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X Z=rER

TC rainfall climatology: Global view
Basin-wide TC rainfall fractions
AL (JtXEEi¥):8-9% EP (FK¥Ei*):7%
WP (BBX¥EiF¥):11% NI (ILENE* ) : 5%
Sl (RBENE¥):7-8% SP (EAK¥E*):34%
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Haiyan Jiang, Chuntao Liu, and Edward J. Zipser, 2011




X Z=rER

TC rainfall climatology: Global view
Regional max % TC rainfall fractions
EP ( Z=K3¥Ei¥ ) : Mexico, near Baja coast: 55%
S1 ( F3EN[E¥ ) = near Australia: 55%
WP ( 5K¥Ei¥ ) = near Taiwan: 35-40%
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Haiyan Jiang, Chuntao Liu, and Edward J. Zipser, 2011



TC rainfall climatology: Global view
Peak month(s) for % TC rainfall -- jt35k
1t XEEiE: Sep (20%) HFAEi¥: Aug & Sep (10%)
AAFEi¥: Aug (15%) ILENEiF: May (7%)

shade; Non-TC Rain
White: TC Rain

200 [El)

Mean Manthly Rain (mm mo')

Aug Sep
Month
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Haiyan Jiang, Chuntao Liu, and Edward J. Zipser, 2011



TC rainfall climatology: Global view
Peak month(s) for % TC rainfall — 3Bk
Sl ( FENEF ) : Feb (7%)

SP ( AAEF) : Jan (7%)

-

Shade: Non-TC Rain
White: TC Rain
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Haiyan Jiang, Chuntao Liu, and Edward J. Zipser, 2011



X Z=rER

TC rainfall climatology: Global view
TCERAEKSTCIEE

TCs of hurricane intensity contribute the greatest amounts in AL, EP, WP, SP
TDs contribute the most in NI
TSs contribute the most in Si

_(a) Hurricane Strength TC
BO * — \., Ik 1 c¢--
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TC rainfall climatology: FE Xk
TCEIFKE

56 55

TC rainfall in 1965-2009 - % annual TC rainfall
P in 1965-2009
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20
(dhang et al. 2013)
100E 110E 120E 130E $ 80E 90E 100E 110E 120E 130E




TC rainfall climatology: H[EXfE
TCHIFEKE — TCEIKE
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TC rainfall climatology: F[E Xk
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TC rainfall climatology: H[F

TCIS AR

HEZS XIS KBEREZRIIBS NS

ERXERSREINLN1.81 , AR £14520%

FIFBIFEIRE , TELINE6~108 , 7~8BR= , 4560.5% , 58H11BEL
SMXMTFRE. IR B, @, HflE, 8533

9608 1996.07.31 as
s B Herb 1996.08.01
1672.6 6718
1623.5 0908 2009.08.07 aEnE
aisaXEEL Rhive 2009.08.09
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TC rainfall climatology: H[F
SMXEFEFIIERE
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TC rainfall climatology: Hi[E
aXFEFIERE
EBHEZEEE > 200mm
BEHM%=/A > 500mm , §F5 > 700mm

5EH

KiIPAR > 50mm , {KiILA1L 25~50mm

1949-2003FZFFHEXERE (mm)



TC rainfall climatology: =
SRFEFIIERE
EERFELBENIFREMRG2FA910%L L
B8, BMES. FRIOMERI F5FEbGiBHXIA30~40%

1949-2003FZFFHEXERE (mm)



TC rainfall climatology: H[F

akBEmRhERE

8. . £5LEdbiGiE > 200mm
¥5E5 > 400mm
AkE < 50mm , HRXEE > 100mm

X ~ J g
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1949-2003 55 24/)\i 2 KIETTHRE ( mm )



TC rainfall climatology: H[F
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BRI D733 BFEEEZ , 2010)
aXZOCXINRER (A)
Rz CEEfMEESHIZEERX (FFniK , 2002)
XL , fE > 300mmiffZ0.452 , > 600mmii}=0.129
IBIMEEXLE , 101~300mm , 112=0.571
MEXE , 101~300mm | 1520.429
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SO X R

Accumulative Precipitation During Saomai Impacted China
(10th-12th Aug 2006)

2 Cangnan, Zhejlang 430mm total
Maximum precipitation during
hours 6 -7pm10™Aug)

Saomai
100~-199.9

2200

Base Reflectivity
(R 20)

Range: 460 km
Resaolution: 2.00 km

Date: 2006 08 10
Time: 09:33:13
RDA: B H (577)
Height: 734.7 m
Lat: 27/53/42 N
Long: 120/44/34 E
Mode: Precipitation

221
Cntr: Odeg Okm

Elev = 0.5deg
Max: 60dBZ
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SR ERAE R
BXSEMRE9753E BF5Z , 2010)
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Korean peninsula
Byun and Lee (2012)
All TC: white bar

Landing TC: grey bar
Oeanic TC: black bar
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aXiziEE R
-- Predecessor Rainfall Events (PREs) in USA

Predecessor Rainfall Event Revised & Updated
(PRE) from Fig. 13, Bosart

and Ca_rr (1978)

Image from Matt Cote and Lance |
2 Bosart - SUNY

%
| Ay

Moisture transport well ahead of TC itself

Coherent area of rain displaced north of the TC
(near a front or over terrain)
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BXSEMRE9753E BF5Z , 2010)

aXiziEE R
-- Predecessor Rainfall Events (PREs) in USA

Predecessor Rainfall Event Revised & Updated
(PRE) from Fig. 13, Bosart

Image from Matt Cote and Lance |, and Carr (19 78) ‘ _LLEE-};{iége '
p Bosart - SUNY ¢ - 1 AXs

%
| Ay

Maximum rainfall rates can exceed 200mm in 24h

Occurs for approximately 1 of 3 landfalling TCs in
U.S.
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Things That Increase Precipitation

v Increased Low-Level Moisture
v Increased Low-level Convergence
v Upper-level Cold Advection (Not into inner core of TC)

v Increase upper-level outflow



7.6 ‘*Nﬁmh?ﬁllk’zﬂﬁlk




SNZERDHEICARRRTEIEAR
RZEMR~mES | RRTRAIFEZ(ER
IRZ ZWMEHA S X ESFMRiR~m

0604S:aAHEMER "EFIH SfEEFERS

200657 513H08A1ZE19H08R16/\FI=C)RiZ/K=5hiE
(FIREZRS)



X EmRTRiRIY S5~ om

EIRERARSS = m (REF )

\
/2L

24:)\i3 @51 68/ I FErETRIR
HA3/R08HT. 14H1F018HT

 SHEHE2SAR R RK24/AIFEKTAIRE
104 3 H 208t ——4 H 208t (AL 5T AT)

15222 4R “HIT” K24/ IS ETRE
201581085 3H203=E4H200Y

1053188t & ‘



X bEmRTRRIY S5~ om
QHIRFARSSm ()

6/\iallE 24/ B3 PErRETHR
HA3/X08HT. 14H1F018HT

@

\ ,
g 1
o [~ =
3
A Y ! >y s, '
— P @
o | - —~ ” L
mamag -/ - e g
) - com
=] "

15225 &K “FHL” FK24/)BZ6/BIfEFEETRiR
2015510854H08EIE5H08H} (1084H068I4 7 )

PAE AT



X bEmRTRRILSS = m
KHIRRARSSm (R )

R IERTR
HR2)X (08F1208T ) , e HER25/\E

[T

2EESFMERTE~m (84 0 mm)



R IERTRIRST S
AHIREIRSTR ()
SERERSTRE
BFRK2)% ( 08F12087 )

oF  sAsnom

“FIFS" SEREMEREE



a X bERFRILS ~m
DHIRFIRS = m (EF )
iZ ARSI PERR TR
FXR1R (080T ) . 72/ \AITRATRN

4

2015100308
00309(+001h)

“FAL" Z)RIFEIKTIR



SR EEFRILSSIIA
SR bEmRFiRILS ™~ m
REBIRSSm (IEER )
S iEPERREFR
TEH. 72-120/)\ESFRIRATY

4,) §
<V( 4
8H8H-11H

i ¥ hRERE
WA A

KJE Aazx=E

ZBH

=E

HiN

BB (BEK) oy T
25~50

B 50— 100

B 100~ 250

B 250400

N =400 [ SHikeng . 8 1 8 1 0761 /2

“FFT" JiEFKERRE



X Z=rTR SRR

X EmRTRiRIYSS ™ m

ReRIES=m (FEE )

FARBHEXPETE
AEHH

,.,) %
- 0 BT R E LA RK T P
. 8H8H-11H
: H-11E
IR PRERE

N AxRE

KB

RiEB
=17

} K
| | 8¢ v JRUSS:
- R

|- p— 8 118 1 08I i 2

“FIFTD" REREBES MG



aXZEZmRiniRI Sk
SXBERBIASZIE
E=2EREN (QPE ) ~m

B EEREERKEN

14095 EEEN, “RSH”
FY2F R EINZWMNER(EH~m



& X ST ILS IR
ARERREASIE

E=MFR{EN (QPE ) Mam
PE. SEMENARSEER SRR RES SRS

L2y =

eeeeee

mmmmm
mmmmmm

140955k “ESE" EEFRIEN~m
(201 4$7ﬁzoaoaﬂ§§7ﬁz1 Ho8H )



S X ERRRLSS IR
ARERRAZIE

AR METRE
HF 2 E 8 EIA AR MG NFIRE BT R TR

A/ FEREIMETRIE



S X FERRFRILSSIRIA
aRERRA L
BIETRRER RS

EMEN RS
GRAPES/EC/JMA/NCEP L EETIRR %

EATHRRS
GRAPES/EC/NCEPLEESTIRE %A

GRAPESES X XIFESTIRE S



& X SRR ILSS IR
ARERREAIE
BIETRRER RS

XIHRN R T
Ex55%+()GRAPES-TYM
FB8&8NX=EI, (GRAPES_TCM )
HHRFRERRT, (GRAPES_WARMS )
mieaXEI, (GRAPES_TRAMS )
P RERRT, (GRAPES_MARS )
BRPREENRESR

a XX e InFRHR =5




a X ErFRIL SR

X ERRAIE
HEFIRIRINRESR
NMC-GRAPES-TYMKXIHiRN 5%

45N

Fest:0wle

<

5 Max: 563i'nm
182.61E,26.49DK

19095 5K “FIFS"
NMC-GRAPES-TYM{ZEZ 120h[EfRTHE
201948 59 H 08Hizik




SN ERRASZE
HEFHRIRA RS

BT HAFAIRERARI S KX REIFTR RS
WERERAE , KFEDPHEE30H110km

SR RWESMURIEE. SN, SXE8R
RENTURASK 24/ \E B30 /) A TE)RR X RS TR

Pes: *Soéiﬁ#ﬁ.— Lk



SXERRIASIE
HEFHRIRIV RS

BEFHiXEHRERCRIS KM REInFR RS
WEHREMIE | KFHHZE30F110km

SERSEMC IR EE. B , SRE8R
REFRA 24/ N BT/ N R PR KU RS AR L TR

20151522588 “FI”

24/ B PERETRIR
2015510854 H08H iR




EIR/MEIRTRIRRAINIR — BEI=SHE
HB8RXXE
Short-range Warning of Intense Rainstorms in Localized System(SWIRLS)

SWIRLS Ensemble Rainstorm Nowcast(SERN)

HESRKRT

Local Forecast Model (LFM, 2km, 1-9h)

High-Resolution Precipitation Nowcast (250m-1km, 5 minutes for 1h)



BRERRAZIE — FMRSE
it Bl R TRIR A
HTFECHE AR ILogisticHlHEEAI6/\T R 24N AREILIERSRIUREA

[
& e

“a
Wigtay l,:'

3

® > 100mm

15135 &K “HET” 108/ \BIEREHRTTR
(201558 854H200:E4R )



e EmRTERIL SRR
BREREANE — BMRIRSE
SRS EERATIRT % (XSLD)

LAGRAPES, EC. JMAFINCEPEI\AZEM , BURBSE. ERIFHFHERERIVSWMEILE | HRIEHE
IEEHEARRIIHIINEZRZL , F{F6/24/\FTEEFEFITIR

2
s

1

1

1

2

AP W - b O NS

. 'ba © = M= = 0 ol 7
=
PO R RN R L I o TR e

1314 "2_ 3._,..-1?19:&15.{, 32

é.*m "*”!EI” sd\ﬂj ( ZE ) iFuz4:J\H1 (&) Iﬂllml&mﬁﬁiﬁ
(2015F1083H20871R )

_s-r'



aREREARZE — ESTRMNA

axER, EETHRIAREE
SR EMIRE X HEETRAAREE
EE R SN ERLIAEERER




S X FERRTRILSSIRIA
aRERRALE — AR

PRI TR =
S ONEETIRETHRERSR , BtaN RS KA TR AR

=

a8k "I’ ECEREFR24hZEFAIERNEX TS0 KR =EE
(20138 515H08HIZ=8 516 HO08HY )
e EE S TN b e 5] s



S ZEmHRLSSIRIA
BRERRAE — EETRMA
B R IR AT
AL AR SN E R R

EC-24hZISHEMEMAFL -)| EC-24hRFISHEMAT
) = v

B3

ak “hfF" ECEaIR

24h 2R IER SR E IS ™= am
(2013£88515H08HIZ8516HO08HT )



SR FErRTRRIL SR
SMERRARE — SSFRMNA
S & RIS 5
FE. NEEER , —TRE TR T aN RN R TR

ax “fi5" ECESTIR
24hEREREESEIYHNENE
(2013588515H08AI=8 516 HO08HY )



X FERRRRLSS IR
ARERRAZE — SATHRER

= (BHI00% 5 (=5 .

BAE. 90% DU  MESNEAFMENTURERR , SR MEE LR S XFMRTukRIsHY
tFRPE3

EC- 24h$$ﬂﬂ¢m§%kﬁ -§ EC-24hZRiRERE90% Ul -
N v v

&R “1is" ECESTIR
24h 2 ERERK(EFI90% 5]
(2013£88515H08HIZ83516HO08HT )




a MRl SSIIA

aNERFEATIE — ESTRMNE
IR R STURISE (EFI) =5 .
EFIZEMHETE | THES AR s KT

:‘,:“- " {\\ E O:
| C\/
N\ /N
ekl “ESE” ECESTIR
iR XS nHzia%y ( EFI)




& X ErRTRiRALSS IR
BRERRAE — EATHRNA

EEER, MHETMERTY (BMA ) | BEEIFSS: , AILEEHA S RER

YRR ERIER , AT

R, IREEXAEEREER

=)

TR AR

IXUBEER

SRR




XE| - IERSIEIFEEESET ( R-CLIPER )
Rainfall Climatology and Persistence Model
Based on TMI data and rain gauges
Dependent on storm track, intensity, and size
0.25x0.25° hourly resolution with hourly output

Asymmetries are not taken into account

Source: David Roth, 2015
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Rainfall Climatology and Persistence Model

R-CLIPERJ S EXG

*R

fopo

R = Recriper * R

Shear mod

Standard Shear Topography
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Rainfall Climatology and Persisten& Model
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XE - FEXPEREBESHZ (eTRaP)
Ensemble Tropical Rainfall Potential Pr;duct

Extrapolates polar orbiting satellite rain rate along TC forecast tracks for 6-h interval in 24h
A satellite “member” is included AMSU, TRMM, SSMI, & AMSRE etc.
“Members” are weighted according to age of pass and past performance of sensor

Official forecast of TC track and at least 2 members needed to create a forecast
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Ensemble Tropical Rainfall Potential Product
2019-08-09 12Z eTRaP for LEKIMA
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et M




S X ERFRIRILSS IR
XE - FXPEREEBESTE (eTRaP)
Ensemble Tropical Rainfall Potential P‘uct
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EE - X PERTRILSSTE
WPC/NWS/NOAA
WPC TC QPF process incorporates:

Global models --- GFS, ECMWF
Mesoscale models --- NAM
Ensembles --- SREF

Hurricane models --- GFDL, HWRF
Climatological models --- R-CLIPER
Satellite techniques --- eTRaP

TC rainfall climatology and research

Official NHC track forecast
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WPC/NWS/NOAA
WPC/NOAA Production of TC QPF

Start With Model Closest to TPC Forecast (usually GFS)
Locate relevant synoptic scale boundaries or coastal front

Use conceptual models or current structure to modify of shift QPF

eTRaP and recent satellite/radar imagery for current structure
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XE - X PErRTHRLSS Rz
WPC/NWS/NOAA

WPC/NOAA Production of TC QPF
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Look at storm-relative shear or H200 winds to further shift or limit QPF
Use climatology (PRISM, R-CLIPER, TC Rainfall Climatology) to:

Temper down forecast bias/act as a reality check
Depict areas of terrain that could be significantly impacted

Help Create TC rainfall statements for the Public Advisories
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ER 24, 2012 - 12Z HOVEMBER 1, 2012

Forecast and Observed Precipitation for the 192h
from 12UTC Oct.24 through 12UTC Nov.1, 2012

QPF
R 24, 2012 - 122 OCTOBER 25, 2012

24-192h Accumulated Forecast and Observed Precipitation
from 12UTC Oct.24 through 12UTC Nov.1, 2012
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STAGE IV
QPE
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92_Hour Total QPFélggluzm 1D§\¥ 1 forecas W 192-Hour Total QPE
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AUGUST 26, SEPTEMBER 3, 2012 ¥ i D: AUGUST 26, 2012 - 122 SEPTEMBER 3, 2012

Forecast and Observed Precipitation for the 192 h
from 12UTC Aug.26 through 12UTC Sep.3, 2012

24-192 Hour Accumulated Forecast and Observed Precipitation
from 12Z Aug.26 through 12Z Sep.3, 2012
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