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Fig.1 The track and process of typhoon "In-Fa" and topographic map of Zhejiang Province
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Fig.6 The vertical distribution of terrain (black shaded area) , vertical velocity (red line,unit:m/s) and wind field(unit:m/s)



51 VRIGEES A8 - 15 XU AL ™ W TR S ok K S AL 23 A 45

100

200

300

400

500

600

700

800

900

118° 119° 120° 121° 122°
a. 251108I30°N

100

/

=y

200 4

300 D N
400 - /

500 4 /

600 e
.’"f .f/ \ 1

700 1 { \ ol

800 /

900 A

1 000
1

7° 118° 119° 120° 121°

c. 251108 #530.5°N

122°E

100
200 1
3004
400 4

P
500 4
600 4
700 4
800 4

900 4

1 000 =S
118° 119° 120° 121° 122°

100

200 4

300 4

400 4

500 4

600 4

700 4

800 4

900 4

1 000 T T f v
117° 118° 119° 120° 121°

d. 26[108IF#730.5°N

P70 QK HUE (B 10/ (hPa-s*) ) I EL 43 AT
Fig.7 The vertical distribution of Q vector divergence(unit:10*/(hPa-s*))

JEXT K R A TR, X 5 5 W O B R
3 12 hfe K P&k M 25 H 08 i i 327 mm 8 55 % 20
A9 232 mm — %, AR5 R Q 4%tk HRE HR Y
5 55 AR AR T AR AR 5519, 255 8] 1d 1 b
TE A KB 8 Q R I WU 4 & vt 4 A 5 i T
JE LR — 2, 3 KR Q R e HICRE G 1 0 B AR
VEHIBGSE A T = A sm oK . Wivadeil X2 Q &
TR A WA U L (UL 7e . d) , 25 H 08 B
200 hPa LI T MR Q R M4, fi A O T 1200~
121°E, {45 h 20 X 10 */(hPa - s°) , 4@ & s 43
5 7 B 3 AR —3; 26 H 08 4R &L i kR
119°~120°E,, 5 FE W& AT Il 55 , 3%t 5 W Pa At 1L X &
UL BRI AR 12 h i K B#/K 1 25 H 08 15 1 206 mm

U555 % 26 H 08 1) 168 mm — 3, %3 4h, B A>3 i
rh T G AR BB VR T AT Q % i ARRE R G (B X R T
PG L X, 2 A 3 A A O 8 T R S S Wit
IR IR K B R TP bl X R 2 —

5 %t

(1) 5 WU HEAE ™ R0 1R A, B8 Bk B2 1, 5
WL 35 7 d, B W V145 5 i 45 IR i e ]
5 W N TERTILAE NPTUCE R 5 XK. 5 X
AL S R R R R )T, BRI, 2R
i AT B R I o BT VAR 8 Bl 5 XU K 42
A A K A R T W I 2R R T A P AL 1 X



46 e

o i 39%

(2) G JHAE ™ A AE B R g v, 51 RS 2
FoR e 1 32 2 HRIE =l FIA R = R
J 5 DR E A R I [ R i O YA i e K 1Y 2
RSN O &% 37 =

(3) VY B S A 2R 0l B MR Bt T Hp o
TR K I 1% , 925 hPa /K 140 14 5 XX Rk 6 h
SRR K Vi DX RN K iR B2 AT — RE 78 7

(4) W AL AR TR 8 DU W] Ll — 15 Ff gy AL X 59
R G I N ) 4 8, 2 B0 SO R R A
Wt SR I B 9 8O0, S i S W R R 2 Y

(5) % [l Ay & WAL T 2 SR 0 i XA, R
AT ATRE SR A SR PR AR B RS B X
Ak T 2 3 Y DX R R X A, RN AR E T I
B A T AP A Y MR E 2 A 4R
DR LH e T 2R S v ) 25 T R R R Y

(6) I YA i o 7K b I 384 A P A S, o facd
W I K R A 40T AR T T s SR R,
A X8 3 R A IR ] P ey 3 R B BELRSAE 3R
G N , KR LR RIS KR

523k

[1] FRIE SR, PRI, TRAFAE, 45 35 1045 v [ & XU M 530k [3].
K4, 2005, 31(12): 3-9.

CHENG Z Q, CHEN L S, XU X D, et al. Research progress on
typhoon heavy rainfall in China for last ten years[J].
Meteorological Monthly, 2005, 31(12): 3-9.

MR 73, i B 55 . BRI R SRR A AT T AR R[] KRR,
2001, 25(3): 420-432.

CHEN L S, MENG Z Y. An overview on tropical cyclone research

[2

—

progress in China during the past ten years[J]. Chinese Journal of
Atmospheric Sciences, 2001, 25(3): 420-432.

[3] A= 507, Z2RVLR, THE, 55 . — W R R R 5 XUAR RN 19 R AE AL A
SYFTLI]. PR 424, 2018, 34(1): 133-144.
LI HQ, LIJN, YUY, et al. Analysis of the characteristics and
causes of an autumn typhoon rainstorm in Hainan[J]. Journal of
Tropical Meteorology, 2018, 34(1): 133-144.

[4] BRiEA, wE 5, AFRAE . 6 KR8 X 253 []. R4
i, 2017, 37(4): 1-7.
CHEN L S, MENG Z Y, CONG C H. An overview on the research
of typhoon rainfall distribution[J]. Journal of Marine Meteorology,
2017, 37(4): 1-7.

[5] BREKAE, P . v [ & R R B R ER IR [I]. R4 5 B R,
2017, 40(1): 3-10.

CHEN L S, XU Y L. Review of typhoon very heavy rainfall in
China[J]. Meteorological and Environmental Sciences, 2017, 40
(1): 3-10.

[6] W2k, JEIXe T, BliEh, 55 PIASAR LS & KU A I R ok

2T 1 AL R AR fe i S0 HL 23 [9]. RAURHF, 2019, 43(6):
1399-1412.
PAN J S, ZHOU L L, LU W, et al. Comparative analyses of
mechanisms and energy budgets of local extreme rainfall events
caused by remnant clouds of two typhoons with similar tracks[J].
Chinese Journal of Atmospheric Sciences, 2019, 43(6): 1399-
1412.

[7] 253, WRIEF, DR AE AL AV 5 ) 85 i PRt e 2k 4 R /K

BB IR [I]. KSRE, 2005, 29(1): 91-98.
LI'Y, CHEN L S, XU X D. Numerical experiments of the impact of
moisture transportation on sustaining of the landfalling tropical
cyclone and precipitation[J]. Chinese Journal of Atmospheric
Sciences, 2005, 29(1): 91-98.

[8] VP, 5K¥%, m At . Fe I 5 WUBH L 55 (19 BUR B S8 2% ] <
4, 2010, 36(7): 43-49.

XU Y L, ZHANG L, GAO S Z. The advances and discussions on
China operational typhoon forecasting[J]. Meteorological Monthly,
2010, 36(7): 43-49.

[O] B, W RN, By, 55 . =B 15 U] 3 1l T B A+

FHIE ST ], K5 5 I BE2441k, 2019, 35(5): 37-45.
QIAN Y Z, PAN L J, DUAN J J, et al. Analysis on the
characteristics of heavy rainfall in Ningbo indirect caused by three
landing typhoons[J]. Journal of Meteorology and Environment,
2019, 35(5): 37-45.

[10] #& 5Lk, 8 T, BT, 45 . 2003 4R HMLER A% 5 WU 1 7 5 < it

67 i AR A T A X2 S 0 R 9. R R SR, 2021, 40(2):
136-146.
HUANG H R, ZHAO Y C, XUN AP, et al. Causality analysis of
difference of heavy rainfall distribution in Fujian caused by
typhoons Soulik and Trami along similar tracks in 2013[J].
Torrential Rain and Disasters, 2021, 40(2): 136-146.

[11] 5, B, Brdindh, 55 IR LR 5 RSB 57 J5 R 2% W ARFAIE

KOS R B3] T TR, 2020, 37(3): 62-71.
WANG Y, QIAN Y Z, DUAN J J, et al. Analysis on the
characteristics and reasons of the heavy rainfall caused by
landfalling typhoon "Rumbia”[J]. Marine Forecasts, 2020, 37(3):
62-71.

[12] s, BRI . 3 R B 22 A BT T 5 R Y W T e b X
SR A R [I]. MR 22241, 2019, 38(2): 198-205.
DONG J B, HUANG X Q. An analysis on the rainfall process
induced by typhoon Meranti in the coast of Zhejiang Province[J].
Journal of Applied Oceanography, 2019, 38(2): 198-205.

[13] Jo/INHE, Ao, WA, 45 . SR RAAL R i 15 AU ) 2 7 0 e D17
TSGR M iR A K 2 S U PR SRR 20 [0]. R, 2021, 41
(2): 153-161.



VRIGERS A8 « 15 XU MH AL W R S 28 K S PR 53 A 47

WAN X Y, HE P, CHEN Y, et al. Analysis of environmental field
characteristics for the difference of heavy rainfall in Wenzhou
caused by typhoon "Lekima" and "Abe" landed on north of
Yueqing[J]. Journal of the Meteorological Sciences, 2021, 41(2):
153-161.

(141 XUIEe, fittifg . WA MBI = iy X — YR 3 P AL

F T[] & TR K 5, 2019, 38(2): 97-106.

LIU X B, CHU H. Cause analysis of an extremely heavy rainfall
event under binary typhoons pattern in Yangtze River delta[J].
Torrential Rain and Disasters, 2019, 38(2): 97-106.

[15] R, JAA, AR, 5. ] ar B XUR A R R A i ik R K

PR 3BT [3]. T TR, 2020, 37(5): 76-85.

XIANG S Q, ZHOU M, XU Y Q, et al. The characteristics of
typhoon "Lekima" and the cause of extreme rainfall[J]. Marine
Forecasts, 2020, 37(5): 76-85.

[16] KB, I RAN, BRAMEES, S5 3 WU A7 B 73 B HT T A o

WK IR AR RFIE[T]. T4, 2021, 39(2): 269-278.
ZHENG Z, PAN L J, QIAN Y Z, et al. Evolution characteristics
of extreme heavy precipitation in coast of Zhejiang Province

caused by typhoon Lekima[J]. Journal of Arid Meteorology,
2021, 39(2): 269-278.

[17] A, Bii, B RRUEL. 16015 Je RE” & WURE 2% /T 1 v RUBRE

RGRHES BRI B[], W9, 2017, 36(6): 542-549.

LIN Y, CHEN S X, LYU S S. Mesoscale system characteristics
and cause analysis of an excessive rainstorm event triggered by
super typhoon Nepartak[J]. Torrential Rain and Disasters, 2017,
36(6): 542-549.

[18] T2, PRIBCAT, FRIESR, 45 . MU S M Al UBE 28 R R /K g

W A EERFFE[I]. A4, 2011, 30(3): 700-710.

DONG M Y, CHEN L S, CHENG Z Q, et al. Numerical study of
topography effect on rainfall reinforcement associated with
tropical cyclone "Talim" [J]. Plateau Meteorology, 2011, 30(3):
700-710.

[19] &3, JHEA, et B2 5 R T AYIE Q K ik 1R F BRUicE

BESMHT[I]. VgV T, 2020, 37(1): 67-74.

HAN F R, LU X, LIANG L. Analysis of wet ageostrophic Q-
Vector and vertical helicity of rainstorm of typhoon "Meranti"[J].
Marine Forecasts, 2020, 37(1): 67-74.

Analysis of extreme precipitation in Zhejiang caused by typhoon "In-Fa"

SHEN Xiaoling', LI Feng’
(1. Shaoxing Meteorological Bureau of Zhejiang, Shaoxing 312000,China; 2. Zhuji Meteorological Bureau of Zhejiang, Zhuji 311800, China)

Abstract: Using the conventional meteorological observation data of Zhejiang Province, the hourly reanalysis
data of ERA5(0.25x%0.25) and satellite cloud map data, the extreme precipitation process caused by typhoon“In-
Fa” (2106)in the eastern coast of northern Zhejiang and the mountainous area of northwestern Zhejiang is
analyzed. The results show that typhoon “In-Fa” has weak guiding airflow, moves slowly with wide range of
spiral cloud belt and main cloud system, and maintains for a long time affecting Zhejiang for up to 7 days, which
are the main reasons of the extreme precipitation. However, the precipitation efficiency is not high. The southwest
jet flow and easterly jet flow provide sustained and strong water vapor transport for the typhoon, and the
convergence area of 925hPa water vapor flux has certain indicating significance for the falling area and
precipitation intensity of heavy precipitation in the next 6 hours. In the Siming Mountain area along the eastern
coast of northern Zhejiang and the mountainous area of northwestern Zhejiang, the mesoscale convergence zone
is maintained for a long time, resulting in the continuous development of mesoscale convective system, and the
“train effect” is an important reason for extreme precipitation. The enhancement effect of topography for
precipitation is significant. The windward slope topography of the mountain makes the convergence and uplift of
water vapor, and the convection and frontogenesis intensifies. Therefore, the precipitation system slows down
with the longer duration, resulting in increased precipitation.

Key words:extreme precipitation; jet flow ; mesoscale convergence zone; topography





