are divergent flows over tropical Indian Ocean and
an anomalous northerly over East Asia. The differ-
ence between the two modes is only that the cross-
equatorial flow over the Atlantic is not apparent for
the 7–10-yr mode (Fig. 8a). During winter when the
negative phase of the SSTA 7–10-yr mode emerges,
opposite to the wind field during the positive phase,
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Fig.9  Anomaly of the composite 200hPa velocity potential (106m2/s ) 
corresponding to the 25～35yr mode 

（a）Positive phase

（b）Negative phase

(a)

(b)

Fig. 9. Anomalies of the 200-hPa velocity potential field in winter, corresponding to the positive
phase (a) and negative phase (b) of the SSTA 25–35-yr mode in the North Pacific.

the wind field over the North Pacific shows an anticy-
clone structure, and a weak anomalous southerly pre-
vails over East Asia (Fig. 8b). There is a weak easterly
over the eastern tropical Pacific and a weak westerly
over the tropical Indian Ocean, which differs from the
case of the negative phase in the North Pacific SSTA
25–35-yr mode.

The anomalous wind fields as depicted in Fig. 7 and

Fig. 8 show that their systematic characteristics are
well coherent with the anomalous SLP field. For ex-
ample, the surface wind field exhibits a divergent anti-
cyclonic flow corresponding to a positive SLP anomaly
center, and an apparent anomalous easterly exists in
accordance with the positive SLP anomaly over the
eastern tropical Pacific and the negative SLP anomaly
over the western tropical Pacific.
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Fig.10  Annual precipitation anomaly (mm/annual) corresponding to the 25～35yr mode
Left：positive phase

Right：negative phase

Fig. 10. Annual precipitation anomalies corresponding to the positive (left) and negative (right)
phases of the North Pacific SSTA 25–35-yr mode. Top: East Asia; middle: North America; bottom:
Australia. The shading represents positive anomaly.

6. Anomalies of the 200-hPa velocity potential
field

In wintertime, for the two opposite phases of the
SSTA 25–35-yr mode in the North Pacific, the 200-hPa
velocity potential fields are almost completely opposite

over the globe (Fig. 9). During winter when the pos-
itive phase of the 25–35-yr mode is dominant, a large
area including the Pacific, North America, northeast-
ern Asia, and the Arctic show negative anomalies of
the 200-hPa velocity potential with a center over the
central equatorial Pacific, the whole region being like
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Fig.11  Annual precipitation anomaly (mm/annual) corresponding to the 7～10yr mode
Left：positive phase

Right：negative phase

(a)

(b)

Fig. 11. Annual global land precipitation anomalies corresponding to the positive (left) and nega-
tive (right) phases of the SSTA 7–10-yr mode in the North Pacific (contour interval: 50 mm).

a reversed hat. The Indian Ocean, central Eurasia,
southern Africa, the southern Atlantic, and South
America show positive anomalies with two centers, one
over the Indian Ocean and the other over South Amer-
ica. For wintertime in the negative SSTA phase, the
anomalous velocity potential field at 200 hPa is in the
opposite region, with positive anomalies also being like

a reversed hat.
For the 200-hPa velocity potential field, the effect

of the 25–35-yr mode of SSTA is so pronounced that
the effect of the 7–10-yr mode is almost overwhelmed.
During winter when the positive phase of the North
Pacific SSTA 7–10-yr mode appears, there are still neg-
ative anomalies over the western and northern Pacific,
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as well as over northern and eastern Eurasia and Aus-
tralia. There are positive anomalies over the Indian
Ocean, southern Asia, North America, and the east-
ern Pacific. In contrast to wintertime, there is the
opposite anomalous pattern for the 200-hPa velocity
potential field in summer (figure not given).

7. Anomalies in the annual mean precipitation
field

The anomalous field of annual global land precip-
itation is analyzed corresponding to the two phases
of each interdecadal mode in order to understand the
relationship between climate anomaly and the inter-
decadal variability of SST in the North Pacific.

During years when the positive phase of the SSTA
25–35-yr mode in the North Pacific occurs, there is
an advndance of plentiful precipitation in eastern and
southeastern Asia, but a shortage of precipitation in
southern North America. In Australia, there is an
abundance of precipitation in the east, and a short-
age of precipitation in the west. During years when
the negative phase of the SSTA 25–35-yr mode in the
North Pacific appears, there is a shortage of precipi-
tation in eastern and southeastern Asia, but an excess
of precipitation in southern North America. In Aus-
tralia, there is a shortage of precipitation in the east,
and an excess in the west (Fig. 10).

A similar precipitation anomalous field is also
found corresponding to the North Pacific SSTA 7–
10-yr mode. During years when the positive phase
is present, there is excessive precipitation in eastern
China; for North America, there is a shortage of pre-
cipitation in the east and south, and an excess in the
west. There is a shortage of precipitation in central
and southern South America, and an abundance of
plentiful precipitation in eastern Australia and cen-
tral Africa (Fig. 11). During years when the negative
phase appears, there is a shortage of precipitation in
eastern China, excessive precipitation in eastern and
southern North America, a shortage of precipitation
in northwestern North America, and an abundance of
precipitation in central and southern South America
and a shortage in central Africa.

The above-mentioned anomalous pattern of precip-
itation over North America is mainly similar to that
shown in the study of Latif and Barnett (1996) and
also shown with a correlation coefficient in the study
of Mantua et al. (1997). The anomalous patterns
of precipitation are, of course, closely related to the
anomalies of atmospheric circulation. For example,
the shortage of precipitation in southern North Amer-
ica and abundance of plentiful precipitation in the
mid-latitudes of North America during the positive

phase of the SSTA 25–35-yr mode correspond to the
circulation anomalies which show a positive anomaly
of the 500-hPa height over northern North America
and a negative anomaly of the 500-hPa height over
southern of North America.

8. Conclusions

We investigate the anomalous patterns of several
different variables of the atmospheric circulation and
climate corresponding to positive and negative phases
of two interdecadal modes of SSTA in the North Pa-
cific. The impact of interdecadal mode of SSTA in
the North Pacific on atmospheric circulation/climate
is clear and corresponding to positive and negative
phases of interdecadal mode. The anomalous patterns
of atmospheric circulation/climate are very different.
The conclusions are as follows:

(1) The global SLP field has similar responses to
same phases of the 25–35-yr mode and the 7–10-yr
mode of SSTA in the North Pacific. During winter
when the positive (negative) phase of the interdecadal
modes in the North Pacific appears, there are positive
SLP anomalies over the North Pacific and its ambi-
ent region, centered on the Aleutian Islands. Neg-
ative (positive) anomalies are found over the north-
ern Eurasian continent and the North Atlantic Ocean.
Negative (positive) anomalies prevail over the North
American continent. Responses of SLP to the SSTA
are positive for the extratropical atmosphere and neg-
ative for the tropical atmosphere; a positive (negative)
SSTA will lead to a positive (negative) SLP anomaly
in the extratropical region and a negative (positive)
SLP anomaly in the tropical region.

(2) The effect of the interdecadal modes of SSTA in
the North Pacific (7–10-yr mode and 25–35-yr mode)
to the global 500-hPa geopotential height field is ap-
parent. The 500-hPa height anomaly patterns are al-
most completely opposite for the positive and nega-
tive phases of either interdecadal mode. During win-
ter when the positive (negative) phase exits, there are
positive (negative) 500-hPa height anomalies over the
North Pacific, northern Eurasia, Greenland, and the
Antarctic. There are negative (positive) anomalies
over most regions of North America, the tropics, and
subtropics. The 500-hPa height anomaly patterns and
SLP anomaly patterns are similar, which implies the
response of the extratropical atmosphere to the inter-
decadal modes of SSTA in the North Pacific exhibits a
barotropical structure, but the response of the tropical
atmosphere shows a baroclinic structure.

(3) The global 1000-hPa wind field has a analogous
response corresponding to the two interdecadal modes
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of SSTA in the North Pacific. The anomalous wind
field has a systematic structure and is well coherent
with the anomalous SLP field. During winter when
positive (negative) phases of the interdecdal modes ap-
pear, there is an anticyclone (cyclone) over the North
Pacific, easterlies (westerlies) dominate in the tropi-
cal Pacific, northerlies (southerlies) prevail over East
Asia, and there are divergent (convergent) flows over
the tropical Indian Ocean.

(4) The interdecadal modes of SSTA in the North
Pacific have an impact on the global 200-hPa velocity
potential field. The anomalous patterns of the 200-
hPa velocity potential are almost opposite for the pos-
itive and negative phases of either interdecadal mode.
During winter when the positive (negative) phase ap-
pears, there are negative (positive) anomalies over the
Pacific and the Arctic region, and positive (negative)
anomalies over the Indian Ocean.

(5) The impact of the interdecadal mode of SSTA
in the North Pacific on regional annual mean precip-
itation is not negligible. During years when the pos-
itive (negative) phases of the interdecadal modes ap-
pear, some regions have less or more precipitation. For
example, during the positive (negative) phase period,
there is more (less) precipitation over East China, less
(more) over southern North America, and a band of
increased precipitation in the east (west) of Australia.

Finally, we want to indicate that corresponding to
some studies, the midlatitude Pacific interdecadal vari-
ability mainly results from both the subtropical ocean
gyre and the coupled ocean/atmosphere interaction
(Latif and Barnett, 1996; Jin, 1997; Barnett et al.,
1999), and that the interdecadal variation is a natu-
ral feature of the climate system. Based on the idea
that slow processes are more fundamental in the ocean
than in the atmosphere, in the ocean/atmosphere rela-
tionship we just emphasize the possible impact of the
oceanic interdecadal mode on atmospheric circulation
and climate. Since the atmospheric observation data
are not enough to analyze quantitatively, some results
in this paper still require further validation through
data analysis and numerical simulation.
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