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Abstract — River flow rate is one of the critical factors that affect water quality and healthiness of the freshwater
aquatic ecosystem. The decrease in river flows in a watershed due to drought and/or too much of irrigation water
abstraction may cause serious problems in the fresh aquatic ecosystem. In this study, the trends and the causes of
the change in river flows in drought year were analyzed and estimated for the Nonsan-cheon Watershed using a
semi-distributed watershed model STREAM. About 44.5% of the Nonsan-cheon Watershed is covered with agri-
cultural area and the study area was struck by a serious drought spell in 2015. Compared to those of 2011, rainfall
and river flows have significantly fallen in 2015: decreased to 42.5% and 17.5%, respectively. On the other hand,
compared to those of 2011, the amount of irrigation water taken from the rivers increased by 43.4% in 2015. It was
analyzed that the decrease in river flows was 25.0% larger than the decrease in rainfall in 2015 because the irriga-
tion water intake from the river increased.
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model(FI X )

LA B oM ol d7)% el Srkska glem, 58], B o] B
°] 30% o]’ Fhashs 7h o WA ETE F7FskaL Slt(Joint
18]). 7herell whz 798 Fhans B et Bl X8

35
<]
AATH 02 o71% Fde] S7FskaL ITHIPCC[2014]). =i 91¢] A8k fdstaL, ol 18l Az, T2, A8k
[©)

fCorresponding author: esjeong@hydrocore.co.kr & o= &l FYelA sk

398


https://crossmark.crossref.org/dialog/?doi=10.7846/JKOSMEE.2018.21.4.398&domain=http://www.jkosmee.or.kr/&uri_scheme=http:&cm_version=v1.5

7Fo 521712 3 el vl

rr

ERRE] e S A i AEYIA TR Q18 A
218Ho] otk a1, BEF U 249] #af9) o)Fol 2hAas) B
718, =4, 559 F2 %] F7eth(Lake [2011]). $HA,
sHS AR P FAEA U {7119 AAA] g9} o
o|ZH 3149 Qglo] Fm, o= <la] AEiA FAALS £
Th(Lake[2003]). 3F1 2] o] 7hashd 72 453 i85 A
Qlal] Akl 438dS AL f71ES] HalETE Y3
71H, o] Z 13l 7% &FEALT}F 7HA3HA ¥ TH(Caruso[2001];
Lake[2011]). &4k 7HAE FA4EA Ul AEA Hs ~EH
25 T3 o] E3717F dAkeE ¢ 91O (Caruso[2001]; Van
Vliet and Zwolsman[2008]; Lake[2011]), 4214 131 9} o]z}
o] Wzt sl $dWstel] WAl WhE-ehe ol T2 5550l
F43] TAshs Ao Z ZAE A TH(Dewson ef al.[2007]). T3
7 s EA S ohet sk Rl Al e PRk wIXInk 7h
Foll W& SRS s we] Ak &84 7 dAs)
22 o] A FHasstel] whet s AYENAI] Holxhell 4]
EBEFAEL] S| A TTH Wetz ef al.[2011]. Palmer and
Montagrna[2015]). 21 =238 SA=9] e 72 45T A
FTETAA A A s Al S] A28 Holxd s W
ANA o7 HALe] Qo] Frk(Attrill and Power[2000]; Wetz ef
al.[2011]. Palmer and Montagrna[2015]). 53], 3}47] 7[5 02
QITH At & A2 =2 Ao st Hilg Tl dqle
2 UEPdtH(Petes ef al.[2012]).

7= fredwF o] oF 10,000 km?oll 0] 2= S oA
frgo] PAbAR die] Mgl Tt FAE 7)ol ow
7ol wekat Aaf Alolells 19900l A S8t

H 57457 Ak Qlom, depR el 5%
At £ 59878 29855 &
(GRBEA[2003]). w7d3b7ell 274321 4k
EABYOR I REE Y w=EAl A ejo] skl
g A% WNAIARe] W o] Qltt FA
2|-g<me) o] FAHA BE A ohs 2
07 o] gu]7] wiitel 7Hroll whE sH-fe]
AF 98 FHFFel 71l wet 6 4
o} s AE|zAbel w2, FEA] o] 25 83%
stElo] A7es LT ¢ gl skl Aoz A5G
d|(Park et al.[2006]), 7} Al71olE o]&gt ddo] B= ofsld
Aol ot whebA] Tl whE SR £
F71e SEiME A kol te sURE RS E 5
olalek= Zlo] amFTh.
glue} 20159 A7 A (1,245.3 mm) HH] 73%E 7]
o] Ak oY= o] HA 2915 7153I o, WAL &
A&Fo] ol Fo|A= 5~992 a8 (1,019.7 mm) thH]
3.8%= 1~ A t(Joint ministry[2016]; Kim ef al.[2016]). 7]
W3} ol 7HE] el Wiy 715kl wel w59 &
frgo] oju Fmuf ZAsheA], T 1o upE FAYEAS] e

S oy

O

ol o
(e
i o
_|O

i
=2,
1o,
o

of
X, o)

Y
w o
12

°,

°f

-y
-

1

WO

o o

i o

[eZ]
3

2T

Fr

)

)
ro
1|l

of o

el
2 2 2 12 ot

o

18
o &
o
ol

=
30

o flo ob o & (@

2
Ho
off

zfl
o
J

1

N

N
o
o
il
e

38

N

ol
rr
do
ot
=2

O ox & o X o P A o A
M o o ok ALy rir o

F}i'

=) ==
G

of 1= HEAAo gk A5 H42 Bl AAA o ol
Ao Aol

A} QTN THol 3, el BIHE S Hete]
Sl 27 A5 o

= Tl BAAR A4S A S H(Brown
et al.[2011]; Nosrati[2011]). 7 U] 2550l tigt
A& SleliME R 7ol 2

o= =

L

H
=
SWMM 5-9] F 7 el o o]stol| ] ke =Ry pag

kA 07 o]Fo|R|= U e o A8 A= B

AT 715 NASAY AER- 7155 F71ellof 3= g7

SltH(Jeon et al[2007]; Sakaguchi ef al[2014]). 3 Ao A= )] =

FA Heaodo] JFA 0w Bysh= 4ol879) Bdl moo

23 725 7R P STREAMS 2-8-510] 7150 &

Yo = Folshes w112 Rl nxle s AgHoR
<

s =
sglom, ol Bl Bfolel AT da v OB

f

i M oY do of

to 1

2. M= & ek

2.1 QAR

Aol vkl Al AIXg 57
2 ks A 59 iRl =2k
AEA], S, Aol Rkl e] QIthFig. 1), AR frof e WA

-
Nonsz}q £ .|

BB o -
Nonsan-chun™

0
Kilometers

Fig. 1. Study Area : the Nonsan-cheon Watershed.
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Table 1. Land use within the study area

Land use Area (ha) Ratio (%)

Urban 2,443 4.6
Paddy area 16,023 29.9
Agriculture Upland area 4,702 8.8
Etc 1,418 2.6

Forest 26,757 50.0
Grassland 593 1.1
Wetland 292 0.5
Bare soil 360 0.7
Water 926 1.7

Total 53,514 100.0
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¥able 2. The recommended water depth for paddy fields.
Rice growth stage Periods Water management Water depth (cm)

o7 04.15 - 05.20 E &7 g7 2-3
o]9}7) 05.20 - 06.05 E &7 g7 2-3
gz+7] 06.05 - 06.10 = A 7] 5-7
FEJA]7] 06.11 - 06.25 5 oA 7] 2-3

HaEdr] 06.26 - 07.15 270Eu)7) 0
4ol 7] 07.16 - 08.15 = A8 7] 2-3
=47 08.15 - 08.23 I ¢k 7] 3-4
=227 08.23 - 09.23 ZA47) 2-3

U7 09.24 - 09.30 A&7 0
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Table 3. General performance ratings for recommended statistics for a monthly time step (Moriasi et al. 2007)

Index Very Good Good Satisfactory Unsatisfactory
PBIAS PBIAS <+£10 +10 <PBIAS <15 +15 < PBIAS <#£25 +25 < PBIAS
NSE 0.75 <NSE <1.00 0.65 <NSE <0.75 0.50 <NSE < 0.65 NSE £0.50
RSR 0.00 <RSR £0.50 0.50 <RSR <£0.60 0.60 <RSR <£0.70 0.70 <RSR
R? 0.50 <R? R2<0.50
Time series graph for cal. and val. periods - log scale === Obs ----- Sim —— Rainfall

1.0E404 -
. LOE+03 150 B
2 + 100 2
él.o&oz - 1 150 g
o LOE+01 1 + 200 2
% e
3 LOE+00 1,; %0 =
2 ) w300 =
1.0E-01 + | 350 f;ﬂ
1.0E-02 ; } : . : ; ' ; : . . ; t 400
201001 201007 201101 2011.07 201201 201207 201301 201307 201401 201407 201501 201507 201601 201607 201701 2017-07 201801
Scatter plot - Cal. (2010 - 2013) Scatter plot - Val. (2014 - 2017)
300 300
bt b
L 250 + L 250 + °
E B o ~§-
o200 + ° o o 200 + o
e ° o . g
S 150 + o e 3 150 + °
T , °.8 T 10 1 é’
g o 4 o o o
§ 50 Q%p y = 1.0927x + 0.4375 g 50 + o © y=1.2827x-0.2543
R*=0.7888 5 2 =
I S S g% | e
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Simulated flow rate (m3/sec) Simulated flow rate (m3/sec)
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Table 4. Model performance indexes evaluated for daily river flows at the monitoring stations for calibration and validation periods
. Cal. / Val. Index
Station . 5
Periods PBIAS NSE RSR R
Cal. (2010-2013) 19.822 0.792 0.456 0.789
Yangchon
Val. (2014-2017) 13.226 0.820 0.425 0.862
Cal. (2010-2013) 15.097 0.819 0.426 0.832
Nonsan
Val. (2014-2017) 6.317 0.788 0.461 0.820
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Time series graph for cal. and val.
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Fig. 6. Hydrographs and scatter plots of the observed and the simulated daily flow rates at the Nonsan Station.
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Fig. 8. Reservoir storage ratio time-series graph and scatter plots of the observed and simulated daily water storages a the Gyongcheon
Reservoir Station.
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Fig. 9. Reservoir storage ratio time-series graph and scatter plots of the observed and simulated daily water storages a the Gyoryong Res-
ervoir Station.
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Table 5. Model performance indexes evaluated for daily reservoir water storage ratio at the reservoir monitoring stations

Station Cal. / Val. Index
Periods PBIAS NSE RSR R?

Topjung Cal. (2010-2013) 0.766 0.843 0.396 0.856
Val. (2014-2017) 1.346 0.886 0.337 0.902

Gycongeheon Cal. (2010-2013) 1.210 0.708 0.541 0.824
Val. (2014-2017) 6.218 0.756 0.494 0.883

Gyeryong Cal. (2010-2013) 1.043 0.776 0.473 0.817
Val. (2014-2017) 4.699 0.868 0.364 0.892

Table 6. Selected model parameters and their calibrated values for stream flow

Parameter Unit Description Calibrated Value
linkWFactor1 - Muskingum-Cunge weighting factorl for K when bank is full 0.75
linkWFactor2 - Muskingum-Cunge weighting factor2 for K when bank is 10% bankfull 0.25
linkWFactorX - Muskingum-Cunge weighting factor X 0.25

Kgwr day™ Ground water recession parameter 0.2

Table 7. Water balance of the Nonsan-cheon Watershed for 2010-2017

Items year
2010 2011 2012 2013
In Rainfall 1,249.9 1,822.5 1,468.5 1,232.1
Point source 35.5 35.5 35.6 35.5
Runoff at stream inlets 704.3 1,267.3 933.5 670.9
Internal Process N
Irrigation intake 169.9 179.1 217.8 159.0
Out Evapotranspiration 703.8 677.8 686.2 701.4
Discharge to watershed outlet 586.0 1,154.9 798.5 586.6
Water storage change -4.4 25.4 19.4 -20.4
Items year Avg.
2014 2015 2016 2017
In Rainfall 1,085.5 775.3 1,259.2 1,023.8 1,239.6
Point source 355 355 35.6 35.5 35.5
Internal Process Runoff at stream inlets 590.3 329.0 730.4 555.7 722.7
Irrigation intake 189.6 256.9 2753 231.3 141.6
Out Evapotranspiration 636.6 647.8 729.5 674.6 682.2
Discharge to watershed outlet 455.6 202.5 522.8 413.7 590.1
Water storage change 28.8 -39.6 42.5 -28.9 2.8

(unit : mm/yr)
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Fig. 13. Monthly rainfall, irrigation, and their sum at paddy fields in the Nonsan-cheon Watershed.

Table 8. Annual water balance for the paddy fields of the drought year 2015 compared with that of the 8-year average (2010-2017)

Average 2015
Items
mm/yr % mm/yr %
Rainfall 970.4 67.9 4213 41.5
In Irrigation 458.4 32.1 593.7 58.5
sum 1,428.8 100.0 1,015.0 100.0
ET 713.9 50.0 691.8 68.2
surface runoff 4442 31.1 91.5 9.0
Out . interflow 119.1 8.3 109.9 10.8
Discharge . .
aquifer discharge 137.7 9.6 133.0 13.1
sum 701.0 49.1 334.4 32.9
water storage change 13.9 1.0 -11.2 -1.1
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