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.e summer precipitation produced by the East Asian summer monsoon (EASM) is significantly affecting agriculture and
socioeconomics. Based on the Precipitation Reconstruction dataset in East China from 1950 to 2017, we investigate the spa-
tiotemporal variations of summer precipitation, influencing environmental factors and their relation with the EASM and the
Pacific Decadal Oscillation (PDO) in both central Pacific (CP) El Niño developing and decaying years. Results indicate the
following: (1) .e evolutions of CP El Niño events modulate the summer precipitation anomalies in East China. In the cool PDO
phase, CP El Niño causes enhanced precipitation anomalies in the decaying years but less precipitation anomalies in the de-
veloping years, and vice versa for the warm PDO phase. (2) Atmospheric circulation anomalies drive the moisture transportation
and combine the motion of western Pacific subtropical high resulting in the variation of precipitation patterns. Anomalous
cyclone over the western North Pacific and the sustained Western Pacific Subtropical High (WPSH) are favorable for the
increment of summer precipitation. (3) .e different CP El Niño-EASM relationship is caused by the influences of PDO on the
evolution of CP El Niño. CP El Niño develops slowly (decays rapidly) and is associated with rapidly developing (slowly decaying)
anomalous warming in the north Indian Ocean during the developing (decaying) years.

1. Introduction

Variations in the intensity of East Asian summer monsoon
(EASM) greatly influence the summer precipitation distri-
butions in East China. On interannual timescales, El Niño is
one of the most indispensable factors contributing to the
EASM variability [1–3]. Sea surface temperature (SST)
anomalies in the equatorial eastern-to-central Pacific during
El Niño-Southern Oscillation (ENSO) events disturb at-
mospheric circulations including those associated with the
EASM [4–6]. It is known that ENSO activities and its tel-
econnections can be modulated on decadal timescales by the
Pacific Decadal Oscillation (PDO)..e PDO has two general
periodicities, one from 15 to 25 years and the other from 50
to 70 years [7]. Its high (i.e., positive, warm) phase is
characterized by positive SST anomalies in the eastern
equatorial Pacific and negative SST anomalies in the North

Pacific, and there is an opposite polarity of the SSTanomalies
in its low (i.e., negative, cool) phase [7, 8]. Chan and Zhou
[9] proposed that the relationships between summer
monsoon rainfalls over South China are associated with the
intensity of the subtropical high modulated through the
superposition of the influences of ENSO and PDO. When El
Niño and PDO are in phase (i.e., El Niño occurring during a
warm PDO phase), positive extratropic-related precipitation
anomalies occur over northeastern Asia, resulting in an
Eurasian-like pattern and associated strengthening of the
EASM, while this precipitation pattern weakened when
ENSO and PDO are out of phase [10]. On the other hand,
anomalous tripolar rainfall pattern and dipole rainfall pat-
tern in China in El Niño/high PDO and El Niño/low PDO
result in modifying the background tropical winds [11].
Zhang et al. [12] suggested that the seasonal precipitation
anomalies in southeastern China are determined by air-sea

Hindawi
Advances in Meteorology
Volume 2020, Article ID 2747194, 15 pages
https://doi.org/10.1155/2020/2747194

mailto:songwj@cma.gov.cn
https://orcid.org/0000-0003-3236-5824
https://orcid.org/0000-0003-3730-6196
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/2747194


interactions associated with lower (higher) EASM/non-
EASM ratios in warm (cool) ENSO/PDO phases.

During the recent few decades, the central Pacific (CP)
type of El Niño has occurred more frequently [13–19]. .e
EP and CP types of El Niño have their SST anomalies
centered, respectively, in eastern and central equatorial
Pacific. Since the late 1970s, with the frequent occurrence of
the central Pacific El Niño [13, 16–18], there has been much
research into the connection between two types of El Niño
and summer precipitation in East China [11, 20–28]. When
CP El Niño occurs, the far northern part of northeast China
is dry and warm, whereas southeast China experiences
positive precipitation anomalies [23, 24, 26, 27, 29]. Several
physical mechanisms have been proposed to suggest how
two types of El Niño can still exert an influence on the
summer precipitation over East China [30–34]. [31, 32],
suggesting that strong positive precipitation anomalies in
central China are closely related to the anomalous anticy-
clone that appears over the western North Pacific. Xie et al.
[33] proposed the Kelvin wave-induced Ekman divergence
mechanism to explain the East Asia climate during summer
following El Niño events. Zhang et al. [34] considered that
summer extreme precipitation in eastern China is modu-
lated by the westward extension of western North Pacific
subtropical high. South Asian high also influences extreme
precipitation over eastern China by modulating the position
and amplitude of western North Pacific subtropical high,
which is identified as a semipermanent anticyclonic circu-
lation pattern in the upper troposphere and cyclonic cir-
culation in the lower troposphere over the Asian continent
in the boreal summer [35–37]. Lv et al. [30] argued that the
summer monsoon and tropical cyclone anomalies in ENSO
developing and decaying years are responsible for the dif-
ferent precipitation patterns in three phases (EP El Niño, CP
El Niño, and La Niña). Li et al. [38] thought that CP El Niño
events are associated with strong northward shifting of the
Western Pacific Subtropical High (WPSH) and anomalous
anticyclonic activity over the South China Sea and
Philippines.

Until recently, most studies have focused on each other’s
relationships among decadal or annual variations and
precipitation but overlooked other important processes that
are affected by evolution characteristics of El Niño, especially
the CP El Niño. .e evolution of El Niño is crucial for
accurate assessment of precipitation distribution and in-
tensity. During the developing El Niño summer, positive
SST anomalies strengthen convective activities over the
equatorial central and eastern Pacific and induce an
anomalous cyclonic circulation in the lower troposphere
over the western North Pacific through the Gill-Matsuno
mechanism [39, 40]. Anomalous cyclonic circulation
weakens the EASM to result in negative precipitation
anomalies over the southern part of East China and positive
precipitation anomalies over the central part of East China
[6, 11, 41]. Zhang and Zhou [42] suggested that anomalous
cyclonic activities happen over the East Asian continent
associated with the Silk Road teleconnection pattern at the
upper troposphere and give rise to the enhanced rainfall in
south China in the El Niño developing summer. During the

decaying summer of El Niño, positive SST anomalies in the
equatorial central-eastern Pacific recede or nearly vanish
[43], whereas anomalous SST warming occurs in the Indian
Ocean [33, 44] and North Pacific [45]. .rough the Indian
Ocean capacitor mechanism and local atmosphere-ocean
interaction mechanisms, warming in the latter two regions
induces an anomalous anticyclone over the Northwestern
Pacific, which strengthens the EASM to produce a precip-
itation anomaly pattern in East China [33, 45]. Tripolar
precipitation anomalies pattern is caused by the combina-
tion of the Pacific-Japan teleconnection pattern and remote
anomalous warm SST forcing from the Indian Ocean
[42, 46]. .e aforementioned studies have focused on the
evolution of El Niño and its effect on the precipitation.
However, how summer precipitation responses to the CP El
Niño events under the influence of PDO still achieved less
attention. Hence, it is necessary to explore the relationship
between the summer precipitation and the evolution of CP
El Niño under the influences of the PDO.

.is paper is organized as follows: Section 2 describes
the data and methods in this study. In Section 3, we
compare the features of the anomalous EASM in the de-
veloping and decaying summer of CP El Niño between the
warm and cool PDO phases. Section 4 depicts the variation
of the anomalous equatorial SSTduring the developing and
decaying periods of CP El Niño in the warm and cool PDO
phases. .en we discuss the mechanism of the different CP
El Niño-EASM relationships between the warm and cool
PDO phases. Conclusions and discussion are given in
Section 5.

2. Data and Methods

.e following datasets are used in this study and cover the
period from January 1950 to December 2017: monthly ex-
tended reconstructed SST (ERSST V4, [47]) from the Na-
tional Oceanic and Atmospheric Administration (NOAA),
boreal summer (i.e., June–July–August: JJA) monthly pre-
cipitation from the Precipitation Reconstruction [4], and
monthly OLR from the NOAA for the period of 1974–2017
[48]. For computing the moisture budget [49], we use the
total precipitation and evaporation of ERA5 monthly av-
eraged data on single-levels dataset from European Centre
for Medium-Range Weather Forecasts, covering the period
from 1979 to 2017 [50]. .e moisture budget equation is
written when assuming conservation of water vapor and
ignoring ice formation [49]. All data are detrended by re-
moving their linear trends before analysis. Anomalies are
calculated as the departures from the climatology over the
entire period after the detrending. Statistical significances
are performed with Student’s t-test.

Also used in this study is the monthly PDO index
downloaded from the Joint Institute for the Study of the
Atmosphere and Ocean (http://jisao.washington.edu/pdo;
http://ffden-2.phys.uaf.edu/645fall2003_web.dir/), [7, 8, 51].
Ocean Niño Index (ONI) is downloaded from the Climate
Prediction Centre. According to the identification methods
proposed by previous studies [16], we identify twelve CP El
Niño events during the analysis period (Table 1). .e
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identification methods are based primarily on the EPI and
CPI indices [16]. Eight of CP El Niño events occurred during
the cool PDO phase, while the other four occurred during
the warm PDO phase (also shown in Table 1). For each CP El
Niño event, we consider the developing summer as the June-
July-August (JJA) season before the event peak and the
decaying summer as the JJA season following the peak.

3. Results

3.1. Spatial Pattern of Summer Precipitation Anomalies.
To explore the spatial pattern variation of summer precip-
itation from 1950 to 2017, the composite analysis method is
used. Figure 1 shows that summer precipitation of long-term
mean exhibits an obvious increment in southeastern China
(Figure 1(a)). In this study, four different cases are classified
with developing (decaying) CP El Niño and cool (warm)
PDO phases. In the cool PDO phase, weak positive pre-
cipitation anomalies occur in the central section of China
(35°N–38°N, weak central pattern) during the developing
summer of CP El Niño (Figure 1(b)), while the ranges of
positive precipitation anomalies extend southward and
westward (32°N–38°N, strong central pattern) in the
decaying summer (Figure 1(d)). In the warm PDO phase, the
significant positive precipitation anomalies (strong central-
southern pattern) occur in the central and south sections of
China in the developing summer (Figure 1(c)), while they
are associated with weaker amplitude and smaller range
(weak southern pattern) during the decaying summer
(Figure 1(e)). Temporal evolution of zonal mean (east of
110°E) precipitation anomalies is shown in Figure 2. In
consistency with the composite precipitation patterns
(Figure 1), positive precipitation anomalies increase from
the developing summer to the decaying summer during the
cool PDO phase (Figures 2(b) and 2(d)) and decrease during
the warm PDO phase (Figures 2(c) and 2(e)). Feng et al. [52]
investigated the impact of CP El Niño on China rainfall in
the decaying phase and considered that classical El Niño
combined with the western North Pacific anticyclone brings
about plentiful moisture to southern China, while there is no
obvious rainfall in CP El Niño resulting in weakened western
North Pacific anticyclone. We found that weak precipitation
anomalies indeed happen in the decaying-warm PDO phase,
while the enhanced precipitation anomalies happen during
the developing-warm PDO phase and decaying-cool PDO
phase.

3.2. Atmospheric Circulation Anomalies. .e WPSH (typi-
cally denoted by the 5865 gpm contour) is one of the most
important influence factors on the precipitation anomalies,

and its strength and position affect where floods and
droughts might occur in East China [11]. We show in
Figure 3 the climatological WPSH patterns from June to
August together with the WPSH patterns composite during
the developing summer and decaying summer of the CP El
Niño. .e climatological WPSH gradually shifts northward
from June to August, while the western edge of the WPSH
almost remains unchanged from June to July (Figure 3(a)).
In the cool phase of PDO, the WPSHs in summer show a
similar pattern that the WPSHs shift northward by two steps
(Figures 3(b) and 3(d)). In the developing-warm PDO, the
WPSH significantly shifts southward in June and remains
stationary from July to August (Figure 3(c)).

.e western North Pacific is an important source of
atmospheric moisture and the characteristics of the local
water budget influence the amount of moisture that flows
into East China. A water vapor budget analysis is a useful tool
for studying processes leading to precipitation. .e moisture
continuity equation is composited with the calculation
among atmospheric dynamics, water vapor fields, surface
conditions, and precipitation [34]. Composite analysis of the
moisture budget over the western tropical Pacific shows that
the moisture budget decreases from cool to warm PDO
phases regardless of the evolution of CP El Niño (Figure 4).
Meanwhile the difference of the moisture budget between the
developing and decaying CP El Niño summers in the cool and
warm PDO phases exhibits that the negative moisture budget
occurs over the western equatorial Pacific in the cool PDO
phase (Figure 5(a)), while slightly positive moisture budget
occurs over the western equatorial Pacific in the warm PDO
phase (Figure 5(b)). Positive moisture budget between the
cool and warm PDO phases in the developing and decaying
years indicates more water vapor transportation over the
western equatorial Pacific in the cool PDOphase regardless of
developing or decaying CP El Niño stages (Figures 5(c) and
5(d))..is is consistent with the previous literature [8], where
the precipitation anomalies in China decrease in warm PDO
phase and increase in cool PDO phase.

Large-scale atmospheric circulation over the western
North Pacific provides a transport channel of the water
vapor [34]. Figure 6 shows the monthly mean wind
anomalies at sigma level 0.995 in boreal summer (JJA, June-
July-August). In the cool PDO phase, cyclonic circulation
extends eastward over the Philippine Sea at about 20°N in the
developing summer (Figure 6(a)). In the decaying summer,
anomalous northerly and easterly winds converge over the
central part of China (Figure 6(b)) and combine the
strengthening and westward shifting WPSHs (Figure 3(d)),
leading to the slightly positive precipitation anomalies oc-
curring over the central part of China (Figures 1(d) and

Table 1: List of CP El Niño years classified based on the different PDO phases during 1950–2017.

Types PDO negative (cool) phase (1947–1976, 1998–2017) PDO positive (warm) phase (1977–1997)
CP El
Niño

1957/1958, 1963/1964, 1965/1966, 1968/1969, 1969/1970, 2002/2003, 2004/2005,
2009/2010

1977/1978, 1987/1988, 1991/1992, 1994/
1995
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2(d)). In the warm PDO phase, anomalous northwesterly
winds develop from the western North Pacific and combine
the anomalous northern winds in the north section of China
bringing enough water vapor to the continent (Figure 6(c))
and induce significant positive precipitation anomalies in
the developing summer (see Figures 1(c) and 2(c)). In the
decaying summer, anomalous cyclonic activities occurring
over the eastern coast of China are stronger than those in the

developing stage (Figure 6(d)). Meanwhile anomalous an-
ticyclonic activities appear over the western North Pacific
associated with strong amplitude in the decaying period.
Positive SST anomalies over the Indian Ocean are favorable
for the formation of the anomalous anticyclone over the
subtropical northwest Pacific during the decaying period,
which can be explained by the Kelvin wave-Ekman diver-
gence mechanism [33]. Combining the slightly northward
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Figure 2: Temporal evolution of composite zonal mean (east of 110°E) precipitation in (a) climate mean and four cases: (b) developing-cool
PDO, (c) developing-warm PDO, (d) decaying-cool PDO, and (e) decaying-warm PDO. Signals above the 95% confidence level are
highlighted by black dots.
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Figure 1: Composite precipitation (mm/day) for boreal summer (JJA) in (a) climate mean and four cases: (b) developing-cool PDO, (c)
developing-warm PDO, (d) decaying-cool PDO, and (e) decaying-warm PDO. Signals above the 95% confidence level are highlighted by
black dots.
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shifting of the WPSHs, a relatively weak southern pattern is
monitored over east China (Figure 1(e)).

4. Possible Mechanism

4.1. Evolution of CP El Niño. Figure 7 shows the evolution
process of SST anomalies in boreal summer. .e warm SST
anomalies in central equatorial and north Indian Ocean
develop greater in the developing CP El Niño/warm PDO

phase and decaying CP El Niño/cool PDO phase. In de-
veloping CP El Nino/cool PDO phase, the SST anomalies
shift to warm anomalies over the central equatorial Pacific,
and there is no obvious change over the northern Indian
Ocean (Figures 7(a)–7(c)). In decaying CP El Nino/cool
PDO phase, the SST anomalies shift to cold anomalies over
the central equatorial Pacific, and warm SSTanomalies in the
northern Indian Ocean weaken (Figures 7(d)–7(f)). .e
warm anomalies in northern Indian Ocean and central
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Figure 3: Monthly location of the Western Pacific Subtropical High (indicated by 5865 gpm contour) for (a) climatology (averaged for the
period of 1950–2017), (b) cool PDO in developing summers, (c) warm PDO in developing summers, (d) cool PDO in decaying summers,
and (e) warm PDO in decaying summers. Red, green, and blue lines represent June, July, and August, respectively.
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Figure 4: Composite moisture budget (units: mm) for boreal summer (JJA) in (a) climate mean and four cases: (b) developing-cool PDO, (c)
developing-warm PDO, (d) decaying-cool PDO, and (e) decaying-warm PDO. Yellow lines indicate the 95% and higher confidence levels
using t-test.
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Figure 5:.e difference of the moisture budget (units: mm) between the developing and decaying CP El Niño summers (JJA) in the cool (a)
and warm (b) PDO phases and between the cool and warm PDO phases in the developing (c) and decaying (d) years. Mauve lines indicate
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Figure 6: Composite anomalies of the summer (JJA) mean wind (vector, m s-1) for (a) developing CP El Niño and cool PDO years, (b)
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Figure 7: Composite SST anomalies (units: °C) changes from June to August in the cool (a-f ) and warm (g-l) PDO phases. White lines
indicate the 95% and higher confidence levels using t-test. (a) Developing cool PDO Jun. (0). (b) Jul. (0). (c) Aug. (0). (d) Decaying cool PDO
Jun. (1). (e) Jul. (1). (f ) Aug. (1). (g) Developing warm PDO Jun. (0). (h) Jul. (0). (i) Aug. (0). (j) Decaying warm PDO Jun. (1). (k) Jul. (1). (l)
Aug. (1).

Advances in Meteorology 7



equatorial ocean mainly occur in June (Figure 7(d), red-
dashed line). Compared to developing CP El Nino/cool PDO
phase, the warm anomalies in the Indian ocean (50°E–100°E,
20°S–20°N) are significantly developed in decaying CP El
Nino/cool PDO phase (Figures 7(d)–7(f ), red-dashed line).

.e evolution of SST anomalies over the tropical central
and eastern Pacific is influenced by the anomalous zonal
wind anomalies over the equatorial Pacific. During the cool
PDO phase, negative SST anomalies rapidly develop to
positive SST anomalies in April (Figure 8(a)) and are
replaced by the negative SSTanomalies in the following May
(Figure 8(b)). Correspondingly, the anomalous easterly
winds are changed into anomalous westerly winds since
April in the developing stage of CP El Niño (Figure 8(c)) and
quickly weaken after March in the decaying stage of CP El
Niño (Figure 8(d)).

In the warm PDO phase, the westerly wind anomalies
over the equatorial Pacific maintain such a long period,
which begins from January (Figure 9(c)) until the following
May (Figure 9(d)). Anomalous westerly winds are associated
with the weak trade winds at the equatorial Pacific, resulting
in the evolution of a CP El Niño events which are featured as
the warm SST anomalies develop to the following May
(Figures 9(a) and 9(b)). Anomalous anticyclonic activities
occurring over the western North Pacific locate at the
northwestern side of the cooling region over the central-
eastern equatorial Pacific (Figure 6(d))..is is in accordance
with Chen et al. [53] who demonstrated that a Rossby wave
favors the anticyclone over the western North Pacific and is
excited by the negative SST anomalies over the central-
eastern tropical Pacific. In the warm PDO phase/developing
period, positive SST anomalies are detected over the Indian
Ocean and central-eastern equatorial Pacific. .e trade
winds at the equator are weakened after April, inducing
weak oceanic upwelling by Ekman transport [11]. Increased
convection and sustained WPSHs are favorable for the
positive precipitation anomaly patterns (see Figures 1 and 2).

Under the influence of the atmosphere-sea interaction
over the equatorial Indo-Pacific Ocean, anomalous SST
warming in the north Indian Ocean has positive correlation
with those in the central-eastern tropical Pacific in the
decaying stage of El Niño events [11, 54–56]. .e warming
SST anomalies over the north Indian Ocean are positively
correlated with the developing process of SSTanomalies over
the central-eastern equatorial Pacific (Figures 8 and 9). .is
is consistent with previous studies [57, 58]. Meanwhile it is
not clear how its intensity changes associated with different
evolution of CP El Niño and different phases of PDO.
Results in this study show that the anomalous SST warming
over the north Indian Ocean enhances slower and sustains
longer during the developing CP El Niño summer
(Figure 8(a)) than those during the decaying summer in the
cool PDO phase (Figure 8(b)). Positive SSTanomalies in the
north Indian Ocean occurring after August (Figure 8(e)) are
later than those in the central-eastern tropical Pacific. In the
warm PDO phase, the evolution of monthly SST anomalies
in the north Indian Ocean and central-eastern equatorial
Pacific exhibits strong intensity in the developing summer
Figure 9(e). Interestingly, summer precipitation anomalies

in East China also exhibit corresponding features. Hence, CP
El Niño induces Indian Ocean warming occurring not only
in the warm PDO phase but also in the cool PDO phase and
is associated with the evolution stage of CP El Niño, which is
associated with different precipitation patterns in East
China.

4.2. Western Pacific Convective Activities. Western Pacific
convective activities are affected by the evolutions of the
anomalous SST over the Indo-Pacific Ocean, which further
influence the position and movement of the WPSH and the
summer monsoon rainfall in China [45, 59, 60]. An abrupt
northward shift of the WPSH in June or mid-June relates to
the enhanced convective activities around the western Pa-
cific [59]. .e westward extension of WPSH is associated
with the negative heating over the central-eastern equatorial
Pacific and enhanced convective heating over the Indian
Ocean [60]..e air-sea feedback between theWPSH and the
Indo-Pacific warm pool oceans modulates the WPSH
variation.

Figure 10 shows the latitude-time cross section of OLR
anomalies in the warm and cool PDO developing and
decaying CP El Niño phases. For the developing-cool PDO
events, the anomalous convective activities over the western
Pacific are enhanced after March (Figures 10(b) and 11(a)).
.e cold SSTanomalies decay rapidly in the tropical central-
eastern Pacific from January to March. .is could cause
opposite anomalous Walker circulation with an ascending
branch in the tropical western Pacific and descending branch
in the tropical eastern Pacific. Convection is enhanced in the
western Pacific and shifts northward from June to August,
while the suppressed convection occurs in the eastern Pa-
cific. .is tends to cause two northward shifts of the WPSH
(Figure 4(b)), which is unfavorable for the development of
positive precipitation anomalies over southeast China
(Figure 1(b)).

For the developing-warm PDO events, the weakly en-
hanced convective activity from January to December (ex-
cept weakened in March) over the western tropical Pacific is
induced by the descending branch of the anomalous Walker
circulation (Figure 11(c)). .e weak convection in summer
is favorable for the persistence of the WPSH over the south
of 30°N. Enhanced precipitation in south China is associated
with the sustain stationary of theWPSH (Figure 1(c)), which
is in accordance with [59]. .is western Pacific convective
evolution is closely related to the evolution of SSTanomalies
in the tropical Pacific and the Indian Ocean. In the devel-
oping CP El Niño warm PDO years, enhanced warm SST
anomalies happening over tropical central and eastern Pa-
cific (Figure 8(a)) from January to December could induce
anomalous Walker circulation with ascending anomalies
over the central Pacific and descending anomalies over the
western Pacific.

For the decaying-cool PDO events, the mainly positive
OLR anomalies are observed from January to March
(Figures 10(b) and 11(a)), indicating suppressed convection
over the western Pacific just as that in the decaying-warm
PDO years. Negative SST anomalies in the central and
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eastern tropical Pacific and enhanced convection in the
western tropical Pacific develop rapidly from April to De-
cember. .is could cause opposite anomalous Walker cir-
culation with the ascending branch in the tropical western
Pacific and descending branch in the tropical eastern Pacific.
.erefore, convection is enhanced over the western Pacific.

During the decaying-warm PDO events, the positive
OLR anomalies are observed from January to March, in-
dicating suppressed convection over the western Pacific.
From April to December, the warm SST anomalies in the
central and eastern tropical Pacific turn to negative SST
anomalies (Figure 8(b)), so the anomalous opposite Walker
circulation in the Pacific sector is enhanced simultaneously.
Currently, the north Indian Ocean has robust warm SST
anomalies (Figure 8(e)) and is responsible for the suppressed
convection over the western Pacific through the Kelvin
wave-Ekman divergence mechanism [33].

In this study, results exhibit that the weakened precip-
itation anomalies and water vapor transport occurring in the
cool PDO phase are associated with northward shifting

WPSHs (Figures 3(b) and 3(d)) and slightly warming SST
anomalies over the central-eastern tropical Pacific and In-
dian Ocean (Figure 8). .e north Indian Ocean warming is
responsible for the persistence of the anticyclone over the
western North Pacific during the decaying summer of El
Niño [33]. Enhanced local convection combining the Indian
Ocean basin modes stimulates atmospheric Kelvin waves
over the tropical western Pacific [31, 32].

4.3. PDOInfluences theEvolutionofCPElNiño. .e cool and
warm PDO phases play different roles in the evolution and
intensity of anomalous SST warming over the central-
eastern tropical Pacific. In the developing CP El Niño years,
the differences of the winter (November-March) mean
surface wind between the warm and cool PDO phases are
featured by the anomalous cyclone in the extratropical
North Pacific and strong westerly wind anomalies in the
tropical central Pacific (Figure 12(a)). A convergence is
generated over the central tropical Pacific which is associated
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Figure 8: Monthly averaged ((a) and (b)) SST anomalies over the central-eastern equatorial Pacific (5°S–5°N, 180°–90°W), ((c) and (d))
850 hPa zonal wind anomalies over the equatorial Pacific (10°S–10°N, 140°E–120°W), and ((e) and (f)) SSTanomalies over the north Indian
Ocean in the cool PDO phase. (a) Developing period, central-eastern Pacific SST. (b) Decaying period, central-eastern Pacific SST. (c)
Developing period, zonal wind. (d) Decaying period, zonal wind. (e) Developing period, north IndianOcean SST. (f ) Decaying period, north
Indian Ocean SST.
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with the anomalous equatorial westerlies over the central
tropical Pacific and weak easterly wind anomalies over the
tropical eastern Pacific.

Meanwhile, in the decaying CP El Niño years, the
anomalous anticyclone locates eastward around the western
coast of America. Easterly wind anomalies in the tropical
western Pacific combine with the westerly wind anomalies in
the tropical eastern Pacific, resulting in the divergence in the
tropical central Pacific (Figure 12(b)). .erefore, the PDO
rapidly conveys the impact of extratropical decadal varia-
tions to CP El Niño through changing atmospheric circu-
lation and background tropical winds. References [61, 62]
proposed that the surface winds and equatorial upwelling are
the significant atmospheric teleconnection factors for
extratropical decadal variations impacting tropical varia-
tions. Feng et al. [11] demonstrated that El Niño behaviors
are modulated through PDO phases through changing the
background of tropical wind. Reforecast ensembles results
indicate that extreme El Niño behavior is delicately and
entirely random [63].

Figure 13 shows the zonal distributions of the composite
winter (November-March) mean tropical surface zonal wind
anomalies in the developing and decaying CP El Niño years.

In the developing CP El Niño years, the westerly anomalies
are displaced as easterly anomalies at 140°E during the cool
PDO phase and 150°E during the warm PDO phase
(Figure 13(a)), while in the decaying CP El Niño years, a
similar displacement occurs at 130°E in the warm PDO
phase, and an opposite displacement occurs at 155°E in the
cool PDO phase (Figure 13(b)). Feng et al. [11] indicated that
the strengthened mean trade winds convergence over the
equatorial eastern Pacific is associated with the eastward
replacement of the westerly anomalies, which will influence
the intensity and time evolution of El Niño by the delayed
oscillator theory in the warm PDO phase. Xue et al. [64]
suggested that the anomalous Walker circulation and charge
effect over the equatorial Indian Ocean are attributed to
easterly wind anomalies over the eastern Indian Ocean
during El Niño and warm PDO years.

In the developing CP El Niño years, anomalous westerly
wind in the warm PDO phase is stronger than those in the
cool PDO phase (Figure 13(a))..e strengthened zonal wind
anomalies own two peaks over the equatorial Pacific and are
associated with enhanced wind convergence in the devel-
oping CP El Niño period/warm PDO phase. An and Bong
[65] proposed that the weakened trade wind relates to the
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Figure 9: Same as Figure 8 but for the warm PDO phase. (a) Developing period, central-eastern Pacific SST. (b) Decaying period, central-
eastern Pacific SST. (c) Developing period, zonal wind. (d) Decaying period, zonal wind. (e) Developing period, north Indian Ocean SST. (f )
Decaying period, north Indian Ocean SST.
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reduced mean meridional current and warm PDO phase
provides advantages for the enhanced El Niño events
through strengthening the linear feedback processes. .is is

in accordance with the result in this study that anomalous
westerly winds associated with weakened trade winds cause
the enhanced warming SST anomalies over the central-
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Figure 10: Composite OLR anomalies averaged over the western Pacific (110°–140°E) in the CP El Niño decayingmonths for (a) climatology
(averaged for the period of 1950–2017), (b) cool PDO in developing summers, (c) warm PDO in developing summers, (d) cool PDO in
decaying summers, and (e) warm PDO in decaying summers. Red dots indicate 95% and higher confidence levels using t-test for OLR
anomalies.
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Figure 11: Monthly averaged OLR anomalies over the western equatorial Pacific (10°S–40°N, 110°–140°E) in cool ((a) and (b)) and warm ((c)
and (d)) PDO phase from developing to decaying CP El Niño years. (a) Developing period, western Pacific OLR. (b) Decaying period,
western Pacific OLR. (c) Developing period, western Pacific OLR. (d) Decaying period, western Pacific OLR.
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eastern equatorial Pacific in the developing CP El Niño
period (Figure 13). In the decaying CP El Niño years,
westerly wind anomalies only occur during the warm PDO
phase and are associated with weak amplitude, whereas the
easterly wind anomalies occur in the cool PDO phase
(Figure 13(b)). .e strengthened westerly wind anomalies
associated with weakened trade wind combined with east-
ward shifting of the Kevin wave and Ekman pumping give
rise to the positive SST anomalies over the central-eastern
equatorial Pacific in the warm PDO phase, while enhanced
trade wind combined with strong equatorial upwelling
weakens the intensity of CP El Niño in the cool PDO phase.
.is is consistent with [11, 61]. .erefore, CP El Niño is
strong in the developing summers but is weak in the
decaying summers of CP El Niño.

5. Conclusions

In this study, we investigated the behavior of the EASM in
CP El Niño developing and decaying summers during
different PDO phases since 1950s. Summer precipitation
anomalies in East China are significantly influenced by the

evolution of CP El Niño and variations of PDO phases. In
the cool PDO phase, enhanced precipitation anomalies are
observed in the decaying CP El Niño, where weakened
precipitation anomalies are monitored in the developing CP
El Niño. Anomalous cyclonic circulation drives the water
vapor from the western North Pacific combining the en-
hanced and sustained WPSH, which is favorable for the
increment of precipitation in East China. Moreover, the
different PDO phases combine the CP El Niño developing
and decaying features modulating the distinct EASM be-
haviors above. In the warm PDO phase, developing CP El
Niño is stronger and decays slowly than those in the cool
PDO phase. Positive SST anomalies extend from central to
eastern tropical Pacific and are associated with strong
warming in the Indian Ocean. Anomalous Walker circu-
lation is favorable for the descending branch over the
western equatorial Pacific and the ascending branch over the
central-eastern equatorial Pacific. Stationary of the WPSH is
modulated by the suppressed western Pacific convection. In
the decaying CP El Niño period, zonal wind anomalies
exhibit opposite features from the warm to cool PDO phases.
.e tropical Pacific SST anomalies in JJA evolve into a
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Figure 12: Differences of the winter (November-March) mean surface wind between the warm PDO phases and cool PDO years from
developing (a) to decaying (b) CP El Niño years.
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Figure 13: Zonal distributions of the composite winter (November-March) mean tropical surface zonal wind anomalies in developing (a)
and decaying (b) CP El Niño years during the warm PDO (red line) and cool PDO (blue line) phases.
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developing La Niña pattern with cooling in the central and
eastern Pacific and warming in the western Pacific in the
decaying CP El Niño years/warm PDO phase. .e enhanced
convection facilitates two shifts of the WPSH from June to
August.

Extratropical Pacific modulates the variation over the
tropical Pacific through the atmosphere-ocean process.
Lubbecke et al. [66] revealed that the near-surface tem-
perature variation varied from interannual and multidecadal
timescales and off-equatorial atmospheric forcing is under
the influence of the lower branches of the subtropical cells
and off-equatorial trade winds. Sung et al. [67] considered
that tropical effect controls the atmospheric mean bar-
oclinicity over the subtropical North Pacific and North
Pacific Oscillation via modulating the rate of available po-
tential energy conversion. .e subtropical North Pacific SST
variability could cause the changes in CP El Niño evolutions
through modulating the tropical wind behavior or sub-
tropical cells. .e results in our paper exhibit that the PDO
modifies the equatorial Pacific via changing the equatorial
background surface winds over the subtropical-tropical
Pacific and atmospheric circulation from the developing to
decaying CP El Niño years. Our study investigates the PDO
and CP El Niño modulation to the EASM and associated
summer precipitation and builds up a relationship between
them. .e reasons and mechanisms behind the different
linkages with the environmental variations for the different
stages of CP El Niño are also discussed in this study and
deserve further numerical study.
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