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Abstract

This study was carried out to analyze how the flow and water quality of the Sangsa Lake (juam control basin) change according to future
climate change and what countermeasures are needed. Aquatic Ecosystem Model) was used in conjunction. As climate change
scenarios, RCP (Representative Concentration Pathways) 4.5 and RCP 8.5 scenarios of AR5 (5th Assessment Report) according to the
Intergovernmental Panel on Climate Change (IPCC) were used. For the climate change scenario, detailed data on the Sangsa Lake basin
were used by the Korea Meteorological Administration, and after being evaluated as a correction and verification process for the 10-year
period from 2012 to 2021, the present, 2025-2036, 2045- The summer period from June to August and the winter period from December
to February were analyzed separately for each year by dividing it into 2056 and 2075-2086. RCP 8.5 was higher than RCP 4.5 as an
arithmetic mean for the flow rate of the watershed of the superior lake for the entire simulation period, and TN and TP also showed a
tendency to be higher at RCP 4.5. However, in RCP 8.5, the outflow of pollutants decreased during the dry season and the outflow of
pollutants increased during the summer, indicating that the annual pollutant outflow was concentrated during the flood season, and it
is analyzed that countermeasures are needed.
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Fig. 1. The study area and the location of Sangsa Lake
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Fig. 3. AEM3D model schematic diagram (Hipsey et a/., 2005)

e 8 @ GRSEF - 5% 5Ol SEIT Y (stream
channel network) = Z=Z|(reserviors) 2 Y o] &+
Hedaz AR ED T2Eu o] a2 AE Aof 7|t
gh o= T2 o] o5 71 0 & A -Fgof| et 127t Hof gl
A oret.

2.2.2 A5 28 AEM3D (Aquatic Ecosystem Model)
H A fof| AR Y2 55 HydroNumericsAH(www.
hydronumerics.com.au) ol 4] 7St 331 4=2]-4=24 FH gt

3 0 7 Ao Fshul 594 (Centre for Water Research,

CWR)|A] 7 H ELCOM-CAEDYM 2 g2 7]Hto 2 7}
9] i ch(Hodges and Dallimore, 2019). AEM3D &2 4
A el Aok g3t 4=2] oot $7 4 A o] 9]
=495 Y A AsS Algdleldst| Sl AAgket
ARden &£ 2 Ak, i D AlE o] AREH
o}, Egh, A, A& A, 24 o] 5 g A
H-GH 2P A 0 & A4 Eo] gl o 77| thEA| A8k of
SHA ] AR A4 o] T3t o 7 H4=2A-8-2(Han er
al.,2021; Ann et al., 2020)°1| A A5 TE Bo] 3 E3L Fig.
3of e Sict.



N. Goh et al. / Journal of Korea Water Resources Association 55(11) 877-886 881

2.3 7|ZH3} A|L}2| 2, IPCC AR5
IPCC 52} 7| H2PE7 1 1A= B 27 AU 0 5
3 5% 7 2 (Representative Concentration Pathways, RCP)
o]-g5to] HHESIITHIPCC, 2014). RCP A|U2] 2=t 7]
d=d 9 EX|o]g ¥l 5 22 aflEa F7H 29t
of FF A91A 247 wiEF 7] 5 kol thsted]
A7EA Z7tol| mbE B2 1 A9 o[ | 2] 710 & 471
AL 2(RCP 2.6, 4.5, 6.0, 8.5)2 7= o] It Meinshausen
etal.,2011). 7] 3-H2lo] thE 42 9l -7 wjj 7] 0] ¥}
S AR o=, 71, AARE, B, 5= 71V
A= 7F @ 2 Aol A= 201218 58 21001 717] oF
901d7+0] 7] 5L A= 5 IPCC AHm & o]-§-5ho] et
= 717 oAl AgAIERRE ZAE & o] -8-she] R Ofstltt. A
5, W B, ARES 125 km Q] SES 2= ohite
=S ol gstom, 712 B A2 1 km o sfY =5 2t
= HH A AR E o Bkt dTE s, S5 B AR
71% 2tm HOE 9lof] M A mE o] 87t A2 717378
A A 712 9 2 e AlE AL QL
olth. T3k Aluhe] 24=200'd Ao 227} 400'A Alof &
2 Aol A= 400 Alo] A2 A E o-8sto] AFE
At Alo] Aol 1860 O] 247k~ F &2 1St
THA-S ABote S Aste A o2 A AT 7%
=B = QP etA] 7] AL, Q1914 ZA= o] Hij A
E J2 olslist7] $1al -2 == A ol th(http:/
www.climate.go.kr). Ao 22 4003 2t= 2 HadGEM3-RA
£ o] &5l AT G4 Y A A o] AR E ARRSFY T, RCP
4.5 A2 2 2FRCP 8.5 A[Lt2] 2 5 7FA] Alute] 2.of] Hf s

ool &} 0] MBS Bt

9% o

rfo

2 1o

¥ e &

2448 2tz £ Y EMUHE

2 RO ARGE AAZA dE e AF L7 AR

ot 7 9 A A= Folth 71V 2 %A 713 ollA

AlFsH= 71 C), ARt 23" (mm), S (m/s), 25, DA

ZHMJ/m?) AR S AFESH oW, A7 9] AFR 2 2011
Z =

gl

LA A, A 718 A =E AHS-5FSIT(data.kma.
go.kr). A 272 = EA H-EHE(http://map.ngii.go.kr/mn/
mainPage.do)ol|A] Al-5ol= A 2R 7 337 HY B
/94| 2 (https://egis.me.go.kr/main.do) ol A Al55}= EA| 1]
B, 133 5873 B A A" (water.nier.go.kr) ol A Al F-
SH=KRF 3.0 19 =2} P =& ARgste] 55tk 7
2 A AAZA A2 E4Ed 9] Gk HHdsh] fIgt

A2 23} ot=A 2t 77 A1 29k F 8712 A1
o] 2t=25 A7 At B S A Al AR (wamis.go.kr) 2}
St A Al AHoA ZEE AREste] Y stint.

3. 9124 24t

3179 29 224 1o}

B AT 5ol A HSPF E o] fF H A2 & 7l <]
2ol 3 A= E ARSI Fig. 10 UERd Hie
o] FH et kg = 242 (A) 2 (B) = EASHI oM, =9
S RRH IEHE EHE o Y Hrdste] B7ksk
t}.20119~20164 7|7F 5201 1F 2p== AR8-61A] ¢l o]
T 5AE B VI 2 Ahgl o H, 20179 -6 202187}
A 5372 g o= sto] F7HAQ A2 AAISHTH 2 E
o] &S H7to}7] $15l AdAIS2} Nash Sutcliffe Efficiency
(NSE), Mean Absolute Error (MAE), Root Mean Square Error
(RMSE)E o]-8stath. 5 29| A3H=Fig. 4(a)°ll YERH
Hiel g om AF dvbe | 19 A3, mE sl 123 FHw
o) A L= 2421 0.67, 0.83, 0.76. 2. 2 A-G-=F Aol T s
UEE O M, NSES] A= w2 e & W52 2t A2
E 7AE o A2 R A S Aol 7FEE AL QL
= O A1 O A= E o851 2 H, BOD, TN, TP, NO3,
NH3, TOC, PO4, Chl-a 5 & 87}2] 9] 5] tfsto] HA&
AAsHTt. 44 B4 ATH= Table 17} Fig. 4(b)oll Lrebd
Hie} 2o, 5ol Blsto] 2 HA A w9 2 23t <
= UEhIgloH o= S0l F= HHA E 12] A=
= WE SR AR FHER] Zet Ao FUqlow 5
AT

Table 1. Flow rate and water quality calibration results

Variable R’ RMSE | NSE | MAE

DAM 0637 | 7.177 | 0.624 | 2.141

;‘3’/‘:) NODONG | 0.837 | 1.714 | -0323 | 0262
SONGJEON | 0.767 | 3.893 | -1.952 | 0.648

BOD 0.013 | 0441 | -0476 | 0339

NO3 0.013 | 0351 | -0.174 | 0.9

TAM 0.004 | 0.105 | -0.638 | 0.094

szz:iry PO4 0.144 | 0.011 | -0.766 | 0.008
(mg/L) Cha-a 0| 3353 | -1.141 | 244
N 0.026 | 0369 | -0.02 | 0.295

TP 0.096 | 0.026 | -1.664 | 0.02

TCO 0.002 | 0.697 | -1.133 | 0.569
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Table 2. Seasonal average of simulated flow and water quality result

by period
RCP 4.5 RCP 8.5
Variable
Average
DAM 11.225 12.708
FLOW
934 1.301
@’s) Nodong 0.93 30
Songjeon 2.021 2.847
BOD 0.600 0.321
NO3 1.032 0.652
TAM 0.097 0.068
Water PO4 0.004 0.002
Quality
(mg/L) Chl-a 0.275 0.010
TN 1.479 0.920
TP 0.021 0.010
TOC 0.665 0.253
25HA0] sl BH G& A2 5 TP7F 1) S22 H]-go]
52 A9 TSSO ATHAIE BAoU, Ajd o= TN
0] 749 119 B 0] Hlgo] B3| WobA 9] 5 Sawsop
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Fig. 7. (@) RCP 4.5 and (b) RCP 8.5 flow result by period

Table 3. Seasonal scenario RCP 4.5 and RCP 8.5 result by period

332 A71E8 2 A

-2 ZpAIRE B A2 £151e] 20125 2100 714] 9] 7]
7HE A-AA(20128~2021), 2030 HH(2025E~2036
), 20509 tH(20451d~2056 ), 2080 TH(2075E~2086 1)
Y] 7k 2 FHEsk T3 o} 58 (6 E~8Y) T A d(12E-2
A) 2 Hgslo] 245 A1E Table 37} Zro] YERN QI A
AL Y F-2 RCP 4.5] HI5 RCP 8.57F =7 LS
H AgdHty o F4o] =7 A& =] o] A¥H= Table 3]
el viel Ak e Fw oF S w4 it HEeR o] RCP
8.5 AU @ H T} RCP 4.5 AU @7} =7 Vehv= 4R
Rt} 44 BEo| A= o84 RCP 8.5 A= L H T} RCP
4.5 Aura] of| A 30 the} 501 thof| A $=A] LreRE L, RCP

G b Summer Winter
Present 20308 2050S 2080S Present | 20308 20508 2080S
DAM 22.68 16.16 15.42 15.17 7.04 9.89 8.15 8.25
(ill?/‘:) Nodong 7.53 4.65 5 1.59 1.07 1 1.07
Songjeon 3.44 2.07 2.18 0.75 0.53 0.46 0.49
BOD 0.455 1375 1.375 0.388 0317 1.258 0.238 0.243
NO3 0.815 1.884 1.884 0.912 0.596 1323 0.321 0.34
45 TAM 0.145 1.096 1.096 0.109 0.068 1.051 0.032 0.035
Q‘leﬁry PO4 0.003 1.002 1.002 0.002 0.002 1.021 0.002 0.002
(mg/L) Chl-a 0.009 1.01 0.009 0.009 1.037 0.017 0.02
N 1.255 2.236 2.236 1.283 0.84 1.475 0.472 0.499
TP 0.016 1.014 1.014 0.011 0.011 1.031 0.008 0.008
TOC 0.252 1.25 0.245 0.261 1.286 0.259 0.26
DAM 25.83 17.07 17.73 17.52 7.78 9.35 9.44 9.58
(ﬂ?/vsv) Nodong 3.95 238 2.49 0.67 0.48 0.51 0.54
Songjeon 8.53 5.42 5.63 1.4 1.05 1.12 1.18
BOD 0.458 0.384 0.4 0.402 0311 0.253 0.262 0.27
NO3 0.868 0.872 0.935 0.895 0.554 0.352 0.385 0.45
8.5 TAM 0.14 0.097 0.118 0.127 0.064 0.039 0.042 0.045
(;’Z::iry PO4 0.003 0.002 0.002 0.002 0.002 0.001 0.002 0.002
(mg/L) Chl-a 0.009 0.009 0.009 0.009 0.009 0.012 0.018 0.01
N 1.299 1.222 1.323 1.288 0.792 0.523 0.565 0.645
TP 0.016 0.011 0.011 0.011 0.01 0.008 0.008 0.008
TOC 0.258 0.249 0.246 0.248 0.267 0.264 0.266 0.26
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