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ABSTRACT: In this study, we investigate the different impacts of El Nifio and El Nifio Modoki on China rainfall in their
decaying phases. During spring, in the decaying year of El Nifio events, there are positive rainfall anomalies south of the
Yangtze River, whereas no obvious rainfall signals are found in the same season for the decaying El Nifio Modoki. In the
subsequent summer season, the wet signal south of the Yangtze River associated with El Nifio continues, while suppressed
rainfall now appears in the northern Yangtze—Huaihe River region. In contrast, the rainfall is above normal in the region
from the Huaihe River to the Yellow River, and below normal in southern China during the summer of the decaying El
Nifio Modoki events. The distinct China rainfall anomaly is mainly attributed to the difference between the evolution and
location of the anomalous western North Pacific (WNP) anti-cyclone associated with El Nifio and El Nifio Modoki events.
For the case of El Nifio, the WNP anti-cyclone brings plentiful moisture to southern China; meanwhile it shifts the ridge
of sub-tropical high westward in both spring and summer. These tend to induce positive rainfall anomalies in the southern
Chinese region. In contrast, due to fast decaying of El Nifio Modoki, the anomalous WNP anti-cyclone becomes weak
so that there are no significant rainfall anomalies in China. In summer, however, the WNP anti-cyclone re-invigorates
possibly associated with a subsequent developing La Nifia and extends more northwestward towards the inland region,
compared to its El Nifio counterpart. The anomalous moisture transport and sub-tropical high activity associated with this
WNP anti-cyclone result in different summer rainfall anomalies in China. Copyright © 2010 Royal Meteorological Society
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1. Introduction

The El Nifio-Southern oscillation (ENSO) is a coupled
ocean-atmosphere phenomenon in the tropical Pacific,
which has an important influence on the East Asian
summer monsoon (EASM) (e.g. Weng et al., 1999; Zhang
et al., 1999; Chang et al., 2000; Huang et al., 2004; Chan
and Zhou, 2005; Zhou and Chan, 2007; Zhou et al.,
2009). The relationship between the ENSO and EASM
is complicated, and researchers have employed different
methods to reveal its different facets. Lin and Yu (1993)
classified the El Nifio events into the eastern Pacific
pattern and the central Pacific pattern according to the
location of the onset of warm sea surface temperature
(SST) anomalies. They analysed the summer precipitation
anomaly after the mature phase of El Nifio and found that
eastern Pacific pattern El Nifio causes deficient rainfall

of China with three major rivers marked is shown in
Figure 1(a). Xue and Liu (2008) defined two types of El
Nifio based on its intensity, namely moderate El Nifio and
strong El Nifio, and found that they have different impacts
on China rainfall. Several studies also documented El
Nifio-related rainfall variations in China in different
stages of ENSO. Huang and Wu (1989) reported that
in the developing stage of El Nifio, drought is present in
southern and northern China, while flood occurs over the
Yangtze—Huaihe River Valley. The rainfall anomalies are
reversed in the summer after the peak of El Nifio. Similar
results were also obtained by Chen (2002) and Liu
and Ding (1992). Wu ef al. (2003) further investigated
the influence of the different phases of El Nifio on
the East Asian rainfall anomaly and proposed two El
Niflo-related rainfall anomaly centres. The positive one,

over the Yangtze River Valley, while excessive rainfall
is found in North China and the south of Yangtze River.
On the other hand, central Pacific pattern El Nifio induces
the opposite anomalous rainfall pattern. A schematic map
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induced by the anomalous low-level anti-cyclone over
western North Pacific (WNP), covers southern China,
eastern central China and southern Japan from the fall of
an El Nifio developing year till the following spring. The
negative centre of action is over northern China during
the summer and fall of an El Nifio developing year, which
is influenced by the anomalous barotropic cyclone over
East Asia. Particularly, the anomalous WNP anti-cyclone
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Figure 1. (a) The schematic map of China with the Yellow, Huaihe
and Yangtze Rivers marked. (b) The summer rainfall anomalies in
1998. (¢) The summer rainfall anomalies in 2003. The contour inter-
val is 40 mm/month and the shading denotes the positive val-
ues in (b) and (c). This figure is available in colour online at
wileyonlinelibrary.com/journal/joc

has been documented to be directly related to the rainfall
anomalies in China (Zhang et al., 1996). This key system
is also pointed out by Wang et al. (2000), who found
that the anomalous anti-cyclone is confined to the lower
troposphere and can bring more moisture to East Asia.
Recently, a new type of El Nifio has been proposed
(Ashok et al., 2007), which is characterized by a warm
tropical sea surface temperature anomaly (SSTA) in the
central equatorial Pacific and cold SSTA in the western
and eastern Pacific. This is called ‘El Nifio Modoki’, in
order to distinguish it from the canonical El Nifio. El
Nifio Modoki is defined by the second SSTA mode from
empirical orthogonal function (EOF) analysis, which can
explain about 12% of its variance (Ashok et al., 2007). It
is found that El Nifio Modoki significantly influences the
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climate over many parts of the globe. More importantly,
the induced climate anomaly is very different from that
associated with the conventional El Nifio (e.g. Ashok
et al., 2007, 2009b; Weng et al., 2007; Huang and Huang,
2009; Taschetto et al., 2009). Taschetto et al. (2009)
found that Modoki and non-Modoki El Nifio exhibit
marked different impacts on the Australian rainfall. El
Nifio Modoki was also shown to influence the climate
of the Pacific Rim countries including China, Japan and
America (Weng et al., 2007).

Finally, it is well known that ENSO is an impor-
tant predictor of EASM. During the typical El Nifio of
1997-1998 (McPhaden, 1999; Picaut et al., 2002), the
Yangtze River Valley suffered a severe flood in 1998 sum-
mer (Figure 1(b)). The National Climate Center (NCC)
of the Chinese Meteorological Administration succeeded
in predicting the flooding event. However, NCC failed
to forecast the excessive rainfall over the Huaihe River
in 2003 (Figure 1(c)). This is because seasonal forecasts
were made according to the classic El Nifio rainfall pat-
tern, which is characterized by enhanced precipitation
in the Yangtze River Valley and suppressed one in the
Huaihe River Valley. However, SSTAs in 2002-2003
were not typical of a canonical El Nifio event. In fact, pos-
itive SSTA is confined to the central Pacific (McPhaden,
2004; Bao and Han, 2009), indicative of an El Nifio
Modoki condition. This highlights the practical impor-
tance of distinguishing between the two types of El Nifio
and their climatic impacts.

The objective of this work is to explore the different
impacts of El Nifio and El Nifio Modoki on the rainfall
over China. Since the impact of El Nifio on rainfall is
more significant in its decaying than in its developing
stage, attention is paid to the years of decaying El Nifio
and El Nifio Modoki. The discussion of the text is
as follows: Section 2 describes the data and methods
used in this study. Section 3 shows the evolution of
the SSTA in El Nifio and El Nifio Modoki, followed
by comparisons of anomalous rainfall patterns in China
during the decaying stage of the two types of El Nifio.
Possible mechanisms responsible for the different rainfall
anomalies are discussed in Section 4. Conclusions are
given in Section 5.

2. Data and methods

The Hadley Centre global sea ice and sea surface temper-
ature (HadISST) analysis datasets (Rayner et al., 2003)
are used in this study. It is a unique combination of
monthly globally complete fields of SST and sea ice con-
centration on a 1° latitude—longitude grid. The monthly
station rainfall data including 160 stations are provided
by Chinese Meteorological Data Center, covering the
years from 1951 to 2008. The atmospheric data are
obtained from the National Centers for Environmental
Prediction—National Center for Atmospheric Research
(NCEP-NCAR) reanalysis (Kalnay ef al., 1996). The
horizontal resolution of these datasets is 2.5° x 2.5°. The
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data period used in this article is from 1955 to 2005. Since
the Indo-western Pacific climate response to ENSO expe-
rienced an inter-decadal change across the mid-1970s
(Xie et al., 2010), we exclude this inter-decadal varia-
tion by removing the variability with periods over 7 years
through the Lanczos filtering method (Duchon, 1979)
before the data are used.

Conventional El Nifio events are identified by the nor-
malized 3-month running mean Nifio3 SSTAs exceeding
0.5 and persisting for 8 months (Figure 2). According to
this definition, eight major El Nifio events (1957/1958,
1965/1966, 1969/1970, 1972/1973, 1976/1977, 1982/
1983, 1987/1988 and 1997/1998) are identified. For El
Nifio Modoki events, we use the El Nifio Modoki index
(EMI) defined by Ashok et al. (2007):

EMI = [SSTA], — 0.5[SSTA]g — 0.5[SSTAlc (1)

The brackets in Equation (1) represent the area-averaged
SSTA over the region A (165°E-140°W, 10°S—10°N),
B (110°W-70°W, 15°S-5°N) and C (125°E-145°E,
10°S—20°N). The El Nifio Modoki events are identified
by requiring the normalized 3-month running mean EMI
to be no less than 0.7 and persist for 7 months. In
addition, we also require that the maximum SSTA in the
central Pacific exceeds 1.0°C in the peak phase of an
event. On the basis of these criteria, we identified five
major El Nifio Modoki events (1963/1964, 1977/1978,
1994/1995, 2002/2003 and 2004/2005; Figure 2(b)). Note
that the years 1965/1966, 1966/1967 and 1967/1968 are
not selected because the second criterion is not satisfied.
They are all characterized by a strong negative SSTA in
the eastern Pacific and a very weak positive SSTA in the
central Pacific. In addition, the EMI in 1963/1964 meets
the criteria of El Nifio Modoki, while the Nino3 index
greater than 0.5 can also persist for 6 months from June
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Figure 2. The time series of the normalized (a) Nifio3 and (b) EMI for

the period of 1955-2005. The black (or grey) shadings in (a) indicate

Nifio3 index greater than 0.5 (or less than —0.5). In (b) the black (or
grey) shadings indicate EMI greater than 0.7 (or less than —0.7).
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to November. However, when looking at the evolution
of the SSTA from 1963 to 1964, we found that the
warming is largely confined to the central Pacific. Hence,
we identify 1963/1964 as an El Nifio Modoki event. As a
matter of fact, we examined the evolution of SSTAs for
every El Nifio and El Nifio Modoki event to choose these
two events. In this study, we mainly use the composite
method, and anomalies are calculated with respect to the
base period of 1955-2005.

3. The rainfall anomalies related to El Niiio and El
Nifio Modoki decaying phases

3.1. The evolution of SSTA

Figure 3 shows the evolution of composite SSTAs from
the developing to the decaying phases of both El Nifio
and El Nifio Modoki, and the shading indicates 95%
confidence level which is calculated by a Student’s 7-test
(Wilks, 1995). During canonical El Nifio, a positive SSTA
appears in the central and eastern Pacific while negative
anomalies are seen over the western Pacific Rim during
spring of the developing years. As El Nifio evolves, the
positive SSTA expands latitudinally and negative signals
eastward, showing a prominent dipole pattern in the
equatorial Pacific. The warm SSTA reaches it maximum
amplitude in autumn and winter. Finally during summer
of the decaying year, the warm SSTA disappears and is
replaced by cool anomalies in the eastern Pacific.

In contrast, the evolution of El Nifio Modoki is very
different from that of El Nifio. During El Nifio Modoki,
weak positive SSTAs first appear in the western Pacific
during spring, and they subsequently move to the central
Pacific in summer. At the same time, negative anomalies
are found in the eastern and western Pacific. Together
they display a tri-pole pattern rather than a dipole pattern
associated with El Nifio events. Note that the positive
SSTA is still centred in the central Pacific, as it intensifies
and extends eastward during autumn. In winter, the
positive SSTA signals become strongest. This is followed
by the decline of El Nifio Modoki in the following spring
and the tri-pole SSTA pattern disappears in the next
season.

We can see that there are several obvious differences in
the SSTA patterns between El Nifio and El Nifio Modoki.
First, warm SSTAs are mainly confined to the eastern
Pacific for El Nifio events while they are maintained
in the central Pacific during El Nifio Modoki. Second,
SSTAs decay more rapidly in El Nifio Modoki than those
in El Nifio. Third, the magnitude of the SST signals in
El Nifio Modoki is weaker than that in El Nifio, although
the El Nifio Modoki happened in a warmer background
SST (Kim et al., 2009). These different SSTA patterns
are expected to lead to different atmospheric responses.

3.2. Rainfall anomaly over China

Chinese rainfall experiences a striking annual variation
with a wet season in boreal summer, a dry season in
boreal winter and transition seasons in boreal spring

Int. J. Climatol. (2010)
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Figure 3. Evolution of composite SST anomalies from the developing year (0) to the decaying year (1) for El Nifio and El Nifio Modoki events

with (a) MAM (0), (b) JJA (0), (c) SON (0), (d) DJF (1), (¢) MAM (1) and (f) JJA (1). The left column is for the El Nifio years and the right

one is for the El Nifio Modoki years. Contour interval is 0.2°C and zero contour lines are omitted. The shading indicates 95% confidence level
which is calculated by a Student’s ¢ test.

and autumn (Figure 4). Figure 5 shows the percentage
and variance of rainfall in spring and summer. In South
China, the fraction of springtime rainfall to the annual
mean is about 35-40%, which is higher than that
in summer (Figure 5(a) and (b)). At the same time,
there is also significant inter-annual variability during
spring for South China (Figure 5(c)). In other words, the
spring precipitation variations play an important role for
the total precipitation received over South China. For

Copyright © 2010 Royal Meteorological Society

most other geographical locations, the summer rainfall
generally occupies the largest part of total annual rainfall
(Figure 5(b)). The variance is large in the whole of
eastern China, especially in the Yangtze River Valley
(Figure 5(d)). Hence, we focus on the spring and summer
rainfall on the basis of the above consideration. Here,
attention is mainly paid to the rainfall changes in spring
and summer for the decaying phases of El Nifio and El
Nifio Modoki.

Int. J. Climatol. (2010)
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Figure 4. The annual variation of rainfall over China (mm/month)
averaged from 1955 to 2005.

To uncover where the China rainfall anomalies expe-
rience the most noticeable differences, we compare the
composite rainfall anomalies in the spring and summer of
the decaying year for both El Nifio and El Nifio Modoki
events by using the rainfall data in 160 stations of China.
The composite results display remarkable differences
between these two phenomena (Figure 6). In spring, sig-
nificant rainfall anomalies appear in southern China for
decaying El Nifio events (Figure 6(a)). However, there
are no significant rainfall variations in the same stage
for El Nifio Modoki (Figure 6(b)). In summer, negative
rainfall anomalies appear in the Yangtze—Huaihe River
Valley and positive anomalies are present in northern
China as well as the south of the Yangtze River for El
Nifio events (Figure 6(c)). This is consistent with pre-
vious studies (e.g. Huang and Wu, 1989; Chen, 2002).
In contrast, for El Nifio Modoki, positive precipitation

(a) Percentage MAM

anomalies are mainly located in the Yellow—Huaihe
River Valley and the precipitation tends to be below-
normal to the south of the Yangtze River (Figure 6(d)).
Apparently, the largest contrast of the rainfall anoma-
lies between these two phenomena is found in the Yel-
low—Huaihe River Valley and in southern China.

4. Possible mechanisms responsible for the rainfall
variations

4.1.

The Walker circulation is the significant tropical feature
which involves the rising motion in the western Pacific
and the Maritime Continent, upper-level westerly winds,
the sinking motion in the eastern Pacific and easterly
winds at the low level. The Walker circulation is sensitive
to the SST variation, especially to the western Pacific
‘warm pool’ variability (Bjerknes, 1969). Figure 7 shows
the anomalous velocity potential at 200 hPa which is
adopted to reflect variations of the large-scale descending
and ascending motions in the tropical region including
those associated with the Walker circulation. During their
mature phase, the velocity potential anomalies depict
different patterns in the tropical Pacific, with a dipole
for El Nifio and a tri-pole for El Nifio Modoki (Ashok
et al., 2007, 2009a); this is consistent with the different
SSTA distributions associated with the two phenomena.
For El Nifio years, the anomalous Walker circulation
features ascend over the eastern Pacific and descend
over the western Pacific, whereas for El Nifio Modoki
it displays anomalous rising over the central Pacific and
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Figure 5. Percentage of annual total rainfall in (a) spring (MAM) and (b) summer (JJA). Standard deviation of the rainfall (mm/month) in
(c) spring (MAM) and (d) summer (JJA). This figure is available in colour online at wileyonlinelibrary.com/journal/joc
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Figure 6. Composite rainfall anomalies during (a, b) MAM (1) and (c, d) JJA(1) in El Nifio and El Nifio Modoki decaying years. Contour interval
is 20 mm/month. The shading indicates 95% confidence level. This figure is available in colour online at wileyonlinelibrary.com/journal/joc

sinking over the western and eastern Pacific (Figure 7(a)).
The tri-pole pattern, however, evolves into a dipole in
the spring of the decaying year for El Nifio Modoki.
From winter to the following summer, the locations of
the divergent and convergent centres have an obvious
change for both El Nifio and El Nifio Modoki events.
However, the timing for the change is different. For
El Nifio, it happens in the following summer while for
El Nifio Modoki it occurs in the following spring. This
difference may be induced by the different tropical SSTA
distributions. In the following summer, the anomalous
Walker circulation consists of ascent over the Indian
Ocean possibly due to the capacitor effect (Xie et al.,
2009) and descent over the central Pacific in both El
Niflo and El Nifio Modoki. But in the western Pacific,
the anomalous divergent flow is more obvious in El
Nifio than that in El Nifio Modoki, which demonstrates
that the convection is more active during El Nifio than
that during El Nifio Modoki. Thus, different convective
conditions may lead to corresponding different East Asian
atmospheric circulation anomalies.

4.2.  Anomalous WNP anti-cyclone

Figure 8 shows the 850 hPa wind anomaly and the shad-
ing denotes the 90% confidence level. The evolutions of
the anti-cyclone in the two phenomena are distinctively
different. First, in the cases of El Niflo, the WNP anti-
cyclone develops in autumn and persists till the following
summer, whereas for El Nifio Modoki this anti-cyclone

Copyright © 2010 Royal Meteorological Society

appears in winter and then becomes weak or even dis-
appears in the following spring. Interestingly, the WNP
circulation becomes anti-cyclonic again in summer. This
distinction between El Nifio and El Nifio Modoki is pos-
sibly related to the different air—sea interaction involved
(Kug et al., 2009). Because of such a difference in the
anomalous WNP anti-cyclone development, there are no
obvious rainfall variations during El Nifio Modoki in
spring (Figure 6(b)), but heavy springtime precipitation
over southern China was evoked by the anomalous anti-
cyclone associated with El Nifio (Figure 6(a)). Second,
the anti-cyclonic flow in summer of the decaying El Nifio
Modoki events extends to higher latitudes around 40°N
and the southwesterly winds over the western side of
the anti-cyclone tend to carry abundant water vapour to
the northern China, which induces above-normal rain-
fall over the Yellow—Huaihe River Valley. In contrast,
this anti-cyclone in El Nifio decaying summer can only
stretch to about 25°N, which confines the water vapour
transport to the south of the Yangtze River and leads to
the deficient moisture over the Yangtze—Huaihe River
Valley. The obvious anti-cyclone in the decaying sum-
mer for El Nifio Modoki is consistent with the strong
descent in the WNP (Figure 7(c)). Third, there is a strik-
ing difference in the atmospheric circulation associated
with the two different types of El Nifio during their decay-
ing phase. During spring of the decaying year for El Nifio
Modoki, weak easterly winds are found over the central
equatorial Pacific, which is opposite in direction to the
westerly winds in the previous winter season; this might

Int. J. Climatol. (2010)
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Figure 7. Composite 200 hPa velocity potential during (a) DJF (1), (b) MAM (1) and (c) JJA (1) in El Nifio and El Nifio Modoki events. The
left column is for the El Nifio events and the right one is for the El Nifio Modoki events. Contour interval is 5 x 10° m?/s. Zero contour lines
are omitted. The shading indicates 95% confidence level.

help to accelerate the decay of El Nifio Modoki. In con-
trast, anomalous easterly winds begin to appear over the
central equatorial Pacific in summer for decaying El Nifio
events. That might explain why SSTA in El Nifio reduces
more slowly compared to that in El Nifio Modoki events.
Furthermore, the subsequent SSTA distributions for both
El Nifio and El Nifio Modoki are examined. The neg-
ative SSTAs in the eastern Pacific are enhanced from
the summer to the following winter. Hence, instead of a
decaying El Nifio Modoki event, the developing La Nifia
event probably facilitates the re-invigoration of the WNP
anti-cyclonic flow in summer.

Recently, Xie et al. (2009) proposed a mechanism for
the formation of the WNP anti-cyclone during the El Nifio
decaying summer. They suggest that El Nifio-induced
persisting warm SSTA in the tropical Indian Ocean may
increase the tropospheric temperature, thereby exciting a
Kelvin wave response in WNP. The WNP anti-cyclone
can persist until summer by the Kelvin wave-induced
Ekman divergence mechanism. In order to distinguish
the different impacts of the tropical Indian Ocean SSTAs

Copyright © 2010 Royal Meteorological Society

associated with the El Nifio and El Nifio Modoki on the
anti-cyclone, we analyse the time-longitude section of
the anomalous SST and zonal winds (Figure 9). For El
Nifio years, the SSTAs over the Indian Ocean become
warm in the autumn of the developing phase and persist
until the summer of the decaying phase. For El Nifio
Modoki events, the positive Indian Ocean SSTAs become
very weak or even change into negative sign from May
(1) to August (1) possibly due to the weak easterly
wind anomalies over the Indian Ocean (Figure 9(b)).
It is known that the onset of the southwesterly Indian
monsoon is around the end of May. Therefore, anomalous
easterly winds in the Indian Ocean act to weaken
the Indian southwesterly winds over the Indian Ocean,
which can give rise to the warm SSTA through the
wind-evaporation SST feedback mechanism (Du et al.,
2009). Thus, the extremely weak easterly wind anomalies
present there imply that there is no significant warm
SSTA in the Indian Ocean during May (1) of the decaying
El Nifio Modoki. In June (1), the easterly winds intensify
again but these winds only extend to 100 °E. This leads

Int. J. Climatol. (2010)
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Figure 8. Composite 850 hPa wind anomalies (vectors; unit: m/s) during (a) DJF (1), (b) MAM (1) and (c)JJA (1) in El Nifio and El Nifio
Modoki events. The left column is for the El Nifio events and the right one is for the El Nifio Modoki events. The shading indicates 90%
confidence level.

(a) El Nino

Augl

Junl —

Apr1

Feb1

DecO —

Oct0

Aug0
40E 60E 80E 100E 120E 140E 160E

(b) El Nino Modoki

Augl ! \ 1 /
Y\ i ;]
- < S N // ka
.

Junl — N Yeoal e

—
- <> O S N

Apri

Febl

DecO

Oct0

Aug0 -
40E 60E 80E 100E 120E 140E 160E

-04-03-02-01 0 0.1 02 03 04

Figure 9. The time-longitude section of composite SST anomalies (shaded) averaged from 20°S to 20°N and zonal winds (contour) averaged
from 10°S to 10°N for (a) El Nifio and (b) El Nifio Modoki events. This figure is available in colour online at wileyonlinelibrary.com/journal/joc

to warming of that part of the Indian Ocean and favours
the positive SSTA in the east of 100°E. Hence, the
Indian Ocean capacitor effect on the WNP anti-cyclone
in summer does not seem to take place in the decaying
stage of El Nifio Modoki.

Copyright © 2010 Royal Meteorological Society

China rainfall is influenced by the western Pacific
sub-tropical high and the rainfall usually appears in the
northwest of the sub-tropical high (Sun and Ying, 1999;
Zhang et al., 1999; Zhou et al., 2005). The variability of
the western Pacific sub-tropical high may be depicted by
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Figure 10. Composite western Pacific sub-tropical high with 5870 gpm contour in decaying El Nifio and El Nifio Modoki phases for (a) March,
(b) April, (c) May, (d) June, (e) July and (f) August. The solid, short- and long-dashed lines indicate the climatological mean from 1955 to 2005,
El Nifio and El Nifio Modoki events, respectively.

the WNP anti-cyclone as shown above. Here, we further
show the monthly evolution of the sub-tropical high from
spring to summer in the decaying phases of El Nifio and
El Nifio Modoki. Figure 10 presents the composite WNP
sub-tropical high which is defined by the area enclosed
5870 gpm contour of the 500 hPa geopotential height
field in March (1), April (1), May (1), June (1), July
(1) and August (1), respectively. During March (1) to
April (1), the sub-tropical high extends substantially
westward during both El Nifio and El Nifio Modoki years.
The high retreats nearly to its climatological location
during May (1) and June (1) in El Nifio Modoki events.
However, the high tends to be sustained till July (1) in El
Nifio cases. This is in favour of more rainfall in the south
of the Yangtze River and less rainfall in the Huaihe River
Valley, which is associated with the lower tropospheric
WNP anomalous anti-cyclone. Interestingly, the sub-
tropical high extends northwestward much into the inland
region in July (1) and August (1) of the decaying El
Nifio Modoki. The location of the WNP anti-cyclone at
the low level induces positive rainfall anomalies in the
Yellow—Huaihe River Valley, where it is located in the

Copyright © 2010 Royal Meteorological Society

northwestern edge of the sub-tropical high, and negative
anomalies in the south of the Yangtze River, where it is
now covered by the high-pressure system.

The water vapour transport is also important to the
rainfall anomalies. We have computed the vertically
integrated moisture fluxes and their divergence anomalies
for both El Nifio and El Nifio Modoki events. Results are
shown in Figure 11. The transportation of water vapour to
eastern China is mainly caused by the WNP anti-cyclone.
In the spring of the decaying year for El Nifio, abundant
water vapour is transported from the South China Sea
by the southwesterly on the western side of the anti-
cyclone, which favours above-normal rainfall south of
the Yangtze River. Not surprisingly, there is no evident
water vapour anomaly in spring during decaying El Nifio
Modoki, consistent with the normal WNP anti-cyclone
condition (Figure 8(b)). During summer in the decaying
year of El Nifio, the moisture transportation consists of
two parts: one from the western Pacific to South China
and the other from the northern part of India to South
China. Both are important for the heavy rainfall in the
south of the Yangtze River. On the other hand, during the
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Figure 11. Composite vertically integrated water vapour flux (vector; unit: kg/m/s) and anomalous divergence (contours; unit: 10~ kg/m?/s)
during (a, b) MAM (1) and (c, d) JJA (1) in El Nifio and El Nifio Modoki decaying years. The vectors less than 10 kg/m/s are omitted. The
shading indicates 90% confidence level.

same season for decaying El Nifio Modoki, anomalous
southwesterly winds are seen to transport moisture to the
Yellow—Huaihe River Valley where the moisture flux is
convergent. Accordingly, there is above-normal rainfall
over this region.

5. Discussions and conclusions

The impacts of El Nifio and El Nifio Modoki on China
rainfall in their decaying phases are compared by using
the re-analysis and the station rainfall data in the present
study. Composite results indicate that these two events
have remarkable different impacts on China rainfall.
During spring in the decaying year of El Nifio events,
there are positive rainfall anomalies in the south of
the Yangtze River. However, there are no significant
rainfall anomalies in the same season for decaying EIl
Nifio Modoki. In the subsequent summer season, the wet
signal south of the Yangtze River associated with El
Niflo continues, while suppressed rainfall appears in the
Yangtze—Huaihe River Valley. In contrast, the rainfall is
above normal in the region from the Huaihe River to the
Yellow River, below normal in southern China during the
summer of decaying El Nifio Modoki events.

Possible physical process by which El Nifio and El
Nifilo Modoki affects the precipitation in China is investi-
gated, too. Particularly, the anomalous WNP anti-cyclone
associated with these two events is studied, which can
induce the sub-tropical high variations and directly influ-
ence the water vapour transport. During spring in the
decaying year of El Nifio events, this anti-cyclone shifts

Copyright © 2010 Royal Meteorological Society

the ridge of the sub-tropical high westward in both spring
and summer; meanwhile, the anomalous southerly flow
over the western edge of the anti-cyclone transports
extra moisture from the South China Sea to southern
China. At the same time, the eastward warm advection at
500 hPa from the eastern flank of Tibetan Plateau facili-
tates the convection by inducing adiabatic ascent (Sampe
and Xie, 2010). These tend to cause above-normal rain-
fall in the southern Chinese region. In contrast, during
spring in the decaying year of El Nifio Modoki events,
the anomalous WNP anti-cyclone becomes weak. As a
result, there are no significant rainfall anomalies in China.
In summer, however, the anomalous WNP anti-cyclone
intensifies and extends more northwestward towards the
inland region, compared to its El Nifio counterpart. At the
same time, the sub-tropical high associated with this anti-
cyclone is intensified with a westward shift, especially in
July and August. Hence, the southerly wind anomalies on
the western side of the anti-cyclone extend to northern
China and bring plentiful moisture to the region from the
Huaihe River to the Yellow River. Hence, above-normal
rainfall tends to appear in this region, while below-normal
rainfall tends to occur in the southern part of the Yangtze
River Valley where it is covered by the sub-tropical high.

For both El Nifio and El Nifio Modoki events, the
anomalous WNP anti-cyclone is meaningful for China
rainfall variations so that we checked the Indian Ocean
capacitor effect on this anti-cyclone as proposed by Xie
et al. (2009). In El Nifio decaying years, the anomalous
easterly winds over the equator weaken the southwesterly
monsoon over India and induce warming SSTAs in the
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Indian Ocean (Yuan et al., 2008a, 2008b). Thus, the
summer WNP anti-cyclone may be maintained by the
Kelvin wave-Ekman divergence mechanism. In contrast,
in El Nifio Modoki decaying years, the evolution of the
SSTAs in the Indian Ocean is different from that in
El Nifio events. The warm SSTAs tend to be weak in
the spring of the decaying years and even become cold
SSTAs in summer. Hence, the Indian Ocean capacitor
effect on the summer WNP anti-cyclone seems not
to occur in the decaying phase of El Nifio Modoki.
However, the developing La Nifia event after the fast
dissipation of El Nifio Modoki may anchor the summer
climate anomalies.
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