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ABSTRACT

The aim of this study was to investigate changes in the relationship between mei-yu rainfall over East
China and La Niña events in the late 1970s, a period concurrent with the Pacific climate shift, using mei-
yu rainfall data and the National Centers for Environmental Prediction/National Center for Atmospheric
Research (NCEP/NCAR) reanalysis. This relationship was modulated by the climate shift: Before the
1977/1978 climate shift and after the 1992/1993 climate shift, mei-yu rainfall levels were above normal in
most La Niña years, whereas during the period 1979–1991, mei-yu rainfall was usually below normal levels
in La Niña years.

Both composite analyses and results from an atmospheric general circulation model show remarkable
detail in terms of La Niña’s impacts on mei-yu rainfall in the late 1970s due to the change in the mean climatic
state over the tropical Pacific. After the late 1970s, the tropical Pacific SSTs were warmer, and the mean
state of low-level anticyclone circulation over the western North Pacific (WNP) weakened. Superimposed
on La Niña–related cyclonic anomaly over the WNP, anticyclonic circulation weakened. Prior to the late
1970s, the mean state of low-level anticyclone circulation over the WNP was stronger and was less affected
by La Niña–related anomalous cyclones. Anticyclone circulation may have brought moisture to the Yangtze
River valley, leading to above-normal rainfall.
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1. Introduction

Mei-yu in June and July (Baiu in Japanese), gen-
erally begins in mid-June in the Yangtze River valley
(YRV). The amount of rainfall during the mei-yu sea-
son determines the drought or flood conditions in the
YRV. Previous studies have suggested that the mei-
yu characteristics vary significantly both interannually
and interdecadally (Chang et al., 2000a; Gong and Ho,
2002; Gu et al., 2009a).

The relationship between tropical Pacific sea-
surface temperature (SST) and summer rainfall in
China is complex, and it has been the subject of many
studies over the past several decades (e.g., Chen et
al., 2000; Huang et al., 2004; Chan and Zhou, 2005;
Zhou and Chan, 2005; Lu et al., 2005, 2006; Li et al.,
2006; Zhou et al., 2006; Wang et al., 2006; Zhou et al.,
2007; Yuan et al., 2008a,b,c; Chen et al., 2009; Gu et
al., 2009a, b; Lin et al., 2010; Zhou et al., 2010). Re-
searchers have shown that the mei-yu rainfall anomaly
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is affected greatly by the SST anomaly (SSTA) in the
eastern tropical Pacific (Huang and Wu, 1989; Shen
and Lau, 1995; Chang et al., 2000a). Previous stud-
ies that focused on the impacts of El Niño on rain-
fall over China (Huang and Wu, 1989; Zhang et al.,
1996, 1999; Chang et al., 2000a; Wang et al., 2000)
found that mei-yu rainfall increases significantly in the
summer after El Niño events. It has been shown that
above-normal rainfall over the YRV is preceded by a
warm equatorial East Pacific during the previous win-
ter (Shen and Lau, 1995; Chang et al., 2000a). Wang
et al. (2001) further suggested that the influence of
ENSO on East Asian summer rainfall varies with the
phase of an ENSO cycle. The weak western North
Pacific (WNP) summer monsoon during the decay of
an El Niño suppresses convection along 10◦–20◦N and
enhances rainfall along the mei-yu/Baiu front. The
notable regime shift of mei-yu rainfall in the 1970s
was closely associated with the variation of the SST in
the eastern tropical Pacific and tropical Indian Ocean
(Gong and Ho, 2002).

Although the East Asian summer monsoon
(EASM) was greatly affected by ENSO, the ENSO-
related potential predictability of the EASM was lower
in the 1980s than in the 1960s and 1970s (Wu and Hu,
2000). Results of recent studies have pointed to the
frequency of El Niño and La Niña occurrences, show-
ing decadal variability in the last century (Wang et al.,
2009). Tanaka (1997) showed that the maximum nega-
tive correlation coefficient between the WNP monsoon
and mei-yu/Baiu rainfall has been increasing since
1978. The correlation of summer rainfall over the YRV
with previous winter’s eastern tropical Pacific SST did
not show noticeable change in the late 1970s (Chang
et al., 2000a, b; Wu and Wang, 2002). Nevertheless,
less attention has been paid to the variation of mei-
yu rainfall when La Niña occurs. During the La Niña
events in 1954 and 1996, the mei-yu rainfall levels in
the Yangtze River region were as high as 3727 mm and
2943 mm, respectively. Notbaly, mei-yu rainfall levels
increased during some La Niña events. Has the corre-
lation of mei-yu rainfall with La Niña changed? The
purpose of our study was to understand the impact of
La Niña on mei-yu rainfall and its possible causes.

The paper is organized as follows. The data sets
and methods are described in section 2. The relation-
ship between La Niña and mei-yu is given in section
3. In section 4, differences of atmospheric circulations
in La Niña events are compared. Results based on an
atmospheric general circulation model (AGCM) were
used to examine the main factors affecting the rela-
tionship between La Niña and mei-yu rainfall, which
is discussed in section 5. Conclusions and discussion
are given in section 6.

2. Data sets and methods

The annual mean mei-yu data from 1885 to 2005
was acquired from the National Climate Center of
China Meteorology Administration (NCC CMA). This
data included the precipitation, duration, and start
and end dates of the mei-yu season. The data set
was constructed by averaging the data at five sta-
tions, namely Shanghai (31.12◦N, 121.26◦E), Nan-
jing (32.03◦N, 118.46◦E), Wuhu (32.03◦N, 118.46◦E),
Jiujiang (29.43◦N, 115.59◦E), and Wuhan (30.37◦N,
114.20◦E). The observation data sets used in this
study included the monthly mean SST from the pe-
riod 1870–2003 from the British Meteorological Of-
fice (HadISST1; horizontal resolution 1◦×1◦; Rayner
et al., 2003). An upgraded version of the Hadley
Centre’s monthly historical mean sea-level pressure
data set (HadSLP2; horizontal resolution 5◦×5◦) for
the period 1850–2004 was used (Allan and Ansell,
2006). The geopotential height and wind fields at
lower and middle levels (1000 hPa and 500 hPa; res-
olution 2.5◦×2.5◦) were adopted from NCEP/NCAR
reanalysis (Kistler et al., 2001). Finally, the NINO3.4
index was defined by the area-averaged SST anomalies
over 5◦S–5◦N and 170◦–120◦W.

The spectral AGCM used in this study was the at-
mospheric component of the Flexible Global Ocean-
Atmosphere-Land System model (FGOALS), origi-
nally from the version of Simmonds (1985), which was
developed at the Laboratory for Numerical Model-
ing for Atmospheric Sciences and Geophysical Fluid
Dynamics (LASG) of the Institute of Atmospheric
Physics (IAP; Wu et al., 1996). This global spec-
tral model of R42 (128×108 Gaussian grid points,
equivalent resolution of 2.8125◦ longitude × 1.66◦ lat-
itude) had nine sigma (σ) levels, with the top level at
17 hPa (R42L9). This model employs a unique dy-
namic core that removes a reference atmosphere to
reduce systematic errors due to truncation and to-
pography. The parameterization package includes the
Slingo et al. (1996) scheme for radiation, the Slingo
(1980, 1987) cloud diagnostic scheme, the Holtslag and
Boville (1993) boundary layer scheme, and the mois-
ture convective adjustment scheme of Manabe et al.
(1965). A simplified version of the Simple Biosphere
model (SIB) of Sellers et al. (1986) was used for land-
surface processes (Xue et al., 1991). A semi-implicit
scheme with a time step of 15 min was used. Further
details of the model are available in Wu et al. (1996).

To study the influence of the climate mean state
changes on the relationship between La Niña and mei-
yu rainfall, four experiments were designed, each with
a simulation time period of 7 years. In Experiments
1 and 3, the specified SST forcing was comprised of
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climatological monthly-mean SST data derived from
the period 1950–1975 for the first 5 years of the simu-
lation. In the year 6, SSTAs of −2◦C and −1◦C were
superimposed on the NINO3.4 region, respectively. In
Experiments 2 and 4, the climatological monthly mean
SSTs from the period 1976–2003 were used as the spec-
ified forcing field for the first 5 years of the simulation.
In the year 6, SSTAs of −2◦C and −1◦C were super-
imposed on the NINO3.4 region, respectively. Because
this study focused on the impacts of La Niña on mei-
yu rainfall in different climate mean states rather than
the simulations of mei-yu rainfall on interannual vari-
ability, the derived differences between results in the
year 7 and the average results from years 2–5 were
taken as the response of the atmosphere to anomalous
SST forcing. A similar simulation technique was used
to analyze the impacts of the tropical Pacific–Indian
Ocean temperature anomalies on Chinese and Indian
climate (Yang et al., 2006).

3. Mei-yu variation in La Niña years

La Niña events between 1950 and 2000 were ac-
quired from the NCC CMA (available at: http://ncc.
cma.gov.cn/apn/history/class.htm). According to the
NCC CMA, a La Niña event is defined by an SSTA
in the NINO 1–4 regions persistently less than −0.4◦C
for 6 months. Compared with the La Niña events de-
fined by NOAA or the Japan Meteorological Agency
(JMA), the La Niña event in April–September 1978
was excluded by NCC CMA because of its short du-
ration (<6 months). Notably, the La Niña episodes
during the period 1950–2000 defined by NCC CMA
were similar to those by defined by the NOAA and by
JMA. According to Gong and Ho (2002), the anoma-
lies of tropical eastern Pacific SSTs in spring are pri-
marily responsible for the summer rainfall over the
YRV. Therefore, we selected only the cases in which a
La Niña condition was maintained from March to May
(before the start of mei-yu), in order to study the rela-
tionship of La Niña events and the mei-yu rainfall vari-
ation in the same year. The analyzed La Niña years
selected were the following: 1954, 1955, 1956, 1964,
1968, 1971, 1974, 1975, 1976, 1985, 1988, 1989, 1996,
and 1999. Although the values of the NINO3.4 index
averaged during spring in these years were negative,
mei-yu rainfall anomalies were not deficient (Fig. 1).
These La Niña cases can be categorized into two types.
In the first type (8 years: 1954, 1955, 1956, 1964, 1974,
1975, 1996, and 1999), mei-yu rainfall remained above
normal levels (type-1 La Niña). In the second type (6
years: 1968, 1971, 1976, 1985, 1988, and 1989), mei-yu
rainfall was below normal levels (type-2 La Niña).

Figure 2 shows the composed SSTAs in the type-1

Fig. 1. The NINO3.4 index averaged over spring (MAM)
and accompanying mei-yu rainfall anomalies in the same
year when there was a La Niña phase in spring from 1954
to 2000. The circles and pentagons indicate the years
when mei-yu rainfall was below and above normal levels,
respectively. The NINO3.4 index was multiplied by −1.

and type-2 La Niña years during the preceding DJF
(Dec–Jan–Feb), MAM (Mar–Apr–May), and MJJ
(May–Jun–Jul). Whether mei-yu rainfall anomalies
were above-normal rainfall (type-1 La Niña) or below-
normal rainfall (type-2 La Niña), negative SSTAs oc-
curred in the eastern tropical Pacific in DJF and MAM
prior to the respective mei-yu season. The summer
monsoon rainfall anomaly over the YRV changed in
the ENSO developing year and the following year for
the period 1951–1980 (Huang and Wu, 1989). While
investigating changes in the interannual relationship
between ENSO and the summer rainfall over northern
China and Japan in the late 1970s, Wu and Wang
(2002) found that the effect of decaying phases of
ENSO is more significant than that of developing
phases. Figure 2 shows type-1 La Niña in the devel-
oping phase (Figs. 2a, c, and e), while type-2 La Niña
is shown in the decaying phase (Figs. 2b, d and f).
The relationship between La Niña and mei-yu rainfall
seems to be associated with the La Niña phase. Be-
cause this issue is beyond the purpose of this study, it
will be discussed in a future study.

In addition to the precipitation amount, mei-yu du-
ration is another important parameter used to describe
the mei-yu characteristics. Table 1 lists the duration
of mei-yu in each La Niña year studied. The average
duration of mei-yu in the period 1885–2005 was 21
days. Clearly, in type-1 La Niña the average duration
of mei-yu of 30 days was longer than that in type-2
La Niña (19 days). However, the duration periods of
mei-yu during type-2 La Niñas (1968, 1976, and 1989)
were longer than the average duration during 1885–
2005, and during type-1 La Niñas (1955, 1964, and
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Fig. 2. Composite DJF (a, b), MAM (c, d) and MJJ (e, f) mean SST anomalies (contours) in (a, c, e)
type-1 La Niña years and (b, d, f) type-2 La Niña years. Contour interval is 0.2◦C. Shading indicates areas
−0.2◦C cooler than the norm.

1999) the duration periods of mei-yu were less than
average. Particularly, although mei-yu persisted only
9 days in 1999, the rainfall anomaly was ∼800 mm,
which was the third largest rainfall anomaly in type-1
La Niña overall. Therefore, type-1 and type-2 La Niña
years classified in our study did not reflect the changes
in the duration of mei-yu rainfall periods; rather they
reflect the changes in rainfall intensity. In addition,
Fig. 1 shows the relationship between the ampli-
tude of the spring NINO3.4 index and mei-yu rainfall.
The NINO3.4 index in type-1 La Niña years ranges
from −0.1◦C to −0.8◦C. In type-2 La Niña years, the
NINO3.4 index ranges from about −0.3◦C to −1.0◦C.

As has been well documented, the EASM exhibited
the two major shifts around 1977/78 (Hu, 1997; Gong
and Ho, 2002) and 1992/93 (Wu et al., 2010); both
were significantly related to changes of the subtropical

Table 1. The mei-yu period in a La Niña year.

Type-1 La Niña Type-2 La Niña

Year Duration (d) Year Duration (d)

1954 50 1968 26
1955 18 1971 6
1956 41 1976 25
1964 7 1985 15
1974 39 1988 13
1975 31 1989 30
1996 50
1999 9

Average 30 Average 19

high over the WNP. In Fig. 1, the impacts of La Niña
on mei-yu rainfall show similar climate shifts of the
EASM. Before the first climate shift in 1977/1978,
type-1 La Niña years were frequently observed, ac-
counting for 2/3 of the total (six of the nine La Niña
years). During the period 1979–1991, only three type-
2 La Niña years (1985, 1988, and 1989) were found. Af-
ter the second climate shift, around 1992–1993, type-
1 La Niña (1996 and 1999) usually occurred. In the
following section, the changing influences of La Niña
on mei-yu rainfall in different climate regimes is dis-
cussed, and observation and model simulation results
are presented.

4. Differences between circulations during
type-1 La Niña and type-2 La Niña years

The correlation pattern of mei-yu rainfall and sum-
mer (June and July) sea level pressure (Fig. 3) shows
that a significant, positive correlation center is located
in the WNP.This is called an anomalous WNP anticy-
clone, and it conveys the effects of El Niño/La Niña to
the East Asian climate (Wang and Zhang, 2002). Fig-
ure 4 shows the June–July mean 1000-hPa geopoten-
tial height and wind difference between the compos-
ite type-1 La Niña and type-2 La Niña years (type-
1 La Niña years minus type-2 La Niña years). The
differences shown in Fig. 4 indicate that the sea level
pressure over the WNP in type-1 La Niña years was
significantly higher than in type-2 La Niña years. An
anticyclone center was located over the WNP and the
region east of Taiwan. The stronger southerly winds
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Fig. 3. Correlation of mei-yu rainfall and summer (June
and July) sea level pressure during the period 1951–2000.
Shading denotes a correlation significant at 95% confi-
dence level.

Fig. 4. The differences between type-1 La Niña years
and type-2 La Niña years (type-1 La Niña minus type-2
La Niña) composite in June–July mean 1000-hPa wind
(arrows) and geopotential height (contours). The type-
1 La Niña years used for the composite include 1954,
1955, 1956, 1964, 1974, 1975, 1996, and 1999, and type-2
La Niña years include 1968, 1971, 1976, 1985, 1988, and
1989. The shaded areas indicate the region where the
difference between type-1 La Niña and type-2 La Niña
composite was statistically significant at 95% confidence
level by t-test.

over the northern South China Sea and eastern China
can bring more moisture to the YRV and thus increase
the precipitation there. The mei-yu rainfall differ-
ence between the type-1 and type-2 La Niña years was
1239.12 mm (confidence level >99%).

The influence of La Niña on mei-yu rainfall
changed around the 1977–1978 climate shift (Fig. 1).
To uncover the different influences of La Niña on mei-

Fig. 5. Differences of June–July mean 1000-hPa wind
(arrows) and sea level pressure (shadings) between the
periods 1951–1975 and 1979–1991. Shading indicates re-
gions where the differences in sea level pressure were pos-
itive. The dashed contour lines are the climatology of
5880 gpm and 5860 gpm during 1951–1975, and the solid
contour lines are the climatology of 5880 gpm and 5860
gpm during 1979–1991.

yu rainfall before and after the climate shift, the June–
July mean circulation in type-1 La Niña/type-2 La
Niña was divided into two parts, one being the circu-
lation anomalies, and the other, the mean circulation.

Figure 5 indicates that the differences of June–July
mean 1000-hPa wind, sea level pressure, and western
subtropical highs between the periods 1951–1975 and
1979–1991. After the 1977–1978 climate shift, the sub-
tropical high enlarged and extended to the west (Gong
and Ho, 2002). The climatological, June–July mean
southerly wind over the eastern China was stronger in
the period 1951–1975 than in 1979–1991. The clima-
tological, June–July mean 1000-hPa wind difference
between the two epochs demonstrates the anticyclone
circulation over the WNP, indicating that the climato-
logical sea level pressure over the WNP in the period
1951–1975 was higher than that in 1979–1991, a result
consistent with that of Wu and Wang (2002). These
large-scale atmospheric circulations resulted in more
mei-yu rainfall during 1979–1991 than during 1951–
1975; the difference was as much as 295 mm.

Wang et al. (2000) determined that the circulation
that conveys the effects of El Niño (La Niña) to East
Asia is the anomalous low-level anticyclone (cyclone)
located over the WNP. However, the composite June–
July mean 1000-hPa wind anomalies and geopotential
height anomalies in type-1 La Niña years (Fig. 6a)
differed from the results of Wang et al. (2000). In
Fig. 6a, anticyclone anomalies, rather than cyclone
anomalies, are found over the WNP. Also, the trough
over East Asia is deeper, which leads to prevailing
southerly anomalies, resulting in above-normal precip-
itation over east China and the YRV. The anomalous
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Fig. 6. Composite June–July mean 1000-hPa geopotential height anomalies (contours) and wind anomalies in type-1
La Niña years (a, c) and type-2 La Niña years (b, d). The anomalous fields in panels (a) and (b) were obtained by
removing the climatological annual cycle in 1951–2000, and those in panels (c) and (d) were obtained by removing the
climatological annual cycle in 1951–1975 and 1976–2000, respectively. Contour interval is 2 gpm. The negative values
are shaded.

cyclone over the WNP related to La Niña was present
in type-2 La Niña years (Fig. 6b), which is consistent
with the results of Wang et al. (2000). Due to the re-
duced height of the trough over East Asia and the cy-
clone anomalies over the WNP, anomalous northerlies
prevailed over eastern China, weakening the precipi-
tation there. Considering the interdecadal variations
of the climatological June–July sea level pressure over
the WNP in the late 1970s (Fig. 5), the climate shift
may explain the difference between type-1 La Niña and
type-2 La Niña years over the WNP. In Figs. 6c and
d, the annual cycles of 1951–1975 and of 1976–2000
were removed. In both type-1 La Niña and type-2
La Niña years, the trough over East Asia was damp-
ened, and the anomalous cyclone was located over the

WNP, which induced prevailing northerlies over East
China and the YRV. Thus, the atmospheric anomalies
induced by La Niña over the WNP are associated with
the climate mean state, and the impacts of La Niña on
mei-yu are closely related to the climate mean state.
The mechanisms of how the WNP anomalous anticy-
clone or cyclone are established during warm or cold
eastern tropical Pacific SSTAs are not discussed here.

5. Causes for different impacts of La Niña on
mei-yu

Although the R42L9 model is rough, it still cap-
tured the main features of the spatial distribution and
the temporal evolution of precipitation in the East
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Fig. 7. Latitude–height cross section of June climatology (a) zonal wind (m s−1) and (b)
meridional wind (m s−1) at 130◦E. The climatological means are the averages of simulation
results between the 2nd and 6th years.

Asian monsoon areas, and it simulated mei-yu-like
summer rainfall to some extent (Wu et al., 2003b;
Wang et al., 2004; Sampe and Xie, 2010). Zhuo et al.
(2010) simulated 10-year mei-yu variations and found
that the R42L9 model can reproduce the heavy pre-
cipitation centers over the Yangtze-Huai River Basin
during mei-yu periods. However, the simulated mei-
yu period was earlier and somewhat shorter than the
observed mei-yu period, and the rainfall was underesti-
mated. Before the model simulation, the simulation of
a mei-yu front structure in terms of the latitude-height
cross sections of zonal and meridional winds in June at
130◦E was first compared with observation data (Ni-
nomiya, 2000; Kitoh and Kusunoki, 2008). The simu-
lated subtropical jet core of 24 m s−1 was located at
36◦N, 200 hPa (Fig. 7a), which was less than that
of the observation data (Kitoh and Kusunoki, 2008).
Near the surface, a strong southerly wind component
(>2m s−1) less than the observation data (Kitoh and
Kusunoki, 2008) was found south of 20◦N just to the
south of the mei-yu rain band (Fig. 7b). Generally,
a mei-yu front was simulated in this R42L9 resolution
model to some extent.

Previous studies have identified a lead–lag relation-
ship between the eastern tropical Pacific SSTA and the
summer YRV rain anomalies (Shen and Lau, 1995;
Chang et al., 2000; Yu et al., 2001; Gong and Ho,
2002). Yu et al. (2001) pointed out that the summer
rainfall anomalies over the YRV are significantly re-
lated to the eastern tropical Pacific SSTA in previous
period from November to March (Yu et al., 2001; Fig.
5). Gong and Ho (2002) found that the anomalies of
tropical eastern Pacific SSTs in spring were primar-
ily responsible for the summer rainfall over the YRV.

Moreover, Fig. 2 shows the composed SSTA in the
type-1 La Niña year and type-2 La Niña year during
the prior DJF, MAM, and MJJ periods. The negative
SSTA in the eastern tropical Pacific was strong during
DJF and MAM (Figs. 2a–d). However, during MJJ,
the clearly cooler SSTA in the eastern tropical Pacific
occurred in type-1 La Niña years (Fig. 2e) but not in
type-2 La Niña years (Fig. 2f). Considering the closer
relationship between the eastern tropical Pacific SSTA
and mei-yu rainfall suggested by previous studies and
the eastern tropical Pacific SSTA pattern preceding
mei-yu shown in Fig. 2, we thus superimposed the
SST anomalies from November to the following April
in model simulations.

The model simulations of mean state were checked.
The mean state changes of simulated low-level wind
vector between 1951–1975 and 1976–2000 (figure not
shown) were similiar to observation results shown in
Fig. 5. The simulation of water vapor flux rather than
precipitation was given in this study because the mois-
ture transportation supplied a background of precipi-
tation, one of the most important physical processes in
mei-yu rainfall simulation (Emori et al., 2001). Fig-
ures 8a and d show the June–July mean water va-
por flux anomalies at 1000 hPa with −2◦C and −1◦C
SSTAs superimposed (Experiments 1 and 3) on the
monthly mean SST climatology for the period 1951–
1975 over the NINO3.4 region. When the SSTA in the
eastern tropical Pacific was cold (−2◦C) and lasted for
6 months (from November to the following April), an
anticyclone anomaly was located over the WNP, and
the trough over East Asia deepened, causing prevailing
southwesterly winds over southern China.

The southwesterly winds brought more moisture
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Fig. 8. 1000-hPa June–July water vapor flux (units: g m g−1 s−1) anomalies in response to −2◦C SSTA (a, b) and
−1◦C SSTA (d, e) forcing for the mean state in 1951–1975 (a, d) and 1976–2000 (b, e), respectively. (c) is the difference
between (a) and (b) (a minus b), and (f) is the difference between (d) and (e) (d minus e). The water vapor flux is the
multiplication of wind vector and specific humidity at 1000 hPa.

from the tropical ocean to East Asia, and the rainfall
over the YRV thus increased (Fig. 8a). If the ampli-
tude of La Niña was reduced to −1◦C, although no
significant anticyclone circulation anomalies were
present over the WNP, the southwesterly prevailing
winds over southeastern China still brought moisture
to China. The rainfall over the YRV was inferred
to be above normal in the 1951–1975 climatological
monthly mean SST (Fig. 8d). Figures 8a and d in-
dicates that even if an SSTA in the eastern tropical
Pacific is in a cold phase (below mean SST) for the
period 1951–1975, the prevailing southwesterly wind
could bring sufficient moisture to southern China to
cause mei-yu rainfall to increase. In contrast, the
La Niña-related moisture transport anomalies over
the WNP in June and July showed remarkable dif-
ferences under mean SST for the period 1976–2000
(Figs. 8b and e). A cyclone circulation over the
WNP can be seen in the 1000-hPa wind anomalies
with −2◦C or −1◦C SSTAs superimposed over the
NINO3.4 region. The anomalous northeasterly and
northerly winds prevailed over southern China and
middle-eastern China, which restricted moisture trans-
portation from the tropical ocean to East Asia; thus
the rainfall anomalies over the YRV were below nor-
mal (Figs. 8b and e). In addition, the La Niña-induced
large-scale atmospheric circulation anomalies were dif-
ferent in the two mean SST states (Figs. 8c and f).
Whether with −2◦C or −1◦C SST anomaly forcing,
the anticyclone anomalies over the WNP less than the
1951–1975 mean SSTs were clearly stronger than those
less than the 1976–2000 mean SSTs. Moreover, the

water vapor flux anomalies induced by a −1◦C SSTA
(Fig. 8d) were less than those by a −2◦C SSTA (Fig.
8a) over southern China. The water vapor flux anoma-
lies over southern China with a −2◦C SSTA superim-
posed (Fig. 8b) were larger than those with a −1◦C
SSTA (Fig. 8e). Therefore, the amplitude of the SSTA
only influenced the amplitude of moisture transporta-
tion and the intensity of rainfall anomaly.

In summary, the model results showed that the
changes in the relationship between La Niña and mei-
yu rainfall are not correlated with the intensity of
SSTA in the eastern tropical Pacific, but rather they
depend on the mean state of tropical Pacific SSTs. Be-
fore 1976–1977, when the tropical Pacific mean SSTs
were colder, the mei-yu rainfall was more associated
with the ENSO cold phase; the mean tropical Pacific
SSTs in the late 1970s were warmer than the period
before 1976–1977, so the mei-yu rainfall was less.

6. Discussion and conclusions

Previous studies have shown the equatorial eastern
Pacific SSTA to be positively correlated with mei-yu
rainfall. In this study, the correlation between La Niña
and mei-yu rainfall was investigated. When the east-
ern tropical Pacific SSTA in spring is in a cold phase,
mei-yu rainfall is above normal in some La Niña years
as well as in El Niño years. Being different from El
Niño, mei-yu rainfall variations do not show a signif-
icant relationship with the phases of La Niña. We
found that the impact of La Niña on mei-yu rainfall is
modulated by the climate shift. The type-1 La Niña
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years (i.e., when rainfall was above normal) were fre-
quently observed before the 1977/1978 climate shift
and after 1992/1993 climate shift, whereas the type-2
La Niña years, i.e., when rainfall was below normal,
usually occurred during 1979–1991.

By analyzing the changed relationship between
ENSO and the YRV summer monsoon rainfall, Chang
et al. (2000a, b) suggested that ENSO can impact
intensity and westward extension of the western Pa-
cific 500-hPa subtropical ridge, which results from the
anomalous Hadley and Walker circulations and the at-
mospheric Rossby wave. The La Niña–related atmo-
spheric circulations show that the low-level anticyclone
over the WNP plays an important role in conveying
the effects of La Niña to the mei-yu. Both composite
analyses and AGCM results show that the remarkable
change in the effects of La Niña on mei-yu rainfall in
the late 1970s was due to the change in the climatic
mean state over the tropical Pacific. The amplitudes
of SSTA in the eastern tropical Pacific can affect only
the intensity of rainfall anomaly.

The different impacts of La Niña on mei-yu can
be explained as follows. Due to the warmer mean
tropical Pacific SSTs in the period 1976–2000 than
that of 1951–1975, the mean anticyclone circulations
at low levels around the WNP were reduced. La Niña
may have resulted in a cyclone anomaly over the WNP
(Wang et al., 2000). The combined effects of the mean
anticyclone circulation during the period 1976–2000
and the anomalous cyclone caused by La Niña around
the WNP may have reduced the intensity of the anticy-
clonic circulation over the WNP. The weak southerly
winds restrained the moisture supply from the ocean,
leading to a decrease in mei-yu rainfall. However, be-
fore 1976/1977, because the stronger mean anticyclone
circulation around the WNP was less affected by the
anomalous cyclone caused by La Niña, the warm and
wet air could reach the YRV, resulting in more mei-yu
rainfall during La Niña events.

Notably, rainfall anomalies in 1954 and 1996 were
much larger than those in 1955, 1956, 1964, 1974, 1975,
and 1999. Likewise, 1971 had larger anomalies than
did 1968, 1976, 1985, 1988, and 1989. These quantita-
tive differences may be related to the collective impacts
of La Niña and other climate systems. Admittedly, El
Niño/La Niña is not the exclusive climate system influ-
encing mei-yu rainfall. Many other factors can influ-
ence mei-yu rainfall as well as El Niño/La Niña (Wu et
al., 2003a; Gao et al., 2011), such as the Indian Ocean
(Watanabe and Jin, 2002; Wang and Zhang, 2002; Boo
et al., 2004; Li et al., 2008; Yuan et al., 2008b), Pa-
cific Decadal Oscillation (PDO; Wei and Song, 2005),
North Atlantic SST (Gu et al., 2009a; Wang et al.,
2010), the western Pacific warm pool (Nitta, 1987;

Nitta and Hu, 1996) or NAO/AO (Gong et al., 2001;
Li et al., 2005). As shown in Fig. 2, it seems that
the North Atlantic SSTA or PDO may be related to
mei-yu rainfall anomalies, which will be discussed in
future studies. It is very difficult to identify the exact
contributions of climate systems on mei-yu rainfall.
For example, although rainfall anomalies in 1954 were
much larger than those in the other type-1 La Niña
years (1955, 1956, 1964, 1974, 1975, 1996, and 1999),
and in 1971 there were larger anomalies than in other
type-2 La Niña years (1968, 1976, 1985, 1988, and
1989), La Niña in 1954 was relatively weaker than in
1971 (Fig. 1), and the larger SST anomalies occurred
in the North Atlantic and North Pacific in 1954 and
1971 (figure not shown), which may have influenced
mei-yu rainfall more than La Niña. Although mei-
yu rainfall anomalies are influenced by many climatic
systems, according to superimposition of the different
SST anomalies in the eastern tropical Pacific, our sim-
ulation results show that the amplitude of the eastern
tropical Pacific SSTAs were related to the intensity of
mei-yu rainfall anomalies.
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Chen, W., H.-F. Graf, and R. H. Huang, 2000: The in-
terannual variability of East Asian winter monsoon
and its relation to the summer monsoon. Adv. Atmos.
Sci., 17, 48–60.

Chen, W., L. Wang, Y. Xue, and S. Sun, 2009: Variabil-
ities of the spring river runoff system in East China
and their relations to precipitation and sea surface
temperature. Int. J. Climatol., 29, 1381–1394.

Emori, S., T. Nozawa, A. Numaguti and I. Uno, 2001:
Importance of cumulus parameterization for precipi-
tation simulation over East Asia in June. J. Meteor.
Soc. Japan, 79, 939–947.

Gao, H., S. Yang, A. Kumar, Z.-Z. Hu, B. Huang, Y.
Li, and B. Jha, 2011: Variations of the East Asian
mei-yu and simulations and prediction by the NCEP
Climate Forecast System. J. Climate, 24, 94–108.

Gong, D.-Y., S. W. Wang, and J. H. Zhu, 2001: East
Asian winter monsoon and Arctic Oscillation. Geo-
phys. Res. Lett., 28, 2073–2076.

Gong, D.-Y., and C.-H. Ho, 2002: Shift in the
summer rainfall over the Yangtze River valley
in the late 1970s. Geophys. Res. Lett., 29, doi:
10.1029/2001GL014523.

Gu, W., C. Li, X. Wang, W. Zhou, and W. Li. 2009a:
Linkage between mei-yu precipitation and North At-
lantic SST on the decadal timescale. Adv. Atmos.
Sci., 26, 101–108, doi: 10.1007/s00376-009-0101-5.

Gu, W., C. Li,W. Li, W. Zhou, and J. C. L. Chan,
2009b: Interdecadal unstationary relationship be-
tween NAO and east China’s summer precipitation
patterns. Geophys. Res. Lett., 36, L13702.

Holtslag, A. A. M., and B. Boville, 1993: Local versus
nonlocal boundary layer diffusion in a global climate
model. J. Climate, 6, 1825–1842.

Hu, Z.-Z., 1997: Interdecadal variability of summer cli-
mate over East Asia and its association with 500
hPa height and global sea surface temperature. J.
Geophys. Res., 102(D16), 19403–19412.

Huang, R., and Y. Wu, 1989: The influence of ENSO on
the summer climate change in China and its mecha-
nism. Adv. Atmos. Sci., 6, 21–32.

Huang, R., W. Chen, B. Yan, and R. Zhang, 2004: Recent
advances in studies of the interaction between the
East Asian winter and summer monsoon and ENSO
cycle. Adv. Atmos. Sci., 21, 407–424.

Kistler, R., and Coauthors, 2001: The NCEP–NCAR 50–
year reanalysis monthly means CD–ROM and docu-
mentation. Bull. Amer. Meteor. Soc., 82, 247–267.

Kitoh, A., and S. Kusunoki, 2008: East Asian summer
monsoon simulation by a 20-km mesh AGCM. Cli-
mate Dyn., 31, 389–401, doi: 10.1007/s00382-007-
0285-2.

Li, C., W. Zhou, X. Jia, and X. Wang, 2006:
Decadal/interdecadal variations of the ocean temper-
ature and its impacts on the climate. Adv. Atmos.
Sci., 23, 964–981.

Li, Q., S. Yang, V. E. Kousky, R. W. Higgins, K.-M. Lau,
and P. Xie, 2005: Features of cross-Pacific climate
shown in the variability of China and US precipita-

tion. Int. J. Climatol., 25, 1675–1696.
Li, S., J. Lu, G. Huang, and K. Hu, 2008: Tropical In-

dian Ocean Basin warming and East Asian summer
monsoon: A multiple AGCM study. J. Climate, 21,
6080–6088.

Lin, Z., R. Lu, and W. Zhou, 2010: Change in
early-summer meridional teleconnection over the
western North Pacific and East Asia around the
late 1970s. Int. J. Climatol., 30, 2195–2204, doi:
10.1002/joc.2038.

Lu, R., B. Ren, and H.-S. Chung, 2005: Differences in
annual cycle and 30–60-day oscillations between the
summers of strong and weak convection over the
tropical western North Pacific. J. Climate, 18, 4649–
4659.

Lu, R., Y. Li, and B. Dong, 2006: External and inter-
nal summer atmospheric variability in the western
North Pacific and East Asia. J. Meteor. Soc. Japan,
84, 447–462.

Manabe, S., J. Smagorinsky, and R. F. Strickler, 1965:
Simulated climatology of general circulation model
with a hydrologic cycle. Mon. Wea. Rev., 93, 769–
798.

Ninomiya, K. 2000: Large- and meso-α-scale character-
istics of Meiyu/Baiu front associated with intense
rainfalls in 1–10 July 1991. J. Meteor. Soc. Japan,
78, 141–157.

Nitta, T., 1987: Convective activities in the tropical west-
ern Pacific and their impact on the Northern Hemi-
sphere summer circulation. J. Meteor. Soc. Japan,
65, 373–390.

Nitta, T., and Z.-Z. Hu, 1996: Summer climate variabil-
ity in China and its association with 500 hPa height
and tropical convection. J. Meteor. Soc. Japan, 74,
425–445.

Rayner, N. A., D. E. Parker, E. B. Horton, C. K. Folland,
L. V. Alexander, D. P. Rowell, E. C. Kent, and A.
Kaplan, 2003: Global analyses of sea surface tem-
perature, sea ice, and night marine air temperature
since the late nineteenth century. J. Geophys. Res.,
108, doi: 10.1029/2002JD002670.

Sampe, T., and S.-P. Xie, 2010: Large-scale dynamics of
the meiyu-baiu rainband: Environmental forcing by
the westerly jet. J. Climate, 23, 113–134.

Sellers, P. J., Y. Min, Y. C. Sud, and A. Dalcher, 1986: A
simple biosphere model (SIB) for use within general
circulation models. J. Atmos. Sci., 43, 505–531.

Shen, S., and K. M. Lau, 1995: Biennial oscillation as-
sociated with the East Asian monsoon and tropical
sea surface temperatures. J. Meteor. Soc. Japan, 73,
105–124.

Simmonds, I., 1985: Analysis of the “spinning” of a global
circulation model. J. Geophys. Res., 90, 5637–5660.

Slingo, A., 1980: A cloud parameterization scheme de-
rived from GATE data for use with a numerical
model. Quart. J. Roy. Meteor. Soc., 106, 747–770,
doi: 10.1002/qj.49710645008.

Slingo, A., 1987: The development and verification of
a cloud prediction scheme for the ECMWF model.



NO. 1 WANG ET AL. 167

Quart. J. Roy. Meteor. Soc., 113, 899–927, doi:
10.1256/smsqj.47708.

Slingo, J. M., and Coauthors, 1996: Intraseasonal oscil-
lations in 15 atmospheric general circulation models:
Results from an AMIP diagnostic subproject. Cli-
mate Dyn., 12, 325–357, doi: 10.1007/BF00231106.

Tanaka, M., 1997: Interannual and interdecadal varia-
tions of the western North Pacific monsoon and Baiu
rainfall and their relationship to the ENSO cycle. J.
Meteor. Soc. Japan, 75, 1109–1123.

Wang, B., R. Wu, and X. Fu, 2000: Pacific–East Asian
teleconnection: How does ENSO affect East Asian
climate? J. Climate, 13, 1517–1536.

Wang, B., R. Wu, and K. M. Lau, 2001: Interannual vari-
ability of the Asian summer monsoon: Contrasts be-
tween the Indian and the western North Pacific–East
Asian monsoons. J. Climate, 14, 4073–4090.

Wang, B., and Q. Zhang, 2002: Pacific-East Asian tele-
connection. Part II: How the Philippine Sea anoma-
lous anticyclone is established during El Nino devel-
opment. J. Climate, 15, 3252–3265.

Wang, X., C. Li, and W. Zhou, 2006: Interdecadal vari-
ation of the relationship between Indian rainfall and
SSTA modes in the Indian Ocean. Int. J. Climatol.,
26, 595–606.

Wang, X., C. Li, and W. Zhou, 2007: Interdecadal mode
and its propagating characteristics of SSTA in the
South Pacific. Meteor. Atmos. Phys., 98, 115–124,
doi: 10.1007/s00703-006-0235-2.

Wang, X., D. Wang, and W. Zhou, 2009: Decadal vari-
ability of twentieth-century El Niño and La Niña
occurrence from observations and IPCC AR4 cou-
pled models. Geophys. Res. Lett., 36, L11701, doi:
10.1029/2009GL037929.

Wang, X., C. Wang, W. Zhou, D. Wang, and J. Song,
2010: Teleconnected influence of North Atlantic sea
surface temperature on the El Niño onset. Climate
Dyn., doi: 10.1007/s00382-010-0833-z. (in press)

Wang, Z., G. Wu, T. Wu, and R. Yu, 2004: Simulation
of Asian monsoon seasonal variations with climate
model R42L9/LASG. Adv. Atmos. Sci., 21, 879–889,
doi: 10.1007/BF02915590.

Watanabe, M., and F.-F. Jin, 2002: Role of Indian Ocean
warming in the development of Philippine Sea anti-
cyclone during ENSO. Geophys. Res. Lett., 29, 1478,
doi: 10.1029/2001GL014318.

Wei, F., and Q. Song, 2005: Spatial distribution of
the global sea surface temperature with interdecadal
scale and their potential influence on meiyu in middle
and lower reaches of Yangtze River. Acta Meteorolog-
ica Sinica, 63, 477–484. (in Chinese)

Wu, A., and D. Hu, 2000: Equatorial Pacific SSTA-
related decadal variations of potential predictability
of ENSO and interannual climate. Meteor. Atmos.
Phys., 74, 1–9.

Wu, G., H. Liu, Y. Zhao, and W. Li, 1996: A nine-layer
atmospheric general circulation model and its perfor-
mance. Adv. Atmos. Sci., 13, 1–18.

Wu, R., and B. Wang, 2002: A contrast of the East Asian

summer monsoon–ENSO relationship between 1962–
77 and 1978-93. J. Climate, 15, 3266–3279.

Wu, R., Z.-Z. Hu, and B. P. Kirtman, 2003a: Evolution
of ENSO-related rainfall anomalies in East Asia. J.
Climate, 16, 3742–3758.

Wu, R., Z. Wen, S. Yang, and Y. Li, 2010: An inter-
decadal change in southern China summer rainfall
around 1992/93. J. Climate, 23, 2389–2403.

Wu, T, P. Liu, Z. Wang, Y. M. Liu, R. C. Yu, and G. X.
Wu, 2003b: The performance of atmospheric compo-
nent model R42L9 of GOALS/LASG. Adv. Atmos.
Sci., 20, 726–742.

Xue, Y., P. J. Sellers, J. L. Linter, and J. Shukla, 1991: A
simplified biosphere model for global climate studies.
J. Climate, 4, 345–364.

Yang, H., X. Jia, and C. Li, 2006: The tropical Pacific-
Indian Ocean temperature anomaly mode and its ef-
fect. Chinese Science Bulletin, 51, 2878–2884, doi:
10.1007/s11434-006-2199-5.

Yu, R., M. Zhang, Y. Yu, and Y. Liu, 2001: Summer
monsoon rainfalls over mid-eastern China lagged cor-
related with Global SSTs. Adv. Atmos. Sci., 18, 179–
196.

Yuan, Y., W. Zhou, J. C. L. Chan, and C. Li, 2008a: Im-
pacts of the basin-wide Indian Ocean SSTA on the
South China Sea summer monsoon onset. Int. J. Cli-
matol., 28, 1579–1587, doi: 10.1002/JOC.1671.

Yuan, Y., H. Yang, W. Zhou, and C. Li, 2008b: Influ-
ences of the Indian Ocean Dipole on the Asian sum-
mer monsoon in the following year. Int. J. Climatol.,
28, 1849–1859, doi: 10.1002/JOC.167.

Yuan, Y., W. Zhou, H. Yang, and C. Li, 2008c: Warming
in the Northwestern Indian Ocean associated with
the El Niño event. Adv. Atmos. Sci., 25, 246–252,
doi: 10.1007/s00376-008-0246-7.

Zhang, R. H., A. Sumi, and M. Kimoto, 1996: Impact of
El Niño on the East Asian monsoon: A diagnostic
study of the 86/87 and 91/92 events. J. Meteor. Soc.
Japan, 74, 49–62.

Zhang, R. H., A. Sumi, and M. Kimoto, 1999: A diagnos-
tic study of the impact of El Niño on the precipitation
in China. Adv. Atmos. Sci., 16, 229–241.

Zhou, L., C.-Y. Tam, W. Zhou, and J. C. L. Chan, 2010:
Influence of South China Sea SST and the ENSO on
winter rainfall over South China. Adv. Atmos. Sci.,
27, 832–844, doi: 10.1007/s00376-009-9102-7.

Zhou, W., and J. C. L. Chan, 2005: Intraseasonal oscil-
lations and the South China Sea summer monsoon
onset. Int. J. Climatol., 25, 1585–1609.

Zhou, W., C. Li, and J. C. L. Chan, 2006: The inter-
decadal variations of the summer monsoon rainfall
over South China. Meteor. Atmos. Phys., 93, 165–
175, doi: 10.1007/S00703-006-018-9.

Zhou, W., and J. C. L. Chan, 2007: ENSO and South
China Sea summer monsoon onset. Int. J. Climatol.,
27, 157–167.

Zhou, W., X. Wang, T. J. Zhou, C. Li, and J. C. L.
Chan, 2007: Interdecadal variability of the rela-
tionship between the East Asian winter monsoon



168 INFLUENCES OF LA NIÑA ON MEI-YU VOL. 29
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