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1. INTRODUCTION

In boreal summer, precipitation in eastern China
shows remarkable intraseasonal variation, most of
which comes from the tropics (Ren et al. 2022) and
can be accounted by the boreal summer
intraseasonal oscillation (BSISO) (Lee et al. 2013;
Zhang et al. 2009). The BSISO, the counterpart of
the MJO in boreal summer, is an intraseasonal (30-
60-day), planetary-scale, and slowly northeastward-
propagating convective envelope, primarily active in
the Indian Ocean and the northwestern Pacific
(Kikuchi 2021) and can be influenced by the
background sea surface temperature (SST) in both
tropics and extratropics (Wang and Xie 1997; Zhou
et al. 2024; Lee et al. 2022).

Because the BSISO provides one of the most
important predictability sources for subseasonal to

seasonal precipitation forecasts (Li 2023; Meehl et al.

2021), the effect of the BSISO on the eastern China
precipitation has received much attention. As the
BSISO moves from the Indian Ocean to the
northwestern Pacific, the vertical motion anomaly in
eastern China ftransforms from ascending to
descending and the moisture transport decreases
(Ju et al. 2023; Li and Mao 2018; Qi et al. 2019). As
a result, the precipitation in eastern China is firstly
enhanced and then suppressed (Zhang et al. 2009).
This effect has been observed in both southern part
and northern part of eastern China (Gao et al. 2022;
Hao et al. 2023; Li and Lu 2018). However, whether
the location of the BSISO-related precipitation varies
remains elusive. Characteristics of total precipitation,
such as the location, orientation, extent, and amount,
have been shown to be associated with the large-
scale circulation, including northwestern Pacific
subtropical high and the mid-latitude westerly jet (Du
et al. 2020, 2022; Qi et al. 2019; Sampe and Xie
2010), and it is desirable to find some potential
predictors (Pan and Lu 2022; Yu and Zhai 2022).
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This study will focus on the intraseasonal part of the
total precipitation, which can facilitate summer
precipitation forecasts.

2. DATA AND METHODS

We use the Climate Prediction Center (CPC) Unified
Gauge-Based Analysis of Global Daily Precipitation
and the Environmental Prediction-National Center
for  Atmospheric Research (NCEP/NCAR)
Reanalysis to investigate the eastern China (105°-
122.5°E, 20°-40°N) precipitation in boreal summer
(May, June, July, and August) during 1981-2022. The
monthly SST are obtained from the National Oceanic
and Atmospheric Administration (NOAA) Extended
Reconstructed SST analysis, version 5 (ERSSTv5).
We also use the daily NOAA outgoing longwave
radiation (OLR) to describe the BSISO-related
convection. For the daily precipitation, OLR, and
atmospheric variables from the reanalysis, the
annual cycle and the long-term linear mean are
removed and then a 30-60-day bandpass Lanczos
filter is used to extract BSISO-related variability,

To identify the BSISO activity, we adopt the daily
BSISO1 index (Lee et al. 2013). The amplitude of the
index is defined as the root sum of squares of the two
corresponding principal components and indicates
the strength of the BSISO. The two components of
the index divide the active BSISO into eight phases,
representing the location of the BSISO. In the phases
2, 3, and 4, convection is active over the Indian
Ocean and the precipitation in eastern China is
enhanced. These three phases are hereinafter called
the wet spell.

Since the precipitation area in eastern China in
summer mostly appears as a zonally-elongated
rainband, the location of the BSISO-related
precipitation can be represented as the latitudinal
centroid of the area with positive precipitation
anomaly during the wet spell in each year, weighted
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by the precipitation anomaly and the cosine of the
latitude (Zhou et al. 2020).

3. RESULTS

The composite precipitation clearly shows the
BSISO-related precipitation in eastern China. During
the phases 2, 3, and 4, the BSISO-related
precipitation is significant in a wide area, between
25°N and 35°N (Figure 1a) with the latitudinal
centroid around 29°N (blue dashed lines in Figure 1a
and 1b). The BSISO-related precipitation
concentrating around 29°N after long-term averaging
(the blue dashed line in Figure 1a and 1b), but the
latitudinal centroid of the BSISO-related precipitation
shows great interannual variability around the long-
term mean (Figure 1b). The amplitude of the
variability is around 8 degrees or 900km, from the
southern China (25.5°N) to the Huai River basin
(33.4°N). We then composite years with latitude one
standard deviation away from the mean. The “south
years” (1981, 1986, 1995, 2001, 2005, and 2019) is
defined as the precipitation location one standard
deviation below the mean and the “north years”
(1982, 1991, 2000, 2006, 2007, 2012, 2013, 2016,
and 2020) as one standard deviation above the
mean latitude (Figure 1b).

The composite precipitation anomalies clearly show
the location difference (Figure 2a). The positive
anomalies locate in the southern edge of the mid-
latitude easterly jet at 200 hPa. As the westerly jet
moves northward, the ascending motion also moves
from 25°N to 35°N (Figure 2e and 2f). At 850 hPa,
the anomalous anticyclone in the subtropical
northwestern Pacific extends westward in the north
years and the associated southwesterly wind in the
northwestern flank of the anticyclone also moves
northwestward (Figures 2c and 2d). The mid-latitude
westerly jet at 200 hPa and the subtropical
anomalous  anticyclone  provides favorable
dynamical conditions synergistically.

Apart from the dynamical conditions, moisture
conditions are also important for precipitation in
eastern China. The BSISO convection heating over
the Indian Ocean triggers a Gill-like pattern (Gill,
1980), that is, in the lower troposphere, two cyclones
straddling the equator to the west and enhanced
easterly wind to the east (Figures 2c and 2d). The
low-level circulation transports moisture and leads to
moisture convergence in the eastern edge of the
BSISO convection area as well as along the
northwestern flank of the northwestern Pacific
subtropical high (Figures 3a and 3b). In the north

years, the northwestern Pacific subtropical high
extends westward and the BSISO convection also
moves northward in the Indian Ocean. As a result,
the moisture convergence in eastern China also
moves northward, favoring the northward moving of
the BSISO-related precipitation.

The correlation map between the SST anomalies
and the latitude of BSISO-related precipitation shows
that only extratropical Pacific show persistent
correlation from February to May (Figures 4a-d). In
February, in the northeastern Pacific along the North
America coast, SST has a negative correlation with
the latitude of the BSISO-related precipitation. The
negative correlation area extends southwestward to
the central tropical Pacific. The correlation starts to
develop in the preceding winter and peaks in March
(a two-month lead) with value -0.40 (black line in
Figure 4e). At the same time, the central northern
Pacific shows positive correlation and also becomes
statistically significant in March and May. Both
correlations decay after May.

Warm SST anomalies in the central Northern Pacific
favors northward shifting of the mid-latitude westerly
jet by heating the troposphere locally and thus
decreasing the meridional temperature gradient
south of this area. On the other hand, the cold SST
anomalies in the northeastern Pacific favors a
northeast-southwest-tilting westerly jet, which also
indicates a northward shifting of the jet in eastern
China (Du et al., 2016).

4. CONCLUSIONS AND DISCUSSIONS

In this study, we show that the location of BSISO-
related precipitation in eastern China displays clear
interannual variations, which is determined by the
location of both the mid-latitude westerly jet and the
northwestern  Pacific  subtropical high. The
precipitation location is also significantly correlated
with extratropical Pacific SST because warm central
northern Pacific and cold northeastern Pacific favor
a northward shifting of mid-latitude westerly jet.
Combined with the westward extend of the
subtropical high, both moisture transport and
ascending motion move northward. And the
precipitation anomaly northward moves accordingly
over eastern China.

The extratropical Pacific SST anomaly pattern is
similar to the Norther Pacific Meridional Mode (PMM)
(Chiang & Vimont, 2004) and the high correlation
area in the southern Pacific (Figure 4a-d) also
suggests the possible role of the meridional mode (H.
Zhang et al., 2014). A negative PMM can also



strengthen the northwestern Pacific subtropical high
(W. Zhang et al., 2016) and thus moves the BSISO-
related precipitation northward. In fact, the
correlation of the PMM index in March and the
location is significant at a significance level of 0.05,
with value of -0.3. This provides a potential
predicator for the location of the precipitation with
about two months lead and facilitates subseasonal to
seasonal forecast in eastern China precipitation.
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Figure 1. (a) Filtered precipitation anomalies for the Boreal Summer Intraseasonal Oscillation (BSISO) phases 2,
3, and 4 (wet spell). (b) Time series of the BSISO-related precipitation latitudinal location during 1981-2022 for the
wet spell.
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Figure 2. (a-b) Composite horizontal wind anomalies (vectors) and geopotential height anomalies (black contours)
at 200hPa (a, b) and 850hPa (c, d) with southward precipitation anomalies (a, c) and northward precipitation
anomalies (b, d).
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Figure 3. Composite 30-60-day filtered vertically integrated moisture flux (vectors) and its convergence (shading)
with (a) southward and (b) northward precipitation anomalies. Green lines represent the subtropical high and red
lines represent the 30-60-day filtered outgoing longwave radiation (OLR) anomalies.
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Figure 4. (a-d) The correlation map between SST anomaly in February, March, April, and May and the latitudinal
location of BSISO-related precipitation during the wet spell (phases 2, 3, and 4). (e) The lead-lag correlation
coefficients between the mean SST in the central northern Pacific (green line) and the northeastern Pacific (black
line) from preceding September to June and the latitudinal location of BSISO-related precipitation during the wet

spell.



