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ABSTRACT

Based on the ERA-40 and NCEP /NCAR reanalysis data, the NOAA Climate Prediction Center’s merged
analysis of precipitation (CMAP), and the fifth-generation PSU/NCAR Mesoscale Model version 3 (MM5v3),
we defined a monsoon intensity index over the East Asian tropical region and analyzed the impacts of summer
(June—July) South China Sea (SCS) monsoon anomaly on monsoon precipitation over the middle-lower
reaches of the Yangtze River (MLRYR) using both observational data analysis and numerical simulation
methods. The results from the data analysis show that the interannual variations of the tropical monsoon
over the SCS are negatively correlated with the southwesterly winds and precipitation over the MLRYR
during June—July. Corresponding to stronger (weaker) tropical monsoon and precipitation, the southwesterly
winds are weaker (stronger) over the MLRYR, with less (more) local precipitation. The simulation results
further exhibit that when changing the SCS monsoon intensity, there are significant variations of monsoon
and precipitation over the MLRYR. The simulated anomalies generally consist with the observations, which
verifies the impact of the tropical monsoon on the monsoon precipitation over the MLRYR. This impact
might be supported by certain physical processes. Moreover, when the tropical summer monsoon is stronger,
the tropical anomalous westerly winds and positive precipitation anomalies usually maintain in the tropics
and do not move northward into the MLRYR, hence the transport of water vapor toward southern China is
weakened and the southwest flow and precipitation over southern China are also attenuated. On the other
hand, the strengthened tropical monsoon may result in the weakening and southward shift of the western
Pacific subtropical high through self-adjustment of the atmospheric circulation, leading to the weakening of
the monsoon flows and precipitation over the MLRYR.
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There are close links between

The East Asian monsoon includes the tropical
monsoon over the South China Sea (SCS) and the
western Pacific and the subtropical monsoon over the
mainland of China, the Korean Peninsula, and Japan
(He and Yu, 1986; Chen et al., 1991; Ding, 2004),
in which the variability of summer monsoon over the
Yangtze River (YR) area directly affects precipitation
anomalies over eastern China, often resulting in large-

the East Asian tropical and subtropical monsoon rain
belts. Particularly, there is a “+—4” correlation pat-
tern in the interannual and interdecadal variations of
precipitation among the SCS, YR reaches, and North
China (Zhao and Zhou, 2009; Ding et al., 2007; Wang
et al., 2008; Zhao et al., 2010).
the tropical monsoon is associated with the subtrop-

The variability of

ical monsoon precipitation through the East Asian-

Pacific meridional teleconnection or the Pacific-Japan
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(PJ) wave train (Nitta, 1987; Huang and Li, 1988).

Previous studies paid attention to not only the
characteristics and mechanisms of the East Asian trop-
ical monsoon establishment (Ding et al., 1994; Ding
and Liu, 2006) but also the influence of the tropical
monsoon climate on the East Asian subtropical mon-
soon (Chen et al., 1991; Zhang and Tao, 1998; Ding et
al., 2004). The influences of oceanic conditions in the
SCS and the warm pool of the western Pacific are spe-
cially emphasized (Huang and Sun, 1994; Liu et al.,
2004; Huang et al., 2005; Zhao et al., 2010). These
studies pointed out that the thermal conditions over
the warm pool of the tropical western Pacific, particu-
larly the convective activities near the Philippines, ex-
ert great effects on the onset of the East Asian subtrop-
ical monsoon and the advance and retreat of the mon-
soon rain belt. When the tropical western Pacific is
warm (cold) during summer, the convective activities
near the Philippines are strong (weak), the time of the
SCS summer monsoon onset is early (late), the ridge
of the subtropical high over the western North Pacific
moves pronouncedly northward (stays in a northward
position), and the precipitation decreases (increases)
between the YR and Huaihe River reaches and in-
creases (decreases) over North China.

Convections over the tropical western Pacific are
also related to the seasonal advance and retreat of the
ridge of the western North Pacific subtropical high and
the East Asian upper-level jet streams and their varia-
tions in intensity. For example, Lu (2004) found that a
climatic anomaly near the Philippines may affect the
position of the rain belt over the subtropics of East
Asia through changing the low-level subtropical high
ridge over the western North Pacific and the upper-
level atmospheric circulation over East Asia.

On the interannual and interdecadal timescales,
the influences of ENSO in the tropical eastern Pacific
and the SST in the Indian Ocean on the East Asian
monsoon and rainfall are also noted (Zou and Ni, 1997;
Wang et al., 2000; Zhang, 2001; Wang, 2002; Qian,
2009; Yao and Qian, 2011; Zhao et al., 2010). On
the seasonal and intraseasonal scales, the tropical low-
frequency oscillations exert important impacts on not

only the tropical climate systems but also atmospheric
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circulation and climate over the entire Asian monsoon
region (Li et al., 2001; Wen et al., 2006). The 30-60-
day oscillation from the equator meets the southward-
propagating 30-60-day oscillation near 25°-30°N that
comes from the mid and high latitudes of East Asia,
which may affect the intensity and position of precip-
itation over eastern China (Chen and Xie, 1988; He
and Yang, 1992).

Although previous studies on the tropical climates
over the SCS and the subtropical summer monsoon
over eastern China have made great progress, there
are still some scientific questions that need to be in-
vestigated in depth in this field. For example, some
new results from observations and numerical simula-
tions showed that on the seasonal scale, the southwest
monsoon and associated rain belt over the YR basin
do not result from a northward shift of the SCS mon-
soon rain belt but originate directly from a northward
advance of spring southwesterly winds and the associ-
ated rain belt to the south of the YR, and the varia-
tion of thermal contrasts between the East Asian land
and its adjacent oceans has a substantial effect on the
northward advance of the spring rain belt (Chen et al.,
2001; Zhao et al., 2007; He et al., 2007; Qi et al., 2007,
Zhao et al., 2009a, b). Then, do these results suggest
that the tropical monsoon has no influence on the YR
monsoon rainfall anomalies? Could the tropical south-
westerly winds and rainfall directly shift northwards to
the YR and then cause an in-phase variation of the YR
monsoon and rainfall on the interannual scale? To an-
swer these questions, it is necessary to investigate the
effects of anomalous tropical monsoon intensity over
the SCS on the YR monsoon and rainfall through ob-
servational data analysis and numerical simulations.

Because zonal wind is dominant over the tropics
of East Asia, it has been used extensively to examine
the variability of the SCS tropical monsoon (Qian and
Yang, 2000; Wang et al., 2004; Zhao et al., 2009b). In
this study, we use the zonal wind over the SCS and the
adjacent areas to indicate the East Asian tropical mon-
soon intensity. The influences of the summer tropical
monsoon anomalies on southwest monsoon and rain-
fall over the middle-lower reaches of the YR (MLRYR)

are investigated based on observational data and nu-
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merical simulations. The purpose of this study is to
reveal the interannual relationships between the tropi-
cal monsoon over the SCS and the southwest monsoon

over southern China.

2. Observational data analysis of relationships
between the SCS monsoon and the MLRYR

monsoon

In the observational data analysis, we utilize
monthly mean ERA-40 reanalysis data of the FEuro-
pean Centre for Medium-Range Weather Forecasts
(ECMWF) during 1958-2001 (Uppala et al., 2005),
the raingauge data from 160 surface weather stations
of China, and the NOAA Climate Prediction Center’s
merged analysis of global pentad mean precipitation
(CMAP) (Xie and Arkin, 1997). The significance of
the correlation and composite analyses used in this
study is assessed by the Student’s ¢-test. All the re-
sults in this study are at the 95% significance level
unless otherwise stated. Because the East Asian sub-
tropical monsoon rainfall occurs mainly over the ML-
RYR during June-July, we will focus on the effects of
tropical monsoon on monsoon rainfall over the ML-
RYR during this period.

Figure la shows the climatology of summer
(June-July) 850-hPa winds. It is seen that the west-
erly wind exceeding 5 m s~! prevails over a large area
from the Arabian Sea to the SCS, indicating the preva-
lence of the Asian tropical summer monsoon. Because
the zonal wind component is much larger than the
meridional wind component, which is consistent with
the previous studies (Webster and Yang, 1992; Web-
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ster et al., 1998; Qian and Yang, 2000; Wang et al.,
2004; Zhao et al., 2007, 2009b), the 850-hPa zonal
wind is used to indicate the variability of the Asian
tropical monsoon intensity. On the standard devia-
tion map of 850-hPa zonal wind (Fig. 1b), the stan-

L covers a large tropical

dard deviation above 2 m s~
area from the Indo-China Peninsula to western Pacific
via the SCS, with values greater than 5 m s~! spread-
ing between 120° and 130°E. By referring to the dis-
tributions of tropical westerly wind intensity and its
standard deviation, the 850-hPa zonal wind averaged
over the tropical region (5°-17.5°N, 100°~130°E) from
the Indo-China Peninsula to western Pacific is used to
indicate the variability of the SCS tropical monsoon
intensity, called the SCS monsoon (SCSM) index. It
is seen from the correlation map between the sum-
mer SCSM index and the simultaneous 850-hPa zonal
wind (figure omitted) that the significant positive cor-
relation exceeding 0.6 covers the tropics from India to
western Pacific, with the maximum value exceeding
0.8 over the region from the Bay of Bengal to east-
ern Philippines, which indicates that the SCSM index
defined in this study can well reflect the variation fea-
tures of lower-tropospheric zonal wind over the SCS
and adjacent areas.

Figure 2 shows the temporal variation curve of
the summer SCSM index during 1958-2001. This in-
dex remarkably exhibits interannual variability. We
separately select seven strongest and weakest SCSM-
index years to perform a composite analysis, in which
the seven strongest index years are 1965, 1972, 1982,
1985, 1990, 1994, and 1999, and the seven weakest in-
dex years are 1959, 1964, 1966, 1983, 1995, 1996, and
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Fig. 1. (a) Climatology of June-July mean 850-hPa winds (m s™') and (b) standard deviation of 850-hPa zonal wind
(m s7') for the period 1958-2001. The thick dashed lines indicate the topographic contour of 1500 m.
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Fig. 2. The temporal curve of the June—July mean SCSM
index during 1958-2001.

1998. Figure 3a shows the composite difference of
850-hPa winds between the strong and weak SCSM-
index years. It is seen that significant westerly wind
anomalies prevail over the tropics from Southeast Asia
to western Pacific. This indicates a stronger west-
erly wind over these regions when the SCSM index is
higher. The strengthened tropical westerly wind also
enhances the local low-level air convergence (figure
omitted), leading to anomalous upward motion (Fig.
3c) and increased rainfall over the tropical monsoon

region. Figure 4a shows the correlation coefficient be-
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tween the summer SCSM index and the simultaneous
CMAP rainfall during 1979-2001. It is seen that sig-
nificant positive correlations appear from the SCS to
the tropical western Pacific, indicating a more tropi-
cal monsoon rainfall, when the tropical westerly wind
is stronger. These results suggest that the summer
SCSM index can indicate the variations of the tropical
monsoon and rainfall over the SCS and the adjacent
areas.

When the SCS tropical monsoon is stronger
(weaker), however, the southwest monsoon does not
synchronously strengthen (weaken) over the YR and
Huaihe River reaches and the area to the south. In
Fig. 3a, corresponding to a stronger tropical mon-
soon, a large-scale anomalous cyclonic circulation ap-
pears near 20°N over the SCS-western Pacific region.
On the composite difference map of 850-hPa geopo-
tential height (Fig. 3b), large-scale significant nega-
tive anomalies appear from southeast of the Tibetan
Plateau to the tropical western Pacific, with their neg-
ative central value of —20 dgpm over the northern SCS.
The northern boundary of the western Pacific subtrop-

ical high ridge with the contour 1460 dgpm along
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Fig. 3. (a) Composite difference of June—July 850-hPa winds (m s~
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1), (b) 850-hPa geopotential height (dgpm), and (c)

latitude-height cross-section of vertical circulation along 115°E between the strong and weak SCSM-index years. In (a)

and (b), the shaded areas are at the 95% confidence level.
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130°E is located near 25°N (figure omitted), more
southward compared to 29°N in a weaker tropical
monsoon. This anomalous feature in the atmospheric
circulation indicates a southward and weak ridge over
At this time, the
northeasterly wind anomalies to the north of the

the subtropical western Pacific.

anomalous cyclonic circulation center prevail over the
land of eastern China. On the climatological mean
map, the southwesterly winds prevail over this region
during summer. Thus, presence of the northeasterly
wind anomalies indicates that the southwesterly flow
weakens over southern China when the East Asian
tropical monsoon is stronger. On the composite dif-
ference map of the meridional-vertical circulation (Fig.
3c), there is an anomalous circulation center in the tro-
posphere near 20°N, with anomalous downward mo-
tion over the subtropics (27°-33°N) of East Asia that
accompanies anomalous upward motion over the trop-
ics. Meanwhile, the weakened low-level southwesterly
flow does not favor the transport of water vapor to-
ward the mainland of China (figure omitted). There-
fore, corresponding to the weakened southwest mon-
soon and upward motion over the subtropics, there is
less rainfall over the MLRYR. Accordingly, as shown
in Fig. 4a, significant negative correlation coefficients
appear between 26° and 32°N of eastern China. This
link between the summer SCSM index and rainfall
over eastern China is also observed on the composite
difference map of summer rainfall from surface rain-
gauge stations between the strong and weak SCSM-
index years (Fig. 4b). In Fig. 4b, negative rainfall
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anomalies appear over the MLRYR.

The above analysis reveals that there is a close
relationship of the SCS tropical monsoon and rainfall
with those of the MLRYR on the interannual scale.
This relationship shows an out-of-phase variation fea-
ture, that is, the southwest monsoon over the south-
ern China often weakens when the tropical monsoon
strengthens. This result is similar to that of the previ-
ous studies (Ding et al., 2007; Wang et al., 2008). Qian
et al. (2009) showed a negative correlation between
the June-August rainfall in the SCS-tropical western
Pacific monsoon region and that of the YR basin on
the interannual scale. Then, does this statistical rela-
tionship between the tropical monsoon and the mon-
soon in the MLRYR reflect an effect of the former on
the latter? In the following section, we further ana-
lyze the impacts of changes in the tropical monsoon
intensity on the monsoon and rainfall over the ML-
RYR through sensitivity experiments of a numerical

model.

3. Numerical simulations on the impacts of the
SCS monsoon on the MLRYR monsoon and

rainfall

3.1 Model and experimental design

In order to conveniently investigate the effects of
the SCS tropical monsoon on the YR monsoon and
rainfall using a numerical model, we utilize the non-
hydrostatic mesoscale model MMb5v3 developed by the
PSU/NCAR, in which a simple ice-phase precipitation

20 T T T
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130°E

Fig. 4. (a) Correlation coeflicient between the June—July SCSM index and the synchronous CMAP precipitation for the

period 1979-2001, and (b) composite difference of June—July total precipitation (x100 mm) at surface weather stations
between the strong and weak SCSM-index years. The shaded areas are at the 90% confidence level.
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scheme, the Grell cumulus parameterization scheme,
the MRF (Medium-Range Forecast) model plane-
tary boundary layer scheme, and a cloud radiational
scheme are selected. Moreover, a relaxation approx-
imation scheme is used as the lateral boundary con-
dition. In the present study, the model domain has
a horizontal resolution of 80 km, with 72 and 50 grid
points in the east-west and south-north directions, re-
spectively. The model atmosphere in the vertical di-
rection is separated into 23 layers, with the top of
the model atmosphere at 100 hPa. Some studies have
shown that the MMb5v3 can be applied to simulating
atmospheric circulation and precipitation over East
Asia (Lau et al., 1998; Tang et al., 2004). Using this
model, Zhao et al. (2009a) investigated the impacts of
ocean-land thermal contrasts over the East Asian re-
gion on southwest monsoon and rainfall over southern
China for 2004 and 2005.

In order to simulate impacts of the SCS tropical
monsoon intensity anomalies on the YR monsoon rain-
fall through adjusting atmospheric conditions at the
southern boundary of the model domain, the model
domain is centered at 30°N, 110°E and its southern
boundary is approximately set at 15°N. In the present
study, experiments A, B, and C are designed to ex-
amine the impacts of the SCS tropical monsoon on
the YR monsoon. Southwesterly winds over eastern
China are strong in 2004 and weak in 2005 (Zhao et
al., 2009a; Yao and Qian, 2011), thus we select these
two years to perform comparative simulations.

Experiment A is a control experiment for assess-
ing the capability of the MM5v3 model. Consistent
with Zhao et al. (2009a), in experiment A, the atmo-
spheric initial and lateral boundary data and land sur-
face data come from the 4-time daily reanalysis dataset
of the NCEP/NCAR with a horizontal resolution of
1°x1° (Kalnay et al., 1996), and the sea surface tem-
perature data come from the daily analysis dataset
of the NCEP-Environmental Modeling Center with
a horizontal resolution of 0.5°x0.5° (Gemmill et al.,
2007). The time step of the model integration is set
at 240 s. The SCS tropical monsoon often breaks out
in May (Lau and Yang, 1997; Webster et al., 1998).

To understand how the tropical monsoon and rainfall
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anomalies propagate during May and July after the
onset of the tropical monsoon, the MM5v3 model is
run from 0000 UTC 1 May to 31 July, in which the
atmospheric lateral conditions and the land surface
conditions are refreshed with an interval of 6 h.

In experiment B (with strengthened SCS tropi-
cal monsoon), the atmospheric data at the southern
boundary of the model domain corresponding to a
stronger tropical westerly wind replace those in ex-
periment A and remain unchanged during the entire
integration period. Experiment B is described in detail
as follows. Based on the 4-time daily NCEP/NCAR
reanalysis data during May and July, we firstly select
the time when there is a strong lower-tropospheric (be-
low 700 hPa) westerly wind at the southern boundary
of the model domain. Then, the geopotential height,
temperature, zonal wind, meridional wind, and hu-
midity from the reanalysis dataset along the southern
boundary-vertical cross-section at this time are put
into the model to replace atmospheric data at the
southern boundary in experiment A throughout the
model integration period, so that the tropical monsoon
is always strong during May and July in experiment
B relative to experiment A.

Experiment C is the same as experiment B but
it selects a weak lower-tropospheric westerly wind at
the southern boundary of the model domain. In order
to increase the reliability of sensitivity experiments,
we use the atmospheric data at the southern bound-
ary corresponding to different strong (weak) tropical
westerly winds to repeat experiment B (C) five times
and the mean of five model outputs is used as the re-
sult of experiment B (C). It is seen from the following
analysis that the simulation results are in good consis-
tency with observations, which demonstrates that the

configuration of experiments B and C is reasonable.
3.2 Simulation results

Figure 5a shows the time-latitude cross-section of
850-hPa meridional wind of the NCEP/NCAR reanal-
ysis along 110°-120°E during the 25th and 42th pen-
tad. It is seen that the southerly wind prevails to the
south of 30°N most of the time, with the central value
exceeding 8 m s~!. In the June-July 850-hPa wind
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and geopotential height fields (Fig. 5b), large-scale
southwesterly winds prevail over the mid-low latitudes
of the Asian continent and the coastal areas and there
is a low pressure system to the southeast of the Ti-
betan Plateau, with a ridge over the mid-low lati-
tudes of the western Pacific. Figure 5c¢ shows the
time-latitude cross-section of the CMAP rainfall along
110°-120°E. In this figure, the rain belt over southern
China is mainly located to the south of 30°N during
May and June and then remarkably moves northward,
maintaining generally to the north of 30°N. These re-
sults exhibit that the atmospheric circulation and rain-
fall over eastern China in 2005 have a major feature
of the subtropical monsoon (Chen et al., 1991; Ding,
2004). Compared with Fig. 5, it is seen in Fig. 6 that
experiment A captures major features of the temporal
evolution (Fig. 6a) and horizontal distribution (Fig.
6b) of the southwesterly winds over East Asia during
May and July 2005. The temporal evolution of the
simulated rain belt over eastern China (Fig. 6¢) shows
that although the simulated rainfall is slightly north-

ward in position and is larger in value compared with

26 28 30 32 34 36 38 40 42
Pentad
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the observation, the temporal evolution of the simu-
lated rain belt and its northward shift during summer
are consistent with those in Fig. 5c. These results
indicate that the model is able to capture the major
features of the May—July southwesterly wind and rain-
fall over the East Asian monsoon region in 2005 in ex-
periment A. Thus, the MM5v3 model may be applied
to studying impacts of the tropical monsoon intensity
changes in experiments B and C.

Figure 7a shows the time-latitude cross section
of the difference of the simulated 850-hPa zonal wind
between experiments B and C along 110°-120°E in
2005. It is seen that significant westerly wind anoma-
lies always maintain near the southern boundary of
the model domain, which indicates that the westerly
wind is stronger in experiment B than in experiment
C during the entire integration period. On the differ-
ence map of the simulated June—July 850-hPa wind
between experiments B and C (Fig. 7b), significant
southwesterly wind anomalies prevail over the tropics
from the Indo-China Peninsula to the western Pacific,

indicating a stronger tropical southwesterly flow in
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Fig. 5. (a) Time-latitude cross-section of the 850-hPa meridional wind (m s~!) along 110°-120°E, (b) June-July
850-hPa winds (vector; m s™') and geopotential height (contour line; x10 dgpm) in the NCEP/NCAR reanalysis, and
(c) time-latitude cross-section of the CMAP precipitation (mm pentad ') in 2005.
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Fig. 6. (a) Time-latitude cross-section of the simulated 850-hPa meridional wind (m s~

1) along 110°~120°E, (b) June—

July 850-hPa winds (vector; m s~*) and geopotential height (contour line; x 10 dgpm), and (c) time-latitude cross-section
of rainfall (x10 mm pentad ') along 110°~120°E in experiment A in 2005.

experiment B than that in experiment C. Correspond-
ing to these variations of the tropical atmospheric
circulation between experiments B and C, significant
monsoon rainfall anomalies appear over the SCS and
the adjacent tropical areas. In Fig. 8a, significant
positive rainfall anomalies occur to the south of 20°N
during the entire integration period. On the horizon-
tal map (Fig. 8b), significant positive rainfall anoma-
lies cover the oceans to the southeast of the main-
land of China, indicating more monsoon rainfall over
the tropical SCS, corresponding to a stronger tropical
southwesterly flow and strengthened tropical monsoon
rainfall. It is evident that the enhanced and weakened
SCS tropical monsoons are simulated in experiments
B and C, respectively. Meanwhile, it is noted that the
simulated tropical westerly wind and positive rainfall
anomalies mainly stay over the tropics, not showing a
striking northward shift to the subtropical mainland
of eastern China.

Over the subtropics of East Asia, a large-scale

anomalous cyclonic circulation appears over East Asia,

Southeast Asia, and the mid and low latitudes of the
western Pacific, with its anomalous circulation cen-
ter near 20°N over the western Pacific, and northeast-
erly wind anomalies to the north of the anomalous cy-
clonic center prevail over eastern China (Fig. 7b). The
easterly wind anomalies always maintain over south-
ern China during the entire model integration period
(Fig. 7a). Corresponding to this anomalous cyclonic
circulation, there are significant negative anomalies of
850-hPa geopotential height over East Asia and the
western Pacific, with a geopotential height difference
of =55 dgpm over the Pacific near 20°N (Fig. 7c). It
is found that when the East Asian tropical monsoon
strengthens, the ridge of the subtropical high over the
western Pacific is located at a southward position (fig-
ure omitted), and the southward and weak subtropical
high ridge corresponds to a weak southwesterly flow
over eastern China in summer. This features a weak
monsoon over the YR reaches, not favoring the trans-
port of water vapor toward the mainland of China.

On the simulated difference map of meridional verti-
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cal circulation along 115°E (Fig. 7d), upward motion
anomalies appear in the troposphere to the south of
23°N, with downward motion anomalies in the tro-
posphere within 25°-37°N. Because these simulated
anomalous characteristics are basically consistent with
those in Fig. 3, the atmospheric circulation anoma-
lies over southern China associated with the tropical
monsoon shown in Fig. 3 can be forced by changing
the East Asian tropical southwesterly wind intensity,
which reflects the impact of the tropical monsoon on
the YR monsoon. This impact of the tropical monsoon
on the atmospheric circulation over southern China
may be explained as follows.

Compared to experiment C, the strengthened
southwesterly flow over the tropics in experiment B
enhances the local low-level air horizontal conver-
gence. In theory, smaller regional-scale cyclonic circu-
lations may occur within the convergence region of a
large-scale heterogeneous southwesterly wind through
the horizontal advection function of large-scale flows

(Zhao and Zhou, 2001). Meanwhile, based on the
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vorticity equation, the air convergence may also pro-
duce positive vorticity, forming a cyclonic circulation.
Therefore, the cyclonic circulation anomalies shown
in Fig. 7b may occur within the low-level strength-
ened tropical convergence region in experiment B, with
the northeasterly wind anomalies to the north of the
anomalous cyclonic center prevailing over southern
China.

Corresponding to the variations of atmospheric
circulation over East Asia, significant rainfall anoma-
lies appear over the MLRYR. It is seen from Fig. 8a
that significant negative rainfall anomalies generally
appear between 23° and 30°N during late spring and
early summer and move northwards to 30°-38°N dur-
ing mid summer. On the horizontal map (Fig. 8b),
significant negative rainfall anomalies are located from
the YR-Huaihe River reaches to the subtropical west-
ern Pacific, with the anomaly center to the south of the
YR. These results indicate that when the SCS tropi-
cal monsoon strengthens, the YR monsoon rainfall
generally shows a weakened feature. These simulated
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Fig. 7. (a) Time-latitude cross-section of composite difference (experiment B minus experiment C) of the simulated
850-hPa zonal wind (m s™') along 110°~120°E in 2005, in which the shaded areas are at the 95% confidence level, (b) as
in (a), but for June-July mean 850-hPa winds (m s™%), (c) as in (a), but for 850-hPa geopotential height (dgpm), and
(d) as in (a), but for latitude-height cross-section of vertical circulation along 115°E.
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Fig. 8. (a) As in Fig. 7a, but for precipitation (x10 mm pentad™'), and (b) as in Fig. 7b, but for June-July total

precipitation (x100 mm).

rainfall variation features over the YR reaches are ba-
sically consistent with those of the observation shown
in Fig. 4.

In order to verity the conclusions obtained from
the simulations in 2005, we analyze the simulated re-
sults in 2004 when there was a weaker southwest mon-
soon over eastern China. Compared to the observa-
tions, it is seen that the MM5v3 model in experi-
ment A also captures basic characteristics of monsoon
circulation and rainfall over East Asia (figure omit-
ted). Then, we analyze the simulated differences be-

tween experiments B and C. Figure 9a shows the time-

26 28 30 32 34 36 38 40 42
Pentad

45°N

latitude cross-section of the simulated 850-hPa zonal
wind difference between experiments B and C along
110°-120°E in 2004.

wind anomalies maintain over the tropics near 15°N

In this figure, positive zonal

during the integration period, indicating a stronger
westerly wind simulated in experiment B relative to
experiment C, that is, the model in experiment B sim-
ulates a strong tropical monsoon. The simulated west-
erly wind anomalies mainly stay over the tropics, not
moving northward to the subtropical land, and the
easterly wind anomalies largely prevail over southern
China. On the horizontal map of the June—July wind
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Fig. 9. (a) As in Fig. 7a, but for 2004, (b) as in Fig. 7b, but for 2004, and (c) as in Fig. 8b, but for 2004.
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difference (Fig. 9b), a significant anomalous cyclonic
circulation occurs over East Asia and its coasts, with
the circulation center near 20°N, 120°E. The west-
erly wind anomalies appear over the tropics, while
the northeasterly wind anomalies prevail over east-
ern China. Corresponding to these anomalies in the
atmospheric circulation, significant positive rainfall
anomalies appear over the tropics from the Indo-China
Peninsula to the SCS during June and July, while neg-
ative rainfall anomalies appear over eastern China be-
tween 20° and 35°N (Fig. 9c¢). Evidently, for 2004,
when the SCS tropical monsoon strengthens, the lo-
cal monsoon rainfall increases, while the southwesterly
wind over southern China and the associated rainfall
weaken. Thus, the anomalous characteristics of the
simulated atmospheric circulation and rainfall in 2004
are generally consistent with those in 2005, which sup-
ports the conclusions obtained from the simulation in
2005.

4. Conclusions and discussion

In this study, using the ERA-40 and NCEP re-
analysis data, China raingauge precipitation data,
CMAP precipitation data, and the MM5v3 mesoscale
model, the zonal wind over the SCS and its adja-
cent areas is used to indicate variability of the SCS
tropical monsoon intensity and the influences of the
May—July SCS tropical monsoon anomalies on the YR
monsoon and rainfall are investigated from observa-
tions and numerical simulations. The observational
data analysis shows that on the interannual scale, the
monsoon and rainfall over the MLRYR have an out-
of-phase relationship with those over the SCS during
June and July. When the tropical monsoon and rain-
fall are stronger (weaker), the northern boundary of
the western Pacific subtropical ridge is southward,
the southwest monsoon over the MLRYR is weaker
(stronger), the tropospheric upward motion is weaker
(stronger) over eastern China, and the local rainfall is
generally less (more).

Numerical simulations show that for the years
with a strong or weak southwest monsoon over east-
ern China, significant monsoon and rainfall variations

appear over the MLRYR in response to the SCS trop-
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ical monsoon intensity change. This supports the
results from the observational analysis. That is, when
the westerly wind strengthens over the tropical mon-
soon region, the local rainfall increases, while the
northern boundary of the western North Pacific sub-
Meanwhile, the

southwest monsoon weakens over the land of eastern

tropical ridge is more southward.

China, so does the local upward motion, which lead
to the decreased rainfall over the East Asian subtrop-
ical monsoon region. This consistency between the
observation and simulation not only demonstrates the
rationality of the design of the numerical experiments
in the present study but also indicates that the link
between the SCS tropical and YR monsoon rainfalls
may reflect an impact of the former on the latter.
Moreover, on the interannual scale, the positive (neg-
ative) anomalies in the tropical westerly wind and
rainfall maintain largely over the tropics during May
and July and do not directly shift northward into the
subtropics of eastern China, so the transport of water
vapor toward southern China and the southwesterly
wind and rainfall over the MLRYR, are not increased
(decreased). On the other hand, the tropical monsoon
anomalies may result in the weakening and southward
shift of the western Pacific subtropical high through
adjustment of the atmospheric circulation, leading to
the weakening of the YR monsoon. The impact of
the tropical monsoon on the YR monsoon needs to
be explained physically. Further thermodynamic and
dynamic analyses should be performed in the future.
Moreover, it is not clear whether the observed
out-of-phase relationship between the SCS tropical
monsoon and the YR monsoon rainfall reflects an
impact of the latter on the former. This also needs
further studies with both dynamical analysis and nu-

merical simulations.
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