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Derivation of Intensity—Duration-Frequency and Flood Frequency Curve by
Simulation of Hourly Precipitation using Nonhomogeneous Markov Chain Model

I R R N T T
Choi, Byung-Kyu / Moon, Young-Il / Oh, Tae Suk / Park, Rae Gun

Abstract

In this study, a nonhomogeneous markov model which is able to simulate hourly rainfall series is
developed for estimating reliable hydrologic variables. The proposed approach is applied to simulate
hourly rainfall series in Korea. The simulated rainfall is used to estimate the design rainfall and flood
in the watershed, and compared to observations in terms of reproducing underlying distributions of
the data to assure model’s validation. The model shows that the simulated rainfall series reproduce a
similar statistical attribute with observations, and expecially maximum value is gradually increased as
number of simulation increase. Therefore, with the proposed approach, the non-homogeneous markov
model can be used to estimate variables for the purpose of design of hydraulic structures and analyze
uncertainties associated with rainfall input in the hydrologic models.

keywords : Kernel density function, Markov model, Flood Frequency Curve, Hourly Precipitation
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Table 1. Comparison of Statistics for Rainfall of All Events between Observed and Generated Data

Classification Average Standard Dev. Maximum
Observed data 0.1407 0.8926 36.80
50 years 0.1611 0.9848 36.58
Generated data of 1 hour 100 years 0.1629 09776 38.26
200 years 0.1616 0.9764 38.35
Observed data 0.4220 2.2566 82.10
50 years 0.4036 2.1447 2.9
Generated data of 3 hour 100 years 0.4146 2.1693 83.25
200 years 0.4156 2.1990 89.58
Observed data 0.8440 4.0150 96.20
30 years 0.9007 4.1014 99.74
Generated data of 6 hour 100 years 0.8947 4.0876 104.90
200 years 0.8739 40081 108.74
Observed data 1.6881 7.0955 174.80
50 years 1.9852 76151 179.48
Generated data of 12 hour 100 years 1.9726 75257 193.71
200 years 1.9702 7.5440 204.66
Observed data 3.3762 11.5992 192.10
0 years 3.7714 11.8835 209.82
Generated data of 24 hour 100 years 3.8122 11.9568 238.00
200 years 3.7728 12.0599 242.95

Table 2. Comparison of Statistics for Rainfall of Wet Events between Observed and Generated Data

Classification Ave. St. Dev. Min. 25% Median 75% Max.
Observed data 1.5580 2.5750 0.00 0.20 0.60 1.80 36.80
50 years 2.1893 2.9449 0.00 0.30 1.10 2.89 36.58
1 hour 100 years 2.2045 2.9605 0.00 0.30 112 2.90 38.26
200 years 2.2036 2.9702 0.00 0.30 111 290 38.35
Observed data 2.9042 52711 0.10 0.30 0.80 3.10 82.10
50 years 2.7787 49931 0.00 0.26 0.80 3.03 8295
3 hour 100 years 2.849% 5.0677 0.00 0.26 0.81 3.12 8825
200 years 2.8636 5.0870 0.00 0.27 0.81 3.13 89.58
Observed data 4.4802 8.3221 0.10 0.30 1.20 460 96.20
50 years 438111 8.4446 0.00 0.37 1.29 522 99.74
6 hour 100 years 4.8031 84353 0.00 0.36 1.29 521 104.90
200 years 46651 8.1891 0.00 0.36 1.28 502 108.74
Observed data 6.7358 129171 0.10 0.40 1.70 7.10 174.80
50 years 9.7461 14.4514 0.00 1.85 451 10.98 179.48
12 hour 100 years 9.6718 14.2410 0.00 1.86 450 11.02 193.71
200 years 9.6327 14.2825 0.00 1.87 451 1091 204.66
Observed data 9.5372 17.9283 0.10 0.50 240 10.70 192.10
50 years 12.9057 19.1141 0.00 2.20 581 14.44 200.82
24 hour 100 years 12.8996 19.1477 0.00 2.21 585 14.75 238.00
200 years 12.9206 19.5058 0.00 2.19 582 14.34 242.95
S4E mlagk Aeojuh AHAIRE 1, 3, 6AIZl A= O} AEAIZE 12, 24Xl M= BeoAbaake] Hatol
S Bolee] Av)e] Aozt el 24 & dSAaEF AR o A AAEAT o= ellA

256 BEKEREERHNE
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Table 3. Comparison of Annual Maximum Precipitation for Each Duration between Observed and Generated Data

annual maximum precipitation for each duration(mm)
. 1 hour 3 hour 6 hour 12 hour 24 hour
Duration
Obs. Gen. Obs. Gen. Obs. Gen. Obs. Gen. Obs. Gen.
Average 271 286 48.0 484 67.3 675 109.4 1111 1389 137.8
St. Dev. 6.7 6.4 159 16.1 224 20.3 40.1 331 40.5 485
Min. 189 17.2 288 26.8 415 376 59.3 51.6 72.8 62.1
25% 21.8 23.3 374 352 529 492 8.2 91.7 1079 101.3
Median 250 28.3 42.3 44.0 58.3 634 939 1138 137.3 1324
5% 31.7 32.9 5.8 59.0 76.9 82.3 127.1 129.8 1685 154.7
Max. 415 43.3 92.9 1014 109.3 1235 200.0 234.1 223.0 282.1
Table 4. Comparison of Yearly Precipitation between Observed and Generated Data
o Observed data Generated yearly precipitaion for each duration(mm)
Classfication
(mm) 1 hour 3 hour 6 hour 12 hour 24 hour
Average 1232.3 1388.6 1210.1 1267.6 1348.0 1275.8
St. Dev. 2594 236.3 182.6 1939 218.1 234.0
Min. 8736 909.2 7074 2.1 8694 720.8
25% 1000.8 119%6.1 1086.5 11356 1181.0 11309
Median 1281.6 1409.7 1184.4 12635 1340.0 1271.8
5% 1374.3 15634 1321.2 1396.3 1519.6 1384.5
Max. 1704.7 1890.5 1689.8 17464 1977.0 1881.8
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Fig. 3. Comparison of Monthly Average Precipitation
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Fig. 4. IDF Curve using Observed Data
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difference(%)
26.1
14.7
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5.7
4.2
3.0

Observed precipitation

Quantiles
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Using rainfall data

difference(%)
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49
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Generated precipitation
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5,370.0
5,985.0
6,598.0

Probability discharge by return period(m/s)

Quantiles

Using observed
discharge
1,793.9
2,885.0
3,657.9
4,232.1
5,104.9
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6,410.5
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Table 8. Comparison of Probability Discharge

B P T R H B N T RN P o oo oo T o o oy L

= aomuuuﬂ@%ﬂ_ﬂrM%%ﬁ%ow@mﬂ« B A~ = I+

~ & o E M 7o o o g N mﬁ o ol mﬁ ok _hw O nm 17_.w i) % 3

T g P F LGt g NI Yl E Ny g

A B R ook T o 2 b X o Ar <o X o= N

RE g  wT T g ny 2 L

ﬂ.w murmu%%__ozﬁjm«wf.m.,%frmﬂwm%&g o B =5

TS TR R I Rl O N S GRS

% T 2T md 58 R RKN K T o B AR = = U

L r o Nk e SN W Tow T 22 20w e

N S 2T p S ETamege s = o W5 5 %

%ﬁolﬂrmﬁﬁg%ﬁw @m@rﬁaﬁoﬂaﬂ@%%anol_wn%ﬂ

aitm%%ﬂ%%%ﬂﬂ&@%ﬂﬁ&@% e " 2 LT
— h T —_ ==

EL FEREERESERGREI LT o Tl M dgg

IO M ™ g o " dm o= o )y T o

gs 2P eg 1wl A8 8 Tgen LT=

LS TgTZPTwBRXS 2 HE_Tro_ 5% )

Y HyNg8EPaxexgdT I F T T I o R

B A R SO o S 3 T N T o A

e L B N O N g TR

B sptoxAEmwWHo MR oo L3 HA TR

& T o o W

o W ey

; REBEhE Bk gTay  H

T ]E:A;o_rﬂ ElyaU;o‘.jlﬁ VE

g moowr%mméz armoﬁ&olmxﬂﬂ@. 2 "

s R BT H g Ty &

3 Treden FpfewXagiy o8

g E £ — E 0 To O =0 N o) %0

H: 8 Thensd CEXEIAEBRLT o0

31 g > ﬂmlu@an 1m%m%ﬂx ooy T
W 588 S = X _JL W ‘Mﬂ _zrl

N 888 §35 Tow g @ unraLd T g

S ® T X ) S ~ N 5

< Q9 N 2y o o o o

i is W LRI Edr IRELMeEIoa Ri

— M:I ”_____ HVTOA_I‘_II‘” dﬂH\AImHQLIIJJ‘AIFoIo”

ERRS) T o o B ko L = S R I T

g c © W N B do I N N~ H OB Ne =0

X = 8 ﬁ%%iﬂﬁ% W e N TR Mﬂma

I = ° T E C do X DT Xy S

AW ..w —EE J.m_l zi D;A o . 17_.0 Ea ﬂA_.O _/L m Mﬂ 0o O_H ‘mu = ﬁi

E o ol T FT AT & o

= Tognodowm P W g o S oo FEE

/. . = o N A= 2 - r 3 Re o < o

" dExﬁyLoF_,oMEMZ,mWNV W o

- e U N ﬂzo e = T/ A m

— " o PR PR RF N T RSB TR T

g S 53 - Wop oW N 3 N

(s/gw)ebreyosiq Jo w0 W H w TO

263

B4 Z39k 20084 3H



13
ki
o
ro

AMIER, FEFAATAL (Q005). HSCHEAY A

+sHBUAY 7|2HE 21A.
q

274 (2000). TR o ZeREd oF o ®E
2ol ol ublele)i, lsho)stiL
4, oA OlZEH (1999). “EA] shelNel 4,

AM-15, pp. 23-34.
AL B £F 7@& &9 o] A (www.wamis.go.Kr).
T9Y, AF9d (2004). “v)EdA vtEE BEHS o)

ot A7AlE RojubA | -o| 2" StER S =
2, H3EEss] #249, A5BE, pp. 431-435.

oo 2 e (2004). “HEAA Markov =
FE o] 8% AR BodAI-o|&- HEtE
=55 =28, ditESs3 A24¢, ASBE, ppd
37-441.

o, ol AF, (1985). “MZHH HETEE WeF
epe] ool vk AT oMfSm Ared
JledTa =23, AN7H, A4, pp. 37-46.

7 0. A AR g

(
of g FAGARY IR =L, T

Sk A FAF (1999). EERTRE M4F Y oS4
e

SRR FAF (2006). CHEEY 29 MSHE

Bowman, A. W. (1984). "An alternative method of
cross—validation for the smoothing of density
estimates”, Biometrika, Vol. 71, pp. 353-360.

Bruhn, J. A, WE. Fry, and Fick, GW. (1980).
"Simulation of daily weather data using theoretical
probability distributions.” Jour. Appl. Mete., Vol
19, No. 9, pp. 1029-1036.

Entekhabi, D., Rodriguez-Iturbe, 1.,
PS. (19%9). "Probabilistic representation of the
temporal rainfall by a modified Neymann-Scott

Parameter estimation

and FEagleson,

rectangular pulses model:
and validation.” Water Resources Research, Vol
25, No. 2, pp. 295-302.
Institute of Hydrology (1999).
handbook. Wallingford, UK.
Islam, S. Entekhabi, D. and Bras, RL. (1990).

Flood estimation

264

"Parameter estimation and sensitivity analysis for
the modified Bartlett-Lewis rectangular pulses
model of rainfall” Journal of Geophysical
Research, Vol. 95, No. D3, pp.2093-2100.

Katz, RW. (1977). "Precipitaton as a chain-
dependent  process.”  Journal o  Applied
Meteorology, Vol. 16, pp. 671-676.

Rajagopalan, B., Lall, U. and Tarboton, D. (1996).

model for daily
precipitation.” Journal of Hydrologic Engineering,
Vol. 1, No. 1, pp. 33—40.

Richardson, C. W. (1981). "Stochastic simulation of
dally precipitation, temperature, and solar
radiation.” Water Resource Research, Vol. 17, No.
1, pp. 182-190.

Rodriguez-Tturbe, I, Gupta, V.K.,, and Waymire, E..
(1984). "Scale consideration in the modeling of

"Nonhomogeneous  markov

temporal rainfall.” Water Resources Research,
Vol. 20, No. 11, pp. 1611-1619.

Rodriguez-Tturbe, 1, Cox, D.RI, and Isham, V.
(1987). "Some models for rainfall based on
stochastic point processes.” Proceedings of the
Royal Society of London, Vol. A410, pp. 269-288.

Rodriguez-Tturbe, I, Cox, DRI, and Isham, V.
(1983). "A point process model for rainfall: Further
developments.” Proceedings of the Royal Society
of London, Vol. A417, pp. 283-298.

Rudemo, M. (1982). "Empirical choice of histograms
and kernel density estimators”, Scand J. Statist.,
Vol. 9, pp. 65-78.

Stern, RD., and Coe, R, (1984). "A model fitting
analysis of daily rainfall data.” Journal of the
Royal Society of Statistical Analysis, Vol. Al47,
pp. 1-34.

Todorovic, P. and Woolhiser, D.A., (1975). "A
stochastic model of N-day precipitation.”
of Applied Meteorology, Vol. 14, pp. 1-34.

Waymire, E, and Gupta, V.K. (1981). "The mathe-
matical structure of rainfall representation 1. A
review of the stochastic rainfall models.” Water
Resources Research, Vol. 17, No. 5, pp. 1261-1272.

Wilks, D.S. (1998). "Multisite generalization of daily
stochastic precipitation generation model.” Journal
of Hydrology, Vol. 210, pp. 178-191.

Journal

(=9 5:07-142/7485:2007.12.11/44F¢+5:2008.01.24)

BEKEREERHNE



