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ABSTRACT:MM5, mesosclae model, was used to simulate a heavy rain process taking place in northwestern Sichuan
Basin over Aug. 8 - 10, 2003 and do some numerical experiments with different kind of changed topographies. The
results of experiments show that the mesoscale vortex is advantage to the transportation of positive vorticity and the
maintenance of convergent-ascending motion, in addition to arousing and supporting raining; Topography has a great
influence on the meso-scale vortex motion, that is, steep and complex topography subserves the generation of messcale
vortex. In the experiments, when real-like topography was taken, the vortexes are more and active over the Tibet
Plateau and the area from eastern Plateau to western Sichuan Basin; when topography is altered in both height and slope,
the number of vortexes reduce, the intensity of vortex lessens, and the sources of vortex and their moving paths shift;
when the topography is ignored (no topography in model), vortexes are less, moreover, vortexes move faster than usual;
if topography is cut down only in height, vortex’s activities change little; when only Tibet Plateau exists, vortexes are
still active in the Plateau area, but in no-topography area vortexes deceased apparently. The results also reveal the fact
that the activity of vortex has something to do with the distribution of rainfall.
Key Words:

plateau abrupt slope topography

vortex activity

numerical experiment

1. Introduction
Heavy rains in Sichuan Basin are mainly the results of regional weather low system, such as Plateau
Low Vortex, Southwest Low Vortex, shear and low trough. Under some circumstances, tropical cyclone and
typhoon can also result in heavy rain here. The combination of these weather low systems with different
scales with the steep-complex topography around Tibet Plateau makes the weather forecast there extremely
difficult. Numerical models cannot do a good job there not only because of the difficulty of topography
processing but also the lack of the data over the Plateau. He Guangbi, et al. (He Guangbi, et al., 1997-2002),
have carried out some numerical experiments on regional and local heavy rain processes, considering the
complex topographies and weather systems based on the ETA numerical model - a model with ETA
coordinate and stepped mountain - and obtained some valuable results. Some experts(Chen Linsheng et
al ,2001) in China made use of MM5 numerical mesoscale model to simulate heavy rain processes in the
middle-lower reach of the Yangzhi River as well as in northern China and have a good view about rain in
those areas. However, the simulation of heavy rain in the area with abrupt slope topography is not
satisfactory till now.
In this study, MM5 mesoscale model was used to investigate the impact of vortex activity in the
middle-lower troposphere on heavy rain in northwestern Sichuan Basin , and the experiments with different
topographies were carried out to reveal the effectiveness of topography on mesoscale vortex. Moreover, the
good performance of MM5 in the simulation to the heavy rain process during Aug. 8~10 2003 enables us to
expect its daily practice application in Sichuan, besides for simulation research..
2. Data and Methods
The model used in this study is NCAR MM5. Considering the possibility of daily practice of this model
in Sichuan Province, we employ the regional version of the model, called MM5V3. Here are some
characteristics values of it:
The resolutions: the grid length in horizontal is 40 kilometers and the domain is 85-125 E, 12-47 N with its
center at 105 E, 30 N; there are 23 levels vertically. Lateral boundary condition: the model is nested with the
every-6-hours output of T213 numerical model developed by National Meteorological Center, CMA.Initial
condition: the output of T213 as the first guess field, we use conventional observed data to do objective
analysis so as to obtain the initial value of the model.Physics processes in the planetary boundary layer: MRF
boundary scheme.Cloud and precipitation physics processes: adopting simple-ice-phase physics process for
resolvable-scale precipitation, while Betts-Miller scheme is used for sub-grid-scale precipitation.The initial
integration is at 08 Aug. 8 2003 BT, and the total integration is 48 hours and the integration step is 120
seconds.
3. Analysis of the simulation
3.1 the comparing analysis of the forecast and observation
At 20:00 Aug. 8 BT, the model predicted a rain belt with the maximum more than 100mm for the later

24 hours (figure 1b), which is nearly correct (figure 1a). But the model failed to forecast the rain belt’s fading
as well as its eastward movement. Anyway, the model predicted successfully the severe heavy rain process in
both intensity and rain area.

a observed rainfall (20:00 8-9 Aug.)
b forecasted rainfall
Figure 1 the observed and the forecast

32 The activity of mesoscale vortex and its impact on heavy rain
From the variation of stream on the 0.97σlevel, we can see clearly how the mesoscale vortex over
Sichuan Basin generated, moved and disappeared as well as how the heavy rain process accompanied. Figure
2 displays the moving paths of the mesoscale vortexes. The torrential rain took place in the area between the
two vortexes and the southeast of the convergent belt. In reality, the largest rainfall happened from 20:00
Aug.8 to 20:00 Aug.9, when the vortexes generated and developed to their peaks. During this time period,
the modeled precipitation is stable and continuous, which contributed to the cumulating rainfall at the
modeled-largest-rainfall grid.

Figure 2 the paths of two vortexes

Figure 3 the temporal distribution of the vorticity and divergence at grid
104.02。E, 31.66。N(Solid line: vorticity, broken line: divergence)

The low vortexes arouse both air convergence and positive vorticity growth, which is good for the
maintenance of precipitation. Figure 3, the variation of the vorticity and divergence as time at the
modeled-largest-rainfall grid, shows positive vorticity and convergence was there all the time while raining.
From 18thh to 30thh, the vorticity at this grid increased sharply, consistent with the generation and
development of vortexes, but the largest-convergent time appeared a little later. Precipitation stopped when
minus vorticity or divergence occurred.
Investigating the alteration of vorticity and vertical velocity on the 0.97σ level before and after the vortexes
appeared, we notice that there were minus vorticity in the southwestern Basin and positive vorticity in the
。
。
northwestern Basin, with center at 101 E, 33 N first. After the generation of vortexes, a new positive vorticity
。
。
center formed at 104 E, 30 N with its maximum 0.0002/s, in addition to the old one enhancing and stretching
southeastward. Meanwhile, the vertical velocity changed also. By 24th hours, an ascending motion belt was in the
。
。
area 102-105 E, 30-33 N, where slight ascending motion used to prevail at the beginning. When the two vortexes
joined together, the vorticity at the modeled-largest-rainfall grid reached its highest. The activities of vortex favour
the transportation of positive vorticity as well as convergent-ascending motion, which again subserve the
maintenance of precipitation and increase of cumulating rainfall.
Vertical cross-section diagrams of the model-produced vorticity, divergence and vertical velocity along
。
104.017 E, at 14 Aug. 9 BT, by which the south vortex disappeared, the north vortex kept moving toward
southeast and the vorticity at the modeled-largest-rainfall grid was at its top showed that stream converged in the
。
layer from 700hpa to 300hpa near 31 N and, notably, a divergence is just up there, which indicates the atmosphere
。
pumping is great there. Near 31-32 N, ascending motion prevailed from the bottom to the top of troposphere. In
。
。
the terms of vorticity, to the south of 30 N there was minus vorticity, but to the north of 30 N below 250hpa,
vorticity was positive. Of course, there were a positive vorticity center and convergent center on 500hpa there,

with ascending motion correspondingly. According to the analysis above, we find that the enhanced-by-pumping
convergent-ascending motion in the southeast area of the vortex, when coupled with the positive vorticity,
contributed greatly to the maintenance and development of the low weather systems, as a result, to heavy rain.

3.3. Numerical experiments on the impact of topography on mesoscale vortex
Vortexes are likely to have a relationship with mesoscale topography in the southwestern China. In order
to investigate whether it is true and in what way it influences, we carried out some experiments based on
MM5 in which nothing was changed but model topography. The scheme of the experiments is as table 1.
Table 1 the scheme of the experiments with different topographies

Scheme

Topography processing

Run 1 (control run)

10’*10’ topography data

Run 2

Half height

Run 3

No topography

Run 4

Lowered 284m

Run 5

Lowered 3000m

Figure 4 exhibits modeled stream fields of five experiments on 0.97σ at 05 Aug.9 BT or after 21 hours
of integration. In general, in the area with a real-like topography, such as in the Tibet Plateau, the eastern
Plateau and western Basin, vortexes are active; if the topography is changed in both height and slope, even
removed completely, vortexes diminish sharply. Obviously, the complex-abrupt topography contributes to the
formation and activities of vortex.

a run 1

b run 2
c run 3
d run 4
e run 5
Figure 4 modeled stream fields of the experiments on 0.97 SIGMA at 05 BT Aug.9

Figure 5 displays the model-produced variation of vorticity as height at the center of vortex on 0.97σat
05 Aug. 9 BT in run 1, run 2 and run 4. In figure 7a (run 1), the north vortex extends up to 0.55σ, and the
south vortex is weaker than the north vortex in both depth and intensity. Compared to run 1, run 2 (figure 7b)
made the vortex deeper, able to reach to 0.35σ, the positive vorticity near boundary layer a little weaker.
When the topography is diminished only in height, the variation of vorticity of two vortexes is similar to
what happens in run 1 excepting two differences, that is, a bigger positive vorticity in the boundary, and the
less extension of the south vortex. In short, lowering height only does little influence on the intensity and
vertical extension of vortex.

a run 1
b run 2
c run 4
Figure 5 the vertical profiles of vorticity at the center of vortex on 0.97σ at 05 GMT Aug. 9(10-4s)(Solid line:
north vortex, Broken line: south vortex for to fig.6a and fig.6b)

The alteration of topography results in the variation of vortex activity; as a result, the source, intensity
and path of vortex, and finally precipitation are changed. Figure 6 displays the rainfall forecast in five runs.

a run 1 (control run)

b run 2

c run 3

d run 4
e run 5
Figure 6 the forecasted rainfall during 20:00 8-9 Aug. BT

4 Conclusion
MM5 simulated correctly the heavy rain process in northwestern Sichuan Basin during Aug. 8-10 2003,
which proves that MM5 has the capacity of predicting heavy rain happened in southwestern China where
topography is very complex. Analysis of the output of MM5 reveals that mesoscale vortex contribute to the
transportation of positive vorticity and maintenance of convergent ascending motion, as a consequence,
contribute to rain happening and lasting. The complex and abrupt slope topography can affect the formation
of mesoscale vortex. When real-like topography used in experiment, vortex is active in Tibet Plateau and in
eastern Plateau - western Sichuan Basin; when lowered topography, in both height and slope, used in
experiment, number of vortex and their intensity are lessen, with the alteration of source and path of vortex;
without changing the slope, alteration of height does little impact on the activity of vortex; if main part of
Tibet Plateau used as topography wholly, it is in Plateau region where vortex are active; removing all of
topography, vortex reduces sharply. Experiments also illustrate that vortex have close relationship with the
distribution of rainfall.
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