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ABSTRACT

The impacts of the seasonal and interannual SST variability in the East Asia coastal regions (EACRSST)
on the East Asian summer monsoon (EASM) have been examined using a regional climate model (PσRCM9)
in this paper. The simulation results show that the correlation between the EACRSST and the EASM is
strengthened after the mid-1970s and also the variability of the EACRSST forcing becomes much more
important to the EASM interannual variability after the mid-1970s. The impacts of the EACRSST on the
summer precipitation over each sub-region in the EASM region become weak gradually from south to north,
and the temporal evolution features of the summer precipitation differences over North and Northeast China
agree well with those of the index of EASM (IEASM) differences.

The mechanism analyses show that different EACRSST forcings result in the differences of sensible and
latent heat flux exchanges at the air-sea interface, which alter the heating rate of the atmosphere. The heating
rate differences induce low level air temperature differences over East Asia, resulting in the differences of
the land-sea thermal contrast (LSTC) which lead to 850 hPa geopotential height changes. When the 850
hPa geopotential height increases over the East Asian continent and decreases over the coast of East China
and the adjacent oceans during the weakening period of weakens consequently. On the contrary, the EASM
enhances during the strengthening period of the LSTC.

Key words: SST variability, coastal oceans, East Asian monsoon, numerical simulations

DOI: 10.1007/s00376-007-0259-7

1. Introduction

The East Asian summer monsoon (EASM) is an
important large-scale circulation pattern arising from
the thermal contrast between the warmer Asian con-
tinent and the adjacent cooler ocean. The year-to-
year variation of the EASM has a close relationship
with the floods and droughts over East China in sum-
mer (Zhu, 1934; Ding, 1994; Guo, 1994), which in-
duces large economic losses. For example, the rainfall
increases dramatically over the Yangtze and Huaihe
River valley and decreases over North China in the
weak EASM years, but the case is reversed in the
strong EASM years (Shi et al., 1996; Zhu and Wang,
2001; Guo et al., 2003; Lu et al., 2004). Therefore,
substantial efforts have been devoted during the past
several decades into investigating the variation of the
EASM and the related mechanisms from various view-
points. Besides considering the dynamical processes
operating within the atmosphere itself, more investi-

gations have been made to regard the variability of
the EASM as the major results of the external forc-
ing, such as ENSO, the thermal condition anomalies
of the western Pacific warm pool, dynamic and ther-
mal characteristic variations of the Tibetan Plateau,
and the increase/decrease in Eurasian continent snow
cover (Huang and Huang, 1999; Huang et al., 2003;
Qian et al., 2003). It is well known that the land-
sea thermal contrast (LSTC) is the fundamental rea-
son for the monsoon circulation formation. The East
Asian continent is surrounded by the western Pacific,
the South China Sea and the Indian Ocean, from east
to south. As a consequence, there exists a zonal LSTC
between the Asian continent and the western Pacific,
and a meridional LSTC between the Asian continent
and the Indian Ocean, and the basinwide South China
Sea (SCS). With the warmest SST among the global
oceans and strong air-sea interaction processes, the
thermal features of the western Pacific warm pool ex-
ert a significant impact on the interannual variabil-
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ity of the EASM (Nitta, 1987; Kurihara, 1989; Huang
and Sun, 1992, 1994; Jin and Chen, 2002; Huang et
al., 2005). The studies of Xue (2001) showed that the
air-sea interaction over the western Pacific and Indian
Ocean plays an important role in the interannual to
interdecadal variation of the EASM. Li and He (2001,
2002) pointed out that the meridional circulation over
East Asia is closely coupled with the low-latitude zonal
circulation after 1976, which strengthens the correla-
tion between the EASM and SST anomaly (SSTA) in
the middle-eastern Pacific. The SSTA over the middle-
eastern Pacific during the previous winter affects the
EACRSSTA in the next summer, and subsequently
influences the rainfall over the mid-lower reaches of
the Yangtze River valley. Along with the observa-
tional analyses, many numerical investigations have
also proved that the SST anomalies in geographically
localized regions such as the western Pacific and Indian
Ocean have a strong influence on the EASM (Zhang
and Qian, 2002; Liang and Wu, 2003; Sun and Ma,
2003).

Recent research suggests that the dynamic and
thermal features along the coastal oceans of Asia also
have a notable relationship with the seasonal to inter-
annual variations of the EASM (Wang and Qian, 1995;
Ren and Qian, 1999; Sun and Ding, 2003). However,
the mechanism of the coastal water’s impact on the
EASM variation is still poorly understood. Thus, the
impacts of the seasonal and interannual SST variabil-
ity in the East Asian coastal regions (EACRSST) on
the EASM based on the different climatological back-
grounds of the East Asian monsoon are investigated by
a regional climate model in this paper. The associated
mechanisms are also addressed.

The paper is organized as follows: the P-σ regional
climate model (PσRCM9) used in this study and the
numerical experiment schemes are described briefly in
section 2. The simulation results are presented in sec-
tion 3. The possible mechanism analyses are provided
in section 4. Finally, the concluding remarks are given
in section 5.

2. Model description and numerical experi-
ment schemes

The PσRCM9 used in this study is based on a
primitive equation model with a P-σ vertical coordi-
nate system. It was first developed by Kuo and Qian
(1981, 1982) for investigating the diurnal changes of
weather and climate in the development of monsoon
circulation over East Asia, and thereafter improved
by Qian (1985), Zhang and Qian (1999), Liu and Qian
(1999); Liu et al. (2002) and Wang and Qian (2002).
The PσRCM9 has 9 vertical atmospheric layers with

a horizontal resolution of 1◦ × 1◦. The pressure coor-
dinate is used above 400 hPa with four uniform lay-
ers. Below 400 hPa, the σ and σb coordinates are
adopted. Four σ layers are uniformly divided with
∆σ = 0.25, and only one layer is defined as the atmo-
spheric boundary layer with a 50 hPa thickness in the
σb coordinate. The model domain is from 0◦ to 60◦N in
latitude and from 70◦E to 140◦E in longitude, includ-
ing the Tibetan Plateau, the Bay of Bengal, the South
China Sea and part of the western Pacific. The model
includes a planetary boundary-layer parameterization
process, Kuo-type cumulus parameterization scheme
(Anthes, 1977) and a detailed atmospheric radiation
process. The PσRCM9 and the previous versions have
been extensively and successsfully used to simulate the
large-scale circulations and to investigate the impacts
of the air-sea feedback on the atmospheric circulations
(Wang and Qian, 2002; Zhang and Perrie, 2001; Ren
and Qian, 2005).

In this paper, three simulations have been per-
formed from January 1958 to December 1997, with
the same initial and lateral boundary conditions. The
initial conditions and boundary conditions, including
wind, air temperature, specific humidity, geopotential
height fields, are specified by the National Centers for
Environmental Prediction/National Center for Atmo-
spheric Research (NCEP/NCAR) reanalysis (Kalnay
et al., 1996) monthly mean data. The control run
(denoted CTRL) is carried out by using the monthly
NCEP/NCAR reanalysis SST from January 1958 to
December 1997, as the oceanic boundary forcing. The
SST is interpolated into the PσRCM9 grids by us-
ing a bilinear interpolation method. Therefore, the
seasonal and interannual variability of the EACRSST
forcing are included in CTRL. Sensitivity experiments
denoted as SENEXP1 and SENEXP2 hold the same
initial and lateral boundary conditions as CTRL. How-
ever, the climatological monthly mean SST is taken
as the oceanic boundary forcing in SENEXP1, which
presents only the seasonal cycle of EACRSST forc-
ing, compared with CTRL. The 480-month mean SST
is time-invariant during the whole integration period,
taken as the oceanic boundary forcing in SENEXP2.
Consequently, the seasonal and interannual variability
is entirely removed in SENEXP2. For all the exper-
iments, the nudging technique is applied only in the
lateral boundary outer ten grids.

3. The simulation results

3.1 Overview of the simulated EASM and pre-
cipitation

Numerical simulations (Wang, 2001b; Huang and
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Fig. 1. Distributions of the sea level pressure in summer averaged over 1958–1997: (a) NCEP/NCAR
reanalysis data; (b) CTRL (Units: hPa)
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Fig. 2. As in Fig. 1, except for 850 hPa wind (Units: m s−1).

Zhang, 2004) have shown that the PσRCM9 has good
performance in simulating climatological characteris-
tics over East Asia and the associated seasonal to inter-
annual variability of geopotential height and air tem-
perature. However, the model’s performance in rep-
resenting the EASM and its variation has not been
examined systematically. Therefore, it is necessary
to validate the PσRCM9 performance in simulating
the EASM and the variation first. In this section,
the simulated monsoon circulation and the accom-
panying precipitation are respectively compared with
the NCEP/NCAR reanalysis data and the observed
monthly mean precipitation from the World Meteo-
rological Organization surface networks with 160 sta-
tions in China.

Figures 1b and 2b show respectively the simulated
sea level pressure and low-level wind vectors in CTRL
during the summer season (June–July–August) aver-
aged from 1958 to 1997. The corresponding obser-
vational results are depicted in Figs. 1a and 2a, re-
spectively. Generally speaking, the PσRCM9 repro-

duces the distribution pattern of the sea level pressure
over Asia and the adjacent regions well, except that
the sea level pressure over mid-latitude East China
is slightly underestimated by about 2 hPa. Figure
2a illustrates the low-level southwest wind extending
northeastwards from the Bay of Bengal to 50◦N, which
is one of the typical features of the EASM. It is seen
from Fig. 2b that the CTRL simulations indicate sim-
ilar characteristics as the observations, especially the
monsoon flow over the low latitudes and East Asia.

The observation-to-model comparison of the sum-
mer precipitation averaged from 1958 to 1997 is shown
in Figs. 3a and 3b, respectively. As indicated above,
the distribution of the summer precipitation over East
China is strongly related with the EASM circulation.
Figure 3a shows that the observed summer precipita-
tion over East China is reduced from south to north
dramatically and the maximal precipitation center is
located in South China. The CTRL simulation in Fig.
3b also presents the northward decreasing distribution
of the monsoon precipitation in China. However, the
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Fig. 3. Distributions of the summer precipitation over East China averaged over 1958–1997: (a) observa-
tionl; (b) CTRL (Units: mm d−1).

Fig. 4. Temporal variation of the IEASM in CTRL
and NCEP/NCAR reanalysis, with solid line for
NCEP/NCAR reanalysis and solid line with solid circles
for CTRL (Units: m s−1).

model-simulated precipitation is relatively larger than
the observations, especially in North China.

It is well known that the EASM is an extremely
complex phenomenon, which is comprised of tropical
and subtropical components (Zhu, 1986). The present
study focuses on the impacts of the EACRSST on the
subtropical circulations of the EASM. A concise and
effective index denoted “IEASM” for describing the
regionally-averaged southwest wind feature is defined
by Wang (2000):

IEASM = (u′ + v′)/
√

2 , (1)

where u′ and v′ are the summer zonal and merid-
ional wind departures from the climatological mean,
averaged over a certain area. The key domain of
EASM�as in Wang (2000) and Xue (2001)�is con-
fined to 20◦–40◦N, 110◦–125◦E. It is obvious that the
IEASM describes the regionally-averaged southwest
wind anomaly with a clear physical meaning and a
simple method of calculation.

Based on the NCEP/NCAR reanalysis and CTRL
simulation, the above index has a record length of 40
yr, thus permitting a reasonable statistical estimate of
the EASM variability and observation-to-model com-
parison. Figure 4 suggests that the simulated IEASM
agrees well with the observations. The correlation co-
efficient of the observations with CTRL is 0.96, highly
significant at the 99% confidence level. The IEASM
tends to decline from a strong stage in the mid-1960s
to a weak stage after the mid-1970s. This is consis-
tent with the recent findings of Xue (2001) and Wang
(2001a).

As the lateral boundary in a regional climate simu-
lation is expected to affect the simulated monsoon cir-
culation, an additional test run, in which the model do-
main is stretched outwards with ten grids and the nest-
ing technique is still applied only to the outer ten grids,
is conducted in order to ascertain whether the lateral
boundary effects on the IEASM simulation are negli-
gible. The results show that the PσRCM9 still repro-
duces the IEASM properly (not shown)�indicating
that the lateral boundary is not a serious problem for
the IEASM simulation.

In summary, it is evident that the PσRCM9 por-
trays a reasonable EASM circulation over Asia and
adjacent oceans, as well as the associated precipita-
tion distribution over China. The PσRCM9 also de-
picts the temporal variation of the EASM during the
period from 1958 to 1997, suggesting that it provides
an effective tool for investigating the impacts of the
EACRSST on the EASM.

3.2 IEASM differences between CTRL and
SENEXP1, SENEXP2

It is noted that the IEASM differences between
CTRL and SENEXP1 represent the impacts of the in-
terannual EACRSST variability on the EASM, and
the IEASM differences between SENEXP1 and SEN-
EXP2 reflect the influences of the seasonal EACRSST
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Fig. 5. (a) Temporal evolution of the IEASM differences simulated under different EACRSST forcings
(solid line with solid circles for the differences between CTRL and SENEXP1 and solid line with open
circles for the differences between SENEXP1 and SENEXP2); (b) the 11-year moving standard devia-
tions of the IEASM in the three experiments and NCEP/NCAR reanalysis (solid line with solid circles for
NCEP/NCAR reanalysis, solid line for CTRL, dotted line for SENEXP1 and dashed line for SENEXP2)
(Units: m s−1).

variability on the EASM. As shown in Fig. 5a, the
IEASM difference is weak before the mid-1970s. The
maximum difference is no more than 0.2 m s−1, sug-
gesting a tenuous relationship between the EACRSST
and the EASM during this period. The IEASM differ-
ences experience a sudden increase after the mid-1970s
compared to before, indicating the strengthening of
the linkage between the EACRSST and the EASM af-
ter the mid-1970s, which is consistent with the results
obtained by Li and He (2001, 2002). The correlation
coefficient of the two curves in Fig. 5a is −0.897, sug-
gesting that the seasonal and interannual variability of
the EACRSST have opposite impacts on the EASM.

In order to identify the effects of the SST apart
from the variability of the wind fields provided by
lateral boundaries, two additional test runs with cli-
matological lateral boundary conditions forced by ob-
served and climatological SST, respectively, were per-
formed. The results show that the IEASM differences
of these two experiments are very consistent with those
of CTRL and SENEXP1 (not shown). This indicates
that the IEASM differences are mainly caused by SST
forcing and are negligibly affected by the variability of
the wind fields.

Figure 5b shows the 11-year moving standard devi-
ations of the IEASM in the three experiments, which
depict the long-term variability by smoothing the high-
frequency noise. Overall, the moving standard devia-
tions of the IEASM in the three experiments indicate
considerable variations. On the other hand, the EASM
tends to decline from a stage with larger interan-
nual variability in the mid-1960s to a stage with weak
interannual variability after the mid-1970s, both of

which are in good agreement with the NCEP/NCAR
reanalysis. Under different EACRSST forcing, the
EASM interannual variability differences strengthen
after the mid-1970s, indicating that the variability of
the EACRSST forcing became much more important
to the EASM interannual variability after the mid-
1970s.

3.3 The summer precipitation differences
over East China

As mentioned earlier, the EASM consists of many
regional subcomponents, leading to a distinctive pre-
cipitation distribution over different regions (Shi et al.,
1996; Zhu and Wang, 2001; Guo et al., 2003; Lu et
al., 2004). For a detailed examination of the precipi-
tation differences among the three experiments over
different regions, we divide East China (20◦–27◦N,
105◦–120◦E) into four sub-regions according to the re-
gional monsoon rainfall characteristics: South China
(20◦–27◦N, 105◦–120◦E), the mid-lower reaches of the
Yangtze River valley (27◦–35◦N, 105◦–120◦E), North
China (35◦–42◦N, 105◦–120◦E) and Northeast China
(42◦–50◦N, 105◦–120◦E).

The simulated summer precipitation differences
over each sub-region for different EACRSST forcings
are shown in Fig. 6. Similar to the discussion of Fig.
5a, the correlation coefficients of the summer precipi-
tation differences between CTRL and SENEXP1 and
between SENEXP1 and SENEXP2 over all sub-regions
are negative, suggesting that the EACRSST seasonal
variability and interannual variability play opposite
roles in the summer precipitation variation over each
sub-region. It is also shown that the impacts of the
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Fig. 6. Temporal variation of the summer precipitation differences over each sub-region of East China
in summer simulated under different EACRSST forcings (Units: mm d−1). Solid line with solid circles
is the difference between CTRL and SENEXP1 and solid line with open circles is the difference between
SENEXP1 and SENEXP2. The sign “cor” denotes correlation coefficient.

Fig. 7. Temporal variation of the IEASM (solid line in
units of m s−1 and corresponding to the right axis la-
bel) and the ILSTC (solid line with solid circles in units
of ◦C and corresponding to the left axis label) in CTRL
experiment.

EACRSST on the summer precipitation over East
China become weak gradually from south to north as
a whole. Meanwhile, the temporal evolution features
of the summer precipitation differences over North
China (Fig. 6c) and Northeast China (Fig. 6d) agree
with those of the IEASM differences (Fig. 5a) af-
ter 1980: the summer precipitation decreases over
North and Northeast China during the weakening pe-
riod of the EASM, but the case is reversed during
the strengthening period of the EASM. It is neces-
sary to point out that the summer precipitation differ-
ences over the mid-lower reaches of the Yangtze River
valley (Fig. 6b) have similar features as those over
North and Northeast China because of the deficiency
of PσRCM9, which cannot simulate the negative cor-
relation between the EASM and the summer precipi-
tation over the mid-lower reaches of the Yangtze River
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Fig. 8. (a) Time evolution of the ILSTC differences simulated under different EACRSST forcings (solid line with
solid circles for the differences between CTRL and SENEXP1 and solid line with open circles for the differences
between SENEXP1 and SENEXP2); and (b) the 11-year moving standard deviations of the ILSTC in the three
experiments (solid line for CTRL, dotted line for SENEXP1 and dashed line for SENEXP2). (Units: ◦C)

valley.

4. Possible mechanism

In section 3, we showed a clear relationship be-
tween the seasonal and interannual variability of the
EACRSST and the EASM, and also the associated
summer precipitation in China. Here, we try to un-
derstand the thermodynamic mechanism, particularly,
the linkage between the heating rate variation over the
East Asian continent and the adjacent oceans, and the
EASM.

As mentioned above, the EASM is principally
maintained by the temperature contrast between the
warmer continent and cooler oceans. It is natural
to expect an alteration of the EASM when increas-
ing/decreasing the land-sea thermal contrast (LSTC).
An additional idealized experiment with no LSTC
through covering the domain with water is conducted
to investigate the impacts of the land/sea contrast
on the EASM, which is similar to the experiment of
Yoshikane and Yoshikane and Kimura (2001). As ex-
pected, the simulation result is characterized by no
mark of the EASM, attributed to the absence of the
LSTC (not shown). Therefore, it is of significance to
examine the LSTC differences simulated with different
EACRSST forcings.

An index of LSTC (ILSTC), representing the zonal
and meridional LSTC, is defined as follows (Sun et al.,
2002):

ILSTC = (TL1 − TO1) × 4
7

+ (TL2 − TO2) × 3
7

, (2)

where TL1 and TL2 are the area-averaged air temper-

ature between 850 hPa and 300 hPa over two land
regions (20◦–35◦N, 105◦–120◦E; and 20◦–27◦N, 105◦–
120◦E), respectively, and TO1 and TO2 are the same
as TL1 and TL2, but averaged over two ocean regions
(15◦–30◦N, 120◦–140◦E; and 5◦–20◦N, 105◦–120◦E),
respectively. Therefore, (TL1 − TO1) represents the
zonal LSTC, and (TL2−TO2) evaluates the meridional
LSTC quantitatively. The weighting coefficient 4/7
(3/7) for the zonal (meridional) LSTC is taken to em-
phasize its relative importance.

Figure 7 shows the temporal variation of the
IEASM and the ILSTC in the CTRL experiment from
1958 to 1997. The most significant result from the
figure is that the interannual variation of the IEASM
displays a nearly in-phase variation feature with the
ILSTC. The correlation coefficient between them is
0.92, highly significant at the 99% confidence level,
indicating that the ILSTC is strongly related with the
IEASM. Therefore, the definition of the ILSTC in for-
mula (2) is reasonable.

As shown in Fig. 8a, the ILSTC differences be-
come robust after the mid-1970s, similar to the IEASM
differences shown in Fig. 5a. This indicates that
the LSTC transition after the mid-1970s plays an ex-
tremely influential role in the suddenly-increasing dif-
ferences of the IEASM shown in Fig. 5a. Meanwhile,
the correlation coefficient between the two curves in
Fig. 8a is −0.93, implying that the EACRSST sea-
sonal variability and interannual variability play op-
posite roles in the LSTC variation as well. Figure 8b
is the same as Fig. 5b, but for the ILSTC. It is noted
that the temporal variation of the ILSTC interannual
variability is very similar to that of the IEASM (Fig.
5b), suggesting that the interannual variability of the
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Fig. 9. The differences of the mean heating rate in 850–300 hPa in summer during the (a, b) weakening
and (c, d) strengthening periods of the LSTC, regions over the 95% significance level are shaded (Units:
◦C d−1). (a, c) the difference between CTRL and SENEXP1; (b, d) the difference between SENEXP1 and
SENEXP2.

LSTC is contributed to by the EASM interannual vari-
ability.

The results presented in Figs. 5 and 8 demonstrate
that the LSTC has important impacts on the intensity
and interannual variability of the EASM. Actually, the
EASM variability is strongly associated with the LSTC
and they are coincident in nature. To understand the
mechanism for the EASM differences, we should dis-
cuss what causes the LSTC differences. Firstly, ac-
cording to Fig. 8a, 13 years (1978–1983 and 1991–1997)
and 12 years (1958–1961 and 1984–1990) are selected
to construct composite patterns for the strengthening
and weakening stages respectively, of the LSTC forced
by the interannual variability of the EACRSST. Fur-
thermore, 14 years (1958–1963 and 1984–1991) and 12
years (1978–1983 and 1992–1997) are chosen as the
strengthening and weakening periods, respectively, of
the LSTC forced by the seasonal variability of the
EACRSST.

It is found that the LSTC is closely correlated with
the mean heating rate between 850 hPa and 300 hPa
(not shown). Different EACRSST forcings result in
the differences of the sensible and latent heat flux ex-
changes at the air-sea interfaces (not shown), which
alter the heating rate of the atmosphere. As shown
in Figs. 9a and 9b, a negative heating rate difference

center is located over the East Asian continent and a
positive one is located over the ocean during the weak-
ening period of the LSTC. This leads to a decrease of
the 850 hPa air temperature over the East Asian con-
tinent and an increase over the ocean as shown in Figs.
10a and 10b, and consequently this results in the weak-
ening of the temperature contrast in the lower tropo-
sphere between the continent and the western Pacific
Ocean. However, the heating rate differences have op-
posite distributions during the strengthening period of
the LSTC forced by the interannual variability of the
EACRSST (Fig. 9c). The positive heating rate differ-
ences are located over both land and ocean as shown
in Fig. 9d. This is unlike the distribution shown in
Fig. 9c, implying that the land process plays a relati-
vely more important role in the LSTC under the sea-
sonal variability of the EACRSST forcing, compared
with the ocean. As shown in Figs. 10c and 10d, the
heating rate differences (Figs. 9c and 9d) result in an
increase of the 850 hPa air temperature over the East
Asian continent and a decrease over the western Pa-
cific Ocean. This intensifies the temperature contrast
in the lower troposphere between the continent and
the Pacific Ocean. From the analyses of Figs. 8, 9 and
10, it is found that the differences of the mean heating
rate between 850 hPa and 300 hPa result in the air
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Fig. 10. As in Fig. 9, except for 850 hPa air temperature in summer (Units: ◦C).

temperature differences in the lower troposphere, and
the LSTC changes consequently.

The climatological characteristics of the 850 hPa
geopotential height in summer (not shown) show
a cyclonic circulation centered over central-eastern
Asia and an anticyclonic circulation over the coast
of eastern China and the adjacent oceans, lead-
ing to southeast-northwestward pressure gradients.
The differences of the 850 hPa geopotential height
(not shown) indicate that a weakening period of the
LSTC is accompanied by an above-normal geopo-
tential height over the East Asian continent and a
below-normal one over the ocean, resulting in reduced
southeast-northwestward pressure gradients, but the
opposite anomaly occurs during the strengthening pe-
riod of the LSTC.

Figure 11 shows the wind differences at 850 hPa
during the weakening and strengthening periods of the
LSTC simulated with different EACRSST forcings. A
noticeable feature in Figs. 11a and 11b is that an
anomalous anticyclonic pattern is found over the East
Asian continent, accompanied by an anomalous north-
east wind along the coast of East China, signifying
the decrease of the EASM during the weakening pe-
riod of the LSTC. However, an anomalous cyclonic
pattern appears over the East Asian continent with
an anomalous southwest wind along the coast of East

China in Figs. 11c and 11d, suggesting the increase
of the EASM during the strengthening period of the
LSTC. This is consistent with the pressure and air
temperature gradient differences at 850 hPa.

Yoshikane and Kimura (2001) studied the forma-
tion mechanism of the Baiu front using a regional at-
mospheric model. They concluded that the Baiu front
could be reproduced by two factors alone: the zonal
mean field and the land/sea contrast. The variation
of the SST in the model domain seems to be less im-
portant to the Baiu front genesis than the contrast be-
tween land and sea, but the strength of the Low-Level
Jet, the amount of the precipitation and the intensity
of the anti cyclonic circulation in the Pacific Ocean are
strongly affected. In this study, we focus on the im-
pacts of the EACRSST variation on the EASM. From
the analyses above, it is found that the EACRSST
variations affect the strength of the EASM and the
amount of the precipitation strongly, which is simi-
lar to the results obtained by Yoshikane and Kimura
(2001). But it is necessary to point out that different
EACRSST variability forcings result in the differences
of sensible and latent heat flux exchanges at the air-
sea interface which alter the heating rate of the atmo-
sphere and further lead to the air temperature differ-
ences in the lower troposphere, and the LSTC changes
subsequently. The EASM increases (decreases) during
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Fig. 11. As in Fig. 9, except for 850 hPa wind in summer (Units: m s−1).

the strengthening (weakening) period of the LSTC.

5. Concluding remarks

The impacts of the EACRSST seasonal variability
and interannual variability on the EASM are exam-
ined using a regional climate model. The results show
that the PσRCM9 has a good performance in simu-
lating the temporal evolution features of the EASM
and the summer precipitation over the EASM region
during the period from 1958 to 1997.

The IEASM differences between different
EACRSST forcings become much larger after the mid-
1970s compared to before, indicating the strengthen-
ing of the correlation between the EACRSST and the
EASM after the mid-1970s. And the variability of the
EACRSST forcing became much more important to
the EASM interannual variability after the mid-1970s.
The impacts of the EACRSST on the summer pre-
cipitation over each sub-region in the EASM region
become weak gradually from south to north, and the
temporal evolution features of the summer precipita-
tion differences over North and Northeast China agree
well with those of the IEASM differences after 1980:
the summer precipitation over North and Northeast
China decreases during the weakening period of the
EASM, but the opposite anomaly occurs during the

strengthening period of the EASM.
Different EACRSST forcings result in the differ-

ences of sensible and latent heat flux exchanges be-
tween air and sea, which alter the heating rate of the
atmosphere. The heating rate differences induce low
level air temperature differences over East Asia, and
the LSTC changes subsequently, which leads to the
850 hPa geopotential height differences. When the
850 hPa geopotential height increases over the East
Asian continent and decreases over the coast of East
China and the adjacent oceans during the weaken-
ing period of the LSTC, the southeast-northwestward
pressure gradients decrease and the EASM weakens
consequently. On the contrary, the EASM intensifies
during the strengthening period of the LSTC.
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