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Abstract

This work contrasts the climatic impacts of so-called warm-pool (WP) and cold-tongue (CT) El Nifio on the atmo-
spheric circulation over the western North Pacific (WNP). It is found that the anomalous atmospheric circulation over
the WNP is nearly opposite in response to these two types of El Nifio events in developing autumn. A weak anomalous
anticyclone appears over the WNP during CT El Nifio, whereas a weak anomalous cyclone emerges in the same region
during WP El Nifio. These nearly opposite autumn responses of atmospheric circulation have a significant impact on
East Asian climate, and southern China autumn rainfall in particular, although this contrast tends to diminish as El Nifio
events enter their mature phase.

1. Introduction

The El Nifio-Southern Oscillation (ENSO) phe-
Corresponding author: Wenjun Zhang, College of Atmo- ~— NOmMenon has aroused widespread concern, because it
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and Technology, Nanjing 210044, China. the globe (e.g., van Loon and Madden 1981; Ro-
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ditions give rise to pronounced anomaly patterns in
seasonal climate in China and the United States (e.g.,
Huang and Wu 1989; Harrison and Larkin 1998). These
significant relationships between ENSO and its remote
impacts are a solid basis for regional seasonal predic-
tion, However, these relationships are likely subject to
change along with changes of ENSO regime (e.g., Ren
and Jin 2011).

Recent studies have indeed shown that, in addition
to the conventional El Nifio (referred to as cold-tongue
(CT) El Niio), a new type of El Nifo, referred to as
warm-pool (WP) El Nino (Kug et al. 2009), has become
increasingly common in recent decades. The WP El
Nifio, also known as the dateline El Nifio (Larkin and
Harrison 2005), El Nino Modoki (Ashok et al. 2007),
or the central-Pacific El Nifio (Kao and Yu 2009), de-
scribes a type of warm event with sea surface temper-
ature (SST) anomalies (SSTA) confined to the central
Pacific by the warm pool edge. The influence of the WP
El Nifio on climate is distinct from that of the conven-
tional El Nifio (e.g., Larkin and Harrison 2005; Weng et
al. 2007; Cai and Cowan 2009; I'eng and Li, 2011).

Itis generally recognized that the interannual climatic
variations over East Asia are related to the ENSO cycle
(e.g., Huang and Wu 1989; Wang et al. 2000). Previous
studies have indicated that the eastern-central Pacific
warming has an influence on the East Asian circula-
tion through an anomalous anticyclone over the western
North Pacific (WNP) during the conventional El Nifio
(e.g., Wang et al. 2000). They pointed out that an an-
ticyclone forms in the El Nifio developing autumn and
persists for two or three seasons. The initiation and per-
sistence of the WNP anticyclone may be attributed to
local air-sea interactions (e.g., Wang et al. 2000), and
remote impacts of Indian Ocean (e.g., Watanabe and Jin
2002; Yang et al. 2007).

In this study, we also focus on the WNP atmospheric
circulation associated with the WP and CT El Nino
events and their related climatic impacts. Our analyses
show that the WP EI Nifio-related SST pattern can in-
duce an anomalous cyclonic circulation over the WNP
during developing autumns, which is nearly opposite to
the response during the CT El Nifio. These contrasts in
atmospheric circulation responses appear to be respon-
sible for opposing impacts on southern China autumn
rainfall.

2. Data and methods

The SST datasets used in this study are HadISST1

from the Hadley Center (1951-2009) (Rayner et al.

2003). Reanalysis from the National Center for Envi-
ronmental Prediction (1951-2009) (Kalnay et al. 1996)

Vol. 89, No. 5

and the Climate Prediction Center Merged Analysis of
Precipitation (CMAP) data (1981-2009) (Xie and Arkin
1996) are used to explore the El Nifo-related telecon-
nections. We also use monthly station rainfall data for
China (1951-2009) from the China Meteorological Ad-
ministration. Anomalies are defined as deviations from
the climatological mean.

In the 18 El Nifo autumns defined by the Climate
Prediction Center, we identify nine CT El Nifio years
(1951, 1957, 1963, 1965, 1972, 1976, 1982, 1987, and
1997) and nine WP El Nifio years (1969, 1977, 1991,
1994, 2002, 2003, 2004, 2006, and 2009) based on
SSTA patterns. The events, having larger SSTA in
the eastern (central) Pacific east (west) of 150°W, are
classified into the CT (WP) El Nifio autumns. These
years have also been identified in previous studies (e.g.,
Larkin and Harrison 2005; Kim et al. 2009). Because
of the limitations of CMAP data, only the events after
1979 are used for the El Nifio composites when analyz-
ing associated rainfall anomalies in the tropical Pacific.

3. Results

3.1 SST and the walker circulation anomalies

We first examine composites of SST, rainfall, and
the Walker Circulation anomalies for the CT and WP
El Nifo events. The autumn (Sep—-Oct—Nov) mean is
mainly taken to display differences in their climatic im-
pacts. In the case of the CT El Nifio during developing
autumn, large positive SSTA cover the eastern and cen-
tral Pacific centered over the eastern equatorial Pacific,
accompanied by negative SSTA in the western Pacific
(Fig. 1a). The WP El Nifo, however, is characterized
by maximum SSTA near the date line during developing
autumn (Fig. 1b). There are no significant cold SSTA
over the western Pacific, which also differs from the CT
El Nifio.

Given the contrasting SSTA patterns of the two types
of El Nifio, the associating impacts on atmospheric cir-
culation are supposed to be different. As shown in
Figs. 1¢ and 1d, the anomalous Walker Circulations are
very different between the two types of El Nifio. During
the CT El Nifio developing autumn, there are anoma-
lous atmospheric rising and wetness over the eastern
and central equatorial Pacific. Anomalous atmospheric
sinking is over the western equatorial Pacific, associated
with anomalous dryness. Consistent with the SSTA pat-
tern of the WP El Nifio during developing autumn, the
associated rising branch is shifted westward and located
between 140°-170°E, with anomalous wetness in the
middle and lower troposphere. The atmospheric sink-
ing motions are dominant in the region west of 140°E
and in the lower troposphere over the eastern equato-
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Fig. 1.

Composites of SST (shaded in “C) and rainfall (contours in mm d ') anomalies for the CT (a) and WP

El Niiio (b). Color shading indicates that SSTA exceed 0.05 confidence level (Student’s t-test). Composites of
anomalous Walker Circulation averaged over 5°8-5°N based on the CT (c) and WP (d) El Nifio events. The
anomalous vertical velocity at the pressure levels has been multiplied by a factor of —50. The composite specific

humidity is shaded in (c) and (d).

rial Pacific. Similarly, the WP El Nifo-related rainfall
anomaly is also shifted westward compared to the CT
El Nifio (Figs. 1a, b). In addition, the intensity and spa-
tial scale of the rainfall anomaly are both smaller during
the WP EI Nino than those during the CT El Nino.

3.2 Awtmospheric circulation anomalies over the WNP
and related impacts
Zhang et al. (1996) speculated that suppressed con-
vection in the western Pacific, induced by warming in
the eastern Pacific, influences the circulation over the
tropical western Pacific and East Asia. The impact of
ENSO on the East Asian climate has been referred to
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Fig. 2. Composites of wind anomalies (m s‘l} at 700 hPa for the CT El Nifio (a) and the WP El Nifio (b). “A”
and “C" in the figure denote anticyclone and cyclone, respectively. Sea level pressure (SLP) anomalies (hPa) are

indicated by contour lines.

as “Pacific-East Asian teleconnection”, including the
central Pacific cyclone, the WNP anticyclone, and the
northeastern Asian cyclone (Wang et al. 2000). The
WNP anticyclone is also clearly shown in Fig. 2a, based
on the CT El Nifio events. Because the WP El Nifio
is characterized by a different SSTA pattern compared
to the CT El Nifio, a different teleconnection pattern
emerges. Along with a westward shift of the Pacific
warming, the anomalous rising branch of the Walker
Circulation and positive convective heating anomalies,
there is an anomalous cyclone residing over the WNP
instead of an anomalous anticyclone during the WP El
Nifno developing autumns (Fig. 2b). Associated with
the cyclonic anomaly near 20°N, 130°E, anomalous
northerlies prevail over southern East Asia, which is op-
posite to those happening during the CT El Nifio au-
tumns. Therefore, the different SST patterns during

the CT and WP EI Nifio developing autumns result in
markedly different impacts on the East Asian climate.
For CT El Nifo events, the southeasterly associated
with the WNP anticyclone leads to a wetter-than-normal
climate over southern East Asia, which is also men-
tioned in previous studies (e.g., Wu and Hu 2003; Niu
and Li, 2008). In contrast, the northerly associated with
the WP El Niiio tends to cause a drier-than-normal cli-
mate over East Asia. Also, we examined the differences
of the WNP atmospheric circulation anomalies between
the two types of El Nifio during the mature phase. It
is found that the marked contrasts tend to diminish in
the following season. For example, the anomalous an-
ticyclone strengthens during the CT El Nifio winters,
whereas the anomalous cyclone tends to disappear and
an anomalous anticyclone emerges near 120°E, 10°N
during the WP El Nifio winters (not shown).
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Fig. 3. Composite autumn rainfall anomaly (mm/d) pattern in China for cold tongue (CT) El Nifio and warm

pool (WP) El Nifio events. Omitted from the figure are values that are not significant at the 0.1 confidence level

(Student’s z-test).

Figure 3 shows the autumn rainfall anomaly for the
CT and WP El Niiio composites. The rainfall anoma-
lies associated with the CT El Nifo show a striking
dipole with a dry polarity located over northern China
and a wet polarity over southern China. However, East
China experiences largely dry conditions during WP El
Nifio autumns, with markedly dry regions in the mid-
dle and lower reaches of the Yangtze River valley and
in southwestern China. The remarkable differences in
rainfall anomalies between the two types of El Nifio
are most pronounced in southern China, where the (wo
types have opposing influences.

3.3 Model experiments

In order to test the hypothesis that the anomalous
WNP cyclonic circulation is mainly due to the associ-
ated SSTA during the WP El Nifio developing autumn,
the model experiments have been conducted by pre-
scribing elliptical positive SSTA in the central Pacific
(centered at 175°W) during the autumn season (Fig. 4a).
This ideal SSTA pattern is similar to the central Pacific
warming associated with the WP El Nifio. The atmo-
spheric general model used here is the NCAR Commu-
nity Atmosphere Model version 3 (CAM3) (T421.26)
(Collins et al. 2004). 10-member ensemble experi-
ments are carried out with independent atmospheric ini-
tial conditions. Each member is initialized on Febru-

ary 1 and integrated for 10 months. Corresponding 10-
member control experiments are conducted with pre-
scribed seasonally-varying climatological SST.

Figure 4b shows the ensemble-mean low-level wind
and SLP anomalies in autumn. Under the central Pacific
warming forcing in Fig. 4a, the observed anomaly fea-
tures in Fig. 2b are well captured by the simulation. In
autumn, the positive SSTA in the central Pacific cause
an increase in rainfall over the western and central Pa-
cific (not shown). In association with the increasing
rainfall, the enhanced convective heating excites a ¢y-
clone over the WNP, likely as a Rossby wave response
(Fig. 4b). Therefore, the anomalous northerlies domi-
nate over East Asia. In terms of SLP, low anomalies are
displayed over the WNP, with high anomalies in the In-
dian Ocean and northern Asia. The consistence between
the observation and model results leads us to deduce that
the central Pacific warming associated with the WP El
Nifo can result in a WNP cyclone in autumn.

Previous studies have indicated that the warming in
the eastern Pacific and the Indian Ocean, along with
cooling in the western Pacific, all play a considerable
role in the formation of the WNP anticyclone during C'T
El Nifio developing phase by conducting model exper-
iments (Watanabe and Jin 2002; Li et al. 2005). Simi-
lar results can also be reproduced in our modeling ex-
periments (not shown). Therefore, different SSTA pat-
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Fig. 4. (a) Specified SSTA (“C) pattern in the numerical experiment. (b) Ensemble-mean response of wind (vectors
inm s~ 1) at 700 hPa, and SLP (contours in hPa) to the central Pacific warming during autumn.

terns associated with the two types of El Nifio lead to
different responses in atmospheric circulation over the
WNP. However, during the WP El Nifio mature phase,
the anomalous cyclone over the WNP tends to diminish,
which is possibly related to the slightly eastward shift
of positive SSTA in the central Pacific (not shown), the
strengthening effect of the Indian Ocean, and impacts of
the strong Asian winter monsoon.

4. Concluding remarks

The present study demonstrates that the teleconnec-
tions between Pacific warming and the climate in East
Asia are different during CT and WP El Nifio devel-
oping autumns. For CT El Nifio events, an anomalous
WNP anticyclone is the key system linking East Asian
climate to eastern-central Pacific warming, as docu-
mented by Wang et al. (2000). The WNP anticyclone
forms in the CT El Nifo developing autumns, whereas
an anomalous cyclone appears over the WNP during
WP El Nino developing autumns. Our observations and

model results suggested that the cyclone is a response
to the WP El Nifo-related SSTA in the central tropi-
cal Pacific. Consequently, the CT (WP) El Nifio results
in increased (decreased) rainfall over southern China in
autumn because the southwesterlies (northerlies) asso-
ciated with the WNP anticyclone (cyclone) bring wet
(dry) air toward southern China. However, the contrast
of the anomalous WNP atmospheric circulation tends to
diminish as the two types of El Nifio events enter their
mature phase.

In recent decades, recurrent autumn droughts hap-
pen over southern China, especially the cases of se-
vere droughts in the autumns of 2004 and 2009, which
created serious drinking water problems for millions of
people and damaged thousands of hectares of cropland.
It is possibly associated with more frequent WP El Nifio
events that occurred in the late 20th century. Yeh et
al. (2009) suggested that the WP El Nino would occur
more frequently under global warming, which would
lead to an increasing frequency of autumn droughts over
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southern China in a warming world.
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