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The multiyear La Niña (MYLN) is characterized by longer duration, bimodal feature, more
continuous circulation anomaly, and different climate impacts compared to the canonical
single-peak La Niña. In this study, we focus on the evolving impacts of the MYLN on
precipitation in southern China, which mainly occur in boreal winter and summer and
correspond to significantly less precipitation and frequency of extreme rainfall. Results
show that such impacts have remarkable differences between the first and second half of
the MYLN lifecycle. In the first boreal winter when the MYLN reaches its first peak, the
precipitation in southern China decreases significantly, while it tends to be insignificantly
anomalous in the next winter. In the summer after its first peak, the MYLN has no apparent
impact on precipitation in southern China, but when it basically disappears in the next
summer, precipitation decreases significantly in southern China. Such seasonally evolving
features in the impacts of the MYLN on precipitation in southern China can be mainly
interpreted by the patterns of the anomalous cyclonic circulation in northwestern
subtropical Pacific during the first peak winter and the decaying summer of the MYLN,
which favors an anomalous reduction of moisture supply over southern China.
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1 INTRODUCTION

The El Niño-Southern Oscillation (ENSO) is the strongest interannual variability in the tropical
ocean-atmosphere coupled system. El Niño and La Niña are the warm and cold phases of ENSO
which usually last for 1–2 years and have a period of about 2–7 years. ENSO is characterized by
strong phase-locking with developing in boreal spring and summer and peaking in winter (Jin, 1996;
Neelin et al., 2000; Fang and Zheng, 2021). ENSO is one of the most important precursors that can
influence the climate in East Asia, especially the precipitation in China (e.g., Zhang et al., 1996; Wang
et al., 2000; Chen, 2002; Zhang et al., 2011). For example, during the developing year of El Niño, the
summer and winter precipitation in southern China tends to increase (Zhang et al., 1996; Lim and
Kim, 2007; Feng et al., 2010; Feng et al., 2011; Feng and Li, 2011; Zhang et al., 2011; Yuan and Yang,
2012; Li et al., 2016; Xu et al., 2016).

The anomalous Northwest Pacific anticyclone (NWPAC) plays a key role in connecting ENSO
with the precipitation in eastern China (Zhang et al., 1996). The southeasterly wind anomalies
associated with the NWPAC transport warm and humid air from the South China Sea to eastern
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China, favoring the positive precipitation anomalies in eastern
China. Several theories have been proposed to explain how ENSO
excites and maintains an anomalous NWPAC, such as the warm
pool atmosphere-ocean interaction mechanism (Zhang et al.,
1996; Wang et al., 2000), the Indian Ocean capacitor
mechanism (Xie et al., 2009, 2016), the moist enthalpy
advection/Rossby wave modulation theory (Wu et al., 2017),
and the ENSO-annual cycle combination mode (Stuecker
et al., 2013; Stuecker et al., 2015; Zhang et al., 2016).
Compared with El Niño, during the mature stage of La Niña,
there is an anomalous low-level cyclone in the northwestern
subtropical Pacific, which reinforce the East Asian winter
monsoon and leads to anomalously dry conditions in East
Asia (Huang et al., 2012; Li and Ma, 2012; Zhang R. et al.,
2014; Xu et al., 2018). However, some studies have also found that
the climate impacts of La Niña over southern China are much
weaker than those of El Niño in recent decades, which show
clearly asymmetric climate impacts between the two ENSO
phases (Zhou et al., 2007).

In recent years, more attention has been paid to the asymmetry
between El Niño and La Niña (Ohba and Ueda, 2009; Karori et al.,
2013; Zhang R. et al., 2014; Zhang et al., 2015; Guo et al., 2017;
Timmermann et al., 2018; Geng et al., 2019; Chen et al., 2022;
Song et al., 2022). The El Niño has more super strong events and
decays much faster than the La Niña (Song et al., 2022), while the
La Niña tends to sustain longer and is more likely to re-intensify
after the first peak, i.e., develop to the multiyear La Niña (denoted
as MYLN) (Zheng et al., 2015; Okumura et al., 2017). For
example, in the most recent 3 years, 2020–2022, there were the
2020/2021 and the following 2021/2022 La Niña events, though
the latter is still evolving by now.

As a common type of La Niña, the MYLN is getting more and
more attention in recent years and progress has been made on
understanding its complex process and dynamic mechanism
(Okumura and Deser, 2010; Zheng et al., 2015; Yu and Fang,
2018; Iwakiri and Watanabe, 2021; Kim and An, 2021; Kim and
Yu, 2021; Park et al., 2021). Okumura and Deser (2010) suggested
that the nonlinear response of atmospheric deep convection to
SSTs in the western tropical Pacific, which leads to a westward
shift of anomalous precipitation, enhances the duration of local
zonal wind anomalies during La Niña and leads to the
prolongation of La Niña. Kim and An (2021) attributed the
double-peak feature to a strong seasonal modulation of the
ENSO growth rate, which results in a seasonal gap of ENSO
phase locking and a bifurcation of the peak time of ENSO.
Moreover, the preceding strong El Niño, the incursion of off-
equatorial subsurface cold water, and the subtropical air-sea
coupled forcing are also suggested to be important for
increasing the complexity of ENSO evolution and tend to
produce MYLN events (Zheng et al., 2015; Yu and Fang, 2018;
Iwakiri andWatanabe, 2021; Kim and Yu, 2021; Park et al., 2021).

Though the dynamics of MYLN remains controversial, several
studies have focused on the lingering climate impacts of MYLN
due to its bimodal feature, long duration, and continuous
circulation anomaly, which are different from the single-peak
type (Okumura et al., 2017; Prasanna et al., 2019; Raj Deepak
et al., 2019; Tokinaga et al., 2019; Iwakiri and Watanabe, 2021).

For example: a MYLN event can trigger an Atlantic Niño by
enhancing the Walker circulation, but a single-year event cannot
establish such a teleconnection (Tokinaga et al., 2019). Compared
to the first winter during an MYLN event, the second winter has a
strengthened and zonally elongated atmospheric circulation
anomalies in the North Pacific and a northeastward shift of
United States drought region (Okumura et al., 2017). The East
Asian monsoon region is also suggested to have contrary
anomalous rainfall patterns in the first and second summers
of MYLN events (Raj Deepak et al., 2019), which is a sign
indicating that impacts between the first and second years of
the MYLN events may be different in southern China where
rainfall is highly affected by ENSO (Feng et al., 2010; Feng et al.,
2011; Feng and Li, 2011).

In this study, we intend to investigate the seasonally evolving
impacts of the MYLN on precipitation in southern China and
find out the key factors causing such impacts. The remainder of
this paper is organized as follows. The data and methods are
introduced in Data and Methods. Characteristics of MYLN and
its impacts on precipitation in southern China are investigated in
Characteristics of MYLN and Its Impacts on Precipitation in
Southern China. Mechanisms of the MYLN impacting
precipitation in southern China are analyzed in Mechanisms of
the MYLN Impacting Precipitation in Southern China. A
summary and a discussion are provided in Summary and
Discussion.

2 DATA AND METHODS

In this study, the monthly SST dataset is derived from the Hadley
Centre Sea Ice and Sea Surface Temperature dataset (HadISST)
spanning from 1980 to 2021 with a horizontal resolution of 1°

latitude × 1° longitude (Rayner et al., 2003). The daily
precipitation data at 699 Chinese meteorological stations for
the period 1980–2020 is from the daily precipitation dataset of
the Chinese surface climate data (V3.0) provided by the National
Meteorological Information Center of the China Meteorological
Administration (CMA). The atmosphere reanalysis data is from
the fifth generation of the European Centre for Medium-Range
Weather Forecasts (ECMWF) atmospheric reanalysis (ERA5,
Hersbach et al., 2020) with a horizontal resolution of 0.25° ×
0.25°. The climatology is taken as the period 1980–2020.
Anomalies are defined as the departure from the
climatological calendar mean and linear trends are removed.

MYLN events are selected according to the criterion in
Okumura et al. (2017): when the Niño-3.4 index (5°S–5°N,
170–120°W) falls below −0.75 standard deviations in any
month during October (0) to February (1) and remains below
−0.5 standard deviations in any month during October (1) to
February (2). Here, the Niño-3.4 index has been smoothed with a
3-months running mean and removed the long-term linear trend,
the standard deviation is calculated separately for each month,
and the year in which La Niña first begins to develop is defined as
Year (0). Based on this criterion, four MYLN events after 1980
(1983–1985, 1998–2000, 2007–2009, and 2010–2012) were
identified (Figure 1A). For simplicity, we divide the lifecycle
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of MYLN in half according to the beginning time of the re-
developing stage after the first La Niña peak.

3 CHARACTERISTICS OF MYLN AND ITS
IMPACTS ON PRECIPITATION IN
SOUTHERN CHINA
Composite evolution of the Niño-3.4 index for the four MYLN
events (1983–1985, 1998–2000, 2007–2009, and 2010–2012) are
shown in Figure 1B (black line). It is obvious that the first peak

(–1.43°C) is stronger than the second peak (–1.15°C), which is
consistent with previous studies (Okumura and Deser, 2010;
Okumura et al., 2017; Tokinaga et al., 2019). The MYLN
slowly decays after the first peak in D (0) JF (1) and begins to
re-intensify in JJA (1) and develops into the second relatively
weak peak in D (1) JF (2). During the time between the first and
second peaks, the Niño-3.4 index remains negative, reflecting the
long duration of the La Niña state in the equatorial Pacific, which
is remarkably different from the conventional ENSO cycle.

Figure 2 shows composites of D (0) JF (1), JJA (1), D (1) JF (2),
and JJA (2) SST anomalies of the MYLN. In D (0) JF (1), the

FIGURE 1 | (A) Time series of Niño-3.4 index (black line). Red lines are −0.75 standard deviations of Niño-3.4 index for each calendar month from October to
February. The blue shadings denote the MYLN events. (B) Evolutions of MYLN events from year (0) to year (2) and their composite.

FIGURE 2 |Composites of SST anomalies (units: °C) for MYLN in (A) D (0) JF (1), (B) JJA (1), (C)D (1) JF (2), and (D) JJA (2). Dotted areas indicate values exceeding
the 90% confidence level determined using a two-tailed Student’s t test.
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FIGURE 3 | Composites of precipitation anomalies (units: mm) in southern China during (A) SON (0), (B) D (0) JF (1), (C)MAM (1), (D) JJA (1), (E) SON (1), (F) D (1)
JF (2), (G) MAM (2), and (H) JJA (2). Red circles indicate values at 699 meteorological stations exceeding the 90% confidence level determined using a two-tailed
Student’s t test.
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FIGURE 4 |Composites of probability changes (units: %) in southern China during (A) SON (0), (B)D (0) JF (1), (C)MAM (1), (D) JJA (1), (E) SON (1), (F) D (1) JF (2),
(G) MAM (2), and (H) JJA (2). Red circles indicate values at 699 meteorological stations exceeding the 90% confidence level determined using a two-tailed Student’s
t test.
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MYLN reaches its first peak, the negative SST anomalous center is
located at around 165°W in the central equatorial Pacific. A
significant positive SST anomalies region extends from the
western equatorial Pacific to the north subtropical Pacific
continuously. In D (1) JF (2), the MYLN reaches its second peak,
the spatial pattern of SST anomalies in the tropical IndianOcean and
Pacific is similar to that at its first peak, but the strength weakens
obviously. However, themeridional width of the significant region in
the central and eastern equatorial Pacific is much larger than that at
the first peak. Besides, there are significant signals in the Indian
Ocean and Warm Pool area during the duration of MYLN. The
anomalous circulation system in this area plays an important role in
affecting the precipitation in southern China (Zhang et al., 2022). In
JJA (2), the MYLN basically decays to neutral, but there are
significant negative SST anomalies in the surrounding sea areas
of northern Southeast Asia.

After the MYLN events had been identified, we further
investigated the seasonally evolving impacts of MYLN on
precipitation in southern China (Figure 3). Overall, during the
duration of MYLN, precipitation in southern China generally
decreases, but there are remarkable differences between the first
and second half of theMYLN lifecycle. In SON (0), theMYLN is in
its developing stage, and precipitation in the area south of the lower
reaches of the Yangtze River decreases, which is consistent with the
previous study (Zhang W. et al., 2014). While, in SON (1), the re-
developing stage of MYLN, the distribution of the precipitation
anomalies are insignificant in southern China. In the first boreal
winter [D (0) JF (1)], the MYLN reaches its first peak and the
precipitation in southern China decreases significantly, while the
MYLN seems to be irrelevant to the precipitation in the next winter
[D (1) JF (2)]. In the decaying stage after the first peak [MAM (1)
and JJA (1)], the precipitation anomalies are insignificant, and so is
in MAM (2). In JJA (2), when the MYLN basically disappears, the
precipitation in southern China decreases significantly again,
which is also the most conspicuous influence among seasons
during the second half of the MYLN lifecycle.

In addition, we also investigated whether the MYLNmodulates
the probability of extreme precipitation days (Figure 4). Following
the previous studies (Xiao et al., 2017), we define the historical 95th
percentile precipitation for each season as the extreme threshold of
this season, and any day with precipitation exceeding the
corresponding threshold would be recognized as an extreme
precipitation day. Further, the frequency change of extreme
precipitation in the MYLN (ΔPML) events relative to the
normal years is measured as the following:

ΔPML � PML ( x ≥ xt ) − Pcli ( x ≥ xt)
Pcli (x ≥ xt) × 100% (1)

Where, PML on the right-hand side is the occurrence probability
of extreme precipitation days in the MYLN years, and Pcli � 0.05
is the occurrence probability of extreme precipitation under the
normal status. Here, the so-called probability is just proxied by
the frequency calculated with our data samples. x represents the
daily precipitation value in the target seasons and xt is the
extreme threshold of the seasonal precipitation. As shown in
Figure 4, in the first developing stage of MYLN [SON (0)], the
occurrence probability of extreme precipitation days has been

decreased in areas south of the Yangtze River, and the affected
area extends throughout the lower reaches of the Yangtze River in
the first mature stage [D (0) JF (1)]. However, after that, the
MYLN seems to have very limited significant impacts on the
extreme precipitation over southern China.

4MECHANISMSOF THEMYLN IMPACTING
PRECIPITATION IN SOUTHERN CHINA

Since impacts of MYLN on precipitation in southern China mainly
occurs in boreal winter and summer, we further analyzed what
causes the differences in the responses of precipitation in southern
China to the first and second half of MYLN. In the first mature
stage ofMYLN [D (0) JF (1)], the negative SST anomalous center is
located in the central equatorial Pacific, and positive SST anomalies
are located in a belt that stretch from theMaritimeContinent to the
subtropical central North Pacific (Figure 2A). The easterly 850 hPa
wind anomalies in the western and central equatorial Pacific can
strengthen the trade winds and enhance theWalker circulation, the
convection is suppressed in the eastern tropical Pacific but
enhanced in the Indo-Pacific warm pool, and an anticyclonic
circulation is formed in the north of the Maritime Continent
(Figure 5A). The southwesterly wind anomalies in the
northwestern tropical Pacific induced by the equatorial La Niña
cold SST anomalies are contrary to the trade winds, which suppress
the local evaporation and lead to anomalous SST warming.
Eventually, an anomalous lower-tropospheric cyclonic
circulation in the northwestern subtropical Pacific is formed at
around 30°N, 160°E as a response to the anomalous SST warming
(Wang et al., 2000). The northerly wind anomalies on the west side
of the anomalous cyclonic circulation are in eastern China,
strengthening the East Asian winter monsoon. Therefore, due to
the influence of the anomalous cyclonic circulation in the
northwestern subtropical Pacific, southern China is drier than
usual winter, which has been mentioned in Karori et al. (2013).

Figure 6A is the composite of anomalous vertically integrated
moisture fluxes (VIMFs, 1000–300 hPa vertically integrated) and
their divergence in D (0) JF (1). The distribution of anomalous
VIMFs is similar to that of the 850 hPa wind anomalies (Figures
5A, 6A). In the western and central equatorial Pacific, the easterly
wind anomalies transport moisture to the west and north. The
anomalous divergence of VIMFs is positive in southern China
and negative in South China sea. Meanwhile, under the influence
of the anomalous cyclonic circulation in the northwestern
subtropical Pacific, moisture is transported from the former to
the latter, which means that the precipitation in southern China
will become less. Figure 7A shows the composite of the zonal
circulation over the northern hemispheric Indo-Pacific region (5-
20°N) in D (0) JF (1). The ascending motion around 120°E is
strong, which reflects the strong large-scale modulation ofWalker
circulation by matured La Niña. Moreover, the lower-level
easterly wind anomalies are in the east of the date line, which
suggested that the formation of the anomalous cyclonic
circulation in the northwestern subtropical Pacific is closely
associated with the off-equatorial Rossby wave response
(Wang et al., 2000).
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Compared with the first La Niña peak in D (0) JF (1), the
second peak in D (1) JF (2) has a similar La Niña SST pattern in
the tropical Pacific with weaker amplitude (Figures 1B, 2C), and
the anomalous zonal circulation in the north of the equatorial
Pacific weakens remarkably in D (1) JF (2) (Figure 7C).
Furthermore, there are no obvious warming in the
northwestern subtropical Pacific, so the local response of the
lower-level atmospheric circulation is weak that cannot form a
closed anomalous cyclonic circulation (Figure 5C). As a result,
there are neither significant northerly wind anomalies nor
anomalous VIMFs in eastern China (Figures 5C, 6C), which
cannot significantly influence the East Asian winter monsoon.
Therefore, the second peak of MYLN cannot significantly affect
the precipitation in southern China.

In JJA (1), the positive SST anomalies are disappeared in the
western equatorial Pacific, but the negative SST anomalies in the
central equatorial Pacific persist (Figure 2B). Easterly wind
anomalies are observed in the east of the Maritime Continent
(Figure 5B). However, there are almost no significant signals of
low-level atmospheric circulation and moisture transport in the off-
equatorial northwestern Pacific (Figures 6B, 7B). In addition, the
north Indian Ocean is dominated by the easterly wind anomalies
and no conspicuous descending motion (Figures 5B, 7B), which
has no contributions to the maintenance of the anomalous cyclonic
circulation in the northwestern subtropical Pacific.

In JJA (2), the SST anomalies in the equatorial Pacific have
almost completely disappeared and the MYLN has decayed to a
neutral state (Figure 2D). The easterly wind anomalies in the
equatorial Pacific that prevailed during the lifecycle of the
MYLN have also become weak (Figure 5D). However, negative
SST anomalies in the northern tropical Indian Ocean are still
significant. On their east side, the westerly wind anomalies
responded to the negative SST anomalies with strong cyclonic
shear, forming an anomalous cyclonic circulation over the
Philippine sea, which is consistent with the Indian Ocean
capacitor theory proposed by Xie et al. (2009). The
northerly wind anomalies in the west of the anomalous
cyclonic circulation are opposite to the prevailing southerly
winds of East Asian summer monsoon, which weakens the
latter. Meanwhile, under the influence of the anomalous cycle,
moisture diverges in southern China (Figure 6D), resulting in
less precipitation in this region. In Figure 7D, the northwest
tropical Pacific is characterized by anomalous ascending
motion, which forms an anomalous zonal atmospheric
circulation with the descending motion in the tropical
Indian Ocean, also suggesting the maintenance of the
anomalous cyclonic circulation in the north of the
Philippines in summer may be closely related to the Indian
Ocean capacitor effect (Wu et al., 2009; Xie et al., 2009; Li et al.,
2017).

FIGURE 5 | Composites of outgoing longwave radiation (shaded, units: W/m2) and 850hPa wind anomalies (vector, units: m/s) during (A) D (0) JF (1), (B) JJA (1),
(C) D (1) JF (2), and (D) JJA (2). Dotted areas and purple vectors indicate values exceeding the 90% confidence level determined using a two-tailed Student’s t test.
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5 SUMMARY AND DISCUSSION

In this study, we focused on the seasonally evolving impacts of the
MYLNon precipitation in southern China. After 1980, there are four
MYLN events (1983–1985, 1998–2000, 2007–2009, and 2010–2012).
We found that impacts ofMYLN on precipitation in southern China
mainly occur in boreal winter and summer and correspond to
significantly less precipitation and frequency of extreme rainfall
in southern China. Such impacts have remarkable differences
between the first and second half of the MYLN lifecycle.

In the first boreal winter [D (0) JF (1)], the MYLN reaches its
first peak and the precipitation in southern China decreases
significantly, and the probability of extreme precipitation days
is also apparently depressed, while the MYLN tends to be
irrelevant to the precipitation in the next winter [D (1) JF
(2)]. In the first mature stage of MYLN [D (0) JF (1)], the
negative SST anomalous center is located in the central
equatorial Pacific, and positive SST anomalies are located in
a belt that stretch from the Maritime Continent to the
subtropical central North Pacific. An anomalous lower-
tropospheric cyclonic circulation in the northwestern

subtropical Pacific is formed at around 30°N, 160°E as a
response to the anomalous SST warming (Wang et al.,
2000). The northerly wind anomalies on the west side of the
anomalous cyclonic circulation are in eastern China,
strengthening the East Asian winter monsoon. Therefore,
due to the influence of the anomalous cyclonic circulation in
the northwestern subtropical Pacific, moisture is transported
from southern China to South China sea, and southern China is
drier than usual winter, which has been mentioned in Karori
et al. (2013). Compare with the first La Niña peak in D (0) JF
(1), the second peak in D (1) JF (2) cannot form a closed
anomalous cyclonic circulation in the northwestern subtropical
Pacific. As a result, there are no significant northerly wind
anomalies in eastern China, which cannot significantly affect
the precipitation in southern China.

In the summer after the first La Niña peak [JJA (1)], theMYLN
have no significant contributions to the precipitation in southern
China, but when the MYLN basically disappears in the last
summer [JJA (2)], the precipitation in southern China
decreases significantly, which is also the most conspicuous
influence among seasons during the second half of the MYLN

FIGURE 6 |Composites of anomalous VIMFs (vector, units: 10−5 g m−1 s−1) and their divergence (shaded, units: 10−5 g m−2 s−1) during (A) D (0) JF (1), (B) JJA (1),
(C) D (1) JF (2), and (D) JJA (2). Dotted areas and purple vectors indicate values exceeding the 90% confidence level determined using a two-tailed Student’s t test.
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lifecycle. In JJA (1), the positive SST anomalies disappear in the
western equatorial Pacific, but the negative SST anomalies in the
central equatorial Pacific persist. However, there are almost no
significant signals of low-level atmospheric circulation and
moisture transport in the off-equatorial northwestern Pacific.
In JJA (2), the SST anomalies in the equatorial Pacific have almost
completely disappeared and the MYLN has decayed to a neutral
state, while negative SST anomalies in the northern tropical
Indian Ocean are still significant. On the east side of the
northern tropical Indian Ocean, the westerly wind anomalies
responded to the negative SST anomalies, contributing to the
deepened convection in the Philippine sea and forming an
anomalous cyclonic circulation over the Philippine sea.
Meanwhile, the northwest tropical Pacific is characterized by
anomalously ascending motion, which forms an anomalous zonal
atmospheric circulation with the descending motion in the
tropical Indian Ocean, suggesting the maintenance of the
anomalous cyclonic circulation in the north of the Philippines
in summer may be closely related to the Indian Ocean capacitor
effect (Wu et al., 2009; Xie et al., 2009; Li et al., 2017). The
northerly wind anomalies in the west of the anomalous cyclonic
circulation weaken the prevailing southerly winds of East Asian
summer monsoon and correspond to significantly less
precipitation in southern China.

The MYLN in its lifecycle mainly depressed the precipitation
and frequency of extreme rainfall over southern China, which can
be mainly interpreted by the patterns of the anomalous cyclonic
circulation in northwestern subtropical Pacific. However, in its
first developing stage [SON(0)], the occurrence probability of
extreme precipitation days has an increase in the Yangtze-Huaihe
Region, but the seasonal mean precipitation in this region has no
significant changes, which may be due to the MYLN contributing

to the formation of local atmospheric conditions in this region
that is conducive to the extreme precipitation. Due to the limited
number of MYLN events, the understanding of such type of La
Niña in its dynamic processes and evolving impacts is still
insufficient, as well as its predictability. Therefore, it is
necessary to use coupled ocean-atmosphere models to further
analyze mechanisms of the climate impacts of MYLN in future.
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