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Improving Low Flow Estimation for Ungauged Basins in Korea
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Abstract

Low flow is a minimum flow discharging during a dry season in a unregulated stream which can
be shared by nature and human being. It is also a standard flow that determines a diversion
requirement by evaluating water supply ability of streamflow in the aspect of water use. Low flow
indices are used as average low flow and 1-day 10-year low flow in Korea and Japan and as 7-day
10-year low flow in the United States of America and the United Kingdom. In this research, these
three indices were compared by the data observed and generated. Although daily records are needed
to calculate the low flow, gauging stations are limited and records of the dry season are insufficient
in Korea. Drainage-area ratio method is mainly used in Korea to estimate the low flow. This research
shows the guideline when the drainage-area ratio method, the regional regression method, and the
baseflow correlation method to calculate the low flow of ungauged basins are applied and recommends
low flow estimation method suitable to Korea.

keywords : average low flow, l-day 10-year low flow, 7-day 10-year low flow, ungauged basin,
drainage-area ratio method, regional regression method, baseflow correlation method
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HZ 5o #Hol ToAI UE FIETEHY
(integrated watershed management)s FAl9] Zma
A A, olF, RS FRHoE msA HEd, o
F FHNA e IFFEE BUs HeFL
ARste JIERHLRE AEEHE Aol AFHlow
flow) o] tHE=FA A AL, 19%6). weta Zge] =
71 HI=g meolsis AL B39 AY 2 B, AF
A AA, #NgFe] FF s B, Ao,
AEA BE Foll oAl w9 T3 FAo|t.,

Z} vt AML-EE 253 A E(ow flow index)
T AEE Az o] vgEd, 498 &
FeElvEst dBgME HFdT#average low flow)
I 71225 %3(1-day, 10-vear low flow)& F= AL
3, mlEol e 1048 % 7Y A5 EH(7-day, 10-year
low flow)& ARg-8t Aok 22jv e d5e X
EE9 A vuRAg B3 A7 vulsiy, 9
vete] A9 o HAAsdFE Al JEA o823
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= 10dHE 79 232 #5359 29 QAR
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25 A4S A8AE A7y 3A 33 A
57t /A, Fulds 9 BZA|Mo] FAE
o] A& ¥ oy, 25V FH-FHFBAINE B
3 FHAAEZAE FEA B3 57l vlE) 27
Ag7} Eglo] &8 AAo|t)h wEts di4F A5
71Zke] &AW AF3 vlAEF-9(ungauged basin)&
A7)t B2 4% ABE B3 ASH9(gauged
basin)®] ARE o]&3td AFFE FAs|ojok )
7189 T ASHY Z-Y AAYHoRE vHF
H(drainage-area ratio method)o] F2 AMg= o] gto
U F o A3 ZeF F4S 9AE g 49
SAQAESY 387t gasdith

H] &% H (drainage-area ratio method)& =] A%
oA 71 el AEHE "ASHFYY ge% Ay
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A 2002), HEAAGNME JATAR(ILATE
1997), 282 FAAGdME 7943 FFTH9E AH
(AHEIFHE, 20022)°] F2 AHSHIL ok A H3H7]
H(regional regression method, RRM)& A|AX o2 &
o] AH&3HE 4P (Smakhtin, 2001)0]v} F4=aol 1)3]
ZAgxe ATHA TS ATFAHVogel and
Kroll, 1992). Thomas and Benson(1970)2 X&) &
delA 5% AGIARYH 2-F AQIYARGE S
BT Aged, 25 A9ARYY 952
27t B4 AGIARY 9] PSR} 2u) of
A Z Aow Jelgt) Fermessey and Vogel(1990)7}
Vogel and Kroll(1990)2 7] New England 9] &%
< AR 98 AHIAREE NLEAH Arihood
and Glatfelter(1991)< ¥ Indiana 7, Flynn(2003)-& v
New Hampshire 9] 33 2% SA54E 74
e AAE s FUelME R 5(1931)
o] 99, #9ix, 1z HAARH 1098%E 7Y
Zge] #AE EAst 449 vASFEY RlE
d 23S 24T ¢ e 2% NEFAE e
Ak o]HAH(1993)L FAHA, 71AFEA T (baseflow
index), A& % T AAEES o83t A4
£ FAs= 2PS AAS v Aok o)A 27]H
(1999)= 93, FEFF3AL, 7IAFF FFATFE
o] &3t HAZ AR e BEETFHHY VIEE
FHE g3 FAAE AANESTh Stedinger and
Thomas(1985)= A HF#A7|He ditez 7|ARZ4
PH(baseflow correlation method)&  Alotet
Wilson(2000)2 1] Indiana 9] 3HHES UINLE 7]
AFFEAYEE FH48lo] 1080 79 Z5% 23
T 7Y e FR5Y

mehA B dFe e 7|&9 uAERY
2% AR HAEEES HESEL, o] M
317] 9t AGFHAZHHS I ARFEEEE I
o HE&AA Huz} g} o)& T3 4 Wy H&
Al AR Tl ZeF A AAEES ARzt
ghet.
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o) 2 A$-H} 2u) o ‘1%% Ag A F Ak
A7 A #AEAES #2H AFF AEE TUR o) f
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Fo] viwrt 28 X]‘IT S ARESE 2
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082, 0798 Jehlle uidd, 59, s
mo| Agztged o3 Ade 3569 FAF Ol
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UE e Holed], iAW 36Y FAFEel

A7t AA 74 HitfFo] & A5 Aukola
o} iR FFd AU 3HBY FAFH] 2
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= Wk o|9f Zo] #ZAF B AR 4
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~ 0762 A, AEY, WA 35U FAKF
woh A4 79 BEHF

Andong Dam 304 065 0.74 4 gl 29 : 71
Soyanggang Dam 305 111 0.76 RN 32 68
Imha Dam 1.70 133 0.76 AR 29 : 71
Hapcheon Dam 2.02 111 0.79 o8 S 57 1 43
Chungju Dam 413 090 082 e o 43 1 57
Daecheong Dam 345 1.03 085 BN 53 1 47
Goesan Dam 154 099 091 a0 L 78 1 22
Whitewater River 1.42 115 090 i 86 : 14

* Number of Years that 355Q > 7Q : Number of Years that 355Q < 7Q
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21.2 29| {3 w& v

359 FAfFe] HA 79 BEHHERYG 2 9y
F7F U BEd dfEe EEUAY lag-1 A7
Aol ®Hstel] met oj"A WEXE 29 YRS
£ ol&at] AHEUTE dFF A5 YA HHL
dirH oz eutelA] BAEE FRFMHoz 1A
sk Wl EEAAE 01, 05, 2, 52 IASA &
Btek B 4 HEE A5 MEAFE 05
1, 152 4B & B¢, 283 BFEA7} Hiy
o] HEg 2 case 1(AEE WElEo] Fg) 2
case 2(AE W Eo] F) T A A= AN
o}k 3 lag-1 A 1G#ATE YA 03, 06, 095
283 Ao ARA WiE udsed dgv)~E5
71~2719 ABAFE 09~03~09 ¥ 03~09~03
o2 W2 A2 Uik

Table 2= EFHAY} lag-1 A7|ABA ST B
100 2ojAR T 36U FAFHel A 7Y BEH
FRrh 2 F9 Folth Table 28 AR d, ¥FAHA
7} ZobA 3L lag-1 AZ|ABATI ARFE 3/HY F
Aol HAA 79 HEFFRT F &9 57 Fls)
© AL 9% 5 Stk d5E FH3d dFFY 2FH
27 01012 lag-1 AZIFBAST7E 099 A%, 1004
% 99de] 3B FAREel & Aoz Jehth
Lag-1 ZP7)d@AF9] A4 Wslg us3 3%,
710 ALHE lag-1 A71gHATY] gl wet 356
d FAfFFol & A 7t BAAS. 25719 lag-1
A713BAG¢7E & 09~03~097F 03~09~03KT}
35Y FAFFe] E 3] 4t Brh ¥EAFE 93
Al A83 Aol e WEASTTL 2242 356Y A
frago] HA 74 HdfFEg 2 89 571 Sk
mebA R A85e TEHAE FES5E lag-1 &

NIUASI BEE, T Ao FALFE
AR AX 79 ARgnct 2 A9 57
33, ol WEs 2E B 36Y FAFZ
et 25F AL AA 79 FEHI I
Ao ged AERT 2 ol
zh

22

TEAFF(1Que) & 7152573 1Qw), 1089¥1% 7Y
Q) vlastgeh. 9 B4 g2 FJaadsd
35Y FAFEHE AeFdseg 0 2AE Aot
Hashy 7lEdrsa 1039 79 Z25Fe 0 A
2 Agsjol gt} F NEENA EATFEE B
Weibull &30 tis] A ¢ glenz 0 A5 A
Y7t Haseh B A 0 xRkg9 AglE 94 02
W g ETte g AA FEEY G2)E AA3L, Fg
(Dell 93] Fsh= AF7Ize] gk =& ARsHA Aot
(Stedinger et al., 1992).

oMz o

Fz)=py+(1—py)G(x) v
A7|A, po= AR AAY F F 0 AR HE, Flo)
T AA AR ¥REEE, Glo)E 08 W REY
FHREEGpoIT VEASRT 108V E 7Y A5
o] A% Flz)=09°|t}.

10991% 79 ZEg A 93 WA 0 A=
& A3 3069 AATEFH AA 7Y FEHEF] AA
FERXYS AEINPLY B dAydMe AAY 5

(2003)] =fell 283k vk Sl 295 gamma, 295

Table 2. Number of Years that 355Q > 7Q Among 100 Synthetic Flow Series

0.1 57 34 99 96 60
Stdev = 05 7 35 86 72 6
constant 2 0 9 56 25 2
5 0 1 36 10 4
05 0 4 60 9 11
Cv = constant 1 0 2 44 4 13
15 0 2 39 2 12
Case 1 0 11 76 49 1
Case 2 0 4 40 21
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Table 3. Estimation 1Qavg, 1Qi0, and 7Qi Using

Observed Data (unit: cms)
Basins 1Qavg 1Q10 Qo
Andong Dam 1.80 0.45 1.10
Soyanggang Dam 2.05 0.28 0.55
Imha Dam 0.56 0.15 0.21
Hapcheon Dam 1.46 0.43 0.23
Chungju Dam 13.18 7.00 6.30
Daecheong Dam 6.45 1.09 1.80
Goesan Dam 1.13 0.40 0.28
Whitewater River 0.80 0.18 0.20
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3.1.2 A4 3]7#7) 8 (regional regression method)

)¢ 3] 7 71 H(regional regression method)S AA14
oz 714 4 AHEEHE nASHFEY Zdes gy
H(Smakhtin, 2001)2.2 7143 A, XA, 714, T
87 AES o] &3l yWelth JMY dwrA o A}
45+ 3724 FdE v g ¢ £k

Q b h, 1)3 e . ( 4)

71N, QE #F99 BTETE X FIEAUA
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Vogel and Kroli(1992)& 7|&9 o3 A9
(Parker, 1977; Vogel and Kroll, 1990; Fennessey and
Vogel, 1990)¢] wAISF el a2 34 A7 3
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3.1.3 71 A-%-23318 (baseflow correlation method)
Stedinger and Thomas(1985)7} /W3t 714534

HAE ASHAF MASFHY T V1A FHbaseflow)
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FBUAE Botel vAZRY 2
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THOR, ASFee] A &L B dAH digde)
™, Reilly and Kroll(2003)2 th3} 22 zzielA A
48 & A

(1) d&H02 6Y o] ZAadte fkolA shite
Z1A -2 A e
(i1) "AZ w‘ﬁow & 1070, 74 15719 71A

(iii) U]ﬁ]%w"—‘}ii’i‘ﬂ 200 km °JHe] AFHY

(iv) "ASFS] NAFZFL FRAT7 07 )%

o WHe) R/E PASRAS g AT 2
A2

HARE y 7t A deE AP
o} Ay FAlER= Zlojth

Yy =a+ Bz +¢ )
~ N (0,07)
71X, o, B 2H /sl ¢ = Hio] 0,

BAako] g2¢l @ z1aleltt 18y} wjAIESYge o H
ARFL & 5 glenz, 9 43 WA fASH
g3 AZFEY NARF ¢, 9 2,9 HLAW o
&3 2t

Y, =a+pz,+¢ (7

~N(0,07)

WAEFGe) 25 FBG Qb T go] 24
g & 9tk

In (Q) = p,+ K, ®)

A7NA, pE S HP HATY F Lgl-o] Jy% -
TE Y IEUAS FAFoIT. K= v
Yl % Al (frequency factor) 24 Al&{<e o]
K o 2oia 7HR9t kA 9 0,9 430 =
t}. Stedinger and Thomas(1985)% u,9F 0,9 F44]
< 57 Zo] AT
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o, =b's)+s.(1— - )2) 10)

7NN, m, ¢t £ ASRAY g5 AG A AAH
Fo] P Bibo|3, 2L AZHAY UsE Ao
A TAEe FEEAoIt LE AT 7|AFEY

UAE A%l T, a, b, 3 242 Bg. (D o §, 0
nE Ao HaAFH) 98 TN

a=m,—bm; (11

L (ys —my)(zi —m;)
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L
E —a—bz,; 13)

AN m; St m; = 247 B ASRGS heE AT o
AAGF BEA} 29 Bheshe ARG A JA
#39] Boltk

3.2 H3AR]
3.2.1 d8%9

=7} FALEE FEA2E(www.wamis.gokr) S
T AV FARES Fo-FEFRANE st
3o, Fied | Ee QA9 % 2ol e
Az d 9 SRS F9E& AR T E S
ARG ARE e &4 29 5, G5H
A 770, ¥4 49 47“ frees £ 167 ¥ 2 4
FE2 FooltHTable 4). FAAEE 7 dxe &
A-FFaA Al ) FEFARR HEsi o, 79
%‘%h Aol gAY &7 ARE EFHA e F
—FEF@A A0l EAgtE dxe AeE AL
—7_1‘—7‘ Aero] Hrlol= systematic error® YERE
Relative Bias(R-Bias)$} systematic error®} random
errorE 7 YEl:= Relative Root Mean Square
Error(R-RMSE)7} AHE-= St

:\2

3.2.2 v)5-%H(drainage—area ratio method)
7 $9E ASFYe®, YR 157 #9& A4
/9o 3o Eq. (3o &) vH3FRS F L3
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Table 4. Basin Characteristics of Study Basins

Emokjeong 16 0.60 55.82 39.78 1.08 0.912
Baekokpo 14 1.60 148.84 38.69 0.95 0.887
Youngyang 8 0.71 314.59 43.61 2.68 0.927
Cheongsong 7 0.85 308.03 41.39 3.22 0.915
Donggok 8 0.04 46.61 4591 3.65 0.890
Goro 8 0.18 109.04 44.72 3.16 0.925
Epyung Brid. 19 0.90 76.38 29.92 1.93 0.919
Tanbu Brid. 16 0.65 79.83 36.95 1.12 0.934
Gidae Brid. 15 3.11 353.73 28.00 1.64 0.936
Chungju Dam 19 13.18 6661.58 34.89 1.76 0.910
Soyanggang Dam 31 2.05 2694.35 4597 141 0.869
Goesan Dam 23 1.13 676.73 36.87 2.70 0.905
Daecheong Dam 24 6.45 4190.41 35.82 2.49 0.860
Andong Dam 28 1.80 1590.72 42.39 3.29 0.877
Imha Dam 12 0.56 1367.74 40.35 292 0.860
Hapcheon Dam 16 1.46 928.94 34.87 3.61 0.922
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Fig. 1. Estimation Accuracy of the Drainage-Area
Ratio Method for 15 Ungauged Basins
Using 1 Gauged Basin shown in the X-axis
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Table 5. Basin Characteristics of 7 Dam Basins

11976 5469 76.46 82

Accuracy
N

0~0.3 03~06 06~09 09~1.2

1.2~15 1.5~

Basin area ratio

[ER-Bias @R-AMSE |

F

g. 2. Estimation Accuracy of the Drainage—Area
Ratio Method According to Basin Area
Ratio

3.2.3 A9 37 7] Y (regional regression method)

T §99 SHAEE o] 431 Table 59 7ol
AU F9gTAA), sHEEE, $9FTF A A7)
A f99077%, Curve Number, B17]2, 181
Vogel and Kroll(1992)0] #stet 714 &2 544 5
M & FARGEESE /e FYSHAAE A9}
7] f8) X9 wA@SF(cross validation)-& 354
o AT U 9% WASRYeR dta vy
A F9E ol&3td FANE FAT F FEETFHE
st Hgshs AAE T FHol wbE Fdh=
Zlo]t},

Table 6& EWH o2 72| F95A4 FolA #9
A FHBTAAE o83 AT FH9EE, K
Ht73AL, ‘3}%% £ o83 A FAAIE
7V e Ao vEth mEka] 2 AFeA A
A= ?1141 AAEFEe FudrF A AN
2] Eq (149 2.

|

l
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Chungju Dam 6661.58 34.89 1.76

Soyanggang Dam | 2694.35 | 45.97 141 1100.0 498.3 7152 9.9

Goesan Dam 676.73 | 36.87 2.70 1076.0 525.4 76.54 10.7

Daecheong Dam | 4190.41 35.82 2.49 1230.0 605.9 77.88 11.0

Andong Dam 1590.72 | 42.39 3.29 950.0 515.4 71.51 10.1

Imha Dam 1367.74 | 40.35 2.92 987.1 4499 67.49 11.8

Hapcheon Dam 928.94 34.87 3.61 1249.1 585.1 76.44 115
] Q= 12831.25 4%67 346 107 (14)

A7N, @ = BFEGH, AE F9HA kD), S A
AYFAAH%), D= L E(km/km’)olth, o= Lz}
AZA= gy Tl 2799 ABE BT AMES T
St Axjolt},

Table 6. Cross Validation of Regional Regression
Method Using 7 Dam Basins

A8 -0.11 0.29 95.93
A, D -0.16 0.84 4751
AP -0.18 0.67 73.46
APy -0.03 0.97 34.95
A, CN -0.16 0.79 54.57
AT -0.27 0.70 70.28
A, K, -0.22 0.81 79.43
A, 8D 016 | 062 . %638
4,8 P -0.15 0.47 87.25
A8 F, -0.09 1.10 20.16
4,8, CN 0.15 0.83 4778
4,85 T 465 12.81 82.31
A, 8 K, -0.13 0.73 81.27

A: basin area, S: mean slope, D¢ drainage density,
P average annual precipitation, P;: average annual

precipitation except Jul. ~ Sep., OCN: curve
number, 7: temperature, X,. baseflow recession
constant

71 A5k (baseflow correlation method)
l Fs iR g, 167) RS 0 &
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BEKEREERNE



oz Bl PFArwe Qs o2 167) Fo

et wkE FIstt. JARZY 22E N-day™
S AHgEI o Y AISR Y ZIAREFS dFEe 7
9 15708 Agstgon, ARG dx3e 71AH
% 28t AL e HA 1UNE A=Egh

(1) AZFdel 2 448

Fig. 3014 AZHdoz % A ?46}%*% e
3 7%, R-Bias, R-RMSE7} Z+Z} 0475, 1.224%}
0304, 197302 =AAREI} 7} %#6& Ao
[R5 a2

Accuracy

Basin Assumed for a Gauged Site

DABias MRANSE | |

Fig. 3. Estimation Accuracy of the Baseflow
Correlation Method for 15 Ungauged
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Table 7. Comparison of Three Low Flow Estimation Methods

Previous 0.366 1.113
. Gauged basin: Chungju Dam -0.226 0.635
Drainage—area ratio method
Gauged basin: Andong Dam -0.384 0.812
Drainage—area ratio: 0.9~1.2 -0.522 0.825
Regional regression  method A,8D 0030 ST 0.440 ; :i
Gauged basin: Tanbu Bridge 0.475 1.224
Gauged basin: Imha Dam 0.304 1.973
Baseflow correlation baseflow correlation coefficient: 0.300 2,070
method 0.8~1
Distance between ungauged and
gauged basin: 100 km~150 km 1541 4.392
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