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ABSTRACT

The impact of El Nifio on the precipitation in China for different seasons are investigated
diagnostically. It is found that El Nifio can influence the precipitation in China significantly during
its mature phase. In the Northern winter, spring and autumn, the positive precipitation anomalies
are found in the southern part of China during the El Nifio mature phase. In the Northern
summer, the patterns of the precipitation anomalies in the El Nifio mature phase are different from
those in the other seasons. The negative precipitation anomalies appear in both southern and
northern parts of China, while in between around the lower reaches of the Yangtze River and the
Huaihe River valleys the precipitation anomalies tend to be positive.

In the Northern winter, spring and autumn, the physical process by which El Nifio affects the
precipitation in the southern part of China can be explained by the features of the circulation
anomalies over East Asia during the El Nifio mature phase (Zhang et al., 1996). The appearance of
an anticyclonic anomaly to the north of the maritime continent in the lower troposphere during the
El Nifio mature phase intensifies the subtropical high in the western Pacific and makes it shift
westward. The associated southwesterly flow is responsible for the positive precipitation anomalies
in the southern part of China. In the Northern summer, the intensified western Pacific subtropical
high covers the southeastern periphery of China so that the precipitation there becomes less. In ad-
dition, the weakening of the Indian monsoon provides less moisture inflow to the northern part of
China.
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1. Introduction

El Nifio is the most outstanding interannual variability in the ocean. It is well known that
the heat source driving the atmospheric general circulation is mainly within the tropics. El
Nifio occurs in the tropical Pacific and the warming of the ocean during the El Nifio can cover
a large area in the tropical Pacific (Rasmusson and Carpenter, 1982). The occurrence of El
Nifio changes greatly the pattern of the thermal heating of the atmosphere, which brings large
circulation anomalies. Numerous researches have been done on the impact of El Nifio on va-
riations of the worldwide weather and climate. The results showed that El Nifio has signifi-
cant effects not only in the tropical region (Rasmusson and Carpenter, 1982) but also in the
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extratropics, which have been demonstrated both by observational studies (e.g., Horel and
Wallace, 1981; Van Loon and Madden, 1981; Hamilton, 1988; Fraedrich, 1994) and by mod-
eling studies (e.g., Shukla and Wallace, 1983; Lau, 1985; Held et al., 1989). Moreover, some
studies with the atmospheric general circulation models (AGCMs) forced by the observed sea
surface temperature (SST) even showed some predictive skill for the El Nifio—related climate
anomalies (Bengtsson et al., 1993; Barnett et al., 1994; Palmer and Anderson, 1994).

The Asian monsoon system is one of the most important circulation systems in the gen-
eral circulation of the global atmosphere (Krishnamurti, 1971; Krishnamurti et al., 1973). As
reviewed by Lau and Li (1984) and by Tao and Chen (1987), the Asian monsoon is divided in-
to two subsystems, i.e., East Asian and Indian monsoons because of their different
large—scale structures. The impact of El Nifio on the Indian monsoon has been studied by
many researchers and it is pointed out that a poor Indian monsoon is usually accompanied
with an El Nifio event (e.g., Mooley and Parthasarathy, 1983; Rasmusson and Carpenter,
1983; Khandekar and Neralla, 1984). The influence of E! Nific on the summer climate over
the East Asia has been studied by some investigators. It has been found that a teleconnection
between the western tropical Pacific and the East Asian region has significant impact on the
East Asian summer climate (Nitta, 1986; 1987; Huang et al., 1993). Nitta (1987) described
that in most of the El Nifio years, the cold SST anomalies around the Philippine Islands ap-
peared and the convection there was inactive, so that the mid—latitude East Asia experienced
a relatively cold summer through this teleconnection. It was also pointed out that El Nifio
may affect the summer precipitation in China (Huang and Wu, 1989; Li, 1990). Zhang et al.
(1996) (hereafter referred to as ZSK) found that the impact of El Nifio on the East Asian
monsoon circulation is significant during the El Nifio mature phase. When the mature phase
is in boreal summer, the East Asian summer monsoon is intensified. On the contrary, when
boreal winter is within the mature phase, the East Asian winter monsoon is weakened.

As for the physical process by which El Nifio affects the circulation in the extratropics, it
has been demonstrated that the stationary Rossby wave propagation is responsible for the
atmospheric response over the northern Pacific and North America particularly in the North-
ern winter (e.g., Hoskins and Karoly, 1981; Webster, 1981; Horel and Wallace, 1981). As
pointed out by ZSK, the physical process by which El Nifio affects the circulation over East
Asia is different from the aforementioned one. In contrast to the strong heating of the atmos-
phere over the eastern equatorial Pacific, during the El Nifio mature phase the cooling anom-
aly is the strongest over the maritime continent in the equatorial western Pacific. The Rossby
wave response to this cooling anomaly and the Hadley circulation anomaly over the western
Pacific and East Asia related to this cooling anomaly affect the East Asian monsoon circula-
tion.

In the study of ZSK, the impact of El Nifio on the East Asian circulation was investi-
gated. The precipitation is one of the most important components in the monsoon Asia. Its
anomaly can cause droughts and floods in the East Asian country, which often exerts a heavy
toll in human life and in economics. However, it is not clear to what extent and how the East
Asian precipitation is affected by El Nifio. As a continuation to ZSK. in this paper the impact
of El Nifio on the precipitation in China is investigated, especially during the El Nifio mature
phase. Section 2 describes the data. The El Nifio mature phases are defined in Section 3 based
on the sea surface temperature anomaly (SSTA) in the equatorial eastern Pacific. In Section 4,
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the relationship between the precipitation in China and El Nifio events is investigated. Section
5 discusses the connection mechanisms between El Nifio and the precipitation anomalies in
China. A summary and concluding remarks follow in Section 6.

2. Data

The datasets used in the present study are as follows:

(1) the monthly precipitation dataset of 160 stations in China from January 1951 to De-
cember 1994 compiled by China Meteorological Administration, whose station distribution in
Fig. 1 shows that it mainly represents the eastern half of China,

(2) the monthly SSTA data on a 2° x 2° grid from January 1951 to September 1993 pro-
vided by the Japan Meteorological Agency (JMA),

(3) the monthly climatology and anomaly of the 850 hPa wind and the 500 hPa
geopotential height computed over the period from January 1980 to December 1994, based on
the analyses by European Center for Medium—-Range Weather Forecasts (ECMWF) for
years from 1980 to 1992 and those by JMA from 1993 to 1994, and

(4) the all-India summer monsoon (June—September) rainfall data (Sontakke et al.,
1992, 1993) for the period between 1951 and 1994, over which the climatology and anomaly
are calculated.

3. The evolution of NINO3 SSTA and El Nifio

In ZSK and in the present study, El Nifio is defined by a standard index over a region
called NINO3 (5°S—5°N, 90°W- 150°W). We average the monthly NINO3 SSTA to be the
seasonal mean for four seasons, i.e., winter (December—February), spring (March—May),
summer (June—August) and autumn (September—November). We define an El Nifio event to
be the period when the seasonal NINO3 SSTA is greater than 0.5°C. In order to investigate
the features of precipitation in China during the El Nifio mature phase, we define the El Nifio
mature phase as follows. For the strong El Nifio events, the seasons when seasonal NINO3
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Fig. 1. Locations (crosses) of the 160 stations for precipitation dataset in China.
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Fig. 2. Evolution of the seasonal mean SSTA at NINO3 (Unit:°C). M stands for the mature phase

of each El Nifio event.

SSTA is greater than 1.0°C are taken to be the mature phase of these El Nifios. For the weak
El Nifio events with seasonal NINO3 SSTA less than 1.0°C, we then choose the season with
the highest NINO3 SSTA to be the El Nifio mature phase. Fig. 2 shows the evolution of the
seasonal NINO3 SSTA with the marking of the mature phase for each El Nifio event. We can
see that there are 11 El Nifio events during this period. Based on our definition, there are 4
winters, 5 springs, 5 summers and 7 autumns within the El Nifio mature phases, respectively.

4. Precipitation anomalies in China during the El Nifio mature phase

As pointed out by ZSK, the lower tropospheric circulation anomalies along the coast of
East Asia during the El Nifio mature phases are significantly different from those during the
other phases. Composites of the precipitation anomalies during the El Nifio mature phase for
different seasons are shown in Fig. 3. It can be seen that in winter (Fig.3a), spring (Fig.3b)
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and autumn (Fig.3d), the positive anomalies appear in the southern part of China. The pat-
tern in summer (Fig.3¢) is different from those in the other three seasons. There exist negative
precipitation anomalies in both the southern and northern parts of China, while in the area
between the north and the south the positive anomalies appear.

In order to check if these precipitation anomalies during the El Nifio mature phases are
statistically significant, a t—test is made by comparing the average of the precipitation anoma-
lies in the El Nifio mature phases with those over the rest of the data period. The statistically
significant areas exceeding the 95% level are shaded in Fig.3. It is obvious that the positive
anomalies existed in the southern part of China in winter, spring and autumn are statistically
significant. In summer, the statistically significant area appears in the northern part of China.
Although the large area of the negative precipitation anomalies in the southern part of China
is not statistically significant, we still can see that a small area with statistical significance ap-
pears there. The positive precipitation anomalies in the area between the southern and the
northern part of China are not statistically significant.

In order to check further the significance of the precipitation anomalies during the El
Nifio mature phase in comparison with others, we select an area which is within above-men-
tioned statistically significant areas in each season. In winter the area called DJF
(21.5-27.0°N, 105.5-118.0°E), in spring MAM (22.5-26.5°N, 113.5-117.0°E), in summer
JJA (37.5-41.5°N, 106.5-120.0°E) and in autumn SON (24.0-28.5°N, 107.0-115.5°E) are

COMP. PA FOR EN M PHASE IN WINTER (DEC-FEB) COMP. PA FOR EN M PHASE IN SUMMER (JUN-AUG)
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Fig. 3. Composites of precipitation anomalies (Unit: mm / month) during the El Nifio mature
phase for winter (a), spring (b), summer (c) and Autumn (d). The contour interval is 10
mm / month. The heavy and light shadings are the statistically significant areas exceeding the 95%

level for positive and negative values, respectively.
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Fig. 4. Locations of area DJF in winter (a), MAM in spring (b), JJA in summer (c) and SON in au-

tumn (d) (shaded areas). The crosses within the shadings are the station locations.

chosen. The locations of these areas and the station points within these areas are shown in
Fig. 4. The area DJF (Fig.4a), MAM (Fig.4b) and SON (Fig.4d) are in the southern part of
China, while the area JJA (Fig.4c) is in the northern part of China.

The time series of the precipitation anomalies averaged in these areas for different sea-
sons are shown in Fig. 5, together with the evolutions of the seasonal NINO3 SSTA in the
corresponding season. To calculate the correlation coefficients between the area mean sea-
sonal precipitation anomalies and the corresponding seasonal NINO3 SSTA for different sea-
sons, we can get their values to be 0.4019 in winter, 0.4647 in spring, —0.5023 in summer and
0.5364 in autumn. They are all statistically significant exceeding the 99% level. To examine
Fig. 5 carefully, we can find that the correlation during the El Nifio mature phases makes a
great contribution to these positive correlations in winter (Fig.5a), spring (Fig.5b) and au-
tumn (Fig.5d). In order to prove this, we calculated the contributions with the data during the
El Nifio mature phases to these correlation coefficients, which are listed in Table 1. From Ta-
ble 1 we can sce that in winter, spring and autumn, the contributions from the El Nifio mature
phase account for 93.97%, 84.85% and 62.73% of the positive correlations in the southern
part of China, respectively. Thus, the importance of the mutual connection during the El
Nifio mature phase is reconfirmed except for summer. In summer, although the negative pre-
cipitation anomalies in the northern part of China during the El Nifio mature phase are
statistically significant, Table 1 shows only less than a half contribution from the mature
phase to the correlation. The reasons of how the precipitation anomalies in different seasons
are connected with El Nifio will be discussed in the next section.
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Fig. 5. Evolutions of the seasonal precipitation anomalies (PA; Unit: mm / month) (solid lines) av-
eraged on the area DJF for winter (a), MAM for spring (b), JJA for summer (c) and SON for au-
tumn (d). The dashed lines are the seasonal NINO3 SSTA (Unit:°C) in the corresponding season.
M denotes the El Nifio mature phase.

We also make the composites of the seasonal precipitation anomalies in China for the
other phases of El Nifio and those for La Nifia in different seasons, respectively (figures not
shown). La Nifia is defined as the periods when the seasonal NINO3 SSTA is lower than



236 Advances in Atmospheric Sciences Vol. 16

—0.5°C. We repeat the same t—test mentioned above. For the composite seasonal precipitation
anomalies in China during the other phases of El Nifio, no clear area of statistical significance
can be found. For La Nifia, we also do not find a reversed pattern of the seasonal precipita-
tion anomalies which is statistically significant.

Table 1. Correlation coefficients between the area mean precipitation anomalies and NINO3 SSTA for different sea-

sons and the contributions from the El Nifio mature phase

area season correlation contribution from the ratio
coefficient El Nifio mature phase (mature phase / the total)
DJF winter 0.4019 0.3777 93.97%
MAM spring 0.4647 0.3943 84.85%
JJIA summer -0.5023 -0.2307 45.92%
SON autumn 0.5364 0.3365 62.73%

5. Connection mechanisms between precipitation anomalies and El Nifio

The precipitation over the East Asian region is greatly affected by the western Pacific
subtropical high. The rainfall area generally appears along its northwestern edge where the
warm and humid flow from the south meets the cold and dry flow from the north. In China
and in Japan, the extent of the western Pacific subtropical high is usually defined by the area
enclosed by the 5880 gpm contour of the 500 hPa geopotential height field. In order to inves-
tigate the physical reasons for the explanation of the seasonal precipitation anomaly pattern
during the El Nifio mature phases, we examine the corresponding composites of the 5880 gpm
contour shown in Fig. 6. The climatological 5880 gpm contour for each season is also shown
in Fig. 6. It is clearly seen-that the subtropical high is strengthened and shifted westward dur-
ing the El Nifio mature phases for all the four seasons. In winter (Fig.6a) , spring (Fig.6b) and
autumn (Fig.6d), the subtropical high moves to the south of the mainland of China in the El
Nifio mature phases. Therefore, there is more precipitation in the southern part of China
(Figs.3a, 3b and 3d). In summer (Fig.6c), since the subtropical high moves further west into
the southeastern periphery of the mainland of China, the negative precipitation anomalies
appear in the southern part of China and the positive anomalies to the north of the northern
edge of the subtropical high, as has been seen in Fig.3c.

The behavior of the western Pacific subtropical high during the El Nifio mature phase is
associated with the circulation anomalies in the lower troposphere over the western tropical
Pacific. Fig. 7 shows the composite wind anomalies at 850 hPa during the mature phase for
different seasons. An anticyclonic anomaly over the tropical western Pacific to the north of
the maritime continent appears in all the four seasons, which is associated with the strength-
ening and westward shifting of the subtropical high. The formation of this anticyclonic
anomaly during the El Nifio mature phase was discussed by ZSK. It was pointed out that the
strong positive anomalies of the outgoing longwave radiation (OLR) over the maritime con-
tinent during the mature phase imply the strong cooling anomaly of the atmosphere there. An
associated Rossby wave response to this cooling anomaly can make the anticyclonic anomaly
appear to the north of the maritime continent. This anticyclonic anomaly affects the East
Asian monsoon circulation and the western Pacific subtropical high, which exerts significant
effect on the precipitation in China.



No. 2 Zhang Renhe, Akimasa Sumi and Masahide Kimoto 237

GEOPOTENTIAL HEIGHT AT 500hPa IN WINTER (DEC~FEB) SN GEOPOTENTIAL HEIGHT AT 500hPa IN SUMMER (JUN-AUG)

40N 1

30N

20N

10N 1

EQSUE 100E 120€ 140E 160E 180 EOBUE 100E 120E 140E 160E 180

s GEOPOTENTIAL HEIGHT AT 500hPa IN SPRING (MAR—MAY) son GEOPOTENTIAL HEIGHT AT 500hPa IN AUTUMN (SEP—NOV)
ON

40N
30N 1

20N

10N )
) Q/ e
() AN {/i . )

S A 2
3 100E 120E 140E T80E 180 %oE 100E 1208 140E 160E 180

-------------------------- EL NINO MATURE PHASE MEAN ———— CLIMATOLOGY

Fig. 6. Climatological (solid lines) and the El Nifio mature phase composites (dashed lines) of the
5880 gpm contour of the geopotential height at 500 hPa for winter (a), spring (b), summer (c) and
autumn (d).

The summer climate in East Asia is affected by the moisture transportation across the
Bay of Bengal associated with the Indian monsoon ( Tao and Chen, 1987). In summer, the
negative precipitation anomalies in the northern part of China have a negative significant cor-
relation with the NINO3 SSTA (Fig.5¢), which is the same as the relationship between Indian
monsoon and El Nifio. In the following we will make a preliminary investigation to see if the
impact of El Nifio on the northern part of China is through the Indian monsoon.

The correlation coefficients between the all-Indian rainfall (June—September) and sum-
mer precipitation (June—August) in China for the period from 1951 to 1994 are shown in Fig.
8. We can see that the area of the significant positive correlation exceeding the 95% level ap-
pears in the northern part of China. This feature has also been mentioned by Guo and Wang
(1988). Time series of NINO3 SSTA, all-Indian summer monsoon rainfall anomalies and the
summer precipitation anomalies in the northern part of China are shown in Fig. 9. The corre-
lation coefficient between the summer—time NINO3 SSTA and the all-Indian monsoon rain-
fall is —0.59 and that between the Indian monsoon rainfall and the precipitation anomalies
averaged on the area JJA is 0.48. Both of them are statistically significant at a 99% level. The
composite wind anomalies in summer at 850 hPa during the El Nifio mature phase (Fig.7¢)
show the easterly anomalies over the Bay of Bengal, a sign of weak Indian monsoon. It is like-
ly that the weak Indian monsoon westerlies across the Bay of Bengal is associated with the re-
duction of the moisture transportation from India northeastward to China.
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Fig. 7. Composites of wind anomalies in the El Nifio mature phase at 850 hPa in winter (a), spring
(b), summer (c) and autumn (d).
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Fig. 8. Distribution of correlation coefficients of all-India summer (June-September) monsoon
rainfall with the summer (June—August) precipitation in China. (Shadings are the area with statis-

tical significance exceeding the 95% level)
6. Summary and concluding remarks

The present study reveals that El Nifio in its mature phase has significant impacts on the
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Fig. 9. Evolutions of summer-time NINO3 SSTA (Unit:°C), all-India summer (June—September)
monsoon rainfall anomalies (Unit: mm) and summer (June—August) precipitation anomalies

(Unit: mm / month) averaged on the area JJA in the northern part of China.

precipitation in China. In the Northern winter, spring and autumn, the positive precipitation
anomalies occur in the southern part of China. In the Northern summer, the pattern of the
precipitation anomalies in the El Nifio mature phase is different from those of the other sea-
sons. The negative precipitation anomalies appear in both the southern and northern parts of
China, and the positive anomalies in between.

The physical process by which El Nifio affects the precipitation in China is considered. In
the Northern winter, spring and autumn, the precipitation anomalies in the southern part of
China can be explained by the circulation anomalies over the East Asian region during the El
Nifio mature phase, as has been described by ZSK. The appearance of the anticyclonic anom-
aly to the north of the maritime continent in the lower troposphere at 850 hPa during the El
Nifio mature phase is associated with an intensified and westward shifted subtropical high
over the western Pacific, which was responsible for the positive precipitation anomalies in the
southern part of China.

In the Northern summer, the intensified western Pacific subtropical high moves westward
into the southeastern periphery of China so that the precipitation there is less, and in the area
to the north edge of the subtropical high the precipitation becomes more. In addition, the In-
dian summer monsoon has a negative correlation with El Nifio as well as a positive correla-
tion with the precipitation in the northern part of China. Therefore, the impact of El Nifio on
the precipitation in the northern part of China is likely to be influenced by the variation of the
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Indian monsoon. Because the summer climate in East Asia is greatly influenced by the mois-
ture transported by the monsoon flow across the Bay of Bengal in the lower troposphere, the
weakening of the Indian monsoon may lead to a weakening of the moisture transportation
accompanied with the weakened monsoon flow across the Bay of Bengal. Thus, less precipita-
tion may occur in the northern part of China.

This paper provides further evidence of the results in the previous study in ZSK, i.e., the
impact of El Nifio on the East Asian monsoon is significant in the El Nifio mature phase. The
East Asian monsoon is mainly maintained by the huge contrast between the heating of the
atmosphere over the land and that over its surrounding oceans. As pointed by ZSK, the El
Nifio mature phase is characterized by the significant changes of the heating field over the
maritime continent. Therefore, during this period the huge East Asian monsoon system can
be significantly modulated.

Although some possible physical explanations for the precipitation anomalies in China
during the El Nifio mature phase are given in the paper, for fully understanding the physical
reasons the moisture circulations have to be studied with more extensive datasets. The sum-
mer—time precipitation in East Asia strongly depends on the synoptic—scale and mesoscale
fluctuations in the monsoon trough, known as Mei—Yu in Chinese or Baiu in Japanese. Our
study provides the large—scale and seasonal mean features of the precipitation anomalies. It is
also necessary in particular to investigate the El Nifio—related behaviors of the synoptic—scale
and mesoscale fluctuations in the monsoon trough for understanding the variabilities of the
summer—time precipitation in East Asia.
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