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Abstract: In order to explore the possible formation mechanism and flow pattern of extreme precipitation
caused by the train effect of typhoon rainbands, we comparatively analyze the circulation situation and the
convection organization of three heavy rainfall processes related to train effect after the landfall of the Ty-
phoon Soudelor (No. 1513, process 1),the Typhoon Fitow (No. 1323, process 2) and the Typhoon Matsa
(No. 0509, process 3) by using multi-source observation data and the ERA5 reanalysis data. The results
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show that the extreme precipitation of the three processes all occurred on the windward slope of the hills in
the eastern part of Zhejiang Province. The directions of the rainbands were consistent with the background
air flows, and convergence of water vapor flux was mainly concentrated below 850 hPa. However, the am-
bient backgrounds of the three processes are different obviously. In process 1. the rainband happend be-
tween the low pressure and the subtropical high, the vertical wind shear and the CAPE were large, the
water vapor came from tropical ocean surface, and the wet layer was thick. Process 2 took place in a sad-
dle-shaped field between the residual vortex of a typhoon over land and another typhoon over the sea. The
vertical wind shear and CAPE were weak, water vapor was from the sea surface at the same latitude, and
the wet layer was located in the middle and lower level of the troposphere. Process 3 was caused by the
spiral rainband in the core zone of typhoon. The vertical wind shear was strong and the CAPE was the
minimum. Moreover, the structure and organization of the rainbands in the three process are obviously dif-
ferent. In process 1, the boundary layer convergence and the convective system highly developed, the ba-
roclinic structure of the mesoscale convergence line promoted the uplift of warm and humid air from the sea
surface, and the convergence field strengthenned the degree of organization. In process 2, the wind direc-
tion of the weak cold pool was opposited to the easterly airflow, while with similar wind speed and shallow
convergence. The warm cloud rain was dominant. The new cells continued to form at the eastern boundary
of the rainbands, and dissipated at the western boundary. The stagnation of rainband caused continuous
belt-like heavy rainfall area. In process 3, the spiral bands in the inner-core section of typhoon were affect-
ed by the typhoon vortex dynamics, the convection developed at lower height, and the structure tilted
slightly to the outside. The rainband developed with the wind speed convergence caused by the fluctuating
of southeast jet, which resulted in extreme rainfall. The above facts show that the train effect of typhoon
rainbands causing extreme precipitation can be formed in various ways, so there are great challenges faced
in the short-time forecasting and nowcasting of such extreme precipitation.
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Fig. 1 Terrain (shaded), radar stations (pentagram), radiosonde

stations (triangle), rainstorm centers (diamond) and automatic

meteorological stations (dot) in the study area
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Table 1 Information on the landing of typhoon cases
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Fig. 2 Rainfall distribution of three heavy typhoon rainfall processes related to train effect of
rainbands after the typhoons’ landing from (a) 15:00 BT 9 to 02:00 BT 10 August 2015,
(b) 20:00 BT 7 to 08:00 BT 8 October 2013 and (¢) 11:00 BT 6 to 03:00 BT 7 August 2005
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Fig.8 (a—c) Composite reflectivity (colored), disturbance temperature (isoline, unit: C), 2 min mean wind (barb),

(d—1) divergence field (isoline, unit: 107* s™'), 2 min mean wind (barb), composite reflectivity

(shaded) at (a, d) 20:00 BT 7, (b, e) 01:00 BT 8 and (c, {) 05:00 BT 8 October 2013
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across the rainband related to train effect from 14:59 BT to 23:09 BT 9 August 2015

9 H 18:00(KE] 10), KU 20 m « s ' Ay AR/ 2 i ik
— ) EPRE 6 km DL F L 5ok B AR T
AU AR T AU Z [RJE B b TE R R & 5 km
e E I 1w PG AR ) TR R AR 5 5 5 ke DA B Ry B SR R
S WS R IX. L TE A A AR )2 X3 T R X R
PRESHTE 1.5~ 2 km &b A B 5 28 PR 7 2 30 o o
% 55 dBz, AIRJETCo . 5 5 B2 A 1] 5 AR AIE AT ) 5 R K
I 1 (/N 8 4% ,2006) , 10 H 02:05, fiHh 5 km 5
JEE LA DR T U 2 Shy — S3004 g 04 XU AR e U A e
R % 3 km DLUF (I s 1 10 B 02:05 ) 1m (E 10)
A D, AR R R PG AU R () ) A A R AR R L B
BRI o (] e R Y T R R AT R T

.

SRR 2:2013 4 10 1 7 H 20:05, $i LU I
25 5.5 km DL N AFFE RIS WA B AR A0 WG 7E 4~
8mos (Mg, Hy R ST R A i) R )
16 (& 11D AT UL, BB 58 B 4 30 Bz 1) [l 35 s B % e
KE] 5 km 5 .45 dBz LA b 8] 0 @ AL T 1~
2 km, BIREIPEHL T 0CIELLT DMK L BB =
MEmi . 8 H 00:03CHE 11) . R4 N &6 H 303k [ 59
Y2 L P O PG DAL I 5 0 TR AR I 2 T B — AR K
FEZ) 50 km (bR G X mELEPE 1.5 km
PUTR S AHER I3t &7 85 i J5 51 42 8007 3 7 B i A
() . 58 30 dBz LA b A9 B K [ 3k 8 2 0 A 78



A

1008

% 550 %

7TH?20:05

SHO06.00 S

0 5 10 15 20 25 30 35 40 45 50 55 60 dBz

S | —
-27 -15 =5 0 5 15 27 m-s!

T a.c P EZR AB BRI AL 18 bod P @B N 0 CIR R 18T d Pk 0 T il .

B 11 20134 10 J 7 H 20:05 % 8 H 06:00(a,c) 3 ZERL N W T4 5 ik (O A ISR AT 5
(0. 5N A A2 ) 38 %, (b, ) 35 TR A U0 THT A9 (b)) S 3R R 7 5 (D 4% i) 3ok 3 3 1351 T

Fig. 11

(a) Composite reflectivity of convective rainband and (b) cross-section of reflectivity factor

across the rainband, (c) radial velocity at 0.5 elevation and (d) cross-section of radial velocity

across the rainband related to train effect from 20:05 BT 7 to 06:00 BT 8 October 2013
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across the rainband, (c¢) radial velocity at 0. 5° elevation and (d) cross-section of radial velocity

across the rainband related to train effect from 11:00 BT 6 to 03:00 BT 7 August 2005
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