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ABSTRACT

Diurnal variations of two mountain-plain solenoid (MPSeilations associated with “first-step” terrain [TibetdatBau
(TP)] and “second-step” terrain (high mountains betweerlth and “east plains”) in China and their influence on thelsout
west vortex (SWV) and the mei-yu front vortex (MYFV) were @stigated via a semi-idealized mesoscale numerical model
[Weather Research and Forecasting (WRF)] simulation iated with ten-day average fields (mei-yu period of 1-10 July
2007). The simulations successfully reproduced two MP&ititions related to first- and second-step terrain, diwrad-
ations from the eastern edge of the TP to the Yangtze RivaifidRiver valleys (YHRV), and two precipitation maximum
centers related to the SWV, MYFV. Analyses of the averageal iaven-day simulation showed the different diurnal peaks
of precipitation at different regions: from the afternoarearly evening at the eastern edge of the TP; in the earlyirayen
to the next early morning in the Sichuan Basin (SCB); and @létte evening to the next early morning over the mei-yu
front (MYF). Analyses of individual two-day cases confirmtbat the upward branches of the nighttime MPS circulations
enhanced the precipitation over the SWV and the MYFV andalexethat the eastward extension of the SWV and its con-
vection were conducive to triggering the MYFVs. The eastiyanopagation of a rainfall streak from the eastern edgeef th
TP to the eastern coastal region was primarily due to a sefiesnvective activities of several systems from west td,eas
including the MPS between the TP and SCB, the SWV, the MPSdmatvgecond-step terrain and the east plains, and the
MYFV.
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1. Introduction active key factors: propagating short-wave troughs in the
The Yangtze River—-Huaihe River valleys (YHRV) sufferémd_l"’ltItUde et stream§; short-te_rm variations n Fhethou
. . . esterly monsoon flow; changes in the West Pacific Subtrop-
persistently from long-lasting rainstorms and severe floo | Hiah: and th d . .
ing during the mei-yu season, which are caused by a qu s High; an the eastward-propagating convective system
' 3Fom the Tibetan Plateau (TP). One of the four key factors is

stationary, 1000-km-long rain belt associated with the-ea e mesog-scale convective svstems from the TP that prop-
west oriented mei-yu front (MYF) from East Asia to the Wes{1 y prop

. . gy agate eastward to the YHRV and promote the formation and
Pacific during summer (Tao, 1980; Ding, 1993). M.OSt Ch{jevelopment of mesa-scale convective systems along the
nese meteorologists focus on the temporal and spanala:harl\%YF and subsequently enhance heavy rainstorms. Zhuo et
teristics of MYF vortices (MYFV) along the Yangtze River— : L
Huaihe River valleys, the Yangtze River valley or the Huair}al' (2002) revealed that convective systems originating ov

River valley over East China. Zhang et al. (2002) proposéjﬂ TP merged with a local cloud cluster over the Yangtze

a multi-scale schematic model for the control of MYF pre; ver valley after being strengthened in the Sichuan Basin

L . L . uring a period of severe rainfall in July 1998. Yasunari and
cipitation over East Asia, which included four simultansiyu Miwa (2006) demonstrated that convection occurs east of the

TP and that the convergence line occasionally extends to the
* Corresponding author: SUN Jianhua eastern edge of the TP, which could trigger the southwest vor
E-mail: sih@mail.iap.ac.cn tex (SWV). Subsequently, the SWV induces a strong low-
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level jet (LLJ) with abundant moisture inflow to the east ofirculation of East Asia (Ye and Gao, 1979; Yang and Yang,
the SWV, which facilitates further development of the verte1987; Zhang et al., 1988). Therefore, based on these past
into a mesoa-scale cloud system embedded in the MYF ovestudies, in this paper, we will use consecutive ten-day-high
the Yangtze River valley. resolution numerical simulation results to study in dettad
However, the eastwardly propagating mechanisms diurnal variations of MPS circulations between high moun-
these systems from the TP and their detailed influencestains (first-step and second-step mountains) and their down
MYF convective systems are not clearly understood. Becausteeam basin or plains and their influences on the vorticés an
of the unique topographic distribution and monsoon clifhat@recipitation over the Sichuan Basin and the Huaihe River
ogy in East Asia, precipitation along the MYF exhibits comvalley.
plicated features determined by multi-scale atmosphéric ¢ The primary goals of the current work are to reveal the
culations (Zhang et al., 2004; Zhao et al., 2004), and patiurnal variations of precipitation and vortices from tlase
sesses a certain diurnal variation (Akiyama, 1990; Nin@niyern edge of the TP to the eastern coastal region (including th
2000; Geng and Yamada, 2007; Yu et al., 2007). Previo8&huan Basin and the MYF), to understand the impacts of di-
studies have also shown that summertime convection in timal variations and the interactions of the SWV and MYFV
Northern Hemisphere often develops over the high mountamsthe rain belt extending from the foot of the TP to the MYF,
in the local afternoon that subsequently propagates eastwand to understand the possible impacts of a non-eastward-
across the leeside plains overnight due to forcing from-diumoving SWV on an MYFV. The second section introduces
nally varying heating (Wang et al., 2004, 2005; Trier et althe studied event, its synoptic circulation pattern, ardetk-
2006, 2010; He and Zhang, 2010; Huang et al., 2010). perimental design. The third section compares the sinmrati
East Asia, the major terrain is the TP, which is often reférréo observations, and the fourth section analyzes the diurna
to as the “first-step” terrain in China. The “second-step* tevariations of simulated precipitation, SWV, MYFV and MPS
rain in China usually refers to the high mountain ranges sucinculations. The fifth section discusses diurnal variatio
as the Da Hinggan Mountains in Northeast China; the Yaat MPS circulations and their impacts on rainfall-produgin
shan Mountains and the Taihangshan Mountains, the Losgstems, as well as the relationship between the SWV and
Plateau and the Mongolian Plateau in North China; the QiNtYFV during the simulated individual period of 4-6 July
ling Mountains in Central China; and the Yunnan-Guizha2007. The final section contains concluding remarks.
Plateau Plateau in Southwest China. The “third-step” terra
includes the low-lying plains and hilly regions to the eafst o
the second-step, and the high-mountain terrains (hereafte 2. The synoptic weather pattern of the studied
ferred to as the “east plains”). The leeside nocturnal conve  event and the experimental design
tion near the Sichuan Basin and surrounding areas in North
China and in the YHRV have been studied previously (Wang The main mei-yu rain belt from 19 June to 26 July 2007
et al., 2004, 2005; Yu et al., 2007). extended from the foothills of the TP to the east plains and re
Precipitation along the MYF in the YHRV with mid- sulted in severe flooding (Zhao et al., 2007; Fu et al., 2011).
night to early-morning peaks is especially influenced by thighere were two rainfall centers with a maximum accumu-
mountain-plain solenoid (MPS) circulation that develops blated precipitation amount of greater than 400 mm during
tween the high mountains and the eastern low-lying basin10 July 2007, as derived from CMORPH data, which is a
or plains. Bao et al. (2011, hereafter referred to as BZ1high-resolution, global precipitation dataset using thig"Hh
discussed the various diurnal variations and their synop€limate Prediction Center’s morphing technique (Joyce et
circulations during the pre-mei-yu period, during the megl., 2004) with a spatial resolution of 0.727(Fig. 1a). One
yu period, and during the post-mei-yu period, using anaRinfall center was located over the Huaihe River valleyt eas
yses of National Oceanic and Atmospheric Administratiosf 110°E and extended from west to east, while the other cov-
(NOAA) Climate Prediction Center (CPC) morphing techered the Sichuan Basin at approximately Iand extended
nigue (CMORPH) rainfall data and an National Centers féfom southwest to northeast. The synoptic weather pattern
Environmental Prediction Global Forecast System (Fina#)as highly conducive to the development of mesoscale con-
global gridded analysis (NCEP FNL) from 2003 to 2009/ective systems along the MYF. At 500 hPa, there were
Even after this study, because of the low temporal and $patisio cut-off lows located over Baikal Lake and in North-
resolution of the NCEP FNL, the influences of MPS circulsgast China, while a synoptic ridge system dominated over
tion on the diurnal variation of precipitation along the MYFNorthwest China in the middle latitudes. The West Pacific
have not been described in detail. Sun and Zhang (2012, hésgbtropical High dominated over southeastern China, with
after referred to as SZ12) indicated that an upward branchtbe 5860-m isohypse reaching as far west as E10 the low
the MPS circulation between the second-step terrain and thttudes (Fig. 1a). The mid-latitude jet stream at 200 hPa
east plains increased the midnight to early-morning precipersisted north of 3. At 850 hPa, there was an SWV over
itation along the MYF east of 12&. However, their study the Sichuan Basin and a shear line between the southwest-
ignored the influence of the TP on its downstream area, ferdies and northeasterlies extending from the SichuannBasi
cusing only on the area east of the TP. Previous studies htwdhe coastline (Fig. 1b). To the south of the shear line,
confirmed that the TP has significant effects on the synoptitere was a southwest LLJ on the northwest edge of the West
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the diurnal variation of precipitation at the MYF and theri
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 th
diurnal variation part of the transient processes to infteen
the simulation domain.

As the focus in this paper is the topographic impacts (in-
cluding the eastern edge of the TP and second-step tetti@in),
60°E 75°E 90°E 105°E 120°E 135°E avoid complications caused by the propagation of smalksca

l | I [ disturbances originating from the high latitudes and wést o
100200300 400 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 TP3& N, 85—
125°E), with 985lon) x 493(lat) horizontal grid points and 4-
km grid spacing (Fig. 2a). There were 28 vertical levelshwit
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)
2 and a WSM 5-class microphysics parameterization (Hong et
90°E 100°E 110°E 120°E 130°E 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
Fig. 1. Average fields from 0000 UTC 1 July to 0000 UTC 11 Basin, with wind speed exceeding 10 mtsat 850 hPa (Fig.
July 2007: (a) mean geopotential height (gpm) at 500 hPa an@b). Consequently, the initial fields illustrated the tygdisyn-
the upper-level jet greater than 30 m'sat 200 hPa (full bar:  optic circulation during the mei-yu period (Tao, 1980), and
10m s1) and total precipitation (mm); (b) mean geopotential thys was highly conducive to simulating convection over the
height (gpm), wind barb (full barb: 5 n'$) and (j';’eiglence eastern edge of the TP and the precipitation over the Sichuan
of the whole layer moisture flux (colored, 10g cm2 ™) at Basin and at the MYF,as well as simulating their diurnalvari
850 hPa. - . S
ation and eastward propagation, as forced by the abovaliniti

Pacific Subtropical High, with a maximum wind speed thé'j]tnd diurnallateral boundary conditions.
exceeded 12 m™s and that brought abundant warm and
moist air to the precipitation areas. A strong convergenge
band of moisture flux existed from the Sichuan Basin to the
Huaihe River valley in the lower troposphere, with maximum To reduce the sensitivity to the initial conditions, only
centers over the provinces of Henan, Anhui and Jiangsu. the final seven days of the ten-day simulation were exam-
The Weather Research and Forecasting (WRF) modégd in this paper. Although the accumulated precipitation
version 3.2 (Skamarock et al., 2005), was used for the cilt-the simulation was stronger than that in observations dur
rent reported study. According to Trier et al. (2006, 2010)n9 the final seven days (Fig. 3), two maximum precipitation
SZ12 studied the impacts of MPS circulation between ti§@nters, located over the Sichuan Basin and the Huaihe River
second-step terrain and east plains on the maximum prec}f_’ﬂ”ey, were similar to observations, except that the farme
tation center and its diurnal variation along the MYF througwas located slightly east of the observed location. The simu
a semi-idealized simulation of the rainfall case. The resiiated precipitation intensity in SZ12 was also strongehi t
showed that the semi-idealized experiment successfutly sisimulation than the real case, which was caused by a more
ulated the observed diurnal variation and eastward propagtable rain belt, forced by the diurnal lateral boundary-con
tion of rainfall and mesoscale convective vortices (MCVslitions. However, the precipitation derived from CMORPH
along the MYF. was relatively weak compared with that in observations from
Based on previous studies, this study also simulated i€ surface station, especially at the maximum rainfalt&en
heavy rainfall event of 1-10 July 2007 with the same initignot shown), but the CMORPH data are for areas over both
and lateral boundary conditions as SZ12, but with the ait@nd and sea.
being to focus on the impacts of mesoscale systems upstreamFigure 4 shows time—longitudinal cross sections of the
(including the eastern edge of the TP and Sichuan Basin) @krnal hourly precipitation averaged from CMORPH data
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34°N . . Ay | during 4-10 July and the final seven-day simulation. The pre-
32°N -, ; i g cipitation peak started at 0600 UTC at the eastern edge of
30°N R [ S the TP (100-103E) and remained until 1800 UTC. This di-
28°N Wi e 2 urnal peak subsequently shifted downslope and reached the
26°N N, m; \ ‘ L% Sichuan Basin (at approximately 184.08E) during the pe-
24°N QAR . ' riod 1000-2100 UTC, corresponding to the late evening and
22°N ) D haasa s A early morning rainfall maxima observed in this area (Yu et
20°N a0 RPNV G 8 al.,, 2007; BZ11). The diurnal peak in the Sichuan Basin
| — — — tended to weaken from the next morning to the afternoon.
90°E  95°E  100°E 105°E 110°E 115°E 120°E Despite the existence of thermal convection in the aftennoo
s e s e e | to early evening, the precipitation was relatively weak- Al
500 1500 2500 3500 4500 5500 though the precipitation nearly persisted for the whole day
34°N W?Q}V along the MYF, the maximum rainfall appeared from evening
300N [g.,‘?g' to early morning (1200-0200 UTC), and the minimum oc-
30°N F‘Q’?. curred during the daytime (0300-1100 UTC), with a slight

28°N ¥ ' s 0 2 increase in the afternoon. Both the simulation and observa-

26°N tions featured two maximum precipitation centers over the
24°N Sichuan Basin and the Yangtze River—Huaihe River valleys,
20°N / : 4 YA 7 as well as clearly propagating rainfall streaks from théeras
20°N ¥ y Lo «ulﬁﬁ : - edge of the TP to the east plains. In spite of the precipitatio
it centers at 108 and 114-117E being stronger in the sim-
90°E  95°E 100°E 105°E 110°E 115°E 120°E ulation than in observations, the diurnal variation and-eas
ward propagation features of both remained consistent with
[ I | — [ . L
3 0 12 14 each other. According to the above analyses, it is reasenabl

to discuss the potential impacts of MPS circulations on the
Fig. 2. (a) Configuration of the simulated domain and topogra- Precipitation over the Sichuan Basin and along the MYF, as
phy; (b) initial field of 500-hPa geopotential height (blirels, ~ well as the interactions among rainfall-producing systems
gpm), 850-hPa wind vector (full barb: 5 m¥), and 850-hPa Although Bei and Zhang (2007) found that larger-scale,
wind speed higher than 8 n% (colored). larger-amplitude initial uncertainties generally lead targer
forecast divergence than did uncertainties of smallerescal
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 predictabiligrg
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.

100°E - 103E IO 1SR DO 1E 4. Diurnal variation of precipitation and its
100 200 300 400 500 ImpaCt faCtOI'S

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 prectjota
the two MPS circulations, and the two vortices (SWV and
MYFV).

Fig. 3. Accumulated precipitation (units: mm) from 0000 UTC 41 Diurnal variation of precipitation and vortices
4 July to 0000 UTC 11 July 2007: (a) CMORPH and (b) final . . . .
seven-day simulation. The two rectangles indicate thehsout Figure 5 shows the wind field, vorticity at 700 hPa and

west vortex (SWV) and mei-yu front vortex (MYFV). precipitation averaged from the final seven-day simulation
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with a three-hour interval. The general characteristies amoted that the vorticity also showed obvious features of-diu
as follows. The SWV was located near ?B5during the nal variation. It is apparent that there were two precijatat
whole day, and the wind-shear line, as well as the vorticpeaks in the two vortex regions in one day, the first weak peak
related to the MYF, were located to the east of lB.0Corre- being in the afternoon (0600—0900 UTC) and the second one
sponding to the rain belt, the positive vorticity belt exded reaching a maximum in the late evening and into the early
from the Sichuan Basin to the eastern coastal region with twarning (1600—2000 UTC). However, the first weak peak in
positive vorticity centers associated with the SWV and thhe afternoon was much smaller than the maximum nighttime
MYFV. The diurnal variation of precipitation showed differ peak, and it was even lower than the daily average rainfall.
ent diurnal features from the eastern edge of the TP to thke peak rainfall associated with the MYFV at 1800 UTC
east plains. Convection and precipitation over the eastavas delayed by approximately two hours compared to that of
edge of the TP (100-103’E) gradually developed at 0600the Sichuan Basin at 1600 UTC. However, there was only one
UTC (Fig. 5c) and remained active from the afternoon to th@rticity peak during 1900-2000 UTC, which occurred 1-2
early evening (0600-1800 UTC; Figs. 5¢c—g). Owing to thieours later than the peak rainfall. It seems that the diurnal
cooling of the eastern edge of the TP at night, convection avariation of vorticity was different from that of the raitifalt
precipitation tend to weaken during the nighttime. Analyis interesting to note that the vorticity decreased to itgimi
ses of the hourly precipitation (not shown) and its anomatgum when the rainfall reached its afternoon peak. In section
(Fig. 6) illustrate that the rainfall over the Sichuan BasiB, the vorticity budget equation will be used to analyze the
(105°E) was intensified during the evening and into early thedevelopment of the SWV and MYFV and explain why the
next morning (1000-2100 UTC), with a peak at 1600 UTQyeak peak of precipitation in the afternoon could not furthe
and that the rainfall was suppressed from late morning to tthee development of the vortex.
afternoon (0000—0900 UTC), with a minimum value at 0300 There are many factors influencing the diurnal variation
UTC. The precipitation along the MYF over the Huaihe Riveof precipitation and vorticity, including thermal circtilan
valley peaked from late evening and into early the next morbetween land and sea, MPS circulation driven by terrain ele-
ing (1200-0200 UTC; Figs. 5 and 6), representing a delsgtion differences, and local heating. SZ12 showed that the
of approximately two hours compared to the Sichuan BaditPS circulation between the second-step terrain and the eas
rainfall, but maintaining the level for longer (Fig. 6). Theplains suppresses convection along the MYF during the day-
weak phase of the MYF precipitation appeared between tirme and strengthens convection during nighttime. The noc-
morning and early evening (0300-1100 UTC). The simulatéarnal convection intensifies or triggers the MCV, and the
diurnal variation of precipitation generally agreed weitlw eastwardly propagated MCV reinforces the precipitation in
the observations (Fig. 4a). the eastern part of the MYF. However, SZ12 ignored the im-
To determine in detail the relationships between the prgacts of the TP; the effects of the TP would not only directly
cipitation and vortices over the Sichuan Basin and the MYigfluence convection and rainfall over the Sichuan Basin and
the diurnal variation of the anomalous hourly rain rate daed t Chongqging, but also could propagate downstream and influ-
850-hPa vorticity averaged for the SWV and MYFV regionence the triggering and intensity of convective systemsgalo
(indicated in Fig. 3b) are shown in Fig. 6. The anomalodke MYF (Kurosaki and Kimura, 2002; Zhuo et al., 2002;
hourly rain rate is the difference between the hourly rate rawang et al., 2004, 2005). Fu et al. (2011) found that there
and the daily mean of the final seven-day simulation. It &re two primary mechanisms by which convective systems

(b)_

100E  105SE 110E 1158 120E  125E 100E  105E 110E  115E  120E  125E
I ——— I ——
01 05 1 2 05 1 2 4

Fig. 4. Time—longitudinal diagram of the rain rate (mm%¥) 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 fielddas), relative vorticity (blue isolines, 18
s~1) and hourly precipitation (colored areas, mmithaveraged from the final seven-day simulation.

influence precipitation along the MYF: (1) The eastwardlYF was delayed relative to that of the SWV, which sug-
propagating convective systems from the eastern edge of ¢fests that the first mechanism may have existed in our simu-
TP trigger the genesis of the SWV or enhance its intensitgtion. Therefore, under the first influencing mechanism, th
The strengthened SWV then enforces the transfer of kinesiemi-idealized simulation was used to analyze the impdcts o
energy to the MYF, which would be favorable for the inteneonvection from the eastern edge of the TP on the precipita-
sification of precipitation at the MYF. (2) An SWV is gen-tion of the SWV and the MYFV.

erated by eastwardly propagating convective systems from ) o ) ) )

the TP, and subsequently moves eastward along the MY !Dlurnal variation of two MPS circulations and their
under the leading of a high-level trough, and induces severe Mpacts

heavy rainfall. The second mechanism clearly enhances pre-Simulated daily precipitation averaged from °R7 to
cipitation at the MYF. However, most SWVs do not mov&84°N during the final seven-day simulation and topographic
out of the Sichuan Basin, and the second mechanism did el#vations are shown in Fig. 7. There was one peak at the
exist in our simulation at all. In addition, the above anakastern edge of the TP and two peaks east of the TP located
ysis shows that the strength of the precipitation along tloeer the Sichuan Basin and the second-step terrain®£108
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030 To clarify diurnal variation of simulated MPS circula-
I tions, Fig. 8 showed the perturbation vertical velocitye(th
perturbation was the hourly velocity anomaly relative te th
daily velocity averaged for 24 hours of the final seven-day
simulation) and vertical circulation averaged betweef 27
and 34N 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 ocedrr
in 2003 and 2007; therefore, in BZ11, average mei-yu cir-
i culation from 2003 to 2009 could not show the typical di-
0.90 4 L 020 urnal variation under synoptic mei-yu circulations. Our de
0000 0600 1200 1800 0000 0600 1200 1800 tailed simulation, however, could be used for analyzing the
evolution of two MPS circulations and their impacts on the
Fig. 6. Diurnal variation of the anomalous hourly rain rate SWV, the MYFV and the corresponding precipitation during
(mm h1) and 850-hPa vorticity (1s~1) averaged for the  he typical mei-yu period.
SWVand MYFV (regions indicated in Fig. 3). The anomalous At 0600 UTC, due to the differential heating between the
hourly rain. rate is the diffgrence between .the hqurly rabe ra TP and Sichuan Basin after sunrise, relative heating on the
and the daily mean of the final seven-day simulation. TP triggered stronger perturbation updraft at the eastége e
of the TP, and the relative cooling in the Sichuan Basin con-
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=
>
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-0.60

27 . . . . 5000 tributed to the generation of perturbation downdraft. Baer
. Simulationf fore, an MPS circulation (S1) between the eastern edge of
2 - Temain | the TP and the Sichuan Basin formed and the anomalous as-

L 4000 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 terraintend t
I east plains, another MPS circulation (S2) formed. The up-
L 1000 ward branch and downward branch of S2 started to intensify
i at 0800 UTC (not shown), and the downward branch of S2
] A i reached its peak at 0900 UTC (Fig. 8d), with the maximum
6 t t \”‘T"’ = 0 anomalous descending and ascending motions extending to
100E  105SE  110E  115E  120E  125E the middle troposphere (approximately 5-10 km). At this
point, the MYF precipitation (118-112°E) reached its weak
Fig. 7. Map plots of the simulated daily precipitation (solid peak at 0800 UTC (Fig. 6). Some small-scale anomalous ris-
curve, mm) latitudinally averaged from 2V to 34N during  jng and descending motions in the S1 circulation during the
the final seven-day simulation. The dashed curve shows the avyaytime may have been related to the convective activifies o
erage terrain elevation (m) for 2N to 34'N. the SWV. Meanwhile, the heating difference between ocean
and land contributed to an S3 circulation between the east-
110°E) and east plains (114117E), with the distance to the ern coastal region and its adjacent ocean. At this time, the
highlands being approximately 400600 km. In the averagggy.-level perturbation easterly wind extended from thet-eas
mei-yu period during 2003 to 2007 (Fig. 7a in BZ11), therg, coastal region to the foot of the TP and formed up-slope
were only two peaks located at the eastern edge of the Jfiqd.
and over the east plains, but the precipitation peak between at 1200 UTC, weak ascending motion shifted to being
the Sichuan Basin and the second-step terrain was not &jer the Sichuan Basin (Fig. 8e), followed by the enhance-
dent. A possible reason is that the SWV always exists in thgant of precipitation and vorticity (Fig. 6), and a descendi
semi-idealized simulation, which produces much more raigotion developed in the upward branch of S2 (Fig. 8e). At
fall than climatological rainfall there. In addition, theed 1500 UTC, due to the relatively faster cooling over the TP
precipitation peaks in Fig. 7 could illustrate the influente qyring nighttime, a descending motion appeared at the east-
mountains on the enhancement of heavy rainfall, which wag edge of the TP, as did an ascending motion in the Sichuan
discussed in SZ12 through the case study of the impactsgfsin. AS1, the reversal circulation of S1 formed between
second-step terrain on MYF precipitation. the Sichuan Basin and the TP (Fig. 8f), which reinforced the

3000

2000

Precipitation (mm day™)
Terrain height(m)
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Fig. 8. Height-longitudinal cross section of the diurnal evolntaf the perturbation of vertical velocity (colored areas,s1)
and vectors of anomalous zonal winds and anomalous vevedatity (x100) at three-hour intervals for the final seven-day
simulation. The bottom white (unshaded) areas represertbfography, and the black circles indicate the MPS citimrla.

(a) 0000 UTC, (b) 0300 UTC, (c) 0600 UTC, (d) 0900 UTC, (e) 1200C, (f) 1500 UTC, (g) 1800 UTC and (h) 2100 UTC.

rising motion over the Sichuan Basin and the precipitatidYF (east of 110E) had a maximum vorticity of & 105 —
of the SWV (Figs. 5 and 6). Meanwhile, daytime S2 circutOx 10 °s~ (Figs. 5f-h and 6). Although the thermal cir-
lation converted to nighttime AS2 when the upward brandulation (AS3) between ocean and land was weak at 1800
of S2 over the second-step terrain moved to the Huaihe RivéTC (Fig. 8g), possibly affected by the effect of convective
valley and its downward branch covered the Taihang-Wushsystems at the MYF, the evident ascending motion over the
Mountains. An analysis of an hourly simulation (not showrgcean, as well as the descending motion along the coastline
revealed that a propagating ascending motion from easeof {AS3), could be found at 2100 UTC (Fig. 8h). At the same
SWV made a certain contribution to the enhancement of thime, the westerly wind of perturbation below 2 km could be
upward branch of AS2 during the transition period from S@bserved from the foothills of the TP to the eastern coastal
to AS2 (1200-1500 UTC; Figs. 8e, f). However, the detailaggion. During the morning (0000-0500 UTC; Figs. 8a, b),
impacts of the SWV on its downstream regions will be disAS1 and AS2 circulations transited to S1 and S2, except that
cussed in the individual case study in section 5. a weak ascending motion existed over the MYF.

AS1 and AS2 circulations developed into their mature Based on the above discussion, there were three thermal
stages during the next early morning (1800 UTC), whilériving circulations in the afternoon and early eveningd06
the two upward branches enhanced precipitation over 800 UTC) from the eastern edge of the TP to the eastern
Sichuan Basin and the MYF (Fig. 8g), contributing to aoastal region with the mature stage occurring at 0900 UTC:
diurnal rainfall peak (Figs. 5 and 6). Because the updrd@t, located between the eastern edge of the TP and Sichuan
branches of AS1 and AS2 strengthened their local convdgasin; S2, developing between the second-step terrain and
tion and precipitation, vortices in the Sichuan Basin arel tithe east plains; and S3, forced by heating differences legtwe
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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 characteristfidh®
mei-yu period because there were far fewer days with rdinfal
than days without rainfall during the period of 15 June to 15
: July in 2003-2007.

100°E 105°E 110°E 115°E 120°E 125°E 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 anaiyzin
average fields of the final seven-day simulation. However, th
average field cannot show the continuous evolution of syn-
optic systems and the relationships among different system
Moreover, there was a weak precipitation peak in the average
diurnal evolution without increased vorticity, which cdie
explained by individual case analysis. Thus, we chose an in-
dividual two-day period during the final seven-day simuwlati

to elucidate the relationships of MPS circulations, vaic
and rainfalls, as described in the next section.

06UTCO04

12UTC04

18UTCO04

00UTCO5

06UTCO5

12UTCO05

18UTCO5

00UTC06 5. Individual case analysis

06UTC06 5.1. Caseintroduction

100 105E 110E 1ISE  120E  125E Three persistent rainfall events consisting of cases on 4—

1 2 4 6 6 July, 6-8 July and 8-10 July, were successfully simulated
in our experiment, resembling observed processes well (not
Fig. 9. (a) Simulated accumulated precipitation from 0600 UTC shown). According to our reasonable simulation, one of the
4 July to 0600 UTC 6 July 2007 (units: mm). (b) Hovmoller three heavy rainfall events (from 0600 UTC 4 July to 0600
time—longitudinal diagram of the simulated rain rate (mnth UTC 6 July) over the Huaihe River valley to the east of the
averaged from the rain belt during 4-6 July 2007. second-step terrain was chosen for a specific case study. The
rain belt covered the eastern edge of the TP to the Huaihe
the land and the surrounding ocean. Downward branctRiser valley with two maxima at 10811CE and 114
of S1 and S2 circulations suppressed the rising motion IA7E (Fig. 9a), which were consistent with the character-
the Sichuan Basin and over the Huaihe River valley and iistics of the final seven-day simulation in Fig. 3b. It took
duced the intensity of precipitation during daytime, witlet approximately two days for the rainfall streaks to propagat
weak precipitation peak occurring in the afternoon (at afrom the eastern edge of the TP to the eastern coastal region
proximately 0500-0900 UTC). The transition period of MP®r the average of the final seven-day simulation (Fig. 4b),
circulations from daytime S1 and S2 to nighttime AS1 anghich is consistent with results in BZ11. The time longi-
AS2 circulations was in the evening (at approximately 100@udinal of hourly precipitation shows that the development
1400 UTC). At midnight and into early the next morning (abf rain streaks in the two-day case was similar to the diur-
approximately 1500-2200 UTC), AS1, AS2 and AS3 circural variation averaged from the final seven-day simulations
lations, the reversal circulations of S1, S2, S3, formed aRainfall at the eastern edge of the TP (3:8003E) began at
matured. Furthermore, the strongest stages of AS1 and AEDO0 UTC and lasted until 1400 UTC. Heavy rainfall over the
appeared at 1600 UTC (not shown) and 1800 UTC, resp&iehuan Basin (10%) occurred in the late evening to early
tively. Upward branches of AS1 and AS2 enforced rising mdhe next morning, which was 2 hours earlier than that along
tion with precipitation peaks in the Sichuan Basin and ovéte MYF in the Huaihe River valley. The center of a heavy
the Huaihe River valley. Another transition period of nocainfall maximum appeared over the eastern coastal region
turnal circulations to diurnal circulations was from thelga (122°E) at approximately 0000 UTC 6 July, and it took ap-
morning to noon (approximately 2300-0400 UTC). proximately 42—45 hours for the rainfall peak to propagate
Compared to the average MPS circulations during tifiem the eastern edge of the TP to the eastern coastline with
mei-yu period in BZ11, the heights of S2 and AS2 of tha moving speed of 13.5 n$, which was similar to the east-
present case in 2007 could have extended to those of \&rd propagating speed of 13 misduring the mei-yu period
and AS1, which means that MPS circulations between theported in BZ11. Therefore, the simulated case (0600 UTC
second-step terrain and the east plains became highehiharit July to 0600 UTC 6 July) can be considered suitable for
5-yr averaged S2 (AS2). There was little difference amoffigrther analysis.
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Fig. 10. Simulated 700-hPa horizontal wind (vector, mty, anomalous vertical velocity (shaded, cmts and anomalous
vorticity (blue solid lines, 10%s™1) from 1500 UTC 4 July to 0000 UTC 6 July 2007. The anomaly is therly difference
from the average from 1500 UTC 4 July to 0000 UTC 6 July.

5.2. Impactsof upstream systems on downstream systems  10. Figure 11 shows the corresponding height—longitudinal
It was shown in BZ11 that the precipitation peak onl§"SS section of the diurnal evolution of the perturbatiohs

propagated to 1 P&, while SZ12 demonstrated that the nocvertical velocity_ and vecFors of anomalogs zonal wind and
turnal upward branch of the MPS circulation over the secon@?0malous vertical velocity at three-hour intervals. The-d
step terrain reinforced convection along the MYF and r@al variations of MPS cwc_ulatlons were less pronognced tha
sulted in the generation and propagation of an MCV. THBE seven-day average fields; however, the continuous evo-
above analysis has clearly shown that a precipitation peson of all systems was clear. The quasi-stationary SWV
propagating from the eastern edge of the TP to the east€Y) Was intensified during nighttime (1500-2100 UTC 4
coastal region is possible. The results of the subsequtiwt ac’Uly) and became relatively weak during the daytime (0000~
ities of rainfall-producing systems from west to east idgd 0600 UTC 5 July) due to the diurnal variation of MPS (Figs.
convection at the eastern edge of the TP in the afternoon, &-@nd 11). V3 (MYFV) occurred on 5 July, which brought
hanced convection of SWV and MYFV forced by AS1 anfeavy rainfall into the Huaihe River valley (Fig. 9), and V_2
AS2 (the upward branches of MPS during the nighttime), aj¢S & connection between an SWV and an MYFV. Combin-
the generation of an eastward moving MCV. ing the evolution of vortices (Fig. 10) and MPS circulations
Figure 10 gives wind fields, anomalous vorticity anéfi9- 11), there were three main stages in this individuséca
anomalous vertical velocity at 700 hPa from 1500 UTC 4 Jutge intensification of SWV (V1) and its convection (Stage 1),
to 0000 UTC 6 July, which was the main development peridd® developmentof V2 (Stage 2), and the triggering of MYFV
of the vortices during the entire case. The anomaly is the df/3) and its eastward propagation (Stage 3).
ference between the hourly data and the data average fr, ) . B
1500 UTC 4 July to 0000 UTC 6 July. There were three Jop 21 Stagel: The intensification of SWiW1)
tices at 700 hPa from the Sichuan Basin to the Yangtze River— During 0600-0900 UTC 4 July (not shown), the strong
Huaihe River valley, designated by V1, V2 and V3 in Figascending motion developed at the eastern edge of the TP
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Fig. 11. Height-longitudinal cross section of perturbation veattieelocity (colored, cm's!) and vectors of anomalous zonal winds
and anomalous vertical velocitk (00) at 3-h intervals from 1500 UTC 4 July to 0000 UTC 6 July 208cales smaller than 300
km are truncated by a Barnes filtering technique (Barnes3;19iaddox, 1980). The bottom white (unshaded) areas représe
topography.

and its leeside slope and over the second-step terraing whaity line) developed in the Sichuan Basin and at the eastern
the descending motion occurred in the Sichuan Basin and tage of the TP, respectively. Meanwhile, the ascending mo-
east plains. Corresponding to the ascending motion over than (U2) was triggered to the east of U1 (upward branch of
second-step terrain, a positive anomalous vorticity amggeaAS1) at 1500 UTC 4 July. The eastward extent of the cy-
east of the SWV. At 1500 UTC 4 July, with the developelonic circulation of V1 promoted the low-level convergenc
ment of nocturnal MPS (AS1) (Fig. 11), the upward brancind ascending motion at 188L1CE (Fig. 10), which was a
and downward branch of AS1 (taking B as the bound- 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- 7.0 Jrosghirbrsbiobiid iy 98
ward branch of nocturnal MPS circulation (AS2) to the east 1oy I\

of the second-step terrain was conducive to a new ascending J—swvy / ‘\‘ [ 54
motion (U3) in the middle-low troposphere (at approximgatel 6.0 1 Y [
3-5 km). \ s

5.0

10°s™

5.2.2. Stage?: The development of2/

At 2100 UTC 4 July, the northeastward-extending V1 z
(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 (I°HL15E) were enhanced, 3.0
which subsequently induced the formation of vortex V2. Af-
ter the generation of V2, V2/U3 moved eastward to the east I
plains, enabling the production of heavy rainfall from 2100 20 04
UTC 4 JUly to 0300 UTC 5 JUly From 0300 UTC 5 JUly to 06/04 12/04 18/04 00/05 06/05 12/05 18/05 00/06 06/06
0600 UTC 5 July, the maximum anomalous vorticity and pos-
itive perturba;ionbvertical ve}lo;:ity coincided wit? (heac;mer. . avorticity (105 1) averaged for the SWV and MYFV from
U3 was weaker because of the suppression of the downdra o
branch of S2 during 0600-0900 UTC 4 July. During the day->c00 UTC 4 July to 0600 UTC 6 July 2007 (regions indicated

. in Fig. 3).
time, although the downdraft branch of S2 prevented the con-
tinuous development of U3, the vorticity of V2 was still ireth

developmenttrend, which was favorable for convectiorvacti>

ities at 113-115E. However, the development of V2 durind)recipitation peaks. The peak precipitation of the SWV i th

the daytime may have been caused by the topographic eff ernoon (0500-0800 UTC 4 July) also corresponded to low
éaﬁr'ticity, as shown in Fig. 6. The vorticity and precipitati

P

as it was located on the leeside of the second-step terrai the SWV al ¢ maintained th intensity without
During 1200-1500 UTC 5 July, the cyclonic circulation o € aimost maintained the same intensity withou

V2 began to dissipate, but U3 was intensified, forced by tﬁﬁ
upbranch of AS2.

Precipitation (mm h™")

- 0.8

Fig. 12. Evolution of the hourly rain rate (mm#) and 850-

even-day mean in Fig. 6, with one vorticity peak and two

nificant diurnal variation from 0600 UTC 5 July to 0600
C 6 July. For the vorticity and precipitation of the MYFV,
three precipitation peaks (1500-1800 UTC 4 July, 2300 UTC
5.2.3. Stage3: The triggering of MYFV(V3) and its 4 Julyto 0300 UTC 5 July, and 1600-2100 UTC 5 July) were
eastward-propagation produced by the upward branches of AS2 and V2 and the
composite effects of the upward branch of AS2 and V3. Cor-

When U3 propagated to approximately 1Esnew con- sponding to the precipitation peaks, three vorticitylksea

vection ahead of V2 triggered a new vortex (V3) at 1800 UT

5 July (Fig. 10). V3 was an MCV, and the possible formatio® S existed, but occurred 1-2 hours later. However, thd thi
mechanism has been studied |f;reviously (Sun et al., 201 ak from midnight of 5 July to the early morning of 6 July

V3, with closed cyclonic circulation, moved eastward annVé' s the strongest precipitation peak.

addition, during maturity, the maximum vorticity of V3 cein - .
cided with the positive vertical motion, which also applied The vorticity budget of SWV and MYFV can be quanti-

V2/U3. V3 began to decay and the ascending motion trangﬁd by

tioned to descending motion after 0000 UTC 6 July because aZ b 14

of the transition of the nighttime MPS to the daytime MPS Fra —Vh-On(C+f) - wa_p +

(not shown). During 0300—-0600 UTC 6 July, the strong cy- LHS HADV VADV

clonic wind shear still persisted in the MYF, but the deseend Vi

ing motion dominated the MYF with weak precipitation. In k <0—p X th> —(@+Hon-v, (@)

addition, observation analyses have revealed a high freyue
of MYFV over the east plains (Zhang et al., 2004), and thus
the simulated MCV agreed well with the observations. where( is the vertical Vorticity;‘/h = ui +Vj is the horizon-
The above analyses have explained the relationship be- ) d. 09 .. )
tween two MPS circulations and low-level vortices in th{?! velocity vector;th = 5(7’+ av? is the horizontal gra-
two-day case. Three vortices were identified in this case: \dient operator;f is the Coriolis parametery is the vertical
was an SWV, while V2 and V3 formed in the middle andelocity in thep-coordinatez, 7, k stand for the unit vectors
lower valley of the Yangtze—Huaihe River valley. V2 angbointing to the east, north and zenith, respectively; HADV
V3 were classified as MYFVs. During the two days, cleand VADV are the terms of the horizontal advection and ver-
diurnal variation of the SWV occurred between 0600 UTC #ical advection, respectively; TILT stands for tilting dicat-
July and 0600 UTC 5 July (Fig. 12), which was similar to thang conversion of horizontal vorticity into vertical vority

TILT DIV
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affected by vertical motions; DIV is the abbreviation for dicirculation S1, which created little conversion of horizn
vergence, which is the impact of divergence on vortex vertigorticity into vertical vorticity. Owing to the upward brah
ity; and LHS (left-hand side of the equation) represents tiof MPS (AS1) increasing the vertical velocity of the SWV at
time evolution of vorticity. Friction effects are ignoredthe night (after 10 UTC 4 July), TILT contributed positively to
above equation. vorticity through the conversion of horizontal vorticitgto

Figure 13 showed the vorticity budget of the SWV andertical vorticity. The vorticity budget at 850 hPa of the
MYFV regions at 850 hPa. Although VADV and DIV showedVYFV showed clear diurnal variation after 0300 UTC 5 July
positive contributions, TILT and HADV clearly contributed(Figs. 13b, c¢). In spite of the opposite phases of TILT and
negatively in the afternoon (0600-0800 UTC 4 July andADV, a greater contribution of TILT resulted in decreas-
0300-1200 UTC 5 July) (Fig. 13a), corresponding to the neigig the MYFV vorticity in the afternoon and increasing the
ative variation of LHS (Fig. 13c). The negative contribatio MYFV vorticity at night. After 1200 UTC 5 July, other than
of TILT possibly resulted from the downward branch of MP$&he positive contribution of TILT, the increased positivane
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 edst o

11C°E, combined with the upward branch of AS2, triggered
1@ Hw ,__.ﬂ"'g vortex V2 in the evening of 4 July. Under this condition, the
— TILT term contributed more positively to the intensificatio
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 115E 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-

—abhbhblUito—~pwbruaoadbbdbllUioco—~0wws oo

0.8 strated in previous studies (BZ11; SZ12), the vorticitied a

0.6 1 precipitations of the SWV and the MYFV had evident noctur-

041 nal peaks once in two days, and precipitation peaks of these

0.2 1 two vortices were not synchronous.

0 / In addition, to verify the above semi-idealized simulation
0.2 and results, a sensitivity experiment was considered)aimi
0.4 ] to that described in section 2 (hereafter referred to asdhe ¢
-0.6 | trol run), except that the experiment had a 5-degree wedtwar
0.8 1 extending boundary. The results showed that the positidn an

- © coverage of the rain belt in the sensitivity test were simila

0600 1200 1800 0000 0600 1200 1800 0000 0600 to those of the control run with a stronger rainfall maximum
‘2%% >JUL 6JUL (not shown). The verifications of diurnal variations of pre-
cipitation and MPS circulation showed that these two exper-
Fig. 13. Terms of the vorticity equation at 850 hPa from 0600 iments produced similar variations, except for the intgnsi
UTC 4 July to 0600 UTC 6 July 2007 (units: 18%2). HADV'  (not shown). The MPS circulations in the sensitivity experi
is horizontal vorticity advection; VADV is vertical vortity ad- ment were somewhat different from those in the control ex-
vection; DIV is the term of divergence; and TILT is the tillin o riment, in which it was indicated that lateral boundany-co
:ﬁ;n?éffhl‘:\: dlssizjheeosfug O(flt)hii iﬁgg;tfog) t\(icr;rt]i?:’i tsrlg)i ‘;‘;és 'S ditions impact upon the activities of individual systemsor
SWV: (b) vorticity budgét of MYFV: (C)' left-hand side of Eq. those ana_lyses, it appears t_hat_the control experimentetas n
(1) in the text. very sensitive to the domain size and that the analyses and
results are reasonable.
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6. Concluding remarks eral boundary conditions. Some previous studies (Carbone

A mesoscale numerical model (WRF) was employed it al., 2002; Carbone and Tuttle, 2008; BZ11) suggest that

simulating a mei-yu period (1-10 July 2007) with ten_da&onvection over a plateau or over mountains in the after-

average fields at 0000 UTC as the initial field and at 000{°n Propagates eastwardly to downstream plains at night-
UTC, 0600 UTC, 1200 UTC and 1800 UTC as cyclically latime @nd enhances the convection/precipitation. However,
eral boundary fields. Diurnal variations of two MPS circulaf-rom the simulations in the_ prese_znt study, it was confirmed
tions associated with specific topographic distributioos that two nocturnal MPS circulations strengthened convec-

the TP to the eastern coastal region (including first-step tgon/precipitation at the SWV and MYF region_s from the
rain, the TP, the Sichuan Basin, second-step terrain, and ening to early morning. However, the study did not reveal

east plains), and the impacts of these two MPS circulatio specific impact mechanism of the eastward propagation of

on the SWV and the MYFV were investigated. To avoid th(éonvection from the TP on the convection/precipitatiort eas
effect of the average field, an individual case chosen fronP(t;\the TP, including areas from the Sichuan Basin and the

simulated event was analyzed in detail to elucidate the Cop@n.gtze I?]Ner—Hualr;e Rr|]ve|r villefys o th_ﬁ:, easterr? c_oast_al
plicated relationships among those systems. region. The reason for the lack of a specific mechanism is

Diurnal cyclic initial and lateral boundary conditiondh@t it was difficult to distinguish between propagating-sys

were able to simulate the general geographic distributfon tgﬁms with MYF pert_urba;lon becaulse of complelzx nor;lllnear
precipitation and its diurnal variations from the easteigee €TECIS among a series of mesoscale systems along the MYF

of the TP to the Yangtze River—Huaihe River valleys. Th%nd eastward-propagating perturbations. According fo the

simulation successfully reproduced two precipitation maxssues discussed above, future work will first focus on the

mum centers related to the SWV and the MYEV in the raigﬁropagation of the TP perturbation and its mechanism using
“ﬁ_ry" simulations. If dry convection over the eastern edde o

belt, which was consistent with the corresponding observ i ) o
tions. The rainfall related to both SWV and MYFV had &€ TP generates the waves/perturbations, and if therdyifti

weak peak in the afternoon and a strong peak from midniq@@ves/perturbations trigger or enhance vertical motiogr ov
to the early morning he downstream plains, we could then add moisture and la-

Analyses of the averaged final seven-day simulatidfint heat to in\{estigate the mechanism and timing of the trig
showed the different diurnal variations of precipitationif- 9€réd convection. Furthermore, there only being a pealeof th

ferent regions. The convection at the eastern edge of the WV and Fhe MYFV every two daysina mei-y_u period, and
was active from the afternoon to the early evening (060(5tle potential two-day period, need to be confirmed through

1800 UTC) due to the accumulated surface diabetic he P_th observational data analysis and model simulatiorisin t

ing during the daytime. The upward branch of MPS cifuture.

culation (AS1) enhanced the rainfalls in the Sichuan Basin ) o
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