Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 34, No. 3: 773-784/ June, 2014 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2014.34.3.0773 www.kscejournal.or.kr

Water Engineering 23t

IORSEAIAO| TOIE 9ot FOS SHAE LQUATHO| AT}

ST I - FME - Y

Kim, Dong-Kyun*, Kwon, Hyun-Han**, Hwang, Seok Hwan***, Kim, Tae-Woong****

Evaluation of the Applicability of the Poisson Cluster Rainfall
Generation Model for Modeling Extreme Hydrological Events

ABSTRACT

This study evaluated the applicability of the Modified Bartlett-Lewis Rectangular Pulse (MBLRP) rainfall generation model for
modeling extreme rainfalls and floods in Korean Peninsula. Firstly, using the ISPSO (Isolated Species Particle Swarm Optimization)
method, the parameters of the MBLRP model were estimated at the 61 ASOS (Automatic Surface Observation System) rain gauges
located across Korean Peninsula. Then, the synthetic rainfall time series with the length of 100 years were generated using the MBLRP
model for each of the rain gauges. Finally, design rainfalls and design floods with various recurrence intervals were estimated based on
the generated synthetic rainfall time series, which were compared to the values based on the observed rainfall time series. The results
of the comparison indicate that the design rainfalls based on the synthetic rainfall time series were smaller than the ones based on the
observation by 20% to 42%. The amount of underestimation increased with the increase of return period. In case of the design floods,
the degree of underestimation was 31% to 50%, which increases along with the return period of flood and the curve number of basin.
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B e 2ol FulaH A9849RE 5, Rodriguez-Tturbe
et al. (1988)°] A<kt Modified Bartlett-Lewis Rectangular
Pulse (MBLRP) 23& ARg-8to] 73] 79 AAIEE 738kl
T} Fig. 1> MBLRP 23¢9] /I d%=E HofZErk MBLRP 239
A, X1[T] Z3-HFig. 1914¢] 24 )] =25 Yepfl=
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Fig. 1. Schematic of the Poisson Cluster Rainfall Generation
Model (Kim et al., 2013d)
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Table 1. Parameters of the MBLRP Model Estimated at Seven ASOS Gauges in Korean Peninsula for the Month of June, July, August, and

SA7lolA, F= 7 9G] A ek Aol
MBLRP 73$-44m3e] 67) vi7uise] ghaoleh f,i= w3
ok ki 25 FAR R,

4 2492 el ol ne )
EAgke] Aol 2 ol 142
750) Hit, Bk

AR bl 5
B AP
H<Re] HA ALg-5]

3AIZE, 12ARE, 24417 2|45717¢
2 7S FES A
FUSR(AE B0, 4RI
B 3ARE] AR =S
th, 3ARL 12A17E, 244)7ke
2&77F x 4712 BARE - A2

September. The Location of Each Gauge is Shown as Star Mark in Figure 2

P
T
T

Jolth k

s

>

3 A7

A7 VIBA S
BE AR elA
71 7 -AAE ]
3 Fdst
1370(471A]
g SARL

Gage ID Name Month A v ! i 1) K
6 0.00881 4.280 35.19 10.36 0.03873 0.4216
7 0.00883 4.713 26.87 10.37 0.03219 0.4643
105 Gangneung
8 0.01198 4322 34.87 15.11 0.04047 0.6237
9 0.00891 4.681 26.82 10.36 0.03214 0.5055
6 0.00882 4379 32.86 10.36 0.03252 0.4208
7 0.01202 4.591 28.34 13.26 0.03939 0.6233
108 Seoul
8 0.01134 4.716 26.75 15.07 0.03221 0.4246
9 0.00881 4.436 27.12 10.37 0.03320 0.5177
6 0.00881 4.307 27.70 10.35 0.03231 0.4513
7 0.01217 4.727 26.74 11.61 0.03776 0.4998
133 Deajeon
8 0.00977 4.728 26.74 14.56 0.03303 0.4196
9 0.00880 4.539 29.25 10.37 0.03277 0.4207
6 0.00882 4.515 33.98 10.37 0.03225 0.4198
7 0.01010 4319 27.45 10.36 0.03350 0.4198
143 Deagu
8 0.00882 4.727 26.78 11.48 0.03293 0.4354
9 0.00882 4.509 31.95 10.36 0.03218 0.4225
6 0.00883 4.605 27.46 10.36 0.03213 0.4344
7 0.01106 4.375 26.88 14.34 0.04328 0.5184
156 Gwangju
8 0.01029 4.724 26.75 14.91 0.03460 0.4227
9 0.00885 4.429 29.71 10.35 0.03254 0.4195
6 0.00881 4.570 27.92 10.35 0.03216 0.5146
7 0.00930 4225 31.48 14.20 0.03371 0.6230
159 Busan 7 0.00928 4.247 31.49 14.19 0.03381 0.6231
8 0.00882 4.715 26.75 11.08 0.03211 0.5579
9 0.00881 4.308 32.46 10.45 0.03543 0.5779
6 0.00885 4.705 28.71 10.36 0.03214 0.4208
7 0.00881 4.243 32.03 12.02 0.03246 0.6194
184 Jeju
8 0.00881 4.719 26.74 12.02 0.03264 0.5474
9 0.00881 4.710 26.75 10.37 0.03216 0.5941
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Fig. 2. Location of the 61 ASOS Gauges Used for this Study.
Gauges are Maintained by Korea Meteorological Administration
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Application of 1 cm of uniform rainfall for 1 hour
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Fig. 4. Rainfall Hyetograph Simulated at Gauge 90 for the Month
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nx olg 1] S5l ONE Eq. 3 olgsle] nAgal
e,

on— 2% (3a)
10— 0.058 CN,

CONy= CON, (3b)

CN = __ BN (3¢)
10+ 0.13CN,

&7, CNy, CNp, CNi= Z2F AMC-I (Ps<3.6cm), AMC-IT
(3.6<Ps<5.4cm), 18]3a2 AMC-III (Ps>5.4cm)o] sQ3l= 7=
FAAG0lAL, Psi= AUl o)

zojo) AL froje] F7]= MBLRP E3o] 3
RoJgth= A& aEfste] fof kel A s AeS
Ve 4= Q1= ol 7.5km’S AelElelal, 2417ke] R|A|AZE
(Lag Time)< zh=tiaL 7P3oick Fig. 3¢ o]2fgh
S0 wheh 2ge 1ARE A&7k E leme] F-85-9-30]] ok 9

o —
X,
N
=

possible ratios

-~ generalized logistic
generalized extreme value
generalized Pareto
3-parameter log normal
Pearson type 3

sample L-moment ratios

0.8

0.6

0.2

Fig. 5. L-moment Ratio Diagram Based on the Annual Peak Flow
Data at 64 ASOS Rainfall Gauge Locations. The Annual
Peak Flow Data Used to Obtain the 3 and 4™ L-moment
Ratios Were Derived From the Hydrologic Modeling Using
the Observed Rainfall Time Series at a Virtual Watershed (A
= 7.5km2, Lag Time =2 hr, CN=80)

ETollAe] T3 =(Unit Hydrograph)E A AISFIT]

Fig. 4= 90 B=A30lx ¢leje] &k alo] 6hellx] 9719
73kl tiste] MBLRP X3 ARg-te] Bojd 7-AA| Aot
olof] WkE 7P o] STlMe] RESS Kokt & Al
Sk 7He) BSARe thete] olefeh el 9 fEF IS
B3l gk ale] HhEks APgskaL, o5 1003] WhEste] dojxl
N ERCERE S R DAY

Fig. 5% w2 7.5km’, A|A|AZF 2413E, S5 80& 71
7P #5395 A8l E2E AFUSTEE =
ZJ% L-moment ratio diagram (Hosking and Wallis, 2005)°]
o} tolojrgle] “+ Fale B eiola] AHLE 64709] ASOS
A7 PFREA o) st 2kt s g 3% 2
42} L-moment H]& VFERITE ool “+” F2o] GEV ¥ &
LERR= o] Fel] SIXIBhL SS & < glom, oldt A=
B Arolx] aregh vekgl fEAAe] gl st v
OF ASHE wepr, £ = AFETES Vel 23
o] SHEEEE GEVE A1g3isitt #a29] nizi
HE ol&ste] 2Hgekit

= L-moment

.21

31 =EZE

Fig. 6& A&l 1218+ ASOS AP37PIaEA|zlelxle] B2
Sol] O ARt Kol 9ol ARl AbgEl
FAUESEAEANE vwslar ok 1ARE 3AIRE 12417E, 244
7Fe] FAAZRE 71 7390 tisle] A= T 479 ag=E
AAERATE BE A&7 1] tisle] MBLRP =ojo]] 28 72

Vol.34 No.3 June 2014 777



SREEEAVS] oS 9f7t ol ZEAE 4R 284

Probability Density Function, 1-hour Rainfall (mm)

09 (@)
08

0.7
0.67

0.5/
Z

——Observed Rainfall

. Simulated Rainfall

0 5 10 15 20

Rainfall (cm)

Probability Density Function, 12-hour Rainfall (mm)
1 T T .

0.9

=

0.1 / ——Observed Rainfall
Simulated Rainfall

0 10 20 30 40
Rainfall (cm)

ot

7

Probability Density Function, 3-hour Rainfall (mm)
1 ‘ ; . — ‘

09 (D)

—Observed Rainfall |
Simulated Rainfall

o 5 10 15 20 25 30
Rainfall (cm)

Probability Density Function, 24-hour Rainfall (mm)
1 . ' .

0o (d)

0.87

0.7
0.6
Zost
0.4
0.3/
0.2

0.1 — Observed Rainfall

Simulated Rainfall
00 10 20 30 40 50
Rainfall (cm)

Fig. 6. Comparison Between the Probability Density Function of the Rainfall Time Series Observed at Seoul ASOS Gauge and the one
Simulated at the Same Location Using the MBLRP Model. The Plots for (a) 1-hour, (b) 3-hour, (c) 12-hour, and (d) 24-hour Duration

Rainfall are Shown

o] ASAHTt v 2A v 2o
Fp-o] FAAR ] F7FRE 5 A sk o7} ZhAsgt
Sh=tl, o= MBLRP R&& AMgste] 4dd 9=
12ARE Wiefe] 2ke F7]9] o) #gate] Saks
At 1 2t A § Sles VeIt

e AE) sl 2 o] Ul RS =EEP)
, -Elvet 74l thate] 6170e] ASOS AVd7VdaEA1R
o] ¥= 7F9A}me} MBLRP 794088 AMg3le] AAde
7P 7S Azl 2A% BHES-HE vlasle Fig. 7o) AAIEIA
o} SFEAS-e] thekst AJE7]7H2004, 1004, 50, 301,
101 W)t 271K, 3, 6, 12, 24X3h9)] thste] Hze
TRjZ S ZAgelgit) 2 i gkl A 11 AL YRl

1 o oy
w L
=y

k
o

¢

(

i
)
T

2 L
> ol e
Loa X

778 Journal of the Korean Society of Civil Engineers

e yAH o 2 31 HAASIHIS VERITE LRk
AFE 7o 2 AP E FEFRe RS BSH]9
A FETE 2RIT) o= MBLRP X3 A185]]
sh= 739, I gro] HSAHT 2R 7o)
Epdic) SE79-we] TPy eke S8
7|7to] STV Wt STkst o), SEd9-e] A&7kt

FATAR] A= EREA] ettt ol#gk ¥4 64, 74,
8¢, 99| 79 ¢ o]F T EFsh= FAIAIE thate
8|t Figs. 8 and 9+ E4Z3E Qoksle] HojsEr)

Fig. 8= 6, 74, 89 ¥ 9¥9] &7l thzh 2 4870]
ok 7} agjze] x&FS FEAR] AA7REE, yE Fig. 79
Tejzuie] 3] W Ale] 71€7)E vERdth = ke
7t e MR T A&7zl tigk Aot} Lez=e ygke] 14
7775 MBLRP E3-& AME31e] A/t ZR9-AA Foll <A

o
<

<
T

o mx
2y
o

At
N
&
o)
o

rﬁ‘.
tlo
<
fd
2

7]

(AN
Oft

i

o

i
£

kv

)

|

rr
e

£ 4
o gl
k3



100 year Precipitation
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