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Canalization and Meso-y Scale Rainstorm’

LIN Biyuan YIN Ming

1 Introduction

There is a meteorological station named Dongkou in Hunan Province of south China.,
where always drop rainstorm, but all the around area have no precipitation, so the weather
forecaster in provincial station generally regarded it as a wrong record. As the same thing
always happen, meteorological office of Hunan Province send me to have an investigation.
This paper analyzed the local violent flood in Dongkou, Hunan Province on May 26,1986,

studied the meso-y scale canalization effect on violent flood.

2 Basic facts

2.1 Rainfall

From 2:00 a. m. to 8:00 a. m, on May 26,1986 there is a super rainstorm in Dongk-
ou, Hunan Province, resulting in mountain flood. The amount of precipitation is 207. 8 mm
between 2:25 to 6:30 and the largest amount of precipitation within 1 hour is 111. 6mm.
The 3h,1h,10min amount of precipitation exceeded provincial record in history, and closed
to the domestic maximum value.

The rainstorm spread like a band along eastern limb of Xuefeng Mountain. it is about
5—10km wide,40km long. The core of the storm is located in Dongkou town. The hori-
zontal gradient is very large, It basically belongs to meso-y scale violent flood, and this
kind of violent flood only happens in Dongkou,

To analysis the process of this violent flood, we must make it clear that: How does
the rainstorm happen? Why is the scale so small and is the intensity so strong? Why is the

core located in Dongkou?

* FE 2000 FW B3HEHRAKERSN TR,
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2.2 Topography

Dongkou lies in the south-east of Xuefen Mountain, west of Shaoyang Basin.
Shaoyang is located between Xuefen Mountain and Yuecheng Mountain. There is a NW-
SE canyon in the middle of Xuefen Mountain. The depth of the canyon is over 1000m, the
width is about 200 —400m and the length is about 40km, which forms a deep and long
pipeline, and the exit is in the NE sides of SE end of the pipeline(see Fig. 1),

27.4°N

27.2°N

110.3°E 1O.7°E

Fig. 1. The canyon of Xuefeng Mountain

2.3 Background fied

On 20:00 BT May 25, there is no any trough system at the line of 500hPa, which
could make rainstorm, no matter before the rainstorm or after the rainstorm, this area is
controlled by 500hPa anticyclone, and the wind field is weak. At the same time, there is
no any trough system at 700hPa either, all the area of south China is in the homogeneous
field of pressure and temperature, the wind field is weak, Though there is a trough be-
tween Xian City and Chengdu City, but it didnt work at all within 12 hours, so it isn't the
trough which directly produced the Dongkou rainstorm. But the 850hPa Sichuan trough
moved obviously within 12 hours, it is the meso-q scale system which made the Dongkou

rainstorm.
2.4 Mesoscale weather system

Before the rainstorm., there is a obvious landform pressure of low-mid at ‘the south-
west of the storm source. As the inrush of the cold front, the pressure of low-mid became

half warm and half cold, so it grew and moved near to Dongkou, where it formed one dual
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pressure with small high pressure after front, it is the direct maker of the rainstorm

process,

2.5 Ground heat field

Diurnal evolution of ground heat field: The bottom glade of Yuan River and Mayang
basin are area of low value of heat field, but mountains are area of high value at 09 BT on
25. However the condition is just antithesis,

Section of heat field and degree of stability of stratification: Afternoon on 25 Mayang
Basin and Xuefeng Mountains are warm area at all times. Ground heat field changes at-
mosphere stratification rapidly. It animates water vapour go to high level from low level
and deep degree of humidity layer increate . Because wind field of weather system is weak,
above evolution course can persist at a long times.

Anomaly increasing of temperature; Generally temperature is declining in 02 BT in
summer by evolution of temperature field in day. There is an anomaly area of increasing
temperature near by Dongkou at 02 BT on 26, which is an indication before rainstorm. In
creasing temperature is not inconsistent, the anomaly area of increasing temperature is

small and the area is just about location of rainstorm,

2.6 Humidity field analysis

The features of the rainstorm are in the following. Weather map shows that there is an
area of high humidity nearby Zijiang and Tongdao, also is so from east of Sichuan to south-
west of Hubei, the late is relevance with rainstorm location of front. Above two high humidi-
ty areas were cut by cold-dry air from Yuanjiang canyon, so about Zijiang comes into being a
lone high humidity area of mesoscale. Meso analysis shows there there is a dry centre of the
east side of Xuefeng Mountains, but a wet centre of the west of the mountains. The parts of
dry and humidity are long shape of north-south direction, The weak cold air comes into east
side of Xuefeng Mountains. The part of north humidity area moves to east before rainstorm.
When the thunderstorm close with, Xuefang mountains are just general humidity area. The
wet section is located in west of the rainstorm and wind goes to east from west in the canyon,
80 water vapour passes by the canyon to rainstorm location.

Vertical distribution of difference of dew point temperature: Figure 2 shows that before
the rainstorm 450 —250hPa is the greatest level of increasing humidity, 950 —750hPa is sec-
ond, change of humidity is not obvious in the 700 — 600hPa level, by comparison 600 —
500hPa is a dry level. However, when the rainstorm stars 600 — 500hPa level is more and
more dry, and humidity difference of the dry level with another wet levels is more and more
large. This dynamic of dry level changes degree of stability in-atmosphere and accumulates en-
ergy and supports downdraft of cumulus. Aside from a deeper saturation level from the

ground to 600hPa, nearby 400hPa is a saturation level too.
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Fig.2. T— T, line,on May 25,1986, (08 BT is dot-dashed, 20 BT is dashed)
and in the next day 08 BT (irs solid}

2.7 The temperature inversion

In temperature altitude chart at 08 BT on 25 before rainstorm there are some levels of
temperature inversion, where by 600hPa level is the best obvious, In temperature altitude
chart at 08 BT on 26 during rainstorm there is no any level of temperature inversion in the

midst level, by 900hPa is only level of temperature inversion.

2.8 Canalization effect

The air stream of pass by canyon causes west wind at Dongkou, but it is east wind in
the east aside of the mountains, so a convergence point appears in Dongkou, The air
stream of exit of the canyon leads two circulation systems of meso-small scale, one is low
pressure loop in north of Dongkou air exit and another is high pressure loop in the south.
The two loops are in relation to the rainstorm. The analysis of pressure field of 1 hour in-
dicates too two pressure loops. When wind passes by Dongkou, difference value of the du-

al pressure increases obviously.
2.9 MCC and multi-cell

The top of “Q” anamorphic cold front on the ground produces a MCC ( Meso-scale
Convective Complex) at 20 BT on 25. This MCC is just coincidence with a convergence
point on inversion trough of 850hPa. This convergence point had changed a meso-§ scale
whirl which horizontal scale is correspond with MCC at 08 BT on 26, The MCC develop-
ment is vigorous and a renascent multi-cell become tic shape at 02 BT on 26. This multi-

cell develops rapidly and strong precipitation falls down frantically.



Canalization and Meso-y Scale Rainstorm =« 5

28°N |

27°

26°N L
109°E 110° 111° 112°E

Fig. 3. Streamline field small scale at 19 BT on 25 May, 1988

3 Concept model

On the grounds of above-mentioned a concept model was expounded; In a weak
weather scale wind field there is a weak cold front on the ground and ground heat is obvi-
ous ahead. There is a meso-« scale convergence area which produces a MCC on low level.
There is a meso-a scale high pressure which is divergence on middle level. There is a shal-
low dry level on 500hPa. In vertical distribution of humidity dry and wet is interlace.
When weak cold front come into convergence area and meet with mountains of north-south
direction, it take place metamorphosis and changes to “Q0” shape cold front. The top of
“0” anamorphic cold front is a high value area of temperature and humidity and a meso-«
scale mid-low pressure occurrences. Anamorphic cold front go forward and lead a inversion
temperature level above , Then canalization effect leads one dual meso-y scale pressure,
Updraft breaks through inversion temperature of middle level and multi-cell develops rap-

idly and downpour falls down frantically,

4 TForecast

Following conditions are important ;

Wind fields is weaker and there is no any trough and ridge on 700hPa and 500hPa.
There is a meso-a scale high pressure on 500hPa an inversion trough on 850hPa in the fore-
cast area, Weak cold front moves to local station and ground heat is obvious ahead the
front. The forecast area is located to convergence section of east slope of mountains and
meso-scale low pressure appears and develops. From ground to 400hPa there are some in-
version temperature layers and a deeper saturation level in which there is dry layer from
600hPa to 450hPa. Multi-cell and super-cell are vigarous on south-east side of MCC.
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5 Conclusion

Above analysis shows that complex topography leads anamorphic cold front which is
important reason. Dry layer in deeper wet layer have specific dynamic effect. Canalization
effect can produce convergence point and cause meso-y scale low pressure and updraft
break through inversion temperature of middle level and multi-cell develops rapidly and

downpour falls down frantically.
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A Study of Qinghai-Xizang Plateau Lee Wave Rainstorm’

LIN Biyuan SUN Hong LIN Xiaolu

In some torrential rain courses of the middle and upper reaches of the Changjiang Riv-
er,at 12 hours before the torrential rain process happened, there is no a trough above Si-
chuan Basin in 500hPa. When the torrential rain is going to happen;the small trough ap-
peared suddenly above Sichuan Basin in 500hPa. This type of rainstorm is not only difficult
to predict, but also difficult to find the real reason which produces the torrential rain in an-
alyse afterwards, it is a kind of difficult torrential rain in fact. analysis and study this kind
of torrential rain course is very meaningful to real torrential rain prediction. Now at exam-
ple of July 3—6 1983 torrential rain happened in middle and upper reaches of the

Changjiang River, we discuss the prediction problems of torrential! rain.

1 The type of 500hPa lee wave

The torrential rain course in the middle and upper reaches of the Changjiang River for July
3—6,1983,was consist of two torrentials rains. The first torrential rain was from 22 o’ clock third
day to 17 o’clock forth day; The second one was from 5 o’ clock fifth day to 17 o’ clock sixth day.
We find out from Fig. 1 and Fig. 2, before two torrential rain courses begin, 500hPa in the upper
reach area of the Changjiang Rive, has no low value system, the torrential rain situation is not
very obvious,so it’s difficult to make torrential rain prediction. But we can see from Fig. 1 and
Fig. 2,from Sichuan Basin to Qinghai-Tibet Plateau southern side, there are large stretch of south-
west air current areas. After 12 hours, a small-scale low troughs has appeared in Sichuan Basin.
Obviously, the torrential rain was caused by this low trough, So the question lies in being clari-

fied the natures of low trough and predicted it.

L.1  An environmental condition helping the small trough to produce

(1) Topography. We know, in the east of Qinghai-Tibet Plateau, the Hengduan
Mountain lies across west of the basin, form a natural protective barrier. The highest peak
of Hengduan Mountain is higher than 5000m, with great drop between Sichuan Basin. A-

bove-mentioned low troughs were just produced under the topographical condition.

* B 2004 EXENRESTE L BLMSLEW ETH.
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Fig. 2. 20:00,4 Julf.r 1583(a)and 08:00,5 July 1983(b) 500 hPa

(2)The air current. From Fig. 1 and Fig. Z we can see at 20 o'clock third day and 20
oclock forth day, that vast area of middle-south of Qinghai-Tibet Plateau (35°N) existed
an area of W-—-SW air stream. At 8 oclock third day, the centre of largest wind speed was
located in Lijiang, the largest wind speed reached 18 m/s; at 20 o'clock third day, wind
speed center moved to Xichang (the mountain ridge), its value was 20 m/s; At 8 o'clock
forth day, the largest wind speed centre moved to Enshi (behind the mountain) , its value
slightly reduced, it is 16 m/s. At 20 oclock forth day. another largest wind speed center
appeared also in Xichang, the value was 20 m/s. At 08 oclock fifth day, this centre moved
to Enshi. Not only the little trough of Sichuan Basin appeared just at 08 o'clock forth day
and 08 oclock fifth day, when the largest wind speed center passed the Hengduan moun-
tain, but also from ground to 500 hPa, before little trough appeared (20 o'clocks third day
and 20 o'clock forth day), It is W—SW air current between the higher and lower level.
This phenomenon and little troughs didn't appear at the other time (Table 1).
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Table 1. - Wind in Lijiang station during 3—6, July 1983

day 3 3 4 4 5 5 6 6
time 08 20 08 20 08 20 08 20
Wind direction W w w SW E w SW SSW
Ground
Wind speed 2 [ [ 4 4 8 4 - 6
Wind direction NW SW SW 5w W NW SW
700hPa
Wind speed 8 8 8 6 8 1o 8
Wind direction w w NW SW W w w NW
500hPa e
Wind speed 18 12 12 12 ] 8 B 6 4

(3) Stability of stratification. During 2—5 July, the atmospheres of 1000 — 500hPa.
appeared stable stratification at 20 o'clock first day in front of the mountain( Tengchong) .
and at 08 oclock third day in the mountain ridge(Xichang). The layer of knots became sta-
ble at 20 oclock third day behind the mountain (Chongging). The steady layer spread east-
ward with the strong wind centre, see Fig. 3. Therefore, the small trough in Sichuan Ba-
sin happens under the condition that the atmosphere is stability in front of and behind the
mountain. Further analysis shows that the stability stratification forms, because upper
layer temperature is increased and lower layer temperature is decreased. In front of the
mountain, at 20 o'clock 1st day, (stratification began stable) the temperature is increased
in 500 —700hPa and temperature of ground is decreased, see Fig. 4(a). In the mountain
ridge, the temperature in 500hPa is increased and it induced from the ground te 700hPa at
08:00 3rd, (stratification began stability), see Fig. 4(b). At 20.00 3rd, (stratification be-
gan stability) the temperature is increased from 500 — 700hPa and it induced from 850hPa
to ground in behind of the mountain, see Fig, 4¢c). Hence temperature-difference between
upper and lower become little, stratification becomes steady. It can see that the tempera-
ture-rise is earlier in 500hPa than in 700hPa from Fig. 4(¢),and the air temperature on the

ground reduced is earlier than in 850hPa. Just this time, the small trough appeared in

¥ y(°Cr100 by e ,
0.8 (*C/100 m) 0‘6-}'( C!tDBmI)_ \\
0.5} SN
0.7 \
04t .‘/'- ’..‘.4:;-.’.‘::‘:_“.‘-:"
06 031
0.5 e
02f A
04 . 0.1k
0.3 i ?00‘".500 h.Pa L PR . L 0.0 1000 ~500 hPa
OB 20 0B 20 08 20 08 20 08 20 O08time 08 20 08 20 08 20 08 20 OB Zﬁ_—tlmc
1 2 3 4 5 H 1 2 3 4 5H

Fig. 3. Degree of stratification stability during Jul. 1—6,1983
Tengchong{front of mountain, Solid line), Xichang(ridge of mountain, dashed line},
Chongging (behind of mountain,dot dash line)
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I
hPa
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4 5 1
(b}
B 08 20
H1
hPa 4
500
700
850
i (C)l L A 'l " i " i
B o8 20 08 20 08 20 08 20 08 20 08 20
A1 2 3 4 5 6

Fig. 4. 24hours temperature-difference during 1—§, July 1983
Tenchong{a) Xichang(h) Chongging(c)
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500hPa above Sichuan Basin. These environmental conditions are just helpful of forming

lee wave.
1.2 Fundamental feature of small trough in 500hPa above Sichuan Basin

(1)The time scale is less than 12 hours;

(2)The space scale is about 500 km, equal of north and south distance belong meso-a
scale;

(3)This trough is moved slowly and presented the quasi-stationary state;

(4) These small troughs appear when the centre of wind speed of W—S8W air current
moved behind mountain, and exist or die with the size and existence of W-—SW air current
in front of the mountains;

(5)These troughs are warm. These characteristics are in accordance with the basic

characteristic of lee wave.

1.3 The analysis of precipitation course

(1) The precipitation centre. There are two strong precipitation centres, One is in

Wufeng, the other is in Luotian (see Fig. 5).

]IOQE o ] o o o o
12N 11 12 113 nr 115°E
100
| on“—-\/—\(’\ 200
3° P it /243)_ \ 300
N~ \_} 366
Luoti
200 —
235 ) L/_ 100
30°NP /] Wufeng , H__h_‘x“‘-x
234 7 -
K \'mo
100
\ —

Fig. 5. Total precipitation content (mm) during 3— 6 July,1983

These two centres are in correspondence with the two wave troughs of lee;

(2) Precipitations of two centres exist seesaw structure.

Table 2. Precipitation content (mm) during 4—6 July, 1983

during 20,00,4 th to 08,00 5 th 08:00.,3 th to 08:00 6 th D8.00,6 th to 17,00 6 th

Wufeng 0.3 85,1 8.3

Luotia 134. 1 5.1 30.6
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2 Genesis and development of lower eddy in lower layer

Because the lee trough in 500hPa appeared, field of pressure of lower atmosphere lay-
er is influenced obviously. At 08 oclock the 4th day the negative center of the 700hPa and
850hPa appeared in the waves troughs. It makes meso - o scale low eddy in Yibin(850hPa)

developed simultaneous, there was a meso-g scale cyclogenesis in Hankou(850hPa).

3 Prediction of lee torrential rain following is important:

(1) Topography, abruptness of mountain is large;

(2) Wind speed is more than 12m/s;

(3)Air temperature in 500hPa rises suddenly;

(4)Stratification is stability, y<Z0. 3°C/100m( in front of mountain), y<Z0.4°C/100m
( in ridge of mountain), y<Z0.5%/100m( in behind of mountain), y is lapse rate of tem-

perature,

4 Summary

Main cenclusions in this paper is in the following:

(1) Some torrential rain in middle and upper reached area of Changjiang River are
caused by the lee trough in Qinghai-Xizang Plateau.

(2)This lee trough appearance is sudden, It can be a lee wave,

(3)The lee wave can cause a meso-f scale low eddy.

(4)Precipitation of two centre in lee rainstorm exists seesaw phenomenon,



