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Analysis of Uncertainty of Rainfall Frequency Analysis Including
Extreme Rainfall Events
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Abstract

There is a growing dissatisfaction with use of conventional statistical methods for the prediction of extreme
events. Conventional methodology for modeling extreme event consists of adopting an asymptotic model to
describe stochastic variation. However asymptotically motivated models remain the centerpiece of our modeling
strategy, since without such an asymptotic basis, models have no rational for extrapolation beyond the level
of observed data. Also, this asymptotic models ignored or overestimate the uncertainty and finally decrease
the reliability of uncertainty. Therefore this article provide the research example of the extreme rainfall event
and the methodology to reduce the uncertainty. In this study, the Bayesian MCMC (Bayesian Markov Chain
Monte Carlo) and the MLE (Maximum Likelihood Estimation) methods using a quadratic approximation are
applied to perform the at-site rainfall frequency analysis. Especially, the GEV distribution and Gumbel
distribution which frequently used distribution in the fields of rainfall frequency distribution are used and
compared. Also, the results of two distribution are analyzed and compared in the aspect of uncertainty.

Keywords : uncertainty, extreme rainfall event, bayesian MCMC, MLE
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Fig. 1. Annual Maximum Precipitation at Incheon
Rainfall Station
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Fig. 2. Annual Maximum Precipitation at
Gangreung Rainfall Station

Table 1. Statistical Characteristics in Two Rainfall Station

Station Mean (mm) Standard Coefficient of Coefficient of Coefficient of
Deviation (mm) Variation Skewness Kurtosis
Incheon 133.6 63.2 0.473 1.066 3.395
Gangneung 163.5 124.0 0.758 4.237 25512
Table 2. Results of Preliminary Statistical Tests
Tests for Randomness Station Test Statistic Table (95%) Result
Incheon 0.000 accepted
Anderson corr. test 0.55
Gangneung 0.000 accepted
Incheon 1.337 accepted
Run Test 1.960
Gangneung 1.825 accepted
Spearman Rank Incheon 0.866 9016 accepted
corr. coeff. test Gangneung 1.283 ' accepted
. . Incheon 1.411 accepted
Turning Point Test 1.960
Gangneung 0.706 accepted
Table o] Wb Qe F5a5as) A5t QRS A thehll wisl ol QA 9 FEUS2olA ARE @
28] B3RS BAH B4el va) s (Cocfficient  HThFRARE MEANS S| SR TA9)
of skewness)®t %o %= (Coefficient of kurtosis)7} 4% e 7L Qe B vERgTh

3] AA A E RS & 5 Qo] AeAFAe Fxe
RS0 FaHT) AJds] %o s X935 Fxo|H
o] Tl BT B Qe Ade] e
EJL EH o & 4= gtk

At52] BAIE F N SAIA A olE3 3
Al RIEa|AS efat7] ol Jh=A] Aok & o]
THI ARTE FAA R 294 (randomness)E 7}
A3 A=A E HESHE Zoth o]¢h 2 FARA A
& K- (2000)7F Fa gk A3} 5D gk Anderson cor—

relogram test, Run test, Spearman rank correlation
coefficient test = Turning point test®] 4714 73S o]
L5t 1 A3E Table 20 YERNATE Table 291
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WoE Aol AHgIHE AL ol F FAAMANN B A%, Aol BHo] Fely of FHol7|urks
S5o) wslel whe BA%AQ) WAER F49 5 olE Bayesian WHES o4 o] Reslol ojg A
o7k gloms, ASFAPHE ol§F By F4 A A PEo|uE FxE 1 Foh= g ol 8
49448 dnelEe AeFond uoh Ue H9F  wo] aFs AL Qs = A3k
AAHNE A& 7 Us AoE AoEnh 2 Ao FH Table 304 o]l 107 #5240l gk 5743
WA FAEE BN ol o] g A 2 91X 25 (location parameter), %= (scale para-
WA= B3 AAS AFEHE Aol R o]F YERY| meter), & B4 (shape parameter) ¥ & 83 5, 21z}
stel oA AAG 24 TAS ol & AT o) BEE tehied glo] Audor AP Y
Helell tigh AR S o] 88kt 1 o] 5] Ate] Qlof HHA o] rhal AekE = SHEE
oo o . S AARER AAeAT) o)2lF A ETe] 1AL
S Ly oopolTHastngs Bayesian®iel o1 AHg el 7949 oz %
- AT HHoR B AT FEAAA FHA 8
Shof|A] 714gh nle} o] APz e] 472 Bayesian Zxof] o3k AP A Qlof YEh = T g S5
WS £YsH U QoM TP s dbgeln, B AT sb] As) 2 RES #8 DY 44
o AAARE olgale] ol AV EE AR AL Smaldta & 5
th \A ARG A7) flste] Hak (200007 AHE-S Z Gumbel % GEV #-3¥2 B9 HEReE
AR A9DEL FolA ARBEL U 2ERSL] AT F 285 Weibull B¥o] AR AE= Ao e
of Y115+ 10719 w54 (A3}, A&, 9, o, 4, Yo, GEV #3x9] FeR T 484 E A
o, S 1Y, £, 2ol T 5 = FHur] gek Ao = yEhTh o, o]} gl tigk A
UL AeAssE sk 39 107 #5489 = AR Aol o NAY ARE
HSALE Gumbel T GEVE o] 881] 72 Baxe] B4E 919 A0l7] wlie] 495 43 HEEA
FAAAT (Table 3. W, AIRLLS Felxlon F58 2 5o gg8omn 59 wENge) A4
7 e S0 Ame B2 BAS SRS o] 4L Uehie dEEAE ERisict. o) 1
o whel Faw Fvith 7] AAREE e % Fig. 39 (9 (= T12 SBE=A Afol v]8) A
Zalo] AFATNE ek Aol 14 A el Aoz 2 withy Bekaly] o), o]E mr} Fa
Table 3. Results of Estimates at 10 Stations
e . Parameters
Distribution Station Location Scale Shape
Ganghwa 97.589 31.219 0
Seoul 125.252 47.335 0
Suwon 115.254 42.968 0
Icheon 95.197 33.744 0
Gumbel Yangpyeong 104.437 37.356 0
Daegwallyeong 82.543 33.173 0
Sokcho 95.058 37.326 0
Taebaek 39.313 28.982 0
Chunyang 89.744 31.317 0
Uljin 120.814 46.882 0
Ganghwa 95.643 30.119 -0.099
Seoul 122.274 45.026 -0.120
Suwon 112.156 40.486 -0.136
Icheon 94.884 33.555 -0.017
GEV Yangpyeong 102.491 36.369 -0.091
Daegwallyeong 82.015 32.873 -0.03
Sokcho 91.019 33.254 -0.183
Taebaek 30.83 10.994 -0.901
Chunyang 87.767 29.805 -0.117
Uljin 118.447 45.450 -0.090
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Table 4. Results of

Estimates for Derivation of Prior Distribution

Distribution Parameter Selected Distribution Estimates of Selected Distribution
Scale (d;) 109.54183
Location (&) 2-parameter Weibull
Shape (¢;) 3.18719
Gumbel
Scale (ay) 39.81675
Scale («) 2-parameter Weibull
Shape (b;) 6.15267
. Scale (d,) 109.22226
Location (&) 2-parameter Weibull
Shape (c¢s) 2.57093
GEV ) Scale (ay) 39.31696
Scale («) 2-parameter Weibull
Shape (b,) 2.54266
Shape (k) Exponential Scale (\) 5.60538

1500

Location parameter
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50r
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25‘00 50‘00
Iteration

T T
7500 10000

Scale parameter

GaF
40
20F

T
101

25‘00 50‘00
Iteration
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7500 10000

Shage parameter

25‘00 EGIDD
Iteration

T T
7500 10000

Fig. 4. Trace of Metropolis—Hastings Algorithm at Incheon Station: GEV

2 o 2 el (Acceptance rate) S Arate] 22 Aok and Greenberg (1995)7} A<tk vf 9lom & AFdA %=

EEJAE AS8 Holob gty Chip and Greenberg ol5e] A& ¢J3) 1 AeF s ARSI, A
(1995)= Metropolis-Hastings &1#]&S 3317 9 E5 s ARMHEES] HAAS FIstAT)
gk 57k« e] A gk ’\V“"Fi‘é A kg vl ol 2 A FEF 27k ?‘TErJ AP, AQREETE B T
= 5709] AHEE F Eq. (24)9F o] o|WEk A ik ¥ U2 2 Metropolis-Hasting ¢al2]5-& A8}l
(Bivariate normal distribution)& AFg3%k EEH Y Bayesian MCMC "ol ol8] FA43taA} sl Ras
(Random walk) FEjo] AHEEE ARE-3FSITH FAAL £ ATl = g Hd RE3le
£ 100007 HAFI 0 M= E 10072
Q(0j+1|0j) = Q1(|0j+1 - 01") (24) T o]_;g;\_]]—o _(Htj}oﬂqﬁ ‘_74];‘\_0 A A9l .3]1;;\
A7, g ol At oeln, ¢ag]E el ©9 (Bumn-in=100), Burn-in §t& 5.2)¥ B57} wss)
FAs A} st Bpvt AAdg s VA RS AT A = TS FHA o= 473t /‘J@ﬁ} ATk AREE
E o] FAke 529 HHE Falo] AP el oW Metropolis—Hastings &18]5-2 Lee and Kim (2008)°]
F AR EE AR AEEES Ase Al ARSEE Matlab Z=E £ Aol LEF LR 543}
(6,10, ,) =q(6,,,16,) 7} o] e} HE2] 1HA o] ALFEE of FYPH =5 a3k
Rt ¥ nR due]Ee] 840 F2 A= Chip U Fig. 45 AH #2440 3k GEV 2329
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Metropolis-Hastings #1)% #8472 ekl glo] =4 Qome AIQHAE 52 A2 weislof shar v
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AL 4 AR v le] BSE A= GEV ¥ et al. (19%)2 ¢F 0452 Gamerman (1997)-2 02014 05
$-ol= Burn-in #= 10022 31912 wjol| = Eekg3l 3k ALl E At AAER AAIg v} =] 2 ATl A A
o] Yyehbe AE & & UUTh o|2REH X wmE AE AHES 0412 7] AFAE0] AArE A EL] ¥
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Fig. 5. Trace of Metropolis—Hastings Algorithm at Incheon Station: Gumbel

Table 5. Estimates of Parameters Using MLE and Bayesian MCMC

Station Para- | MLE | MLE | MLE MLE MCMC | MCMC | MCMC | MCMC
(Distribution)| meter | (2.5%) | (Mode) | (97.5%) |(Uncertainty)| (2.5%) | (Mean) | (97.5%) | (Uncertainty)
Location| 61.458 | 101.565 | 141.673 80.215 94546 | 104573 | 1146 20.054
Ir(lé%e\‘;? Scale | 39734 | 39911 | 40.099 0.365 39.879 | 39925 | 39971 0.092
Shape | -0.003 | -0.197 | -0.341 -0.338 -0.108 | -0.197 | -0265| -0.157
Location| 66.005 | 106.004 | 146.004 79.999 99.007 | 109.004 | 119.004 |  19.997
(Igﬁifg;) Scale | 33427 | 43.837 | 53.887 20.46 38.878 | 43887 | 48887|  10.009
Shape - - - - - - - -
Gang-  |Location| 72169 | 112.309 | 152.451 80.282 105284 | 115319 | 125355 |  20.071
neung Scale | 42.855 | 43.078 | 43317 0.462 43.038 | 43.096 | 43.154 0.116
(GEV) Shape | -0.289 | -0.402 | -0.546 -0.257 -0.344 | -0.402 | -0.45 -0.106
Gang-  |Location| 83734 | 123.743 | 163.743 80.009 116734 | 126743 | 136,743 |  20.009
neung Scale | 37928 | 57.927 | 77.927 39.999 47972 | 57927 | 62927 | 14955
(Gumbel) Shape - _ _ - - _ - _
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ke et 2o, ol BEage 2 o A AL % 5 2
1D AAAQ] B84 P32 Bayesian MCMC % t}. o]gfst dARe GEV X9 4 Fe|lugr) &+
o 1% B2t o] 224TALE ol G5k Bl ge] At Hhgozn HEngel Baayol dad )
ARG 3A ZAaEH] Y-S & = Ak 2 dozl Ao=w e}
2) 234 wel 23] 2498 243k (mode)? Baye- 249 R45e o8 7hrte] maol dgEE &
sian MCMC®] HH#@e 7] vhen) 9hal fiAlsh 872938 Aasith s 987499 Sold 72 %
A e @ 4 agith FETEe) AAG ol5E WEst S 104, 504,
3) A GH9l Ao EN GEV BE 2 Gumbel BXE 1004, 2004, 3004, 400 2 500 W= that <1 #
o AR, AERE, FURFE QA BELE B2 D BF BELIA] FESFS Table 61 et
O 4% 0200 ARE 8B A/ 2 RHE W Yo, durHow Asas SERSD ge 24
e & ¢ UrH(¥, GEV 229 Felusis Av) Aol 9% 2954943} Bayesian MCMC el <3t
e AR MY B ) ehiigich, AR 89 o
4) B¥XA AEAHo 2N AATFA F AFHSA0 gk v s YedE ths3 2
A GEV RZe) Hrnse] Bapage 438 & 1) RHAYFAAANE BRI derd A 5
< o 2 2k dheto], Gumbel 329 HER A3t A& A& = ATk F, Bayesian MCMC
Table 6. Results of Quantile Estimation Including Uncertainty
Station |Return| MLE | MLE | MLE MLE MCMC | MCMC | MCMC | MCMC
(Distribution) | Period | (2.5%) | (Mode) | (97.5%) |(Uncertainty)| (2.5%) | (Mean) | (97.5%) |(Uncertainty)
10 1513 | 2146 | 2774 126.1 196.1 | 2176 | 2376 415
50 2175 | 3360 | 4690 2515 2881 | 3390 | 3880 99.9
100 | 2456 | 4004 | 5885 342.9 3322 | 4035 | 4742 142.0
I‘(lé%e\cl"; 200 2737 | 4740 | 7397 466.0 3795 | 4772 | 5775 198.0
300 | 2001 | 5220 | 8460 555.9 4088 | 5251 | 6473 238.4
400 | 3017 | 5583 | 9308 629.1 4305 | 5615 | 7015 271.1
500 | 3108 | 5880 | 10026 691.9 4477 | 5912 | 7465 208.3
10 1423 | 2048 | 2673 125.0 1865 | 2078 | 2290 425
50 1982 | 2772 | 3563 158.0 2507 | 2802 | 309.8 59.0
100 | 2219 | 3079 | 3939 172.0 2779 | 3109 | 3439 66.0
Incheon 200 | 2455 | 3384 | 4314 1859 3049 | 3414 | 3779 73.0
(Gumbel)
300 | 2592 | 3563 | 4533 194.0 3207 | 3593 | 397.8 77.0
400 | 2690 | 3689 | 4688 199.8 3319 | 3719 | 4118 79.9
500 | 2766 | 3787 | 4808 204.3 3406 | 3817 | 4228 8.1
10 2080 | 2699 | 3442 136.2 2515 | 2730 | 2935 42.0
50 3819 | 5195 | 7410 359.2 4591 | 5227 | 5846 1255
Gang- 100 | 4843 | 6862 | 10510 566.7 5801 | 6894 | 7895 200.4
neung 200 | 6090 | 9059 | 1502.8 893.7 7537 | 9092 | 10689 315.2
(GEV) 300 | 6944 | 10657 | 18579 11635 860.7 | 1069.1 | 12774 407.6
400 | 7613 | 11960 | 21619 1400.6 9624 | 11994 | 1450.1 487.7
500 | 817.1 | 13078 | 24329 1615.7 10409 | 13113 | 1600.4 559.5
10 169.1 | 2541 | 3391 170.0 246 | 2571 | 2784 53.8
50 2317 | 3498 | 4678 236.1 3038 | 3528 | 3823 785
Gang- 100 | 2582 | 3902 | 5222 264.0 3372 | 3932 | 4262 89.0
neung 200 | 2846 | 4305 | 5764 291.8 3706 | 4335 | 4700 99.4
(GumbeD) | 300 | 3000 | 4540 | 6081 308.1 3900 | 4570 | 4956 1055
400 | 3109 | 4707 | 6305 319.6 4038 | 4737 | 5137 109.9
500 | 3194 | 4837 | 6480 3285 4145 | 4867 | 5277 1132

434 4 20104 4H
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