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Examples & Conceptual Model
B H.E. Willoughby et al. 1984
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FiG. 2. Radar composites showing the stationary band complex
in Hurricanes: (a) David between 0932 and 1133 GMT 30 August
1979, (b) Irenc between 1400 and 1540 GMT 27 September 1981,
and (c) Debby between 2221 GMT and 2326 GMT 14 September
1982. Successively darker shading indicates reflectivities = 235, 30,
35, and 40 dB(Z) and cross hatching indicates areas not viewed by
radar. In panel (a) the domain is 360 km square, in panels (b) and
{c) 240 km sguare; in all three panels range rings appear at 40 km
intervals, :

FiG. 18, Sct

ion of the stationary band complex, the entities

rep
that compose it a

nd the flow in which it is embedded.
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Quter rainbands and Enoivon. Onéer.

O TC rainband classification
B [. Chenetal. 2010

Core region rain

Westerly | ﬂ1%-‘QlDHC: rain or spiral
- rain band

B, Inverted V-shaped

trough ram
B, Shear line rain
Meso or micro system ramn
Unstable ramn
Per 1pl1:: cal Squall lin;;. rain

Remote ramn

trough
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An Cxample in long Kong

0 T. Molave (0906)
B both spiral and eyewall rainbands affected HK
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Rainstorms Kelated to L C

[0 mechanisms seen in southern China coastal areas:
B eyewall / core
[0 direct hit by TC
0 e.g. Molave, York, etc.
B spiral bands
[0 due to approaching TC
B active southwesterlies
O due to TC fallen onto the mainland
B southeasterly convergence
[0 TC departing to the west or southwest
O tail S/SW'lies converging with SE’lies from Pacific ridge
B sea breeze convergence
[0 sea breeze convergence with N/N’lies of distant TC
O known locally as evening thunderstorms
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?roximate “CLC 1999-2010

[0 within the 256-km range of HKO’s radarscope
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éxam}ales of CLC Rainstorms

Table | — Z-R parameters tor the five TCs that produce serious rainstorms in
Hong Kong during their passages.

TC Wind Regime Z/-R Parameter

Name |.D. Intensity (rainstorm) a b
York 9915 Typhoon N to NE 107.25 1.55
A N E | 23105 | 140
Neoguri 0801 Typhoon S to SE 274.66 1.35
Fengshen 0806 Typhoon SW 250.16 1.36
Molave 0906 Typhoon W to SW 267.67 1.52

Typhoon Committee Roving Seminar 2011 Topic B(3) 9
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“Lyphoon Yfork (9915)

[0 Red Rainstorm (hourly rainfall > 50 mm)
B eyewall rainbands affected HK for a prolonged period

it 12,0

: R

06:06:

16 SEP 1999 +08

I

Feflectivity in dBZ
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“Lyphoon Neoguri (0801)
[0 Black Rainstorm
B widespread hourly rainfall >70 mm
B core rainbands enhanced by convergence with NE monsoon
00:00:14
19 APR 2008 HKT
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“LC Dnteracting with Pacific 7€zag;

[0 outer circulation of Typhoon Chanthu converging
with SE’lies from the Pacific Ridge
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|1-Hr Rainfall Distribution
SWIRLS-2 Analysis for Ho
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Neather Ompacts

S 16:35 Start End
=5 22 July 23 July
.. koo 09:40 01:45
dd004¢ 17:20
daddgda
Red #L

= Z =» 22 July 23 July

b = 17:40 01:00

999999 17:30
Black 75 |
“f‘ 22 July 23 July
_ L @ 18:10 04:35

19:50

[0 flash floods and casualty in
- 21:00 the evening of 22 July 2010
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http://upload.wikimedia.org/wikipedia/commons/2/24/Thunderstorm_Warning.png
http://upload.wikimedia.org/wikipedia/commons/e/e1/Landslip_Warning.png
http://upload.wikimedia.org/wikipedia/commons/f/f6/Special_Announcement_on_Flooding_in_the_northern_New_Territories.png
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A 5imple Conceptual /Model

Cold Low
) kL Enhanced outflow
niw /l by upper cold low

\!ﬂﬂtﬂlﬂl‘ll

Quasi-stationary convergence
zone with a low-level jet

Enhanced surface convergence due to
Surface outflows from meso-highs

Typhoon Committee Roving Seminar 2011 Topic B(3) 20
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Unigueness of LC Rainbands

[0 nowcasting range
B radar QPE

[0 Z-R relation calibrations for tropical cyclone rainbands?

B radar tracking of TC rainbands

[0 multi-scale motions of spiral bands and large scale translation of
the whole system

B orographic enhancement by land-falling TCs
0 where and how much?
[0 very short to short range
B mesoscale interactions and enhancement
[0 radar data assimilation by mesoscale NWP model?
[0 medium range

B T7C track and intensity predictions
0 large errors and un-realistic rainfall distribution in the mesoscale

Typhoon Committee Roving Seminar 2011 Topic B(3) 22
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Radar QPE for LC Rainﬁal:

[0 the b parameter in Z-R relation generally smaller

iha n 1 ‘ 6: TC Wind Regime Z-R Parameter
Name I.D. Intensity (rainstorm) a b

York 9915 Typhoon N to NE 107.25 1.55

o006’ | Depeessen E | W05 | 140

Neoguri 0801 Typhoon Sto SE 274.66 1.35

Fengshen 0806 Typhoon Sw 250.16 1.36

Molave 0906 Typhoon W to SW 267.67 1.52

[0 climatological Z-R determined for HK using 36
proximate TCs in 1999-2010:
B o=228.82andb = 1.33

0 flow dependent?

Typhoon Committee Roving Seminar 2011 Topic B(3) 23
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“Lracking of LC Rainbands

O First example from the case of T. Molave (0906)
B 2009-07-18 15:30H (base time)

O tracking and 1-hour extrapolation of a fast moving outer band

r :‘? MG-Iv T-r9-22000-51 5-i6 f_.:‘? MOIVA

; 2009-07-18 15:00 : = 2008-07-18 15:00 %
£ y - -y
o ' g

Tx

? Actual radar
at valid time

— 1-h i z
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“Lracking of LC Rainbands

O First example from the case of T. Molave (0906)
B 2009-07-18 15:30H (base time)

EnsMeand ; £ G- [-r9-22000-51.5-16 2 r :..? MOVA
2009-07-18 15:00 = Z220 2009-07-18 (5:00 T 0090718 15:00 5
2=

=
Bt ©
e
gl

? Actual radar
at valid time

— 2=h i z

4M-Ens.Mean

Typhoon Committee Roving Seminar 2011
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“Lracking of LC Rainbands

O First example from the case of T. Molave (0906)
B 2009-07-18 15:30H (base time)

O tracking and 3-hour extrapolation of a fast moving outer band

EnsMeand = MG-I T-r9-22000-51 5-16 r- 0 MOVA = TREC i e
009-07-18 15:00 : ;“ 2009-07-18 15:00 Z=#0 2009-07-18 15:00 ;fﬁ" 2009-07-18 15:00 S “;,:_: 3
Z= : = z X 77
- =y A o z g
,-'f.v By R ¥ ' e - . ,,f;-: A J.?‘g
i~ ¥ b 1 7 ¢ & e v
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= I‘ F
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? Actual radar
at valid time

< 3=h 1 z

AM-Ens.Mean
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“Lracking of LC Rainbands

O First example from the case of T. Molave (0906)
B 2009-07-18 15:30H (base time)

O tracking and 6-hour extrapolation of a fast moving outer band

- o r- G-l T=r9-22000- S o BE = TEEC
|‘.||:-.\I i o M|. I..I [-r9-22000-51 5416 e MOVA ;f‘_ﬁ{ 'l\-.|::|{.

2009-07-18 15:00 o 200890718, 15:00 il 2009-07-1815:00 1718 15:00 4
= e #
= ' == 5 = 7
s ! o : o B o
ol ! ; o i e . ' P ,,f;-:
i § F it - £ 7
¥

? Actual radar
at valid time

— 6-h 1

4M-Ens.Mean
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“Lracking of LC Rainbands

0 Second example from the case of T. Molave (0906)
B 2009-07-18 21:00H (base time)

0 tracking and 1-hour extrapolation of an inner spiral band

EnsMeand MG-I T-r9-22000-5 1. 516 S [ TREC Lo
20089-07-18 21:00°5 § 2008-07-1821:00 y 2009-07-18 21:00 8 2000-07-<18 21005

? Actual radar
at valid time

1 -
-

4M-Ens.Mean
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“Lracking of LC Rainbands

0 Second example from the case of T. Molave (0906)
B 2009-07-18 21:00H (base time)

0 tracking and 3-hour extrapolation of an inner spiral band

EnsMeand BIG-1v T=r9-a2000-51 516 MOWVA TREC e
2OO-07-18 21080 § 2008-07-1821:00 § 2008-07-18 21:00 4 2009=-007=1821: 0"

= L
o -
e o
i 4
7 B
e T
A T
4,45,
LA
FEa

? Actual radar
at valid time

< 3=h i z

4M-Ens.Mean
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“Lracking of LC Rainbands

0 Second example from the case of T. Molave (0906)
B 2009-07-18 21:00H (base time)

0 tracking and 6-hour extrapolation of an inner spiral band

MG-RT-r9-a2000-51.5-16 MOVA
2O008-07-18 21:00% § 2008-07-18 21:00 § 20049-07-18 21:00 4 2009-07=18 210"
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? Actual radar
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“Lracking of TC Rainbands

O Third example from the case of T. Molave (0906)
B 2009-07-19 01:00H (base time)

0 tracking and 1-hour extrapolation of the rotating and translating core

Ekea TREC i
200907 =15 0] 2 5

D00-51.5-16 5 Sl MOVA
200041

oo
? Actual radar
at valid time

4M-Ens.Mean MuGOF MOVA TREC
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“Lracking of TC Rainbands

O Third example from the case of T. Molave (0906)
B 2009-07-19 01:00H (base time)

0 tracking and 3-hour extrapolation of the rotating and translating core

Ekea TREC
2O09-07T =15 01 2

? Actual radar
at valid time

4M-Ens.Mean MuGOF MOVA TREC
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O Third example from the case of T. Molave (0906)
B 2009-07-19 01:00H (base time)

0 tracking and 6-hour extrapolation of the rotating and translating core

= MG-Iv [-9-a2000-51 516 o — MOWVA ! Rl TREC
2005=1017= - M09-0T7=-19 03] 2 = - : ?

? Actual radar
at valid time

4M-Ens.Mean MuGOF MOVA TREC
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Orogm;rﬁic SCnhancement

O Possible effects in Orﬂgfigfﬁfjii;ﬁﬂ§:?dow

general situations: i o o 4 1

mountain le

e waves

g -~ &
4 i . VN
A 3

} enhanced rainfall on
windward slop and

rain shadow on the lee side
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Orographic Sfhect by “LCs

0 World-record rainfall during TC Gamede (Feb 2007)

B over La Reunion Island in South Indian Ocean

® CYCLOME tiopical @ TEWPETE mopicale
© DEPRESSIOMN on Pertutbasion m]ﬂﬂk
DE|

GAMEDE du 19/02/2007 au 06/03/2007

St-Denis g marie

St-André

|l
. it
__Ei
|
.

2300 m
2400 m
2000 m
1800 m =
e St-Louis
S00 m

400 m

St-Phil.

SourceJ:I&uetelard3tal#009$AMSMaleDQrpBOBJa‘OJ . , .
Typhon Conitae Rotng Seniner . FIG. 2. Topographic map of La Réunion Island.
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2009080620-2009080920 E A &

30N pET
28N 3000
26N 1500
24N A 600
400 ‘-};{
22N zoo ”5‘
’ g
[ z000-2500
20N 116E 118E 120E 122E 124E 126E 128E 130E = iggfggg
® I s00-Lo00
, , _ — o
 Maximum total rainfall: 3059.5 mm (Alishan) e
« 24-h & 48-h accumulated rainfall: 1623.5 mm & * =
2361.0 mm @Alishan (world record 1825 & —
2467 mm resp.) =

* Return period > 200 years (From CWB, Taiwan)
* Deadliest TY in Taiwan — 620 dead, 80 missing ’
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Vapor—flux, Wind & Height 850hPa (2009080718UTC)
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Owgfa}aﬁic Snhancement in HK

¢ ‘ " Mean annual rainfall of
w ) o Yl Hong Kong (1971-2000)

0 2 4 6 8 10 12 14km ./3
[ | | | g
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“CC Climatology 1999-2010

0 36 TCs within the 256-km proximity of HK
B Wind rose of TC wind distribution:

20

NUAL
NO. OF OBSERVATIONS - 778599
NG. OF VARIABLE WINDS= 23035 ( _2.960 %)
NO. OF CALMWINDS = 2584 ( 0.330 %)

0 1I'D 20 S!D

L I
PERCENTAGE FREQUEMNCY

The number in the inner circle is the
percentage frequency of occurrence of
calm and variable winds

—E
Irij {r oray ird} {rs)
0.1-3.2 3.3-8.2 B.3-14.F 04.3-30.7 >30.7 mfm
E 1=3 =4 =8 T=a *0  Beawfort
LETE ]
WIND SPEED
CAE-112 11FET 158200 DOO-DNT 244-DE

Fi 1M 4083 Ridd 28 280 D00
Fi &3m0 S8 &38 1870 3.2 4980
F¥ 230 4.8 15 1.730 540 1,184
F 1T b L= ] (=X} (B

FE 030 OS50 42N O30 G0 odTo
1980 2080 REW  ATW  TES0 800
HIIT 10T Total

Fi 3500 1400 2350

Fe J8M0 THEN 44BeD

FI 1380 1E0 1aTE

4 Oapd OGS &30

oo oMo 3

g0 12800 PETD

FREQUENCY TABLE
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Orographic Cnhancement on REF in HK

O possible mechanism for both windward and lee
side enhancement:

B Yu & Cheng 2008, Mon. Wea. Rev., 136, 497-521

a Mt. Da-Tun (wider, higher barrier)
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O TC rainbands are unique and difficult to analyze
and forecast

O for nowcasting, various challenges to overcome:
B Z-R relations more representative of TC for better QPE
B detailed orographic enhancement by land-falling TCs
B sophisticated radar tracking methods to deal with complicated
motion of TC rainbands for better QPF
O for longer ranges, further improvements pending:

B convections and mesoscale interactions to be correctly handled
by sophisticated high resolution NWP models

B TC track, intensity and local winds to be accurately predicted
before QPF from global models can be used effectively
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