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Introduction

» Torrential frontal rainfall occurred over northern Taiwan

on June 1, 2017

« Amount of precipitation: 600mm/12hr in northern

Taiwan

 The heavy rainfall induced severe floods and mudslides

- three people were killed and two people were missing | |
Source: twitter.com (@SaiShouYuu)
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Introduction

25N

* Prior to the rainfall, Tropical Cyclone (TC) Mora
formed over the Bay of Bengal (28/00Z-30/18Z May)

Temp. (C, Himawari—8 AHI CH13), 00:00 UTC 30 May 2017

Temp. (C, Hirsowsss—8=AHL CH13), 15:00 UTC 30 May 2017
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~0 -0 -1 TC Mora's outflow seemed to influence a weather system near Taiwan
- Did TC Mora affect the heavy rainfall?
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2. Overview (satellite data, JRA-55 with 1.25° res.)

3. Numerical experiment
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4. Conclusion with schematic diagram



Overview (rainfall)
Red-colored line: wind shift line (WSL)

- Leading edge of airmass
3-hour Precip. [GSMaP, mm (3h)™], 850hPa Wind [JRA55, m s™]

35N_(a OOZOIJUN2017 ] 35N | (b) Qf_SZ_O 1:IIVJI:TEMO\1\'7M (c) 12@01JUN201€
e -"i‘??ii Well-organized ralnfaII system u““%i b E‘E‘l; -
vk ‘ ww,.,},_ﬂ_r“ I Kok & &k b Y A S :
JON e i 30N A SON 1 ¢ r e e 25
: ,;. - 18.75
//// / <7 = -g-g £ 7‘ 71 16.25
- //.’/7}5 a A 4 7 > > 47 4 =7, -
2N /'/’/’/’/’/’ AA 7 AAA AT 25N YELN dighy : 22205 0, s : ?;g
| 7.7 :
‘ & fv}vﬁv//////’w 8.75
20N - : 20N +2 20N + < 6.25
110E 115E 120E 125E 130E 110E 115E 120E 125E 130E 110E 115E 120E 125E 130E 5'
35N d) 18‘ZO‘1JIIJ121201‘7 35N (e) DOZOZJUN%C‘)bl&'? 35N f) OGZOZJUNZOI? 3.75
"*?‘kkwreei “""‘j__:‘_*\r-al' \4‘ﬂﬂ?-7=r1§\>,—l 2.5
€ e € €€ —"“‘RF?Gt: :::::_:-:': v 1.875
30N 1.25
‘ : : ‘ A 0.75
o dammacmeme—c2id : =i 0.25
25N - e C— "“ : 0.125
Heavy rainfall start 20N H2aagzzn ‘ 20N 2z The WSL and the rainfall system shifted
w—DE 120E 125E 130E 110E 115E 120E 125E 130E  110E 11

southward by cold air intrusion.
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Overview (upper and low-level fields)

18Z01JUN2017 (JRA55)
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Overview (frontogenesis)

18Z01JUNR017 (JRAS5)
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The front was enhanced by
the divergence and

deformation terms along the
WSL

The subsiding northerly
originated from the upper-
level trough intruded into
Taiwan region

—> The confluence of the LLJ
and the subsiding northerly
created the front near Taiwan




Numerical simulation (Setting)

 Model: NCEP FV3 GFS

» Horizontal resolution: C768 (approx. 12.5 km)

* Vertical resolution: 64 levels (~0.3 hPa)
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5820
5810
5800
5790
5780
5770

5t [gpm]
(f) noMora (Vor uv, 866. 9hPa)

* Microphysics: single-moment 6-class scheme

* |n|t|a| tlme: OOOO UTC on May 29 (88h before the ralnfa”) 5N75E80E 85E 9E 95E10105E 5r\IT’-EJEBOE 5E 90E 9 10EO

(e) Mora (Vor u,v, 866, BhPa)
1171‘ 25N

25N g
_.,_)‘igoﬁ > 2 r-, ;E S\"' jé":\‘n_‘\

|

20N 1 20N

15N 4= 15N 45

» Control and sensitivity (no TC) exps.

10N 10N

5N - : ; ‘ R ) - g
75E BOE 85E 9CE 95FE 100E 105E 75E B80E 85E 90E 95E 1DOE105E [10% 5]

Mora Exp. noMora Exp.

5/22/2019 SWEP Workshop@RCEC



5/22/2019

Result (Obs. v Mora exp.)
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v Well-organized frontal rainfall
system

v" Southward movements of the WSL

and rainfall system
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Result (Obs. v Mora exp.)

18Z01JUNR017 (JRA55)
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v The subsiding northerly originated
from the upper-level trough

v" The strong southwesterly LLJ

v" The large moisture convergence
around Taiwan
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Result (Obs. v Mora exp.)

v" The front is enhanced by the
divergence and deformation
effects along the WSL
Intrusion of the subsiding
northerly

v" Vertically tilted structure of
deformation effect for
frontogenesis
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Resu

18701JUNR017 (Mora)

20N F=a—3a LEEE
T10E 115 120E 125 130E

20N OOZOBJUN201:7 (Mora)

t (I\/Iora exp. v noMora exp.)

| 18201JUN2017 (noMora)
oo B

37.5
25
18.75
16.25

28N

26N =%

24N57 S5

22N .

20N
110E

OOZOBJUNBOl? (noMora)

125E 130F

120E

115E

2
1

30N

fOE 1158 120E 125€ 130E
OGZOZJUNZOl? (Moral

28N ““‘_‘_*“’J‘M’ < 5 1125
26N 8.75
A g 3 [0
2N IR Y, e, 3.75
' 2.5 If TC Mora exists,

20N FIEIE2 2 282 -
110E 115E 120E 125E 130E
N 06Z02JUN2017 (noMora)

1.875
1.25
0.75

v" The rainfall system is well-
organized

28N 4
26N -
24N &
22N{"3 -

20N - memay ‘
110 115E 120E 125 130E

A | 0.25 | v/ The WSL is farther South
K(w\vu s e 0.125
phs : -

— If TC Mora doesn’t exist,
; . % v' The rainfall system is less-
2MT0E 115 120E 125€ 130E organized
v' The WSL is farther North
SWEP Workshop@RCEC

12



Result (Mora exp. v noMora exp.)
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Result (Mora exp. v noMora exp.)
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Result (Mora exp. v noMora exp)
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Schematic Diagram
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Conclusion

v' TC Mora remotely and extensively affected circulation over East Asia

v The effect on circulation enhanced the subsiding northerly to the north of Taiwan and the southwesterly

over the South China Sea to the southwest of Taiwan

v' The strong northerly moved cooler air mass farther southward in the north of Taiwan and promoted the

enhancement of low-level convergence

v The strengthened and widened low-level jet over the South China Sea transported moisture-laden air

toward Taiwan and enhanced low-level moisture convergence near Taiwan

v The stronger confluent zone induced by the strengthening of the warm moist southerly and cool dry
northerly resulted in a strong baroclinic zone (front), which shifted further southward toward northern

Taiwan through the deformation and divergence processes

v The enhanced low-level moisture convergence and frontal system generated heavy rainfall over northern

Taiwan.
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Ensemble simulation

3—hour Precip. [Mora, mm (3h)™]
30N 30N
28N
26N
24N

22N 22N 22N

20N ; . | 20N F== 20N F—== 37.5
110E 115E 120E 125E 130E ~ 110E 120E 125€ 130E ° 110E 115€ 120F .

30N 30N 25

18.75

28N - 28N Py
26N - 26N 13.75
24N- 24N 11.25
22N 22N 8.75
POMT0E 1158 1208 1256 130 20 0ha3
30N 2
375
28N 05
26N 1.875
24N 1% 1.25

22N N N 0.75
20N £ Te2e” 0.25
0.125

30N
28N
26N

i+

20N 20N o5 = 2 =
T10E 115E 120E 125E 130E 110E 115E 120E 125E 130E  11CE

5/22/2019 SWEP Workshop@RCEC



5/22/2019

Ensemble simulation

3—hour Precip. [noMora, mm (3h)™]
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FV3, 3—hour Precip. [mm (3h)™], 850hPa Wind [m s!]

Ensemble simulation
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Frontal budget (Mora — noMora)

Front. budget [6,, K/day/(100km)], 850hPa, 12Z01JUNR017
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