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Abstract

Rainfall data are often required in many water-related engineering studies, such as
flood forecast, prevention and mitigation, seepage and infiltration analysis for slope
stability assessment. However, engineers frequently face the problem of not having
insufficient rainfall data to conduct good the quality and reliable water-related
engineering. In general, the occurrence of the rainstorm events can be characterized
by the annual occurrence number of events, storm duration, rainfall depth, inter-event

time and temporal variation of rainfall (Marien 2 Vandewiele, 1986). To solve the

problem associated with insufficient rainfall data, this thesis presents a stochastic
rainfall series generation (SRSG) model based on the statistical properties of
correlated rainstorm characteristics calculated from observed rainfall data. To verify
the proposed SRSG model, comparisons are made on the derived rainfall
depth-duration-frequency (DDF) relationships of the annual maximum rainfall from
the simulated rainfall sequences with those solely .obtained from observed annual
maximum rainfall.

Furthermore, due to-the fact that.short-duration rainfall data (e.g., hour) are
insufficiently long compared with relatively long-and widely available rainfall data,
this thesis also proposed hourly rainfall frequency models that incorporate daily
rainfall information to estimate hourly rainfall depth-duration-frequency (DDF)
relationships. According to the type of rainfall data used, the proposed hourly rainfall
frequency models can be classified two models. One is annual-maximum-events
(AME) model incorporated with the annual maximum series of
consecutive-rainy-daily events and the other is all-event (AE) model based on all

consecutive-rainy-daily events. In the process of deriving the proposed AME and AE



models, the rainstorm events are classified according to the number of
consecutive-rainy days and their total rainfall amount are extracted. And then, the
relationship of quantiles between total rainfall and associated t-hr maximum rainfall
are derived for the AME and AE models. Similar to the SRSG model, to verify the
proposed the AME and AE models, comparison are made on the rainfall
depth-duration-frequency relations of the annual maximum rainfall estimated by the
proposed the AME and AE models with those by the conventional frequency analysis
by directly using annual maximum series. The frequency analysis based on annual
maximum rainfall series is denoted herein as the AMS model.

Hourly rainfall data at the Hong Kong Observatory over the period of 1884-1990
are used to demonstrate the development and application of the proposed stochastic
rainstorm series generation (SRSG) model and daily-based hourly rainfall frequency
model that incorporate daily rainfall information (AME and AE models). From the
numerical experiments, the proposed SRSG model is-found to be capable of capturing
the essential statistical features of rainstorm. characteristics and annual extreme
rainstorm events calculated from the available data. Since the rainfall series can be
synthesized by the proposed SRSG model,-it is obvious that the model can be applied
to extend the record length of the rainfall data for improving the reliability and
accuracy of rainfall quantiles, especially for return period larger than the record length
of available rainfall data. For the verification of the AME and AE models, the
numerical experiments indicate that AME and AE model are found to produce more
accurate and reliable frequency quantiles of annual maximum rainfall than those
derived by the AMS model based on the same available hourly rainfall data.
Furthermore, the AME and AE models show a promising potential to improve

accuracy of rainfall DDF relationships by incorporating extended daily-based rainfall



record. It is also found that the AME model is suitable for estimating rainfall DDF
curves of various storm durations incorporated with the low record length of hourly
rainfall data whereas AE is adequate for the estimation of rainfall DDF curves based
on the long-record daily rainfall data.

Eventually, in this thesis, the SRSG model, AME and AE models are integrated to
be a stochastic rainfall generation model associated with varying time-scale rainfall
data. This model can add hourly rainfall data composed of rainstorm characteristics
simulated by the SRSG model to modify the quantiles relationship between total daily
rainfall and the associated t-hr maximum rainfall. Using the modified quantiles
relationship, the AME and AE models can estimate more reliable rainfall DDF
relationships of storm durations of interest. Furthermore, the simulated rainfall series
by the SRSG model can be applied to risk reliability analysis for the design of
hydrosystem infrastructures and .water resource planning requiring rainfall DDF

relationships.

Keywords: Rainstorm characteristics; rainfall pattern; annual maximum rainfall
series; multivariate. Monte Carlo simulation ‘method; frequency
analysis; rainfall depth-duration-frequency, DDF, curve; stochastic

modeling.
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D, :Fisher #4745 #(Dispersion index)
oS B E K
Pyt R A X 2 X2 AP B Thdic
WA SR RE X E XL TIeE
o, % o "T R X 2 Xj R A
py R F LR Z 2 Zj2 AP ik
T, 152 % i # 4 7] (Transformation factor)
TIE F) K pER
TR O R A R
%A fEa
P.i& F]=X *% &
R, & F]= %% & & $Hfiot K
v,8,&,) :Johnson % F & ¥ % #k
Si. Johnson # ¢ & #icz. ¥+ 8% A % (Lognormal system)
Su: Johnson % & & #c2_ & B *2 % (Unbounded system)
Sg: Johnson 8 3¢ & #icze 5 B *L % (Bounded system)
A% riF L-% £ (L-moments)

MSE:35= %% (Mean Square error)
Wi % i &~ L ik
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DDF:* & § -1 ph-#f & 4 (Depth-duration-frequency, DDF, curve)
F., ()t P sdhrsa 2o inaik

H!max

dp 2 NiyiA W5 A - FAWIPT KA REEATEAA B2 PRI L
NCERY
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eh) e RERDIET & ] pFiia B2 p fFandkc

O, e I M & 7 RIPEA £ FAT ot AMS B3 #1425 & DDF #

O moger - PEIRTF M EFRIFR T FHT - ¥ #H55(AME #8550 & AE $55Y)
$735 18 "% & DDF o 4
Opiavs: EIRF MEFRIFER B2 | 22 W p AR FHT > &Y AME fi5

& AE #7558 #7328 "% & DDF & 4
Emavs | ILF M E FR[FEAE FTAT o d AMS fi58 #7185 & DDF o stge
d 100 & ' @ FoR A £ AMSHC #7(8 DDF o &2 4p $438 4
BRI mEFplEa $EET d AME 2 AE 50 78 '5 & DDF

Smmodel
W Mg d 100 &% & F LA £ AMS f58 918 DDF o 42 4p 4435
€milmodel - l—‘iﬁ"ﬁ m"}-ﬁ/?“g%ﬁ 2 | Eat i P ,:&-El—«,f‘l—: s o AME%E—

AE 5% #7187 & DDF & #22d 100 # 5 & TR fe & AMS H5¢ #7
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A5 i -1 =
- F H#®H

11 =23 %3

< BRI B L AR B4 R TEAR PR AR B N H R ISR
ZPRE MBI E > R FHLILT Az AATHE o FRFTHIL
¥ ¥ 28 4 =X fi(number of rainstorm events) ~ " & £ pF(storm duraiton) ~
"% % g (rainfall depth) » *# & p¥ & 4 % (time distribution of rainfall) (¥ *% =
& 4, storm pattern) 2 ¥ & & [ pF [ (inter-event time) & 7 fa4F 1497 & =
(Marien 2 Vandewiele, 1986) -

FHEEAEE TR AR T R RER AR A
Besgmaz%a Ro|(ra E o)L ®2 A5 { € B k4] k5
MIARR LT RR o - d 3 0 AEFE R M AR FE 5 Uy
ERRFETR O RTEIT A2 2 KRR blAc kD B K
PR ENER R KT IRABRFREE AT E - RA > Rl

T RSk £ TR BE 27T R
AP A B2 45 bl4cf P £ R A5 EE 7P F‘lf%.?f—' VA

n‘v ’&_;;‘%*&a:sf]js 1250 & B = (% 5 A4 B3t 2 okl g

B (bldop & ) m BERETER R TR u (] )R B

A B ﬁimﬂﬁﬂﬁ > F AR SRS ERST N 3 G P S

Tl e d A R TR KT AR KA F i R

zﬁiﬁaﬁ’%uﬁﬁ%ﬂ R AR AN X
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CHIARE PP MOYER BN e AFE A BN ALY RE
IR F A T B4 fj%{rp’ iz #- 7% (Meteorological model)(Mason,

1986) ~ ru3* 43¢ (Statistical model) 2 5 3¢ #-5¢ (Stochastic model) o § % 5%
IEREF SRR AT B Ry e AR H B g F]S D
$ 12 35 f2. (Mason, 1986) 5 S22 ¥ % a o Bzt ¥
(Non-stationarity) 2 p# i+ end% % (Temporal Trend) > 5 4o 8 =k &% 5 =5 pF FF 42
7% (Single or Multisites Temporal Model) (Stern 2 Coe, 1984) - @ B F #5538 7
AL EREBER b h o2 B 05N (Multi-scaling Models) & 4e
Multifractal Cascades fi-3" (Lovejoy % Schertzer, 1990; Gupta *# Waymire,
1994) & B i d ma B el Fa i £ 0v— § b Bk kg
Bt o RpFR 2 3 B 20 F25 08 (Onof & 2000) © ¢ st 5250 % TOF 3
b HU RGN R R A R A R R 0 B R RGN R
B %7 L 55 & %% #5578 (Rain Cell Model) (Cowpertwait, 1991, 1994, 1996,
1998, 2004,¢7 H i £ iF 5,1996a b; Glasbey %, 1995; Verhoest %, 1997; Oncf %

2000; Koutsoyiannis 3 Onof; 2001) - |4~ Waymire %~ Gupta(1981a,b,c) % #
- Az 2 k3 R EE A %2 2. Bartlett-Lewis (BL) 5% %

Nyman-Scott (NS)#-5% » A ix 525 ® BL 2 NS fis" ¥4 & * »t 74 H b
2_8L'% & (Point-rianfall) ¥ i (Glasbey et al., 1995; \erhoest et al., 1997;
Koutsoyiannis 2 Onof, 2001) ; & — Ho3% 4 & Frfe s & .2 2 Bk jmd %
7 B 7 > 4e RaudkivinelLawgun(1970)% B 7 — &5 7 % iE42H-7%( The
first-order Markov process mOdEI)j\ﬁJ}’ﬁ&jKﬁ vt A B o Pt RSN R PR
AU AR ES T A G SRR B BR T EAPRET L
Weibull & & 7 d pt & 5 74 H & - Eagleson(1977)% "% & W pr 2 "F & &
2 EARIEPER Y ¥ & Exponential A i > fLz % 4p BoiCs (Exponential
model)(Cameron et. al., 2000)- Acreman(1990)% & — “f# i k f3 H =k 2

PER B B 7] o LY 3 a0 4 4 B4R * Exponential ~ Conditional Gamma 4

iw ~ % Generalized Pareto 4~ i RE Fr@:g St pF - € 2 7P pF Ry



(Dry-spell) » gt ek 7n g * Beta & ff K37 P prz T35% & F 2245
(Average event profiles) > » )]f L H_"E R A pFRY s 5 TR ) - Cernesson &
(1996)% £ - &5 7 B S@ic2 H8 K A AT R 2 p A% 2 2
& @4 o Lambert 2 Kuczera(1996)# # 7 — i H "% & 030 it 49 i+ &
M THTEER R FIEFEFE &3] PEGR YT AR TR
2R B 2 X4 5E 445 # (Constrained random walk) % & £ & — 5 &
TR AR E P REES A T o Harrold % (2003)% B 7 - B 3t a Fen
& FBCE R FRCERC o ot 58 2 Kernel density estimation 2 B~ & F k-
TAEZ LEFHF LG aH Bk UHBFART 2 3N (Moving window)
LR B A RES SRR o

B x‘f?}’;%‘i‘"&p ft?: P ER B IRNAAN R BTN T I E R
+ + % = ;£ (Monte Carlo simulation method)= ;¢ &k ji=4 " 24 > @ H ¥
A RA R AR A2 HEE . f]-h{:l-%-r’h ¥ 47 f#(Disaggregation) = # -] pF ¥

R EE A E(HdepER )3 ;Y2 2 oo 4o Acreman -5V 3 % Beta 4 i
HIE = ﬁ % 2% o Englson #: ;% B3R *F & A i 4E 7] (Rectangular
Pattern) » H i $i-;% 4 Bartlett-Lewis (BL) 7% 2 Nyman-Scott (NS) -3¢ i 2k
F-odfenpaEdlad] R Ay E s dERE QAL 2R A
AR 0 7nF HES 2 Johnson 8 5 A fi i dicdy it & U R H A PER b eng
B 1614 Wu % (2005). o+t 53 4 = 02 ¥ #5758 & > ¢ Cameron % (2000)
Bt ER R BTSRRI AT 2 AR Rl > AR
Eaglesion ip #1i-5" (Modified” Eagleson’s exponential model, MEEM) -~
Camerson % (1999)+#7% & 2. % ## #% 5 S #ic2  Generalized Pareto 4 i & #ic

(Cumulative density function and generalized Pareto distribution model,
CDFGPDM) 2 “f #% % #c Bartlett-Lewis Gamma i ;% (Random parameter

Bartlett-Lewis Gamma model, RPBLGM) - # = 7 4 3. MEEM £ RPBLGM
WA T U AR T AL S L B B R

F £ 2 ok Pl L - COFGPDM 2z ficgt = s e v ¥ #77 | g ik



PR REAE 2 i

EARPERFRRAEAERE S G55 IS ARTFESNd AR
TR ?fim HEpFRF R BRa £ o 4 Hershenhom %2 Woolhiser(1987)
% B - % »x % #c(Parameter-efficient) #-5% #-p & & 47 f% (disaggregate) = #

B k% 2 (Showers) » T HRFEPAERHL AR TR 2 u@Foa
Nguyen 2 H 1 i= B (Nguyen % Chaleeraktrakoon, 1990; Nguyen % Pandcy,
1994 ; Nguyen et al., 1998)% E % P/ ¢ B EF (L & & p* £ 2 pFsd
)53t 4 = dk(statistical quantiles)B hz_ = 2 o #73 pAEZ Fa R
A KO 4 ;ﬁ-u;}g_,ﬂbt’ REATEEGAAMIELZEFRE AL o gt

FEVHREATES 5@£ﬁﬂ?pi§§g,l‘1#&%§fﬁa»ﬁf S EH s Fla v
HFPAREAIAELY 2 Y 4 - Glasbey % (1995)4]* Rodriguez-lturbe #=
;9(4 Rodriguez-lturbe >+ 1987 4 ¢ B )2 pF e £ Tl > ¥ d PR
By 3 p R EEFPHEAT L“ﬁ&%ﬁu% FHosN 3 i = v o Connolly %
(1998)% & 7 — #-p AP A AP B2 o > 308 & 5% A T4
RERZEP 50 H 2 587 0L i e b 7o i 4 5% & 3514 - Koutosyiannis
% Onof(2001): % 7= 41 & * Barlett-Lewis ;% #-p & & 4 32 pF &

PP TR E AR 2R M Ty 0 uaE
=7 d p o g rbde RpFa g F A2 T8 15N o Onof & (2005)% & - % 14

Log-Poisson 4 i & Ak ¥ HpEd 247 5 440 A &2 - S -
l‘t‘i%ﬁ? London rémf&ﬁifq"/’a\‘ajkjh Yo\ Sl d BONSRTH S

¥V ol Ad R R RO AR B2 S22 BV Y TR R
R T RE A R IRT ke AT

13 =5 pEE P h
A ARPEEE- BT LR RO R A AR



F10 kR A AT R AL ﬁ/?ﬂ’“p\;éﬁ“%&’ﬁw’a%@i‘ﬁﬂ
2k gxpo PRFEATRENIEEERER TR TFEERELF 2 E A S
FREEAAGE R R SR LA RS R (#YYE

A Az FREM o TR EERERE A R S BORSI AHD W rg B h

Br PRI APl T Al v A% a A 2
ViEMaRaP nEp AT Pup(] B2 s s § 4 m8h % F
SHHERT PR ET R EREEI AN BN FEZ P LV

F
L RIp R FARGEEREXE L 2H 4 ,Tf—gﬁa -4t P

—_

o 4% (Rainfall Depth-duration-frequency, DDF, Curve) -
Bofo Bt il 2 SE S tE R BN P R & 5 AHZ R A F A7
ROFLAL-FLEIRRET R EA RN T R R
RRATER B Aok 2 ORIE AT o

14 #/~ -,-|E’]‘#.

AT EPHIBTR LD L E NS A AR A A s
R B B ARG S £ >R MR R p AR
PR BRSPS LF R ER(RER) RN AN e A%

¢ HEREE A BRI R AR A 2 B N RE Y R o T
oA ELEY Bol(Frd) kil ik BT 2 RBAF R

B I L

T\4
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A LRl ="T TIERY

R ARd A RFI2ZEREE T ELA S A AR FE EX
P2 TR EPE S R R s A2 EEFIERFER TS (Ao 21 T ) 0 &
% & F 28 4 =0 #ii(Number of Rainstorm) ~ "% & 2 p# (Storm Duration) ~ & &
(Rainfall Depth) ~ & #](Storm Pattern) 2 ¥ ©# ¥ 1 p# & (Inter-event Time) 5 ‘&

R STER S R TR R e S F L LA TN
FHERFE - ES A B 5| fiCH 15 4] (Stochastic Rainfall Series
Generation, SRSG, Model) " & "% & ZF B T o 230G (D% a F 2
AR QR R 2 FEFRERAF 2R 2 Q)R A2
Hgt o A v Mgy bR TE A g BRGS0 B B B ARACR 2.2

21 R Fit2 TR

A BT AR T > § AT AREA B AL 2 B b2 s
FREE S AT FRL A B SR e R S REE RS
U R E g EEE(MAE R RRE)T M R R R
iﬁEE*WFﬁﬁ%ﬂ%ﬁtﬁﬁ{ﬁﬁiﬁ?@”w&iﬁ%ﬁkﬁﬁﬂ
PREFRAEG M FIMERARTEFVARLG - 2 aEE o Ak
Brv* ke xI3 a2 p%ad otz (1) papmi
(Autocorrelation Method) (Morris, 1978);(2).% & 4p B ;= (Rank Correlation
Method (Bonta # Rao, 1988); % (3)p #ci# (Exponential Method) (Eagleson,
1977; Bonta and Rao, 1988; Restrepo and Eagleson, 1982) -

FEHRGIE Y (R ARk AR AR 5 )RFERE DT AT
BT EARLTE I EL X I EREATA S PPEE o 4p
Fy o FREFAMFR TR ER FA XA R FE o STk A4 P
o R E RV L LA (1) KRE- KA E A PR (Dry Time) » 1z R (8 4t
PERNE - pERE G R £ 2 s & F 2 (Yenand Chow, 1980) 5 2 (2)% %
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g ER B FIHGRIS AL B R R R TG AR R TR
ZEPARE € F R N R

S 1B EFEE AN F LR A

-

=

PRI 1
=

o

R

a2

4l

5 T&
o

"

7

+5%

0.

¢

>\_

Lauadr Tt anh il - HFEgEs

4k
I
o

22 R ¥ EF 4 k2 B
Al NERNSFES SR BAF - BT EF4 k2 BIL

SBcE AS UAT o - im0 VO RF AR £ 284 iz EF A

=l

s
1 & 3 Binomial ~ i# ~ Negative Binomial 4 i# % Poisson 4 i o #- 1 if

Ji

&
La

FAam A BT

a. Poisson 4 i o #ic

—-n n

wszzerf,nzaLzm (2.1)

AP NEZETERd, 2 uas B2 B p 4 ez, TH5E -

b. Binomial 4 i# & #e
P(N=n)= [;]a” (1-a)™",n=0, 1, 2,.. (2.2)

AP rifrp At 2 aiAag el gy

c. Negative binomial 4 i 3 #

WN:mz(Hﬁ_jaWLﬂN,nzal,zm 2.3)

Cunnane(1979)# 1 14 Fisher #t4cdp #(Dispersion Index, D, ) k & %%

AR RS e B A

D =iz::(mi %m)z _ (N-)Var(m) 2.4)

E(m)

AP misiEERTEFS I BoMEETIEES H-H Y DIy
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A2 EF(N-L)B A d &R o BSR4

a. %’Xf% <D, sxf_% » B 28 4 =t #i(m) & Poisson 4 i e

b. & D, sx(f/ PIE 25 4 =2 #ie(m) 5 Binomial 4 i o
2
c. =D, fo_o/ » B E 23 4 =t #ic(m) 5 Negative binomial 4 &
2
Ho S B % KB ol ¥ 5 1% 5% o

ERUC N ),;L;(Eagleson, 1977; Alexandersson, 1985; Marien and Vandewiele,
1986; Waymire and Gupta, 1981a,b,c) > Poisson 4 f# B i % >tk > F 25 4
B PR o Flpt A BN A BT Y 2 R g Poisson A 3t E 2 4

X B2 PER e

23 MAupr R EAFERF S
231 2% £ 5 # £ 5%+ B##(Non-normal Multivariate Monte Carlo
Simulation)

AR RAY > G R B FREFUERFH A 0 ¥ AR F RS
FREES Y RE RS LT EARFETGE - REY R FF o EA
FECAFFRRPFRFEEL oF SR AR T SR A 2
FERBEFRAS 2R s aFRAARL GpM L ¥ 235 7 F it
MBI, T ol (FokEErup a2 FEFREFRT
525 G (Non-normal)® & 4 Ap B 42 Spdic o o P S i b 2 >
AWK A Tl € TR E B4 E FEL o Chang % (1994)% 4 7 - %
B 5% E a2 5 4 i dofi(Marginal Probability Distribution) 2 % &
2_Ap B Ta ke & F = F B 2 2 2 fic$E 2 2 (Multivariate Monte Carlo
Simulation, MMCS, Method) - MMCS ;2 “/f TR rF RZEREE
$ 50T Z B (AW 2.3 4
(1) &% ¥ it # +% (Normal Transformation)

#- AL Nataf = B4 H (40 25 ) #p P ¥Ed R A
EREIEETLEZEF iﬁiﬁébﬁf R FEEE TR REE -
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=1iﬁ{&;MI%£fq ole. 2 fp;) dz.dz, (2.5)

;¢ X2 X e R Ap M Glicp, ZEB R W E o AN AR E X
2 X2 EPE 0 ko AN B REXE X2 R BIRE L% 5
FARK Gl MK L H ) REFLEAG o R R R X
2OXjZ s s e w sk Ap M Tidicp, ©Or f2(2.5)70 T RE T Y
EREZF 2 ApM fdicp; > F(2.5): & fRA7 2R e > 2 £ 2 o Liu
% Der Kiureghian (1986):#-(2.5)5% fij f* & = 3% »
Py =T, xp, (2.6)
¢ T, & &3 ¥]5 (Transformation (Factor)., H 4|5 ¥ 7 @5 5 A 7
SR RE B R R A R (40 21) 0 -
(2) & % #& 3% (Orthogonal transform)
¥ i 5 % £~ 19(Multivariate normal- analysis) ¥ 2 £ F 4p B |25 18
oL A - R R e S o O FRA R Td b (1) 419 4
PREGEY RER S LG AR Y AR R I 2R
S Y BRE RS EIEY FE O RE DY
DHEEREHREL S DREH S L FAAME IR Y BRE -
(3) i 4 3 (Inverse Transform)
g A QPR VB R o T Y TR AR W R
e Bk Rz FRE -
x; =F@(z)] (2.7)
SARAORE SR L ST
O EREART LR 24 -

S
o

ﬁ,g;

232 BB F LG SBk2 BT
Aok g F e 4r¢ o - 4§+ Kolmogorov-Smirnov (K-S)# 2ok < & 2

i A s K-SRIV AT s rm o B tgd -l on
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3

fﬁiﬁi@%ﬁi”»'fjﬁ{ﬂ p-value &% « 0% - FHERAFRE - A 5 A
FEAafE e 50 fRAERAE 0 A Y £ B pvalue 2 4 fF 5 VAL

Rz aho DRE Y AR up R g2 T RFERFEF2L MMSC

2.3.3 WHEAR
P P RS RR R s R E 2 R W I I T
Step[1l]: & Wi T2 Hutpr R 2 T 2RI & PRt
il S
Step[2]: B* KSH itz saump - ad2 TFEERL sgH3s
S0 o
Step[3]: ¥ zL¥ i S ¥ E G I LR aup a2

T ERFREER -

2.4 *% & & | 2. HoHE
e DHBIAAL ZEREAF AR &;ﬁﬁFﬂw”‘A¢%{%@
# 7| (Rainstorm Pattern).» 3 2 2. » & 4|4 %7 ¥ a ApFRF s F A

eq B8 Bk E 2 k2 Fi(Hydrologic Response) » 4§ & #7352 il

o S f 5 H KR TARMAT ] 4o HUF(1967)% 91T 1i2 k3t A A > g o
20 B3 R TR HEBEERAE A X e 2 (Quartile) %

FEREZFAFEE CJEREFER AT RFY R BB E T AT
SR M2 TIE s FLze2 %Al Pilgrim 2 Cordery(1975)%
B-%BEITEaaAE L3 2GS ST 20 S BEFR BF -
BZd ERAV B BA S RERB] R B EREF A K2
BBEBSRES TEERE R A B~ B Yen £2 Chow(1980)4#% 41 = &
A AE > PR RE L ER 2 E R g T F T

2o PP BT BRSNS TEZ £ KA BN RGOk
¥ B3
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Process) . & > FPB~i& pr o & 2 & 4 8 5 42 L (Transitional probability
matrix) » & B R FE R A A A K988 BT ¢k F f koA
Pl 1968 £ 3 1987 & 2 B EFE A TR > AR EE Y 2 0 E D 18 5
REPEL 22T 26 kxR R KSR EERE LT K
- Pk A A B ¥ (1989) % B & F]= 4 & T 35 (Dimensionless
Moving average Method)zk 2+ & ] » & T 3923+ 8 & = | F T ioa § 1
AL FS Y o A A R e T2 5 U RBRAA]  HREE R R
15 (1992) A W) 44 £ 2t prig & (18 /] ) 2 e pEEa (3]
P~ ) 2Zaf it  JUagliiaialioir ik &2
PR E o DRF LR AFER R o R B E (1999)4F - H-TE
REEG - T RF BREALZRIIRET AT 0 - FFRETE
VAR LR B A FED S AR 2
&4
é*%kﬁ%@iﬁgjzkm&ﬂ’ﬂ“tﬁﬁ%@iﬁ%’%i

ZhAMAa U R PELTEMEERG > A ZAUEAT o FP > AT B
3B - HEUE A A 2441 0 2 (1) A4 2 §F 3 (Characterization of
Rainstorm Patterns); (2)# %] 2_ 4 ¥ 2 |z (Classification and Identification of
Rainstorm Patterns) ; % (3)# 3] 2 #-#£(Simulation of Rainstorm Patterns) - %

ek RN EAm N R M 4o

241 & Q|2 4172 R
d R ENARE2Z U Z R B R L LR8N B F R AR
FE"T’); Al o B AR-EER T RS g TS o Pt R A ek oo
FRAEEZ R FTEV Y AR AER A R PR ()2 & E (Nh)
2. % B (4cB 25) KE > doT N

t=—; F=—2%, P =F -F (2.8)

AP UAATERER B EANO0R 12 F(te0l]);d iRt Fo4
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ﬁwﬂﬂﬁaﬂwemﬂ: PRI AR o 49 Zi Ll b =
PRS- 8L (t)2 F =P o a ¥ 2 A i F=titph, s
PBLBc P > L B8 A o PR A S Bk (s RBeam - PR ERAR§

B o R AR ER P D < SR o AR

H&-
@
iﬁ\
A
1
pet}

e
B
fe 0 F 2% 3T rFiomfy A A2 N 45T AT P E
FRALE 2 P o AT R RTFIE > A P A pE =

;4%{¢ﬂ TREREERD M 5 12(M=12) » & R 18 & PR L2 Ap ¥ E T

ZAFREFRAR TSR EP =F —F, ,t1=i/M (i=1 2, ..., M)
Bl PHERFE G ] AT R AR AR AR SR -

"l

» WA—E\E —FHR TR R U I R R AEE Lo R E
ﬁ —
REC(VNURRALFARREL L2 25 g o PR

LA S B R PG =D IE

2 g FL i WV RAAIET R UL RS EORE T b
0

242 % A 2. A FHE L]

BoR Yok R EZ ARG E A &5 4« A (Principle Component
Analysis, PCA) %2 # & % 45 (Cluster analysis, CA)( Zurich, 1971; Fang # Tung,
1996; Hannah et al., 2000; Lin etal., 2004)c # ¢ ¥ & o 47k & 12 5 & R
&bz A e B 1 (Attribute) 3 124 47 (Collins, 1980) + e 24 fi 2447

u](Natural Grouping)#-4 % 3t % — 2+ & 5 & (Metric Space)sg:+ 12 4 5F

RER-FHEPOBHE AR A LHEEBRSLRIET 2RI

AAFEAY 3R R REL S RCT Ifp APE LW LR
BERBERE LT 0EL A hERLE - PRE -

REFTEEAY > FATTEFERET AR o R AR

g iR R R E R BREEE A E 2 F e 4 (Distance

A&k

Measurement) > & & § T = fE 450 ¢

(1) ® £ 2 17 ie3g(Euclidean distance, DE)
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:[2(&,' X, )ZTZ 2.9)

(2) A § 2 g3z (Pearson distance, DP)

Z{[ X, v B (2.10)

(3) & *4 #F g3 (Manhattan distance, DM)

DM = i‘xiy, - X (2.11)
1=1

s

PP M REEP X E xR T ETREY S IR RS | B2 ey

k=1,2,...m); Z v 5 | H2 FAEEH L o B2 B EF A AR Se Y

R BRFRT BHE S EBLRAF AR EEY AR - &

# * K = & 47 (Hierarchical- Method) » #4324 45 /% (Average Linkage

Method) £ # 4¢ ;2 (Ward’s Method) » & - = 32 5 22 & =x & {7 ;2

(Nonhierarchical Method) > 4= K--L 3218 ;% (K-means Method) - 1245 Fang

Z Tung(1996)¥ Ramos(2001)= % &= 345 dh 7 Je f 3= i 978 B {8 e 3

BEFAEF P HOEG b KTHEZELF R Eas Hrxg fﬂ—\u_

iR B ATAS 0 A A B o i 8 cna 45 5 28 (Ramos, 2001) ©
PR B U ERA R B RS 5 A A 0 K- 2272 (MacQueen, 1967) 0 1
* et g8 Minitab(Minitab, 1999) » & §7 & Al 2. & # o - K-T 32 /2 & 3

H BRIP4

Step[1]: #-2 S E AL BS KB R4 T RNL B2 €0

Step[2]: #= - fEABA R IIE BB ITIHEY |

Step[3]: £ #73tE F - BHEHEHE S

Step[4]: ##FH % ¥ 5 - B ABIEEL 2 WAL FFEY S 1 T 35

Step[5]: #5 M1 ATHE - F - HABL AR A RIIE CRFTITHE?

Step[6]: €A FE PIEHEER A L BP0 50 o

243 5% GFIEE 2 AN B 5 PR EH R R WO



AR AL 2ERY P RS a2 LR IEERG
BEFWE A AP G(Ta ).k aiRA AR e F 28 A
CREERT (AT ARP A HEY AN 02 1 27
(0<P. <1): 2 (7 ki FI Pl P gl B 35 ¥ A AL & e 2LP,
BB G ApBE 2 2EF SR E o gt e Alh Y o iR 3 F

=4 .E-‘ VAR Kﬂﬁ;lj ;\. ’

kJ
M/M
(1) &1 >pP =1 (2.12a)
1=1/M
(Q)z£f BE P 20, 1=1/M2/M,....M/M (2.12b)

RO MEERAGAPERLED o bh? MEE 12
dEF R BP RN RE AN LB R B T
MMCS % ¥ + B2 figea 4] 0 e 52 4 (2.12)"4)58 % & @ @ MMCS %
Wl F A R P%’%JZ4$ﬂ%ﬁﬁ%#@%%iﬁ%ﬁ%”’
PR AR AHES L s REERE U s R E

2.4.3.1 $# & i@ & (Log-ratio Transformation method)

W FARE FERE N RAE G PiER 2 S B E AP AL o
)4 Aitchison(1986) % & ¥ 5 3 N4l if & e it mingf 3t > 27 7
+ %2R/ H#* Log-ratio 22 > ;2 - Borgman % Faucette(1993)% & - 7
D 2T ORE G MM 2 R ERATCRE RS- I RER
#-#% (Conditional multivariate Gaussian simulation) - Zhao(1992)3 11 - = /2
REEFHRE T REF & LU enE s 2% AR k1 it F1H
PR FE R AOR R R A Rk e o B P R G v gt e Al R

Rl

.i.

=72 > bl4e Lambert 2 Kuczera(1996):n 5 7 #-& F]=x "8 & € P 4 = - 4

dc ¥ i 448 % #c(Log-normal Random Variables) - # 14 i} ' (212) 3¢ 2 2

#] - Fang 2 Tung(1996)+ * £ X -4£% = ;# (Acceptance-rejection Method) -
AR 8 5 d A2 (Cumulated Probability Curve Method) % log-ratio 72 2 #-#t



£ T A £ P o # IR log-ratio 2 £ e M2 iRt R %
(Computational Robust) » F]t & = #-2£ % Fang 2 Tung 2. # 7 > & *
log-ratio j# & * ** & F]= % & 8 P2 it o

Log-ratio 4% ;2 i * »* & Al 2 Hog 3 4% 7 34

R, =log(P./P.) ,t=1/M2/M,...M/M; 127 (2.13)

PP AT SATER R RFXEREP A 0L 2R T H
Bt FR AT -0 % 0 o BHHREARY P FALDEPEP.FAT L0
RE SRR o SA S N g

B ERF= %A P 5d log-ratio 2 S R RIR AT E G OHE
BV REFRER S b R A - 22 FREF - fh
AFRIRE T EREY MMCS 58 + B2 3R, - §F kT ¢
Bt FHHEER, 4 27 (213)58 REP, =P_exp(R,) > #-H i v (2.12)5°
F17 P. (407 5%) >

1
o MM 214
1+ > exp(Ry) (2.14)

t=1/M
TET

P #H214)7 K (212)5 117 SR,

P.= 3)/(5(RT) ,0<t<lt=1 (2.15)
1+ > exp(R
‘r:l{M

2432 % % & Johnson & # 3 #c2 H#E

d b adrit s d log-ratio 4k A E > BB 5 FliE R 2 2L i F EcE
EECANE LS N RO TN RE R S T S i K fj*u{;fu? &* MMCS
R FR B KR o d 2317w FZ % MMCS i > Bl &

ERARPELEGWIAG 9 WAL S MMI1)BR $E ZH L
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B Ao mA e A AT B TR 0 BB R L
sk 21, 2

i * [Eeh Johnson 4 ff dh il B P A MR R 2 B o

Johnson(1949)#% 1 — B w S #cz ¥ 5 A F Sk
=g(Xr.5.6.1)=7 +6xf(¥j (2.16)

AP ZIHREFERE X SREPIF LAV ERE L 188605 BT
GBS B ¢ ¢ L =¥ ¥+ (Location Parameter) 3 A i ® & %]+ (Scale
parameter) -
Johnson 4 f# i & 3 14T = fa 3|3
(1) ## ¥ 2 % (Lognormal System, S))
S.: Z=vy+38In(X—¢), X<& (2.17)
(2) & % *2 % (Unbounded System, S)

S, : Z=7v+5sinh (X =¢&)/x] (2.18)

(3) 7 A& *<.x (Bounded System, Sg)

Sg: Z= y+8|n(éXT_éj E<X<E+M (2.19)

Hill % (1976)% 2 7 - 2mE 2 1% & Xeam wofd # £ k5 €8y, 5,80

& ¥ ;4 %_Johnson 4 i# 2_ A3\ o

244 B IERARR
PRy b A2 F 2 SR % 2 2 0 HREAT F24eT

Step[l]: /s * (28) XA %% a T 2 & Flx it > BT F & T X% A P
P.=F. —F,.,t=i/M, i=12 .., M- 327 A= ¥& ¥ pF ¥ 24P
M %% 12(M=12) -

Step[2]: fs* B AT H-A A L EHED LK LA

Step[3] /& * Log-ratio ##&#%;% > 7 (2.13)5% o #-F {Flig 22 P~ 7 &
QFlEEAY R IR T

2-11



R, =log(P,/P.) ,t=1/12, 2/12,..., 12/12; 127 8 ¢ 2 ¥-f& F=

PR T XA T =3

Step[4] A T_M(M=12) i $+ 8- & & R 2 Johnson 4 i 53] ¥ & = H %4k
®7,8,E,L °

Step[5]: 4 d Johnson & fF ShBc fKFHH FER ZAFHEREY L E
Z =gt(RT 5,6,1) o

Step[6]: # * 5 % 5 # + BHI(MMCS)it 74 Z, -
Step[7]: £ 41 * Johnson A @ G fic-$4 Z H ot He S o S e
R, =g (Z.Jyn.5.61)

Step[8]: # 4 7§ d (2.14)% (2.15)5" #-R HBLE A + & FI 57 & P,

25 % & B 7| Bk iE AR
& 213 25 5 S ETEPE R B BRI ) S E A B SRS

AR IR 4o

Step[l]: A= " @ Tt EPE BT B 2 T 22 LR M o

Step[2]: 3+ 3 " & FriEL St o

Step[3]: st R upF - R EE FEFIRERF

Step[4]: ## "% A A (A ) -

Step[5]: o HEEeriF kA upEE A EREAANT AL ES BHE
TiREPFEZAREFIERE B2 F 22 R 0B P 8-
%% B 7 (4@ 2.5) -
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% 21 7 85 0 # Sfic2 & F] 5 (Transformation Factor) %

(Liu and Kiureghian, 1986)

Distribution of vVariable j

~ /N U E R TILT1iS L G T2L T3S
N [Tl CAT.1 T,~Constant | CAT.2 T,~f5)
— Li
@ CAT.3 CAT.4
] B Tyflog T Tioe,d)
=2 ®r
2
— T1L
o
= TiS
o
:..g L CAT.S
0 Ty=Mloy,0.,8,)
= G
=
=] T2L
T3S
N =N al =
o = Um[ 'l‘és = m_i;l Smallest Value
!st : m:dggmgm 1‘2‘31,- Typ 2- t Vala
TIL = Walu = e-2 Largest Value
0T ContBindon STmIRT L IEESIITASIIINC
(1)CAT1
U E R TIL T1s
1.023 1.107 1.014 1.031 1.031
N T, =constant
(2) CAT2
L G T2L T3S
T, =1(5;) 8; 1001—100?6}+0118& 1.03-02385, +0.3645; | 1.031-0.1938, +0.3285;
N i i L ] I+ ! 4 !
Jin(l1+5))
(3) CAT3
u E R TIL T1S
U | T, =f(p, | 1.047-0.04p; | 1.133+0.029p; 1.038—0.008p; | 1.055+0.015p; 1.055+0.015p;
: 1.220-0367p, +0.153p] | 1.123—0.1p; +0.0] 1.142—0.154p, +0.031p| 1.142+0.154p, +0.031p]
N 1.028—0.029, 1.046—0.0454p, + 0.006{ 1.046+0.0454p, +0.006p;
L 1.064—0.069p,; +0.005p] 1.064+0.069p, +0.005p]
Tis 1.064 —0.069%,, + 0.005p;
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(4) CAT4

I G T2L T3S
U | T, =£(p;.8,) | 1.019-0.145, +0.011p] +0.24% 1.023-0.0075, +0.002p; +0.1275; | 1.033+0.30%5, +0.074p] +0.4055; | 1061023, +0.005; +037%5;
1.098-0.003p,, +0.0195; +0.025p] | 1.104+0.003p, —0.008p] +0.014p} | 1.109—0.152p, +0.365, +0.13p} | 1.147+0.145p, +0.2715, + 0.01p}
+0.3035} —0.437p,5, +0.17357 —0.296p,3, +0.4555% —0.728p,5, +0.43957 —0.467p,5,
1.011-0.001p, +0.0143, +0.004p | 1.014+0.001p, —0.00753; +0.002p; | 1.036 - 0.038p, +0.2663, ~0.028p] | 1.047+0.042p, —0.2125, +0.35%;
R . 2 ) ) )
+02315] —0.13p,3, +0.12657 —0.09p,3, +0.38357 —0.229p,5, —0.136,5;
1.029+0.001p; +0.0145; +0.004p] | 1.031+0.001p, —0.0075; +0.003p] | 1.056—0.06p, + 02635, +0.02p; | 1.064=0.065p, —0.213; +0.0033;
TIL . . . .
+0.2313] —0.197p3; +0.1313] - 0.132p,3, +0.3833] - 0.332p,43; +3563] —0.211p,3;
1.029+0.001p; +0.0145; + 0.004p] | 1.031-0.001p,; —0.0076, +0.003p] | 1.056—0.06p, +0.2635, + 0.028p] | 1.064—0.065p, —0.215, + 0.0035}
+023387 —0.197p,5, +0.1315] —0.132p,5, +0.38357 - 0.332p,3, +3567 +0211p,3;
(3) CATS
L G T2L T3s
lnl+p85) 1.001+0.033p; +0.0045, —0.01{ 1.026 +0.082p, —0.0195, —0.2225| 1.031+0.052p; +0.0115; - 0.218, + 0.0028
2 2ina g o =1 el - . =3 - =2 el e = o
L plwllnﬂJrSj)mﬂJrc_?) +0.2235] +0.136; — 0.104p,5, 4 +0.2885; +0.3795; —0.104p6; +¢ +0.225] +0.355; + 0.003p;5; +0.0095,5,
-0.119p,3, -0277p,3, -0.174p,5,
1.002+0.022p, —0.012(8, +5,) 1.029+0.056p, —0.035, +0.2255; 1 1.032+0.034p, —0.0075; —0.2025,; +0.12
G +0.125(3; +8;)-0.077p,8, —( +0.1745; +0.379] —0313p 5, +0| +0.3393; - 0.006p,3, +0.0035,5,
+0.014p,3, -0.182p,3, -0.111p,3;
Ij=f@j§-5j)
1.086+0.054p, +0.104(3, + 5,) +0.055p] | 1.065+0.146p, +0.2415, ~02595 +0.013p]
<0 ﬁﬁ;.:af + 5_3)_0 TTpy(8; +3,)+ +0 372§f —0.4356" +0.003p,3,
T2L 0.2035,5; - 0.02p; - 0.218(5] = 82) +0.03455, -0.481p.5,
—0.371p, (87 +p,8}) + 0.257pj (5, +5;)
+0.1415,3,(3, +3))
1.063-0.004p, —0.2(3, +5,)—0.01p;
T3S +0.337(5] +5])+0.007p(3; +5;)+
+0.007p, (5, +5,)—0.0075,3,
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Storm pattern

Rainfall

Storm 1 Storm 2

»Time

Duration 1 _ Duration 2

<

Inter-event time

B 2.1 "% A& F 2 TE

AL 2 R R
}

ASLIEE [ vly 2L BF ~ [Folg &
B AT T [ B ]

k4

AL 358 (5 vy vy 2l

w

G Bk [F i JF 3]

Bl 2.2 #5553 B AT
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Obtain simulated
non-normal variable 3

'y

X,
4
Standardization
X =0 X —x,)
_—
Ay \
- —— — — —
i
e

transformation

o 3
Orthogonal f
|
U=vV'x |
|
1

Standardization .

¥ = ‘4—"}35.'

CNs, T
_—

Simulate independent
normal variable Y

D_:"""-' . V', A : Parameters of mulitvariate Monte Carlo simulation method

44— Transformation from non-normal space to standard normal space
— — —p Generation of non-normal multivariate random variables

B 23 $%E5H#+BMMCS = 22 i n (48D, V, Az i
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/ F:=Dwr /Dy i
Dot /

T=tT

v
Y

T
t T
7, N 2 2. 7
Bl 2.4 "% & ¥ 22 F)=x (v
Generation of storm duration, depth, and inter-event time
A
L Event 2
Rainfall
Event 1
t t+3 l t+6 t+8 Time
Generation of rainstorm patterns
F' A l:‘ A
1 1
1 l 1
A Simulation of rainstorm events
Event 2
o Event 1
Rainfall
t t+3 t+6 t+8 Time

B 25 & Frl2 fiEse
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\m

$z2% Ry pafEa PSS BN

AFLEFE-FRIPRETHAGA FUR(IF)LEHR S
ﬁﬁ&&’4#{ﬁﬁﬂkﬁﬁ$ﬁi%w—\ﬁ*’“ﬁﬁi%iﬁé
2iEp &2 A d s m#(Quantile)z sk 4] > 48 F]A & & 5 = 30
FrQERFTE2ZLE QPR EEER E L HEM RN 2ZE ) 2 (3)
PR R AHZ ER PRI G k E

31l RxF 2 L8
Ryt g2 BpF v &%a F 2 FASESRF 2 (Complete Storm
Event)£z 3% 7> % & ¥ i (Partial Storm Event)= #i(4c &) 3.1)c 73 = &% & &
BiagFs B iR AR R AMPER T EFA B LLAPFRT
P k- P oo - ddmg o BT K%aﬁh‘ﬁfamﬁfip-’;%a{ﬁgaﬁ
P et i ke EEaE(2hr<t<24hr)d x5 & £ P 7 i 3 4 Fl L
BpaodirdadEd i RUEFRI I MEL A GaE a PP k2 A
2 %% 0 blhe™M G R EF M e SR D B EEEL o AT Y B
AEFEINPFEZL IR REUAFAPFEZ Fauph ¥ia gt
Tl TR
(1) ¥ p "% % ¥ ¢ (Single-rainy-day Events) : #75 " & ¥ it 2. B 4227 %
ARy Ak-p R priuatafegs o
(2) = p s "% = ¥ (Two-consecutive-rainy-day Event) : #75 " & ¥
E2 BirB B dBFR Y ARy pp IR P AaEAT R
A e
(3) k p i g% & ¥ i (k-consecutive-rainy-day Event) : #73 ¥ & % i
vEA g kpp(k23)-
b AERT 20 H 320
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32 FREHEPREL M G2 E>
321 %A B Ao k2 g f

bz pRPemEa RO CBARMAT 0 A LA G ok

ARPAEET PP o g il B9 g £ a5 o G anfic- &
¥ d & if & % (Goodness-of-fit Criteria)i:-z_> e 4ok 2.2 ¥ “13% 2 7 F &

PARAFTRFIN - RO TGS - SEFLL-FH A2 " H4H4 5
(1997) 555 Bt A fEF * s F B (o T T ) R R A EEA T 9
4t (Weighted frequency curve);# o

(1) # & 4~ & (Normal distribution)

(2) ¥#c¥ A~ % (Log-normal distribution)

(3) A f s~ 1w (Pearson distribution)

(4) H#c A F 5~ T (Log-Pearson distribution)

(5) #o38 & i (Gamma distribution)

(6) &% & % 3]~ i% (Generalized Extreme value distribution)

(7) taf: % & fw(Generalized Pareto distribution)

(8) & 4E~ i+ (Generalized logistic distribution)
oGz THREEGEE LR LM B S A 31
BEMFIVRTRAFRIEFAGTAL DI EILY > L3 aFHG
At S BFBTAL NI T A I TEZ RFAR SED At
B & A4 n iz S BcpF L 5 ffd 4 (Product Moments) > e F] 3k f# &

S ;;"—'gxf_’bﬁzia%mﬁrg’;w Hosking(1987)4% ! L-# £ (L-moments)
RFAPEREIVIETETE 28085 o A3 R F] > A2 BT 4§

A

b

EHFY M L L2 Rkp et tis €2 o3 kat )

I

3

Sl R B2 A il e AM-L-Be L2 2Ol A2 2 JEH P AT o

T

3.2.2 L-# £ ;% (L-moments method)z_ f§
L-# £ ¥ d Hosking (1986)+7#& 4! - &8 & 53+ € (Order Statistics)z 3



Mo s o jphl~ 1§%(Hosking, 1986, 1990, 1992 2 1997; Vogel % Neil, 1993;
X § %, 1995 2 40R F, 1999)857 L-#% 4 7 WY &l it ipscF L
A Bk L S R ¥ A E 2% & ik £ (Unbiased) o gt ¢
Hosking 7~ { i&— H#HP Atk A8 F > MM d £ 53 280t &~ iy
(Maximum likelihood);# #& 5 % 7z o

FripL-d LN T84T

15 r-1
25l ] 1z -
I k
ﬂaEumﬂiﬁﬁﬁéﬂﬁﬂﬁﬂr%ﬁi,ﬁ¢i%ﬁﬁdﬁ@@%ﬁ
AZBHEL-BHLERFHLAPN FRERLFT 2 % %
, Ay
L- CV LT, =2 (3.2a)
7\‘1
: Ay
L-Skewness : 1, = A (3.2b)
2
[ A,
L-Kurtosis 1, o (3.2¢c)
2

B (B4 A S AR AT TR b T 5 LB £ 2
# € ¥ & # 1 (Weighted Probability Moments)z_ B % ;% » & f§ it J& HiF 42 -
Lo L hd Greewood % (1979)4 3 » H 7 5% 2

M., = EXPIF(X) L- F(X)F | (3.3)
R0 prs 5 FEEL =00 BIM,, L B maf i L o £ 2 p=l pI(3.3)

R A - A BV Lo =M % B, = Mo Al

o, =My, = EXRL-F(X)['} s=012,.. (3.4a)

B, =M,,, =EX[FX)I'} r=012,... (3.4b)
Hosking * B, k2 = L-d# L P £ 3 & L 2 B %58 > Tk-n Bl & 4
Bl I AE R T X <Xy S X S X 0 B A R | BTA

FEAOBIFX, T B (4350 RE
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Axl=1-1-2, a0, b0

(3.5)

% a=0 * b=1pF > (3.12);% 3 % * e Weibull =3¢ > @ a=0.35 2 b=0 p¥ &
3 #) A (Hosking, 1986) o L-# £ 7 * fg £ 8 5 & £ 4 o7

r

=Y P\B =)D Poy, r=012,...

k=0 k=0

()

Al e pp 2 L-# £ (A,i=1 2 3 4)7 47 5

Ay =P

A, =2B; - B,

Ay =6B, — 6P, +P;

L, = 208, 308, +12, - B,

1B, 2 A 235 E b 4 3
1 ]
b, == X X ]

Bl e pp 2 L-fs £ FR & R2hia(l,i=1 2, 3, 4)5

2
4:2b 30b +12b b,

t,=-2
|
t,==2
|
t, =1

Hosking(1986)¢7 Stedinger % (1993)¢ a3 & % % & i
2 M N (Irk 31) Ft A B d (3.16)% (3.17)0

3-4

4, 2| %
DS

Arie 2

Fo

(3.6)

3.7)

(3.8)

(3.9)

(3.10)

b L'@é’

Fé L-



B X 81 323 S o7 A BT 0 F Sl lics MRS k(drd 322G A

3.2.3 # £ 4 F & M ;: (Weighted frequency curve method)z_ #§ /i
BEMIE R R AL LLABREI - AGELEEAG > BT

Bz R F TR AR APEE A po DR p 1 BX D

ANTIAE SUPANLE 'SR W UANAE S N R Gl L I

R es e Gl B RBRAE LML R MV ERLS

=X, A
M

XPWZZ(WiXXpI) (3 11)
i=1

FEX R FIAGEGARI LI pL Al 2 WA R IATLRE

GEc B2 RFAPFZRELATREELANTEREIRFIR L
Gl T RIAN AR AN o AAT Y A BT AR A S AR

P 42 B 2 357 3% (Mean Square error, MSE) 5 & if B BER] (30T 54) >
1 n
MSEI :HZ(X(J)_Y(':J))Z (312)

BRI s Y | B A e FEO LG R AR KA 4%‘%
A B A FTE IR E 0 A2 #3523 22 % (Mean Square error)
Bl BE GiEw, TR iAGREL Gk

— m (3.13)

5 e

NP MSE, 5 ¥ A G AR N ST S FA G o lclkn (n=8) -
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324 & ¥k thzE >

bEBP AR AHL A RIS T FRELpAEHA
oo pr2 pre £ 4 R deenBl (550 0 R AAE R P ERBEET kP RS
RECRAREA PR U R A B2 M (- F33) T T
¥ % 9T

ht, =g.(d,,) (3.14)

FPgl(e) s R A mdd, 2, AN AR - FAE P T kP
FEEEA LA Ap Rt LA R o B FAPFPT LS
Pr(D, <d,)=Pr(H., <h{,)=P (3.15)

Nguyen(1990) % # % p & & & pF & § 2 4 = #c(Quantile)z B 7% 5\ 40T

;\‘.
= (3.16)
d
;Y RER AH GRS o BEHRF AW L p2 A Rgs P
A F 2 TioiE o & Nguyen AT 370 o R E 230 A 2 A Jput (o) )
P f ki@ Gfcaz b watd BESA @A Fp o 5d (3.16)5%

STREOR, Ea A e Srp A BREE AP S p L s KT 0 TR
HEt | Faigsrtfk 2 V2 EMPET=YL-p)2Ek&~%af -
$t ¢k 5 Nguyen fdi iz (3.16)s% Sodica 2 bpFit® 15 pa E 2 H "l
A PR E ORF R M- (TR FRY RS R TR AER
Brpefp st > RirE BB R - PR ETHRHET POt FRE Y 2
Bt 3Bz FEod AP (316) X2 S p R B H A H L) P
FBE2 - H- Sl A(TEB S L0 e g A RpE kop
BFEA T AR ED HHPHREFE t A AR H 2 A
Behf 5N (AT ) o
hi =g, (d,) (3.17)
=D i kpagEaditzahad pld 315N rF2Z H =5 kp
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AT Rt FEELA AR o A2 (3.14)% (3.16)5 2 A#H - &
(3178 g % >
ht, =a(d,,) (3.18)

;P azbaF ke

3R EHF LI ER

paEkpRFERFTELEZ AP HRU RS 0 ik
BEANts s BT an1 FEERL UL A B A BB AN S AH o E2up
FEFA G AL FAR R F TR B A ETHLERS L
AT RA G2 DEFKkPRFERrZ 22 B2 L E B S
& F i 5 A # (Annual-maximum-event, AME, model): 2 (2):£ B2~#75 k p i
FrEa 2 B £ i F F L A (All-event, AE, model) o & #5550 41 HiE
4o o

331 #E& % & F i A# (Annual-maximum-event, AME) 2.
3311 #i\HE

BaMafetvils i Kgafsapgalok pafriagtiitz &
B fa B RHAYHEHED RS A g DA TS B TR S Dy,

BH AU LR a R H ST P EREE ] FEK

a2 Bt m o WHL =max{HL,, Hio, o Ho ) o Bt ol 2 &
BAaEH I IERT TA G

. () =Pr(H., <h)

_Pr( maxlgh) (H:naXZ Sh)ﬁ rW(H:TlaxK Sh)] (319)
= Pr|:ﬁ (H :nax k = h)j|

R AR A Kp AT d F LA S BGB19)N T
H‘ (h) Hpr(Hmaxk < h) (320)
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FIKP s az #5508 a 2(d, )E8R L& a2 (h,,)
"’:} tt— rg \ h:naxk gk(dmax,k) ’ ;L%-"ﬁ‘ fli » (320);\‘ ? %E,
. (h) = Pr(H max <h)

Pri(H i <)) (3.21)

— 1

o

(O <)

=~
Il
N

FrPd skpadfEaftaa o prFTt )L EaR LA E(H,)
ZAPHERPEET 74 £f2 (3.21) 7 &7
1

T(h)=F (3.22)
Hix
AME #5427 S0 B 3.4 -
3312 kpa@f%ateis Faiilefm
_ g R R E A Xl R o L T IR T
%@ﬁx;kaﬁﬁi dgd o REGE E KpaESR FEF S Sk

20 BFREFELERBEMHERE U FESERE 2 FE - 28753
AT F 8PP G R B3 R (zero-value data) 5 B 0 AL/ € BEA TR
AP CRANE (A AT ,;ﬁ A-pt B3 > Hosking 2 Walis(1997)% & 41+ Jig *

WE G REEFTHZRERFEWF A F I #(Mix cumulated distribution
function, MCDF)4- ;¢

HM—{Q ’igg (3.23)

NP ) AR AREAF WIS EERELFL T2 Gl):

P 7
AP E AR RS Sl Tt ke B (323)58 ki k p o g
AREEA R RN A AME BB S A B4 f
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332 #rj % a ¥ it L AA (All-event, AE) 2

AE #5872 >t AME 2. B3 AME f558 @ * e E o~ B s A
g EaY  FTEIRRT KPRFERTERXEZ AR A
AR EE A E2ZWF L GO RBETEL | FEE LS EF 2
AE #5383 R g% 473 A ¥ E o B4 FE AR I pF A 2 (Partial

duration series) /i 72 % 2F = 05N > BT HAF AR 4o T o

3321 K%

B lead 2inFkpadfeaded  Haa georpmedhst
R R A B R & S D8 HL(i=12,...n) s Ik paadagiet
PRERAER RH, SR B KA R U EEa R

2 v

Bt o T H _max{Htkll,Htk,Z,...,H,‘('nk} U 0 = L = - S A
VOAA e

\:l-r.'a'i:
Fo. (fny,nge, ny)

—Pr(H te SN N, ny)

)} (3.24)

#¢on H2 HL,i(i:1’21 N)BEX B2 ERIFE PER- B LTS
BcoMkpRFEaTIEzt ) FEELAEARERILHIEKT TE S
Prl(Hi < h )0 J=Prl(HL, <h)A(HL, <h)A..A(HL, ]
~TTPrlH, <t (325)
k=1
=[P.(HL <n)*

#-(3.25) % » (3.24)5 B+ 1@



' | (3.26)

4ol AMEH- ckpafsad itz aad(d)edipiz st ] Fa
B (h)z # =8z - B %55 doh) =g,d,) > P1(3.26)3% 7 i 5

= ﬁ [FHtk (n)}* (3.27)

R0 d =g ) R KPR A B R 5 5 Pr(N, =n,)
A(327) 7 2B %

- TT{E o e «prow. o]

1 =

11 {Z IFs (@, )F x Pr(N, = nk)]}

k=L ( ng_g

(3.28)

Pk o TiEY (328N AAPHEH Sho EMMIET £ - AE i
)

Wigsevw 2L B 35

3322k PR s g A gFL LAY

d B T wEE kBt P Eh Mg PIomadc TR
g Kp e gt agd s T2 FPr(N =) A*1{F&KPid
FaFTtEagd T2 BI ook BEF2E EREAR T EF A X
PEETER s A I S Bpp e (TrdR * Poisson A ) o e R A § 2
2 P2 bR REFEA G R f]ﬁ{k PAEEE RIF A
FANFREL R kpERFEFL T kpRFERTEFL T
000 LB KkpaF s T ES S K7 @ L& Poisson A i H T
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PWEERBEAE M o 50 f24 0 RP4E > Consul 2 Jain(1973)4& !

#0227 ) 2_ Generalized Poisson distribution (GPD)

n-1 ,-6-n
P(N=njo,n)= e(e+nle  n=0,12..:A20 (329
AP SEOE AT TR
0 0
E(N Var(N 3.30
-2 <>(H)3 830)

GPD HV 2. S R #icx 3t ~ ] R BN T @ Bod ot el A 0 B~ f B
¥F o 40 GPD Rz T2 R R FROF T VM o d TR
# if > Binomial ~ Negative Binomial £t Poisson 4 i er% #c » 77 7 3§ #* 3%
GPD 5% o F]pt » SRS FIB 7 i S o G BT A S L 0 A2

it GPDH R > kpRFERATEEFS BB T2 afo

34 * AME 2 AEHC R EERPIET E t ] FEE AR E
WP RE i AHZER BT L (AME 2 ABE)EN S B Y o A

¥ E(321) 2 (3.28) ¥ d Agsechndich TS s i FRRBELR

HEE T & t L a B0 38 A2k 5 &7 3% (Golden section

method) » fiz & T e p S dic

(3.31)

Minimize s(h)=‘

KOF, (h)=1—$é§ﬂ@H‘m _ho BT AAEE A E 5 AME & AE

Hmax
Bt o A8 5 o § P hadice [T 0 E - R £
FET E to ] 2t a & p7 RE o B3 R FdeT o
1

Step[l]: FE it fiB2 t/ ] PFEB X R £ MIPFET =

H;wax
Step[2]. Bk E T &t FFzZ™aE % h, &~ AME 3% #(3.21)5% & AE

BT (3.28) 8 KB H AP H R A IA:H‘max (ﬁo) )
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Step[3]: & 3 “r ¥tk P sz e, ) -
Step[4]: ?8( )<8 & LB R plh, T E E A A

&5 boilipHE s T - Badeh,
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N

2317 3o F Sz T 5% 2

\\\?{r

Bl LIRS L2 MG

tE oA o A 5K S8R £ Mk
FEA N [ (x-p)'| M =X
(Normal distribution) (x)= J2n6 P 26> G, =S,
ZEEHBE RN [ G-ny| [n=7
(Lognormal distribution) f) = ev 216 , P "._ 26_3_ ’ o, =S,
y=1In(x)
;T uR T o A S [ = S, 2.
& @ sk 100 A 4 P foy=— L[ :} e8] “i/g*!'
(Pearson type III distribution) BT B . B ) BB
x>0 B=| i:|.
L &
les|
E=X—-5_4p=x—
g}{
ROk @ I A o A 1 Ty=eT™ [ y-z] s, e
L. . f(y):— R expﬁ—(”—?)} o = \;(B_xg_
(Log-Pearson type III distribution) B B L "B ) AL
y=In(x)y>6 o ; }
g,|
= -8,/ = k.|
. 2,
{ho3% 5y A £(x)= Brliazix”rs " exp-x/B) o-X
(Gamma distribution) o S,
SE
p===
sk 1 A 4 A (A A [ x— [ x—p) &
FRyg A I A o A (A% 4 ) £(x) =lexpl & ﬁ)_exp! _x-P ﬂ o J6s,
(Extreme value type I. EV1, @ L o« Lo .
distribution)(Gumbel distribution) B=X—05772a
R fx) = (1-px)* x—
(Generalized Pareto distribution) 1+pB
S - o
T (1+p)y1+2p
H F(x)= ale? x=p
(Generalized logistic distribution) h (1+e")? S = ot
y=x-p)/a BENE

Note:
X=sample mean: S,=sample standard deviation: g,=sample skewness coefficient
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%32 2R3t B TEEE SO AL A2 M GL

] oy B S SR L-8) £ [ 1A
B AR 1 [ (x—p)?) hy=n,
L f J— x
(Normal distribution) (x) = ':-{G eXP} 252 . c.
L x o S, = —
2 Jn
—AHHETESA ] 1 [ y-u)| [
. . . =Xy —— 1,
(Lognormal distribution) ) e’ \.""EG . e‘(pl 20-§_ f w, =Inu,)- R
y =In(x) Ly =expluy + G—;)I 2 - 1:|
AW R IO A 5 A 1 [x-2 } [ (x_:g)] Py =E+oB
.. . = ——)¢ 0 1
(Pearson type III dlStl‘lbllTlOIl) |ﬁ|T(01) B ) da=T “ﬁf(cx—E} r,/F(oz}
x>8 Ty =61,5( 20)3
CT(p+q) (Fpapy e
©DFprgh O
WOk BT A A 1 [y-e]" [ y-g] |5+
T T 2 = Y
(Log-Pearson type III distribution) ICeo| B LB ) [Ra=mRle+) T
y=In(x).y>0 T, =61, 5(0. 203
_ T(p+q) plp ool
I, [p_q)—r(p]l_{q] ‘{E‘t 1-10dt
;’-_1 and ;’-_2 are calculated
using log-value of x. y=In(x)
FE AN o) £(x) = e (x/B)"" exp(—x/B) Ly=0up
(Gamma distribution) o = PI(c+35)
C (@)
T b o I ~ 7 § — { —g 77
AR AE T A 5 A (F AR5 ) f(x):lexpl_(x By exgl - Bq =p+0.5772a
(Extreme value type I, EV1, @ L @ Loa k, _uan)
distribution)(Gumbel distribution)
e ] f(x) =0 le P Pp=(1-31)/(+1y)
(Generalized Pareto distribution) y= _B—l log{l—B(x—&)/a} a=>1+72+1h,
=0 —(2+7)4,
4oy A o e Py _ 4y sin(fm)
. . e e f(x)=——— o=—"
(Generalized logistic distribution) (1+e™) pr
=" log{l-p(x-2)/a} p=-T,
b
=i, —a[l/p-
>=h ol sin(Dﬂ)l
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A
COII]D].EI’E storim event Partial storm event

Rainfall (mm) /\/\
I J+1

Time (day)

B 31 mEsaf oMz Eaf it TK
A
Rainfall (mm) A/\
| /J\ 1 R
I T+1 Time (day)

(a) Single-rainy-day event

Rainfall (mm) A/\
| A/\ | /\/\ |
T +1

I T+2

*Time (day)

(b) Two-consecutive-rainy-days event

™Time (day)

Rainfall (mm)
| | A /\'\ /\/|\ !\ /\’\ |
J J+k

J+1

(¢) k-consecutive-rainy-days event

B 32k pafsad it ok
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d,or d hy

maxk

v

d

kp

0
B33kpugumErea Bt s Hupgt | Fh L %a Lo ik b %

t
hk,p

‘_‘}gm—maﬁm. Hoon-- H;mﬂ(}‘

F, (W)=Pr(H., <h)

=prfHL, <h)~(HL., <h)m..~(HL ., <h)]

Pr[rx](H;mk < h_)J |

B3 R ) 38 S k B 4y 3 14 4% ok FH
By 430 3L B 3

K ‘J
F., 4][PrHL., <h)
e L ] [

t
“ hmax.k = gk (dma:d\' )
FH,M (h)=Pr(H,, <h)
:[Uﬂm@kﬂﬂ h———J

K
E Pl‘[(Dmax_.k =d, (h})] " T(h) —

T | =

Bl 3.4 AME #73% 42 ¥ 42
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t
m

erf(m

M, = mas(H] . B

] HEA R4

=)

fE.3% A 7% 31 [ #% 5 3K

K30 o

k=

¥
tllnklz P['[{H'k_l <h)n (H),=h)n..n feL ., 'I.IJJ

K . |
[1PriE;, < 11|uk )
k=

[P, (i7; <n)f*

—bhi =g, (dy)

F.. (hlnl.n: _____ n,)
Iﬁ-r%ﬁﬁﬁkla 2 , = .
F[—F (hjn;.n5..... n |
= ! B =11 [FH; (h )]{J
=Pr(H._ f£hn,.n,...ng) k=1
B = 4 =
= P1|:|]:_=] (H ;u__k = 11|n:k | Pﬁ‘;ﬁ;‘k_? F%ﬁ]f )HL = 1::[1 [].:[)IC (dl,-(ll} )]:.\‘
x x kE R GUERF
By CICORPTY v
 Pr(N, =n,)
FH;“, (h |111 W1l 3 aeees Tdg )

t
max, k

=1jP[(H ]nk]
lj [P(E; = )

|

F. (b= ﬁ I [[Pf(Dt <d )" < Pr(N, =, ]]
R

]j [Fz—ti (h )]"k PEEN——

) 3.5 AE 55\ 48 16 47
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Fry WSURY AR

41 F1 R 2 FTHEP

R R S RTEZERERRIIRRBAIE Y P 2R
EMFAFENTE SR E TS 2 RER O ELFT
Flaedri B3 Km B
7 100 & P& & % 45(1884-1990 > H ¢ 1940 1 1946 F]1% - =& fr ~ ®m
Vg AR) e B R 2 gs;(Rl);;zn;;g;%q c LA EET 16 Bpia R
(hod 4.1) > & =p2 dpBE 2% 4oB) 4.1 #77 o

PRSI HETS R L BmE AT AR A RERE

A2 'R B2 28

'&rﬂ;éﬁ:i,ﬁ,ﬁ_?,yl’_auﬁi%}ﬁﬂ F&,}E‘;,;lvfr_g_%&ﬁﬁﬁ; a,%’;t;,{'fi“gl:%
FPRE o R FEe R AT A RFENT R B F T

MEZER R HEREREET LI LT o8 (D)E R FREREFER ) L
B (Lo 2100) 5 (2) £ 2% & £ F 4 30mm(p__ >30mm) 5 * (3)F
- F ¢ 25 - B MR i R B0 5 10mm/hr (1, 210mm/hr) o 42EE
KU g R R R B R v 2E 100 £ pEa BE LY E B0 1690 #-'%
AEE > A BAF L 1600 FH A E E 2 FHEEFRI A T RE L

TR EREY RN E 2 R

421 %% & o4

~ = "f D 4R 1600 B0 2 B A H sl i i, iR B
$AMCMHE L WP PRS2 PN AT FIK AR
7 o
4211 %At EEd Sk

242550 2§ E(17 2372107 3127) - af@ 1 197)



2R FEEFL I Fod AT N FF@PI6)ERFT IO
TRFEEPPEF N HEL TS HY aF 2 T EP A5 F P8R o
TATEY R R EFEFAEP 2 EEL T AP ET R

WA g P st F 2 Fisher 3t4tdn #(Dispersion index,D,) 4-# 4.3 #f

Wi

Foo EHEEOKER AL 5% P4 Poisson AT R R G

(Aog250 = 73.35< D, <Yooqrey =128.76) o A & % 43 F F 11> 12 B * (»¢ ¢

‘m\

o~ ~w~T v L2 o0 WL Poisson A 0 B HEE R R P

|
|

A,\;f;\vrﬁ'ﬁ LEa g4 fcp 2 5 Poisson & it > His = Fw
Bk % Poisson A s eE A diz-mE-_F Rl Es agitEagd
KB & Poisson & oo TPt o FHME R R B A A Si 0~ B £ 0 R
® ¥ g Poisson % A fpdilicfe & b £ B2 2 L0 BRI - R
”ai*%4&5’v%uﬁ4w*“aikfﬁﬁ Bag ~F 2RI
BRZa M titdk A B2EEREF RS, 250312 2 37
2102 3127)2& 5423292 )- % puERLEST 2 FAFTELL
FrH 2 M MITL A A B ks A o

— <

4212 %3 pF -2 FE L ETREERT

E;Pfrﬂfr’ﬂ\?:ii—ﬂﬁ“"&}i.;u -7 ﬁz{aﬁ §

—_
\
H-N'

=3
=T

i st ds 0 H Rk dodk 44 e dod 44 9T 0 BRE A B 2V A

l“’b

BEARA R S (K5 70mm) o e HAREG X frdp £ H & o gt th s R g
AR E TR TE R RREZE LC B Rt ol
Fod PiHEREFT R EE2LAF S SHEE R > R H A
rEGRA RN . T TREREER AT FEE ST e
FE ORI AGFLFEFEREF LA F o T 4 44(d)

BEFRALARM GE(NE 0.7) ks ke &
PR AR R B AT R G BA R o St B R U PEE A R

SR R M RS 01 R HARMAL R T Lk o L
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HAF AR E T oo SR up SR g2 T EREFFI 2L 5 M
NG RE o

SR TERUERF R R R R EREFRLEEHT AT S
FH 2287 B2 EFEFKSPEEARETY L hotpvalue BF 5 cp A
(4r% 45)c HP R 3 X end - B AR 247 A% 5 oA i Slkew

EE o Bp A A D R AE T 24 bldos S8F &4 © (Normal
distribution) ~ = % #c¥+#c ¥ i ~ i (Log-normal distribution) ~ = % # Gamma
Aﬁﬁiﬁ&ﬁ%dammmmmdmumMmM¢ov*545 sod 100 £ pF&R £

TR EEATEY > - FHHERTEA G L AicE et aupi ta g
ZEJAG A X ERFIEREER G L S8k Gamma A F 0 - AT RE
Yen % (1993)# * Urbana z- e £ Al e » g s a FIEPEF & | &
1/ pFEPERE RS a 2 U 2FREFT 2L 384 % 5 Gamma

A2 BRI o FET R 2 R M e T o Fle s B2 p-value ¥

3%

Wi

0> REA Y25 &R o B PHERRDRFN T a3 T2 F A g

Wi

T

"
A‘

i,u%“E¢kiﬁiiﬁﬁﬁﬁzﬁﬁ@KSﬁigi—&ﬂ?
p

= »
[y
ETIN
ud
Rl
=i
&
SIS
ETTES

AT E g e i w2 b o Fphh v AfigtEa g
ALY 0 F BTN - AL BB ST R AR 0 B AIL S 2T A
gi%gwﬁﬁ HREE o Y EPRE AR B EEA T T 0 PLELAT

a3

4.2.1.3 " & & 7
2.5 & ¢ TR A R (R A AT A S 2300 1 ()R A2 A e 2
;(QaFlx R £ P 24 2 QRFER A FF 27T o A2 B
*d 100 £ R TR 1690 HE A 0 BEF P AT 0 BB ER
F]E YT
(1) & 3lz &3 2

d 252 Foraf o A g r K-Ti5(K-means);2 ¥ fie & w2 15 RS
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(MacQueen, 1967):& {7 & 3|2 4 ¥ » I i * L2t 2 23 48 Minitab(Minitab
Inc., 1996)it {7 F st E#FH L7 od R L F AT R ERD - L ETF]
SR EP V- LAETFIXAMEALFE > FRAHP EFARRGFA
# o 89 P (t=12 .10, 11)f > P-based " & & & > T ¥
F (t =1,2,...,11,12)4<;£;; F-based "% & A& o
At K-means = jZ:8{7 & ¥ pF > i ¥ F L3 FEE (Trial-and-error)
2 RATEEEKD BRI EP R A RLA BRI REFLHATF IS A E
TREY RE o RHYRFEHEAY L AT A ER ELIDES AL
Fas s kAT Bts 2 AFHP o A2 #A wEr P-based 2 F-based ' &
AR A e 5 3 7 F o FREFEA LWL AL T FA F|(5-group
pattern) - = ¥ & 4| (6-group pattern) + % = #£& 4| (7-group pattern) » # 4 #
AR AR 4.2-440 d BlA2-44 F B s HAT Y 0 NS A G
(Uniformtype > TP i3s3 g 4 20 @ Bt RPN )& 3 A7 a4 1
AFR oA A EARIE S ER AL oL B AN FAa AP R ER G
¢k B¢ A (Centraltype) & #(TP.dx B4 2 E FIAPFRF 2P B) p-
Ha ¢ B 2 e A (Advanced type s TP, o dE g g 4 At F]= PR 2
B % 2 18 ) (Delayed type ¢ P i (B3 4 3haE F=X pERF 20 (S L) o d AT
AERAZE - FEREG CFLR VR FR AT R B
PEAF LGS 0 A ) 2k 5 B eAl(AL 2 A2)~ ¢ & A|(C) ~ 325 AI(U) ~ 2k 1
(D1 2 D)%+ #H > Ah P Pk AFEARAT S ¢ F 1) A ApER

j?ﬁ;ﬁ”@fﬁéi’] ,é’(ﬂ&‘@;}’%’ﬂ‘ .,—ap_;r:&iqo v d B 4.3 2 [ 45 7 v

s

P-based £ F-based /it % su7 17 =+ 3] 4 3.5 % B 4p § 4517 > & 7]

o

F-based "# & Atk i iz 2 ¥ & 3P 2 &% B ARt & 5§ &P A en
I8 50 2R A A R EPFE o Fp > A2 4% d F-based i & A
S e Ha AR A A B A2 R o

(2) & T & B P2 i

R EREATELLABEAALE > AH 1 B2 L HE F
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F 8 (P,t=1 2, ., 12) 2 5e3-4F (4o 4.6) 0 L oh s T L B A E TR

w ,

& & P 2. Johnson 4 i 84| & & 2 H S #cE (4o 4.7) -

ORI HEREE)

d AR A A HEF BGEY 2R T it g FXEa P 2 H R4

FEF O FMRAS R - HEHAZFTREPTREG A PR R
AR HART A AFENAREE > T A2 F 4T 0 R
R R R ERETR P AGR TR UEPF R E R TG0 F)
ZFFHAAF AT PEERE > NP AR FER B A2 R
SRk Ra K

AR I B BTN I A - A (Yol

Mo A g% 5|8 4 (Contingency table) 4 #7 &k -2 7 b & ) e 4 4f &

LFE LT E TS 2B SR KB (L) AL HIL D £ A Y Adra
F2 PR R AR T FE A2 (QF {1 TR E

pvalue’;ﬁ KB TR EPFEREE T HE A A2 P A AR ﬁi;ﬂ‘z%}i
PR EEGARM e A By R 2 B F K 25 5% 0 T p-value /)
% 5%R & AR A B R RF SR AP F 2R BE o
Tt hdcd 47 97 > BEAP A -RAEFFIAEF e F > d a7 A5
RAFIIF AT A SFFAWNEREFT AN ¥ ALT AN K
T 2% % & 3£ p o B (Degree of freedom) 2 p-value » # ¢ p d B 3
(n, -Yx(n,-1) > n 278> n Sffliced 247 P a i aupz 58
z_p-value 3 0> @ "5 & & 2_ p-value 82 5 0.02 > iz i |- > &g % K & 50> 35
PRz g iy aaup a2 5858 5 a7 FAARR DS
RUEFE R ERTY A AR OPF LI AR » BT O = N
Ak Hepa A enp A AFF A A FIR - LERUEPFZ R R Aem B0
g fo B d Aa ey LEAADF A PF YT AN E oL - MEE 4211
2 42122 A5kl o

FEIERHT 0 hir A Y A EA L FAFF HE AU
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gL - Ry ARkt P RE o FY o AR AIFED A b AT

2R3 A Ud THERZ R U2 R R A3 0 2
T ;u;;,—t;L zp;.zgfgn—}a ,,g“gpfg&%@@]%iﬁﬁgwrﬁﬁ ’
=N i212..6 4.1
Qi_ﬁ ll_ll"'1 (.)
2N
j=1

FPQEN AN AR -UFEIAERFP LS IFEXFFAPp5 24

ifi@;g ofj&%&ﬁ—j}?il‘%ﬁ,iﬁﬂ?&@k HLr;zvvx B4 ¢ 2 gvﬁ“,ﬁﬁz;fé,%i
A 4% R %3855 4 & (Multinomial Distribution) % ;4 2 &

FEZ G B HCR ETAR R R AR 0 A BOR - R Rl R FS R A
P o
Q) i=-E R ES- 4

%gé FIEE A AP R (ot 4T oo LR AP A I LD E A

Psia B2 E 2 B Fpl k2 g

Bfs R A 2 - B FRdeT

Step[1]: yeb L' & af prir s § e £ #I0 A Rk T3 AR 2 H 2 4

F
Step[2]: M * 5 3E N A AT A s 3R

Step[3]: i@ HHEH - A A2 & FIXE R AR -

422 H:\%#E

AT R TR B 2N RIS R T 0y
e sad- £ R T 0 K FEBT ot pF({=1-hr ~ 2-hr ~ 6-hr ~
12-hr 2 24-hr)z. &+ a £ > A w3 8 H s B T % a
-2 pF-4p 5 0 4 (Rainfall depth-duration-frequency , DDF, curves) » 1 :& 5 *%
F B SRR AR S o o

4221 St 22 HH
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s R £ S  (DRER R A s £ 52 A £ 53 fid
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241 ApAa gz AR TR A

Station Location Elevation Region Re('or"d No. of storm
1no. (m) Period Used events used
- 1884-1939,
RO1 Hong Kong Observatory 32 Kowloon 1047.96 4359
R11 Ngong Ping Tea Farm 440 Islands 1984-96 180
R12 Discorvery Bay Water Treatment 75 Islands 1984-96 )
Works 207
RI18 Sam Yuk Middle School 105 Kowloon 1985-96 284
R19 Quarry Bay Tide Gauge House 10 HK Island 1992-96 132
R21 Tap Shep Kok Power Station 25 NT West 1984-96 328
R22 Tsim Bei Tsui Meteo. Station 5 NT West 1984-96 222
R23 Wong Shiu Chi Middle School 25 NT East 1984-96 417
R24 Sha Tau Kok Police Station 35 NT East 1984-96 324
R25 Pak Tam Au Country Park 105 Kowloon 1984-96 305
R26 Shek Kong RAF Airfield 10 NT West 1985-96 332
R27 Yuen Long R.G. Filters 90 NT West 1985-96 211
R28 Au Tau Fish Farm 5 NT West 1985-96 215
R29 | Lok Ma Chau Police Station 50 NT West 1985-96 241
R31 Tai Mei Tuk Pumping Station 10 NT East 1985-96 358
RA2 Fire Dept. Training School, 10 NT West 1002-96 g4
Yuen Long

%242 A2 pha g 100 EFR £ oY R 2 Tk

Month stoxm oot
January 9
February 13
March 38
April 136
May 276
June 297
July 280
August 292
September 228
October 78
November 30
December 13
Spring (Jan-Mar) 60
Summer (Apr-Jun) 709
Autumn (Jul-Sep) 800
Winter (Oct-Dec) 121
Dry-period

(Spring & Winter) 181
Wet-period

(Summer & Autumn) 1509
Total 1690
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Month Mean Stdev  Skewnes Kurtosis L-Cv  L-Skew L-Kurtosis D, p-value
January 0.07 0.26 3.29 11.83 0.94 0.89 0.73 95.61 5.8E-01
February 0.15 0.52 4.07 19.95 0.95 0.9 0.76 178.46  1.7E-06
March 0.38 0.86 3.25 15.86 0.85 0.7 0.4 192,69  5.4E-08
April 1.64 1.33 0.55 2.38 0.46 0.16 0.05 106.78  2.8E-01
May 3.38 2.28 0.14 1.99 0.39 0.04 0.02 152.26  4.E-04
June 3.13 1.77 0.4 2.54 0.32 0.1 0.11 99.09 4.8E-01
July 2.84 2.12 0.71 2.92 0.42 0.17 0.08 156.67  2.0E-04
August 331 2.23 0.26 2.01 0.39 0.07 0.03 148.74  9.1E-04
September 2.67 1.98 0.43 2.13 0.43 0.12 0.03 14536 1.7E-03
October 0.85 1.15 1.86 6.84 0.65 0.41 0.15 154.03  3.3E-04
November 0.38 0.65 1.45 3.82 0.77 0.55 0.16 110.07  2.1E-01
December 0.15 0.4 2.82 10.6 0.9 0.81 0.56 105.60  3.1E-01
Jan-Mar 0.6 0.98 2.24 8.96 0.74 0.52 0.2 158.47  1.4E-04
Apr-Jun 8.15 3.14 0.09 2.15 0.22 0.02 0.06 119.77  7.6E-02
Jul-Sep 8.82 3.12 0 2.52 0.2 0.02 0.08 109.26  2.3E-01
Oct-Dec 1.38 1.21 0.95 3.98 0.47 0.17 0.11 105.03  3.2E-01
Dry Seasons  1.98 1.47 0.72 0 0.41 0.14 0.13 108.05  2.5E-01
Wet Seasons  16.96 3.74 -0.09 0 0.13 -0.04 0.11 81.65 9.0E-01
Year 18.95 3.8 0.04 2.44 0.12 0.01 0.09 75.44 9.6E-01

% 44100 £ 1690 Bfsa T 22 afpr M a B2 IR 22 bl

(a) Storm duration

Period Mean” Stdev” Skew Kurt L-Cv L-Skew L-Kurt
Dry 10.64 7.46 1.63 5.49 0.36 0.32 0.19
Wet 7.68 5.07 2.09 9.48 0.33 0.31 0.21
Year 8.00 5.46 2.12 9.19 0.34 0.32 0.21
Note: *=unit in hour

(b) Rainfall depth

Period Mean~ Stdev™ Skew Kurt L-Cv L-Skew L-Kurt
Dry 71.21 64.07 3.17 14.26 0.37 0.54 0.32
Wet 69.04 53.66 3.38 19.45 0.33 0.48 0.28
Year 69.28 54 .89 3.37 18.74 0.34 0.48 0.29
Note: *=unit in mm

(¢) Inter-arrival time

Period Mean~ Stdev™ Skew Kurt L-Cv L-Skew L-Kurt
Dry 398.08 604.48 1.66 5.05 0.73 0.50 0.15
Wet 271.8 341.33 2.19 9.82 0.61 0.40 0.16
Year 285.45 380.72 2.30 9.92 0.63 0.43 0.18

Note: *=unit in hour
(d). Correlation coefficients

Period (Dur-Dep) (Dur-IaT) (Dep-IaT)

Dry 0.685 -0.048 -0.159
Wet 0.662 0.025 -0.025
Year 0.656 0.025 -0.050

Note: Dur = Duration: Dep = Depth: IaT = Inter-event time.
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Record . Storm duration Rainfall depth Inter-event time
length Period Distribution p-value | Distribution p-value | Distribution p-value
N 0.00E+00 N 0.00E+00 N 2.20E-03
Drv LN 1.11E-01 LN 1.00E-04 LN 6.20E-03
’ GAM 1.50E-02 GAM  0.00E+00] GAM 9.92E-02
100-vt EXP 0.00E+00 EXP 0.00E+00 EXP 1.14E-02
’ N 0.00E+00 N 0.00E+00 N 0.00E+00
Wet LN 0.00E+00 LN 0.00E+00 LN 0.00E+00
GAM  0.00E+00 GAM  0.00E+00] GAM 0.00E+00
EXP 0.00E+00 EXP 0.00E+00 EXP 0.00E+00

Note: N-normal; LN-lognormal;: GAM-gamma; EXP-exponential
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1. iz % (Dry-season)

(a) Pattern Al

' a B (P, 1=1/12,2/12,.12/12) 7. 33+ 14

Pia Pana Pana Pana Psi12 Pea Prna Pga Ponz Pz Pupe P

Mean 0.151 0.177 0.179 0.145 0.113 0.075 0.035 0.031 0.029 0.023 0.023 0.020
Stdev 0.060 0.049 0.052 0.068 0.058 0.046 0.020 0.018 0.022 0.020 0.019 0.027
Skewness -0.353 0.634 0.147 0361 0.432 0504 0.332 -0.047 0.565 1.406 0.763 2.350
Kurtosis 2.144 3788 2900 2.246 2110 1.896 1915 1434 1.830 4.044 2.099 7.379
L-CV 0.241 0.157 0172 0.286 0.312 0.373 0.360 0.344 0.454 0.478 0.475 0.582
L-Skew -0.108 0.129 0.051 0.102 0.134 0.183 0.117 0.003 0.230 0.441 0320 0.701
L-Kurt 0.089 0.344 0.230 0.075 0.013 -0.005 -0.001 -0.099 -0.060 0.184 -0.032 0.498
90% Lower Limit 0.064 0.122 0.116 0.060 0.045 0.024 0.012 0.010 0.006 0.007 0.006 0.006
90% Upper Limit  0.223 0.241 0.247 0.241 0.196 0.142 0.064 0.052 0.061 0.054 0.052 0.058

Poo 0.345

P2 -0.875 -0.309

Pano -0.549 -0.670 0.479

Ps/10 -0.396 -0.780 0.175 0.741

P12 0.140 -0.138 -0.116 -0.248 0.125

Pz 0.289 0.235 -0.178 -0.409" -0.503 -0.294

Pg/12 0.203 0.647 -0.205- -0.436 -0.719 -0.405 0.711

P12 0.030 0.684 -0.201 -0.584 -0.574 -0.320 0.468 - 0.808

P12 -0.173 0.419 ,0.186 ° -0.491 -0.554_ -0.392 .0.432° 0.459 0.687

Pi11o 0.230 0.441r -0.263 -0.608 -0.518 -0.285 0.055 0.2001 0.479 0.633

Pioo 0.424 -0.135 -0.335 -0.349 -0.189 0073 -0.065 -0.219 --0.181 0.017 0.609
(b) Pattern A2

Pia Pana Pana Pana Ps/12 Péra P7na Pea Ponz  Piomz  Pupne Pome

Mean 0.088 0.100 0.123 0.157 0.141- 0.103 0.081 0.065 0.054 0.035 0.031 0.023
Stdev 0.070 0.055 0.061 ,0.105.- 0.083 0.049 0.043 0.032 0.036 0.019 0.021 0.014
Skewness 0.749 0.284 0.747 1157 -0.7810:319 0416 0.275 1.030 0.149 1358 1.172
Kurtosis 2361 2231 3530 4.875 :3.480 2.726. -2543 2131  3.636 1763 4.962 4.515
L-CV 0.454 0.323° 0.282 0.369 0.338 0.276 0.307 -.0.289 0.369 0.321 0.359 0.323
L-Skew 0.240 0.077 °0.425- 0.189 0.151 0.055 0.081° 0.075 0.234 0.046 0.238 0.205
L-Kurt 0.019 0.091 0.195 0.117 0.077 0.113 0.064 0.068 0.124 -0.009 0.197 0.165
90% Lower Limit 0.017 0.027 0.048" 0.044 0.050 _0.043 0.028 0.023 0.018 0.011 0.010 0.009
90% Upper Limit  0.189 0.181 0.204 0.284 0.244 0.165 0.134 0.111 0.103 0.061 0.058 0.040

Poo 0.397

P31z -0.368 0.002

P4z -0.537 -0.734 0.009

Ps/10 -0.336 -0.464 -0.141 0.215

Pei12 -0.014 0.080 -0.213 -0.252 0.271

P71z 0.075 0.260 -0.157 -0.307 -0.352 0.064

Pgi12 0.258 0.327 -0.003 -0.339 -0.658 -0.356 0.439

Pgj12 0.162 0.155 -0.081 -0.324 -0.318 -0.269 -0.025 0.615

P10z -0.156 -0.003 -0.081 0.070 -0.230 -0.402 -0.101 0.089 0.194

P12 -0.115 -0.074 -0.161 0.264 -0.249 -0.327 -0.152 -0.100 -0.072 0.725

Pioo 0.244 0.197 0.016 -0.259 -0.334 -0.250 -0.158 -0.006 0.171 0.609 0.659
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(c) Pattern C

P12 Pana Pana Pana Psi1 Pein2 P2 Pai2 Pona Pionz  Pune  Piap

Mean 0.026 0.031 0.042 0.080 0.175 0.190 0.159 0.130 0.067 0.036 0.030 0.033
Stdev 0.020 0.021 0.030 0.051 0.061 0.063 0.071 0.061 0.041 0.022 0.023 0.029
Skewness 1.800 0.745 1.285 1.158 0.724 0.425 0.187 0.010 1.168 0513 1.937 2.004
Kurtosis 7.488 2975 4.804 4773 3410 2724 2148 1741 5181 2344 7.654 7.830
L-CV 0.393 0.387 0.387 0.350 0.201 0.194 0.264 0.279 0.337 0.360 0.403 0.446
L-Skew 0.264 0.170 0.231 0.184 0.145 0.080 0.048 0.005 0.159 0.136 0.311 0.356
L-Kurt 0.171 0.094 0.233 0.181 0.135 0.098 0.065 -0.020 0.192 0.065 0.251 0.227
90% Lower Limit 0.008 0.007 0.009 0.024 0.107 0.113 0.068 0.053 0.019 0.010 0.008 0.007
90% Upper Limit  0.049 0.061 0.081 0.144 0.259 0.271 0.260 0.209 0.116 0.069 0.060 0.071

Pai1z 0.557

P3j1n 0.163 0.715

Paz -0.120 -0.096 0.016

Ps/12 -0.128 -0.234 -0.282 0.044

Pe/12 -0.154 -0.277 -0.280 -0.159 0.115

P12 -0.011 -0.133 -0.213 -0.580 -0.492 0.005

Pe2 0.044 -0.068 -0.099 -0.432 -0.451 -0.236 0.593

Pg/12 -0.123  0.024 0.101 0.496 -0.244 -0.472 -0.301 -0.099

P1on2 -0.262 0.157 0.486 0.045 -0.190 -0.223 -0.311 -0.167 0.280

P1112 -0.205 -0.240 -0.190 0.054 0.203 0.036 -0.169 -0.442 -0.153 0.242

P1oo 0.040 -0.071 -0.117 0.195 0.563 -0.257 -0.505 -0.570 0.092 0.112 0.457
(d) Pattern U

Pia Pana Pana Pana Ps/12 Peia P72 Pga Ponz  Piomz  Pupa Pome

Mean 0.054 0.079  0.087 0.084 0.095 0.085 0.097 0.093 .0.096 0.091 0.084 0.056
Stdev 0.037 0.035 0.034 0.042 0.054 0036 0.051  0.043 0.035 0.039 0.038 0.037
Skewness 1511 0332 0505 0366 1357 0.582--:0.620 0.201 70.295 0.379 0.992 0.972
Kurtosis 6.006 2.447 2.685 3.027 6.074 3.091 3375 2.477 2597 2847 4225 3.405
L-CV 0.369 0.252 0.228 0.283 0.306 - 0.243 0302 “0.269 0.213 0.244 0.252 0.373
L-Skew 0.262 0.075 0.119 0.058 0.175 0.097 0.097 = 0.050 0.068 0.075 0.169 0.235
L-Kurt 0.127 0.078 .0.106 0.163 .0.191 0.121 0.080 0.094 0.119 0.170 0.177 0.081
90% Lower Limit 0.017 0.038 0.047 0.030 .0.037....0.041...0.036 0.040 - 0.051 0.039 0.041 0.017
90% Upper Limit  0.097 0.126 0.136 0.139" 0.156 0.129 :-0.160 0.150  0.145 0.148 0.132 0.109

Pyin 0.312

P31z -0.264 0.201

Pz -0.327 -0.197 0.007

Ps/12 -0.371 -0.356 -0.280° .0.494

Pei12 0.115 -0.277 -0.388 -0.285 :0.083

P12 0.246 -0.114 -0.268 -0.572 -0.459 0.211

Pg/12 0.030 -0.050 -0.137 -0.289 -0.340 0.037 0.461

Pgj12 -0.078 -0.248 -0.169 -0.116 -0.002 0.108 -0.002 0.226

P1o2 -0.245 -0.304 0.300 -0.008 -0.251 -0.076 -0.058 -0.164 0.091

P11/12 -0.334 0.218 0.167 0.139 -0.040 -0.276 -0.293 -0.296 -0.484 -0.002

P1oi12 0.039 0.115 0.132 0.045 0.209 -0.347 -0.338 -0.605 -0.315 -0.157 0.336
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(e) Pattern D1

Pll12 PleZ P3/12 F’4/12 F’5/12 P6/12 P7llZ PBllZ PQ/lZ PlOllZ PllllZ F’12/12

Mean 0.024 0.032 0.044 0.054 0.070 0.096 0.141 0.162 0.155 0.113 0.063 0.044
Stdev 0.017 0.021 0.022 0.028 0.037 0.051 0.056 0.063 0.069 0.050 0.031 0.033
Skewness 1.074 0980 0355 0456 0471 0761 0235 0.738 0.643 1056 0.175 1.099
Kurtosis 3446 3393 2620 2830 2.636 2978 2404 3871 3227 5223 2171 3.422
L-CV 0.372 0.368 0.291 0.290 0.306 0.303 0.228 0.216 0.251 0.237 0.285 0.405
L-Skew 0.255 0.231 0.057 0.081 0.103 0.175 0.069 0.143 0.145 0.177 0.045 0.276
L-Kurt 0.139 0.107 0.066 0.130 0.084 0.105 0.115 0.194 0.128 0.262 0.072 0.120
90% Lower Limit 0.007 0.010 0.016 0.018 0.023 0.039 0.072 0.097 0.077 0.064 0.023 0.012
90% Upper Limit  0.051 0.062 0.073 0.092 0.120 0.171 0.227 0.246 0.249 0.176 0.108 0.097

Pz 0.782

P32 0.298 0.450

Paz 0.081 0.158 0.451

Ps/12 -0.407 -0.302 -0.150 0.167

Pe/12 -0.488 -0.517 -0.262 -0.228 0.398

P72 -0.095 -0.191 -0.220 -0.282 -0.165 0.239

Pea -0.068 -0.024 -0.128 -0.330 -0.465 -0.362 0.369

Pg12 0.062 0.028 -0.084 -0.152 -0.221 -0.396 -0.375 0.079

P1on2 -0.014 -0.027 0.081 0.085 -0.118 -0.159 -0.676 -0.299 0.259

P1112 0.029 0.046 -0.227 0.136 0.220 0.124 -0.151 -0.396 -0.520 0.070

P1212 0.100 -0.024 -0.038 0.054 0.225 0.183 -0.080 -0.391 -0.521 -0.124 0.623
(f) Pattern D2

Pll12 P2l12 P3/12 P4/12 F,5/12 P6l12 P7/12 P8l12 P9/12 PlOllZ P11l12 P12/12

Mean 0.026 0.034- 0.037 [ 0.024 ' 0.033 0.040° 0069 0.095 - 0.172 0.179 0.150 0.141
Stdev 0.029 0.028 0.035 | 0.019 0.024 0029 0.044  0.062 0.084 0.070 0.067 0.073
Skewness 1717 1157 1679 0695 0541 0913.-0.399 0.875 0.758 -0.189 0.038 -0.005
Kurtosis 4858 3.894 5455 2106 1.840 3.382. 2202 2768 4298 2913 2299 2.235
L-CV 0.562 0453 0493 0448 0431 /0418 0386 “0.372 0276 0.229 0.267 0.313
L-Skew 0511 0.277 0.366 0.255 0.212 0.216 0.115 0.263 0.096 0.004 0.016 0.003
L-Kurt 0.265 0.165 0.237 0.000 .-0.052 0.127 0.083 0.162 0.282 0.150 0.134 0.109
90% Lower Limit 0.005 0.007 0.007 0.006 .0.008...0.008...0.014 0.031 - 0.071 0.099 0.060 0.044
90% Upper Limit  0.071  0.074- 0.083 0.053 ", 0.067 0.080: :0.133 0.189 " 0.272 0.269 0.243 0.240

Pois 0.784

P31z 0.224 0.670

Pan2 0.454 0.393 0.316

P51z 0.144 0.024 0.118* .0.364

Pe/12 0.297 0.184 0.128 0.195 :0.867

P12 -0.368 -0.365 -0.338 -0.156 -0.264 -0.136

Pg12 -0.321 -0.134 -0.143 -0.322 -0.523 -0.333 0.591

Pona -0.209 -0.059 0.013 -0.191 -0.244 -0.278 0.356 0.278

P1on2 -0.138 -0.358 -0.418 -0.065 -0.230 -0.313 -0.115 -0.209 -0.117

P11n12 0.065 -0.222 -0.121 -0.021 0.370 0.234 -0.575 -0.658 -0.679 0.190

P12 -0.277 -0.246 -0.169 -0.268 -0.123 -0.211 -0.253 -0.090 -0.530 -0.146 0.501

4-24



2. % % (Wet-season)

(a) Pattern Al

P1/12 P2/12 P3/12 I:’4/12 I:’5/12 P6/12 P7/12 PB/lZ P9/12 P10/12 P11/12 I:’12/12

Mean 0.184 0.202 0.187 0.132 0.079 0.063 0.038 0.033 0.025 0.023 0.018 0.016
Stdev 0.085 0.072 0.081 0.074 0.052 0.044 0.031 0.022 0.019 0.019 0.014 0.015
Skewness 0.335 1121 0680 0.363 0.742 0.881 2150 1.019 1.396 2820 1.886 3.055
Kurtosis 3497 5703 4141 2699 2803 2878 11.756 3.747 4.828 15.742 7538 18.661
L-CV 0.257 0192 0.237 0.321 0.368 0.390 0.405 0.367 0.403 0403 0.398 0.432
L-Skew 0.040 0.171 0.104 0.056 0.177 0219 0.278 0.209 0.295 0.318 0.312 0.401
L-Kurt 0.174 0.191 0.198 0.074 0.075 0.088 0.164 0.114 0.139 0.205 0.188 0.228
90% Lower Limit 0.072 0.124 0.087 0.035 0.020 0.016 0.009 0.009 0.007 0.006 0.005 0.005
90% Upper Limit  0.294 0.303 0.291 0.226 0.157 0.140 0.077 0.063 0.054 0.043 0.034 0.033

P22 0.281

P31z -0.607 -0.114

P4z -0.509 -0.625 0.328

Psi12 -0.300 -0.468 -0.188 0.344

Pe/12 -0.154 -0.293 -0.266 -0.049 0.514

Prna 0.044 -0.071 -0.248 -0.249 -0.223 0.115

Pg/12 0.029 -0.049 -0.260 -0.184 -0.271 -0.123 0.609

Pan2 -0.001 0.034 -0.133 -0.297 -0.222 -0.224 0.122 0.520

P1oi12 0.062 -0.056 -0.172 -0.225 -0.176 -0.212 -0.011 0.166 0.549

P1112 -0.007 0.068 -0.160 -0.269, -0.173 -0.146 -0.004 0.072 0.292 0.625

P12z 0.049 -0.040 -0.171 -0.153 -0.150 -0.106 0.018 0.006 0.156 0.385 0.723
(b) Pattern A2

I:’1/12 P2/12 P3/12 P4/12 P5/12 I:’6/12 P7112 P8/12 P9/12 P10/12 Pll/lZ P12/12

Mean 0.071 0.087 0.130 0.171 0.158 0.123.0.074 0.060 .0.043 0.034 0.028 0.022
Stdev 0.056 0.053 @ 0.068 0.081 0.078 .0.069 0.045 _0.038 0.029 0.026 0.022 0.019
Skewness 1.026 0.646 0.461 0417 0546 0.770 0.769  1.163 1118 1547 1400 1.688
Kurtosis 3.794 3713 3.035 2961 @ 3.234° 3334 3200 4.463 -4.827 6.046 5122 6.164
L-CV 0.429 0337 0.296 10.268 0277 0312 0337 0.347 - 0.366 0.394 0422 0.433
L-Skew 0.225 0.080. 0.078 '0.069 . 0.094 0.152 0.161 0:217 . 0.198 0.269 0.284 0.330
L-Kurt 0.072 0.079.- 0.130 0.074- 0.098 -0.123 - 0.095 0.144 . 0.096 0.155 0.122 0.162
90% Lower Limit 0.013 0.020 .0.041 0.071 0.063 0.044 0.024° 10.018 0.011 0.009 0.006 0.005
90% Upper Limit  0.144  0.147 0222 = 0.270 0.262 0.224 0.141 0.113 0.080 0.068 0.058 0.048

Pona 0.519

P32 -0.352 0.071

Pana -0.584 -0.685 0.160

P51z -0.410 -0.562 -0.356 0.408

P2 -0.153 -0.277 -0.518 -0.087 0.437

P72 0.106 0.107 -0.076 -0.372 -0.345 0.046

Pea 0.250 0.181 -0.083 -0.385 -0.465 -0.185 0.517

Po12 0.215 0.207 -0.021 -0.236 -0.395 -0.299 -0.103 0.266

P1on2 0.091 0.182 0.135 -0.170 -0.350 -0.377 -0.217 -0.063 0.516

P1112 0.213 0.293 0.055 -0.207 -0.298 -0.371 -0.219 -0.126 0.062 0.470

Pion2 0.174 0.165 0.029 -0.100 -0.227 -0.317 -0.195 -0.117 0.008 0.233 0.697
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(c) Pattern C

PlllZ PleZ P3/12 P4/12 P5/12 P6l12 P7llZ PBllZ P9/12 PlOllZ P11l12 P12/12

Mean 0.030 0.035 0.052 0.088 0.153 0.190 0.173 0.125 0.067 0.039 0.026 0.021
Stdev 0.028 0.027 0.034 0.058 0.073 0.073 0.074 0.061 0.046 0.027 0.020 0.019
Skewness 1986 1383 0.839 0619 0.846 0662 0.329 0.680 0.781 1.088 1575 2191
Kurtosis 8.147 5217 3709 2796 4.496 3.872 3584 3786 2969 4.025 6.664 9.894
L-CV 0455 0413 0367 0370 0.261 0.211 0.239 0.272 0.386 0.377 0.398 0.425
L-Skew 0.357 0.255 0.147 0.133 0.114 0.103 0.032 0.114 0.178 0.212 0.271 0.357
L-Kurt 0.177 0.130 0.099 0.070 0.175 0.147 0.143 0.099 0.078 0.123 0.138 0.189
90% Lower Limit 0.007 0.008 0.011 0.017 0.071 0.107 0.078 0.055 0.015 0.009 0.007 0.006
90% Upper Limit 0.064 0.068 0.096 0.167 0.239 0.279 0.265 0.209 0.130 0.076 0.053 0.045

Poi 0.541

P31z 0.002 0.290

P42 -0.187 -0.161 0.200

Psa -0.214 -0.313 -0.322 0.067

P2 -0.157 -0.252 -0.302 -0.377 0.116

P12 -0.018 -0.101 -0.139 -0.400 -0.493 0.088

Pg12 -0.050 0.076 -0.022 -0.315 -0.141 -0.404 0.215

Pona -0.026 0.033 0.043 0.272 -0.300 -0.365 -0.233 0.051

P1on2 -0.001 0.005 0.116 0.067 -0.067 -0.143 -0.257 -0.302 0.193

P11z 0.047 0.039 -0.024 0.056 0.003 -0.014 -0.236 -0.371 -0.144 0.339

P12 0.001 -0.060 -0.042 0.050 0.014 0.064 -0.204 -0.311 -0.176 0.128 0.741
(d) Pattern U

I:’1/12 PZ/lZ P3/12 P4/12 P5/12 P6/12 P7/12 PB/lZ P9/12 PlO/lZ Pll/lZ P12/12

Mean 0.078 0.086. 0.089 0.079  0.0/8 0.074 0.087 0.104 . 0.108 0.093 0.072 0.053
Stdev 0.057 0.048 0.047 0.045- 0.048 0.043 * 0.050. 0.059 0.055 0.050 0.046 0.039
Skewness 1030 1970 1.398 < 0.957 < 1.067 0723..0.842 0.811 -0.698 1282 2363 0.818
Kurtosis 4229 11535 7.907 4.660 5.667 3.562 4471 3802 3544 5540 16.441 3.062
L-CV 0.397 0.286 0.279 0.315 0.341 0326 0320 -0.314 0.284 0.284 0.325 0.410
L-Skew 0.187 0.168 0.115 0.135 0.142 .0.119 0.116 « 0.135 -~ 0.124 0.190 0.178 0.189
L-Kurt 0.102 0.203 1 0.218 0.144 .0.118 0.121 0.126 0.138 - 0.115 0.220 0.160 0.060
90% Lower Limit 0.015 0.034 0.031 0.024 0.020 0.019 0.024 0.034 = 0.043 0.039 0.023 0.010
90% Upper Limit  0.155 0.140- 0.138 0.141- 0.142 0.129 .0.155 0.178 ,0.186 0.154 0.125 0.105

Pona 0.302

P30 -0.459 -0.103

P42 -0.506 -0.528 0.289

Ps/12 -0.423 -0.419 -0.077. 0.412

Pe/12 -0.207 -0.129 -0.188 0.022 0.330

Prna -0.096 -0.097 -0.067 -0.120 -0.249 0.136

Pg/12 0.128 0.052 -0.100 -0.236 -0.385 -0.308 0.378

Po2 0.033 -0.022 -0.056 -0.163 -0.131 -0.367 -0.065 0.308

P1o12 -0.048 -0.057 -0.052 0.080 0.055 -0.185 -0.450 -0.418 0.090

P1112 -0.058 -0.075 -0.030 0.044 0.084 0.073 -0.287 -0.488 -0.522 0.164

P1212 0.085 -0.033 -0.036 -0.079 0.062 0.111 -0.211 -0.356 -0.478 -0.141 0.427
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(d) Pattern D1

F’1/12 PZIlZ P3/12 F’4/12 F’5/12 F’6/12 P7l12 PBllZ P9/12 PlOllZ PllllZ P12/12

Mean 0.026 0.029 0.033 0.049 0.068 0.088 0.153 0.187 0.161 0.104 0.058 0.044
Stdev 0.023 0.023 0.023 0.032 0.042 0.054 0.082 0.086 0.079 0.060 0.040 0.033
Skewness 1.794 1656 1.010 0.756 0.743 0.741 0.860 0716 0582 0.655 0.771 0.738
Kurtosis 6.318 6.941 3.743 2795 3.350 3.065 4.179 3.988 3.637 3.369 3.507 2.572
L-CV 0.447 0411 0388 0371 0.346 0.343 0295 0255 0274 0324 0380 0427
L-Skew 0.368 0.293 0.217 0.186 0.148 0.155 0.129 0.100 0.074 0.114 0.140 0.200
L-Kurt 0.189 0.149 0.095 0.069 0.070 0.097 0.129 0.154 0.082 0.120 0.077 0.041
90% Lower Limit 0.006 0.007 0.008 0012 0.020 0.026 0.059 0.081 0.063 0.033 0.010 0.007
90% Upper Limit  0.059  0.062 0.067 0.097 0.129 0.164 0.251 0.297 0.255 0.184 0.111 0.095

P12 0.589

[ 0.015 0.227

Paz -0.222 -0.119 0.394

Ps/12 0299 -0.244 -0.120 0.256

Pei2 -0.209 -0.211 -0.146 -0.148 0.433

P72 -0.137 -0.259 -0.358 -0.310 -0.210 0.022

Pgi2 -0.184 -0.190 -0.276 -0.169 -0.277 -0.347 0.349

Poi12 0.105 -0.029 0.000 0.058 -0.315 -0.352 -0.345 -0.032

P1on2 0.129 0249 0.358 0.009 -0.094 -0.051 -0.567 -0.515 0.129

P1112 0.098 0.141 0.103 -0.004 0.157 0.063 -0.242 -0.460 -0.386 0.199

P22 0.038 0.095 -0.032 -0.039 0.216 0.061 -0.183 -0.372 -0.350 0.060 0.620
(e) Pattern D2

F>l/12 P2/12 P3/12 P4/12 P5/12 P6/12 P7/12 P8/12 P9/12 PlOIlZ P11/12 P12/12

Mean 0.027 0.027 - 0.030 0.034  0.044 0047 0074 0.09 . 0.144 0.174 0.166 0.142
Stdev 0.026 0.019 0.022 0.027 0.033 0.033 '0.047 @ 0.054 0.068 0.069 0.062 0.074
Skewness 20689 1152 1.020 1620 1241 1242.-0.445 0413 70.263 0.802 0.806 0.376
Kurtosis 13.373 3.848 3635 5932 4408 5500 - 2080 2294 2962 3.692 3587 3522
L-CV 0.447 0.382 0.393 0.408 0.401 - 0.377 0.366 ~0.341 0.268 0.217 0.205 0.293
L-Skew 0.351 0.249 0218 0301 0.269 0201 0.124 = 0.100 -0.036 0.172 0.170 0.031
L-Kurt 0.204 0141 0109 0.183 0125 0113 0.020 0.040 0.154 0.190 0.178 0.147
90% Lower Limit 0.006 0.007 0.007 0.008 .0.011_0.011_0.017 0.26 - 0.046 0.099 0.099 0.036
90% Upper Limit  0.055  0.057. 0.061 0.071° 0.097 0.094: -0.144 0.160" ' 0.237 0.269 0.251  0.240

P12 0.672

Py 0.293  0.555

P2 0.174 0.283 0.676

Ps12 -0.021 0.096 0.248° .0.460

P12 -0.149 -0.093 -0.009 0.018  0.580

P2 -0.252 -0.269 -0.334 -0.313 -0.122 0.142

Pgi2 -0.176 -0.106 -0.180 -0.338 -0.272 -0.104 0.578

P2 0.012 0.006 -0.167 -0.316 -0.368 -0.257 -0.040 0.310

Pion2 0.019 -0.078 -0.246 -0.180 -0.252 -0.143 -0.275 -0.275 0.196

P11z -0.070 -0.258 -0.008 0.090 -0.077 -0.124 -0.346 -0.551 -0.537 0.019

Pioo -0.277 0227 -0.149 -0071 -0.032 -0.159 -0.128 -0.243 -0.420 -0.424 0.415

4-27



e
=

F 47> Ha A& TR £ HER F(R,1=12,..,12) 2 Johnson & i# &
RS i
1.3z % (Dry-season)

Pattern  Parameter Rinz Rona Ranz Rs/io Renz Rina Ran Rz Rionz Riuo Rizo
Al Type S Sg S Sg Sg S Sg Se Sg Se Sg
Y -0.97 10.53 -1.36 -0.51 -0.37 -0.33 -0.22 0.04 0.12 0.41 114

4 1.25 3.02 0.85 0.32 0.6 0.78 1.19 0.89 0.5 0.58 0.71

& 4.93 48.69 2.61 1.73 2.87 3.39 4.73 4.53 2.74 3.58 49

A -3.5 -1.52 -2.33 -1.72 -2.77 -3.79 -4.5 -4.36 -3.61 -3.75 -3.77

A2 Type s S S SB S S, S S S S S
% -1 -2.2 -0.24 3.81 0.66 0.94 2.78 -5.76 -1.05 0.11 0.04

4 2.6 1.29 2.37 2.45 3.24 2.67 3.42 2.34 1.43 2.42 114

& 14.14 8.71 2.04 16.07 2.87 2.16 1.77 26.96 6.3 9.56 4.58

A -8.95 -7.43 -0.08 -2.85 0.44 0.39 1.03 -25.61 -5.48 -6.13 -3.95

C Type Sg Sg Se Sg Sg Sg Su Sy Sy Su Sy
% -2.85 -3.17 1.23 1.36 1.53 1.79 -1.66 -5.97 -1.32 -1.85 -1.78

4 2.89 241 0.59 1.18 21 161 2.89 2.74 2.73 2.58 3.28

& 11.42 8.12 5.85 7.08 10.28 10.06 251 0.68 1.96 2.23 321

A -8.68 -6.6 -0.39 -0.2 -1.64 -1.11 -0.3 -2.58 -1.11 -2.16 -2.16

U Tyoe  So S SB SB Sy S S, S S, S S
% -0.67 0.06 -4.77 -1.43 -5.08 -5.05 1.05 0.04 2.76 -2.61 -0.21

S 2.53 171 2.3 297 15.29 468 2.73 2.68 411 2.8 0.88

g 1.99 0.91 16.72 10.13 10.66 20.88 1.88 7.24 1.78 7.56 3.39

A -1.2 -0.07 -14.86 -6.23 -3.65 -15.5 0.8 -3.49 1.35 -5.44 -2.44

D1 Type Sg Sg Sy Sy Sg Sy Sy Sg Sy Su S
Y -1.39 -1.99 0.56 5.65 0.2 0.38 0.33 1.36 0.42 1.32 0.68

S 1.69 151 221 9.06 1.18 SR 2.35 2.37 1.89 3.52 2.54

g 7.23 6.31 1.15 6.99 8.1 2.92 1.76 8.61 1.35 31 10.65

A -5.6 -5.25 0.53 5.11 -1.59 1.54 1.64 -1.86 1.31 1.59 -4.77

D2 Type Sg Sg Sg Sg Sg Sg Sg Sg S Sg S
Y -0.36 -0.01 -4.67 1.01 0.86 -0.81 -0.31 0.22 -0.19 0.33 -0.17

S 0.68 0.88 197 1.06 1.26 0.96 0.67 1.27 0.73 0.37 1.13

& 3.45 1.96 24 6.91 7.2 7.43 457 5.82 5.13 3.66 8.07

A -2.48 -1 -22.68 -2.15 -2.36 -4.21 -1.52 -0.88 -0.95 0.25 -2.79

2. & % (Wet-season)

4-28



Pattern  parameter Ry Raona Ranz Rsz Re12 Rina Renz Roi12 Rio2 Riinz Ri2112
Al Type su su SB SB SB SB SB SB SB SB SB
Y 0.44 -0.53 2.3 -1.61 -0.61 1.07 0.76 1.01 2.72 2.62 1.11
) 2.02 1.72 1.07 1.56 153 2.93 3.16 1.92 3.73 3.23 1.63
£ 1.79 0.94 7.43 8.19 7.34 13.43 13.48 8.77 17.65 14.96 7.77
A 0.4 -0.22 -6.89 -6.93 5.6 -7.31 -7.82 -5.49 -8.07 -7.17 534
A2 Type SB su Su su su su su SB su SB SB
Y -0.65 2.24 -4.17 -1.03 -0.51 0.33 0.44 13.38 -1.31 0.3 211
3 2.29 2.68 231 233 235 2.63 6.81 10.2 5.86 3.9 5.33
S 12.43 1.78 0.56 2.07 253 2.39 6.7 63.11 552 17.14 2437
A -7.84 1.33 -1.51 0.8 -0.65 -0.26 -0.37 -14.59 2.7 -9.92 -11.72
C Type su su su su su SB SB su SB SB SB
Y 0.27 1.88 -1.6 2.42 -0.5 0.93 1.13 -0.83 0.88 0.97 1.85
) 2.49 243 221 42 2.83 151 1.16 45 2.7 243 2.71
S 25 1.56 1.54 4.1 2.78 7.28 6.29 4.96 121 12.18 14.33
A -0.32 1.01 -0.83 -1.34 0.99 -1.27 -0.86 0.7 -5.38 -5.61 -5.77
U Type su su Su su su ] ] Su su su ]
Y -0.25 -0.02 0.03 -0.25 -0.38 0.14 -0.02 -0.25 -0.01 -0.05 0.18
) 3.91 1.61 1.45 1.8 2.56 2.1 1.73 1.65 173 2.18 2.85
£ 5.05 1.25 0.93 1.56 243 1.93 1.53 1.29 1.37 1.9 3.03
A -0.61 -0.04 -0.12 -0.46 -0.63 0.08 0.1 -0.03 0.05 -0.29 -0.49
D1 Type su su SB su SB SB su SB su SB sB
Y 0.19 -0.07 2.09 -1.52 -0.65 -4.93 0.55 1.78 0.69 -1.35 0.1
3 2.66 1.84 1.11 5.58 4.03 5.93 2.59 3.52 2.58 4.6 2.44
S 2.57 1.37 7.27 5.99 18.84 34.75 264 15.56 217 21.73 12.92
A 0.11 0.21 -0.77 -0.91 9.13 -22.52 251 -4.15 1.84 -11.89 6.14
D2 Type su su su su su SB SB su su SB SB
Y 0.53 0.67 111 -0.26 -0.62 -0.69 -4.8 2.15 -2.02 11 0.41
) 1.81 211 1.61 2.26 3.94 2.4 3.83 3.41 8.3 1.46 1.85
3 1.12 0.92 0.65 2.08 4.13 13.31 26.95 2.99 8.32 6.84 9.65
A 0.23 0.27 -0.49 0.11 0.2 -6.65 -19.73 3.79 -0.09 -0.36 -2.68
% 48 > Hadlz F|Ei L T2 S
" 5y 3t pF
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Storm duration ( hours )

Pattern 0-5 5--10 10--20 > 20 Total
87 135 39 1 262

Al 5.1 8.0 2.3 0.1 15.5
33.2 51.5 14.9 0.4 100.0

20.3 16.3 10.8 1.4 15.5

95 233 78 10 416

A2 5.6 13.8 4.6 0.6 24.6
22.8 56.0 18.8 2.4 100.0

22.2 28.1 21.7 13.5 24.6

84 177 67 8 336

C 5.0 10.5 4.0 0.5 19.9
25.0 52.7 19.9 2.4 100.0

19.6 21.4 18.6 10.8 19.9

47 119 95 30 291

U 2.8 7.0 5.6 1.8 17.2
16.2 40.9 32.6 10.3 100.0

11.0 14.4 26.4 40.5 17.2

56 116 61 18 251

D1 3.3 6.9 3.6 11 14.9
22.3 46.2 24.3 7.2 100.0

13.1 14.0 16.9 24.3 14.9

59 48 20 7 134

D2 35 2.8 1.2 0.4 7.9
44.0 35.8 14.9 5.2 100.0

13.8 5.8 5.6 9.5 7.9

Total 428 828 360 74 1690
25.3 49.0 21.3 4.4 100.0

X2:123-149 DF=15 p-value=0.00
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4 48(F)(2a )

Rainfall Depth (mm)

Pattern 0-50 50-100 100-200 > 200 Total
141 90 25 6 262

Al 8.3 5.3 15 0.4 15.5
53.8 34.4 9.5 2.3 100.0

16.8 15.3 12.1 10.5 15.5

196 165 44 11 416

A2 11.6 9.8 2.6 0.7 24.6
471 39.7 10.6 2.6 100.0

23.4 28.0 21.4 19.3 24.6

176 104 47 9 336

C 10.4 6.2 2.8 0.5 19.9
52.4 31.0 14.0 2.7 100.0

21.0 17.6 22.8 15.8 19.9

131 102 43 15 291

U 7.8 6.0 2.5 0.9 17.2
45.0 35.1 14.8 5.2 100.0

15.7 17.3 20.9 26.3 17.2

112 93 34 12 251

D1 6.6 5.5 2.0 0.7 14.9
44.6 37.1 135 4.8 100.0

134 15.8 16.5 21.1 14.9

81 36 13 4 134

D2 4.8 2.1 0.8 0.2 7.9
60.4 26.9 9.7 3.0 100.0

9.7 6.1 6.3 7.0 7.9

Total 837 590 206 57 1690
49.5 34.9 12.2 3.4 100.0

1°=26.958 DF=15 p-value= 0.029
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% 48 () F &z~ A~ %))

Pattern Dry-season Wet-season Total
14 248 262

Al 0.8 14.7 15.5
53 94.7 100

0.1 0.2 15.5

35 381 416

A2 2.1 22.5 24.6
8.4 91.6 100

0.2 0.3 24.6

29 307 336

C 1.7 18.2 19.9
8.6 91.4 100

0.2 0.2 19.9

42 249 291
) 2.5 14.7 17.2
14.4 85,6 100

0.2 0.2 17.2

46 205 251
D1 2.7 12.1 14.9
18.3 81.7 100

0.3 0.1 14.9

17 117 134

D2 1.0 6.9 7.9
12.7 87.3 100

0.1 0.1 7.9
Total 183 1507 1690
10.8 89.2 100

v°=31.366 DF=5 p-value=0.00
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% 49 2 R FaE FA(M=20-50 2 80 &) & F i+ & 3 4 T AL
ipdkc

Record length  Period  Mean Stdev Dispersion index p-value
o Dry 1.60 1.43 24.22 0.188
1% 20-yr
Wet 13.25 4.87 33.97 0.019
o Dry 1.86 1.34 47.44 0.536
17 50-yr
Wet 13.70 4.61 76.01 0.008
_ Dry 1.68 1.26 75.23 0.599
1 80-yr ] ’
Wet 13.83 4.38 109.38 0.013

% 410 7 B RF pFR £ FAL(M=20-yr ~ 50-yr 2 80-yr)2 HHe " & 4542
AT 5

(a) Based on 1*' 20-yr observations

) Duration Depth Inter-event Time
Record ) )
(hours) (mm) (hours)
Entire 7.97 68.93 287.42
Mean Observed 8.15 72.26 293.09
s Mean 8.17 72.36 301.75
Simulated o4, 0.13 1.41 8.26
Entire 541 54.98 381.97
Stdev Observed 5.44 60.22 406.84
Simulated Mean 5.45 60.25 405.59
Stdev 0.26 2.99 17.04
Entire 2.08 3.44 2.29
Skew Observed 2.04 3.57 2.19
;- Mean 2.33 3.06 2.69
Simulated g, 4 0.60 0.63 0.38
Entire 8.87 19.34 9.94
Kurtosis Observed 8.86 20.91 8.29
Simulated Mean 13.73 19.87 14.31
Stdev 11.76 10.76 5.70
Entire 0.34 0.34 0.63
L-Cv Observed 0.33 0.35 0.65
. Mean 0.33 0.39 0.61
Simulated o4, 0.011 0.01 0.01
Entire 0.31 0.49 0.42
L-Skew Observed 0.31 0.49 0.46
.: Mean 0.30 0.36 0.45
Simulated o4, 0.03 0.02 0.02
Entire 0.21 0.29 0.18
L-Kurt Observed 0.21 0.29 0.21
Simulated Mean 0.20 0.23 0.22
Stdev 0.03 0.03 0.04

Note: Entire = 100-yr observed rainfall data
Observed = 1* 20-yr observed rainfall data
Simulated = 1% 20-yr observed + 80-yr of simulated rainfall data

Correlation

coefficient (Dur. Dep) (Dur. Dep) (Dep. IaT)
Entire 0.66 0.04 -0.04
Observed 0.65 0.09 -0.04
. Mean 0.66 0.09 -0.04
Stmulated o4, 0.02 0.03 0.02

Note: Dur = Duration: Dep = Depth: IaT = Inter-event time.
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% 4.10(4)

(b) Based on 1* 50-yr observations

‘ Duration Depth Inter-event Time
Record _ ]
(hours) (mm) (hours)
Entire 7.97 68.85 287.42
Mean Observed 8.05 67.97 296.90
Simulated Mean 8.07 68.00 301.22
Stdev 0.09 0.90 6.60
Entire 541 54.98 381.97
Stdev Observed 5.32 55.74 405.15
Simulated Mean 5.36 55.79 406.05
Stdev 0.18 2.09 15.32
Entire 2.08 3.44 2.29
Skew Observed 2.13 3.92 221
. Mean 223 3.39 2.50
Simulated 0.44 0.54 0.30
Entire 8.87 19.34 9.95
Kurt Observed 9.40 2438 8.77
. Mean 11.87 21.77 12.06
Stmulated 7.59 10.24 4.19
Entire 0.3 0.34 0.63
L-Cv Observed 0.33 0.33 0.65
. Mean 0.33 0.36 0.63
Simulated 0 0.01 0.01 0.01
Entire 0.32 0.49 0.42
L-Skew Observed 031 0.50 0.44
. Mean 0.3 0.49 0.46
Simulated 4 o 0.02 0.01 0.01
Entire 0.21 0.29 0.18
L-Kurt Observed 0.21 0.31 0.18
. Mean 021 0.29 0.21
Simulated 4 o 0.02 0.02 0.03

Note: Entire = 100-yr observed rainfall data
Observed = 1¥ 50-yr observed rainfall data
Simulated = 1*' 50-yr observed + 50-yr of simulated rainfall data

Egéggféi? (Dur, Dep) (Dur, Dep) (Dep. IaT)
Entire 0.66 0.04 -0.04
Observed 0.64 0.05 -0.05
Simulated Mean 0.64 0.05 -0.05

Stdev 0.02 0.02 0.02

Note: Dur = Duration:; Dep = Depth; IaT = Inter-event time.
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% 4.10(4)

(c) Based on 1 80-yr observations

‘ Duration Depth Inter-event Time

Record _ B
(hours) (mm) (hours)

Entire 7.97 68.85 287.42

Mean Observed 7.96 67.87 296.55
Simulated Mean 7.98 68.14 298.61

Stdev 0.06 0.59 4.25

Entire 541 54.98 381.97

Stdev Observed 531 53.57 395.73
y Mean 5.33 53.74 396.92
Simulated ooy 0.12 121 8.76

Entire 2.08 3.44 2.29

Skew Observed 2.05 3.57 223
y Mean 2.11 3.38 2.35
Smulated 1o 0.23 0.17 0.16

Entire 8.87 19.34 9.95

Kurt Observed 8.89 21.24 9.25
Simulated Mean 9.94 20.06 10.52

Stdev 2.99 2.11 1.87

Entire 0.3 0.3 0.63

L-Cv Observed 0.33 0.33 0.63
. Mean 0.33 0.34 0.63
Stmulated oo 0.01 0.01 0.003

Entire 0.32 0.49 042

L-Skew Observed 0.31 0.48 0.43
. Mean 0.3 0.44 0.43
Stmulated o 0.01 0.01 0.01

Entire 0.21 0.29 0.18

L-Kurt  Observed 0.21 0.29 0.18
Simulated Mean 0.20 0.28 0.19

Stdev 0.02 0.01 0.02

Note: Entire = 100-yr observed rainfall data
Observed = 1* 80-yr observed rainfall data
Simulated = 1% 80-yr observed + 20-yr of simulated rainfall data

ggg%lgféiltl (Dur, Dep) (Dur, Dep) (Dep. IaT)
Entire 0.66 0.04 -0.04
Observed 0.65 0.06 -0.05
Simulated Mean 0.65 0.06 -0.05
Stdev 0.01 0.01 0.01

Note: Dur = Duration; Dep = Depth: IaT = Inter-event time.
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#4112 kG PFa E FA(M=20~50r 2 80 &) F it wpr i §
PREREREL PTG IEKS L

Record . Storm duration Rainfall depth Inter-event time
length Petiod Distribution p-value | Distribution p-value | Distribution p-value
N 3.12E-02 N 9.50E-03 N 2.03E-01
Drv LN 3.62E-01 LN 1.19E-01 LN 2.37E-01
. GAM 2.54E-01 GAM  5.53E-02 GAM 2.05E-01
1% 20.yr EXP 2.00E-03 EXP 5.95E-02 EXP 7.22E-02
N 0.00E+00 N 0.00E+00 N 0.00E+00
Wet LN 5.29E-02 LN 2.00E-04 LN 6.20E-03
GAM 2.06E-02 GAM  0.00E+00, GAM 4.22E-01
EXP 0.00E+00 EXP 0.00E+00 EXP 0.00E+00
N 5.00E-04 N 0.00E+00 N 1.67E-02
Drv LN 1.99E-01 LN 1.10E-02 LN 4.50E-02
’ GAM 5.61E-02 GAM  3.00E-04| GAM 2.63E-01
1% 50-y EXP 0.00E+00 EXP 3.00E-04 EXP 4.32E-02
N 0.00E+00 N 0.00E+00 N 0.00E+00
Wet LN 6.00E-04 LN 0.00E+00 LN 0.00E+00
GAM 1.00E-04 GAM  0.00E+00 GAM 3.20E-03
EXP 0.00E+00 EXP 0.00E+00 EXP 0.00E+00
N 2.00E-04 N 0.00E+00 N 1.49E-02
Dry LN 1.95E-01 LN 7.00E-04 LN 8.50E-03
’ GAM 6.06E-02 GAM  0.00E+00 GAM 1.06E-01
1% 80.yr EXP 0.00E+00 EXP 0.00E+00 EXP 9.33E-02
N 0.00E+00 N 0.00E+00 N 0.00E+00
Wet LN 0.00E+00 LN 0.00E+00 LN 0.00E+00
GAM  0.00E+00 GAM  0.00E+00 GAM 1.00E-04
EXP 0.00E+00 EXP 0.00E+00 EXP 0.00E+00

Note: N-normal: LN-lognormal: GAM-gamma; EXP-exponential
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AFETI0E 2 pHFELe,

Record Duration (hours) Depth (mm) Inter-event Time (hours)

1st 20-yr Observed 2.26 4.83 1.97
Simulated 2.51 4.98 4.99

Ist 50-yr Observed 1.00 1.39 3.30
Simulated 1.25 1.35 4.80

1st 80-yr Observed 0.13 1.54 3.18
Simulated 0.13 1.15 3.89

Note: Observed = 1* m-yr observed rainfall data

Simulated = 1* m-yr observed + (n-m)-yr of simulated rainfall data
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(a) Based on the first 20 years of observations

Record length 1-hr 2-hr 6-hr 12-hr 24-hr
Entire 59.03 89.90 144.52 181.69 232.22
Mean  Observed 53.57 85.19 150.92 187.85 250.69
(mm) , Mean  52.98 86.47 151.07 186.96 217.82
Simulated
Stdev  1.51 2.39 4.01 4.92 571
Entire 17.28 29.92 61.53 76.16 99.35
Stdey  Observed 15.69 33.91 72.25 83.26 130.01
(mm) , Mean  19.22 32.02 5936 76.00 95.32
Simulated
Stdev  1.94 2.81 5.43 7.20 8.37
Entire 0.70 0.68 1.97 1.58 1.48
Skew  Observed 0.74 0.99 1.75 1.49 1.85
. Mean  1.55 1.45 1.56 1.53 1.85
Simulated
Stdev  0.71 0.52 0.47 0.51 0.42
Entire 3.20 3.17 8.77 7.03 6.94
Kurt Observed 2.93 3.43 6.48 5.89 7.27
. Mean  7.65 6.65 7.03 6.93 9.03
Simulated .
Stdev  6.80 3.56 3.31 3.65 3.05
Entire 0.16 0.19 0.22 0.22 0.23
L-Cv Observed 0.17 0.23 0.25 0.24 0.27
. Mean  0.19 0.20 0.21 0.21 0.22
Simulated
Stdev  0.03 0.03 0.01 0.01 0.03
Entire 0.13 0.13 0.25 0.22 0.20
L-Skew Observed 0.20 0.23 0.29 0.23 0.27
Simulated M€ 0.22 0.22 0.22 0.22 0.24
Stdev ¢ 19 0.11 0.04 0.04 0.09
Entire 0.12 0.12 0.22 0.16 0.16
L-Kurt Observed 0.18 0.16 0.28 0.27 0.29
Simulated Mean  0.18 0.17 0.18 0.18 0.18
Stdev  ¢11 0.11 0.04 0.03 0.10

Note: Entire = 100-yr observed rainfall data
Observed = 1* 20-yr observed rainfall data
Simulated = 1% 20-yr observed + 80-yr of simulated rainfall data
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(b) Based on the first 50 years of observations

Record length 1-hr 2-hr 6-hr 12-hr 24-hr
Entire 59.03 89.90 144 .52 181.69 23222
Mean  Observed 54.54 84.62 145.01 182.25 232.13
(mm) Mean  52.35 82.93 141.94 177.42 211.57
Simulated
Stdev 1.30 2.05 3.35 4.47 5.50
Entire 17.28 2992 61.53 76.16 99 35
Stdey  Observed 15.77 31.12 70.73 86.08 111.13
(mm) , Mean  17.13 29.19 57.74 73.49 93.45
Simulated
Stdev 1.52 231 3.89 5.01 5.97
Entire 0.70 0.68 1.97 1.58 1.48
Skew  Observed 0.76 1.04 2.18 1.96 1.93
. Mean  1.20 1.28 2.11 1.86 1.97
Simulated -
Stdev 0.41 0.42 0.34 0.33 031
Entire 3.20 3.17 8.77 7.03 6.94
Kurt Observed 3.25 3.87 8.75 7.80 7.99
Simulated Mean h 346 1011 s47 9:32
‘ Stdev. 259 2.87 2.53 2.20 1.99
Entire 0.16 0.19 0.22 0.22 0.23
L-Cv Observed 0.16 0.20 024 0.24 0.25
. Mean  0.18 0.19 0.20 0.21 0.22
Simulated
Stdev 0.01 0.01 0.01 0.01 0.01
Entire 0.13 0.13 0.25 022 0.20
L-Skew Observed 0.17 0.20 0.32 0.29 0.29
. Mean  0.19 0.21 0.25 0.24 0.26
Simulated
Stdev 04 0.04 0.03 0.03 0.03
Entire 0.12 0.12 0.22 0.16 0.16
L-Kurt Observed 0.13 0.16 027 023 0.19
Simulateq Mean 016 0.17 0.22 0.20 0.19
) Stdev 0.03 0.03 0.03 0.03 0.02

Note: Entire = 100-yr observed rainfall data
Observed = 1% 50-yr observed rainfall data
Simulated = 1* 50-yr observed + 50-yr of simulated rainfall data
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(c) Based on the first 80 years of observations

Record length 1-hr 2-hr 6-hr 12-hr 24-hr

Entire 59.03 89.90 144.52 181.69 232.22

Mean  Observed 57.12 86.59 139.84 176.62 226.27

(mm) , Mean 5533 85.24 140.05 175.96 217.52
Simulated

Stdev  0.95 1.42 2.48 3.32 3.61

Entire 17.28 29.92 61.53 76.16 99.35

Stdey  Observed 16.87 30.23 63.59 77.97 100.94

(mm) , Mean 17.15 29.28 58.53 73.25 94.49
Simulated

tdev  0.87 1.38 2.24 3.23 3.32

Entire 0.70 0.68 1.97 1.58 1.48

Skew  Observed 0.73 0.87 228 1.87 1.74

7 5 2.19 5 7

Simulated Mean 0.8 1.05 1.82 178

Stdev  0.23 0.27 0.15 0.15 0.13

Entire 3.20 3.17 8.77 7.03 6.94

Kurt  Observed 333 3.53 9.88 8.15 8.10

. Mean  3.95 4.38 10.21 8.25 8.45
Simulated

Stdev 1.04 1.63 0.99 0.89 0.78

Entire 0.16 0.19 0.22 0.22 0.23

L-Cv  Observed 0.17 0.19 0.22 0.23 0.23

. Mean (.17 0.19 0.21 0.21 0.23
Simulated

Stdev  0.01 0.01 0.01 0.01 0.01

Entire 0.13 0.13 0.25 0.22 0.20

L-Skew Observed 0.14 0.17 0.29 0.26 0.23

. Mean  0.16 0.18 0.26 0.24 0.23
Simulated

Stdev (03 0.02 0.02 0.02 0.02

Entire 0.12 0.12 0.22 0.16 0.16

L-Kurt Observed 0.11 0.14 0.25 0.19 0.17

Simulated Mean 012 0.15 0.23 0.19 0.17

Stdev 902 0.02 0.02 0.02 0.02

Note: Entire = 100-yr observed rainfall data
Observed = 1* 80-yr observed rainfall data
Simulated = 1** 80-yr observed + 20-yr of simulated rainfall data
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(1) 100 - & 7 3

Record length |Consecutive rainy days 1-day 2-day 3-day
2-day 0.00E+00
100 yrs  |3-day 0.00E+00 0.00E+00
4-day 0.00E+00 0.00E+00 1.82E-02
(2)R F) 3R A M & i
Record length |Consecutive rainy days 1-day 2-day 3-day
Mean 3.75E-02
2-day . .
Prp,,,.25%) [75.05%
Mean 1.29E-02 6.55E-02
10 vrs 3-day . . ) .
Prip...=5%) (93.23% 56.44%
4d Mean 2.28E-03 1.36E-02 2.15E-01
4-day .
’ Pdp,.,.=5%) (99.99% 91.20% 18.95%
Mean 2.06E-03
2-day .
Prip,,,. 23%) 99.99%
Mean 7.44E-04 6.93E-03
20 yrs 3-day . . :
Prip...=3%) (99.99%  96.52%
ad Mean 2.00E-06 4.10E-05 2.41E-01
- a ¥ i
? Prip,.<5%) (99.99%  99.99% 14.37%
Mean 3.22E-04
2-day .
Prp,.,. 23%) 99.99%
Mean 7.60E-05 2.71E-04
30 yrs 3-day _ - ] _
Prp.. <5%) (99.99%  99.99%
4d Mean 0.00E+00 0.00E+00 2.16E-01
4-day _
? Prilp,£3%) [99.99%  99.99% 20.96%
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consecutive rainy days Prob Total rainfall dpeth (mm)  1-hr 2-hr 6-hr 12-hr 24-hr
0.500 93.8 322 52.9 79.9 92.3 93.8
0.550 98.6 335 55.2 83.6 96.8 98.6
0.600 103.8 34.9 57.7 87.6 101.7 103.8
0.650 109.5 36.4 60.4 92.0 107.1 109.5
0.700 115.9 38.1 63.4 96.9 113.1 115.9
1 0.750 1234 40.0 66.8 102.6 120.1 123.3
0.800 1324 42.3 70.8 109.4 128.5 132.3
0.850 143.8 45.1 75.9 118.1 139.2 143.8
0.900 160.0 49.1 82.8 130.3 154.2 160.0
0.950 188.4 55.7 94.6 151.5 180.4 188.4
0.980 2284 64.5 110.3 180.9 216.9 2284
0.990 261.3 714 122.5 204.8 246.6 261.2
0.995 296.9 78.5 135.0 230.5 278.7 296.9
0.998 3494 88.3 1524 2679 325.6 349.4
0.999 393.9 96.3 166.3 299.4 365.1 394.0
0.500 171.7 33.7 56.8 95.2 1255 144.4
0.550 184.3 35.7 60.4 101.3 1334 154.0
0.600 198.0 37:8 64.2 107.9 141.8 164.3
0.650 213.0 40.1 68.3 115.1 151.1 175.6
0.700 229.9 42.6 72.9 123.2 161.4 188.3
0.750 249.5 454 78.1 132.6 173.3 202.8
2 0.800 272.9 48.7 84.3 143.9 187.6 220.2
0.850 302.8 52.8 92.0 158.2 205.6 242.2
0:900 344.6 58.3 102.6 178.3 230.7 272.8
0.950 416.7 67.3 120.3 212.8 273.8 325.3
0.980 515.7 78.8 143.6 2604 332.5 396.5
0.990 594.8 87.3 161.4 298.5 379.1 4529
0.995 678.7 95.7 179.5 339.0 428.2 512.0
0.998 798.4 106.9 204.1 397.0 497.7 595.3
0.999 896.9 115.5 223.4 445.0 554.4 663.0
0.500 251.0 gt 57.1 102.8 130.2 146.3
0.550 2617.5 35.0 60.2 108.8 138.0 155.2
0.600 28514 36.8 63.4 1152 146.3 164.7
0.650 304.9 38.8 67.0 122.0 155.1 175.1
0.700 326.7 41.0 70.9 129.4 164.8 186.6
0.750 351.8 434 75.3 137.7 175.7 199.7
3 0.800 381.6 46.4 0.5 147.4 188.3 215.3
0.850 419.0 50.0 87.1 159.3 203.8 234.7
0.900 470.3 54.9 96.0 175.1 224.4 261.3
0.950 556.0 63.2 111.0 200.5 2575 305.6
0.980 668.0 74.0 130.7 232.2 298.8 363.7
0.990 753.6 82.2 145.8 255.4 329.1 408.0
0.995 840.9 90.5 161.2 278.2 358.9 4532
0.998 960.4 101.9 182.2 308.2 398.3 514.6
0.999 1055.1 110.8 198.7 330.9 428.1 562.8
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Dimensionless cumulative rainfall

Dimensionless cumulative rainfall
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Bl 4.2 7 ¥ = 7| (5b-group rainstorm pattern)
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Dimensionless cumulative rainfall

Dimensionless cumulative rainfall
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