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ABSTRACT

The East Asian upper-tropospheric jet stream (EAJS) typically jumps north of 45◦N in midsummer.
These annual northward jumps are mostly classified into two dominant types: the first type corresponds
to the enhanced westerly to the north of the EAJS’s axis (type A), while the second type is related to
the weakened westerly within the EAJS’s axis (type B). In this study, the impacts of these two types of
northward jumps on rainfall in eastern China are investigated. Our results show that rainfall significantly
increases in northern Northeast China and decreases in the Yellow River-Huaihe River valleys, as well as in
North China, during the type A jump. As a result of the type B jump, rainfall is enhanced in North China
and suppressed in the Yangtze River valley.

The changes in rainfall in eastern China during these two types of northward jumps are mainly caused
by the northward shifts of the ascending air flow that is directly related to the EAJS. Concurrent with
the type A (B) jump, the EAJS-related ascending branch moves from the Yangtze-Huai River valley to
northern Northeast (North) China when the EAJS’s axis jumps from 40◦N to 55◦N (50◦N). Meanwhile, the
type A jump also strengthens the Northeast Asian low in the lower troposphere, leading to more moisture
transport to northern Northeast China. The type B jump, however, induces a northwestward extension of
the lower-tropospheric western North Pacific subtropical high and more moisture transport to North China.
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1. Introduction

The East Asian jet stream (EAJS) is one of the
most important components of the East Asian sum-
mer monsoon system (Tao and Wei, 2006; Huang et
al., 2012). The EAJS plays a crucial role in climate
variations in East Asia (Liang and Wang, 1998; Lau et
al., 2000; Lu, 2004; Lin and Lu, 2009; Lin et al., 2010;
Park et al., 2012), the South China Sea (Wang et al.,
2012) and the western North Pacific (WNP) (Wu and
Chou, 2012).

The seasonal evolution of the EAJS is character-
ized by abrupt jumps during the boreal summer, con-

current with sudden changes in the East Asian summer
monsoon. The EAJS moves northward over the East
Asian continent twice during early summer (Yeh et al.,
1959; Li et al., 2004). The first jump occurs in early
May, and the second is in early June. The former con-
curs with the onset of the South China Sea summer
monsoon and the latter with the mei-yu onset (Li et
al., 2004).

The EAJS continues to move northward in July,
and its axis moves north of 37.5◦N over eastern China
(110◦–125◦E), corresponding to the end of the mei-yu
in China (Tao and Chen, 1957; Yeh et al., 1959; Dong
et al., 2010a, b). In addition, the EAJS’s core retreats
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westward from the WNP toward the Asian continent
during the mei-yu season (Zhang et al., 2006; Du et
al., 2009).

Recently, Lin and Lu (2008) identified a northward
jump over the East Asian coast in late July. This jump
is clearly distinct from the aforementioned northward
shifts. The EAJS’s axis jumps north of 45◦N at pentad
42 (25–29 July) from approximately 40◦N at pentad
40 (15–19 July). Year-to-year statistics show that this
northward jump is related to the end of the Baiu sea-
son in Japan. This northward jump is consistent with
the disappearance of the upper-tropospheric westerly
jet over Japan, corresponding to the end of the Baiu
in Japan (Murakami, 1951; Suda and Asakura, 1955).

These northward jumps in midsummer are mostly
classified into two dominant types (Lin and Lu, 2008).
The intensity of the EAJS is enhanced and weakened
with these two types of jumps. Lin (2011) proposed
that the first type of jump is caused by the coupled
effect of the Rossby wave that is propagated eastward
along the northern edge of the Eurasian continent,
originating from West Europe and the North Atlantic,
and the “Pacific-Japan (PJ)” teleconnection (Nitta,
1987), induced by the positive rainfall anomaly over
the tropical WNP (Lin, 2011). The second type, how-
ever, is primarily attributed to the Rossby wave prop-
agation along the Asian subtropical jet stream in the
upper troposphere.

This study continues the work of our previous stud-
ies (Lin and Lu, 2008; Lin, 2011) and addresses two
questions. The first question concerns the impacts of
the two types of midsummer northward jumps of the
EAJS on rainfall in eastern China. In addition, in-
creased rainfall in the tropical WNP occurs during the
first type of jump (Lin, 2011). Previous work has also
identified a sudden enhancement in convective activ-
ity over the WNP in late July (Ueda et al., 1995; Wu
and Wang, 2001; Lu et al., 2007; Ueda et al., 2009;
Wu and Chou, 2012). The second question concerns

the differences between the impacts of the two types
of northward jumps of the EAJS and the enhanced
convection over the tropical WNP.

The text is arranged as follows. Section 2 describes
the data used in this study, the selection of the two
types of northward jump events of the EAJS in mid-
summer, and the composite method. The impacts of
the two types of EAJS jumps on rainfall in eastern
China are investigated in section 3. The physical pro-
cesses associated with these jumps are explored in sec-
tion 4. In section 5, the impact of the increased rainfall
over the tropical WNP is discussed in contrast with the
two types of northward jumps of the EAJS. Finally, a
summary is given in section 6.

2. Data and methods

In this study, 336 station-observed daily rain-
fall data east of 105◦E, which are derived from the
National Information Center, China Meteorological
Administration (CMA), during 1958–2002 are used.
The atmospheric variables used in this study are
from the National Centers for Environmental Pre-
diction/National Center for Atmospheric Research
(NCEP/NCAR) reanalysis data (Kalney et al., 1996)
during 1958–2002, with a horizontal resolution of
2.5◦×2.5◦. In addition, pentad Climate Predic-
tion Center (CPC) Merged Analysis of Precipita-
tion (CMAP) data (Xie and Arkin, 1997) from 1979
to 2002, provided by the National Oceanic and At-
mospheric Administration/Office of Oceanic and At-
mospheric Research/Earth System Research Labora-
tory (NOAA/OAR/ESRL), Physical Sciences Division
(PSD), Boulder, Colorado, USA, on their web site at
http://www.esrl.noaa.gov/psd/ are used.

According to Lin and Lu (2008), the midsummer
northward jumps of the EAJS can be classified into
two dominant types: type A with the enhanced west-
erly to the north of the EAJS’s axis and type B with
the weakened westerly within its axis. The type A

Table 1. The two types of northward jumps of the EAJS in midsummer.

Type A (8 years) Type B (10 years)

Year Pentad (Date) Year Pentad (Date)

1964 P41 (20–24 Jul) 1958 P38 (5–9 Jul)
1968 P44 (4–8 Aug) 1959 P45 (9–13 Aug)
1976 P41 (20–24 Jul) 1960 P40 (15–19 Jul)
1977 P41 (20–24 Jul) 1970 P41 (20–24 Jul)
1984 P42 (25–29 Jul) 1972 P42 (25–29 Jul)
1990 P41 (20–24 Jul) 1973 P37 (30 Jun–4 Jul)
1996 P42 (24–29 Jul) 1974 P41 (20–24 Jul)
1999 P41 (20–24 Jul) 1979 P45 (9–13 Aug)

1989 P41 (20–24 Jul)
1997 P41 (20–24 Jul)
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jump includes 8 cases, and the type B jump includes
10 cases (Table 1). To highlight the evolution of pre-
cipitation associated with the EAJS’s jumps, the com-
posite analysis used here is based on jump pentads.
The jump pentad, denoted as pentad 0, is defined as
the pentad during which the EAJS jumps northward.
The signs “−” and “+” denote prior to and after the
jump, respectively.

The abrupt northward jump of the EAJS is clearly
revealed during the composite seasonal evolution of
the EAJS’s axis (Fig. 1). Before the jump, the axis is
stabilized at approximately 40◦N in both jump type
scenarios. The EAJS jumps northward to 55◦N in the
type A jump and it jumps to 50◦N in the type B jump
at the jump pentad. After the jump, the EAJS’s axis
shifts slightly southward.

As indicated by Lin (2011), the type A jump of the
EAJS is significantly affected by the tropical WNP
rainfall anomaly. In this study, therefore, the tropi-
cal WNP rainfall-related component is first removed
by subtracting the linearly regressed component of
the WNP summer monsoon index (WNPSMI) during
late June-late August from 1958–2002. The WNPSMI
is defined as the difference in pentad zonal winds at
850 hPa averaged over the regions between 5◦–15◦N,
100◦–130◦E and 20◦–30◦N, 110◦–140◦E, following the
method of Wang et al. (2001). The period of late June-

Fig. 1. Movement of the axes of the East Asian upper-
tropospheric jet stream (EAJS) for the type A (a) and B
(b) northward jumps of the EAJS in midsummer. The
thin dashed (solid) lines signify the two pentads before
(after) the northward jump, and the thick solid line in-
dicates the pentad of northward jump.

late August, which includes 14 pentads from pentad
35 to 48, is selected because the northward jumps of
the EAJS are only observed during this period. The
total number of pentads used is 630 pentads (45 years
multiplied by 14 pentads per year) during the years
1958–2002.

To highlight the impacts of the northward jumps of
the EAJS, the difference between the jump pentad and
the period before the jumps (pentad −2 and pentad
−1) is calculated. The WNPSMI-related component
is first removed for this calculation, and a Student
t-test is applied as a significance test of the anoma-
lies. The two pentads before the jump are used be-
cause the EAJS’s axis is stabilized at approximately
40◦N at both pentad −2 and pentad −1. Pentad 0 is
used in comparison to pentads −2 and −1 because the
most significant northward shift in the EAJS occurs at
this pentad, which is referred to as the jump pentad
(Fig. 1).

To confirm the composite results, an identical
analysis is performed on the data, with the linearly
regressed component related to the WNP rainfall
anomaly removed by using the CMAP precipitation
data during 1979–2002. The WNP rainfall anomaly is
depicted as the average rainfall over the region (10◦–
20◦N, 115◦–155◦E) in cases where rainfall changed sig-
nificantly during the type A jump (Lin, 2011). The
correlation of the WNP rainfall anomaly with the
WNPSMI during the 336 pentads (24 years multiplied
by 14 pentads per year) from 1979 to 2002 is 0.87,
which is significant at the confidence level of 99%, in-
dicating that the WNPSMI is an appropriate way to
depict the tropical WNP rainfall anomaly. The com-
posite results are similar to those found after remov-
ing the WNPSMI-related component. Note that the
CMAP precipitation data are only available starting
in 1979 and that there are only 4 (3) jumps out of
a total of 8 (10) jump events that are categorized as
type A (B) jumps. To obtain better significance, only
the results obtained after subtracting the linearly re-
gressed component against the WNPSMI during 1958–
2002 are presented.

3. Impacts on rainfall in eastern China

Figure 2 shows the evolution of composite rain-
fall in eastern China during the two pentads before
both types of EAJS jumps and the two pentads after
the jumps. The rainy belt is centered over the Yel-
low River-Huaihe River valleys in eastern China prior
to the type A jump, though there is also strong rain-
fall in Southwest China along the upper reaches of the
Yangtze River. One pentad later (pentad −1), the
rainy belt shifts slightly northward. At the jump pen-
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Fig. 2. Evolution of rainfall (unit: mm d−1) in eastern
China from two pentads before to two pentads after the
type A (left panels, a–e) and B (right panels, f–j) jumps.
Pentad 0 denotes the northward jump pentad, and mi-
nus and plus represent before and after the jump pentad,
respectively.

tad (pentad 0), the rainy belt quickly moves north-
ward to North and Northeast China. After the jump,
the rainy belt becomes stable in North and North-
east China at pentads +1 and +2, concurrent with the
appearance of another rainy belt along the southeast
coast of China. Before the type B northward jump,
the rainy belt moves from the Yangtze River valley at
pentad −2 to the Yellow River-Huaihe River valleys at
pentad −1. The rainy belt moves into North China at
pentad 0 and remains in North China after the jump.
There is also a clear rainy belt along the south and
southwest coast of China that persists before and af-
ter the northward jump.

The changes in rainfall during the two types of
jumps are more clearly revealed by the difference be-
tween the average rainfall during the two pentads be-
fore the northward jump (pentads −2 and −1) and
that at the jump pentad (Fig. 3). Note that the
WNPSMI-related component is removed prior to this
rainfall analysis (details in section 2). Rainfall sig-
nificantly decreases in the Yellow River-Huaihe River
valleys, in the upper reaches of the Yangtze River val-
ley, and in North China (Fig. 3a) during the type A
jump. This reduction in rainfall is consistent with the
observed northward shift of the rainy belt from be-
tween the Yangtze River valley and North China to
North and Northeast China, as shown in Figs. 2a–c.

During the type B jump, rainfall increases in
North China and decreases in the Yangtze River val-
ley (Fig. 3b). This change in rainfall is in good agree-
ment with the northward shift of the rainy belt from
the Yangtze River valley to North China (Figs. 2f–h).
Compared with those in the type A jump, the rainfall
changes in eastern China are weaker during the type B
jump. In addition, relative to the rainfall changes dur-
ing the type B jump, rainfall resulting from the type
A jump is significantly enhanced in northern North-
east China and suppressed in the Yellow River-Huaihe
River valleys, in the upper reaches of the Yangtze
River valley, and in North China (Fig. 3c).

4. Impacts of circulation changes in the Asia-
Pacific region

In this section, the physical processes responsible
for the rainfall changes in eastern China during the
two types of EAJS jumps are investigated. This anal-
ysis is based on the change in vertical motion described
in subsection 4.1 and the change in lower-tropospheric
circulation and its impact on moisture transport, as
described in subsection 4.2. Note that the impact of
the tropical WNP rainfall anomaly is first removed in
this section in order to isolate the circulation changes
related to the two types of northward jumps of the
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Fig. 3. (a) Composite difference in rainfall between the
jump pentad (pentad 0) and the two pentads before the
jump (pentads −2 and −1) for the type A jump. (b)
Same as (a) but for the type B jump. (c) Difference be-
tween (a) and (b). Shading denotes significant rainfall
anomaly at the confidence level of 95% in (a–b) and 90%
in (c) by Student t-test.

EAJS.

4.1 Change in vertical motion crossing the
EAJS

Figure 4 shows a vertical cross-section of the merid-
ional wind and the vertical velocity in the merid-
ional direction along the East Asian coast during the
two types of northward jumps of the EAJS. Clearly,
the northward shift of ascending motion south of the
EAJS’s axis is identified, concurrent with the type A
(B) northward jump of the EAJS’s axis from 40◦N to
55◦N (50◦N). Prior to these northward jumps, the as-
cending motion directly related to the EAJS is coupled
with subtropical meridional monsoon circulation. This

Fig. 4. Composite meridional wind and vertical veloc-
ity averaged over 110◦–130◦E before the jump (averages
of pentad −2 and −1) (a), at the jump pentad (b), and
their difference (c) for the type A jump. The vertical co-
ordinate is pressure with units of hPa. Contours in (a–b)
depict composite zonal winds averaged between 120◦–
150◦E, which demonstrate the abrupt northward jump
of the EAJS, and the dark black vector in (c) denotes
significant meridional wind or vertical velocity anomalies
at the 95% confidence level by Student t-test. (d–f) Same
as (a–c) but for the type B jump.

strong ascending motion is located over the region be-
tween 30◦N and 40◦N to the south of the EAJS’s axis,
with a center at approximately 30◦N over the Yangtze-
Huai River valley.

The ascending motion over the East Asian coast
is divided into two branches: the branch over approx-
imately 30◦N that is related to monsoon circulation
and the one at approximately 50◦N (40◦N) that is di-
rectly associated with the EAJS during the type A
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Fig. 5. (a) Composite 850-hPa geopotential height before the jump
(blue contours), at the jump pentad (red contours), and their differ-
ence (black contours) for the type A jump. Contour intervals for black
contours are 10 gpm, and zero contours are omitted. Shading denotes
significant 850-hPa geopotential height anomalies at the 95% confidence
level. (b) Same as (a) but for the type B jump.

(B) jump. Accordingly, the northward shifts of EAJS-
related ascending motion cause an increase in rainfall
in northern Northeast China at approximately 50◦N
during the type A jump and in North China at approx-
imately 40◦N during the type B jump. In addition, the
weakened ascending motion to the south of 40◦N leads
to a reduction in rainfall in the Yellow River-Huaihe
River valleys and a slight reduction in rainfall in North
China during the type A jump and a reduction in rain-
fall in the Yangtze-Huai River valley during the type
B jump.

4.2 Changes in the Northeast Asian low and
in the WNP subtropical high

Inland rainfall depends on moisture transport, as
well as on ascending motion. Previous studies have
addressed the importance of southerly monsoon winds
on moisture transport along eastern China (Chen and
Huang, 2007; Huang and Chen, 2010). In the lower
troposphere, southerly monsoon winds are determined
by the zonal contrast of the geopotential height over
the subtropical WNP and that over inland Asia (Guo,
1983; Shi and Zhu, 1996; Zhao and Zhou, 2005).
Namely, these monsoon winds are determined by the
contrast between the WNP subtropical high and the
low pressure in the eastern Asia. In this section,
changes in the eastern Asian low and the WNP sub-
tropical high and their impact on rainfall in eastern
China during the two types of northward jumps of the
EAJS are discussed.

Figure 5 shows the composite geopotential height
at 850 hPa during the two types of northward jumps of
the EAJS. During the type A jump, the geopotential
height is significantly reduced over the regions from
Northeast Asia, northeastward through the Okhotsk
Sea, to the Bering Sea. The climatological Northeast
Asian low is therefore further strengthened, with the

center value falling to less than 1400 gpm at the jump
pentad from approximately 1420 gpm before the jump
(Fig. 5a). The enhanced Northeast Asian low is at-
tributed to the nearly barotropic cyclonic anomaly in
the upper troposphere over the area east of Siberia, ac-
companied by a strong westerly anomaly in the upper
troposphere at approximately 60◦N over the Okhotsk
Sea (Fig. 6a), to the north of the climatological EAJS’s
axis (Fig. 7a). Corresponding to the enhanced North-
east Asian low, the strong lower-tropospheric south-
westerly anomaly over Northeast China (Fig. 6b), to
the east of the Northeast Asian low, intensifies the cli-
matological in-situ southwesterly (Fig. 7b). This in-
tensified southwesterly over Northeast China trans-
ports more moisture to northern Northeast China,
causing an increase in rainfall (Fig. 3a).

During the type B jump, the geopotential heights
at 850 hPa are remarkably higher over the WNP north
of Japan and slightly lower to the south over the
subtropical WNP (Fig. 5b). The changes in 850-hPa
geopotential height contribute to the northwestward
extension of the WNP subtropical high as the 1480-
gpm contour moves northwestward across Japan, the
Korean Peninsula, and the Sea of Japan. Meanwhile,
the ridge of the WNP subtropical high reaches ap-
proximately 40◦N at the jump pentad, compared to
its position at 30◦N before the jump. The changes
in the WNP subtropical high are associated with an
anticyclonic anomaly (Fig. 6c) to the north of the
EAJS’s axis (Fig. 7a) and a cyclonic anomaly to the
south in the upper troposphere. These anomalies are
caused by the weakened EAJS during the type B jump.
The southwesterly anomaly in the lower troposphere
(Fig. 6d), to the west of the northwestward extension
of the WNP subtropical high, intensifies the clima-
tological southerly along eastern China toward North
China (Fig. 7b). This intensified southerly along east-
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Fig. 6. Same as Figs. 4c and f but for the composite difference in hori-
zontal winds at 200 hPa (a, c) and 850 hPa (b, d). The left panels are
for the type A jump and the right panels for the type B jump. Dark
black vectors denote significant zonal or meridional wind anomalies at
the 95% confidence level by Student t-test.

Fig. 7. Climatology of horizontal winds at 200 hPa (a)
and 850 hPa (b) averaged during late June-late August
from the years 1958 to 2002.

ern China transports more moisture and contributes
to increased rainfall in North China, as shown in
Fig. 3b. In addition, the northeasterly anomaly to the
west of the cyclonic anomaly opposes the climatolog-
ical southerly (Fig. 7b) and diverges over the Yangtze
River valley from the southwesterly anomaly to the
north. Rainfall is reduced in the Yangtze River valley
(Fig. 3b).

5. Impact of increased rainfall in the tropical
WNP

Lin (2011) revealed that during the type A jump
of the EAJS, rainfall in the tropical WNP is enhanced.
Many other studies have also emphasized the impact of
intraseasonal variations of the tropical WNP convec-
tive anomaly on rainfall in eastern China (e.g., Huang
and Sun, 1994; Yang et al., 2010). To illustrate the
effect of WNP rainfall, the WNPSMI-related pentad
CMAP precipitation anomalies in late June-late Au-
gust during 1979–2002 and observational station rain-
fall anomalies in eastern China during 1958–2002 are
presented in Fig. 8. The WNPSMI was shown to be an
appropriate representation of WNP rainfall variations
in section 2 of this study. When the WNPSMI is pos-
itive, rainfall is enhanced in the tropical WNP, as well
as in the South China Sea, and rainfall is suppressed
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Fig. 8. (a) Correlation of pentad CMAP precipitation
during late June-late August (14 pentads from pentad 35
to 48) from 1979 to 2002 with the western North Pacific
summer monsoon index (WNPSMI), which is defined as
the difference of zonal winds at 850 hPa averaged over the
regions between (5◦–15◦N, 100◦–130◦E) and (20◦–30◦N,
110◦–140◦E), as in Wang et al. (2001). Shading denotes
significant correlation at the 95% confidence level. (b)
Same as (a), but for the correlation of pentad station
rainfall in eastern China with the WNPSMI from 1958
to 2002.

along the subtropical East Asian rainy belt from the
Yangtze River-Huaihe River valleys, northeastward
through Japan, to the WNP east of Japan. Rain-
fall also slightly increases west of North China. The
impact of the WNPSM on rainfall in eastern China
is confirmed by the WNPSMI-related station rainfall
(Fig. 8b).

The increased rainfall in the tropical WNP during
the type A jump revealed by Lin (2011) thus results
in significantly decreased rainfall in the Yangtze-Huai
River valley. In the final portion of this section, the
circulation anomalies associated with the WNPSM, in
contrast with those due to the northward jumps of the
EAJS, are further explored.

When rainfall in the tropical WNP increases, a
local anticyclonic anomaly in the upper troposphere
(Fig. 9a) and a cyclonic anomaly in the lower tropo-
sphere (Fig. 9b) are observed. The northeasterly

Fig. 9. The same as Fig. 8b, but for regressed pentad
horizontal wind anomalies at 200 hPa (a), 850 hPa (b),
and meridional winds and vertical velocity anomalies av-
eraged between 110◦E and 130◦E (c). Dark black vectors
denote significant anomalies at the 95% confidence level.

anomaly to the west of the lower-tropospheric cy-
clonic anomaly suppresses moisture transport to the
Yangtze-Huai River valley. The circulation anomalies
related to the tropical WNP rainfall include an anoma-
lous meridional overturning circulation in the verti-
cal cross-section over the WNP and East Asia, with a
branch of ascending motion in the tropical WNP be-
tween 10◦N and 20◦N and a subsidence branch at ap-
proximately 30◦N over the Yangtze-Huai River valley
(Fig. 9c). The suppressed lower-tropospheric moisture
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transport and anomalous subsidence both lead to a re-
duction in rainfall in the Yangtze-Huai River valley. In
addition, an anomalous ascending motion is also ob-
served over 40◦N, consistent with a weak increase in
rainfall in North China (Fig. 8). Over East Asia, a sig-
nificant upper-tropospheric westerly anomaly appears
to be centered at approximately 50◦N, to the north
of the EAJS’s axis, and an easterly anomaly between
35◦N and 40◦N is observed to the south of the EAJS’s
axis (Fig. 9a). Accordingly, the EAJS tends to shift
northward, consistent with the conclusion that the in-
creased rainfall in the tropical WNP contributes to the
type A jump (Lin, 2011).

6. Conclusions

The impacts of the two types of northward jumps of
the EAJS on rainfall in eastern China are investigated
in this study by using daily NCEP/NCAR reanalysis
data and observational station rainfall in China dur-
ing 1958–2002. Rainfall is significantly enhanced in
northern Northeast China and weakened in the Yellow
River-Huaihe River valleys, as well as in North China,
during the type A northward jump. When the EAJS is
enhanced in the northern portion of the EAJS’s axis.
During the type B jump, the westerly is significantly
weakened in the EAJS’s axis, and rainfall increases in
North China and decreases in the Yangtze River valley.

These changes in rainfall during the two types of
jumps are primarily caused by northward shifts in as-
cending motion that are directly related to the EAJS.
During the type A (B) jump, the EAJS-related as-
cending branch to the south of its axis moves from
the Yangtze-Huai River valley to northern Northeast
(North) China when the EAJS’s axis jumps from 40◦N
to 55◦N (50◦N). Increased rainfall is observed in north-
ern Northeast (North) China during the type A (B)
jump of the EAJS. The northward shift of EAJS-
related ascending motion, on the other hand, leads
to decreased rainfall in the Yellow River-Huaihe River
(Yangtze River) valleys during the type A (B) jump.

In addition, the associated lower-tropospheric cir-
culation anomaly further enhances the impact of
the type A (B) jump on northern Northeast China
(North China) rainfall. During the type A jump, the
barotropic cyclonic anomaly to the northwest of the
enhanced westerly intensifies the lower-tropospheric
Northeast Asian low, leading to more moisture trans-
port to northern Northeast China and enhanced rain-
fall. The barotropic anticyclonic anomaly north of the
weakened westerly contributes to the northwestward
extension of the WNP subtropical high, increased
moisture transport to North China and strengthened
rainfall during the type B jump.

The impacts of the two types of northward jumps
of the EAJS are compared with those related to tropi-
cal WNP rainfall. When rainfall increases in the trop-
ical WNP, rainfall in the Yangtze-Huai River valley
is significantly reduced. These changes in rainfall are
due to the eastward retreat of the WNP subtropical
high, which is a Rossby wave response to the tropical
WNP rainfall-induced heat release, in contrast with
the enhanced Northeast Asian low during the type A
jump and the northwestward extension of the WNP
high during the type B jump.

The enhanced rainfall in the tropical WNP during
the type A jump thus results in weakened rainfall in
the Yangtze-Huai River valley. Note that the type A
EAJS jump causes rainfall increase in northern North-
east China and rainfall decrease in the Yellow River-
Huaihe River valleys. Accordingly, the combined effect
of the tropical WNP rainfall and the type A north-
ward jump of the EAJS in midsummer leads to de-
creased rainfall in regions along eastern China, from
the Yangtze River valley northward to North China,
and increased rainfall in northern Northeast China.
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