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ABSTRACT

Diurnal variations of two mountain-plain solenoid (MPS) circulations associated with “first-step” terrain [Tibetan Plateau
(TP)] and “second-step” terrain (high mountains between the TP and “east plains”) in China and their influence on the south-
west vortex (SWV) and the mei-yu front vortex (MYFV) were investigated via a semi-idealized mesoscale numerical model
[Weather Research and Forecasting (WRF)] simulation integrated with ten-day average fields (mei-yu period of 1–10 July
2007). The simulations successfully reproduced two MPS circulations related to first- and second-step terrain, diurnal vari-
ations from the eastern edge of the TP to the Yangtze River–Huaihe River valleys (YHRV), and two precipitation maximum
centers related to the SWV, MYFV. Analyses of the averaged final seven-day simulation showed the different diurnal peaks
of precipitation at different regions: from the afternoon to early evening at the eastern edge of the TP; in the early evening
to the next early morning in the Sichuan Basin (SCB); and in the late evening to the next early morning over the mei-yu
front (MYF). Analyses of individual two-day cases confirmedthat the upward branches of the nighttime MPS circulations
enhanced the precipitation over the SWV and the MYFV and revealed that the eastward extension of the SWV and its con-
vection were conducive to triggering the MYFVs. The eastward propagation of a rainfall streak from the eastern edge of the
TP to the eastern coastal region was primarily due to a seriesof convective activities of several systems from west to east,
including the MPS between the TP and SCB, the SWV, the MPS between second-step terrain and the east plains, and the
MYFV.
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1. Introduction

The Yangtze River–Huaihe River valleys (YHRV) suffers
persistently from long-lasting rainstorms and severe flood-
ing during the mei-yu season, which are caused by a quasi-
stationary, 1000-km-long rain belt associated with the east–
west oriented mei-yu front (MYF) from East Asia to the West
Pacific during summer (Tao, 1980; Ding, 1993). Most Chi-
nese meteorologists focus on the temporal and spatial charac-
teristics of MYF vortices (MYFV) along the Yangtze River–
Huaihe River valleys, the Yangtze River valley or the Huaihe
River valley over East China. Zhang et al. (2002) proposed
a multi-scale schematic model for the control of MYF pre-
cipitation over East Asia, which included four simultaneously
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active key factors: propagating short-wave troughs in the
mid-latitude jet streams; short-term variations in the south-
westerly monsoon flow; changes in the West Pacific Subtrop-
ical High; and the eastward-propagating convective systems
from the Tibetan Plateau (TP). One of the four key factors is
the meso-α-scale convective systems from the TP that prop-
agate eastward to the YHRV and promote the formation and
development of meso-α-scale convective systems along the
MYF and subsequently enhance heavy rainstorms. Zhuo et
al. (2002) revealed that convective systems originating over
the TP merged with a local cloud cluster over the Yangtze
River valley after being strengthened in the Sichuan Basin
during a period of severe rainfall in July 1998. Yasunari and
Miwa (2006) demonstrated that convection occurs east of the
TP and that the convergence line occasionally extends to the
eastern edge of the TP, which could trigger the southwest vor-
tex (SWV). Subsequently, the SWV induces a strong low-
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level jet (LLJ) with abundant moisture inflow to the east of
the SWV, which facilitates further development of the vortex
into a meso-α-scale cloud system embedded in the MYF over
the Yangtze River valley.

However, the eastwardly propagating mechanisms of
these systems from the TP and their detailed influences on
MYF convective systems are not clearly understood. Because
of the unique topographic distribution and monsoon climatol-
ogy in East Asia, precipitation along the MYF exhibits com-
plicated features determined by multi-scale atmospheric cir-
culations (Zhang et al., 2004; Zhao et al., 2004), and pos-
sesses a certain diurnal variation (Akiyama, 1990; Ninomiya,
2000; Geng and Yamada, 2007; Yu et al., 2007). Previous
studies have also shown that summertime convection in the
Northern Hemisphere often develops over the high mountains
in the local afternoon that subsequently propagates eastward
across the leeside plains overnight due to forcing from diur-
nally varying heating (Wang et al., 2004, 2005; Trier et al.,
2006, 2010; He and Zhang, 2010; Huang et al., 2010). In
East Asia, the major terrain is the TP, which is often referred
to as the “first-step” terrain in China. The “second-step” ter-
rain in China usually refers to the high mountain ranges such
as the Da Hinggan Mountains in Northeast China; the Yan-
shan Mountains and the Taihangshan Mountains, the Loess
Plateau and the Mongolian Plateau in North China; the Qin-
ling Mountains in Central China; and the Yunnan-Guizhou
Plateau Plateau in Southwest China. The “third-step” terrain
includes the low-lying plains and hilly regions to the east of
the second-step, and the high-mountain terrains (hereafter re-
ferred to as the “east plains”). The leeside nocturnal convec-
tion near the Sichuan Basin and surrounding areas in North
China and in the YHRV have been studied previously (Wang
et al., 2004, 2005; Yu et al., 2007).

Precipitation along the MYF in the YHRV with mid-
night to early-morning peaks is especially influenced by the
mountain-plain solenoid (MPS) circulation that develops be-
tween the high mountains and the eastern low-lying basin
or plains. Bao et al. (2011, hereafter referred to as BZ11)
discussed the various diurnal variations and their synoptic
circulations during the pre-mei-yu period, during the mei-
yu period, and during the post-mei-yu period, using anal-
yses of National Oceanic and Atmospheric Administration
(NOAA) Climate Prediction Center (CPC) morphing tech-
nique (CMORPH) rainfall data and an National Centers for
Environmental Prediction Global Forecast System (Final)
global gridded analysis (NCEP FNL) from 2003 to 2009.
Even after this study, because of the low temporal and spatial
resolution of the NCEP FNL, the influences of MPS circula-
tion on the diurnal variation of precipitation along the MYF
have not been described in detail. Sun and Zhang (2012, here-
after referred to as SZ12) indicated that an upward branch of
the MPS circulation between the second-step terrain and the
east plains increased the midnight to early-morning precip-
itation along the MYF east of 114◦E. However, their study
ignored the influence of the TP on its downstream area, fo-
cusing only on the area east of the TP. Previous studies have
confirmed that the TP has significant effects on the synoptic

circulation of East Asia (Ye and Gao, 1979; Yang and Yang,
1987; Zhang et al., 1988). Therefore, based on these past
studies, in this paper, we will use consecutive ten-day high-
resolution numerical simulation results to study in detailthe
diurnal variations of MPS circulations between high moun-
tains (first-step and second-step mountains) and their down-
stream basin or plains and their influences on the vortices and
precipitation over the Sichuan Basin and the Huaihe River
valley.

The primary goals of the current work are to reveal the
diurnal variations of precipitation and vortices from the east-
ern edge of the TP to the eastern coastal region (including the
Sichuan Basin and the MYF), to understand the impacts of di-
urnal variations and the interactions of the SWV and MYFV
on the rain belt extending from the foot of the TP to the MYF,
and to understand the possible impacts of a non-eastward-
moving SWV on an MYFV. The second section introduces
the studied event, its synoptic circulation pattern, and the ex-
perimental design. The third section compares the simulation
to observations, and the fourth section analyzes the diurnal
variations of simulated precipitation, SWV, MYFV and MPS
circulations. The fifth section discusses diurnal variations
of MPS circulations and their impacts on rainfall-producing
systems, as well as the relationship between the SWV and
MYFV during the simulated individual period of 4–6 July
2007. The final section contains concluding remarks.

2. The synoptic weather pattern of the studied
event and the experimental design

The main mei-yu rain belt from 19 June to 26 July 2007
extended from the foothills of the TP to the east plains and re-
sulted in severe flooding (Zhao et al., 2007; Fu et al., 2011).
There were two rainfall centers with a maximum accumu-
lated precipitation amount of greater than 400 mm during
1–10 July 2007, as derived from CMORPH data, which is a
high-resolution, global precipitation dataset using the NOAA
Climate Prediction Center’s morphing technique (Joyce et
al., 2004) with a spatial resolution of 0.7277◦ (Fig. 1a). One
rainfall center was located over the Huaihe River valley east
of 110◦E and extended from west to east, while the other cov-
ered the Sichuan Basin at approximately 105◦E and extended
from southwest to northeast. The synoptic weather pattern
was highly conducive to the development of mesoscale con-
vective systems along the MYF. At 500 hPa, there were
two cut-off lows located over Baikal Lake and in North-
east China, while a synoptic ridge system dominated over
Northwest China in the middle latitudes. The West Pacific
Subtropical High dominated over southeastern China, with
the 5860-m isohypse reaching as far west as 110◦E in the low
latitudes (Fig. 1a). The mid-latitude jet stream at 200 hPa
persisted north of 35◦N. At 850 hPa, there was an SWV over
the Sichuan Basin and a shear line between the southwest-
erlies and northeasterlies extending from the Sichuan Basin
to the coastline (Fig. 1b). To the south of the shear line,
there was a southwest LLJ on the northwest edge of the West
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Fig. 1. Average fields from 0000 UTC 1 July to 0000 UTC 11
July 2007: (a) mean geopotential height (gpm) at 500 hPa and
the upper-level jet greater than 30 m s−1 at 200 hPa (full bar:
10 m s−1) and total precipitation (mm); (b) mean geopotential
height (gpm), wind barb (full barb: 5 m s−1) and divergence
of the whole layer moisture flux (colored, 10−6 g cm−2 s−1) at
850 hPa.

Pacific Subtropical High, with a maximum wind speed that
exceeded 12 m s−1 and that brought abundant warm and
moist air to the precipitation areas. A strong convergence
band of moisture flux existed from the Sichuan Basin to the
Huaihe River valley in the lower troposphere, with maximum
centers over the provinces of Henan, Anhui and Jiangsu.

The Weather Research and Forecasting (WRF) model,
version 3.2 (Skamarock et al., 2005), was used for the cur-
rent reported study. According to Trier et al. (2006, 2010),
SZ12 studied the impacts of MPS circulation between the
second-step terrain and east plains on the maximum precipi-
tation center and its diurnal variation along the MYF through
a semi-idealized simulation of the rainfall case. The result
showed that the semi-idealized experiment successfully sim-
ulated the observed diurnal variation and eastward propaga-
tion of rainfall and mesoscale convective vortices (MCVs)
along the MYF.

Based on previous studies, this study also simulated the
heavy rainfall event of 1–10 July 2007 with the same initial
and lateral boundary conditions as SZ12, but with the aim
being to focus on the impacts of mesoscale systems upstream
(including the eastern edge of the TP and Sichuan Basin) on

the diurnal variation of precipitation at the MYF and the trig-
gering of mesoscale vortices along the MYF. The model was
initialized with the mean of the FNL analysis at 0000 UTC
averaged over the ten-day period of 1–10 July 2007 with lat-
eral boundary conditions derived from the ten-day averages
at 0000, 0600, 1200 and 1800 UTC, which cycle periodically
with time. Such lateral boundary conditions only allowed the
diurnal variation part of the transient processes to influence
the simulation domain.

As the focus in this paper is the topographic impacts (in-
cluding the eastern edge of the TP and second-step terrain),to
avoid complications caused by the propagation of small-scale
disturbances originating from the high latitudes and west of
the TP, and from those disturbances entering the simulation
domain, only one simulation domain was used. This simu-
lation domain covered East Asia, including most parts of the
TP and the monsoon regions south of the TP (20◦–36◦N, 85◦–
125◦E), with 985(lon)×493(lat) horizontal grid points and 4-
km grid spacing (Fig. 2a). There were 28 vertical levels, with
the top at 50 hPa. The model employed the Yonsei University
(YSU) boundary layer scheme (Noh et al., 2001), the Noah
land surface model (Chen and Dudhia, 2001), a long-wave
and short-wave radiation parameterization (Dudhia, 1989),
and a WSM 5-class microphysics parameterization (Hong et
al., 2004; Hong and Lim, 2006). The initial fields showed that
the West Pacific Subtropical High at 500 hPa covered south-
eastern China, and an SWV was located over the Sichuan
Basin, with wind speed exceeding 10 m s−1 at 850 hPa (Fig.
2b). Consequently, the initial fields illustrated the typical syn-
optic circulation during the mei-yu period (Tao, 1980), and
thus was highly conducive to simulating convection over the
eastern edge of the TP and the precipitation over the Sichuan
Basin and at the MYF,as well as simulating their diurnal vari-
ation and eastward propagation, as forced by the above initial
and diurnallateral boundary conditions.

3. Comparison of simulation and observation

To reduce the sensitivity to the initial conditions, only
the final seven days of the ten-day simulation were exam-
ined in this paper. Although the accumulated precipitation
in the simulation was stronger than that in observations dur-
ing the final seven days (Fig. 3), two maximum precipitation
centers, located over the Sichuan Basin and the Huaihe River
valley, were similar to observations, except that the former
was located slightly east of the observed location. The simu-
lated precipitation intensity in SZ12 was also stronger in the
simulation than the real case, which was caused by a more
stable rain belt, forced by the diurnal lateral boundary con-
ditions. However, the precipitation derived from CMORPH
was relatively weak compared with that in observations from
the surface station, especially at the maximum rainfall center
(not shown), but the CMORPH data are for areas over both
land and sea.

Figure 4 shows time–longitudinal cross sections of the
diurnal hourly precipitation averaged from CMORPH data
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(a)

(b)

Fig. 2. (a) Configuration of the simulated domain and topogra-
phy; (b) initial field of 500-hPa geopotential height (blue lines,
gpm), 850-hPa wind vector (full barb: 5 m s−1), and 850-hPa
wind speed higher than 8 m s−1 (colored).

Fig. 3. Accumulated precipitation (units: mm) from 0000 UTC
4 July to 0000 UTC 11 July 2007: (a) CMORPH and (b) final
seven-day simulation. The two rectangles indicate the south-
west vortex (SWV) and mei-yu front vortex (MYFV).

during 4–10 July and the final seven-day simulation. The pre-
cipitation peak started at 0600 UTC at the eastern edge of
the TP (100◦–103◦E) and remained until 1800 UTC. This di-
urnal peak subsequently shifted downslope and reached the
Sichuan Basin (at approximately 105◦–108◦E) during the pe-
riod 1000–2100 UTC, corresponding to the late evening and
early morning rainfall maxima observed in this area (Yu et
al., 2007; BZ11). The diurnal peak in the Sichuan Basin
tended to weaken from the next morning to the afternoon.
Despite the existence of thermal convection in the afternoon
to early evening, the precipitation was relatively weak. Al-
though the precipitation nearly persisted for the whole day
along the MYF, the maximum rainfall appeared from evening
to early morning (1200–0200 UTC), and the minimum oc-
curred during the daytime (0300–1100 UTC), with a slight
increase in the afternoon. Both the simulation and observa-
tions featured two maximum precipitation centers over the
Sichuan Basin and the Yangtze River–Huaihe River valleys,
as well as clearly propagating rainfall streaks from the eastern
edge of the TP to the east plains. In spite of the precipitation
centers at 108◦E and 114◦–117◦E being stronger in the sim-
ulation than in observations, the diurnal variation and east-
ward propagation features of both remained consistent with
each other. According to the above analyses, it is reasonable
to discuss the potential impacts of MPS circulations on the
precipitation over the Sichuan Basin and along the MYF, as
well as the interactions among rainfall-producing systems.

Although Bei and Zhang (2007) found that larger-scale,
larger-amplitude initial uncertainties generally lead toa larger
forecast divergence than did uncertainties of smaller scales
and smaller amplitudes, the ten-day simulations of a stable
mei-yu period could obtain accurate locations and diurnal
variations. However, as moist convection is the key to rapid
error growth leading to limited mesoscale predictability (Tan
et al., 2004; Bei and Zhang, 2007), the detailed processes of
convection, such as MCSs and vortices, obtained by the sim-
ulation were not consistent with the observations.

4. Diurnal variation of precipitation and its
impact factors

Because the diurnal cyclic lateral boundary conditions
were used in the simulation, the diurnal variation was more
evident in the simulation than in the observations, which is
preferable for analyzing the general diurnal variation and
propagation of the precipitation peak from the eastern edge
of the TP to the Huaihe River valley during the mei-yu pe-
riod. As discussed above, the two rainfall maximums were
related to the SWV and the MYFV; this section will explain
the relationships among the diurnal variation of precipitation,
the two MPS circulations, and the two vortices (SWV and
MYFV).

4.1. Diurnal variation of precipitation and vortices

Figure 5 shows the wind field, vorticity at 700 hPa and
precipitation averaged from the final seven-day simulation
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with a three-hour interval. The general characteristics are
as follows. The SWV was located near 105◦E during the
whole day, and the wind-shear line, as well as the vortices
related to the MYF, were located to the east of 110◦E. Corre-
sponding to the rain belt, the positive vorticity belt extended
from the Sichuan Basin to the eastern coastal region with two
positive vorticity centers associated with the SWV and the
MYFV. The diurnal variation of precipitation showed differ-
ent diurnal features from the eastern edge of the TP to the
east plains. Convection and precipitation over the eastern
edge of the TP (100◦–103◦E) gradually developed at 0600
UTC (Fig. 5c) and remained active from the afternoon to the
early evening (0600–1800 UTC; Figs. 5c–g). Owing to the
cooling of the eastern edge of the TP at night, convection and
precipitation tend to weaken during the nighttime. Analy-
ses of the hourly precipitation (not shown) and its anomaly
(Fig. 6) illustrate that the rainfall over the Sichuan Basin
(105◦E) was intensified during the evening and into early the
next morning (1000–2100 UTC), with a peak at 1600 UTC,
and that the rainfall was suppressed from late morning to the
afternoon (0000–0900 UTC), with a minimum value at 0300
UTC. The precipitation along the MYF over the Huaihe River
valley peaked from late evening and into early the next morn-
ing (1200–0200 UTC; Figs. 5 and 6), representing a delay
of approximately two hours compared to the Sichuan Basin
rainfall, but maintaining the level for longer (Fig. 6). The
weak phase of the MYF precipitation appeared between the
morning and early evening (0300–1100 UTC). The simulated
diurnal variation of precipitation generally agreed well with
the observations (Fig. 4a).

To determine in detail the relationships between the pre-
cipitation and vortices over the Sichuan Basin and the MYF,
the diurnal variation of the anomalous hourly rain rate and the
850-hPa vorticity averaged for the SWV and MYFV regions
(indicated in Fig. 3b) are shown in Fig. 6. The anomalous
hourly rain rate is the difference between the hourly rain rate
and the daily mean of the final seven-day simulation. It is

noted that the vorticity also showed obvious features of diur-
nal variation. It is apparent that there were two precipitation
peaks in the two vortex regions in one day, the first weak peak
being in the afternoon (0600–0900 UTC) and the second one
reaching a maximum in the late evening and into the early
morning (1600–2000 UTC). However, the first weak peak in
the afternoon was much smaller than the maximum nighttime
peak, and it was even lower than the daily average rainfall.
The peak rainfall associated with the MYFV at 1800 UTC
was delayed by approximately two hours compared to that of
the Sichuan Basin at 1600 UTC. However, there was only one
vorticity peak during 1900–2000 UTC, which occurred 1–2
hours later than the peak rainfall. It seems that the diurnal
variation of vorticity was different from that of the rainfall. It
is interesting to note that the vorticity decreased to its mini-
mum when the rainfall reached its afternoon peak. In section
5, the vorticity budget equation will be used to analyze the
development of the SWV and MYFV and explain why the
weak peak of precipitation in the afternoon could not further
the development of the vortex.

There are many factors influencing the diurnal variation
of precipitation and vorticity, including thermal circulation
between land and sea, MPS circulation driven by terrain ele-
vation differences, and local heating. SZ12 showed that the
MPS circulation between the second-step terrain and the east
plains suppresses convection along the MYF during the day-
time and strengthens convection during nighttime. The noc-
turnal convection intensifies or triggers the MCV, and the
eastwardly propagated MCV reinforces the precipitation in
the eastern part of the MYF. However, SZ12 ignored the im-
pacts of the TP; the effects of the TP would not only directly
influence convection and rainfall over the Sichuan Basin and
Chongqing, but also could propagate downstream and influ-
ence the triggering and intensity of convective systems along
the MYF (Kurosaki and Kimura, 2002; Zhuo et al., 2002;
Wang et al., 2004, 2005). Fu et al. (2011) found that there
are two primary mechanisms by which convective systems

Fig. 4. Time–longitudinal diagram of the rain rate (mm h−1) averaged from the rain belt (Fig. 3) for
4–10 July 2007: (a) CMORPH; (b) Model simulation.
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Fig. 5. The simulated diurnal variation of the 700-hPa wind field (arrows), relative vorticity (blue isolines, 10−5

s−1) and hourly precipitation (colored areas, mm h−1) averaged from the final seven-day simulation.

influence precipitation along the MYF: (1) The eastwardly
propagating convective systems from the eastern edge of the
TP trigger the genesis of the SWV or enhance its intensity.
The strengthened SWV then enforces the transfer of kinetic
energy to the MYF, which would be favorable for the inten-
sification of precipitation at the MYF. (2) An SWV is gen-
erated by eastwardly propagating convective systems from
the TP, and subsequently moves eastward along the MYF
under the leading of a high-level trough, and induces severe
heavy rainfall. The second mechanism clearly enhances pre-
cipitation at the MYF. However, most SWVs do not move
out of the Sichuan Basin, and the second mechanism did not
exist in our simulation at all. In addition, the above anal-
ysis shows that the strength of the precipitation along the

MYF was delayed relative to that of the SWV, which sug-
gests that the first mechanism may have existed in our simu-
lation. Therefore, under the first influencing mechanism, the
semi-idealized simulation was used to analyze the impacts of
convection from the eastern edge of the TP on the precipita-
tion of the SWV and the MYFV.

4.2. Diurnal variation of two MPS circulations and their
impacts

Simulated daily precipitation averaged from 27◦N to
34◦N during the final seven-day simulation and topographic
elevations are shown in Fig. 7. There was one peak at the
eastern edge of the TP and two peaks east of the TP located
over the Sichuan Basin and the second-step terrain (108◦–
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Fig. 6. Diurnal variation of the anomalous hourly rain rate
(mm h−1) and 850-hPa vorticity (10−5s−1) averaged for the
SWV and MYFV (regions indicated in Fig. 3). The anomalous
hourly rain rate is the difference between the hourly rain rate
and the daily mean of the final seven-day simulation.

Fig. 7. Map plots of the simulated daily precipitation (solid
curve, mm) latitudinally averaged from 27◦N to 34◦N during
the final seven-day simulation. The dashed curve shows the av-
erage terrain elevation (m) for 27◦N to 34◦N.

110◦E) and east plains (114◦–117◦E), with the distance to the
highlands being approximately 400–600 km. In the averaged
mei-yu period during 2003 to 2007 (Fig. 7a in BZ11), there
were only two peaks located at the eastern edge of the TP
and over the east plains, but the precipitation peak between
the Sichuan Basin and the second-step terrain was not evi-
dent. A possible reason is that the SWV always exists in the
semi-idealized simulation, which produces much more rain-
fall than climatological rainfall there. In addition, the two
precipitation peaks in Fig. 7 could illustrate the influenceof
mountains on the enhancement of heavy rainfall, which was
discussed in SZ12 through the case study of the impacts of
second-step terrain on MYF precipitation.

To clarify diurnal variation of simulated MPS circula-
tions, Fig. 8 showed the perturbation vertical velocity (the
perturbation was the hourly velocity anomaly relative to the
daily velocity averaged for 24 hours of the final seven-day
simulation) and vertical circulation averaged between 27◦

and 34◦N from the eastern edge of the TP to the eastern
coastal region, which is similar to Fig. 13 in BZ11. The
low temporal and spatial resolutions of the NOAA GFS data,
four points per day, used in BZ11 was not enough to rec-
ognize the specific features of diurnal MPS circulations in
different stages. Moreover, the typical mei-yu only occurred
in 2003 and 2007; therefore, in BZ11, average mei-yu cir-
culation from 2003 to 2009 could not show the typical di-
urnal variation under synoptic mei-yu circulations. Our de-
tailed simulation, however, could be used for analyzing the
evolution of two MPS circulations and their impacts on the
SWV, the MYFV and the corresponding precipitation during
the typical mei-yu period.

At 0600 UTC, due to the differential heating between the
TP and Sichuan Basin after sunrise, relative heating on the
TP triggered stronger perturbation updraft at the eastern edge
of the TP, and the relative cooling in the Sichuan Basin con-
tributed to the generation of perturbation downdraft. There-
fore, an MPS circulation (S1) between the eastern edge of
the TP and the Sichuan Basin formed and the anomalous as-
cending motion extended upward and eastward accompanied
by strengthened heating at the eastern edge of the TP (Fig.
8c). During the developing stage of S1, there was a weak
rainfall peak generated by thermal convection in the after-
noon over the Sichuan Basin, which was even weaker than
the daily mean precipitation (Fig. 6). In the meantime, due
to the heating difference between second-step terrain and the
east plains, another MPS circulation (S2) formed. The up-
ward branch and downward branch of S2 started to intensify
at 0800 UTC (not shown), and the downward branch of S2
reached its peak at 0900 UTC (Fig. 8d), with the maximum
anomalous descending and ascending motions extending to
the middle troposphere (approximately 5–10 km). At this
point, the MYF precipitation (110◦–112◦E) reached its weak
peak at 0800 UTC (Fig. 6). Some small-scale anomalous ris-
ing and descending motions in the S1 circulation during the
daytime may have been related to the convective activities of
the SWV. Meanwhile, the heating difference between ocean
and land contributed to an S3 circulation between the east-
ern coastal region and its adjacent ocean. At this time, the
low-level perturbation easterly wind extended from the east-
ern coastal region to the foot of the TP and formed up-slope
wind.

At 1200 UTC, weak ascending motion shifted to being
over the Sichuan Basin (Fig. 8e), followed by the enhance-
ment of precipitation and vorticity (Fig. 6), and a descending
motion developed in the upward branch of S2 (Fig. 8e). At
1500 UTC, due to the relatively faster cooling over the TP
during nighttime, a descending motion appeared at the east-
ern edge of the TP, as did an ascending motion in the Sichuan
Basin. AS1, the reversal circulation of S1 formed between
the Sichuan Basin and the TP (Fig. 8f), which reinforced the
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Fig. 8. Height–longitudinal cross section of the diurnal evolution of the perturbation of vertical velocity (colored areas, cm s−1)
and vectors of anomalous zonal winds and anomalous verticalvelocity (×100) at three-hour intervals for the final seven-day
simulation. The bottom white (unshaded) areas represent the topography, and the black circles indicate the MPS circulations.
(a) 0000 UTC, (b) 0300 UTC, (c) 0600 UTC, (d) 0900 UTC, (e) 1200UTC, (f) 1500 UTC, (g) 1800 UTC and (h) 2100 UTC.

rising motion over the Sichuan Basin and the precipitation
of the SWV (Figs. 5 and 6). Meanwhile, daytime S2 circu-
lation converted to nighttime AS2 when the upward branch
of S2 over the second-step terrain moved to the Huaihe River
valley and its downward branch covered the Taihang-Wushan
Mountains. An analysis of an hourly simulation (not shown)
revealed that a propagating ascending motion from east of the
SWV made a certain contribution to the enhancement of the
upward branch of AS2 during the transition period from S2
to AS2 (1200–1500 UTC; Figs. 8e, f). However, the detailed
impacts of the SWV on its downstream regions will be dis-
cussed in the individual case study in section 5.

AS1 and AS2 circulations developed into their mature
stages during the next early morning (1800 UTC), while
the two upward branches enhanced precipitation over the
Sichuan Basin and the MYF (Fig. 8g), contributing to a
diurnal rainfall peak (Figs. 5 and 6). Because the updraft
branches of AS1 and AS2 strengthened their local convec-
tion and precipitation, vortices in the Sichuan Basin and the

MYF (east of 110◦E) had a maximum vorticity of 8×10−5
−

10×10−5s−1 (Figs. 5f–h and 6). Although the thermal cir-
culation (AS3) between ocean and land was weak at 1800
UTC (Fig. 8g), possibly affected by the effect of convective
systems at the MYF, the evident ascending motion over the
ocean, as well as the descending motion along the coastline
(AS3), could be found at 2100 UTC (Fig. 8h). At the same
time, the westerly wind of perturbation below 2 km could be
observed from the foothills of the TP to the eastern coastal
region. During the morning (0000–0500 UTC; Figs. 8a, b),
AS1 and AS2 circulations transited to S1 and S2, except that
a weak ascending motion existed over the MYF.

Based on the above discussion, there were three thermal
driving circulations in the afternoon and early evening (0600–
0900 UTC) from the eastern edge of the TP to the eastern
coastal region with the mature stage occurring at 0900 UTC:
S1, located between the eastern edge of the TP and Sichuan
Basin; S2, developing between the second-step terrain and
the east plains; and S3, forced by heating differences between
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Fig. 9. (a) Simulated accumulated precipitation from 0600 UTC
4 July to 0600 UTC 6 July 2007 (units: mm). (b) Hovmöller
time–longitudinal diagram of the simulated rain rate (mm h−1)
averaged from the rain belt during 4–6 July 2007.

the land and the surrounding ocean. Downward branches
of S1 and S2 circulations suppressed the rising motion in
the Sichuan Basin and over the Huaihe River valley and re-
duced the intensity of precipitation during daytime, with the
weak precipitation peak occurring in the afternoon (at ap-
proximately 0500–0900 UTC). The transition period of MPS
circulations from daytime S1 and S2 to nighttime AS1 and
AS2 circulations was in the evening (at approximately 1000–
1400 UTC). At midnight and into early the next morning (at
approximately 1500–2200 UTC), AS1, AS2 and AS3 circu-
lations, the reversal circulations of S1, S2, S3, formed and
matured. Furthermore, the strongest stages of AS1 and AS2
appeared at 1600 UTC (not shown) and 1800 UTC, respec-
tively. Upward branches of AS1 and AS2 enforced rising mo-
tion with precipitation peaks in the Sichuan Basin and over
the Huaihe River valley. Another transition period of noc-
turnal circulations to diurnal circulations was from the early
morning to noon (approximately 2300–0400 UTC).

Compared to the average MPS circulations during the
mei-yu period in BZ11, the heights of S2 and AS2 of the
present case in 2007 could have extended to those of S1
and AS1, which means that MPS circulations between the
second-step terrain and the east plains became higher than the
5-yr averaged S2 (AS2). There was little difference among

the MPS circulations for warm season precipitation during
the pre-mei-yu period (15 May to 15 June), the mei-yu pe-
riod (15 June to 15 July) and the post-mei-yu period (15 July
to 15 August) in BZ11. It is suggested that the average cir-
culation could not represent the typical characteristics of the
mei-yu period because there were far fewer days with rainfall
than days without rainfall during the period of 15 June to 15
July in 2003–2007.

This section has explained the possible relationship be-
tween precipitation from the eastern edge of the TP to the
eastern coastal region and two MPS circulations by analyzing
average fields of the final seven-day simulation. However, the
average field cannot show the continuous evolution of syn-
optic systems and the relationships among different systems.
Moreover, there was a weak precipitation peak in the average
diurnal evolution without increased vorticity, which could be
explained by individual case analysis. Thus, we chose an in-
dividual two-day period during the final seven-day simulation
to elucidate the relationships of MPS circulations, vortices
and rainfalls, as described in the next section.

5. Individual case analysis

5.1. Case introduction

Three persistent rainfall events consisting of cases on 4–
6 July, 6–8 July and 8–10 July, were successfully simulated
in our experiment, resembling observed processes well (not
shown). According to our reasonable simulation, one of the
three heavy rainfall events (from 0600 UTC 4 July to 0600
UTC 6 July) over the Huaihe River valley to the east of the
second-step terrain was chosen for a specific case study. The
rain belt covered the eastern edge of the TP to the Huaihe
River valley with two maxima at 108◦–110◦E and 114◦–
117◦E (Fig. 9a), which were consistent with the character-
istics of the final seven-day simulation in Fig. 3b. It took
approximately two days for the rainfall streaks to propagate
from the eastern edge of the TP to the eastern coastal region
for the average of the final seven-day simulation (Fig. 4b),
which is consistent with results in BZ11. The time longi-
tudinal of hourly precipitation shows that the development
of rain streaks in the two-day case was similar to the diur-
nal variation averaged from the final seven-day simulations.
Rainfall at the eastern edge of the TP (100◦–103◦E) began at
0600 UTC and lasted until 1400 UTC. Heavy rainfall over the
Sichuan Basin (105◦E) occurred in the late evening to early
the next morning, which was 2 hours earlier than that along
the MYF in the Huaihe River valley. The center of a heavy
rainfall maximum appeared over the eastern coastal region
(122◦E) at approximately 0000 UTC 6 July, and it took ap-
proximately 42–45 hours for the rainfall peak to propagate
from the eastern edge of the TP to the eastern coastline with
a moving speed of 13.5 m s−1, which was similar to the east-
ward propagating speed of 13 m s−1 during the mei-yu period
reported in BZ11. Therefore, the simulated case (0600 UTC
4 July to 0600 UTC 6 July) can be considered suitable for
further analysis.
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Fig. 10. Simulated 700-hPa horizontal wind (vector, m s−1), anomalous vertical velocity (shaded, cm s−1) and anomalous
vorticity (blue solid lines, 10−5s−1) from 1500 UTC 4 July to 0000 UTC 6 July 2007. The anomaly is the hourly difference
from the average from 1500 UTC 4 July to 0000 UTC 6 July.

5.2. Impacts of upstream systems on downstream systems

It was shown in BZ11 that the precipitation peak only
propagated to 114◦E, while SZ12 demonstrated that the noc-
turnal upward branch of the MPS circulation over the second-
step terrain reinforced convection along the MYF and re-
sulted in the generation and propagation of an MCV. The
above analysis has clearly shown that a precipitation peak
propagating from the eastern edge of the TP to the eastern
coastal region is possible. The results of the subsequent activ-
ities of rainfall-producing systems from west to east included
convection at the eastern edge of the TP in the afternoon, en-
hanced convection of SWV and MYFV forced by AS1 and
AS2 (the upward branches of MPS during the nighttime), and
the generation of an eastward moving MCV.

Figure 10 gives wind fields, anomalous vorticity and
anomalous vertical velocity at 700 hPa from 1500 UTC 4 July
to 0000 UTC 6 July, which was the main development period
of the vortices during the entire case. The anomaly is the dif-
ference between the hourly data and the data average from
1500 UTC 4 July to 0000 UTC 6 July. There were three vor-
tices at 700 hPa from the Sichuan Basin to the Yangtze River–
Huaihe River valley, designated by V1, V2 and V3 in Fig.

10. Figure 11 shows the corresponding height–longitudinal
cross section of the diurnal evolution of the perturbationsof
vertical velocity and vectors of anomalous zonal wind and
anomalous vertical velocity at three-hour intervals. The diur-
nal variations of MPS circulations were less pronounced than
the seven-day average fields; however, the continuous evo-
lution of all systems was clear. The quasi-stationary SWV
(V1) was intensified during nighttime (1500–2100 UTC 4
July) and became relatively weak during the daytime (0000–
0600 UTC 5 July) due to the diurnal variation of MPS (Figs.
10 and 11). V3 (MYFV) occurred on 5 July, which brought
heavy rainfall into the Huaihe River valley (Fig. 9), and V2
was a connection between an SWV and an MYFV. Combin-
ing the evolution of vortices (Fig. 10) and MPS circulations
(Fig. 11), there were three main stages in this individual case:
the intensification of SWV (V1) and its convection (Stage 1),
the development of V2 (Stage 2), and the triggering of MYFV
(V3) and its eastward propagation (Stage 3).

5.2.1. Stage1: The intensification of SWV(V1)

During 0600–0900 UTC 4 July (not shown), the strong
ascending motion developed at the eastern edge of the TP
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Fig. 11. Height–longitudinal cross section of perturbation vertical velocity (colored, cm s−1) and vectors of anomalous zonal winds
and anomalous vertical velocity (×100) at 3-h intervals from 1500 UTC 4 July to 0000 UTC 6 July 2007. Scales smaller than 300
km are truncated by a Barnes filtering technique (Barnes, 1973; Maddox, 1980). The bottom white (unshaded) areas represent the
topography.

and its leeside slope and over the second-step terrain, while
the descending motion occurred in the Sichuan Basin and the
east plains. Corresponding to the ascending motion over the
second-step terrain, a positive anomalous vorticity appeared
east of the SWV. At 1500 UTC 4 July, with the develop-
ment of nocturnal MPS (AS1) (Fig. 11), the upward branch
and downward branch of AS1 (taking 104◦E as the bound-

ary line) developed in the Sichuan Basin and at the eastern
edge of the TP, respectively. Meanwhile, the ascending mo-
tion (U2) was triggered to the east of U1 (upward branch of
AS1) at 1500 UTC 4 July. The eastward extent of the cy-
clonic circulation of V1 promoted the low-level convergence
and ascending motion at 108◦–110◦E (Fig. 10), which was a
possible reason for the triggering of U2. When U1 and U2
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merged into one upward branch of AS1 at 1800 UTC, an up-
ward branch of nocturnal MPS circulation (AS2) to the east
of the second-step terrain was conducive to a new ascending
motion (U3) in the middle-low troposphere (at approximately
3–5 km).

5.2.2. Stage2: The development of V2

At 2100 UTC 4 July, the northeastward-extending V1
(Fig. 10) enhanced the low-level convergence and increased
vorticity, causing U3 to develop deeply (Fig. 11). While
the upward branch of AS2 over the second-step terrain was
mature, U3 and its convection (110◦–115◦E) were enhanced,
which subsequently induced the formation of vortex V2. Af-
ter the generation of V2, V2/U3 moved eastward to the east
plains, enabling the production of heavy rainfall from 2100
UTC 4 July to 0300 UTC 5 July. From 0300 UTC 5 July to
0600 UTC 5 July, the maximum anomalous vorticity and pos-
itive perturbation vertical velocity coincided with each other.
U3 was weaker because of the suppression of the downdraft
branch of S2 during 0600–0900 UTC 4 July. During the day-
time, although the downdraft branch of S2 prevented the con-
tinuous development of U3, the vorticity of V2 was still in the
development trend, which was favorable for convection activ-
ities at 113◦–115◦E. However, the development of V2 during
the daytime may have been caused by the topographic effect,
as it was located on the leeside of the second-step terrain.
During 1200–1500 UTC 5 July, the cyclonic circulation of
V2 began to dissipate, but U3 was intensified, forced by the
upbranch of AS2.

5.2.3. Stage 3: The triggering of MYFV(V3) and its
eastward-propagation

When U3 propagated to approximately 115◦E, new con-
vection ahead of V2 triggered a new vortex (V3) at 1800 UTC
5 July (Fig. 10). V3 was an MCV, and the possible formation
mechanism has been studied previously (Sun et al., 2010).
V3, with closed cyclonic circulation, moved eastward along
the MYF from 1800 UTC 5 July to 0000 UTC 6 July. In
addition, during maturity, the maximum vorticity of V3 coin-
cided with the positive vertical motion, which also appliedfor
V2/U3. V3 began to decay and the ascending motion transi-
tioned to descending motion after 0000 UTC 6 July because
of the transition of the nighttime MPS to the daytime MPS
(not shown). During 0300–0600 UTC 6 July, the strong cy-
clonic wind shear still persisted in the MYF, but the descend-
ing motion dominated the MYF with weak precipitation. In
addition, observation analyses have revealed a high frequency
of MYFV over the east plains (Zhang et al., 2004), and thus
the simulated MCV agreed well with the observations.

The above analyses have explained the relationship be-
tween two MPS circulations and low-level vortices in the
two-day case. Three vortices were identified in this case: V1
was an SWV, while V2 and V3 formed in the middle and
lower valley of the Yangtze–Huaihe River valley. V2 and
V3 were classified as MYFVs. During the two days, clear
diurnal variation of the SWV occurred between 0600 UTC 4
July and 0600 UTC 5 July (Fig. 12), which was similar to the

Fig. 12. Evolution of the hourly rain rate (mm h−1) and 850-
hPa vorticity (10−5s−1) averaged for the SWV and MYFV from
0600 UTC 4 July to 0600 UTC 6 July 2007 (regions indicated
in Fig. 3).

seven-day mean in Fig. 6, with one vorticity peak and two
precipitation peaks. The peak precipitation of the SWV in the
afternoon (0500–0800 UTC 4 July) also corresponded to low
vorticity, as shown in Fig. 6. The vorticity and precipitation
of the SWV almost maintained the same intensity without
significant diurnal variation from 0600 UTC 5 July to 0600
UTC 6 July. For the vorticity and precipitation of the MYFV,
three precipitation peaks (1500–1800 UTC 4 July, 2300 UTC
4 July to 0300 UTC 5 July, and 1600–2100 UTC 5 July) were
produced by the upward branches of AS2 and V2 and the
composite effects of the upward branch of AS2 and V3. Cor-
responding to the precipitation peaks, three vorticity peaks
also existed, but occurred 1–2 hours later. However, the third
peak from midnight of 5 July to the early morning of 6 July
was the strongest precipitation peak.

5.3. The vorticity budget of SWV and MYFV

The vorticity budget of SWV and MYFV can be quanti-
fied by

∂ζ
∂ t

= −Vh ·∇h(ζ + f )−ω
∂ζ
∂ p

+

LHS HADV VADV

k ·

(

∂Vh

∂ p
×∇hω

)

− (ζ + f )∇h ·V , (1)

TILT DIV

whereζ is the vertical vorticity;Vh = ui+vj is the horizon-

tal velocity vector;∇h =
∂
∂x

i +
∂
∂y

j is the horizontal gra-

dient operator;f is the Coriolis parameter;ω is the vertical
velocity in thep-coordinate;i,j,k stand for the unit vectors
pointing to the east, north and zenith, respectively; HADV
and VADV are the terms of the horizontal advection and ver-
tical advection, respectively; TILT stands for tilting, indicat-
ing conversion of horizontal vorticity into vertical vorticity
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affected by vertical motions; DIV is the abbreviation for di-
vergence, which is the impact of divergence on vortex vortic-
ity; and LHS (left-hand side of the equation) represents the
time evolution of vorticity. Friction effects are ignored in the
above equation.

Figure 13 showed the vorticity budget of the SWV and
MYFV regions at 850 hPa. Although VADV and DIV showed
positive contributions, TILT and HADV clearly contributed
negatively in the afternoon (0600–0800 UTC 4 July and
0300–1200 UTC 5 July) (Fig. 13a), corresponding to the neg-
ative variation of LHS (Fig. 13c). The negative contribution
of TILT possibly resulted from the downward branch of MPS

Fig. 13. Terms of the vorticity equation at 850 hPa from 0600
UTC 4 July to 0600 UTC 6 July 2007 (units: 10−9s−2). HADV
is horizontal vorticity advection; VADV is vertical vorticity ad-
vection; DIV is the term of divergence; and TILT is the tilting
term. SUM is the sum of the former four terms, and LHS is
the left-hand side of Eq. (1) in the text. (a) Vorticity budget of
SWV; (b) vorticity budget of MYFV; (c) left-hand side of Eq.
(1) in the text.

circulation S1, which created little conversion of horizontal
vorticity into vertical vorticity. Owing to the upward branch
of MPS (AS1) increasing the vertical velocity of the SWV at
night (after 10 UTC 4 July), TILT contributed positively to
vorticity through the conversion of horizontal vorticity into
vertical vorticity. The vorticity budget at 850 hPa of the
MYFV showed clear diurnal variation after 0300 UTC 5 July
(Figs. 13b, c). In spite of the opposite phases of TILT and
VADV, a greater contribution of TILT resulted in decreas-
ing the MYFV vorticity in the afternoon and increasing the
MYFV vorticity at night. After 1200 UTC 5 July, other than
the positive contribution of TILT, the increased positive con-
tribution of DIV forced the development of the MYFV. How-
ever, the DIV of the MYFV made little contribution to this
vortex from the evening of 4 July to the early morning of 5
July.

In summary, an upward branch of MPS circulation be-
tween the eastern edge of the TP and the Sichuan Basin in
the evening enhanced the upward motion and subsequently
intensified the precipitation and the SWV (V1). Then, the
eastward extent of the cyclonic circulation of the SWV east of
110◦E, combined with the upward branch of AS2, triggered
vortex V2 in the evening of 4 July. Under this condition, the
TILT term contributed more positively to the intensification
of the SWV. The negative contribution of TILT weakened the
intensity of vortex V2 during the daytime of 5 July because
the downdraft branch of S2 suppressed the convection of V2.
The eastward propagation of V2 transported horizontal ki-
netic energy and water vapor into the Huaihe River valley
east of 115◦E and triggered V3. The positive contributions of
TILT and DIV enhanced the development of V3 because of
the upward branch of MPS circulation (AS2) in the evening
of 5 July. Because vortex V3 was much stronger than V2, the
MYF precipitation peaked on the night of 5 July. Although
clear diurnal variation of MPS circulation has been demon-
strated in previous studies (BZ11; SZ12), the vorticities and
precipitations of the SWV and the MYFV had evident noctur-
nal peaks once in two days, and precipitation peaks of these
two vortices were not synchronous.

In addition, to verify the above semi-idealized simulation
and results, a sensitivity experiment was considered, similar
to that described in section 2 (hereafter referred to as the con-
trol run), except that the experiment had a 5-degree westward
extending boundary. The results showed that the position and
coverage of the rain belt in the sensitivity test were similar
to those of the control run with a stronger rainfall maximum
(not shown). The verifications of diurnal variations of pre-
cipitation and MPS circulation showed that these two exper-
iments produced similar variations, except for the intensity
(not shown). The MPS circulations in the sensitivity experi-
ment were somewhat different from those in the control ex-
periment, in which it was indicated that lateral boundary con-
ditions impact upon the activities of individual systems. From
those analyses, it appears that the control experiment was not
very sensitive to the domain size and that the analyses and
results are reasonable.
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6. Concluding remarks
A mesoscale numerical model (WRF) was employed for

simulating a mei-yu period (1–10 July 2007) with ten-day
average fields at 0000 UTC as the initial field and at 0000
UTC, 0600 UTC, 1200 UTC and 1800 UTC as cyclically lat-
eral boundary fields. Diurnal variations of two MPS circula-
tions associated with specific topographic distributions from
the TP to the eastern coastal region (including first-step ter-
rain, the TP, the Sichuan Basin, second-step terrain, and the
east plains), and the impacts of these two MPS circulations
on the SWV and the MYFV were investigated. To avoid the
effect of the average field, an individual case chosen from a
simulated event was analyzed in detail to elucidate the com-
plicated relationships among those systems.

Diurnal cyclic initial and lateral boundary conditions
were able to simulate the general geographic distribution of
precipitation and its diurnal variations from the eastern edge
of the TP to the Yangtze River–Huaihe River valleys. The
simulation successfully reproduced two precipitation maxi-
mum centers related to the SWV and the MYFV in the rain
belt, which was consistent with the corresponding observa-
tions. The rainfall related to both SWV and MYFV had a
weak peak in the afternoon and a strong peak from midnight
to the early morning.

Analyses of the averaged final seven-day simulation
showed the different diurnal variations of precipitation in dif-
ferent regions. The convection at the eastern edge of the TP
was active from the afternoon to the early evening (0600–
1800 UTC) due to the accumulated surface diabetic heat-
ing during the daytime. The upward branch of MPS cir-
culation (AS1) enhanced the rainfalls in the Sichuan Basin
from the early evening to early the next morning (1000–2100
UTC). Subsequently, the eastward movement of the convec-
tion/cyclonic shear line of the SWV combined with the up-
ward branch of AS2 resulted in a peak MYF rainfall in the
late evening until early the next morning (1200–0200 UTC).

The individual two-day case analysis confirmed that the
upward branches of AS1 and AS2 enhanced the precipita-
tion of an SWV and an MYFV. The eastward propagation of
rainfall streaks from the mean of the final seven days (Fig.
4b), as well as in the individual case (Fig. 9b), was the re-
sult of convective activities of several systems in series from
west to east. The eastwardly propagating convective systems
from the eastern edge of the TP and the upward branch of
MPS (AS1) enhanced the SWV intensity and its convection
during the nighttime. Then, the strengthened SWV and its
convection extended eastward to trigger an MYFV (V2). Fi-
nally, the upward branch of MPS (AS2) enhanced the con-
vection originated from V2 and induced the generation of
a stronger MYFV (V3). The strongest vortex (V3) and its
eastward propagation produced severe heavy rainfall over the
Yangtze River–Huaihe River valleys.

The diurnal variations of precipitation and its influenc-
ing factors, and the relationships between MPS circulations
and both SWV and MYFV, were analyzed through the semi-
idealized simulation using averaged fields as initial and lat-

eral boundary conditions. Some previous studies (Carbone
et al., 2002; Carbone and Tuttle, 2008; BZ11) suggest that
convection over a plateau or over mountains in the after-
noon propagates eastwardly to downstream plains at night-
time and enhances the convection/precipitation. However,
from the simulations in the present study, it was confirmed
that two nocturnal MPS circulations strengthened convec-
tion/precipitation at the SWV and MYF regions from the
evening to early morning. However, the study did not reveal
the specific impact mechanism of the eastward propagation of
convection from the TP on the convection/precipitation east
of the TP, including areas from the Sichuan Basin and the
Yangtze River–Huaihe River valleys to the eastern coastal
region. The reason for the lack of a specific mechanism is
that it was difficult to distinguish between propagating sys-
tems with MYF perturbation because of complex nonlinear
effects among a series of mesoscale systems along the MYF
and eastward-propagating perturbations. According to the
issues discussed above, future work will first focus on the
propagation of the TP perturbation and its mechanism using
“dry” simulations. If dry convection over the eastern edge of
the TP generates the waves/perturbations, and if the drifting
waves/perturbations trigger or enhance vertical motion over
the downstream plains, we could then add moisture and la-
tent heat to investigate the mechanism and timing of the trig-
gered convection. Furthermore, there only being a peak of the
SWV and the MYFV every two days in a mei-yu period, and
the potential two-day period, need to be confirmed through
both observational data analysis and model simulations in the
future.
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