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Abstract

The autumn precipitation over southwest China is one of the main causes of
meteorological disasters. Using observed monthly station rainfall data and
HadISST and NCEP/NCAR analysis data, the impacts of three types of El
Nifo-Southern Oscillation (ENSO) events on the boreal autumn rainfall over

southwest China were determined. Over southwest China, autumn rainfall
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constitutes > 20% of the total annual rainfall and a marked decline in autumn
rainfall commenced around 1990. During La Nifia events, there is surplus
(deficit) over the middle (northwest and southeast) of southwest China. In

Copyright © 2021 by author(s) and cnetral Pacific (CP) El Nifio events, the autumn rainfall anomaly shows a de-
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ficiency over China. The large-scale atmospheric circulation anomalies in the
three ENSO categories also exhibit distinct characteristics. During CP El Nifio
autumns, the pressure anomaly over the North Pacific Ocean displays a
“—+-7 structure, with a high-pressure anomaly over the Asian continent. An
anomalous cyclone appears over the western North Pacific (WNP). In EP El
Niflo autumns, the pressure anomaly over the North Pacific Ocean has a “+-”
structure, with a low-pressure anomaly over the Asian continent. An ano-
malous anticyclone appears over the WNP and the 500-hPa anomalies are
opposite to those of CP El Nifio events. During La Nifia autumns, the charac-
teristics of circulation present the opposite structure to those of CP El Nifio
events. This work is of certain significance for an in-depth understanding of
the impacts of ENSO on the autumn precipitation over southwest China.
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1. Introduction

The rainfall peak of most regions of China is during summer due to the effects of
the East Asian monsoon. In addition to the main summer peak, a second rainfall
peak appears in autumn in some areas. The most typical autumn rain pheno-
menon is observed in southwest China and is known as the Huaxi (104°E -
112°E, 29°N - 38°N) autumn. Huaxi autumn rain is one of the main causes of
meteorological disasters in southwest China. Study of autumn rains in southwest
China began during the 1930s, and numerous studies of the characteristics and
mechanism of the Huaxi autumn rain have been published (Zhang, 1941; Lv,
1942; Gao, 1958; Liang, 1989; Bai & Dong, 2004; Wang & Ding, 2008; Bao et al,,
2003; Kuang et al., 2008; Liu et al., 2012). Bao et al. (2020) analyzed the anomal-
ous features of summer monsoon circulations in 2017 with extremely strong au-
tumn precipitation Huaxi over eastern Chian, and explored the mechanisms. Xu
et al. (2020) investigated the interdecadal change of autumn rainfall in western
China. Chen et al. (2020) analyzed the interdecadal variability of autumn rain in
West China from 1961 to 2014 and its relationship with atmospheric circulation
and sea surface temperature. Zheng et al. (2018) studied the relationship be-
tween Huaxi autumn rain intensity and summertime heat content in the western
Pacific warm pool.

A phenomenon of widespread concern, the El Nifio-Southern Oscillation (ENSO)
has a significant influence on weather and climate around the globe (Bjerknes,
1969; Van Loon & Madden, 1981; Ropelewski & Halpert, 1987; Dong et al., 2000;
Zanchettin et al., 2008). For example, numerous studies of recent El Nifio events
have indicated that the El Nifio has a pivotal role in the Madden-Julian oscilla-
tion (Zhang & Gottschalck, 2002; Kapur & Zhang, 2012). As two large-scale
phenomena of the global climate system, the connections between the Asian
monsoons and ENSO have been examined in numerous studies (Webster &
Yang, 1992; Lin & Yu, 1993; Zhi et al., 2012; Wang et al., 2012; Yuan et.al., 2014;
He et al,, 2015). Zhang et al. (2021) analyzed the characteristics of atmospheric
circulation for the spring precipitation anomalies in Jiangxi and its response to
ENSO events. Liang et al. (2021) extensively examined the impacts of El Nifio
events on boreal summer rainfall over the East Asian Monsoon and South Asian
Monsoon regions and their associated mechanisms. Recent studies have indi-
cated that: there are two types of El Niflo: the conventional El Nifio, referred to
as eastern Pacific (EP) El Nifo, and a new type of El Nifo called central Pacific
(CP) El Niio (Larkin & Harrison, 2005; Ashok et al., 2007; Kao & Yu, 2009; Kug
et al., 2009). Yeh et al. (2009) reported that EP El Nifio has been less common,
whereas CP El Niflo has occurred more often since the early 1990s. Moreover,
for the cold episodes of ENSO (La Nifia), the zonal location of sea surface tem-
perature (SST) anomalies has shown no significant change. The characteristics of
the different types of ENSO and their impacts have been addressed in numerous
studies (Ren & Jin, 2011; Feng & Li, 2013; Yuan et al., 2012, 2014; Zhang et al.,
2011, 2014; He et al., 2015). The two types of El Nifio events have highlighted the
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importance of the central Pacific. Zhao et al. (2021) showed that the local corre-
lation between ENSO subsurface temperatures in the upper 100-m and thermoc-
line depth anomalies breaks down in the central equatorial Pacific, whereas Tsub
remains well correlated with sea surface height anomalies.

West China is one of the main autumn precipitation regions in China, and the
autumn rainfall over this region is one of the main causes of meteorological dis-
asters. Meanwhile, the characteristics of ENSO have highlighted the importance
of the precipitation over China, especially the impacts of different types of
ENSO. So, whether the shift of ENSO types gives rise to the change of autumn
rainfall over southwest China needs to be studied. This study focuses on the
characteristics of the different ENSO types and their possible effects on autumn
rainfall over southwest China.

2. Data and Methodology

For rainfall analysis, we mainly used the monthly station rainfall data (1961-2015)
supplied by the China Meteorological Administration. The Hadley Centre Glob-
al Sea Ice and Sea Surface Temperature (HadISST) analyses data sets (Rayner et
al., 2003) from January 1961 to December 2015 were mainly used in this study.
For identification of warm or cold ESNO episodes, the Nino3.4 index from Jan-
uary 1961 to March 2016 supplied by Climate Prediction Center (CPC) was
used. In this study, atmospheric circulation was examined using the National
Centers for Environmental Prediction/National Centers for Atmospheric Re-
search (NCEP/NCAR) reanalysis products (Kalnay et al., 1996) such as the sea
level pressure, geopotential height, and wind data sets for 1961 to 2015.

Anomalies for all variables were computed as the deviation from the 30-year
climatological mean (1971-2000). In this study, we focus on the boreal autumn
(September-November (SON)) season.

Vertically integrated water vapor transport (IVT) is vertically integrated from
the surface to 300 hPa with monthly data over the globe, but herein only data for
the area 10°S - 50°N, 90°E - 160°W are displayed. Data for wind, geopotential
height, and specific humidity fields were obtained from NCEP/NCAR reanalysis.

3. Results
3.1. Autumn Rainfall of Southwest China

Figure 1 displays autumn rainfall as a proportion of total annual rainfall for
China. Over southwest China, autumn rainfall accounts for more than 20% of
the total annual rainfall, in particular more than 25% over the Huaxi region
(104°E - 112°E, 29°N - 38°N) and the southwest of Yunnan Province. Figure 2
displays the standard time series of autumn rainfall anomaly over the Huaxi re-
gion from 1961 to 2015. The standard time series displays a marked decline in
autumn rainfall commencing around 1990. Based on the moving t test tech-
nique, there was a striking and significant decadal abrupt change in 1990. Prior

to 1990, autumn rainfall over the Huaxi region was dominated by interannual
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Figure 1. Autumn rainfall as a proportion of total annual rainfall in China.
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Figure 2. Time standard series of SON rainfall over the Huaxi region (104°E - 112°E, 29°N - 38°N). The block lines represent +1
standard deviation.

variability with oscillations between surplus and deficit. After 1990, autumn
rainfall over the Huaxi region is dominated by deficits until 2011. Thus, during
the 1990s and 2000s, the prevalent rainfall deficits caused frequent autumn drough-
ts.

3.2. Three Types of ENSO Events

Based on lagged correlation between the time series of SON rainfall and the Ni-
no3.4 SST anomaly in each month from the present year to the following year,
there is no significant linear correlation (not illustrated). However, there is a
connection between the autumn rainfall over southwest China and ENSO.
Numrous recent studies have shown that there are two types of El Nifio. Yeh et
al. (2009) indicated that EP El Nifio events are less common, whereas CP El
Niflo events have occurred more often since the early 1990s. We studied the
changes in ENSO on the basis of the Nino3.4 index. Figure 3 displays the evolu-
tion of the Nino3.4 index (in bar) from January 1961 to March 2016. Based on
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Figure 3. Anomaly time series of the Nino3.4 index (°C, bar) from January 1961 to May 2016. The solid thin lines denote +0.5°C.

the definition of ENSO, we used the Nino3.4 SST anomaly time series to identify
fifteen El Nifo and eleven La Nifia events (Table 1). We list the start and end
time for each warm or cold ENSO episode. We selected episodes that extended
over September, October, and November. Finally, we identified thirteen El Nifio
autumns (1963, 1965, 1972, 1982, 1986, 1987, 1991, 1997, 2002, 2004, 2006, 2009,
and 2015) and eleven La Nifla autumns (include 1964, 1970, 1971, 1973, 1975,
1988, 1995, 1998, 1999, 2007, and 2010).

Figure 4 and Figure 5 display the SST anomaly of all El Nifo events during
the period 1961-2015. The displayed values are the mean of SST anomaly from
September to November in each El Nifio year. It can be noted that each event
has a unique characteristic, so there are thirteen spatial patterns; however, it is
possible to classify these events into two groups on the basis of the zonal location
of the equatorial sea surface temperature anomalies (SSTA).

Six El Nifio events show stronger SSTA in the central Pacific and small posi-
tives anomalies in the western and eastern Pacific. Because the cation centre of
the SSTA is located in the central Pacific area, we call this group CP El Niflo.
Figure 4 shows the central Pacific (CP) El Nino, which are the events of 1986,
1991, 2002, 2004, 2006, and 2009. Most of these events occurred after 1990, so

this type of El Nifio was very active in recent decades.
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Figure 4. SST anomalies (°C) of El Nifio Events during 1961-2015. The anomalies are averaged from September to November. El
Nifio events are classified into Central Pacific (CP) El Nifio (this figure), and eastern Pacific (EP) El Nifo (Figure 5).
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Figure 5. Same as Figure 4, but for the eastern Pacific (EP) El Nifio events.
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Table 1. Warm and cold episodes, identified on the basis of a threshold of +0.5°C for the
Nino3.4 region SST anomaly from January 1961 to December 2015.

Start and end times (year and month)

1963.7-1964.1, 1965.3-1966.3, 1968.11-1969.4, 1972.6-1973.2,
1982.5-1983.6, 1986.9-1988.1, 1991.6-1992.7, 1994.10-1995.3,
1997.5-1998.5, 2002.5-2003.3, 2004.7-2005.5, 2006.8-2007.1,
2009.6-2010.4, 2015.3-2016.3

El Nifio

1964.4-1965.1, 1967.12-1968.5, 1970.7-1972.1, 1973.5-1974.7,
La Nifa 1975.2-1976.4, 1984.10-1985.5, 1988.5-1989.5, 1995.9-1996.2,
1998.7-2000.5, 2007.9-2008.5, 2010.7-2011.3

For the second group, unlike the CP El Nifo events, the stronger SSTA of
these El Nifio events is in the eastern Pacific and always extends to the central
Pacific. Because the caution centre of the SSTA is located in the eastern Pacific
area, so we call this group EP El Niflo. This group includes the 1963, 1965, 1972,
1982, 1987, 1997, and 2015 El Nifio events (Figure 5). The SSTA distribution of
this group is quite similar to that of the conventional El Nifio (Harrison & Lar-
kin, 1998). It is interesting that the strongest El Nifio events since 1950 are in-
cluded in this group, such as 1972-73, 1982-83, 1997-98.

We also investigated the SSTA distribution of all La Nifia events during
1961-2015 (not illustrated). The SSTA distributions of the La Nifia events are
similar to each other. This result agrees with the finding of other studies (Yeh et
al., 2009).

3.3. Autumn Rainfall Anomalies during ENSO

We used composite analyses to further investigate the possible relationship be-
tween the shift in ENSO types and autumn rainfall over southwest China. Using
the classification of ENSO described above, we composited the SON rainfall
anomalies.

Figure 6 displays the composites SON rainfall anomalies based on the ENSO
classification. during La Nifia events, a “+—+” structure from west through east
in autumn rainfall anomalies appears over China, with the distribution of the
rainfall anomaly being southwest-northeast. There is a rainfall surplus over the
middle of southwest China and a deficit over the northwestern and southeastern
areas of southwest China (Figure 6(c)). During EP El Nifo events, there is a
“+-" dipolar structure from south through north in autumn rainfall anomalies
over China, with a surplus to the south of the Yangtze River and a deficit to the
north of the Yangtze River and in the western of southwest China (Figure 6(b)).
In contrast, for CP El Nifio events, the autumn rainfall anomaly displays a deficit
over China (Figure 6(a)).

Note that remarkably different rainfall anomalies occur during the different
types of ENSO: for CP El Nifio events, the autumn rainfall anomaly shows re-
gional homogeneity that is all deficit; for EP El Nifio events, the autumn rainfall

anomaly displays an east-west distribution with a deficit in the west and a surplus
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Figure 6. Composites maps of SON rainfall anomalies (mm) for (a) CP El Nifio, (b) EP El Nifo, and (c) La Nifia events.

in the east; and for La Nifia events, the autumn rainfall anomaly is southwest-
northeast with a deficit in the west and east and a surplus in the middle. Thus,
autumn rainfall over southwest China is closely associated with different types of
ENSO events.

3.4. Autumn SST and Circulation Anomalies during ENSO

Because the differences in rainfall are associated with the atmospheric responses
to the three types of ENSO, Figure 7 and Figure 8 display composites of SON
SSTA and SLP anomalies, vertically integrated water vapor transport anomalies,
and 500-hPa geopotential height anomaly for CP El Niflo, EP El Niflo, and La
Nifia events.

Figure 7 displays composite maps of the boreal autumn SST anomaly and SLP
anomalies for the three ENSO categories. Comparing CP and EP El Niiio events,
we can note that EP Nifo (Figure 7(b)) years show a broad positive SST ano-
maly extending from 180° to the South American coast, and the maximum SST
anomaly in CP El Nifio events (Figure 7(a)) is reduced in magnitude and shifted
westward toward the central equatorial Pacific Ocean relative to EP El Nifo
events (Figure 7(b)). This finding is similar to the results of previous studies
(Kug et al., 2009; Kim & Alexander, 2015). In contrast in the western Pacific and
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Figure 7. Composite maps of SON SST anomalies (°C, shading) and SLP anomaly (hPa, contour) for (a) CP El Nifio, (b) EP El
Nifo, and (c) La Nifia events.
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Figure 8. Composites of the magnitude and direction of the anomalous vertically integrated water vapor transport anomalies
(kg:m™.s™!, shadding and vector) and 500-hPa geopotential height anomaly (m, contour) during the boreal autumn for (a) CP El
Nifo, (b) EP El Nifio, and (c) La Nifia events.
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the nearly maritime continent, the SST anomaly in EP El Nifo events (Figure
7(b)) displays a marked deficit relative to CP El Nifio events (Figure 7(a)). In
the area near the Japan Sea, the SST anomaly shows a surplus (deficit) in CP
(EP) El Niflo events. The SST anomaly in La Nifia (Figure 7(c)) shows a broad
negative patch extending from the South American coast to 160°E, and the mode
of SST anomaly distribution is almost opposite between EP El Niflo (Figure
7(b)) and La Nifla (Figure 7(c)) events.

The corresponding large-scale atmospheric circulation anomalies in these
three ENSO categories also exhibit distinct characteristics. In CP El Niflo events
(Figure 7(a)), the pressure anomaly over the North Pacific Ocean exhibits a

»

“—+-" structure, and the high pressure anomaly is centered near 30°N, 160°E; in
addition, a high pressure anomaly is present over the Asian continent, centered
near 45°N, 100°E and 35°N, 97°E. In EP El Niilo events (Figure 7(b)), a pressure
anomaly over the North Pacific Ocean displays a “+-" structure and there is a
low pressure anomaly over the Asian continent, centered near 45°N, 100°E. In
La Nifia events (Figure 7(c)), the pressure anomaly over the North Pacific

<

Ocean exhibits a “—+” structure, which is opposite to the EP El Nifio events, and
there is a high pressure anomaly centered near 45°N, 170°W; furthermore, a low
pressure anomaly occurs over the Asian continent, which is similar to EP El
Nifo events.

Figure 8 displays the composite maps of the magnitude and direction of the
anomalous vertically integrated water vapor transport (IVT) and 500-hPa geo-
potential height anomaly during the boreal autumn for the three ENSO catego-
ries.

During CP El Nifio autumns (Figure 8(a)), large negative IVT anomalies are
apparent over the central Pacific and positive IVT over the North Pacific. An
anomalous cyclone appears over the WNP, which can inhibit the moisture trans-
ported northward to China from the south and result in low rainfall over south-
ern China. Moreover, the 500-hPa anomalies exhibit a dipolar structure, with the
positive anomalies over the Asian continent and negative anomalies appear over
the northeast Pacific.

During the EP El Nifio autumns (Figure 8(b)), large negative IVT anomalies
are apparent over the central and western Pacific. The 500-hPa anomalies exhibit
a dipolar structure; positive anomalies appear over the northeast Pacific and
negative anomalies over Asian continent, which is the opposite to CP El Nifio
autumns. An anomalous anticyclone appears over the WNP, which can trans-
port more moisture to southeastern and eastern Asia, leading to an increase in
rainfall over southern China.

During La Nifia autumns (Figure 8(c)), large positive IVT anomalies are ap-
parent over the central Pacific, which is almost opposite to that occurring during
EP El Niflo autumns. Probably as a response to the warming SST anomaly over
the western Pacific, an anomalous cyclone emerges over the WNP and is centred
over the South China Sea, because this airflow is derived from the western Pacif-
ic. This causes a rainfall surplus over the middle of southwest China and deficits
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over other regions. Moreover, the 500-hPa anomalies exhibit a dipolar structure,
with positive anomalies over the north Pacific and the northern Asian continent

and negative anomalies over the south Pacific and the southern Asian continent.

4. Summary

It has been well known that the autumn rainfall over West China is one of the
main causes of meteorological disasters, and the different classification of ENSO
has highlighted the importance of the precipitation over China. This study ana-
lyzed the characteristics of the different ENSO types and their possible effects on
autumn rainfall over southwest China.

1) Over southwest China, the autumn rainfall accounts for more than 20% of
the total annual rainfall. After 1990, the autumn rainfall over the region is do-
minantly showed a deficit until 2011.

2) The large-scale atmospheric circulation anomalies for the three ENSO cat-
egories also exhibit distinct characteristics. In CP El Niflo events, the pressure

3

anomaly over the North Pacific Ocean exhibits a “—+-" structure. In EP El Nifio
events, a pressure anomaly over the North Pacific Ocean displays a “+-" struc-
ture. In La Nifa events, the structure of pressure is opposite to the EP El Nifio
events.

3) During CP El Niflo autumns, large negative IVT anomalies occur over the
central Pacific and positive IVT anomalies over the North Pacific. An anomalous
cyclone appears over the WNP. In EP El Nifio autumns, large negative IVT
anomalies are present over the central and western Pacific. An anomalous anti-
cyclone appears over the WNP, and the structure of 500-hPa is opposite to CP El
Nifio autumns. During La Nifia autumns, large positive IVT anomalies are al-
most opposite to those occurring during EP El Niflo autumns.

Thus, because of the different atmospheric responses to SST, the rainfall res-
ponses over southwest China to three types of ENSO events ate differently. The
mechanism of the impact of different types of ENSO events on rainfall over

southwest China requires further investigation.
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