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Bivariate Frequency Analysis of Rainfall using Copula Model
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Joo, Kyung-Won / Shin, Ju-Young / Heo, Jun-Haeng

Abstract

The estimation of the rainfall quantile is of great importance in designing hydrologic structures. Con—
ventionally, the rainfall quantile is estimated by univariate frequency analysis with an appropriate
probability distribution. There is a limitation in which duration of rainfall is restrictive. To overcome this
limitation, bivariate frequency analysis by using 3 copula models is performed in this study. Annual
maximum rainfall events in 5 stations are used for frequency analysis and rainfall depth and duration are
used as random variables. Gumbel (GUM), generalized logistic (GLO) distributions are applied for rainfall
depth and generalized extreme value (GEV), GUM, GLO distributions are applied for rainfall duration.
Copula models used in this study are Frank, Joe, and Gumbel-Hougaard models. Maximum pseudo-
likelihood estimation method is used to estimate the parameter of copula, and the method of probability
weighted moments is used to estimate the parameters of marginal distributions. Rainfall quantile from this
procedure 1s compared with various marginal distributions and copula models. As a result, in change of
marginal distribution, distribution of duration does not significantly affect on rainfall quantile. There are
slight differences depending on the distribution of rainfall depth. In the case which the marginal distribu-
tion of rainfall depth is GUM, there is more significantly increasing along the return period than GLO.
Comparing with rainfall quantiles from each copula model, Joe and Gumbel-Hougaard models show similar
trend while Frank model shows rapidly increasing trend with increment of return period.

Keywords : copula, bivariate frequency analysis, rainfall quantile
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al. (1995)3} Shih and Louis (1995)E S8k A 2= St Ellcga=s
Table 1. Copula Models
Copula Formula Parameter(60)
Frank Cy(u,v) = ﬁln w 9> 0
Joe Ce(u,v):1—[(1—u)6+(1—v)9—(1—u)6(1—v)9]1/9 0>1
Gumbel-Hougaard Cy(u,v) =exp(— [(—1nu)? + (—1nv)?]V%) 0> 1
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Table 2. Properties of Target Site
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(
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mises (M), Probability plot correlation coefficient (P) 73
ol N4 H S AT dlY TEF A= HAIE
o HAF FHSA XoFE A-fole ‘ALL'E A}

[e=]
A

7ol A ANE A EE NOR £¥8S 2E 4|
Aol A 71ZbE ] GEV EXES AL, 95 FFA
PPCC A7l diste], GAM £X3-2 45, A2, 459
A BE A digte] 714 At GUM w238 5
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Site Code Sample (N) tyo (hr)
Chuncheon 000101 1966 ~ 2010 (45) 8
Gangneung 000105 1961 ~ 2010 (50) 10

Seoul 000108 1961 ~ 2010 (50) 10

Wonju 000114 1973 ~ 2010 (38) 10
Chungju 000127 1973 ~ 2010 (38) 11
Table 3. Mean Properties of Rainfall Events
Mean number of Total Event Annual Maximum Event
Site events Mean Depth Mean Duration Mean Depth Mean Duration
(events/year) (mm) (hr) (mm) (hr)
Chuncheon 70.6 16.3 10.0 196.0 49.0
Gangneung 65.3 185 134 229.3 63.8
Seoul 68.5 18.3 11.0 208.8 49.8
Wonju 84.1 14.6 10.1 193.0 48.3
Chungju 70.3 155 10.6 158.7 47.8
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Fig. 1. Time Series of Rainfall Depth and Duration from Annual Maximum Events
Table 4. Results of Goodness—of-Fit Test
Rainfall Depth Duration
Site
NOR GEV GUM | GAM GLO NOR GEV GUM | GAM GLO
Chuncheon P - - - - - - - - -
Gangneung CP - P ALL - CP - - - -
Seoul KP P - ALL - CP - - ALL -
Wonju P P - ALL - - - - -
Chungju CP P - - - - - - -
454 H85E 20124F 8J] 831
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Fig. 2. Rainfall Quantile of Seoul from Each Copula Model and Univariate Model
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Fig. 3. Rainfall Quantile of Seoul from Each Combination of Marginal Distribution
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Fig. 3. Rainfall Quantile of Seoul from Each Combination of Marginal Distribution (continued)
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Table 6. Mean Absolute Relative Error Between of Bivariate and Univariate (%)

i Frank Gumbel-Hougaard Joe
i GLO GUM GLO GUM GLO GUM
GEV | 447(356) | 441(353) | 54046.1) | 45003600 | 458(369) | 54.0(46.2)
Cchifrll GLO | 447(356) | 437(349) | 5401461) | 454(364) | 447(36.1) | 54.7(46.9)
GUM | 457(367) | 464377 | 547(469) | 454(363) | 443(357) | 54.7(469)
GEV | 512(584) | 447(502) | 506(565) | 51.6(589) | 460517 | 50.7(36.6)
rii‘;gg GLO | 515(588) | 457(514) | 507(565) | 50.0(569) | 458(51.4) | 51.7(575)
GUM | 504(57.3) | 47.1(528) | 518(576) | 503(572) | 468(525) | 51.7(576)
GEV | 250(260) | 247(252) | 332337 | 252(262) | 258(263) | 33.2(338)
Seoul GLO | 252(262) | 265(27.0) | 334(339) | 254(260) | 260(264) | 34.1(345)
GUM | 256(262) | 27.1(275) | 34.1(346) | 258(264) | 27.7(282) | 34.2(347)
GEV | 202(285) | 306297 | 39.9(387) | 297(289) | 316(307) | 40.0(38.8)
Wonju GLO | 292(284) | 304(206) | 39.9(387) | 296(287) | 31.8(309) | 40.3(39.1)
GUM | 300(20.1) | 328319 | 404(392) | 295(286) | 31.6(308 | 40.3(39.1)
GEV | 195209 | 19.4(206) | 262(27.1) | 195209 | 204215 | 263(27.1)
Chungju | GLO | 195(21.0) | 202(21.3) | 263(27.1) | 198(2L1) | 19.8(208) | 27.8(28.1)
GUM | 199(212) | 21.0(220) | 278282 | 199(21.1) | 207(21.8) | 27.9(282)
Average 34.1(34.0) 33.8(33.3) 41.3(40.9)
TEHE ALt 25 copulad] NEE o]831H w gk AR FEAS-TF] A7t AA FEE A
A& 717F 24078, 48413 73 S-APdol diste] SE-- ol webA copula BHE o]&3dte] FEATHS AXNE
< ALkskaitt. G579l 54 copuladl tiste] 59 74, copula B8e] Ao 71 T3 1 vgoRE
RE 23] wae] weh oWl EYS iR, ] e FUREy Age] Folstlol Atk wat /)E
B FARE} 22 ) copula Bl wek o9 Wb o s wwshae] Ashel ulws) BRS u) Jo B
AeA) A Fasa & =) 345 4Fo] Yo Frank 23E e 5
B Ao A F23lE copula REE o83 oA ¥ = o vl8] FEAFF W7Fele] Gumbel-Hougaard X3 0|
e e vwsldel ual shkel ARADE B AL AA ow BehAT. = APAR Axje] W] 2
Yo BHT AAQYS WA RPOE PHIE B copula RHS Ag3he] MEHAS AT A4S 9
o] oA EEldo R t HAEsh, o s BE FollA 242 RS Agshr|Hn 7 XFEZ A3 copula
% copula B8-S AMETo 2 FHEZHS 2B 2ol F-ollx|o] dlste] 1 Q) Q.
AAele] AuALe] BAL fAGEN RS T Copula 2.3 5884 02 Be wilo] o]Fo}L
G 91oiTh Z9A1gel Hhal copula BAE B olWE QAT wwe] FHe) FEARe] Age mael
vlEsl Aol A copula 29 % Frank ZHE ARl Ago] o]Fo] A go} obal A ] so]7]eli= th
o) Z7bl whe SEReYe] P FEAAT Joo A olel® Rio] Utk 3k copula WPol Fuje] FE
23 ogt StE7Fg-Fol 7MY A FAEHAH, - Abzol| tiste] -85 AIZE dF-slte] o} A&el= o
o] FHLEY o) GUMY 759l A7t w2 &+ Ak & = YA copula BHE AFRITFoRM oM
Fegel S FERAE A AN, A 2 o telh g MRS Fa 5 Aok 49 %
ol 27 7 37140 9) copula REE, 9] FRET  ololNE wE FAR AT 2 A4H 1 Jrks oA
Y, AL/ REPAR FEFSFE) Aok vehte.  Bw AARL olsfata elF sk vl Qo] Mg
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