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ABSTRACT

This study investigates the influences of boreal summer intraseasonal oscillation (BSISO), which originates from the
equatorial Indian Ocean and prevails over the Indo-Pacific region, on precipitation over Southeast China, including South
China  and  Yangtze  River  Valley.  The  results  indicate  that  the  BSISO-related  precipitation  anomalies  are  remarkably
different  between early  summer (May–June)  and late  summer (July–August).  The BSISO-related precipitation anomalies
tend to appear more northward in late summer in comparison with early summer. Accordingly, the BSISO is significantly
related  to  precipitation  anomalies  over  South  China  during  many  phases  in  early  summer  but  related  to  very  weak
anomalies during all the phases in late summer. Such northward shifts of precipitation anomalies from early summer to late
summer are clearest  during phases 4 and 7,  when the lower-tropospheric anticyclonic and cyclonic circulation anomalies
dominate  over  the  subtropical  western  North  Pacific,  respectively.  Finally,  we explain  the  differences  between early  and
late summers through the seasonal northward migration of climatological equivalent potential temperature gradient, which
is located in the South China during early summer but migrates northward to the YRV during late summer.
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Article Highlights:

•  The  BSISO-related  precipitation  anomalies  tend  to  appear  more  northward  in  late  summer  in  comparison  with  early
summer.

•  The BSISO corresponds significantly to the precipitation anomalies over the South China in early summer but very weak
anomalies in late summer.

•  The remarkable difference is attributed to the northward shifts of climatological equivalent potential temperature gradient
from early to late summer.

 

 
 

 1.    Introduction

Southeast China (SEC), including the South China (SC)
and the Yangtze River Valley (YRV), is a densely populated
area  and  one  of  the  most  important  economic  centers  in
China.  The  summer  precipitation  over  SEC  is  closely
related to the East Asian summer monsoon and shows a signif-
icant  intraseasonal  variability  (e.g., Mao  and  Wu,  2006;
Mao et  al.,  2010; Yang et  al.,  2010; Sun et  al.,  2016).  The
strong precipitation variability often triggers floods and thus
leads  to  disasters  to  the  economy  and  society  in  SEC.  For
instance, a heavy rainfall in SC caused 168 people dead and

destroyed 45 600 houses  during  early  summer  of  2008
(Wang et al., 2011), and the heavy flooding in the YRV during
the  summer  of  1998  caused  3000  deaths  and  260  billion
China Yuan of economic losses (Huang et al., 1998). There-
fore, investigating the intraseasonal variability in summer pre-
cipitation over SEC is of great significance.

The  intraseasonal  oscillations  in  the  tropics  are  the
major predictability source for subseasonal-to-seasonal predic-
tion  not  only  in  the  tropics  but  also  in  many  extratropical
regions (Webster et al., 1998; Waliser et al., 2003; Vitart et
al.,  2017).  The  boreal  summer  intraseasonal  oscillation
(BSISO) propagates northward or northeastward over the trop-
ical Indian Ocean (Yasunari, 1979, 1980; Jiang et al., 2004;
Li, 2014) and northward or northwestward over the tropical
western  North  Pacific  (WNP)  (Murakami,  1980; Chen and
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Chen,  1995; Wang  et  al.,  2018b).  In  order  to  describe
BSISO,  Lee  et  al.  (2013)  defined  the  BSISO  real-time
indices  through  multivariate  empirical  orthogonal  function
(MV-EOF) analysis of the daily anomalies of outgoing long-
wave radiation (OLR) and zonal  wind at  850 hPa over  the
Asian  summer  monsoon  region.  Two  kinds  of  BSISO  can
be  identified  accordingly,  i.e.,  BSISO1  and  BSISO2.  The
BSISO1  represents  the  canonical  northward/northeastward
propagating  oscillations  with  period  of  30–60  days,  and
BSISO2 capture the northwestward propagating oscillations
with period of 10–20 days (Chen and Chen, 1995; Annamalai
and  Slingo,  2001; Annamalai  and  Sperber,  2005; Wang  et
al.,  2018b).  Previous  studies  suggested  that  BSISO1
exhibits a high potential predictability (e.g., Lee et al., 2015;
Wang et al.,  2019). Therefore, the influence of BSISO1 on
SEC precipitation may help us better understand the potential
predictability  of  precipitation  variations  over  SEC  on  the
intraseasonal  timescale.  In  this  study,  the  influences  of
BSISO1 on precipitation over SEC are focused on, and thus
the  BSISO1  is  highlighted  in  the  following.  Hereafter,
BSISO1 is referred to as BSISO.

Previous studies have shown that the BSISO, or 30–60-
day oscillation, has a clear influence on summer precipitation
over  SEC.  It  was  found that  the  BSISO-related  convection
anomalies over the WNP can cause the westward extension
or eastward retreat of the western North Pacific subtropical
high  (WNPSH),  thus  affecting  the  summer  precipitation
over SEC (Zhu et al.,  2003; Mao et al.,  2010).  In addition,
convection  anomalies  over  the  tropical  Indian  Ocean  also
affect the summer precipitation over SEC by generating north-
eastward  propagating  Rossby  waves  from  the  tropical
Indian Ocean to East Asia or coupling with the convection
over the WNP (Zhang et al., 2009; Li et al., 2015; Sun et al.,
2016).

It  has  been  well  known  that  the  mean  state,  including
atmospheric circulation and rainfall, shows a pronounced sea-
sonal  evolution  over  the  WNP  and  East  Asia  (Lau  et  al.,
1988; Wang et al., 2009). First, the WNPSH advances north-
ward  and  retreats  eastward  in  late  summer  in  comparison
with early summer (e.g., Lu, 2001; Su et al., 2014; Yuan et
al., 2019). Additionally, the westerly jet in the upper tropo-
sphere shifts northward significantly from early to late sum-
mer (e.g., Lin and Lu, 2008; Sampe and Xie, 2010; Chiang
et al., 2017; Wang et al., 2018a). Corresponding to these circu-
lation changes, the major rainy region shifts from SC to the
north of the Yangtze River (e.g., Tao and Chen, 1987; Ding
and Chan, 2005).

These  seasonal  changes  in  climatological  condition
may  result  in  different  relationships  between  tropical  and
extratropical  anomalies.  Using  idealized  numerical  experi-
ments, Kosaka and Nakamura (2010) showed that identical
tropical  forcing  can  trigger  northward  extended  circulation
responses in  the subtropics  called the Pacific-Japan pattern
in the situation of a northward shifted climatological westerly
jet and meridional extension of WNPSH. In addition, seasonal
changes in the tropical-extratropical relationship can also be

found.  For  instance,  Lu (2004)  showed that  the  meridional
teleconnections  are  stronger  in  July  and  August  over  the
WNP and East Asia, in comparison with June. Wang et al.
(2009) indicated that the spatial distribution of El Niño–South-
ern  Oscillation-related  precipitation  is  different  over  East
Asia from May–June to July–August. Li and Lu (2018) sug-
gested that the convection over WNP exerts different influ-
ences  on  precipitation  in  the  YRV  during  the  different
stages of summer due to the seasonal evolution of climatologi-
cal general circulation in East Asia. Furthermore, Liu et al.
(2020) suggested that the intraseasonal variability of China
summer precipitation features a distinct three-stage evolution
during  summer,  and  it  has  a  distinct  relationship  with  the
mid-latitude wave train and tropical intraseasonal oscillation
in the different stages of summer. Therefore, a question natu-
rally arises: Does the BSISO, which can be considered as trop-
ical forcing, induce different influence on precipitation over
SEC between early and late summer? This is the main motiva-
tion of this study.

In this study, we investigated the differences in the influ-
ence of the BSISO on precipitation over SEC between early
and late  summer.  The remainder  of  this  paper  is  organized
as  follows.  Section  2  describes  the  datasets  and  methods
used in this study. Section 3 presents the impact of BSISO
on precipitation over the SEC during MJ and JA. Section 4
presents  the circulation anomalies  related to  BSISO during
MJ  and  JA.  Finally,  the  conclusions  and  discussion  are
offered in section 5.

 2.    Data and analysis methods

In this study, we defined SEC as the land area in mainland
China east of 105°E and between 20°N and 35°N. The south-
ern rectangle in Fig. 1 represents the SC (20°–28°N) and the
northern  rectangle  represents  the  YRV  (28°–35°N).  The
early  summer  and  late  summer  are  simply  denoted  as
May–June (MJ) and July–August (JA),  respectively,  which
can represent the major features of seasonal evolution over
the WNP and East Asia. We used 20 June and 10 July as the
partition  dates;  the  results  suggest  that  our  conclusions  are
not sensitive to the partition method of early and late sum-
mer. Figure 1 also shows the notable seasonal march of the
climatological  mean precipitation from MJ to JA. As men-
tioned  in  the  introduction,  the  major  rainy  regions  are
located  over  SEC in  MJ,  and  march  northward  to  north  of
the Yangtze River in JA.

The precipitation data used in this study are the CN05.1
dataset (Wu and Gao, 2013) from the National Climate Center
in China. The dataset is gridded data based on 2400 stations
in  China  (their Fig.  1).  These  stations  are  densely  spaced
and  evenly  distributed  throughout  Eastern  China,  which  is
the  interest  region  of  this  study.  In  addition,  the  European
Centre  for  Medium-Range  Weather  Forecasts  (ECMWF)
daily reanalysis dataset (ERA5; Hersbach et al., 2020), includ-
ing horizontal wind, geopotential height (Z), specific humid-
ity and air temperature, is also used. Finally, the daily outgo-
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ing  longwave  radiation  (OLR)  data  from  the  National
Oceanic and Atmospheric Administration (NOAA) are used
as a proxy for tropical convective activity. The horizontal res-
olution is 0.25° × 0.25° for the CN05.1, and 2.5° × 2.5° for
the ERA5 dataset  and OLR data.  All  these data from 1981
to 2018 were used for the analyses of this study.

The  BSISO  is  identified  according  to  the  approach  of
Lee  et  al.  (2013),  who  developed  real-time  multivariate
indices for  BSISO. The BSISO indices represent  fractional
variance and the observed northward propagating ISO over
the  Asian  summer  monsoon  region.  The  indices  are
obtained  by  using  MV-EOF  analysis  of  daily  mean  OLR
and  850-hPa  zonal  wind  anomalies  over  the  Asia  summer
monsoon  region  (10°S–40°N,  40°–160°E).  BSISO  is
defined by the 1st and 2nd principal components (PC1 and
PC2) of MV-EOF. The BSISO indices represent the canonical
northward  propagating  BSISO  with  the  period  of  30–60
days.  Similar  to  the  real-time  multivariate  MJO  index
(Wheeler and Hendon, 2004), BSISO can be divided into 8
phases,  and  an  active  BSISO  event  is  defined  as  (PC12 +
PC22)1/2 >  1.  Therefore,  in  general,  only  a  few  days  are
selected for  composite  analyses  in  each phase.  The BSISO
indices  are  obtained  online  at https://apcc21.org/ser/moni.
do?lang=en.

Following Lee et al. (2013), the anomalies of variables
are  calculated  by  removing  the  mean  values  and  the  first
three harmonics of multi-year averages, which are considered
as the annual cycle. The statistical significance is examined
by  the  two-tailed  Student’s t test.  The  effective  degrees  of
freedom  are  estimated  as  follows  (Zwiers  and  von  Storch,
1995): the effective degrees of freedom is Ne = N[(1–r1)/(1+
r1)],  where N is  the sample size of  total  days and r1 is  the
lag-one autocorrelation; then, if r1 is significant at the 95%
confidence level using Ne, the effective degrees of freedom
is Ne, otherwise it is N.

 3.    Influence of the BSISO on precipitation in
Southeast China

Figure 2 depicts the precipitation anomalies during the

active phases of BSISO in MJJA. The BSISO-related precipi-
tation anomalies over the SEC are generally positive during
phases 2–4 and negative during phases 5–7. The most signifi-
cant  anomalies appear during phase 7,  when the anomalies
are negative over almost the entirety of SEC. In contrast, posi-
tive anomalies appear over most of SEC during phase 4, but
they  group  into  two  bands  over  the  SC  and  YRV,  respec-
tively.  These  BSISO-related  precipitation  anomalies  are  in
good  agreement  with  the  results  of  precipitation  extremes
related  to  BSISO  during  May–August  (Hsu  et  al.,  2016;
Chen  and  Zhai,  2017),  which  suggests  a  close  relationship
between mean precipitation and precipitation extremes.

Figure 3 shows the regional mean precipitation anoma-
lies  over  the  SC  and  YRV  during  the  active  phases  of
BSISO in MJJA. The SC precipitation anomalies are signifi-
cantly  positive  during  phase  4  and  negative  during  phases
5–7, being 1.3 and –1.0 mm d–1, respectively. These anoma-
lies are equivalent to 17.8% and 13.7% of the climatological
mean over the SC (7.3 mm d–1), suggesting a great influence
of BSISO. In addition, the precipitation anomalies over the
YRV are significantly positive during phases 2–4 and nega-
tive during phases 6–8. The precipitation anomalies averaged
over these phases are 1.1 and –0.9 mm d–1, which are equiva-
lent to 20.7% and 17.0% of the climatological mean in the
YRV (5.3 mm d–1), respectively.

Figure  4 shows  the  precipitation  anomalies  during  the
active  phases  of  BSISO  in  MJ  and  JA.  The  precipitation
anomalies are positive during phases 2–4 and negative during
phase  5–7  in  MJ.  During  most  phases,  the  precipitation
anomalies tend to be stronger over the SC region. It can also
be seen that the positive precipitation anomalies are located
in  the  YRV  in  phase  2,  which  are  more  northward  than
those in phase 4. This issue will be discussed further in the
next section.

The precipitation anomalies in JA are in sharp contrast
with those for MJ. For instance, during phase 4, the positive
precipitation anomalies  are concentrated in the YRV in JA
(Fig. 4b), whereas they are mainly located in the SC region
in MJ (Fig. 4a). Additionally, the negative anomalies are con-
siderably  weakened  during  phases  5–7  in  JA, particularly

 

 

Fig. 1. (a) May–June (MJ) and (b) July–August (JA) climatologies of precipitation (mm d–1) in China from
1981  to  2018.  The  southern  (20°–28°N)  and  northern  (28°–35°N)  rectangles  represent  the  SC  and  YRV
regions, respectively.
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over  the  SC region.  These  differences  between MJ and JA
demonstrate that it is reasonable and necessary to distinguish
early from late summer when the impacts of BSISO on precip-
itation over the SEC are discussed. We repeated this figure
by using station precipitation data from the Chinese Meteoro-
logical Administration and using the CPC global precipitation
dataset (figures not shown) and found that the results are con-
sistent with Fig. 4, suggesting that the results on precipitation
anomalies are robust.

Figure 5 shows the regional mean precipitation anoma-
lies  over  the  SC  and  YRV  during  the  active  phases  of
BSISO  in  MJ  and  JA.  In  MJ,  the  BSISO  has  significant
impacts on precipitation over the SC (Fig. 5a). The maximum
positive and negative precipitation anomalies appear during
phase 4 and phase 7 and are 2.5 and –2.0 mm d–1, which are
equivalent to 30.1% and 24.1% of the climatological mean
(8.3 mm d–1),  respectively. The SC precipitation anomalies
are much weakened and not significant in all the phases of
BSISO in JA (Fig. 5c). On the other hand, the YRV precipita-

tion  anomalies  seem  not  to  show  such  a  sharp  difference
between early and late summer (Figs. 5b and 5d), being posi-
tive during phases  2–4 and negative during phases  6–8 for
both early and late summers. However, as shown in Figs. 4,
there are indeed considerable differences in the distributions
of  precipitation  anomalies  between  early  and  late  summer.
For instance, the significant anomalies during both phases 4
and 7 appear at the southern part of the SEC in MJ but shift
northward to the northern part of the SEC in JA. Therefore,
the  somewhat  vague  differences  shown in Figs.  5b and 5d
may  be  due  to  the  overlapped  anomalies  over  the  YRV
between MJ and JA. In JA, phases 4 and 7 are also character-
ized  by  the  strongest  anomalies  over  the  YRV  (Fig.  5d).
The YRV anomalies are 2.1 and –1.3 mm d–1 during phase
4 and phase 7, which are equivalent to 38.2% and 23.6% of
the climatological mean (5.5 mm d–1), respectively.

It  should  be  noted  that  the  precipitation  anomalies
exhibit  some  clear  asymmetries.  For  instance,  in  MJ  the
anomalies over South China are significantly negative during

 

 

Fig. 2. Precipitation anomalies (shading, mm d–1) during the 8 active phases of the BSISO in MJJA. Black dots denote the
precipitation anomalies that pass the 95% confidence level based on the Student’s t test.
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Fig. 3. Composite regional mean precipitation anomalies (mm d–1) over (a) SC and (b) YRV during active
phases of the BSISO in MJJA. The shading bars denote the precipitation anomalies at  the 95% confidence
level.
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phases  5–7  but  significantly  positive  only  during  phase  4
and even negative during phase 2 (Fig. 5a). These asymme-
tries might be due to the fact that precipitation is a variable
of great variability on both the temporal and spatial scales,
and thus  the  results  on precipitation are  highly sensitive  to
the sample size.

 4.    Circulation  anomalies  related  to  BSISO
during early and late summers

In  this  section,  we  examine  the  circulation  anomalies
associated  with  BSISO  in  MJ  and  JA,  in  an  attempt  to
explain the distinct impacts of BSISO on precipitation in the

SEC region between these two periods. To facilitate the com-
parison  with  convection,  which  is  also  an  element  for  the
BSISO definition  in  addition  to  850-hPa  zonal  wind,  OLR
anomalies associated with BSISO are also shown.

Figure 6 depicts the OLR and horizontal wind anomalies
at 850 hPa during the active phases of BSISO in MJ and JA.
As  well  documented  in  previous  studies  (e.g., Lee  et  al.,
2013; Ren et al., 2018), the BSISO-related convection propa-
gates generally northeastward. The negative OLR anomalies
propagate from the equatorial Indian Ocean to the Bay of Ben-
gal from phase 1 to phase 4, and the positive anomalies propa-
gate  over  the  similar  route  from  phase  5  to  phase  8.  Over
the WNP, the anomalous convection tends to propagate north-

 

(b) JA

(a) MJ

 

Fig. 4. As in Fig. 2 but for MJ and JA.
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ward. For instance, during phases 4–8, the enhanced convec-
tion  propagates  northward  from the  Maritime  Continent  to
the subtropical WNP.

During  phases  1–4,  there  is  an  anomalous  anticyclone
over the South China Sea and WNP. The anomalous anticy-
clone appears over the South China Sea and Bay of Bengal
during phase 1, propagates northeastward during subsequent
phases, and appears over the subtropical WNP during phase
4. This anomalous anticyclone is associated with suppressed
convection, i.e., positive OLR anomalies to its south, which
also propagate from the Bay of Bengal and South China Sea
to the subtropical WNP. During phases 5–8, the OLR and hor-
izontal  wind  anomalies  show a  mirror  pattern.  In  addition,
the anticyclonic anomalies are similar between phase 2 and
phase 4, and thus it is surprising that the precipitation anoma-
lies are so different between these phases (Fig. 4). We specu-
late  that  the  unstable  distribution  of  precipitation  may  be
due to the insufficient sample size. Precipitation is a variable
of great variability for both temporal and spatial scales, and
thus might be highly sensitive to the sample size.

The BSISO-related wind anomalies in JA (Fig. 6b) are
like those in MJ, i.e., there is also anomalous anticyclone dur-
ing  phases  1–4  and  cyclone  during  phases  5–8  over  the
South China Sea and WNP. These wind anomalies can gener-
ally  explain  the  precipitation  anomalies  associated  with
BSISO shown in the preceding section, i.e.,  the anomalous
anticyclone favors more water vapor transport into the SEC
region  and  heavier  rainfall  there  during  phases  1–4,  while
the anomalous cyclone play an opposite role during phases
5–8.

We  have  also  examined  the  circulation  anomalies  at
200 hPa in MJ and JA (figures not shown), considering that

the  upper-tropospheric  circulation  anomalies  may  also  be
related to the BSISO (Jiang et al., 2004; Chen et al., 2015),
and found that the wind anomalies are not well organized in
southeastern China and the subtropical WNP. Therefore, in
this study we focus on the BSISO-related wind anomalies in
the lower troposphere.

The column-integrated moisture flux and its divergence
are shown in Fig. 7 to further investigate the northward shift
in precipitation areas. For simplicity, we only show the mois-
ture  transport  composites  in  phases  4  and  7.  These  two
phases are also characterized by distinct precipitation anoma-
lies between early and late summer, as shown in the preceding
section. The column-integrated moisture flux divergence cor-
relates well to the precipitation anomalies. In MJ, the moisture
flux  is  primarily  convergent  over  the  SC  region  during
phase 4. In contrast to MJ, the convergence region of moisture
flux is mainly located in the YRV region during phase 4 in
JA. The moisture transports during phase 7 are opposite to
those during phase 4.

These results suggest that the BSISO-related precipita-
tion  anomalies  are  quite  distinct  between  MJ  and  JA,
although the circulation anomalies are similar. In the follow-
ing, we attempt to explain this through analyzing the equiva-
lent potential temperature, which includes both temperature
and humidity, and is widely used to illustrate the formation
of summer precipitation over the SEC (e.g., Chen and Zhai,
2015; Park et al., 2015; Li and Lu, 2018). It is well known
that  the  strong  meridional  gradient  of  equivalent  potential
temperature,  in  association  with  the  southern  warm  and
moist airmass, is favorable for precipitation over the SEC dur-
ing summer.

Figure  8 shows  the  climatological  equivalent  potential
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Fig. 5. Composites of the regional mean precipitation anomalies (mm d–1) in the SC (a, c) and YRV (b, d)
during  active  phases  of  the  BSISO  in  MJ  (a,  b)  and  JA  (c,  d).  The  shading  bars  denote  the  precipitation
anomalies at the 95% confidence level.
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temperature in MJ and JA at 850 hPa. In MJ, the warm and
moist airmass is located over the northern Indochina Penin-
sula. The strong meridional gradient of climatological equiva-
lent  potential  temperatures  appears  over  SC,  which  corre-
sponds well to the heavy rainfall there. The meridional gradi-
ent  is  also  strong over  the  YRV region,  but  it  seems to  be
more attributed to the cold and dry airmass in the extratrop-
ics.  On  the  other  hand,  in  JA,  the  warm,  moist  airmass
extends  considerably  northward,  and  the  strong  meridional
gradient  shifts  northward to  the  YRV, and thus  the  similar
southerly  anomalies  lead  to  rainfall  enhancement  in  the
YRV in  JA.  Therefore,  the  distinct  horizontal  distributions

of  climatological  equivalent  potential  temperature  can help
to explain the different distributions of precipitation anoma-
lies between MJ and JA. In addition, the stronger southwest-
erly anomalies during phase 4 over the SEC in JA compared
to MJ might lead to stronger moisture transport to the YRV
(Figs. 6 and 7) and be another factor that causes the northward
shift of precipitation anomalies.

 5.    Summary

In this study, we studied the influences of BSISO on pre-
cipitation  over  Southeast  China  (SEC),  including  South

 

(a) MJ

 

Fig.  6. Composites  of  OLR  (shading,  W  m–2)  and  horizontal  wind  (vector,  m  s–1)  anomalies  at  850  hPa
during active phases of the BSISO in MJ and JA. Only anomalies significant at the 95% confidence level are
shown.
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China  (SC)  and  the  Yangtze  River  Valley  (YRV),  during
early  summer  (May–June,  MJ)  and  late  summer
(July–August, JA). The BSISO-related precipitation anoma-
lies are generally positive during phases 2–4 and negative dur-
ing  phases  5–7  over  the  SEC  in  the  entire  summer
(May–August).  However,  the  BSISO-related  precipitation
anomalies  are  considerably  different  between  MJ  and  JA.
The most remarkable difference is manifested over SC: the
BSISO  is  significantly  related  to  precipitation  anomalies
over this region during phases 4–7 in MJ, but absolutely not
in JA. For instance, in MJ the precipitation anomalies aver-
aged over SC are 2.5 and –2.0 mm d–1 during phases 4 and
7, respectively, equivalent to 30.1% and 24.1% of the climato-

logical mean. By contrast, in JA the precipitation anomalies
averaged over SC are very weak, lower than 0.6 mm d–1 dur-
ing all the active phases. The other notable difference is the
northward  shift  of  BSISO-related  precipitation  anomalies:
the significant precipitation anomalies are concentrated over
SC or to the south of the Yangtze River in MJ, but they shift
to the north of the river in JA, during both phases 4 and 7.
These  important  differences  between  MJ  and  JA  suggest
that it is necessary to separate early and late summer periods
for better understanding the impacts of BSISO on rainfall in
the SEC area.

The  lower-tropospheric  circulation  anomalies,  which
are crucial for water vapor transport over the SEC, were exam-

 

（b) JA

 

Fig. 6. (Continued).
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ined to explain the distinct impacts of BSISO on precipitation
between MJ and JA. Generally, the significant positive and
negative  precipitation  anomalies  over  the  SEC  area  are
related to the anomalous anticyclones and cyclones over the
South China Sea and WNP, respectively. The anomalous anti-
cyclone/cyclone  could  enhance/suppress  moisture  transport
and cause moisture convergence/divergence over the SEC.

Although the anomalous anticyclone and cyclone are sim-
ilar between MJ and JA, the distributions of BSISO-related
precipitation anomalies are extraordinarily different. We sug-
gested  that  the  different  precipitation  anomalies  over  SEC
may be due to the seasonal change of climatological equiva-
lent potential temperature. In MJ, the meridional gradient of
climatological  equivalent  potential  temperatures  is  strong
over the SC region and indicates that the boundary between
the tropical warm and moist  airmass and extratropical cold
and dry airmass appear over SC. However, in JA, the strong
meridional gradient of climatological equivalent potential tem-
peratures is located in the YRV, corresponding to the seasonal
northward migration of the warm and moist airmass. There-

fore,  the  similar  circulation  anomalies  related  to  BSISO
induce  different  precipitation  anomalies  over  the  SEC
between MJ and JA.

Considering that the air-sea interaction may play a role
in  BSISO  (e.g., Kemball-Cook  and  Wang,  2001; Wang  et
al., 2018b; Gao et al., 2019), we also composited the BSISO-
related SST anomalies using the same method of Fig. 6 (figure
not  shown).  The  SST and  OLR anomalies  are  generally  in
phase over the WNP. Therefore,  these SST anomalies may
be attributed to the radiation process which is caused by the
BSISO circulation anomalies.

In addition, this study focuses on the impacts of BSISO,
which  originates  in  the  tropics.  However,  various  studies
have indicated that the circulation anomalies in the mid and
high latitudes can affect rainfall or rainfall extremes in SEC
(e.g., Li and Mao, 2019; Liu et al., 2020). These extratropical
circulation anomalies may result in the unstable patterns of
rainfall anomalies during some phases (for instance, phases
2 and 3). Therefore, the influences of extratropical anomalies
on the SEC precipitation during early and late summer need

 

(a) MJ

(b) JA

 

Fig.  7. Composites  of  the  column-integrated  moisture  flux  (vector,  kg  m–1 s–1)  and  its
divergence (shading,  mm d–1) anomalies  during phase 4  and phase 7  in  MJ (a)  and JA (b).
Black dots denote the moisture flux divergence anomalies that pass the 95% confidence level.
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to be studied in the future.
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