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Development of Daily Rainfall Simulation Model Using Piecewise
Kernel-Pareto Continuous Distribution
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Abstract

The limitations of existing Markov chain model for reproducing extreme rainfalls are a known problem, and the problems
have increased the uncertainties in establishing water resources plans. Especially, it is very difficult to secure reliability of water
resources structures because the design rainfall through the existing Markov chain model are significantly underestimated. In
this regard, aims of this study were to develop a new daily rainfall simulation model which is able to reproduce both mean and
high order moments such as variance and skewness using a piecewise Kernel-Pareto distribution. The proposed methods were
applied to summer and fall season rainfall at three stations in Han river watershed in Korea. The proposed Kernel-Pareto dis-
tribution based Markov chain model has been shown to perform well at reproducing most of statistics such as mean, standard
deviation and skewness while the existing Gamma distribution based Markov chain model generally fails to reproduce high
order moments. It was also confirmed that the proposed model can more effectively reproduce low order moments such as
mean and median as well as underlying distribution of daily rainfall series by modeling extreme rainfall separately.

Keywords : markov chain, daily rainfall, piecewise kernel-pareto distribution, extreme rainfall
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A EAS aaHos mojgthal dHA|aL vk 1
T B8kl 7]E 2-State Markov Chain 23 oA Gamma
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GPD ®X¥E ©]83F Quantiles g 1014 ML(method of
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Table 1. Transition probability matrix for 2-state Markov Chain
Model
t(day)
1 (day) Dry Wet
Dry l-a a
Wet b 1-b
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Fig. 1 Fixed kernel density function method

-279 -



0.8+

— Rectangular
/ - - - -Gaussian
0.6 - — — Epanechnikov
— Rajagopalan
< 04 —--caury |
02- 7 N
T SN
0. ._—_':‘_.—’7| : ==
4 2 0 2 4

Fig. 2 Various kernel density function

N 10, FHEF Wt 190 A ARSSE AL EFSE U
BRIt} flolx A9 AUEd FAHL B9E hel W
3} glo] 4783 @S 27] wiiel ol 14 Y= "7%
¥ (fixed kernel density function estimator)®]2} S},

ARl gk A HUXE 7AW AgZo]aL
o] 820 FEIE 7RIt SEYUE F78A00 Rk
o2 ALgEE AEsdre 19 29 At gukdo = @)
A B0 gl )99 IE ARt R Ao 3k
oF HIs=gE &8-S5 zhethal stk ey AREEA | et
7zt Aol AeA4S AES a7t k. ¢lE 59 A%
Zola vl 7Fsd 9ESTE dash Aee AAE e
Arrthe AAE 2 g AGE AMSSkE 3lo] A
B3 frEfeltt. £ dAqtelxle SASGEo] obd Ynk
J AFES Esr] fgelmg dubFow AMgH«=
Gaussian S5 ©|-§31}.

UhsC2 GPD #3230l thelir dvinm st o
£ AFollA ALESH GPDEXES] SEUEEe} FEET
¥3= 2472 Eq. (9% (1002 2t

_[+l

=i-ken] ©)

Bl

F(x) = 1-[1-%@-@} (10)

o371A, k, o, e= 27+ Shape Parameter, Scale Parameter,
ThresholdS YeRITH w718 w38k Fx)e}t wiZfHs=
aEshd SAITEE v Eq. (1DY] Quantile 75 &
A 4=t

x= e+ F1-(1-F)] (11

AF7HA] A T e FEEsd FTHY] S
Hoigk &8317] flsiA ARl Aol disixe
T3S A8staat e Sl s GPDEEE
A&t =, 7 e FIEEEEETE AEAATA F

1 S . . . . I
+ Empirical CDF
0.9/ =—PKPD CDF
= Upper Pareto CDF
| © Piecewise Point
Gamma CDF

ol
oo

=4
N

o
&

=g
=

Cumulative Density Function F(x)
=3 =3
(" Ln

Daily Precipitation (mm)

Fig. 3 An example of Piecewise Kernel-Pareto Distribution for
Daily Precipitation
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Table 2. Weather stations used in this study

Station ) Location(degree) Observation period until 2008(year)
No. Station Name
Code Latitude Longitude Daily Hourly
1 101 Chuncheon 37.90 127.73 43 43
2 105 Gangneung 37.75 128.88 97 48
108 Seoul 37.57 126.95 101 48
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Fig. 4 Sequence of summer precipitation for three stations using PKPD based Markov Chain Model
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Fig. 5 Sequence of summer precipitation for three stations using Gamma Distribution based Markov Chain Model
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Table 3. Comparison of transition probability between
observation and simulation

. Transition . . .
Station Probability Observation Simulation
pO1 0.26 0.26
Chuncheon
p10 0.44 0.45
pO1 0.30 0.30
Gangneung
p10 0.41 0.41
pO1 0.26 0.26
Seoul
p10 0.40 0.41
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Fig. 6 Assessment of simulation performance of PKPD based Markov Chain Model (July-August-September)
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Fig. 7 Comparison of cumulative kernel density function for extreme precipitation

Table 4. Quantitative analysis of simulation performance of
PKPD based Markov Chain Model (July-August-

Table 5. Quantitative analysis of simulation performance of
PKPD based Markov Chain Model (October-

September) November-December)

Stations Statistics Observation| PKPD Gg;; {[na Stations Statistics Observation| PKPD Ggig ?a
Chuncheon 100-Year 308.5 310.3 261.4 Chuncheon 100-Year 70.6 65.8 45.3
Gangneung | Design Rainfall |  870.5 909.5 274.6 Gangneung | Design Rainfall | 304.0 295.0 | 151.0

Seoul (mm) 3328 3763 | 2755 Seoul (mm) 79.4 79.1 | 473
Chuncheon 9.5 9.3 12.1 Chuncheon 2.5 2.6 3.6
Median Median
Gangneung (mm) 6.3 6.0 9.5 Gangneung (mm) 44 4.4 7.4
Seoul 8.6 8.6 12.0 Seoul 2.8 3.0 3.9
Chuncheon 22.6 22.1 229 Chuncheon 54 5.5 5.8
Mean Mean
Gangneung (mm) 18.5 18.0 19.2 Gangneung (mm) 13.4 12.9 13.7
Seoul 22.8 22.7 23.7 Seoul 5.8 59 6.2
Chuncheon Standard 32.8 32.5 29.5 Chuncheon Standard 8.0 7.8 6.5
Gangneung Deviation 38.8 37.7 25.6 Gangneung Deviation 22.8 22.2 17.5
Seoul (mm) 36.2 36.0 314 Seoul (mm) 8.7 8.6 6.8
Chuncheon 3.1 3.5 2.9 Chuncheon 3.5 3.4 2.2
Gangneung Skewness 9.8 9.6 2.9 Gangneung Skewness 5.1 53 2.8
Seoul 34 3.9 2.8 Seoul 3.8 4.0 2.1
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