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of Design Low Flows
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Abstract

It was attempted to get an optimal method for the prediction of design low flows among derivation
techniques of design low flows. Derivation techniques of design low flows used in this study are Type I
extremal, GL_lmbel-Chow distribution, SMEMAX(Small, Median, Maxmum) and Power transformation methods.
Two kinds of transformation mentioned above are used for the normalization of skewed distributions. Three
watersheds for application are Og Cheon, Jeong Am and Ma Reuk watersheds of Geum, Nag Dong and Yeong
San rivers, respectively.

The results were analyzed and summarized as follows:

1. Power transformation method in the comparative analysis for the efficiency test of transformation was
found to be better for the normalization of skewed distribution than SMEMAX transformation.

2. Tt was found that the best fitting of the distributions and transformations for the derivation of design low
flows used in this study is the Power transformation by using Kolmogorov-Smirnov test for the goodness of fit
test.

3. It can be seen that design low flows derived by Type Il extremal distribution, SMEMAX and Power trans-
formation methods except Gumbel-Chow distribution in the applied watersheds are closer to those plotted by
Weibull probability plotting technique of the observed data in the retum period within 10 years.
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(Fig. 1> Flow chart of power transformation
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(Table 1) Gauging watersheds and physical cha-

racteristics

X Water- | Area | Length | Average |Shape | Obser- .

River | sned | (i) [ of main | basin | factor | ved Location
stream |width(km) duration
(i} (yrs)
Geum | Og Long. 127° 39
River | Cheon 2943 | 169.3 17.38 0.10 16 Lati, 36° 16
Nag | Jeong Long. 128° 17°
Dong | Am 2990 | 166.5 17.96 | 0.11 18 Lati, 35 19°
River
Yeong | Ma Long. 126° 49’
San Reuk 684 56.0 12.21 0.22 25 Lati. 35° 08
River
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(Table 2) Basic statistics

. Water- |Obser- | Mean | Stand- | Coeffi- | Coeffi-

River shed ved | (X) |ardde- | cientof | cientof
years viation variatipn skewness
(N) (ox) (cv) (Cs)

Geum Og

River Cheon 16 9.50 348 0.367 0.298

Nag e

Dong ong 18 | 522 | 247 | 0474 | 0401

. Am

River

Yeong Ma

San Reuk 25 313 1.78 0.567 0.855

River eu
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(Table 3) Calculated parameters for Type Il extremal

distribution
_ Water- Scale Shape Location
River
shed parameter | parameter | parameter
{2) (8 (1)
Geum
) 0g Cheon 2.74 10.56 0.94
River
Nag Don
. g g Jeong Am 2.48 5.93 -0.35
River
Yeong S
SONE AN | o Reuk | 178 350 0.14
River

(Table 4) Predicted low flows calculated by Type
Il extremal distribution for the applied
watersheds( m/s)

River |Water- Formula Return Period(yrs)
shed (M) 2 s]w]2]s0
Geum | Og 329+6.99™* |9.05|6.45|5.41| 474 | 4.17

River | Cheon

Nag ]
Dong | o® | 211+331e%" 457|309 |264 | 241 | 225
River
Yeong

san | Ma 0.04+3.47¢*® |2.87|1.54 | 1.02| 0.70 | 0.43
River
y'=In[—In(1—1/ T)]  T:Return Period
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(Table 5) Calculated parameters for Gumbel-Chow

18
f
O
i
2

distribution
Statistical parameter
River Watérshed -
b ¢
Geum River Og Cheon —17.934 2713
Nag Dong River Jeong Am —4.108 1.926
Yeong San River | Ma Reuk —2.329 1.388
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Z, Ke A (25)d1A B a9 71E] A7 T
o] wg} WaEy A&7t mE WEAS, K3t
o A&7 2, 5, 10, 203 50130l sl zHzd
167, 0.719, 1.304, 1.8663 25922 ulelyti,
Gumbel-Chow %ol &3t A& 7|7hdE dAZS
22 7t o2 73 A= (Table 673 2

(Table 6) Predicted flows calculated by Gumbel-
Chow distribution for the applied water-

sheds( m/s)
Return Period(yrs)
River Watershed
2 5 10 20 | 50
Geum | ogcheon | 1007 | 7.05 | 496 |30 | 05
River
Nag D
.ag one Jeong Am 5.62 | 3.44 | 200 | 0.61 0
River
Yeong San | @ Reuk | 343 | 185 | 081 | 0 | 0
River
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(Table 7) Effect of different transformations on
coefficient of skewness

_Original SMEMAX Power |
data transformed | transformed
River | Water- data data
shed
Skewness | Skewness | Skewness
Geum o8 0.299 —0.004 —-0.007
River Cheon
Nag D
.ag ong | Jeong 0.411 0.218 —0.00052
River Am
Y San| Ma
eong San 0.855 0.043 0.00069
River Reuk
Lt SMEMAX 1 8t0]| 2l5lf & 7|=8AIX| &

AL

SMEMAX®#Hg 3 737 7|REA XY A3
= (Table 83 zon, FFHA+= 1.330~2.579
ol: YL AFE —0.004~0.2182] HHE e}

W it
(Table 8) Basic statistics calculated by SMEMAX
transformation
B Water- | Mean Standard Coefficient of
iver shed | (X) | deviation{oy) | skewness(Cg)
Geum 0g 9
River | cheon 3.766 2.57 —0.004
Nag Dong | Jeong
River Am | 2165 1.824 0218
Yeong San| Ma
River Reuk | 2583 1.330 0.043
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(Table 9) Predicted low flows calculated by SME-
MAX transformation for the applied
watersheds( my/s)

Return Period(yrs)

River Watershed

2 5 10 20 | 50
Geum
River Og Cheon 9.19 | 660 | 525 | 4.13 | 2.87
Nag Dong
River Jeong Am | 5.04 | 3.7 | 219 | 1.38 | 0.47
Yeong San
River Ma Reuk 262 | 172 | 1.25 | 0.87 | 043

C}. Power B1EH0}| 2|3} REE J|2EHX ¥ M

A5
Powerdgie] ojste] 79 7124
23 (Table 10 #ow
699~1.438010] 4714 .5 W% i 2
—0.0007~0.00069 % 0.216~0.6022] *H
Ehi 3 )

HFHA oy 0.
z

i
L 1]

{Table 10) Basic statistics calculated by power

transformation
Ri Water- | Mean | Standard |Coefficient | Coefficient
iver —
shed. | (Y) | deviation | of skew- [of transfor-
(ov) ness(Cg) | mation{i)
Geum Og
4,678 1.438 —0.0007 0.602
River Cheon
Nag Dong | Jeong
1.861 0.699 —0.00052 0.216
River Am
Yeong San| Ma
1.241 0.850 0.00069 0.342
River Reuk

A7) 7k w2 B AS Ko ghe 87|z
2, 5,10, 20 5030l dia) Z+z+ 0, 0.8416, 1.
2816, 1.64493} 2.0538= el owerta%loﬂ
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(Table 11 Predicted low flows calculated by power
transformation for the applied water-

sheds( my/s)
Return Period(yrs}

River Watershed

2 5 10 1 20 | 50
Geum
River OgCheon | 9.25 | 6.51 | 5.22 | 4.26 | 3.16
Nag Dong
River Jeong Am | 4.80 | 3.08 | 242 |1.93 | 1.49
Yeong San
River Ma Reuk 281 | 162 | 1.16 | 0.85 | 0.57
4. FAEE Y APl % AAZS

Fo vl

Type 0 ZXEX¥, Gumbel-Chow £,
SMEMAX 2 Power ¥3hiol 9af =49 ztzt
o] MAZTFE viAHTH BUQ 4(28)
72+-& Kolomogorov-Smirnov #ell s 3 &=
A4S +33 A3} (Table 12914 2& vieh 2
o) 447 ) f4014 28] Power ¥EHo] 7}

2 D@t e EZAM 4] S A 2
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{Table 12) Comparison of design low flows
calculated by the four methods(m'/ s)

Distri- Kolmo-

River MWater.| bution & Retum Period{yrs) Sgrﬁ{?r;’:;v
shed | Transfor- Test
mation 2|5 jw|o{s]| on
Geum | Og Type Il extremal | 9.05/6.45 [5.41[4.74{4.17] 0.1}
River Gumbel-Chow  }10.07}7.05 [4.96 {3.0 {0.5 0.15
SMEMAXheon 9.19|6.60|5.25(4.13{2.87| 0.09

Power 9.25/6.51]5.2214.26|3.16| 0.08
Nag Jeong| Type [l extremal | 4.57|3.09(2.64 [241]225| 0.16
Dong | Am [ Gumbei-Chow |5.562[3.44|20 j0.61( 0 0.17
River SMEMAX 5.04[3.1712.19(1.38|0.47| 0.7
Power 4.80(3.0812.42(1.93|1.49| 0.14
Yeong |Ma | Type [ extremal | 2.871.541.02| 0.7 |0.43| 0.09
San Reug | Gumbel-Chow 343|1.85|081| 0 0 0.14
River SMEMAX 2.62[1.72]1.25(0.87|0.43| 0.1
Power 2.8111.62]1.16/0.8510.57{ 0.08
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