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Estimation of Areal Reduction Factors for the Youngsan River Basin
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Lee, Jae Hyung / Kim, Dae Geun / Koh, Won Joon / Lee, Yoon Young

Abstract

By analyzing the concurrent rainfall data from rainfall gauges positioned in the Youngsan River
basin, the areal reduction factors related to the rainfall characteristics of the Youngsan River basin
are estimated. The estimated values are compared with the values of the Han River basin, and show
that the rate of decrease of the areal reduction factors of the Youngsan River basin are smaller than
those of the Han River basin as the basin area is increasing. That is especially true for short-term
duration storm events. These findings reveal that the spatial variations in the Youngsan River
basin’s storms are smaller than the spatial variations of the storms in the Han River basin, due to
the size of the two basin areas in addition to the topological characteristics that affect the rainfall
distributions.

keywords : areal reduction factor, Youngsan river, rainfall distribution

o x

G o] ARG SFBELY FANY SFARE ol §3ke] JAFRAY FIENS NI DALY

AARE APRStTh QARG thetel AT WMASARIARE FFRALS PR AT WIS Tk

Assh ¥mE F3h, HARH FTho] W WHSFRLATY FhFe] AWHOR A Yepdon] 53] wl

3 AEALE 4o hal BASFRLATE FaFel A kg ole AFFIT WK FAFE

Afolsh APsHa B Aol2 A FAFRANA WAF 590) BHo] BAFH wal) AFE WEHo] Yy
Hog Age vt}

+ AQAAYNF) EDBAAIAER A, Feub
Ph. D, Assistant Chief, Infra and Environment Group, HYUNDAI Engineering Co., Seoul 158-723, Korea
(e-mail: jhlee908@hec.co.kr)

o WAAZE EXoittn AMEFEE EEFTEAT HAFAL
Lecturer, Major in Civil Engrg., Div. of Construction Engrg., Mokpo Nation Univ., Jeonnam, 534-729, Korea
(e-mail: kdg05@mokpo.ac.kr)

wx GrjAA R (F) EARAAIGER g
Senior Engineer, Infra and Environment Group, HYUNDAI Engineering Co., Seoul 158-723, Korea
(e-mail: kohwj@hec.co.kr)

woex F Ao} (F) EARHAIQER B7
Senior Vice Chief, Infra and Environment Group, HYUNDAI Engineering Co., Seoul 158-723, Korea
(e-mail: yylee@hec.co.kr)

8394 109 20064 104 813



g o]A-& 79 FEXIL &
39 FAe] olFshy] "ot
Awtel] AH FAIT| U3 FH
Bloj| A #Zad Adigh DAY A AT
(point rainfall)& Hudte A AA T F9
A 3 773 9-Z(areally-averaged rainfall) ¢} 3rlsk
®e AEstA |k

53 NEAZAAY TS Hgsty] A -
FEEY AHAEN FELT-HS AT o dad
AARE 7IEARA FFE VA E BFESLRY o
oAIZEe] FARE AHAZSF AmoH, T #5
7t g5 EAF A4S gAY 55 o8 FARE
73] AHY A ALS AP, olg Wk
ot AX[FFELFFS A Aol AU

e
ol
o
2
&2
gl

B
oft
>,

E B b

oF

WABREELSFS AN A FAU o
o a9 BY WA YL FIARE o]
goto] MASFL WY F o)F WEshy shofof 3
s, £ $FBEIA BT AT F9ARI
FREA Take] FAY AL B3z 54

[e] [e]
°

%e et @

(correction factor)E A3} 4
gaksh= Aol A8 titd 5 Aok ol Ad
slol] =ql® WA AS(areal reduction factor,
ARF)= ANHFTZEZTHTS HARTSEL-H
v ZA o]F9] AolE A Y8 =9E EARAT
Adeler & 4 ok ’ '
A B LAG B AFE 2 HARE olF
o]z $k<.™ Hershfield(1961)+= wl=ol A& 7153 24
S ZQol-AHIA(F-A AL 0%, 147, 3A17L, 6
AZY, 247D& AR e, o] FAL Fuo] &)
Hol AR ARH7E AT HI7A old #7
A= %18 F(Bacchi and Ranzi, 1996; Sivapalan and
Bloschl, 1998; Asquith and Famiglietti, 2000)°] 12

8i4

Aojd4s wAE
il s A )
doz 84 AeAE ARE EdR 419 24"

™A 2} (300kr, 500k, 1,000k, 5,000kn1)& 748t 4
d A7 ASARE AA L gRRATE ANG
Hh Qlth s 20023 A& FQ004)E A
ol dis) AA-FRRATE AT vk Qo &

(20042 AR el sl dAFERATE
AR T ol& WA WA FHLA T v
3 A& AojdeE, ARl ol

s WA SRS} S AR AR
=

n

o

d
Y

i

e do 1B m¥ ot

18 oy

H
=
lo
ol
Ho
r2
o
o
ofl
o Y
b
2
P
2
:i
<t
re
-

izr%,
S on
% *
L
Jo o
e
fooX
2o
T
=2 o
o2
e
Q}Lmlmr
:‘O [-'L]
JRAE

£
ieh
Sﬁﬂurlr

o

Jn o it =

i
op
Ol
ol
£y o
13
rlr
>,
o,
s
£
rok
ol
&
i
rlo

2
3
B ool o ot o Hu

TR
z,
0%
i)
Hdo
5
i
m
=
il
Ho
31
)
rg
a

R
[N
M o

2

> 5 P B
18
=2

FATFE] Hol7h U3 AP,
=4g gejske T ool o3
£ R geHolx) Rk
ool £ ATNNE BAHLN vB) FHE ol
& GRS FAS SFARE of
g3te] WALPPLATE WAHAOE WA

Boel WASIRaASe v Yol

Q

o
of

i
o

N 4 & oo 1R Ao

~
ob
ok

WAL BHLASE Ae] PeAE FD BN
2k9) Az SRR DR JNBRYG SFVE
ro) BE71FES AES T, AAHG] TS 113
£ 7183 e BEREAS BZUAL, AR et
BEL F ANHOR BE Aol FEY Hol, A,
9 T BRREL 5 67 $FVEE BES
F A ASARE FET 5 AE 2009 29 A

BEKERBEHE



ZAZPA(, 2, 3, 6, 9, 12, 24, 48, A7) A $F A&
2 A8l BASURAASE ST

22 HE2R2I Al o] MAFTH ME W
- Thiessen Z}5 x| AHH

dutd oz ZFegol-AXAAE FIHA FEol A
. AMAE 5954 (storm—centered) FAZA o]
£ 3971 2dstad ke A9 T4l fAAse H
q¢ES DAsE FEHE I FHAE A
& IANTIE AoBA 597 3 AH FAA
WS shal 2 A Y] dFA A FaAM T
7b @EgE MAA He AYH WX 1A F(fixed-
area) #Alo[th E9FAY BAE o4 THAME
s 98 el x, v WA uAY AAE
AME TE AR s AeEe Ao ARE
FEAE Yt & & gtk 3322 5954
g #AE JFeAUdrEE A8k ol&3t, ¥
AuAY AAE F99 25 RlesjAe Aol o
HATHAALFE, 2000). Wb £ dFeXE BA I
AY BAE ol &3te] BHSFRAASTE AT

WAAY BAE ol §sel IR BHSB
A5 E PR dadE AEoE WAS 37}
A A9 BELS TYHES 47 440 4
s Aol Wasith 98 439 AYgRE 3
BEAT A BE Be] B o]

=
N
=
£ o2
}o\u
ot
N
0%
>
olt
L
o

i)
2,
32

Key map

5,000km’

SCALE
5 0 5§ .10 15km
e e

Fig. 1. Establishment of fixed circle areas for the study area
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Table 1. Weighing factors of Thiessen network
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gatg (k) factor (k) factor (k) factor (k) factor
G"(Vé?)glu 300.0 0.50 4200 035 580.0 0.29 600.0 0.12
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Table 2. Concurrent rainfall data from rainfall gauges in the Youngsan River basin

Duration

Vear %22;2“ 1hr 12hr 24hr 72hr
Mon Day I*.)nd Rainfall | Mon Day End Rainfall Mon Day End Rainfall | Mon Day Ij:nd Rainfall
~th time | (mm) | -th time | (mm) | -th time | (mm) | -th time | (mm)
GJ 8 |13| 10 | 504 | 8 |13 13 | 1236 | 8 | 3 4 1420 | 6 | 27 [ 20 | 2199
BI 6.0 93.0 22.0 200.0
SS 65.0 100.0 34.0 231.0
1998 | NJ 12.0 63.0 39.0 138.0
HP 39.0 _ 66.0 42.0 212.0
MP 16.8 273 188 195.8
GJ 8 |131| 5 316 | 9 | 23( 18 | 83 | 9 (23| 23 | 1061 | 9 (24| 1 | 1455
BI 4.0 84.0 108.0 143.0
SS 5.0 109.0 131.0 172.0
1999 | NJ 20 65.0 93.0 146.0
HP 5.0 97.0 117.0 153.0
MP 4.1 1004 1325 185.0
G] |8 |8 ] 14 | 322 |8 |19] 22 |84 |8 25| 18 | 1288 | 8 | 27| 12 | 2007
Bl ©26.0 94.0 130.0 310.0
SS 50 67.0 116.0 310.0
2000 NJ . 14.0 45.0 85.0 149.0
HP 30 70.0 84.0 2180
MP 0.2 5.0 63.8 158.6
GJ 7112 7 295 |19 14| 12 | 1071 | 6 |25 2 | 1306 | 6 |25 | 10 | 1391
BI 2.0 53.0 142.0 148.0
SS 15.0 122.0 169.0 178.0
2001 | NJ 14.0 370 187.0 196.0
HP 26.0 67.0 145.0 152.0
MP 14 154 1471 160.8
GJ 8 31| 16 ] 210 | 8 | 31| 21 | 1280 | 8 |31 22 | 1450 | 8 | 8 | 20 | 1920
BI 210 162.0 175.0 129.0
SS 10.0 48.0 63.0 110.0
2002 | NJ 2.0 43.0 63.0 274.0
HP 9.0 32.0 440 126.0
MP 3.0 21.0 475 1405
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Fig. 2. ARFs for the Youngsan River basin
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Table 3. Parameters of ARF relationship curves

Return Durgtion
Period | Parameter
(yr) lhr 2hr 3hr 6hr 9hr 12hr 24hr 48hr T2hr
a 1.1928153 [1.16882617 | 1.1536163 | 1.1275542 |{1.11297855|1.10208479 | 1.07845523 | 1.06164786 | 1.05786759
20 b -0.0603129 | -0.0522508 | -0.0472894 | -0.0386989 [ -0.0337731 | -0.030229 |-0.0223434 | -0.0164694 | -0.0147988
R? 0.949 0.965 0.975 0.992 0.994 0.983 0.916 0.766 0.695
a 1.2009791 | 1.1762721 | 1.1613754 | 1.1357314 | 1.1198037 | 1.1090039 | 1.0846455 | 1.0667883 | 1.06178992
30 b -0.063593 | -0.055209 | -0.050173 | -0.041403 | -0.036119 | -0.032438 | -0.024198 | -0.017860 | -0.015852
R? 0.942 0.960 0972 0.991 0.99% 0.989 0.920 0.768 0.713
a 1.2062989 | 1.1821767 | 1.1673739 | 1.1419827 | 1.1267307 | 1.1156099 | 1.0915459 | 1.0723672 | 1.06654598
50 b -0.066441 | -0.057994 | -0.052821 | -0.043845 | -0.038512 | -0.034721 | -0.026191 | -0.019378 | -0.017154
R? 0.938 0.957 0.971 0.991 0.997 0.992 0.927 0.783 0.732
a 1.2127081 | 1.1886690 | 1.1743877 | 1.1479960 | 1.1330572 | 1.1219670 | 1.0971741 | 1.0768931 |1.06987562
80 b -0.069181 | -0.060564 | -0.055348 | -0.046008 | -0.040601 | -0.036692 | -0.027808 | —0.020584 | -0.018086
2 0.935 ' 0.956 0.969 0.990 0.99 0.992 0.929 0.789 0.748
a 1.2155178 | 1.1915311 | 1.1770306 | 1.1506914 | 1.1349298 | 1.1247039 | 1.0990992 | 1.0779954 |1.07101947
100 b -0.070248 | -0.061578 | -0.056298 | -0.046905 | -0.041281 | -0.037504 | -0.028435 | -0.020995 | —-0.018413
R? 0.931 0.953 0.967 0.989 0.996 0.992 0.933 0.799 0.751
a 1.2189906 | 1.1955253 | 1.1808057 | 1.1545496 | 1.1390486 | 1.1282825 | 1.1027609 | 1.0813775 | 1.07299703
150 b -0.071963 | -0.063250 | -0.057907 | -0.048344 | -0.042699 | -0.038748 | -0.029510 | -0.021875 | -0.018987
R? 0.928 0.950 0.964 0.989 0.996 0.993 0.934 0.801 ' 0.757
a 1.2210182 | 1.1975945 | 1.1831989 | 1.1572034 | 1.1415358 | 1.1307588 | 1.1044668 | 1.0833442 |1.07436004
200 b -0.073093 | -0.064296 | —0.058910 | -0.049326 | -0.043564 | -0.039582 | -0.030074 | -0.022417 | -0.019377
R? 0.923 0.946 0.962 0.987 0.996 0.993 0.935 0.804 0.765
a 1.2262995 | 1.2031779 | 1.1890846 | 1.1640365 | 1.1485802 | 1.1376254 | 1.1119598 | 1.0886929 | 1.073886
500 b -0.075875 | -0.066971 | -0.061479 | -0.051856 | —0.045975 | -0.041843 | -0.032187 | -0.023840 | -0.020583
K2 0.915 0.939 0.957 0.985 0.994 0.994 0.938 0.809 0.772
394 1098 20064 104 819



Table 4. ARFs for the Youngsan River basin

Area Retl.lrl’l Duration
(k) Pf;())d 1hr 2hr 3hr 6hr Shr 12hr 24hr 48hr 72hr
600 20 0.807 0.835 0.851 0.880 0.897 0.909 0.936 0.956 0.963
30 0.794 0.823 0.840 0.871 0.889 0.901 0.930 0.953 0.960
50 0.781 0.811 0.829 0.862 0.880 0.894 0.924 0.948 0.957
30 0.770 0.801 0.820 0.854 0.873 0.887 0.919 0.945 0.954
100 0.766 0.798 0.817 0.851 0.871 0.885 0.917 0.944 0.953
150 0.759 0.791 0.310 0.845 0.366 0.880 0.914 0.941 0.952
200 0.753 0.786 0.806 0.842 0.863 0.878 0.912 0.940 0.950
500 0.741 0.775 0.796 0.832 0.854 0.870 0.906 0.936 0.947
1,200 20 0.765 0.798 0.818 0.853 0.874 0.888 0.920 0.945 0.953
30 0.750 0.785 0.806 0.842 0.864 0.879 0.913 0.940 0.949
50 0.735 0.771 0.793 | 0831 0.854 0.869 0.906 0.935 0.945
30 0.722 0.759 0.782 0.822 0.845 0.862 0.900 0.931 0.942
100 0.717 0.755 0.778 0.818 0.842 0.859 0.897 0.929 0.940
150 0.709 0.747 0.770 0.812 0.836 0.854 0.894 0.926 0.938
200 0.703 0.742 0.766 0.807 0.833 0.850 0.891 0.924 0.937
500 0.688 0.728 0.753 0.796 0.823 0.841 0.884 0.920 0.933
2,000 20 0.734 0.772 0.794 0.833 0.856 0.872 0.909 0.936 0.945
30 0.718 0.757 0.780 0.821 0.845 0.862 0.901 0.931 0.941
50 0.701 0.741 0.766 0.809 0.834 0.852 0.892 0.925 0.936
80 0.687 0.728 0.754 0.798 0.824 0.843 0.886 0.920 0.932
100 0.682 0.723 0.749 0.794 0.821 0.840 0.883 0.918 0.931
150 0.672 0.715 0.741 0.787 0.814 0.834 0.878 0.915 0.929
200 0.665 0.709 0.735 0.782 0.810 0.830 0.876 0.913 0.927
500 0.650 0.694 0.722 0.770 0.799 0.820 0.867 0.907 0.922
5,000 20 0.679 0.724 0.751 0.798 0.825 0.845 0.888 0.921 0.932
30 0.659 0.706 0.734 0.783 0.812 0.833 0.879 0.915 0.927
50 0.640 0.688 0.717 0.769 0.799 0.820 0.868 0.907 0.920
80 0.623 0.673 0.703 0.756 0.787 0.809 0.860 0.902 0.916
100 0.617 0.667 0.698 0.751 0.783 0.805 0.857 0.899 0.914
150 0.606 0.657 0.688 | 0.743 0.775 0.798 0.851 0.89% 0911
200 0.598 0.650 0.681 0.737 0.770 0.794 0.848 0.892 0.909
500 0.580 0.633 0.665 0.722 0.757 0.781 0.838 0.886 0.904
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Fig. 3. Comparison of ARFs for the Han River and the Youngsan River basin

Table 5. River basin characteristics affecting ARF

Studying Area

Item Han River Basin Youngsan River Basin
Basin Area (ki) 26,355" 3,455
Rainfall Gauge Density 500km/EA (52EA gauges) 580km’EA (BEA gauges)
Record Years 24yrs("75~'98) 20yrs(’80~'02)
300kr (SEA)

500k’ (BEA)
1,000kr’ (5EA)
3,000k (3EA)
5,000kr' (3EA)

600kr (1EA)
1,200ktt (1EA)
2,000kr’ (1IEA)
5,000k (1IEA)

Storm Characteristics

Typhoon/Rainfall Frontal Line

Typhoon/Pressure George

Topological Characteristics

Mountaneous Type

Hollow Type

&) * : Basin area of North Korea is excluded.
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