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Abstract The strong heavy rainfall with precipitation amount of 294 mm/12 h occurred in Shanghai during 5—6
August 2001 and the serious city disaster appeared. To better under standing of the heavy rainfall process and its
predictability, the PSU/NCAR mesoscale model (MMS5) has been employed to replicate the process. The simulation
results show that the heavy rainfall was mainly associated with the mesoscale convective systems developing in the

landed tropical cyclone (TC) and the location, strength and duration agree fairly well with the observation although
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some deficiencies exist. On the basis of success simulation, the physical processes such as the terrain and the earth’s

surface, which could influence the heavy rainfall, are investigated. The analyses indicate that the mesoscale topogra-

phy and the characteristic of the surface can influence not only the moving, stagnation and development of the landed

tropical cyclone but also the location and intensity of the heavy rainfall indirectly. It is suggest that they are possible

to enhance rainfall while favorable weather system stagnates and develops in the city. Therefore, the mesoscale to-

pography and the characteristic of the surface in the city should be taken into account in the movement of the landing

tropical cyclone and local severe heavy rainfall precipitation prediction, which will improve the prediction of meteoro-

logical disasters in urban area.
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Fig. 2 Simulated geopotential high and wind of Domain 1 (D01) at 500 hPa (units; gpm) . (a) 24 h simulation, 0000 UTC 5 Aug 2001;

(b) 48 h simulation, 0000 UTC 6 Aug 2001
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CONTROL 18 50 92 15 0.04
CITYLAND 18 10 88 50 0.03




K5 K OB R 1%

44 Climatic and Environmental Research Vol. 11
33.5°N
NN — T
o i . :
2 R ]
. LI Wi
e . ONER
i T T ”;';.:!'
WA A
JION{Se, . #a gl q.; T e
e 4 - :;
a o S -
g - } b B S P g —
el 8 o3 o
30.5°N{" ﬁ“ f{ _._..-:u-""’l
."-..m - e e

14 £HRBHXKE 3 (D03) #H4H X b a0 A R
CB=f% Bimglsl, s RrRE PRI R

Fig. 14 Distribution of index of landuse in parts of Domain 3
(D03) in CONTROL simulation (black triangle is the Shanghai

station, color marks represent vegetation categories in model)

43 #r CITYLAND 40 30 40 09 K |
AR RN E L, X TR TR
fESR G, BANEE BRI BT X X3
JAi#X 5~6 H 24 h W& A 100 mm DL E#
FERTAFAE, Wi HXT L X R O A TR
ERME (E15), X HAMTEBIA R 24
h B SRR 24 h FEm . DARSEAL, A
R, X TRERTACRHER IR, (E1505
R BB R X G, 24 h BERE & AT ik 300
mm 7oA, FERSREE B NGR. BRI, B
iR BT RE R ST X PRI TS A, AR
d, SRR K ERIULEINRWEZR A,

BHEDRR PR N E S b s (K
16), HIFIRTTAERAEMGRIG . FEFR AR Hu bk 5 hn
., BARRET OISR T R g X O wE
s, (ExHFRWEP MG g H XX —4F1E
BRI LATE b R il . T X P R R 0R
HBFE 0512~0517 UTC, 8 o0 i K IR 5
50 mm, X5 FERX 5 B 2600 0 2058 =W
IR EA M. BT LAY, MR A R4S 1E
RIS T AR K 3 22 0 3 12 b DX A % T 5 B AN R
TR BB, EH SRR REETRKEERK,
BBEEREEDBXRKIFL, HhS 380

122°E 123°E

K 15 CITYLAND #BREF X 3 (D03) #MMK 5 H 0000
UTC~6 H 0000 UTC 24 h R4 (L. mm)

Fig. 15 Distribution of 24 h rainfall of Domain 3 (D03) from
0000 UTC 5 to 0000 UTC 6 Aug 2001 in CITYLAND

(units; mm)

TRMRE AR, B2 St
R R 1 4 TR T A5 O T I R A — N E R AR
By T B T A M0 S A

5 PR3 3t 32 390 T AL AR AE #5522 B 2 R e B
PERIREE, BEUL, IR ALAFE B H0 SR X R
BWRERERBROZHAEGIEXE. 2
BB, 2R FE RS 2 M R AL 5 Al PR 8
SRS, AR RRE —ERE LS
AR, HESEMRE (817D, SEHEE
R EEN AR ER (ER, XTI
b DAL 5 I T o B . TR X7 B )
KGR B K, X rsEa. mEEUER
fii, BpERTHEHBRANERES, BEAET
J& Bvm 2% T BT A W . BE R A, BV
X 30 T A R AE I 5, 45 7E L O T3 B9
PR A F AR AR JE KA 58 3 1R AR B
P RERN R RRS, i THARBKERS
fonsg, EWSIRK EFHESIE BTG, R
TR R B W A

woh, BEMRE S ER AP, EHE
1000 hPa fIREE . BEEES itk (A 18
FIE 19), sRMACFHEMRMIX, RRE N



1 FMHE . R . HRHEN DEREIREWOTR
No. 1 QI Lin-Lin, et al. The Analysis of the Influence of the Terrain and the Earth’s Surface on the «++ 45
32°N 32°N 32°N \4
@ (b)_ ( ) ©_
31.5°N+ 31.5°N 4 /10’25 s ( 31.5°N 1
@ 10,
7
25
31°N 4 31°N 1 31°N
25
30.5°N 4 v 30.5°N . . e 30.5°N - 5
120.5°E 121°E 121.5°E 122°E 120.5°E 121°E 121.5°E 122°E 120.5°E 121°E 121.5°E 122°E
32°N 32°N
_ () Xy
(o
10 ~J.
10
31.5°N- 31.5°N-
31°NA 31°NA
30.5°N y A 30.5°N ; 1
120.5°E 121°E 121.5°E 122°E 120.5°E 121°C 121.5°E 122°F

16 SREEFHIEXEE 3 (D03) 5 H 1400 UTC~1800 UTC ZBI R (Bfi: mm). (2) 5 H 1400 UTC; (b) 5 A 1500 UTC; (o)
5 @ 1600 UTC; (d) 5 H 1700 UTC; (e) 5 H 1800UTC

Fig. 16 1 h rainfall of Domain 3 (D03) from 1400 UTC to 1800 UTC 5 Aug 2001 (units: mm) . (a) 1400 UTC 5; (b) 1500 UTC 5;
-(c) 1600 UTC 5; (d) 1700 UTC 5; (e) 1800UTC 5 Aug 2001

40°N

38°N

36°N
34°N
32°N{
30°NT -
28°N
26°N

24°N

o b L T R e e

b7k iy
*W:‘—s-—u—-a——c-_._‘__._,_ ardas
200N e e S
108°E 112°E 116°E 120°E 124°E

34°N-
32°N+
30°N+
28°NT°
26°N
V"
24°N-

22°NA{

20°N

=t v
I N e e e

B 17 CITYLAND ##lisd, K5 1 (D01) #1500 hPa, 850 hPa (i A EY (Bfi. gpm) M. (2 6 H 0000 UTC

500 hPa; (b) 6 H 0000 UTC 850 hPa

Fig. 17 Simulated geopotential high and wind of Domain 1 (D01) at 500 hPa and 850 hPa in CITYLAND (units: gpm) . (a) 0000 UTC

6 Aug 2001 500 hPa; (b) 0000 UTC 6 Aug 2001 850 hPa



K & 5 % % B R

46 Climatic and Environmental Research

11 %
Vol. 11

AN, BLEHZENBEAEM, FREEFEK
B R 1~2°C, TREAE TR, T
Wb 1.5~2 g« kg™ XA RER B THIRFHER
WAL GRS AL R R AR, R
HHRHEMGR, HMSECEREER. B,
HRBERERHREEABRXARLT “WiihE
BN SR EINE , X A L 5 o T R
HRSRB WA TR, BB iR

Q

°h (@3 R
1iid e
ThbLb4¥ A -
R 5 8 5SSt s 0 0.1 peieh
R R E et A ‘i‘u-_—/_::-n g
G PRIl G h 0 e = e s

‘e aiv X
3[.5°N‘:::::‘..~_ ...... ;jh, }2: }}’/

g 2 2B
AV Z
H PR
Y R _f
-0 R B A e

30.5°N -

Y rEp e kTN N T B e

0°N
120°E 120.5°E 121° 121.5°E

122°E

RN AT R R E B HBE,

E R A LA, SRR IE B A
SREMBA AEXR, HBRHER DX TR
WRAKMERERFER. SHMNERRRM
FHRFAER AW B0 KB, R gh SRk
A I s B b e, AR RN
Ko 8 SRR RS, AT BT E
3 25 SR TR RN AR X B R KGR SR

32°N

31.5°N
31°Nq <+

30.5°N1 L

0

& 18 CITYLAND RB 5 HAB K 1 (D01) #1000 hPa MG 5HEELEY (B6.°C). (a) 5 H 0300 UTC; (b) 5 H 0600

UTC

Fig. 18 Difference of wind and temperature of Domain 1 (D01) at 1 000 hPa between CITYLAND and CONTROL. (a) 0300 UTC5 Aug

2001; (b) 0600 UTC 5 Aug 2001 (units:'C)

32°NFE

3LSNT

31N/

30.5°N1

— -
N

o

120°E 120.5°E 121°E 121.5°E 122°E

32°N

3L5N{L

3 loN q

30.5°N1

)

120°E 120.5°E 121°E 121.5°E 122°E

B 19 CITYLAND BE#IRR 5 HRE XK 1 (D01) #1000 hPa B EMEG /A (B, g+ kg™ ). (@5 H0300UTC; (b) 5 H

0600 UTC

Fig. 19 Difference of moisture of Domain 1 (D01) at 1 000 hPa between CITYLAND and CONTROL. (a) 0300 UTC 5 Aug 2001; (b)

0600 UTC 5 Aug 2001 (units; g * kg™!)



1 FHHE: Iy, ERFEN LERWIEYWNR
No. 1 QI Lin-Lin, et al. The Analysis of the Influence of the Terrain and the Earth’s Surface on the ++- 47

BNL, Fp ISR b TE s, P OR % X
M. BIL, S8 SR AR AR B A LR R T R T
KEBFT A —MER R FE,

5 SEigAnitig

AR A REHERK PSU/ NCAR
MMS5 %} 2001 4 8 A 5~6 H gk #mid &
T TR, FHAER AN M i 2 BB 4
BB RERE b, AR X HOAR R B X b ¥ B L
Jk e B b it b X b AR DL FE R B A R i
HWHTEIRA R . BRER.

(D ¥ GMS 414 m B K = TR IR X b i
BB SEE AR s, HEATIESS
R EHEA R, MM5V3 (194 R4k R 45 b 1T
B, SRR E A WA, RN
DA —EmE. BERERYE, PREEKX AN
AU R RS RERENRE.
HAE, T HAE AT S ML Y VR R R R B
WATEX . TSR LA K R RTBT B, 4 B0 R R e T
B e ] A AR . N R B R L 4 SRR
PRI B K F A R =R,

(2) E\UAETIL. XB LR 5
K EGRMBRBRANSRES —EWRIEEE R, $#
WREABS RS, & 45 EN LK FEREE
BRMEA —EHYNER, #Rm%E EHX
MRS AT RS2 B, KW EBE. b5
NAEBEABHIREE TR, HLH T8
TR RE R EBEBIE, M h R $
REFGHEERBE—-REFANIFLT., 05
Wk E R RS EE R, kg0
BRRESHSZHMLCEEE T ILEME—
W, HEMXSGSRHMESEERT, fFKES
mRAmE B L.

(3) bRt RFER TR, S
BT AT M2 2 S R T R AR AR X KU
RERE, HILERN EABHERT ZRENK
XRIESN. T, 3T e A 5 AR I T 4
BHR—RINDRES S, AAFEHE, XXTF
S Hb R R SR B A IRt R AR R Y

SRR LAY, R REE N X R
LI Bk TE L Y b X B 26 2 A AR AE B 2 v AR

R EERBERRHNEEER, BXRWRL
WBh, FH. REMEERA —EFWK, B
Bt R LBk T R i S R AR B B R 2
MK ENFBRYEWHANEZ —. B~
SRTTRRTIICH B M L By IR A U154 3 7T 2
FREYE. EBMMKT, KESUHER TR
X = 2 B o R EEBUE R S BUREA, #
AP Rt X i A DX 3 L Bk M T e b 3R 43 70 AR AE
FYHEABRELEEEE.

SE M

(1] BREEE, T—iC. EREFESREE . L. BedR
4k, 1979, 1~490
Chen Lianshou, Ding Yihui. Introduction of Typhoon in
West Pacific (in Chinese) . Beijing: Science Press, 1979.
1~490

(2] BRERE, HEE, T4E % WFESIHESEE. It
®: SREHAE, 2002, 1~13
Chen Lianshou, Xu Xiangde, Wang Jizhi, et af , Intro-
duction to Tropical Cyclone Dynamics (in Chinese) . Bei-
jing: China Meteorological Press, 2002.1~13

[3] EEB, HREE, BKKE, . SBBNEEEREFR
RGP IER WIB W EILE . KSBHE, 1998,
22 (2): 156~168
Meng Zhiyong, Xu Xiangde, Chen Lianshou, et al.,
Mechanisism of the impact of the cyclone system induced by
the Taiwan island topography on tropical cyclone unusual
motion. Scientia Atmospherica Sinica (in Chinese), 1998,
22 (2): 156~168

L4] Bz BFE. GRBISIMENTR L MNuBSHR
B8 R . IR R ¥R, 1995, 11 (2): 97~105
He Haiyan, Yang Pingzhang. A study on typhoon move-
ment. Part II, Dynamical role of small topography and the
boundary layer. Journalof Tropical Meteorology (in Chi-
nese), 1995, 11 (2). 97~105

(5] ook, BBHE. —RPHERESIZ LBSARALRY
FRERGEMT . KSR, 2004, 28 (2): 254~268
Qi Linlin, Zhao Sixiong. An Analysis of mesoscale features
of heavy rainfall in Shanghai on 5—6 August 2001. Chinese
Journal of Atmospheric Sciences (in Chinese), 2004, 28
(2); 254~268

(6] FFsak, RBEE. FAEES RN IR g R BT
BIEBBE . SR SFEHR, 2003, 8 (4): 417~
435
Qi Linlin, Zhao Sixiong. A numerical simulation of the

heavy rainfall in Shanghai using non-conventional observa-



48

| & 5 % & B K

Climatic and Environmental Research

114
Vol. 11

L7]

[el

9]

(10]

tional data. Climatic and Environmental Research (in Chi-
nese), 2003, 8 (4): 417~435
Grell G A, Dudhia J, Stauffer D R. A description of the
fifth-generation Penn State/NCAR mesoscale model
(MM5), NACR Technical Note, NCAR/TN-3398+ STR,
1994, 138pp
Dudhia J. A nonhydrostatic version of the Penn State/
NCAR meoscale model; Validation tests and simulation of
an Atlantic cyclone and cold front, Mon. Wea. Rev. ,
1993, 121. 1493~1513
e, BEE. ~KERWEFARTLRALHS5E
TERIIBRTE . KSBHE, 2000 , 24 (3): 381~392
Sun Jianhua, Zhao Sixiong. A diagnosis and simulation
study of a strong heavy rainfall in South China. Chinese
Journal of Atmospheric Sciences (in Chinese), 2000, 24
(3): 381~392
B, MEd, BESE. —KIIRELMILEDE
(B) RIBDHIHKOBERUTE . RBSHEFR,
2002, 7 (3): 279~294
Zhao Linna, Sun Jianhua, Zhao Sixiong. Numerical simula-

tion of dust emission in North China. Climatic and Envi-

{11]

f12]

[13]

ronmental Research (in Chinese), 2002, 7 (3): 279~294
ek, B, BB, F. FENERNBEERS.
I BHREAPLEMT . B SFRBR, 1999, 4. 334
~345

Sun Jianhua, Chen Hong, Zhao Sixiong, et al. , A study
on the severe hot weather in Beijing and North China. Part
II. Simulation and analysis. Climatic and Environmental
Research (in Chinese), 1999, 4. 334~345

BEE, WHE, RS TERRRNNERMETRRE
HX 7 (20” RUBARTHEMRE . K%,
2002, 26 (5); 663~676

Meng Zhiyong, Xu Xiangde, Chen Lianshou. TBB-nudging
four-dimensional data assimilation method and sirulations
on heavy rain process in Wuhan on 20 July, 1998. Chinese
Journal of Atmospheric Sciences (in Chinese), 2002, 26
(5): 663~676

T—iC, WG, ZHEM. 1975 4 8 A LAWMEHAR
WHIBE . KSPHE, 1978, 2 (4): 276~289

Ding Yihui, Cai Zheyi, Li Jisun. Research on the “75 (8”
henan heavy rainfall. Scientia Atmospherica Sinica (in
Chinese), 1978, 2. 276~~289



