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ABSTRACT

A mesoscale convective system (MCS) developing over the Qinghai-Xizang Plateau on 26 July 1995 is
simulated using the fifth version of the Penn State-NCAR nonhydrostatic mesoscale model (MM5). The
results obtained are inspiring and are as follows. (1) The model simulates well the largescale conditions
in which the MCS concerned is embedded, which are the well-known anticyclonic Qinghai-Xizang Plateau
High in the upper layers and the strong thermal forcing in the lower layers. In particular, the model
captures the meso-a scale cyclonic vortex associated with the MCS, which can be analyzed in the 500 hPa
observational winds; and to some degree, the model reproduces even its meso-3 scale substructure similar
to satellite images, reflected in the model-simulated 400 hPa rainwater. On the other hand, there are
some distinct deficiencies in the simulation; for example, the simulated MCS occurs with a lag of 3 hours
and a westward deviation of 3-5° longitude. (2) The structure and evolution of the meso-a scale vortex
associated with the MCS are undescribable for upper-air sounding data. The vortex is confined to the
lower troposphere under 450 hPa over the plateau and shrinks its extent with height, with a diameter of
4° longitude at 500 hPa. It is within the updraft area, but with an upper-level anticyclone and downdraft
over it. The vortex originates over the plateau, and does not form until the mature stage of the MCS. It
lasts for 3-6 hours. In its processes of both formation and decay, the change in geopotential height field
is prior to that in the wind field. It follows that the vortex is closely associated with the thermal effects
over the plateau. (3) A series of sensitivity experiments are conducted to investigate the impact of various
surface thermal forcings and other physical processes on the MCS over the plateau. The results indicate
that under the background conditions of the upper-level Qinghai-Xizang High, the MCS involved is mainly
dominated by the low-level thermal forcing. The simulation described here is a good indication that it
may be possible to reproduce the MCS over the plateau under certain large-scale conditions and with the
incorporation of proper thermal physics in the lower layers.
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1. Introduction

A series of mesoscale convective systems (MCSs)
occurred daily over the Qinghai-Xizang Plateau during
25-28 July 1995. In a previous paper (Zhu and Chen,
2003), the authors analyzed their physical characteris-
tics and evolution based on infrared (IR) satellite im-
agery, their largescale meteorological conditions, and
convective potential available energy (CAPE). Among
them, the MCS on 26 July was the strongest one
with a size and physical characteristics of IR satellite
imagery similar to a Mesoscale Convective Complex

*E-mail: zhugf@cma.gov.cn

(MCC) (Maddox, 1980). It formed at noon LST (0600
UTC), then built up rapidly and reached its peak in
the early evening hours around 1800 LST (1200 UTC),
and then decayed gradually. The results from the pre-
vious analyses showed that the MCS concerned was
driven and developed by the strong low-level thermal
forcing and conditional instability under the condi-
tions of the great unique nearly-circular anticyclonic
high in the upper layers. All these conditions are in-
timately linked with the plateau itself, characterized
by relatively pure thermal effects. It follows that there
are many features peculiar to the MCS over the plateau
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I'ig. 1. Model domain and distribution of sounding observation stations (black dot-

tod) at the initial time.

for us to study.

However, the spatial and temporal resolutions of
the available observations are insufficient for study-
ing the structure and evolution of the 26 July MCS
over the plateau; in particular, there are sparse ob-
servations over the plateau, even scant data over a
10° x 10° (latitude-longitude) domain in the upstream
of the MCS studied west of 90°E longitude. Thereby
there is a limit to the reliability of the analyses based
on observations. So we must successfully simulate suc-
cessfully the MCS using a sophisticated model and ob-
tain dynamically consistent valuable high resolution
output for research on the structure and evolution of
the MCS. Many previous numerical studies (e.g., An-
thes et al., 1982; Zhang et al., 1989) indicated that
mesoscale systems can develop with initial large-scale
conditions of mesoscale models. Still, since there are
sparse observations, it is a challenging test to simulate
the MCSs over the plateau with a meso-scale numeri-

cal model.

2. Model description and experiment design
The fifth version of the Penn State-NCAR non-
hydrostatic mesoscale model (MM5) is employed for
the present study. There are 23 sigma levels in the
vertical direction, with a horizontal grid size of 54
km. Figure 1 shows the model domain. The model
water cycles include the use of the Kain-Fritsch con-
vective parameterization scheme (Kain and Fritsch,
1993) for the subgrid-scale moist process and the prog-
nostic equations for resolvable cloudwater, rainwater,
and graupel. A modified version of the Blackdar high-
resolution Planetary Boundary Layer (PBL) parame-
terization (Zhang and Anthes, 1982) is used for calcu-
lation of surface vertical fluxes of sensible heat, latent
heat, and momentum. For a more detailed description
of MMS5, the reader is referred to Grell et al. (1994).
The model is initialized at 0000 UTC 26 July 1995
with the American NCEP 2.5° (latitude-longitude)
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resolution analysis, which is then enhanced by raw-
insondes and surface observations. The black dots in
Fig. 1 represent the observation stations at the initial
time. The model is integrated for 24 hours, which cov-

ers the

In the present study,

latitude (°N)

Fig . 2. Observational winds (half barb=2 m s™!,

whole life cycle of the MCS.
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the control experiment
(CNTL) is run with all of the physical processes men-
tioned above. Because the Qinghai-Xizang Plateau is
the highest and biggest one with the most sophisti-
cated topography and with most various surface prop-

erties in the world, a series of sensitivity experiments,
including one of pseudo-adiabatic process (FDRY),
and ones regardless of the surface and atmospheric
radiations (NRAD), surface sensitive heat (NSEN),
and surface latent heat (NLAT), respectively, are per-
formed to investigate the impact of various surface
thermal forcings and other physical processes on the
MCS over the plateau. All these experiments are con-
tained in sections 3 and 4; a summary is given in sec-
tion 5 and some discussions follow in section 6.
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The central plateau is located at about 90°E and
its time difference is +6 h; for example, 0600 UTC
corresponds to 12 LST (noon).

3. CNTL experiment

3.1 CNTL-simulated large-scale environment
field of the concerned MCS

At the initial time (¢=00 h, at 0000 UTC 26 July
1998) the entire plateau was occupied by a great
nearly-circular anticyclone at 200 hPa (Fig. 2a), its
center being west of 90°E.

Figure 3a shows the CNTL forecast winds at 200
hPa. Similar to the t=00 h wind observations (Fig.
2a), the simulated 200 hPa anticyclone at t=03 h was
nearly-circular, with its center around (32°N, 87.5°E).
Afterwards, it visibly shifted to the east by north, and
its center arrived at about (33°N, 97°E) at t=09 h.
Then the anticyclone shifted little and was rather sta-
ble during t=09 h--12 h (Figs. 3b and 3¢). But its shape
started to transform after =12 h and it explicitly ex-
tended in the northeast-southwest orientation at t=24

a: CNTL 500hPa 4
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h (Fig. 3d).

The above-mentioned evolution of the 200 hPa an-
ticyclone over the plateau could be verified against ob-
servation winds in Fig. 2. One can see that the center
of a great nearly-circular anticyclone was located west
of 90°E at 0000 UTC 26 July (¢=00 h), east of 90°E at
1200 UTC 26 (t=12 h), and afterwards it shifted lit-
tle during 1200 UTC 26 to 0000 UTC 27 (¢t=12 h-24
h), but transformed after t=12 h, with a northeast-
southwest orientation in shape.

Since the great anticyclone over the plateau ex-
isted as the larger-scale dynamic system of the MCS
over the plateau on 26 July, the above characteristics
of the CNTL-simulated 200 hPa winds reflect that the
model can reproduce the largescale environment where
the MCS was imbedded.

The CNTL-simulated 200 hPa westerlies in the
northwestern part of the anticyclone began to
strengthen after t=12 h and got a maximum speed of
57.2 m s~! at £=18 h, which may indicate an impact
of the developed MCS on its largescale surroundings.

b: CNTL 400hPa rainwater

‘0 i@fJ/v////_ \/«r//\ 3 DR
% : ﬁ ?07 . e %
-qg) -\,k'/o‘v 7 E e & @@_’—D ! 36565
RSN e
= A FECTE - W —— @ :

30 ¢ \f =, : - 19 ]

T S R
:n\ng)& ll Mt | ll|||1|1 {411 11..““.1: E e 01,938
80 100 80 90 100

c: 500hPa ¢_ analysis d: Tbb

2
g T '5---¢ ]

latitude ( °N)

e Ame”® V! ———

longitude (°E )

longitude (°E )
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intervals) at =15 h, and (c) @se analysis (4 K intervals) and (d) T map at 1200 UTC 26.
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3.2 CNTL-simulated low-level thermal fea-
tures associated with the MCS

The model 500 hPa pselldo-equivalent potential
temperature 6. at t=15 h (Fig. 4a) had general fea-
tures similar to the 6. analysis at 1200 UTC (Fig.
4c). Over the plateau is the high 0. region, with two
extensions of a warm tongue in its southwestern and
northeastern directions (near 87°E and south of 30°N,
near 100°E and north of 35°N, respectively). Its cen-
tral area with a north-south orientation lay to the east
of 90°E, with a maximum value in its north. There was
a relatively low 8;. belt along 95°E in the high 6,
region. Furthermore, in Fig. 4a there exists a CNTL-
simulated sizable northwestward extension of a warm
area to the west of 90°E over the plateau, where there
are no observation stations. On the other hand, in the
CNTL simulation there are evident deficiencies such
as a lag of 3 hours, a difference of minus 3-5 K in the
high 6, region over the plateau and minus 10-15 K in
the 8, maximum in comparison with the 8, analysis.

There is a close relation between the 400 hPa rain-
water and the 500 hPa 8,.. In Figs. 4a and 4b, it is
clear that 400 hPa rainwater over the plateau formed
within the 500 hPa high 8,. region, and each of the
rainwater areas was accompanied by a high 6,. center
or tongue: for instance, the rainwater area marked D
in Fig. 4b was located within the high ;. region over
theplateau (Fig. 4a), and the three groups of rainwa-
ter areas marked A, B, and C (near 30°N and approxi-
mately along 86°E, 90°E, and 96°E, respectively) were
each with a warm tongue of the wavelike 6, contours
in the south of the high 6. region. In contrast, to the
northwest of the plateau, the northeast-southwest ori-
entated rainwater belt associated with the westerlies
was located to the south of the strongest 8,, gradient,
not within the high 6., region.

The CNTL-simulated 400 hPa rainwater areas over
the plateau exhibited to some degree the main features
of the meso-3 scale substructure in the mature MCS.
For instance, rainwater areas Al, A2, A3, B1, B2, and
D at t=15 h in Fig. 4b can find their counterparts in
the (equivalent blackbody temperature) Ty map at
1200 UTC 26 (Fig. 4d). These model rainwater ar-
eas appeared at t=09 h, though convection over the
plateau in the T3, map appeared at 0600 UTC 26 (fig-
ures not shown), and therefore the CNTL model has
a lag of 3 hours. There are other evident deficiencies,
such as errors in position, shape, and strength of Al,
A2, and A3, and an error in position of D, and over-
estimates in the strength and size of B2.

After all these deficiencies in the CNTL simulation,
the model simulated well the low-level thermal features
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associated with the MCS over the plateau on 26 July,
and even to some degree the meso-f scale substructure
of the MCS. In addition, taking into consideration the
lag of 3 hours, we can see that the model also sim-
ulated the evolution of the MCS similar to T3, map.
That is, its initial convective activities started by so-
lar heating at noon LST (0600 UTC), and it reached
its peak in the early evening hours around 1800 LST
(1200 UTC).

3.3 CNTL-simulated mesoscale cyclonic vortex
associated with the MCS

Of particular significance is that a mesoscale cy-
clonic vortex associated with the MCS is represented
by CNTL. Its structure and evolution are undescrib-
able for upper-air sounding data.

Figure 5 shows the CNTL-simulated 500 hPa winds
and geopotential heights from =06 h to 21 h every 3
h. Tt is clear that there was a cyclonic vortex over the
western central plateau (west of 90°E) during the pe-
riod of t=15 h—18 h. The vortex was circular and 4°
latitude/longitude in diameter with its center around
(34°N, 87°E) and had a life cycle of 3-6 hours.

This model vortex can be verified to some degree
against the observations for its entity and its rela-
tionship to the concerned MCS. Figure 6 shows the
500 hPa observation winds at 1200 UTC 26 July. A
meso-scale cyclonic vortex with diameter of 3-4° lati-
tude/longitude can be analyzed around (34°N, 92°E)
over the plateau in Fig. 6 for sure, and by conferring
Fig. 4d we can find that the vortex is embedded in
the MCS. Moreover, the pattern of the model wind
field (Fig. 5d) is consistent with that from the obser-
vations (Fig. 6). Therefore, the CNTL model captured
the meso-a scale characteristics of the MCS, but had
a lag of 3 hours and a position windage of westward
4-5° latitude/longitude.

This meso-a scale cyclonic vortex did not form till
the mature stage of the MCS, with a closed contour at
t=15 h. Velasco and Fritsch (1987) discussed ad hoc
the possible development mechanism of the mesoscale
vortices of MCCs and pointed out that MCCs reflect
atmospheric conditions wherein the intense deep con-
vection occurs over a large enough area for a suffi-
cient time to generate a mesoscale dynamic response
in the form of a mesoscale warm-core vortex. In this
study, the CNTL-simulated meso-a scale vortex helps
to serve as another evidence for the above mechanism.
Now more detailed analyses of the evolution and struc-
ture of this meso-a scale vortex are conducted as fol-
lows.
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Fig. 5. CNTL-simulated 500 hPa winds (half barb=5 m s~!) and geopotential heights (solid line, 20 gpm
intervals) from ¢=06 h to 21 h every 3 h.
(1) Evolution of the CNTL-simulated meso-« scale  along 36°N the wind field changed in wind direction
vortex from a westerly to a northwesterly wind (Fig. 5b). At

A northwestward little ridge near (36°N, 91°E)
showed up in the CNTL-simulated 500 hPa geopoten-
tial height field at t=06 h and at this time the model
wind field had not yet changed (Fig. 5a). At ¢=09
h this height ridge became manifest and to its west

the same time, a visible upstream height trough came
out, but the wind field in this height trough remained
westerly and had not yet changed at this time. After-
wards, the height trough developed progressively and
the wind field in its domain changed greatly to form a
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striking east-west shear line of convergence along 35°N
and from 85°E to 95°E at t=12 h (Fig. 5¢); meanwhile,
along 86°E and to the south of this wind shear lay an-
other developed wind shear (which was very weak at
t=06 h). Around the intersection of these two wind
shears developed a clear-cut meso-a scale cyclonic vor-
tex with a close contour of 5820 gm at t=15 h, which
was centered at (34°N, 87.5°E). The vortex was more
nearly circular at t=18 h, but the close contour van-
ished and changed into a height trough. And at t=21
h, the vortex vanished and became a north-south wind
shear.

So this meso-scale cyclonic vortex originated and
developed over the plateau. Of striking interest is that
the change in geopotential height, which initially oc-
curred near noon, was prior to that in the wind in its
whole evolution including the processes of its initial
development and its decay. It follows that the vortex

NTL
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was mainly associated with the thermal effects of the
plateau.

(2) Structure of the CNTL-simulated meso-« scale
vortex
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Fig. 7. Vertical cross section of the CNTL-simulated vorticity, taken along line 87°E and through the

center of the vortex during =12 h-24 h (5x107°% g~

! intervals, negative dashed).
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Figures 7 gives the vertical cross sections of the
CNTL-simulated vorticity taken along line AA’ in
Fig. 5d, which is through the center of the vortex along
87°E.

It can be seen that the mesoscale cyclonic vortex
(in Figs. 7b and ¢, indicated by A), within an updraft
area (figures for vertical cross section of vertical veloc-
ity not shown), was confined to the lower troposphere
under 450 hPa over the plateau and shrinks its extent
with height, with a diameter of 4° longitude at 500
hPa. The plateau was dominated by anticyclonic vor-
ticity above 450 hPa. This mesoscale cyclonic vortex
lasted for 3-6 hours and was strong during =15 h-18
h, with a high center of vorticity at 500 hPa and a
maximum up to (25-30)x 1075 s71; afterwards it de-
clined (Fig. 7d). And it can be seen that the vortex
does not form until the mature stage of the MCS.

In the vertical cross section of vertical velocity (not
shown) it can be seen that after t=09 h the upward mo-
tion became active by solar heating and subsequently
became dominant in the troposphere over the plateau;
and its range expanded and shifted upward with time.
It reached its peak at =15 h and extended above 200
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hPa with a maximum of 0.34 m s~! near 400 hPa (be-
low 400 hPa at t=12 h). And then the ascending mo-
tion over the plateau gradually abated but the area
with ascending motion continued to uplift; at t=21 h
its peak value was reduced to 0.15 m s~!, with its cen-
ter at 300 hPa; and at this time the downward motion
was dominant below 400 hPa over the plateau. It is ob-
vious that the updrafts over the plateau became active
at noon, associated with the initial stage of the MCS.
The updrafts reached their peak and lasted for several
hours after the MCS was mature. The evolution of
the updrafts over the plateau reflects that the model
displays the features of the MCS associated with the
diurnal variation.

4. A series of sensitivity experiments (NRAD,
NSEN, FDRY, and NLAT)

The sensitivity experiments include one of the
pseudo-adiabatic process (FDRY) and ones regardless
of the surface and atmospheric radiations (NRAD),
surface sensitive heat (NSEN), and surface latent heat
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Fig. 8. 200 hPa forecast winds at t=15 h simulated by (a) NRAD, (
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b) NSEN, (c) FDRY and (d) NLAT (thick
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(NLAT), respectively. They are conducted to investi-
gate the impact of various surface thermal forcings and
other physical processes on the MCS over the plateau.
(1) Model-simulated 200 hPa wind fields

Because of the lag of 3 hours in the simulation,
t=15 h from the model integration, although valid for
1500 UTC 26, is virtually denoted 1200 UTC 26 when
the MCS involved reached its peak. Figure 8 presents
the 200 hPa forecast winds simulated by (a) NRAD,
(b) NSEN, (c) FDRY, and (d) NLAT.

The simulated 200 hPa wind fields in Fig. 8 are
very similar to those by CNTL in Fig. 2d. That is,
the plateau was occupied by a prominent northeast-
southwest anticyclone with its center around (32°N,
97°E). Therefore all the sensitivity experiments indi-
cate that the upper-level largescale wind field over the
plateau was affected only slightly by the various sur-
face thermal forcings and other physical processes.
{(2) Model-simulated 400 hPa rainwater mixing rate

The 400 hPa rainwater mixing rate simulated by
NRAD and NLAT reached its peak at t=15 h, by
NSEN at t=18 h, and by FDRY during =12 h-15
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h, indicating different temporal lags from these ex-
periments. Figure 9 presents the 400 hPa rainwater
mixing rate simulated by the different experiments at
their peak.

Among them, the rainwater mixing rate over the
plateau was weakest from NRAD (Fig. 9a) just with
some scattered small rainwater areas and with untrue
locations compared with the T3, map at 1200 UTC
(Fig. 4d). Moreover, the rainwater associated with
the westerly trough on the northwestern edge of the
plateau appeared even at t=18 h (figure not shown).
It follows that the simulation of the rainwater was af-
fected badly by NRAD.

The simulated rainwater from NSEN was very
weak especially over the plateau, for example, hav-
ing no meso-3 scale rainwater belts in Fig. 9b (marked
Al, A2, A3, and B2 in Fig. 4b for CNTL), and with
a temporal lag longer than CNTL’s. However, the
simulated westerly rainwater from NSEN was nearly
similar to that from CNTL. This experiment suggests
that the surface sensitive heat flux is very important
to the development of the MCS over the plateau.
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FDRY notably strengthens the simulated rainwa-
ter over the plateau, with an expanded rainwater area
(Fig. 9¢) compared with CNTL (Fig. 4b). Further-
more, the FDRY rainwater area over the plateau was
something similar in shape to the MCS in the Ty, map
(Fig. 4d), although haveing a northwestward deflection
in position. So taking the pseudo-adiabatic process
(FDRY) into consideration can improve the simulation
of the MCS over the plateau in some aspects, which re-
flects a certain facticity and rationality of the pseudo-
adiabatic process in the development of the MCS over
the plateau.

The simulated rainwater from NLAT (Fig. 9d) was
very similar to that from CNTL (Fig. 4b). This indi-
cates that the surface latent heat flux is of little impor-
tance to the development of the MCS over the plateau.
(3) Model-simulated 500 hPa winds and 6.

Because it is known in the above Subsection 1 that
the upper-level largescale wind field over the plateau
differed slightly in the experiments of NRAD, NSEN,
FDRY, and NLAT, causes should be evident in the
lower layers which were responsible for the difference
among these experiments described in the above sub-
section 2. Figure 10 shows the simulated 500 hPa
winds and f,. at t=15 h by NRAD, NSEN, FDRY,
and NLAT.

As in the above subsection 2, the NRAD-simulated
500 hPa 6, over the plateau was weakest in Fig. 10a
with its range of contours 352 K much less than that of
contour 356 K from CNTL (Fig. 4a), and with an east-
ward deflection in position. In addition, the 500 hPa
low 6, area associated with the westerly trough on the
northwestern edge of the plateau was less notable and
therefore there was a weaker 8, gradient in the north-
west of the plateau from NRAD than from CNTL. In
the aspect of the 500 hPa wind field, NRAD produced
just a northeast-southwest wind shear over the central
plateau {Fig. 10aa) located on the northwestern edge
of the high 0, center, and not a mesoscale cyclonic
vortex previously described in section 3.3. As the case
stands, NRAD greatly weakened the 500 hPa winds
and ;. compared with CNTL.

Compared with the CNTL-simulated 6,. (Fig. 4a),
the NSEN-simulated high 6#,. area over the plateau
in Fig. 10b had a visible westward deflection in posi-
tion with its center located west of 90°E, opposite to
the above case of NRAD. NSEN did not produce the
meso-scale cyclonic vortex at 500 hPa associated with
the MCS. However, different from NRAD, NSEN pro-
duced just an east-west wind shear along 35°N and
from 87°E to 93°E (Fig. 10bb).

It can be deduced from the comparison of NRAD
with NSEN based on CNTL that these two physical
processes of the surface and atmospheric radiations
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and surface sensitive heat over the plateau had some-
what an opposite but equivalent role in the evolution
of the MCS involved.

The FDRY-simulated 500 hPa 8., over the plateau
was the strongest among all of the experiments in Fig.
10c, and it was closer to the 85, analysis (Fig. 4c) than
CNTL’s in magnitude and distribution pattern. In the
FDRY-simulated 500 hPa wind field (Fig. 10cc) ap-
peared the meso-scale cyclonic vortex associated with
the MCS involved, which was to the east of the CNTL-
simulated vortex (Fig. 5d) and so had a smaller posi-
tion deflection from the wind analysis (Fig. 6) than the
CNTL-simulated one.

It is the same case for the NLAT-simulated 400
hPa rainwater mixing rate, described in the above sub-
section 2, that the NLAT-simulated 500 hPa 6., and
winds in Fig. 10d and Fig. 10dd were very similar to
those by CNTL (Fig. 4a and Fig. 5d). This reveals that
the surface latent heat flux was of little importance to
the development of the MCS involved.

5. Summary

It is a challenging attempt to simulate the MCSs
over the plateau with a mesoscale numerical model. In
this study, the fifth version of the Penn State-NCAR
nonhydrostatic mesoscale model (MM5) is employed
for a numerical study of a MCS developing over the
Qinghai-Xizang plateau on 26 July 1995. The results
are inspiring and are summarized below.

(1) The model reproduces the largescale conditions
in which the MCS concerned is embedded, which are
the well-known anticyclonic Qinghai-Xizang Plateau
High in the upper layers and the strong thermal forc-
ing in the lower layers.

The model captures the meso-a scale vortex as-
sociated with the MCS, which can be analyzed in the
observational 500 hPa winds. And to some degree, the
model reproduces even the meso-3 scale substructure
of the MCS represented in the model rainwater at 400
hPa, which is similar to satellite images.

On the other hand, there are some distinct deficien-
cies in the model simulation; for example, the simu-
lated MCS occurs with a lag of 3 hours and a westward
deviation of 3-5° longitude.

The structure and evolution of the simulated meso-
« scale vortex are undescribable for upper-air sounding
data. The vortex is confined to the lower troposphere
under 450 hPa over the plateau and shrinks its extent
with height, with a diameter of 4° longitude at 500
hPa. It is within the updraft area, but with an an-
ticyclone and downdraft in the upper layers over it.
The vortex originates over the plateau, and does not
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form until the mature stage of the MCS. It lasts for
3-6 hours. In its processes of both formation and de-
cay, the change in geopotential height field is prior to
that in wind field. It follows that the vortex is closely
associated with the thermal effects over the plateau.

(2) Then a series of sensitivity experiments are
conducted, including NRAD (without surface and at-
mospheric radiations), NSEN (without surface sensi-
tive heat), FDRY (with pseudo-adiabatic process), and
NLAT (without surface latent heat).

The simulated upper-level large-scale wind fields
over the plateau differ little from each other for all of
these experiments. This indicates that the upper-level
large-scale wind field was affected slightly by the var-
ious surface thermal forcings and other physical pro-
cesses.

It is clearly documented that there is close relation
between the 400 hPa rainwater and the 500 hPa 6,,.

Among all these experiments, NRAD has the worst
impact on the MCS over the plateau; NSEN is next to
NRAD. In both of these simulations, the 6,. is weak
in the lower layers over the plateau and the meso-«
scale vortex associated with the MCS cannot come
out over the plateau. Of meaningful interest is that
NRAD and NSEN have somewhat an opposite but
equivalent effect, with a 500 hPa high 8,. center east
of 90°E for NRAD but west of 90°E for NSEN and
just a northeast-southwest wind shear over the central
plateau for NRAD but an east-west wind shear over
the northern plateau for NSEN in the 500 hPa wind
field.

FDRY can improve the simulation of the MCS over
the plateau in some aspects, and so taking the pseudo-
adiabatic process into consideration may reflect a cer-
tain facticity and rationality in the development of the
MCS over the plateau.

The simulation of NLAT is very similar to that of
CNTL. Therefore the surface latent heat flux is of lit-
tle importance to the development of the MCS over
the plateau.

It can be concluded that under the background
conditions of the upper-level anticyclonic Qinghai-
Xizang Plateau High, the MCS involved is mainly
dominated by the low-level thermal effects over the
plateau including surface and atmospheric radiations,
surface sensitive heat, and the pseudo-adiabatic pro-
cess. The simulation described here is a good indi-
cation that it may be possible to reproduce the MCS
over the plateau under certain large-scale conditions
and with the incorporation of proper low-level ther-
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mal physics.
6. Discussion

The analysis in Zhu and Chen (1999) shows the
fact of the great upper-level Qinghai-Xizang anticy-
clonic high and the strong low-level thermal forcing
where the MCS over the plateau on 26 July developed.
These facts are so outstanding that we come to sug-
gest that they are the possible and potential reason for
the current attempt to simulate the MCS rather suc-
cessfully. It also shows that the great Qinghai-Xizang
Plateau anticyclonic high had the MCS in the current
case affected little by the westerlies and the MCS de-
veloped in the central section within the warm and
moist area in the low layers (refer to Fig. 5 in Zhu and
Chen, 1999); and therefore there was a weak link to
the physical processes of baroclinicity and tempera-
ture advection in its development. Furthermore, as we
have seen, the great Qinghai-Xizang Plateau anticy-
clonic high in the upper layers and the strong thermal
forcing in the lower layers are intimately linked with
the thermal effects of the plateau. So the develop-
ment of this MCS may be mainly associated with the
relatively pure thermal effects peculiar to the Qinghai-
Xizang Plateau. This implies that the Qinghai-Xizang
Plateau may be a special and meaningful platform for
research on large MCSs.

The current case study also supports a com-
mon conclusion of Madox (1983), Velasco and Fritsch
(1987), Cotton et al. (1989), and Augustine and
Howard (1991) that MCCs (circular and large MCSs)
are primarily driven by low-level thermal forcing and
conditional instability. Obviously, this common con-
clusion aims at the low-level meteorological conditions
associated with MCCs. On the other hand, there have
been different findings with regard to midlevel to up-
per meteorological conditions associated with MCCs.
The 10-case storm-relative composite of Madox (1983)
resolved a weak, midlevel short-wave trough upstream
of the MCC development area, but the larger-sample
composite of Cotton et al. (1989) did not show this.
The census of Velasco and Fritsch (1987) and Augus-
tine and Howard (1991) found that MCCs tend to con-
gregate on the periphery of a largescale midlevel an-
ticyclone. In the present study, the great anticyclonic
Qinghai-Xizang Plateau high in the upper layers was
the background condition of the large MCS. Based on
Blanchard et al.’s work (1998) on mesoscale circula-
tion growth under conditions of weak inertial instabil-
ity, we may come to another common conclusion that
circular and large MCSs are generally developed under
the background condition of weak inertial instability
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in the midlevel to upper layers, although with various
patterns.
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