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Hydrological Studies on the best fitting distribution and
probable minimum flow for the extreme values of discharge

— On the annual minimum flow of Geum River Basin —

2 B M- m B G
Soon Hyuk Lee , Chung Suck Han

Summary

In order to obtain the basic data for design of water structures which can be contributed
to the planning of water use. Best fitted distribution function and the equations for the
probable minimum flow were derived to the annual minimum flow of five subwatersheds
along Geum River basin. The results were analyzed and sumnarized as follows.

1. Type [ extremal distribution was considered as a best fit one among some other
distributions such as exponential and two parameter lognormal distribution by x2-good-
ness of fit test.

2. The minimum flow are analyzed by Type [| extremal distribution which contains a
shape parameter 4, a location parameter § and a minimum drought y, If a minimum
drought y=0, equations for the probable minimum flow,D,, were derived as D, = fet”’,
with two parameters and as DT=r+(,§—r)e”’ with three parameters in case of a
minimum drought y>>( respectively.

3. Probable minimum flow following the return periods for each stations were also
obtained by above mentioned equations. Frequency curves for each station are drawn
in the text.

4. Mathematical equation with three parameters is more suitable one than that of two
parameters if much difference exist between the maximum and the minimum value
among observed data.
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Fig.1. Location of stream gauges in the
geum river basins.
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Table—1, Gauging Stations
Observatory Area(km?) Observed duration Remarks

GONG JU 7126 1950~ 1977(28) Long.:127°07' 38”
Lat. :36°27' 48

SOG HWA 1822 1930~ 1948(19) Long. :127°22'

: Lat.:36°37

SONG PO 3882 1963~1978(16) Long.:127°34’
Lat. 36°24

OG CHEON 2943 1929~1970(42) Long.:127°39' 08",
Lat. :36°164° 16"

YONG DAM 937 1963~1977(15) Long.:127°32’
Lat.:35°58/
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1) Type § Extremal distribution

a o '{3—;}a
_ x— e -
™ B—r [ﬂ—r}
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Dp(x)=e {H}
f(x):probability density function
P(x) :cumulative probability function

2) Two Parameter Lognormal distribution
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fy=t—e” 27

%0y /om
4ty The mean of the natural Logarithms of
.0y:Standard deviation of the natural Logarithms
of x
3) Exponential Distribution
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.a.:Constant b (Constant)=Z—S, %—.—.S,

S, :Standard deviation
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£ 29 Binel @A @At SMBERE (chara-
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In T(x)=a,ln f—a,ln xoorreeee (8)
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Fig. 2. Relationship between 1, and C,(r=0)
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Table-2. Relationship between 2, and§

X X
h 5 R
0.01 | 78.5335 | 0.20 4.3658
0. 02{ 39, 5429 0.30 1 3.0243
0.03 26. 5423 0.40 | 2.3370
0. 04 20. 0392 0.50 | 1.9131
0.05 16. 1352 0.60 | 1.6207
0.06 13. 5308 0.70 | 1.4079
0.07 11. 6690 0.80 | 1.2422
0.08 10, 2714 0.90 | 11094
0.09 9.1833 1.00 l 1. 0000
0.10 8.3118 ;
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Table-3. Basic Statistics

v

Observatory! NI X l St l S ‘ C,

GONG JU 28] 16.70[161. 29} 12.70{ 1.21} 0.76
SOG HWA | 19! 12.62/105.88] 10.29| 0.9} 0.81
SONG PO 16] 7.71 10.74] 3.28] 1.44] 0.43
OG CHEON | 42| 10.15 5.84 2.42(—0.22| 0.24
YONG DAM| 15 1.99 0.11} 0.33/—~0.24} 0.17

o] RellA Riulel o] BifRl Csd WEYL
& HiKel AA —0.24~1.449 W=z Cso] ffHsE
—1.13958+t & A% & Type I BESTS] (&K
T BRESNS REMS BEY & ddxz #Ed
Gumbel ¢»%109] Fgmo] —FPL ¥ 4 U}

2) MESHR| ELKMR

Bk BERELSHE BEL B3d o
o4& Type § Extremals} Two Parameter Logn-
romal 2 Exponential distributions] B3 3/8 7%
BENTm Sl 5 Parameter§ 2HE A o 24
#5459 B REHTE #ENAT 2 EREZA
AlEHR Y %Ry Table-4d A, LiEkojA ¢
oA FEESTE F(x)sh HHIEY SHRESE R
& 3=l probability Curved Fig. 58 72, Ll kd)
A »Ad Type § Extremal 477t EHifE 7+
F Ftg Aoz vehdedvrel 8 e B Gk &
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Table-4, Probability of Sog-Hwa station
| ' ] . 2-Parameter
Class i Type Extremal Exponential
Class Freq Re] Freq' I : ; P L Log-normal
Mark ! | F(»)  [Cum. F(x)| F(x) ICum. F(x)] F(») [Cum. F(x)
0-6 3 6 ,l 0.315 ] 0.155 0.155 | 0. 066 0. 066 0. 097 0.097
6-12 9 3. 0.158 | 0.309| 0.464| 0.421| 0.487 | 0.367 | 0.464
12-18 15 5 0. 263 ! 0.218 0. 682 | 0. 232 0.719 0.217 0. 681
18-24 21 1 0.053 | 0.137 0. 819 1 0.127 i 0. 846 0. 119 0.799
24-30 27 21 0.105 I 0. 081 0.900 { 0.070| 0.916 0. 069 0. 867
30-34 33 2 0.105 1 0.047 0.947 | 0. 037 1 0.953 0. 041 0. 909
Freq: 8, Rel. Freq:iiHEH, F(»):$E%$F, Cum F(x): 34 &EF %4
Table-5. 1*-Test for each distribution
\\Distribution Type § extremal Two-parameter Lognormal Exponential
—_x* Test : i
2 . 2
Stations™~_ x Test X Test x | Test
GONG JU 6.686 | o] 16,513 s 12. 600 | S
SOG HWA 2,678 0 17. 961 N 24,721 } S
SONG PO 5.353 0 12.389 S 5.533 | 0
OG CHEON 7. 261 0 20. 897 N 4, 631 (0]
YONG DAM 5. 166 (0] 5. 66 S | 4. 241 1 (0]
O: H¥XHE 5% LI S HEKE 5%~1% Ao] N BEK# 1% Lk

Re.Fr,
od A
/ ‘\
[
L\
0.3+ r’] v
o1/ ‘\\
f ]
0.2
0.1}
g
6 12 18 24 % 3%

. 'T'ype ¥ extremal Distribution
A----A Log-normal Distribution

XK reeees X Exponential Distribution
———— Observed

Fig. 5. Probability Density Curve at Sog
Hwa of Geum River

NN e & SHEBIZ x* testo] k3 Goodness
of fit test® BTl = FEM: REE AR
t}, (Table-5 2)

PlEe] xitesto| A 2Add 2E BT A 3
Type § Extremal 247} 718 @E¢ SR ¢
Vel g.en c}-&e] Exponential 4z A&
KEE 5% LIMZE 28 BHFY 66%9 BEMS
29 K Two Parameter Lognormal 975 28
WET 343 5% LIRS HEk#ez [ #EENo]
o TiEEtke] #1MA= A,

o] Gumbel®®s} R,A. Deininger % I1.D,
Westfield® 2]z 4une] g 2& B
o2 K HEFKA A Type § Extremalftiel] (X
& fthol M4 BET Aez HAREznzA ¢
2 o] ofidl K& Ot HEE BT T4,

2, BEMEEAMHIY &% BIHEHG] BEEK
BHER 2 ®KE BHE,

BERESHRes #ED Type I Extremal
distributionol] A o] WENHE HRIFAA FLT

st 2ol RS e M pw=exp —(5=L)")
ol oo FEMAME R (22)7 Ak,
T(2) = s (22)

1
1—p(x)
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D) B NERE r=0q 8

X (2) 258 s (Reduced variable)

yfﬂn(;:;)“=h{—hﬂl—5q%y)}~@3>

Table-65}  #th  2fHS] WMPREFEKRGRES.
Dr=get'7} sz 498 BHEME T(x) HEsH
= BRBE v & kT F o o] & HEMMH
¥8 pEEKEAERY] Biudz =3 EERK

o] "}, o yo HEHESIE p() T() 2 ¥& Be skaA 2
Table—¢. p(x), T(x) and y’ for Type J extremal distribution
@ | T |y | e | Tw | v | s | Tw |y
0.0005 | 1,000 2.03 0. 40 1.667 | —0.09 ; 0.95 20.00 | —2.97
0. 001 1.001 1.93 0.50 2.000 | —0.37 | 0.98 50.00 ] —3.90
0.01 1.010 1.53 0.40 2.500 | —0.67 ' 0.99 7 100.00 | —4.60
0.10;  1.111 0.83 0.70 3.3%0 | —1.03 | 0.995| 200.00 | —5.27
0.20 1.250 0. 47 0.80 5,000 | —1.50 | 0.999 | 1,000.00 | —6.91
0.30 1. 429 0.19 0.90| 10,000 | -2.25 t 0.9999 {10,000.00 | —9.20
_ NESIAN _ 1 R el A
f’(")—"‘x"[ (ﬁ—r) ] T®=93m ’ “ln(ﬁ—r>
Table—7. Equation of Probable minimum flow for each watershed (y=0)
Subwatersheds | X , S ’ c, [ A , ra+i) | B8 } Dp=pend’
Gong Ju | 1670 12270 | 0.76| 0.66 | 0. 90167 ; 18.52 |  Dp=18.52¢%"
Sog Hwa 12.62 | 10.30 | 0.81 0.71 t 0.91057 | 13.86 | Dp=13.86¢%™"
Song Po 7.71 3,28| 0.43| 0.35 0.89115| 8.65| D4=8. 65¢%3%
Og Cheon 10,151 2.42] 0.24| 0.19 0.92089 | 11.02| Dp=11.02¢%1¥
]
Yong Dam 1.99 ‘ 0.33| 017 0.13] 0.93993 | 2.12| Dp=2.12¢%1
Table—8§. Probable minimum flow according to return periods (7=0) unit : cms
Subwater-sheds [ Dy=fehs?! f D, l D, [ © J Dy, ‘ Dy, } Dios
Gong Ju Dp=18.52¢0883/ | 14.54 6.88 A 19} 2. 61 1.41‘ 0.89
Sog Wha Dp=13. 86¢% 113/ ! 10. 68 4.78 2.80 1. 68 0.87 0.53)
Song Po D=8, 65¢03557 7. 61 5.12 3,94 3.06 2. 21{ 1.73
Og Cheon Dp=11. 02¢0-1037 10. 28 8.29 7. 19} 6.27 5.25 4,60
Yong Dam Dyp=2. 126%1%" , 2.02 1.74 1.58 1. 44 1. 28' L1

B 2Egge) k3 HEARKE FERL 5
Hw = HENEY BAES k¥ ER:
Table-7 2 85} 7ch,

=Y BHIEMA mEERRe (FEE  REHR
Tez84t (Extremal logarithmic probability paper)

£ RS & By NE BKE f%s &
Fsle] BEEMK Lo] weibull plotting J5dkel ik
plotting 3} o] ohfo HBRBERNKE HER]
®Y meEfRe (FEY %R Fig 6~Fig, 107
72,

Table—9. Equations of probable minimum flow for each watershed (y>>0)
Subwatersheds i N [ X l S \ |r(1+z)] B 7 Dr=7+(B—1)e?
Gong Ju | 28] 1670 1270 0.87 [ 0.95184 17.41| 2.60| Dp=2.60+14.81¢08"
Sog Hwa | 191 12.62 | 10.30 ’ 0.84 | 0.94261] 13.38| 0.01'| Dp=0. 014-13.37¢%8¢3
Song Po l 16| 7.71| 3.28| 0.78/0.92623 8.32| 3.52| DY=3.524.4. 8enm
Og Cheon \ 42 f 10,15 2.42 1 0.21]0.91558 11.07{ 0.13| Dp=0.13+10.94go2¥
Yong Dam | 15, 1.99| 0.33] 0.01|0.99000 2.259 |—24.65 | Dp=—24.65+26.91¢%%
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2) B/NRKE 7>04 ER
3fES) BE KT HEREKEABRL Dr=r+
(B—1)e?' 2 FE AL MR GZ old kT

Table-10.

probable minimum flow according to return periods (y>0)

58 WM RERKERAREX BE € BN
B % HikS) BHEBKES R HRe &% Table-
9, 9 10.5} 7},

Unit : cms

Subwater sheds | Dr=7+(B—1)e¥’ | o, | b, | Do D | D | Do
Gong Ju Dp=2. 60414, 81081 13.67 | 662| 469] 372 310 [ 2.87
Sog Wha Dy =0.01413. 37¢084" 9.84| 3.8 2.03 1 L1 st 1 0.29
Song Po Dyp=3. 5244, 8¢%753/ 713] 501 | 435] 3.99| 375 3.65
Og Cheon Dy=0. 134-10. 94¢°249/ 10. 26 8.1 6.95 5.99 4.95 4.29
Yong Dam Dyi=—24, 65426, 910017 216| 18| Les| 47| 1.23| 1.05

=& old k3 HHEHMA BRERE BEHY
FERME Lo] frEY HRE Fig.6.~Fig, 10, 3 2o,

Return Periods(Yrs)
feturn  Peviads CYr$)
50

00 2w w1

Fig. 6. probable minimum flow with two
and three parameters as Gong Ju of
Geum River
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Fig.7. Probable minimum flow with two and
three parameters at Song Po of Geum

River
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Fig.8. probable minimum flow with two and
three parameters at Sog Hwa of Geum-

River
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three parameters at Og cheon of Ge-
um River
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