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Abstract

Tropical Storm (TS) Kong-Rey (2013) affected Taiwan in late August
2013. During this period, satellite and radar observations indicated clear
asymmetric structure, with its active convection and rainfall located most to the
south and southwest of the typhoon center and a tilted vortex vertical structure.
As a result, the maximum rainfall in Taiwan was over its southwestern region
and far from the typhoon center, with an accumulative amount of over 500-700
mm that caused much damage and several casualties. On the other hand, over
northern and eastern Taiwan closer to the storm center, only little rainfall was

received (mostly below 50 mm).

In this study, the Cloud-Resolving Storm Simulator (CReSS) is used to
successfully reproduce the evolution of TS Kong-Rey and related whether
phenomena during the period when it affected Taiwan. The control (CTRL)
simulation shows that the asymmetric rainfall of the storm was mainly due to
the strong vertical wind shear (from northeast to southwest) in the
environmental flow during the approach of Kong-Rey over the Bashi Channel.
An intense rainband formed along the convergence zone between the northerly
typhoon circulation and the southwesterly flow over the southern Taiwan Strait.
Later when the storm moved further north, this rainband also moved overland
into southwestern Taiwan and became stationary and north-south oriented
(parallel to topography), and produced heavy rainfall and the subsequent

hazards with enhancement from terrain uplifting.



In the CTRL experiment, the convection is also phase-locked to the
topography of Taiwan, and the associated latent heating effect leads to an
increase in mid-level potential vorticity (PV) with time and a westward moving
tendency of the mid-level vortex. In contrast, the low-level storm center, being
blocked by the Central Mountain Range (CMR), continues to move northward
as observed and results in the significant vertical tilt (toward the Taiwan terrain
with height). In the “no-terrain” (NT) where the Taiwan topography is removed,
the strong convection and rainband become migratory and move with the storm,
more rain is simulated over northern and eastern Taiwan, the PV production
over Taiwan is less, and the vertical tilt of the storm is also reduced compared
to the CTRL. Thus, the topographic effect of Taiwan on convection and
precipitation was also a key factor (in addition to the vertical wind shear) in the
maintenance of the tilted vertical structure of Kong-Rey (2013) when it passed

by Taiwan.

Keywords: Typhoon Kong-Rey, vortex vertical structural, potential vorticity,

topographic effect, Taiwan.
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PAF % B i @EiEs: (Multi-functional Transport Satellite ;
MTSAT-2) & - /| R KB h 27 Lk o sd A Fh 2 H -
Pk % kR ZI X § Rk A (Quantitative Precipitation Estimation and
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NCEP-GFS Analysis(1.0°x1.0° and 26 levels , 6h)
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%22 CReSS WA BixFok2 kB R7ZE » Hixi e (m)o

K % ® A& (m) k & ® A (m) K i ® & (m)
1 100 21 7387 41 18300
2 319 22 7801 42 18900
3 574 23 8224 43 19500
4 860 24 8658 44 20100
5 1172 25 9106 45 20700
6 1506 26 9572 46 21300
7 1858 27 10060 47 21900
8 2224 28 10574 48 22500
9 2601 29 11119 49 23100
10 2987 30 11700 50 23700
11 3378 31 12300 51 24300
12 3774 32 12900 52 24900
13 4172 33 13500 53 25500
14 4571 34 14100 54 26100
15 4971 35 14700 55 26700
16 5371 36 15300 56 27300
17 5771 37 15900 S7 27900
18 6172 38 16500 58 28500
19 6574 39 17100 59 29100
20 6978 40 17700 60 29700

42




1961 PAMELA

it |_1os5 s - A

w77 THELMA | L 1977 RUTH i

Bl 1.1~1949-2000 & >4 42 H i1/ BH 2 Beh 7 £ LG H
2 i W - (4 A 2 > 2007)

,‘33\
o
A

43



Rl 1.2~ 1979-1996 # [/ & B LR L Rl F 2 % > RS 5 0 424

Beiis TAMEL LRk BE 6 SBARNGATANBL, KT
£ %R TANEL HELMET LR BB KR B

Boo(@Fp TSR FREH R, #T)

44



”‘j)[,'\p NiB

wew I3 } T
i R ‘Zf
y X i s
/
::: . 5 I 5; 0003
e - - 7o,
-y - e cf"?/&% L :'...
e ' A
T £ E3g e
it & J} 7
me. 982
: 50 1
= PR T B
v 24t%0) fos
-y ™
= o | = o 3
: w3550 38
ns'e . - 1 0002 i
R 30 g 5
s e 18, 88401, ‘
I I R 1o e s
f ‘
S I 2\ ot
fl 1 he 290
< 86 )
0
A
» A F poo
3 v 0410(247
: T MINDULLE
2 b os 3pJUN-3I
» osﬂ{_ 5 2004
: B
o
0001 &} gg/209
L H
5 -
b [}
: 1841 1067250
0°N z
sFE 120FE 20°N T, 980
12§ 100/250
952 a2
1 fos | v
RS FUCT AU - "ﬁsur ,“900301 /250 3

B 1.3~2004 & 5ol B BI(d LAWY 2 @Y Pt F
e b FEIR W B X

) RN

73 e,

LDRNC 20

X -

45

Al A,

e 3L

4L
2-5
R

1 ¥R)



ropical Cyclone Eye in Environmental Shear

Upper-level flow

Advection around the eye

45-50 dB(Z)

(2)}

Initiation of updrafts

Lower-level flow

Primarily
downdrafts

Bl 1A% i hradkh $0k &7 LB 27 R8s MEF)

2 J fma ER

i~

FINS

'

PR 2 TR E S e s W Lgednld e

ETRS
A

-
K}

Wb F s A B L AR F 0 9 BE L kAR

W 5 45-50 BZ 2 e $in % RA I BT AT O A A EET

5 Z#F - (4 p Black etal. 2002)
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— tropopause — q negative PV anomaly =

warm

COOl

B 15 iF®ER$ s d 2 CFIET 7 L F - (46 p Markowski and

Richardson, 2010)
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VD VDo
water vapor (g )
T NUA vi
¥ NUF &, NUC ci,NUH ci t -
Q Y S
l ML i /
- \ AR
. CLis,CNis . N
cloud water (q.) CLes Q cloud ice (q{.f\‘fl
= SPsi, SPYs v
~ AGYi
CLeg b
L‘G‘ (o'
K 5 MLsr.SHsr y 'y
3] g N Snow 1(1‘_1\.", CLr,CL 3g,CN1g, CN¥ 5y 3 o)
st =
CLrws v w” &
AG¥: iFaII. q, Fall. (N /o)
N/
Y
MLgr,SH gr
— rain water (g) o] graupel (q.N )
CLri, CL%i,CL rs, CL%rs,CLrg, FRrg, FR¥rg —
l Fall.gq, anII.(,'g. Fil".(.\"\‘f o)

B 2.1-CReSS #:% /4 A 42 ¢ & fA-R(R) ek B2 2 5 g7 &
Fled? g qo g MR ATk a2k T FLme
NUA,; 2 B A% +2 25 = (deposition or sorption nucleation) ~ NUC,; * # 3% ¥ it
5 %75 = (contact nucleation) ~ NUH; ¥ % 325 i & %) = (homogeneous
nucleation) ~ SP ¥ % = =t 7k & 2 = (secondary nucleation of ice crystals) ~ VD
& F AR ~ &%~ & B 2 (vapor deposition, evaporation, and sublimation) -
CL ¥ % & @ Jz & (collection) ~ AG i £ 4% # (aggregation) ~ CN i+ %k &
& 3% (conversation) ~ ML # % g f#(melting) ~ FR #* % f s (freezing) ~ SH

# & f& -k %) 3z (shedding of liquid water) -
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08/27/13 0000Z 14W KONG-REY
08/27/13 0032Z MTSAT-2 VIS

"

rch Lab http://www.nrlmry.navy.mil/sat_products.html
{ Sun elevation at center is 44 degrees) -->

08/27/13 0000z 14W KONG-REY [
08/27/13 0132z

g I (S
- 4 3
Naval Research Lab http://www.nrlnry.navy.mil/sat_products.html
<--  Visibl, >

( Sun elevation at center is 58 degrees) --
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08/27/13 0000Z 14W KONG-REY R
08/27/13 0232Z MTSAT-2 VIS

Naval RegesroR TRDRhttpYmpinrimryfnavit mil/sat_products. htnl
<-- visible ( Sun elevation at center is 72 degrees) -

§
B 3.7-1c~NRL27 p 0232UTC 2+ L Z [ -

08/27/13 0000Z 14W KONG-REY [l
08/27/13 03322 MTSAT-2 VIS
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08/27/13 0000Z 14W KONG-REY
08/27/13 0432Z MTSAT-2 VIS

rch Lab http://www.nrlnry.navy. mil/sat _products. htnl
e ( Sun elevation at center is 15 degrees) -

ﬂ—i i L E
B 3.7-1e ~NRL 27 p 0432UTC 2 ¥ L Z [ -

08/27/13 0000z 14W KONG-REY [
08/27/13 0532Z MTSAT-2 VIS

L 4 & |
Naval Research Lab http://wnr.nrlmry.navy. mil/sat_products. htnl
<--  visible ( Sun elevation at center is 62 degrees) -

B 3.7-1f~NRL 27 p 0532UTC 2+ Lk Z [ -
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08/27/13 0600Z 14W KONG-REY |
08/27/13 0632Z MTSAT-2 VIS

o, e

Naval Research Lab http y.navy. m11/sat _products. html
<--  visible ( Sun el at center is 48 degrees) -

08/27/13 0600z 14W KONG-REY |8
08/27/13 07322 HISAT-2 VIS

Naval Research Lab http: i nrlmry. navy mil/sat_products. htnl
<-- Visible ( Sun elevation at center is 33 degrees) -

B
B 3.7-1h~NRL27 p 0732UTC 2+ L £ Z ] -
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08/27/13 0600Z 14W KONG-REY
08/27/13 0832z HISAT-2 VIS

Naval Research Lab http://www.nrlmry.navy. mil/sat_products
<-- visible ( Sun elevation at center is 19 degrees)

08/28/13 0000Z 14W KONG-REY
08/28/13 0032Z MTSAT-2 VIS

Naval Research Lab http://war.nrlncy.navy.mil/sat_products. html
<-- Visible ( Sun elevation at center is 43 degrees) -
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08/28/13 0000Z 14W KONG-REY |
08/28/13 0132Z MTSAT-2 VIS

Waval Ressarch Lab http: //vvw.nrlmcy.navy.mil/sat_products. html
ble ( evation at center is 56 degrees)

_\,

B 3.7-2b~NRL28 p 0132UTC 2+ L X Z ] -

08/28/13 0000Z 14W KONG-REY
08/28/13 0232Z MTSAT-2 VIS

Naval Research Lab http://wnmw.nrlmry.navy.mil/sat_products. html
<-- Visible ( Sun elevation at center is 69 degrees) --

B 3.7-2¢c ~NRL 28 p 0232 UTC 2+ &k Z [ -
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