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Typhoon’s track, precipitation and water stage ensemble simulation study:

Typhoon Fanapi (2010) case

Abstract

This thesis utilized one-way coupled meteorhydrology simulation system
for typhoon’s ensemble forecast to know the relationship between Typhoon’s
track and precipitation and investigate what role uncertainty of precipitation
does in the watershed river stage simulation. Typhoon Fanapi (2010) landfall
Taiwan in September 19th and produced heavy rainfall that resulted flooding
disaster in south Taiwan. Therefore, this study discusses the Kao-Pin river basin
as hydrological model’s study area where the typhoon disaster affected.

This study uses WRF mesoscale model with four nested domain to
simulated typhoon’s 72-hour track and precipitation forecast. Using variability
of the physical parameters, including different cumulus, microphysics and
boundary layer physical scheme, establishes the 24 members of the group
ensemble. From different ensemble features, we assess the performance of its
path forecast with rainfall forecast, and establish two ensemble composition : 1)
track ensemble : according to different paths tend to summarize the two
ensemble groups and 2)physical ensemble : changing a single type physical
parameter scheme to set the ensemble groups, using different combinations of
ensemble set to discuss its range of uncertainty. Finally, taking each ensemble
member’s rainfall forecast into WASH123D hydrological model, as rainfall
information input, to simulate the water stage forecast in the Kao-pin river
watershed. Therefore, we can assess the weather patterns of precipitation

forecast errors impact on the water stage forecast.



From the result of track ensemble, the group with better track forecast also
have better rainfall and water stage forecast result. For the physical group,
especially the cumulus ensemble, because of the variability of physical
parameter, there are more variability between the track forecast of each
ensemble members, so as in the rainfall and stage simulation result. Rainfall
errors and hydrological simulation results in the watershed are closely related, so
the local region can be found that the rainfall variability of ensemble forecast
will be reflected in the variability of simulating water stage. From the
correlation analysis, we can find that the typhoon track forecast errors will be
significantly reflected in the rainfall forecast errors, and errors in the main
rainfall area will be magnified. For the flow stage forecast, the ensembles with
larger rainfall forecast error variance have larger stage forecast error range, and
the flow stage forecast error range will be have small amplification by the
rainfall error range. But for some ensemble group setting, the amplification
phenomenon isn’t as obvious as others. It may be due to the lack of ensemble

members in ensemble group or the similar error properties.
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(YSU; Hong et al.2006) + 2 Mellor-Yamada-Janjic scheme (MYJ; Janjic,
2002) -

412 f BB AR T

24 s EXEP > SN R SEN S TR It R
T Beirh 24 K EA R kBT RE2 T AFIF R E (R
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05-13+17+18+19-21+22 2 23 if & a/=(Track S)er s & & B ¢ 32 01
04~08~11~12~16~20 11 % 24 fEod 1H iz d f87 8RB /T 0w o)
Flot  FAHEBREEFRD R LR > B RIEFLFPEEFXIFERFNL
Z_ %I o
EN TS RTINS EE ST REILET S S F
Bozhe g ka2 Ll KBS R o 4 RiE g £ 2 S k F(Cumulus
Ensemble) 2 s 4~ 32 & & (Microphysics Ensemble) o ## 2 &« # 1 & :x ¥ v A
Z %4z (KF,BMJ,GD,G3)» v B 2 4 = 2. 2 ficdr 1 582 (WSM6) 2 7 &
82 (YSU)» s BB 2% @4205-06~07 % 08 m F fic 72 % & B
PO Z B pcd T 4 ik (WSM5,WSM6,Goddard) » e 7] % ¢ * 4% 2ehjt 2
#i2 (GD) 2 R K 28s(YSU) » 2 B #4503-07 122 110 s s f
B LRl T A R AR EE LR A RR

B 12 e % KRR e A A o

(dn

\\\?{y
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4-2 k%K 5T %
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ERte
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FRRG 0 hFAY @ % F P & P ASTER ik 5130 2 ¢ *30 2 ¢ i

AR (el 4-2) 0 5d ¢ PR A 2 AL g ¢ s ehi IE AT T ¢ (Center for

GIS,RCHSS) A2 15 18 3] TM2(TWD97) /i 1%, mﬁ?%ﬂ?“&%ﬂ?ﬂﬁ
5 (GIS)#-b T8 4 42 T2 ) FE T WASH123D e @ o * WRF B85 &

FRBEE S ok N R Y R R B0 F (T AR
Bt B R)E S T o B oA BR(XY) o » F] 5 & WRF 05 7 3 2k B
Bl B 5 iagF(Lambert)3 82> v 5 = 1 F 3 * chd + 32 (Transverse
Mercator)h 2 & 4% & 7 [ > @& 7 Rk 2 5% ¢ 3 2 1T ) % A (R
4-3 ; B 4-5) -

oA R TR 0 g RlekhEon BA 7 RipFELE FTHERS
BAI BRI REFLNE - ‘a;asﬁi)%}% & ® n & % Pelletier et. al. (2007) >
AP P AR FTRER TSR A002-004F - - wf kw2 p 2L W
nER %4 FLOW-2D i * £ X 30457 ek £ 32 0 1% 2 4520402 %>
ks &% B0 ER L AE o dod 31 5F o

B IR J‘zéi%l » 2010 & 9 * 1 54 @ 2 "% &% >t WASH123D +
B R B G TR R T VP RE < S RE Rk e
BLRI K2 £ R BITRSKRISE BT AT WO R F O o
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4-2-2 *% & ?‘%4

AT R B BIETRELRER? > FLHENA L SR RTEZ B
T ,wM'J% AR ELRI TR R Y T A IR R 2T
PRk (LB 2-3) e @ 5 B AEE R E P P A K end

\»@3 aul

|, 2 £ R # HEC-1 #-5¢ (US Army Corps of Engineers Hydrologic
Engineering Center)® $3t 3 -k ®wX 2> T gt FE kw7 22 B & & 5h80
AR A X B PR A BaER BEHNLH AR

Rz B BFPER R ETHEL R FERRLER T T 5
WASH123D eh— 7 if 2 42468 i o

Bk §F ARG o 5SROk Y N aAEAR A 4 skl Y ehd
B 14Bpda P %% 5 E <2 (Thiessen’s polygon) ﬁi%l A S N
Nt (B 4-3a) 0 iTL WASHI23D ¥ cha £ R 5t o 54l % B b B
72 ] peind  FORE AR R D AT R L Ak s gkt E
O Bt R IREOR Y SR BRI R S5 S AR K LRk
FRaE R o

b S R SRS S R ARl R S TR R
N R4 e BAERG S EH w g 80 ;“ﬁ;:] -t AL RN R &
i*@&%ﬁglﬁﬂ%ﬁﬁﬁﬁaﬁ#@EW1@%VWF%M2?EQ
o2 gk BRI F B E ki 2 2kmx2km Bl 2k v B0 e (R
4-3b) > 17 I WRF 558 & B FE4R 2 Bl "8 & Jout it mrmt go b B 5 40
B BIET MEZ KR .

4-3 23R R
4-3-1 H 8 A 3T

AT PR ARR > AR L RE B B BRIk g A
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BRI A SRR 0 F1E 2 28 g eHE e e BERc R Ap BT BRI A
ExFHEEE F o P E R kA E T4 * Cressman (1959)
F'E{‘/\’]:fr—’/z "’(‘&};,ng"l—%ﬁkbm\:ig{]]\#@gx'ﬁﬁ?a vLL"‘].:"'
R? — 1?2
Ap =", RZ+r2

N
i=1Wki W=20 »r>R

YALE MBS A BB A i AD R L R R BT iR
B riReRE e E B RTFERE R S & E AR R LT
Bt * PP E T S > 5305 B B b T IORE 0 Br L 66 2 o

FRREEA R BT K A RT UA L & & (heavy rain) » R
(extremely heavy rain) ~ ~ % & (torrential rain)/« % A& < % = (extremely
torrential rain) : H# #? 24 ] pFR fF A £ 50 2 F o F G <& > 130 o ¢
» F* > 200 Q%ﬁ S RA o aAziE 350 2R LR AR A o )

PP RERLET Y R ERIERDOPHEE 0 KB THMFE LS DA o
%% Yang and Tung(2003) 2. # 3 » *" $BLip| & B 2 "8 & % % £ T 5

A P E K3t H & B sk 28k 4075 4 (Contingency Table 5 % 4-3) #7

DO ERFIRLBIARE P EE S A0 (Hits) » AR E g e 4 o
" 5 URAR (Misses) > fi05% AR e 7 RELRILH 2 R S 5aF (False alarm)
FAI* F A7 & WRF B3 4R A0 @ PR o' & b Bl O S il &
EAZE PR R R opBhlico A B B ¥ P AR £8E ETE Y F A (TS)
T 5f 0 18 4 (ETS) ~ SR 4F 3218 4 (BIAS) » 3 m £ &40 !

Yo

(1) g - 8 4~ (Threat Score ; TS) :
Fp ¢ 18 & H 4 Anthes(1983)#r3k ) o JEIE VB A Y MIEARZ AP

SRR R sl T AR LA T AR R T R
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BER P A B TR I 4 o Y B A R AT

Hits
" Hits + Miss + False alarm

¥ TS EARERIT 1 £ 77 BN B AETEIR M & o fF TR AR AL 4 AR o

(2) = 3f -v {8 4 (Equitable Threat Score ; ETS) :
o T3 v 8 A Ed Schaefer(1990)#74 41 » H Ap 3t 3g v 17 A A
AT TR TR 0 A R E R AR R & e ok R
A o {1 R EBHRIE T LEIRG T R SEEA
EERN D TR AR T e ST IE @A T E AT

Hits — R

ETS =
Hits + Miss + False alarm — R

e o RAFOEIFRAEPITRE > H T4

0
R = — X F = Probability of occurrence X forecast yes

=

ETS @3 <30 47§ $Areigdf > £ 1 & 7 2 2 hipdf > @ /)
30 ] Fom i § HHTEIEAR (£ 7 AR 4 SRR G L) 0 #T0d ETS
BAXIT 1 £ W\ P AETR AR e 4 AR o

(3) FE#F i &1 4 (Bias Score ; Bias) :
TER HAIE L Y Hd Anthes(1983) %74 ) o EUIEIRF 4 = ﬁi:",/f ™
BRI 2 = &»ﬁw%iwﬁﬁfkﬁa*ﬁﬁﬁm“kﬂﬁﬁ |ILAE S 2 5F
i A o TP IMAET L 2. ALK AT

. F
Bias = —
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f1* Bias ¥ #D|FEIRAPH I F R E R i L £ 0% Bias 1 59
FE®RIER PTG MGBTEAR oy Blas EARRIT 1 & T W HTE R

i3
Bt e 2 g AT E RN 4 R o

4-3-2 3i3tirig
M % THEORBEMFELS G s A2 RE LR X (SD) S 57 {3 E
(RMSE) ~ #p i 28 (PMC)2 %8 G #(CV)E R E B k3 B F B

SO M o APER Y P AL TR KO BGTHERY Bk R A

é’ a ‘EJ‘L/” E’ﬁi‘/{;‘?_})‘: o

(1) 1 % (Standard Deviation ; SD) :

N SN 2
i=1(Xi — X)
N -1
b £ 2 e b 957 > 1 PR R A B R L 0

SD =

i
Fenddicie R > B ZAXZ L T TR OSSR R AR o

(2) 35~ {2:% % (Root-mean score error ; RMSE) :

RMSE = ?]:1(51' - Oi)
N

CAGEA T U R RERICERE R E LR E o 50 A AR
o ERE A AR S o
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(3) A F #4p B 7 #(Pearson product-moment correlation coefficient; PMC):

X =0 -1)

\/Zlivz1(Xi - X)Z Z{V=1(Yl - 7)2

PMC =

1P R B i Pearsonetal. (1957)#73& 41 > % b 2 ¥cw M AmiE B ap Rk
Ferfp B A2 > PMC>0 5 & 4p A > PMC<0 = f ApRE > 5 = S chip i A%
B A% % PF PMC 18 4 5454237 1> & PMC 453237 0 Y % 49 Bl #2.B 4% o
g ek PMC~[0.8 1] = >4 » PMC~[0.6,0.8]/ = & & 4p B >
PMC~[0.4,0.6]" % 4p i > PMC~[0.2,0.4] % #2353 4p B » PMC~[0,0.2] % 33 4p

W o

(4) % 2 % #(Coefficient of Variation ; CV) :

BF L fAe R > 2§ FRVRT FETREE
BHLY e Z RATHDTIBFT AR &2 5o FP 43 Reed etal.
(2002) - ;ﬁd BRI X f GR M THEET UEPE R Gl b3 G

BomigitT s 7 *fl L] GEAKED {Eﬁ#ié\%{xﬁ}imif‘_ °

(5) &7 ¥ (Runoff Ratio ; RR) :

Discharge

RR = —
Precipitation

SRTE L ST B ERNESEIE P ESCL RS X N

SRR A E T R R a TR A LR 0 R
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Overland Flow Manning’s n Roughness Values
Surface n-value

Dense turf 0.17-0.80
Bermuda and dense grass, dense vegetation 0.17-0.48
Shrubs and forest litter, pasture 0.30 - 0.40
Average grass cover 0.20 - 0.40
Poor grass cover on rough surface 0.20-0.30
Short prairie grass 0.10-0.20
Sparse vegetation 0.05-0.13
Sparse rangeland with debris

0% cover 0.09-0.34

20% cover 0.05-0.25
Plowed or tilled fields

Fallow - no residue 0.008 - 0.012

Conventional tillage 0.06 - 0.22

Chisel plow 0.06 - 0.16

Fall disking 0.30 - 0.50

No till - no residue 0.04-0.10

No till (20 - 40% residue cover) 0.07-0.17

No till (60 - 100% residue cover) 0.17-0.47
Open ground with debris 0.10-0.20
Shallow Flow on asphalt or concrete (0.25 to 1.0) 0.10-0.15
Fallow fields 0.08-0.12
Open ground, no debris 0.04 -0.10
Asphalt or concrete 0.02 - 0.05
Adapted from COE, HEC-1 Manual, 1990 and the COE, Technical

Engineering and Design Guide, No.19, 1997 with modifications.

Fo 31 By in2 & Bk lion B3R 2o [T KR FLOW-2D users

guide, 2009]
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Ensemble group Members
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