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Parameter Estimation of Intensity—-Duration—Frequency Curve

Using Genetic Algorithm (I ):
Comparison Study of Existing Estimation Method

e
Kim, Taeson / Shin, Juyoung / Kim, Sooyoung / Heo, Jun-Haeng

Abstract

The intensity-duration—frequency (IDF) curves by Talbot, Sherman and Japanese type formulas are
widely used in South Korea since the parameters are easily estimated. However, these IDF curves’
accuracies are relatively worse than those of the IDF curves developed by Lee et al. (1993) and Heo
et al. (1999), and different parameters for the given return periods should be computed. In this study,
parameter estimation method for the IDF curve by Heo et al. (1999) is suggested using genetic
algorithm (GA). Quantiles computed by at-site frequency analysis using the rainfall data of 22 rainfall
gauges operated by Korea Meteorological Administration are employed to estimate the parameters of
IDF curves and minimizing root mean squared error (RMSE) and relative RMSE (RRMSE) of
observed and computed quantiles are used as objective functions of GA. The comparison of parameter
estimation methods between the empirical regression analysis and the suggested method show that the
IDF curve in which the parameters are estimated by GA using RRMSE as an objective function is
superior to the IDF curves using RMSE.

keywords : Genetic Algorithm, IDF curve, Parameter estimation
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Define population size, and
probabilities for crossover and mutation

}

Randomly generate population of
teasible solution valuies called strings

1

Define pairs of strings(parents)

}

Perform crossover operations
on each pair of strings, if applicable

1

Pertorm mutation gperations
on each gene in each strings, if applicable

}

Evaluate ‘fitness’ of each new string{child)

and its probability of being selected for the new population

l

Save best solution found thus far, and cornpare
Best fitness value with that of all previous population

Fig. 1. Flowchart of Genetic Algorithm
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Table 1. Site Characteristics

Eq. ® 3"
74142l RMSEE ®3

g @7l &

Ste name | Frobable | R

distribution length
Sokcho GEV 32
Chuncheon GUM 33
Gangneung GUM 42
Seoul GEV 71
Incheon GEV 47
Wonju GEV 27
Suwon GEV 36
Seosan GEV 32
Cheongju GEV 33
Daejeon GEV 31
Chupongnyeong GUM 45
Pohang GEV 46
Gunsan GUM 32
Daegu GEV &4
Jeonju GUM 59
Ulsan GEV 53
Gwangju GEV 61
Busan GUM 57
Tongyeong GEV 32
Mokpo GEV 77
Yoesu GEV 57
Wando GUM 29

GEV: General Extreme Value Distribution
GUM: Gumbel Distribution
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Fig. 2. Quantiles Estimated by At-Site Frequency Analysis and IDF Curve

£40% £105% 20074 10H



800

Yeosu(T=100years) Yeosu(T=100years) Yeosu(T=100years) &0 Yeosu(T=100years}
At-site At-site 1 Atsite At-site
500~ — LEE(RMSE) 500+— — LEE(RRMSE) 5004 — — HEO(RMSE) 500~ — — HEO(RRMSE)
-
J | ] .
,.4004 ,\400-1 . 400~ ., 400 -
€ £ [3 E =
E ] £ £ 1 E ]
2 300 = 300 2 300 2 3001
g ] 8 g
S 200 < 2004 200 a0 #
100 100 100 100
0 y T T T v ° T T v T . 0 T T . T T 0 v T v I .
0 1000 2000 3000 [ 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
Ouration(min} Duration{min) Duration(min) Duration(min)
600 600 600 600
Ulsan(T=100years) | Ulsan(T=100years) Ulsan(T=100years) 1 Ulsan(T=100years) P
At-site —— At-site At-site At-site -
500 41— — LEE(RMSE) 500 4— — LEE(RRMSE) 500 41— — HEO(RMSE) _ - 500~|— — HEO(RRMSE) -~
_. 400 _ 400 —~ -~ 400
€ 3 € E
£ E E E 7
= 300 = 300 = 2 300
200 < 200 ° 200
100 100 100
0 T T T T T 0 T T T T v 0 T T i T i 0 T T T T T
[\ 1000 2000 3000 [ 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
Duration(min) Duration{min) Duration{min) Duration(min)
600 600 600 600
| Incheon{T=100years} Incheon(T=100years) pd
1 At-site P At-site e
500 — — HEORMSE) - s500-|— — HEO(RRMSE) -
] -~
E E E 4001 E 400
2 2 2 4 o
g £ £ 2 B
s & & 300 S 300
1004 Incheon/(“T =-s1i(l:0years) 100 Incheon}(\'{z; 20years) 200 —: 200—4
1 — — LEERMSE) = — LEERRMSD
0 v T v T v 0 v T v 100 . T T T T 100 T T
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
Duration(min) Duration{min} Duration(min) Duration{min)
600 600 600 600
Pohang(T=100years) Pohang(T=100years) Pohang(T=100years) Pohang(T=100years)
At-site At-site At-site Al-site
500 41— — LEE(RMSE) 5004 — — LEE(RRMSE) 500 {— — HEO(RMSE} 500 4— — HEO(RRMSE)
_ 400 ~ _. 400 _
€ = € 3 €
£ = E £ £
£ 300 2 2 300 EH
= 2 g g
£ 54 ] 3
< 200 © < 200 °
/
100 100
0 L I R 0 1" 0 — T 1 " 0 T
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
Duration{min} Duration(min) Duration{min) Duration{min)
Fig. 2. Quantiles Estimated by At-Site Frequency Analysis and IDF Curve(continued)
Aolt). Fig. 2014 At-sites A @HI=s4S Ea)A 4. REXIADES 0|28 OfTyHS
T 88 ov ZF7ke) 2, LEERMSE)E Eq. (29 =17} S| Haix
+Z RMSES P = E’_Z [ et =1 = =
HEE ES 237 BATrE AHEst & 71243 2270 A A qq st Egs. (2) and (3)9] w7l
3 & o]l= 3l 7re-z2k o] a1 = 5 2] =) 5
Al le gstel T A geln, LEE wss fAAgnHES Mgt 345t 5
(RRMSE) Eq. (99 Wi7I¥5+8 RRMSES 5434 4z RMSE® RRMSES AM&3I9a, 9d=3 #d
2 AMg3te] 4% groli, HEORMSE)E Ea. (39 A} FnEZe o|gdte] wjHEEE 24 o’l_(}ba];]_.
/i A5S RMSEE EAGG2 AME3te] 3437 3ol Table 2= =AF wiA¥ss AAY FE49-%7
- [} = -
I, HEO(RRMSE)® Eq. (3)9] rl7/i¥4-Z RRMSEE AN EHS =3 AHE BB -C,L%thsq RMSE$}
Bz =2 z‘s XN
2Agte2 AMgste] 4% g vERdrh RRMSE 83 ARAZSE a3l 227] Ao

816

BEKEREEHRE



Table 2. RMSE, RRMSE, and Coefficient of Determination

RMSE REMSE COD
A 18.1334 0.1132 0.9625
B 22.8404 0.0692 0.9398
C 16.5200 0.1175 0.9671
D 23.1210 0.1322 0.8997
E 33.3303 0.1082 0.8647

CQOD : Coefficient of determination
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