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A Study on Relationship between Streamflow Variability and Baseflow Contribution
in Nakdong River Basin
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Abstract

More severe and frequent flood and drought have increased the attentions on the river management. In particular, baseflow is an important element
among many streamflow characteristics because streamflow is mainly consisted of direct runoff and baseflow. In this regard, this study attempted to
analyze the relationship between streamflow variability and baseflow contributions on Nakdong river basin. For this, two Streamflow Variability Indices
(SVI) were used: Coefficient of Variation (CV) and Coefficient of Flow Regime (CFR). Furthermore, baselow separation was individually conducted by
three methods (PART, WHAT and BFLOW), and based on this, Baseflow Index (BFI) was calculated. Also, we used the daily streamflow data retrieved
from 27 gauge stations in Nakdong river basin for baseflow separation. The results showed that BFI calculated by three models ranges from 0.14 to 0.90
for 27 gauge stations. For SVI, BFI has much higher correlation with CV than with CFR. Also, the inversely proportional relationship between BFI and
CV showed that higher baseflow contribution, less streamflow variability.
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Table 1 Topographic characteristics of Nakdong river basin

Area Mean Mean Mean |Extension| Total
(kmz) width elevation slope |flow path | Length
(km) (m) (%) (km) (km)
2369032 | 46,28 290.51 37.03 511.01 |6,8871.97

52%o] £ %o e A|FH EH o Y

1 917] e 5
o] 2 Bl Asloh e 20 2 eslof ik et

efo) Sl 27 7 4, S 4L B A, AR
K7} oA Z 47)0) 27| 2 o]Fo]A] glomn], tEE ] =

2 3P0l |, W ke Sru) o] AR H o] 9lrt (Bae
etal, 2007). 71 & &2 Ao thikel Y7t 47 0] WA
23,690 km’ 2 3F7} 47 theo g = Bz = SA o]t}
(Table 1). S574 $A= 27159 YFo= A2
F70 % ool A5 HFE AN, AL 2 7]
of sgatct. ol2jst Al 54 0 & Qlste] vi$- 2 5F
Aeek WEsAS VeI 9tk wheba] A7olE ¢Hg 29l
SHART 2RSS SHAR o Rt 714522 7]
E AL T8 g T o e Ao dakEnk ey
71E2/AZH/N1EA] AR Sjolle B8 7hsdt 1A

I

l‘

i

F

2 92 A5 07} of g Alolck. o] Aol A &
o P ARREE 7 ARES Belshs WS F85to]
7R 6ES B3k sk
2. QTBEA U SURR

B Aol shgere] WEAT V4G Vowg

BAj5}] 9] FE RN S5 Qs T AT
2] 2314 1 A A8l (Water management information system,
WAMIS)OI A A85h 5% AR S SHe}oh G2
A HEAGH, FRFAFAL EP%’\FA PR 1S S =XC:
pom, & At A9 S5 Al fIARE
et A0 S kA AT
QAR T 7|71} G} B2 Lo we k]
of £ GO A= HEE SR G MEA B A 714
2 E flsto] AA 2007H94 %—%V’ é_}ﬁ\_ = < s5d
(2009 2014)01] Hate] o

5K

¢

N' el rlr JIN'

o;‘;;&

A 5%

ZALRTHS A}-8E }@'D} Ethzi *d?é A3 AZ217F @)
= A%E F2 59 RS Alwst %%%éi% &
277] 24T} (Table 2). Fig. 1-2 277}

¢ o)k

3|



Table 2 Locations of streamflow gauge stations in Nakdong river 3. SIxQEl HEM X|& (Streamflow Variability Index;
basin SVI)

Station Area (km?) Longitude Latitude oubE o = s BEAol 1S 272 o Thel,
Geochang 2 181 127-55-31 35—42-54 o) o] i A Tho2 Sek Wl o] 571 200 ojn|3t
Gyeongju 2 445 129-12—06 35-50-17 . . S130.0 9k WA 0. ek

Gupo 23289 128-59-37 35-12-13 ;EI;&; g]? ' ar;(; I;Iijoz ;ani?siﬁr ﬁ) H:ﬂom;e io ;

5 3] Relpagel 5} 7 L H o

Haye? e e %j B Y e e

Gil-An 412 128-54-39 36-25-54 e .

Dali P 281726 363320 1= He ALt A= 2714 €] SVIE o] 853t
Daegog 2659 128-08-13 35-14-15

Dacpyeong o 84375 355107 7}, Sl (Coefficient of Variation; CV)

Moa 646 129-14-25 35-55-16 EA|5}o)| A BHE A4 (Coefficient of Variation; CV)+= A
Milyang! 1265 128-46-44 | 35-29-40 2 O Ao A =S YER 7| fIsl] AMS-El= A 2EH,
Milyang2 1331 128-47-07 35-27-40 oA M A= PR WS B Yl B
Sanyang 215 128-15-39 36-36-41 o] AREE| L Qi) W AlE 83 PR WA A

Samga 104 128-07-03 35-24-49 O] & 7HX| AHE| & Al L, Déry etal. (2011)2 B 5 A=

Sammun 1295 128-44-50 35-29-21 ARg-5Eo] 7Ltk Hudson Bay ©f $1:=8 -5 W52 10

Samho 421 129-16-31 35-33-14 9] St 549 9] = wA61G]T Strauch etal. (2015)+=
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Angang 908 129-15-55 35-58-52 7Vs1et. =) A8 2 Hong et al. (2015)2 <A E tiAt
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Jeongam 3283 128-17-43 35-18-48 A o= B84, 1= P32 LeERATH

Juggo 1333 128-17-34 35-34-19

Jindong 20311 128—29-01 35—-23-00 o

Hayang 1139 128-46-45 35-52—41 Cocfficientof Variation = = )

Habcheon 946 128—-09—-40 35—-33-27
Hwaseong 979 128-47-48 35-24-39 Lt. R&7|4 (Coefficient of Flow Regime; CFR)
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Fig. 1 Locations of streamflow gauge stations in Nakdong river basin

SaEg 3= AlssH #l1E, 2016 « 29



LSY 01N SRR HS

iat=YXe)

0t 7IMRE 7I=0] Al 24

4, AHUMESH (Re—scaling) HhH

ALt WE A= AP 9] Aol & QlefA] F A
] G2 A 2 AfolR MRS vehdtt o] wizol f3A1
o A AGTE A7 2] 7k §lo] Hlastr] o= A7 Slck
wepA A2 o2 H9E 7 F AlSE vlashr] s 1
Aot HsAlT7Hs U H9E T = E 2336k 1
o] B asilek 2 Aol A= Nardo et al. (2005)7} A|QFgt
o 7HA] B3 S| A A DA 2 A (Re-scaling) W
He &85te] & A4S F236Inh 2A AR U
< 3l 0] HA| 4k Fol Al Zchgtat 2GS o]-8-51o]
0] HRE 0~1 = 23} sh= W oot (4] (3)).

t  min
Tr.—x

o714 D = roll M w2 el s i o] gk ! = roll A
dhelsiaeio) gl o™ e efese o) Hagh o0 2 )
24 i) Zjgrolch

5 71MR7E =22

3 QoA sH Rl Bt 7|4 g2 7lolwet 5
HGP WEH BAS BAS A fpuSLolA A5
L ARG AR O R /|4 ES Bl stk 1
g RS AT AR ES Befstelete
71452 tel ol ukek Axkgrell Zol7h M 7R
o] Sl o] F& Tefate] & ol Al Tk 7 4 % 1
2] B AgHto] 7|4 2S Helslglon], 2t ma 7]
A5 Bl 3E BEoto] SHURF F 7145 ES] 710}
5 UERRE 714659 (Baseflow Index; BFI) & 4145}
sict

AT

7}, PART (A computerized method of baseflow record
estimation)

USGSof|A] 7J¥3HPART (Rutledge, 1998)= A H-5-
ARE BEako] St 2R 7|49 2S Helsh]
aff Je] ARG-E|AL St HEREo] HAYste] AR f=o]
g o] 7kA] A= A7 (N : characteristic response time)-2
ko] A7 14> (time window) 2N-&- 4Hg 8o 7| A &
glsh=t] 4] (4) =N AYsk= 4Alojok 4] (4) oA A=-F9
HA S 6h T2l mileo]th NOJ X]4= (07141 0.2)=

40 oM

qr

30 * Journal of the Korean Society of Agricultural Engineers, 58(1), 2016, 1

$olo] 54 (17, EAjo]§ 5)o] ket el 42 ek A
7t ¥ 4= (time window) 2N-23~11 A}o] 9] &= A= = 7177}
& 7S 7}AH (Brodie and Hostetler, 2005; Schwartz et al.,
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2 B3t} (Schwartz et al, 2012).
N= AO,Q (4)

L} WHAT (Web based Hydrograph Analysis Tool)
WAHTE fAe e 74§ felof 9lof AHg4
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(Lim et al. 2005; Shin et al., 2010). WHAT X 2lo]l-= Local
Minimum Method (LMM), BFLOW filter (Lyne and Hollick,
1979), Eckhardt filter (Eckhardt, 2005) & 37}x] 2] HHo]
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0.252 ZF2 A|etslitt (Lim et al., 2010; Eckhardt, 2005).
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A7A y = D BT, fre RS b= 71ATE o
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of thall 7| A& 2l E & Hol Atz Aol ohe), A=
M F|A$ES Belslo] BFIZ APgalE Zolt). T Wi
WHE o] 88 Alofli= 1Y 2912 o]l sigst= 717t
AR E A €]kl BFIE 4Hgstofof gt} (Gustard et al.,
1992; Deelstra and LITal. 2008). & o] A= 5 HA)| U+
= ©|-&3e] 20094 2013 A71A] A= H BFIE AFg%H
1 7k0] HatgkS Alklste] 5 717to] ti gk BFIE APy st
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. Zat 2 E9
1. H3A+ % 7

2 A0 AE W2 S0l $AIRH2007)) A

Z27700) §TEAE AFte] 2 frgak S o] ek 59
B3t VIS 4151900t (Table 3). Fig. 28 WA
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Fig. 2 The calculated SVIs in Nakdong river basin
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Table 3 SVI calculation result

— Original Standardization Average dasuy
cV CFR cV CFR streamflow (m"/sec)
Geochang 2 3.0 7.9 0.49 0.02 701.7
Gyeongju 2 5.9 7.0 1.00 0.02 371.8
Gupo 1.4 287 0.20 0.01 339.6
Gigye2 46 172.9 0.78 0.04 113.8
Gil-An 42 1462.0 0.70 0.36 96.3
Dalji 2.0 332 0.30 0.01 76.0
Daegog 1.1 10.9 0.14 0.00 68.1
Daepyeong 2.0 15.8 0.31 0.00 67.7
Moa 43 343 0.7 0.01 36.3
Milyangt 37 226.6 0.61 0.06 30.9
Milyang2 49 165.9 0.82 0.04 20,1
Sanyang 3.1 204.0 0.51 0.05 229
Samga 1.7 4198 0.25 0.10 19.5
Sammun 0.3 43 0.00 0.00 18.0
Samho 2.7 22.3 0.43 0.01 15,7
Seonsan 37 1.0 0.61 0.00 15.1
Susan 0.8 3.3 0.10 0.00 14.6
Angang 48 58.7 0.81 0.01 14.4
Yangsan 25 432.8 0.40 0.1 141
Yonggog 3.7 191.8 0.60 0.05 13.6
Jeomchon 2.8 4057 1 0.45 1.00 1.3
Jeongam 2.1 82.3 0.33 0.02 9.9
Juggo 15 8.7 0.22 0.00 8.9
Jindong 2.1 55.6 0.32 0.01 6.3
Hayang 1.3 14.1 0.18 0.00 46
Habcheon 0.5 54 0.04 0.00 4.0
Hwaseong 3.7 54 0.62 0.00 1.2
Minimum (Sa:{riun) (Seiian) 0 0 (Hwa:s-iong)
Maximum 59 4057 1 i i 701.7
(Gyeongju 2) (Jeomchon) (Geochang 2)
Average 2.67 208.81 0.44 0.07 787
ARG AP ATk /AR B4/ 12 mUsR VG A g 59002 AF SaolA tehglth 2, WEARE
Ueptom A BEA7L01 T msR /PG 202 et ZF pamEad] shge WA vimE e A3 4
Wik S\ B U] Hoighat Az 7005 mYse) AF BE4e] ShHR WEAol 1 A g Hel Ao B
o5 Ho iRt fF 7S Vsl ez £ ARlom, AT IS4 sk WsAdol 7P AaL B¢t
TE TS & 4= Sleh et Ao = Yeith 2 frgaEae] diste] f3AE
Table 30| A & 4= Q520] 2770 frg 549 SVIAHy 2 APt At 33 A0 M 9)=1.01~4057.13 2 W F A
T HE A S0 W91 0.28~5.89 00 BHFEL 2,672 4 u|mate] nj 2 WIS vpehon, Wghe 208.810.2
QT HAghe 0292 AHE BSaoll thehon, 2 vekidth GRS A2k 1012 A4 sl
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Elgow, HZRE 4,057.132 A& B=40|A el Table 4 BFI calculation results
5, AL IEaol| A 5 fisAd o] 7P AL A o & ekt BFLOW
o, HE LSho| A G7F HsAo 7P E A& Yelyt S | B | o | M
o} WALt f2Alg = SVISY] Aulgt Afol= F SVI9 Geochang 2| 049 | 053 | 036 | 028 | 052 | 0.04
ARl o 2 013t afo| 2 TohE| Qi WA WE Ao 7 Gyeongju 2| 041 | 047 | 032 | 025 | 046 | 0.6
T A5 dBHGF ARE B ANl sPHRE HEA Gupo 078 | 086 | 080 | 076 | 072 | 014
< YeR 7] wf ol kol shlf-aF W &0 Wk Gigye 2 | 043 | 047 | 030 | 024 | 047 | 004
L& ofujgith vt 2 §-8A14=2] - o3 ==kt o Gil-An | 027 | 037 | 020 | 014 | 039 | 0.12
ZrefihS AREsto] SR A0S UER 7] wiZof| 5} Dalji 055 | 063 | 049 | 043 | 060 | 008
FoLF s o] W 2 et Aol ofd et ol & Daegog | 0.66 | 073 | 062 | 054 | 066 | 007
Go} o)A} ThES uiAIg A5 sk HE =] kS Daepyeong | 0.74 | 074 | 068 | 065 | 067 | 007
ojujsic) = HEA S SA S BE PG HEAS Moa 051 | 056 | 041 | 034 | 054 | 0.05
UFeRY 7] €13 ] o] 2|9t = SVIZ} oju]sh 6149 ek v Milyang 1 | 0.42 | 050 | 033 | 026 | 0.49 | 008
0] ojulo] BeAdt Zpo]7} 9oL slolsteit) o] 2lat &1 Milyang 2 | 033 | 042 | 026 | 020 | 043 | 01
Sk HEA] 2folo t5k ojn|E H&s| 2| Ysled 5= Sanyang | 0.50 | 050 | 0.34 | 0.26 | 049 | 0.01
WA 984, 1)1 11 @) o] SVIQ) EA KAl Samga | 072 | 072 | 063 | 058 | 0.66 | 0.06
st A7t Was Ao s ArE Sammun | 090 | 084 | 073 | 065 | 0.72 | 0.18
Samho | 065 | 0.63 | 052 | 046 | 0.60 | 0.05
2. BFI AMM Zn U BM Seonsan | 041 | 051 | 034 | 026 | 0.5 0.1
oA SO 2] S| A5 el 9] Susan | 074 | 086 | 081 | 079 | 075 | 0.12
== = CeTre =T e Angang | 041 | 049 | 034 | 027 | 049 | 0.08
3 37k (WHAT, PART, BFLOW) 2= AM8-3te] 2 Yangsan | 073 | 071 | 060 | 053 | 065 | 0.08
FHE54 H BFIE APY519ltt (Table 4). Fig. 3= 2 o] Yonggog | 0.36 | 046 | 030 | 024 | 046 | 01
A rrgAtEs 8 27l S Aol tistel Zh el Jeomchon | 050 | 0.48 | 029 | 021 | 048 | 002
BFI 2 dste] 5714 35 vrebd T1golt. Jeongam | 045 | 056 | 040 | 031 | 055 | 011
Table 504 W& & BFI {tighs ] w 38S mf WHAT S| Juggo | 073 | 075 | 066 | 061 | 069 | 0.06
Z{thgro] 0.76 0= A o= A2 grol 2 2= & = A Jindong | 039 | 059 | 043 | 036 | 057 | 02
4, ol= te32] 548 118817] 95 W4l BFLnax gt Hayang | 077 | 077 | 067 | 062 | 070 | 0.07
= A ol TR e & A E o= of aljd o= Habcheon | 0.90 | 0.89 | 082 | 077 | 076 | 014
0.8 AME3F37] wizolth. ®3F BFLOW-second pass&} Hwaseong | 0.59 | 0.66 | 058 | 055 | 0.60 | 0,07

BFLOW-third passE 3} A4 = BFI= o} 1 o] Za}

N
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E 04.59 18 27 36
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(a) BFI from PART (b) BFI from BFLOW (c) BFI from WHAT

WHAT

@0.35-0.46
@046- 055
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@ 0.60-0.68
@0.68-0.77

Fig. 3 Spatial distribution of BFI
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Table 5 Maximum, minimum and average of BFI

BFLOW
Value PART WHAT
First Second Third
min 0.27 0,37 0.2 0.14 0.39
max 0.9 0.89 0.82 0.79 0.76
avg 0.57 0.62 0.49 0.43 0.58
—FLOW WHAT —PART BFLOW
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o
Q
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3 600
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(T
400 J\ L ﬁ
, (VA
200 NP -~ —— \\‘::\uﬁk,,__ N , N po e e O
[}
1-Jan 20-Feb 10-Apr 30-May 19-Jul 7-Sep 27-Oct 16-Dec
Date
(a) Gupo streamflow gauge station
—FLOW WHAT —PART BFLOW
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400
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& 150
100 l
50 » s
0 _ . l As l A ‘Ahk .l,l Py SN
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Date
(b) Samga streamflow gauge station
Fig. 4 Baseflow separation result in Gupo and Samga gauge stations
oF Bl Fs uf v 2h2 ghS LT 53] third pass €] O] ML 0.76 0= P TSAofl 4] Vb e, 24yt
A AR A 7o wS v ZA APgel W) 20392 A TSl A Ve SEehE mE wd 2

ol BFLOW S ARgs8tY] 7| A& 22| woll= first
pass T+ second pass®] AIE UWHA 072 AME AL §)
(Eckhardt, 2008). 3 &JLo]| A= first passE ARSI
el 2 513 Wk BFI AR 23} (Table 4)S 54131 At
PARTY 0.90.0 2 AHZ 240} 81 B0l 4] Zthglo]
UERFOom, ZAgke 0272 2o BEAaoA UeRgh
BFLOW 9] -9 2{tjzh-0.89 % 3 P20l 4 Lpepte.
o, F|Agh20.37 2 A9 WS Ao A YERith th3 WHAT
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oA A P2 T T B0l 14 2 BFI 7k
Ueplon], a7k BE weloA 2ok oA 714
218 BFI g+& UrElich, 3t wel o BRI AV A3glo] 7}
42 3fo] 2 bl BEAL 031 2 TE BELgom, 7}
4 22 7ol e 0.06% A7} P24 g}
(Fig. 4). 1) 2 welo] gk Aot AT} 457 47
9] H# BFI=0.56~0.652] Y& vhelyjoh
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3. SIRE HEY J|IMRE 7|0 = AE vebd Zlo|t). SVIeE idl ¥ BFIeR] A A5 At
o _ 7(48]— A SVI7 APo T Axlr B %E_ =3
ST WS /AR Alefel A ey TUEA TSR S A ﬂ*_’j
_ - g BFI ot Af =-0852 %2 =
Sfolol MR HE 402 e mae gl agmnasp O UONIAC BE A 0 ﬁ;mf‘ =
- _ . HiIth = He BFI1&}F H+f T=
0-19] BT WIS T ES HETFAISVIS Albals: et W SRSk S S BRI Bt S
= = 21793 0,285 W AT Lrehiich o] 8 7] 6% 2] mY
£ 4Hd53ich (Table 6). Al 4=E AP 3 A1t SVIQL BFI
w2 Abw 9o, PART 256 AR E BFIoL HEA14=0] At
= 8.0) ARHIAS LRl Fig. 5.& EEBRSVIeh A e AP BRI e )
. A= -0.81 2 28 ARHAIE Uehi o of 2 el a v
2 T}2 )4 9% o] welS ALsto] ALYt BFISke] 7
Table 6 Coefficient of correlation between SVI and BFI
SVI PART BFLOW WHAT Average
Ccv —-0.81 -0.86 -0.87 —0.85
CFR -0.20 -0.32 -0.32 -0.28
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Fig. 5 Standardized SVI and BFI
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