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Core & Primary Spiral BandsCore & Primary Spiral Bands
Examples & Conceptual Model

H.E. Willoughby et al. 1984
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Outer rainbands and Environ. Inter.Outer rainbands and Environ. Inter.
TC rainband classification

L. Chen et al. 2010
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An Example in Hong KongAn Example in Hong Kong
T. Molave (0906) 

both spiral and eyewall rainbands affected HK
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Rainstorms Related to Rainstorms Related to TCTC
mechanisms seen in southern China coastal areas:

eyewall / core
direct hit by TC
e.g. Molave, York, etc.

spiral bands
due to approaching TC

active southwesterlies
due to TC fallen onto the mainland   

southeasterly convergence
TC departing to the west or southwest
tail S/SW’lies converging with SE’lies from Pacific ridge 

sea breeze convergence
sea breeze convergence with N/N’lies of distant TC
known locally as evening thunderstorms
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Proximate  Proximate  TCTC 19991999--2010 2010 
within the 256-km range of HKO’s radarscope
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Proximate Proximate TCTC Tracks ~ HKTracks ~ HK
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Examples of Examples of TCTC RainstormsRainstorms
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Typhoon York (9915)Typhoon York (9915)
Red Rainstorm (hourly rainfall ≥ 50 mm)

eyewall rainbands affected HK for a prolonged period
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Typhoon Typhoon NeoguriNeoguri (0801)(0801)
Black Rainstorm 

widespread hourly rainfall ≥ 70 mm
core rainbands enhanced by convergence with NE monsoon
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Interaction with NE MonsoonInteraction with NE Monsoon
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TCTC Interacting with Pacific RidgeInteracting with Pacific Ridge
outer circulation of Typhoon Chanthu converging 
with SE’lies from the Pacific Ridge
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20 July20 July
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----
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Rainfall Distribution on 22 July 2010Rainfall Distribution on 22 July 2010
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Weather  ImpactsWeather  Impacts

flash floods and casualty in 
the evening of 22 July 2010

16:3516:35

17:2017:20

17:3017:30

19:5019:50

---- 21:0021:00

StartStart EndEnd

22 July 22 July 
09:4009:40

23 July 23 July 
01:4501:45

22 July 22 July 
17:4017:40

23 July 23 July 
01:0001:00

22 July 22 July 
18:1018:10

23 July 23 July 
04:3504:35

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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Radar Mosaic of GuangdongRadar Mosaic of Guangdong
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MesoscaleMesoscale EnhancementEnhancement

redred: temp rise       : temp rise       blueblue: temp fall: temp fall

--1 to 1 to --3 deg3 deg

temp fall by temp fall by 
--3  to 3  to --6 deg6 deg
in 2 hoursin 2 hours
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A  Simple  Conceptual  ModelA  Simple  Conceptual  Model

Enhanced outflow Enhanced outflow 
by upper cold lowby upper cold low

QuasiQuasi--stationary convergence stationary convergence 
zone with a lowzone with a low--level jetlevel jet

Enhanced surface convergence due to Enhanced surface convergence due to 
outflows from outflows from mesomeso--highs highs 



Challenges Challenges 

in in TCTC

QPE/QPFQPE/QPF
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Uniqueness of Uniqueness of TCTC RainbandsRainbands
nowcasting range

radar QPE
Z-R relation calibrations for tropical cyclone rainbands?

radar tracking of TC rainbands
multi-scale motions of spiral bands and large scale translation of 
the whole system

orographic enhancement by land-falling TCs
where and how much?

very short to short range
mesoscale interactions and enhancement

radar data assimilation by mesoscale NWP model?

medium range
TC track and intensity predictions

large errors and un-realistic rainfall distribution in the mesoscale
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Radar  Radar  QPEQPE for for TCTC RainfallRainfall

the b parameter in Z-R relation generally smaller 
than 1.6:

climatological Z-R determined for HK using 36 
proximate TCs in 1999-2010:

a = 228.82 and b = 1.33 

flow dependent?
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
First example from the case of T. Molave (0906)

2009-07-18  15:30H  (base time)
tracking and 1-hour extrapolation of a fast moving outer band

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 11--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
First example from the case of T. Molave (0906)

2009-07-18  15:30H (base time) 
tracking and 2-hour extrapolation of a fast moving outer band

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 22--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
First example from the case of T. Molave (0906)

2009-07-18  15:30H  (base time)
tracking and 3-hour extrapolation of a fast moving outer band

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 33--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
First example from the case of T. Molave (0906)

2009-07-18  15:30H  (base time)
tracking and 6-hour extrapolation of a fast moving outer band

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 66--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
Second example from the case of T. Molave (0906)

2009-07-18  21:00H  (base time)
tracking and 1-hour extrapolation of an inner spiral band

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 11--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
Second example from the case of T. Molave (0906)

2009-07-18  21:00H  (base time)
tracking and 3-hour extrapolation of an inner spiral band

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 33--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
Second example from the case of T. Molave (0906)

2009-07-18  21:00H  (base time)
tracking and 6-hour extrapolation of an inner spiral band

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 66--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
Third example from the case of T. Molave (0906)

2009-07-19  01:00H  (base time)
tracking and 1-hour extrapolation of the rotating and translating core

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 11--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
Third example from the case of T. Molave (0906)

2009-07-19  01:00H  (base time)
tracking and 3-hour extrapolation of the rotating and translating core

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 33--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Tracking  of  Tracking  of  TCTC RainbandsRainbands
Third example from the case of T. Molave (0906)

2009-07-19  01:00H  (base time)
tracking and 6-hour extrapolation of the rotating and translating core

↑↑ Actual radar Actual radar 
at valid timeat valid time

←← 66--hh f/cf/c Z  Z  

4M4M--Ens.MeanEns.Mean MuGOFMuGOF MOVAMOVA TRECTREC
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Orographic  EnhancementOrographic  Enhancement

Possible effects in 
general situations:

mountain lee wavesmountain lee waves

↑↑ enhanced rainfall on enhanced rainfall on 
windward slop and windward slop and 

rain shadow on the lee siderain shadow on the lee side
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Orographic  Effect  by  Orographic  Effect  by  TCsTCs
World-record rainfall during TC Gamede (Feb 2007)

over La Reunion Island in South Indian Ocean

Source: H. Source: H. QuetelardQuetelard et alet al., 2009: ., 2009: BAMSBAMS, May 2009, p603, May 2009, p603--607. 607. 
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Extreme Extreme R/fR/f in by T. in by T. MorakotMorakot (0908)(0908)

•• Maximum total rainfall: 3059.5 mm (Alishan)Maximum total rainfall: 3059.5 mm (Alishan)
•• 2424--h & 48h & 48--h accumulated rainfall: 1623.5 mm & h accumulated rainfall: 1623.5 mm & 

2361.0 mm @2361.0 mm @AlishanAlishan (world record 1825 & (world record 1825 & 
2467 mm resp.)2467 mm resp.)

•• Return period > 200 yearsReturn period > 200 years
•• Deadliest TY in Taiwan Deadliest TY in Taiwan –– 620 dead, 80 missing620 dead, 80 missing

(From CWB, Taiwan)
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T. T. MorakotMorakot
Possible reasons for the 
extreme rainfall

Slow TC movement
Large circulation
Steep topography of Central 
Mountain Range (>2,500 m)
Strong SW monsoon for abundant 
moisture supply

central 
mountain 
range
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Orographic  Enhancement  in  HKOrographic  Enhancement  in  HK

Topography map and rainfall climatology 

Mean annual rainfall of Mean annual rainfall of 
Hong Kong (1971Hong Kong (1971--2000)2000)
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TCTC Climatology 1999Climatology 1999--20102010
36 TCs within the 256-km proximity of HK

Wind rose of TC wind distribution:
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<30 <30 
dBZdBZ

≥≥37 37 
dBZdBZ3131 3232 3333 3434 3535 3636

<30 <30 
dBZdBZ

≥≥37 37 
dBZdBZ3131 3232 3333 3434 3535 3636

<30 <30 
dBZdBZ

≥≥37 37 
dBZdBZ3131 3232 3333 3434 3535 3636

Averaged  Radar  ReflectivityAveraged  Radar  Reflectivity

E to SEE to SE

N to NEN to NE

S to SWS to SW

W to NWW to NW
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Averaged  Rainfall  RateAveraged  Rainfall  Rate
converted from average Z using Z = 228.82 R1.33

E to SEE to SE

N to NEN to NE

S to SWS to SW

W to NWW to NW

< 1.2 < 1.2 
mm/hmm/h

≥≥ 9.6 9.6 
mm/hmm/h2.42.4 3.63.6 4.84.8 6.06.0 7.27.2 8.48.4

< 1.2 < 1.2 
mm/hmm/h

≥≥ 9.6 9.6 
mm/hmm/h2.42.4 3.63.6 4.84.8 6.06.0 7.27.2 8.48.4

< 1.2 < 1.2 
mm/hmm/h

≥≥ 9.6 9.6 
mm/hmm/h2.42.4 3.63.6 4.84.8 6.06.0 7.27.2 8.48.4
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Orographic  Enhancement  on Orographic  Enhancement  on R/FR/F in  HKin  HK
possible mechanism for both windward and lee 
side enhancement:

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

high winds of high winds of TCTC

high winds of high winds of TCTC

high high 
mountainsmountains

lower lower 
mountainsmountains
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SummarySummary
TC rainbands are unique and difficult to analyze 
and forecast

for nowcasting, various challenges to overcome:
Z-R relations more representative of TC for better QPE

detailed orographic enhancement by land-falling TCs

sophisticated radar tracking methods to deal with complicated 
motion of TC rainbands for better QPF

for longer ranges, further improvements pending:
convections and mesoscale interactions to be correctly handled 
by sophisticated high resolution NWP models

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



~ End ~~ End ~
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