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Abstract: Based on FNL reanalysis data and hourly precipitation data converted from both regional meteoro-

logical station and CMORPH and using the method of high resolution WRF numerical simulation, this
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paper analyzes a typical short-time local heavy rain process triggered by easterly mobile southwest vortex
and complex terrain located in the northeast of Hubei in 22—24 July 2015. Further study is made on possi-
ble effect mechanism of how the mesoscale topography affects the increment of local rainfall. The result
shows that the increment process of local rainfall was under the influence of the special topography in the
middle-lower reaches of Yangtze River, coupled with the effect of transportation of moist air in the front of
southwest vortex. The two items worked together, triggering the weather process. The duration of local
rainfall was short, but the increment was obvious. By researching the effect mechanism of single terrain on
the local rainfall, we found that the Dabie Mountain’s terrain height impacted increment and scope of local
severe rainfall positively, while the Mufu Mountain’s terrain height influenced the increment and scope of
local rainfall negatively. As for the effect of Dabie Mountain’s terrain on the rainfall, the terrain was ad-
vantageous to reinforcement of convective instability, reinforcement of wind convergence and vertical
shear, as well as maintenance and reinforcement of cold pool in lower troposphere. Different from Dabie
Mountain’s terrain, Mufu Mountain’s terrain obstructed southerly moisture flow, then decreased the
transportation of vapor flux above the rainfall area, which was unfavorable for increment of local rainfall.
In addition, by researching the effect mechanism of the combined terrain on the local rainfall, we found the
trumpet-shaped topography consisting of Dabie Mountain’s terrain, Mufu Mountain’s terrain, Wannan
Mountain’s terrain, and river valley between Mufu Mountain and Wannan Mountain, which forced the
southerly airflow into terrain area to converge. What’s more, the river valley between Mufu Mountain and
Dabie Moutain acted as an important channel for the southerly airflow to flow back into the Jianghan Plain
from the east of Mufu Mountain, which effectively guaranteed the positive vorticity advection to be trans-
ported into the heavy precipitation area. In a word, the above favorable terrain configuration resulted in
the increment of local severe rainfall.

Key words: easterly mobile southwest vortex, increment of rainfall, special topography, convective insta-

bility, cold pool, vorticity advection
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Table 2 Sensitivity tests of altitude variation of single terrain impact on local precipitation
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Table 3 Sensitivity tests of the switch state of air channel between combined terrain impact on local precipitation
# P A W H
e s ez gm0 TP R g s w2 g
R R AR A A R TR HLIE A BB AN e
L1 L ) 2 popt J%(M?Ul%itmﬁ KW Z K 1 3
S5 R IO A AL 24
S . ; B L K5 R W Bk Z B AR RO A L BRSO ) L ik = ) e A
3 1= =] =P
e T MG RS A RS A Y BT G B
A m@;wéhig 7 S XPHEEE RO SR R G D 2 P R 28 R I K A i
TR Ji X I 4 40 4 ]
F4 EBETHEAESHEI N GEMS TSI E b Bk 5 m e 8 e
Table 4 Sensitivity tests of the variation of local wind field’s impact on local precipitation
based on specific combined terrain
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Fig. 1 The background circulation and observed precipitation within the period of southwest vortex

easterly moving from 08:00 BT 22 to 02:00 BT 24 July 2015

(a—h) circulation field (vector arrow: 850 hPa wind field, unit; m« s !,

contour: geopotential height, unit: gpm),

(i—p) observed precipitation (color area: 6 h cumulative precipitation, unit; mm,

red contour: the direction of Dabie Mountain and Mufu Mountain)
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Fig. 2 Comparison of the observation field and simulation field of 3 h cumulative precipitation
from 23.00 BT 22—08:00 BT 23 July 2015

(a, b, ¢) observation field, (d, e, f) simulation field

(color area: precipitation, unit: mm; red boxes: Dabie Mountain,

Mufu Mountain and Wannan Mountain, respectively)
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Fig. 3 The distribution of main topography in the
middle and lower reaches of the Yangtze River
and the region of severe local precipitation
(color area: topography, unit: m; red box:
main topography; A: Dabie Moutain,
B: Mufu Moutain, and C; Wannan Moutain;

black box: the severe local precipitaion)
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Fig. 4 Comparison of cumulative precipitation in control test and sensitivity test based on the remove

of Dabie Mountain terrain during 02:00—05:00 BT 23 July 2015
(a) control test, (b) sensitivity test of remove of Dabie Mountain

(color area: precipitation, unit: mm; vector arrow: wind field at 900 hPa at 02:00, unit: m * s~

'; red box: Dabie Mountain

area; contour: terrain height, unit: m);(c) regional mean hourly precipitation of control test and sensitivity test

separately (black contour: control test, red contour: sensitivity test of remove of Dabie Mountain)
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Fig. 6 Comparison of cumulative precipitation in control test and sensitivity test based on
Dabie Mountain terrain altitude during 02:00—05:00 BT 23 July 2015
(a) control test, (b) sensitivity test of double terrain height of Dabie Mountain,
(c) sensitivity test of half terrain height of Dabie Mountain
(color area: precipitation, unit:mm; vector arrow: wind field at 900 hPa at 02:00, unit: m * s~ ';
red box: Dabie Mountain area; contour: terrain height, unit: m);
(d) regional mean hourly precipitation of control test and sensitivity test separately
(black contour: control test, red contour: sensitivity test of double terrain height of Dabie Mountain,

blue contour denotes sensitivity test of half terrain height of Dabie Mountain)
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Fig. 8 The Richardson number vertical distribution of control test and sensitivity test based

on Dabie Mountain terrain height across 31°N latitude during 00:00—02:00 BT 23 July 2015

(a, d, g) double terrain height of Dabie Mountain, (b, e, h) control test,

(c, f, 1 half terrain height of Dabie Mountain

(color area: Richardson number; contour: potential pseudo-equivalent temperature. unit: K; white shading: terrain)
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Fig. 9 The wind field vertical distribution of control test and sensitivity test based

on Dabie Mountain terrain height across 31°N latitude during 00:00—02:00 BT 23 July 2015
(a, d., g) control test, (b, e, h) the wind difference between sensitivity test

and control test under double terrain height of Dabie Mountain, (c, f. i) the wind

difference between sensitivity test and control test under half terrain height of Dabie Mountain

(vector arrow: synthetic wind field of zonal wind and vertical wind, unit; m+ s 1)



%9 ZEOHAF IR ML TR X AR G YR g K O A A £ AL 20 A 1129

ok 3 X T — i) R\ 37 0 B 90 AE (J&] 9, 9h 2168 J5 HED
JZ s 2R R 1 Ly Pk s T 8 B B 50 5555 200 R v — )
W3 BV (91,91 2066 5 HE) . X 5 FHE S5
(2009) &1 X — ¥k & A= 78 Wk o 3t 385 1 A T B 2 T Ao
T 3E o TR ORI 2 W 1S A A5 e A — B
HHFFE 45 A E T O 1k i 1% 7= A Y XU D) AR
B AL AR AL Jd i B K AR e ) AR
HE—2 oM K B YA 280 R A JRL A, 3222
J2 TR L e XU £ 5 B TR R BG R T R
e H YA I HH Y 2 B e XU 2 Y28 ]

g5 i, JR s R K S BLRT » 3 1L ik T 3l
JIAE FARG 58 T Ja) b 20 58 3 1 J2 45 % A B2 E kL O
Xof I J Ry i I K ) 38 e B T S B S

6.2 HFAERISIFE Y% it 30 B 22 4L X J5 3t 58 B UK

sl

7 I8 3 I U SRy M R K I P R AT S YN I A
ik« P K R 25 393 1)+ & T 7 3 3 T TR J % 1t
T ¥4 Tt A 4 5 R0 i A R T 03 R G i — 2B R
Ji& o DR A e T 58 T A X Jay s 3 7 384 1 S48 1l
AT 3 T ¥ T 5O B 5 I RO TR A B ST .
10 g Jay i e 7K 4% 55 4 18] . 3t FE SRR 36 O 58 — v
R 1L KA [R] T e 13 2 i o 531l ok 7 4 98 3l ik B
HEE B2 3 1 T 43 A X T R Ml R K 3 SR ) )
(02:00) T 55 » H1 T 1 s [ 7K 5 J3E /0N o ) O 4 i A
B S, 9 A6 7K o B S e T 9 94 Y 78 A T 8, )
Lk i T i 4 2 A ¥ 1t A5 Y R AT PR X T
Jry Hiy R 7K 38 58 T BT (032 00) 17T 5+ B % Xof 3L 1 R 7K 11
N N RN g g LATTR DRI A N TR 7S
HOTE i B 46 T RE 25 1 5 30T b TR ) ¥ T S8 TR
90 Lk 3L v 52 AT 2 1) 559 20t A 194 94 Yt S8z 36F
T Jey i R A 1 58 S 301 (04 - 00) 17T 75 » il 25 6F 38 11 7K
R E— A0 3 58 o J) i A 7K DX RS A A0 s TR ) 94> 3l 2850 07 AL
it 2 6 58 » DR L ok M PR T3 BB 114 4 T AR AR 23 50 8 i
Bl N TRER RS VA D R =1 P b O R oa T
TEk R E A (2015) [ 48 2012 42 7 A 12—13 H k&
TR L K VG 00045 i o K o R AF ST A R B L
BIFTEN N A RERT IR R G T 9 R b XL 5K
S LR 2% Ve i A B AT DI AR

6.3 I AE S| A AR u BE 7K X K IR W 32 AL X
J53 3t 58 P 7K 3T A2 Y 2 T

HY T VLT M DX A L Rl R A 4k 0 v RUBE L ik

A B R I b T JZE 0 W Y T R R 2 A TR (B
SEH5E,199D) , 254 JR b R K H oo B E L
1 ) 58 4 R L1 IO [t T v 4 0 % O £ 7K 953
ZEFMT 2R . AR K 5 U
PRI 43 00 % 7 ) 7K YR 6 AR AE (I 1) R B
S i A 7K & SR BB T (11:00—02.00) M4 T Jo M [
K % J 3 88 B 6] (02:00—05:00) , %5 B 1L ik H % &
JEE 118 250 A Ko i B4 7K DX K Y B 32 1) S I B /N o T Jeg
R 7K & J 3 98 A [H) (02:00—05:00) , 2 % B 111 Jik Hb
T i BE 6 TH R AT 45 R Sy b 58 K X T Ak
AR YT ST 23 1 DX 23 8 K 758 R R 4 ) 5
(P11 8 7 e, 22 Y % B L kb T e BE R AR
B A4 T R, B R i IX b 23 Y 2K 9 X
WL SR (B 111 g5 HE D . T X TR M K R 4
T 5+ 70 A2 1 7K 90 326 2 JR) b [ /K 3R 56 Rk e 344 i 11
B CEYE 45, 2014 A K H55, 2015) , K i,
AR I T o i 3% 1) A R AT M R T R ke
TE 1 3 Uk 2 i Ry i 58 5 7K 3 TRl 4 K L R K 446 i
— BRI JE A

7 AT R U M X 4H A5 U R R b R
TKAE ALY R W

— 5 T 25 B VL T I O 0 R R M Cn
B 3) o i V4 B 0 1 e B L K L AR A S Y e L
Hh A R L ik o DA B bk 22 T 25 il 1K e 7] g
AR R A AR R A A L - L i
Fr IR T A Ry i B A AR VLR R iR LR X
BEIE G LA A MR B 7 1 R T I Yk R b K
SR AT BE B . g — T TR R B R H o K
[E] o e 5 1Ly Jik AR R L RS 0 i 0 1 BELRS 1 A ol
P P A AR BRI CRE LI 4 FIEL 5D, 1 8 3 485
{14 308 JE ST 90 308 o8 1L Jk 22 TR £ T A5 e DX 905 5 AN U i 2%
FREK XX T R R K S R R . NI AR
SCEETE T 2 U P B L a3 o B T DS R DG A
B LBk RN Bt p L b, 22 T ) S I % L DA R R R
Lk 55 2R L fik =z T 8 A9 B 326 3 L 3 o X L 43
BT RV 2L HTE XoF 1 YK Jm b i K8 K % 2B K T A
FABL o

B 12 0] UE i g X B I R 9% DA 4 B ik
e i 1L b 22 R) 1 900 30 S 114 I8 ST 9 i 3 )
i B K AR AR AE - e B P S Tl S 55 T e
1 XU R T b TR B AT A% K T ol 5 KA K



A4 B

1130 A %
700 700
() 02:00 ¢
800 ‘ e 800
| > > 0
850 Wl
=™ << 1]
E n< <0<
900 1
< << <oy
9501 < A<@ﬁ&
1000 ‘ : 1000 1000 ‘ :
113 114 s 16°E 113 114 s . 16E
3 3
700 TS y 700 o
(d) 03:00' 7
8001 800 1
o 85077 %% 850
[a0
<
™~
S9
9001 900 1
950 950 1
1000 ‘ 1000 1000
113 114 15 _. 1I6°E 113
3
700 700
800 800
<
- 8501 850 14/
= <
N
9001 900 1
N
9501 950 1
1000 ‘ 1000 ‘ ‘ 1000 ‘ :
113 114 15 _. 1I6°E 113 114 15 . 16°E 113 114 15 _. 116°E
3 3
— T T —
-2 1.2 0.4 -2 1.2 0.4

P10 2015457 A 23 H 02:00—04:00 ) 3 F A1 1L kA [5] 0 FE wog BE 10  ohl 3a 98
55 B BT840 50 X B Y £ S IR BE 3 AR i 31°N Y 2 B A T
(as dy FEHIAL, (by ey W) KGR TE = B2 3G 1A% i SO 5
Ceo £o DI LI PR TR w55 2 802 B B 30
AEFRRBE/NT OCHRhREY . . C.REF KRR M 5 E I WS REE B me s )
Fig. 10 Perturbed temperature field and wind field vertical distribution of control test and sensitivity test based

on Dabie Mountain terrain height across 31°N latitude during 02:00—04:00 BT 23 July 2015

(a, d., g) control test, (b, e, h) sensitivity test of double terrain height of Dabie Mountain,
(c. £, 1) sensitivity test of half terrain height of Dabie Mountain
(color area: perturbed temperature below 0'C, unit; C; vector arrow:

synthetic wind field of zonal wind and vertical wind, unit; m+ s~ !)
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Fig. 11 The timely mean vapor flux of control test and sensitivity test based on Mufu Mountain
terrain height during 02:00—05:00 BT 23 July 2015
(a, d. g, j) control test, (b, h) and (e, k) sensitivity test of double terrain height and
half terrain height of Mufu Mountain separately (vector arrow: vapor flux), (c, i, f, 1) the
difference between sensitivity test and control test correspondingly (vector arrow: difference of vapor flux,

unit; g+ cm '+ hPa ! « s !; red box: the topography of Mufu Mountain, blue box: region of local heavy precipitation)
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Fig. 12 Comparison of control test and sensitivity test based on state of keeping airflow channel’s

switch state between Mufu Mountain and Wannan Mountain during 02:00—05:00 BT 23 July 2015

(a, d) horizontal vorticity advection at 900 hPa at 04:00 (unit; 10" s %),

(b, e) the vertical distribution of vorticity advection at 04:00 across 31°N latitude (unit; 10" s %),

(c, f, g@) 3 h cumulative precipitation and hourly regional mean increment of precipitation (unit; mm) ,

(a. b, ¢) control test, (d, e, {) sensitivity test,

(g) hourly regional mean increment of precipitation

(black contour: control test, red contour: sensitivity test, unit; mm)
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Fig. 13 Same as Fig. 12, but for the comparison of control test and sensitivity test based on state

of keeping airflow channel’s switch state between Mufu Mountain and Dabie Mountain
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Fig. 14 Comparison of cumulative precipitation in control test and sensitivity test based

on specific combined terrain during 02:00—05.:00 BT 23 July 2015

(a, d) control test, (b, e) sensitivity test;

(a) original simulative results of 3 h cumulative precipitation corresponding to unchanged wind field

in control test, (b) simulative results of 3 h cumulative precipitation corresponding to southerly

component of wind shrink 10 times in sensitivity test (color area: precipitation) ;

(¢) hourly regional mean increment of precipitation (black contour: control test, red contour: sensitivity test, unit: mm) ;

(d) the original wind field in control test, (e) the southerly component of wind shrink 10 times in sensitivity test
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