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and Water Quality under RCP Scenarios using SWAT
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Abstract

The purpose of this study were to evaluate the effect of best management practices (BMPs) of Haean highland agricultural catchment (62.8 km®) under
future climate change using SWAT (Soil and Water Assessment Tool). Before future evaluation, the SWAT was setup using 3 years (2009~2011) of
observed daily streamflow, suspended solid (SS), total nitrogen (T-N), and total phosphorus (T-P) data at three locations of the catchment. The SWAT
was calibrated with average 0.74 Nash and Sutcliffe model efficiency for streamflow, and 0.78, 0.63, and 0.79 determination coefficient (RZ) for SS, T-N,
and T-P respectively. Under the HadGEM-RA RCP (Representative Concentration Pathway) 4.5 and 8.5 scenarios, the future precipitation and
maximum temperature showed maximum increases of 8.3 % and 4.2 °C respectively based on the baseline (1981~2005). The future 2040s and 2080s
hydrological components of evapotranspiration, soil moisture, and streamflow showed changes of +3.2~+17.2 %, -0.1~-0.7 %, and -9.1~+8.1 %
respectively. The future stream water quality of suspended solid (SS), total nitrogen (T-N), and total phosphorus (T-P) showed changes of -5.8~+29.0 %,
-4.5~+2.3 %, and +3.7~+17.4 % respectively. The future SS showed wide range according to streamflow from minus to plus range. We can infer that this
was from the increase of long-term rainfall variability in 2040s less rainfalls and 2080s much rainfalls. However, the results showed that the T-P was the
future target to manage stream water quality even in 2040s period.
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1. SWAT 2& I

SWAT 2&& njat 52A =G4 (United States
Department of Agriculture; USDA)|A] 73t o],
A 7] & B2 A A -fE BY oz ofch i+t
IO ERRE F-of| A Al Rtoll A3 thekRt S0 Bt
Exo]g g x| Aol wE f55 53] Slsl 7h
el f9 Hgolnh B EXJol-g2 o8 A E =
S5 1S9 (Hydrologic Response Unit; HRU)E 7]E2.©
= SCS (Soil Conservation Service) -GZ=2AH1} Green &
Ampt AEHE 0| §51o] AFGEHE APsI, 26E
2 59 AF 1y (Kinematic Storage Model)=- o]-&
gtk AT B35S 2 107)] S7HA] Ala}sto] A A4
T FA7H S ARl Akttt SIS AP st
7] §J5}o] Hargreaves ®HH, Priestley-Taylor {3} Penman-
Monteith "4 At 253} mafe] Fubre elat
o] 1.9J5}7] ¢J8) Ritchie BH-& 0]-8-51C} (Park et al., 2014a).
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Fig. 1 Location of the Haean watershed and observation stations
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SWAT %& 9] X|&%}&= % DEM (Digital Elevation Model)
2 NGIS (National Geographic Information System)-2 1/5,000
TAA| e 25 Hp S A AAFA7] 30 m= A&
th(Fig. 2 (a)). BT, BEAO| 8, 7|94k, 7 W 24}
=+ Terreco (Complex Terrain and Ecological Heterogeneity)
L2 A Eof| A A|FRELOm, Terreco= =t} 5 7] 4k
A BRI GoNA L 715, o, EF o A dddS o
Tol= 2 A E 7 39tk (Kang etal., 2010). BT+
FEXGAoNA AlFSh= 1/25,000 FUEYEE 7|He s
Terreco”} 20098 &4 ZAA EE2H AR E EO| 2 u]=+
NRCS (The U.S. Natural Resource Conservation Service
formerly the Soil Conservation Service) B 7|5 (Soil
Survey Staff, 1996)0] th& =75+4 EF15 (Hydrologic
Soil Group) A, B, C, D&} EA] (Soil texture)S E-5-3}%th
(Fig. 2 (b)). EOFAE-2 sandy loam 60 %, silty sand 27 %,
sand 10 %= 744 %]019) 2™, Shope et al. (2014)o|4] S|k
o EFL ] AASH G HE & 4= 9t} EX|o]-§Le1=Terreco
of| A 2009 A 0| AFSFE E3l EAI0l 85 4R, A,
WA, 9, 5744 5 1T = AlEs}sto] ER3 AR E o &
St (Fig. 2 (c)). she-r-aoll Al 57 2] 9] T4 FA|H A
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%, W= 1.12 %, &2.3 %, F1.9 %]t} Seo et al. (2014)9])
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Fig. 2 Spatial input data for SWAT model setup
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Table 1 The investigated data of fertilizer for highland crops

1. SWAT 2&9o| A-HH

Crop Fertilizer (kg/ha) | Fertilizer | Planted | Harvest ‘
N P Date Date Date H oTLof A= 2007~2008 -2 SWAT H& 2] warm up
Potato 330 180 Apr. 27 | Apr. 29 | Aug. 29 717ve 2 HA3I 1 B A 2 A= 7| 7He A= 2727 A5
Cabbage | 360 o1 May. 11 | May. 15 | Jul. 15 = AFo R BA7|7RS2009~2010, AZ7]7H2- 20112
Soybean | 345 30 May, 25 | May, 29 | Oct, 20 2 A3t A-BA A de 370 Ao 211,12, L39]
Radish 490 120 Apr, 27 | Jun, 1 Sep. 5 ] FAFRE S2FF 0 2 AR T

Table 2 SWAT calibrated parameters for streamflow, SS, T-N, and T-P

Parameter Description LB UB | Default Calibrated value
u | 2| 3
[Streamflow]
SOL_AWC Available water capacity of the soil layer (mm/mm) 0 1 each | 0100 | 0.099 | 0.402
SOL_BD Moist bulk density (mg/ms) (highland soil addition) 0.6 25 each (1"2) (1:2) (1:2)
LAT_TIME Lateral flow travel time (days) 0 180 0 2 0 0
ESCO Soil evaporation compensation factor 0 1 0 0.05 0.1 1
GW_DELAY | Groundwater delay time (days) 0 500 31 150 50 150
ALPHA BF | Baseflow alpha factor (days) 0 1 0.048 1 0.2 0.8
CN2 Curve number adjustment ratio 35 98 each 68 68 78
[sS]
PRF Peak rate adjustment factor for sediment routing in the main channel 0 2 1 0.03 | 0.03 0.03
LAT _SED Sediment concentration in lateral and groundwater flow (mg/L) 0 | 5000 0 5 1 3
[T-NI
RCN Concentration of nitrogen in rainfall (mg N/L) 0 15 1 0.1 0.1 0.1
ERORGN Organic N enrichment ratio for loading with sediment 0 5 0 25 4 25
NPERCO Nitrogen percolation coefficient 0 1 0.2 0.15 0.15 0.15
[T-P]
PSP Phosphorus availability index 0.01 0.7 0.4 07 07 0.7
ERORGP Phosphorus enrichment ratio for loading with sediment 0 5 0 5 5 5

LB: lower bound, UB: upper bound
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Fig. 3 Calibration and validation results for stream flow and water quality (L3)

Table 3 Statistical summary of SWAT calibration and validation results of streamflow and water quality at the 3 subwatersheds

Model | Evaluation L1 L2 L3 Total
output criteria Cal, Val, Avg. Cal, Val, Avg. Cal, Val, Avg. Cal, Val, Avg
RMSE 5.42 415 479 41 5.33 452 3.29 5.68 4,49 427 505 | 4.60
Q NSE 0.57 0.61 0.59 0.90 0.61 0.80 0.87 0.77 0.82 0.78 0.66 0.74
R 0.96 0.72 0.84 0.92 0.65 0.83 0.88 0.80 0.84 0.92 0.72 0.84
SS 0.80 0.98 0.89 0.83 0.54 0.73 0.77 0.76 0.73 0.80 0.76 0.78
T-N R 0.76 0.60 0.68 0.64 0.54 0.61 0.67 0.66 0.61 0.69 0.60 0.63
T-P 0.70 0.97 0.84 0.78 0.73 0.76 0.77 0.77 0.76 0.75 0.82 0.79
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Table 4 Change in future climate compared to the baseline

FARLYFY AR E AT H = A2 2 FH R =2
Aol gt Al2)/de e 4= Itk (Cho, 2013). Baseline
(1981~20053) 31} 7| & 3} AL} @ 3-A Historical (1981~
2005¢) 9] =~ QAR At HH, BaselineX} Historical ©f]
el 734 (Precipitation, PCP)-2 212} 1,187.2 mm, 1,238.3
mmz +4.3 %2] x}o]& B¢ o, Bk~ (Soil Moisture,
SM)-& 717} 38.4 %, 38.2 %= -0.5 %2] 2}o], =14k (Eva-
potranspiration, ET)< Z}2}439.0 mm, 431.6 mm& -1.7 %
o), A F-8< (Surface Runoff, SR)-2 Z}2}392.7 mm, 413.3
mmz +5.3 %2] z}o], 7] A= (Baseflow=LAT+GW, BS)
2 7+71 401.8 mm, 438.3 mm=E +9.1 %] z}o|, 3}x-8-=
(Streamflow, ST)-2 ZF7+794.4 mm, 851.6 mm=E +7.2 %2]
Aol & K.

Historical & 7|52 2 RCP4.5 9 8.5 A|Ug] 2.9] -7~
2H ks A SRRl om, HA17]7 = 717F2040s (2021~
2060%1), 2080s (2061~2100) 0 2 FLE3}%I ). Historical
TFRCP4.5 9 8.5 Aluhg] 2.9] = 7|7t T3t 7t 2 429
A WSHE Fig. 40f YEPH ™, Table 5= ¢1'd H3lo] &
AR Axtolct.

HA e a0 el Bl A HkE A H i, RCP4.5
9 8.5 Al Qof| A O] 7 1 (3~59) T A2 (12~29)
o] +9.4~421.7 %, +9.5~+25.5 % 2] H3}I&-= Z7}sl= Aok
S UERHQ L, o230} Aol = 11.4~+8.6 %, -16.0~1.1 %
Hole = 7Hashe ko] et Ei-2>0.1~0.9 %
Hastalon, SRS 5 (3~59), 95 (689), A&
(12~22)0]] +10.1~+34.2 %, +5.0~+15.7 %, +1.2~+10.5 %
o] Hzka= SVt FES |l +8.6~+16.2 %] ¥

RCP4.5 RCP8.5

Scenario Historical

2040s 2080s 2040s 2080s

PCP (mm)

- 1237.8 11933 (-37) 1350.2 (+8.3) 11851 (~4.4) 1259.9 (+1.8)
[variation (%)]

[;?fgre‘ngé] 53 70 (+17) 81 (+2.9) 69 (+17) 95 (+4.2)
[;?f";e(ngé] 173 189 (+1.6) 19.9 (+2.6) 189 (+1.7) 215 (+4.2)
[ d;’;ré:ie] 71.9 715 (=0.3) 717 (-0.2) 715 (-0.3) 719 (+0.0)
[C\ﬁ’ff’egg] 20 20 (+0.0) 2.0 (+0.,0) 20 (+0.0) 20 (+0.0)
2
?:;e(r“gi/c";]) 1.6 15 (=0.2) 15 (~0.2) 15 (-0.1) 1.6 (+0.0)

PCP (Precipitation), TMN (Minimum temperature), TMX (Maximum temperature), RH (Relative humidity), WS (Mean wind speed), SLR (Solar

radiation)
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Fig. 4 Future climate change impact on hydrology components under the RCP 4.5 and 8,5 scenarios in the 2040s and 2080s

Table 5 Summary of future predicted annual hydrologic components for RCP 4.5 and 8.5 scenarios

RCP4.5 RCP8.5

Scenario Baseline Historical

2040s 2080s 2040s 2080s
PCP (mm) 1187.2 12383 11938 (-37) 1,350.7 ( +8.3) 1185.6 ( —4.4) 12604 ( +1.8)
[variation (%)] ’ : ’ : ’ : : ’ : : ’ : : ’ : '
(o)

SM (%) 38.4 382 381 (-0.1) 375 (-0.7) 38.0 (-0.2) 37.6 ( —0.6)
[difference]

ET (mm) 439.0 4316 4458 (+3.2) 4678 (+7.7) 4518 ( +4.5) 521.3 (+17.2)
[variation (%)]

SR (mm) 3927 4133 379.6 (-8.9) 4818 (+14.2) 372.8 (-10.9) 3802 ( -87)
[variation (%)]

BS (mm) 401.8 4383 #37 (-6.0) 4451 ( +15) 4077 ( -7.5) 4028 ( -88)
[variation (%)]

ST (mm) 794.4 851.6 7933 (~7.4) 9269 ( +8.1) 7805 ( —9.1) 7829 ( -88)
[variation (%)]

Baseline: 1981~2005, Historical: 1981~2005, 2040s: 2021~2060, 2080s: 2061~2100, PCP: Precipitation, SM: Soil Moisture, ET: Evapo—
transpiration, SR: Surface Runoff, BS: Baseflow (Lateral Flow+Groundwater Flow), ST: Streamflow

BHE2 SR o8, 74 (9-119), Aol 204~
+11.0 %, -10.4~+1.0, -10.4~-4.2 % 2] H3-&=Z T4dl= 74
020 oz=uk H3lopA)

ol etton], 1 E6% 2 714

TET = o

I} FLsHA Hebgdth A= RCP8.SA|L] 2= RCP4.5
Age] @ Bt Wskeo] 27|7F FEHAA e, E
5] 79 772 RCP4.5 20405 A 213t L 2] Alute] 2.0
A ghasshe AFe] e el vk 27 Hetet

A AR IAZL LR 20 BA e,

Table 59] A} e} ¢ WshE 2t 2020 thtol

295}91ck. RCP4.5 2040501\ 4] 7230] 3.7 % 74311,
20| 3.2 % 3710l et AR AT AR 2
8.9%, 6.0 % ZH2=3}9ITk. Ek SRR 40| ZFAR 2l
2274 % 7+2:3131C RCP4.5 20805
#018.3%,7.7 % 57 Fetel| et 4]
+1.5 %, T sPdrE
RCPS.5 2040s= 755
% 7ol et 4]

o1 o

EE
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| 4.4 % Zaslar, Zabileko) 4.5
0]10.9 %, 7| A4-84=7.5 %, & 5}

e

3 ol

Jo

ol

2

AFE29.1% 7431t RCP8.5 2080s0f| A 7F<=5F0] 1.8

5333y AoH A3E, 2017 © 47



SWATZHZS 0|85t RCP 7|23} ALZ[20] ME TAXISHFH

--‘>
HO
ne
4
A
Ol
N

%, FAIFO] 172 % F7RIL, A EFET 714650
7% 80 170 W O 8874 ol
%S ek ik

vl 71 HE] T2 SferRelel SRS Fus
NSO R BUSRE Sk FUAFE F7H
= o] Uehom, b7ke vl 2040s2] Zere 7
3131 1 ]} 208058] L 37Kl mre} & 0401
3t et ] wist Elst fARPA et 2o
1, B, §342 F7130] RCP 8.5 AlL2] 2ol A
Ao 20 debson, 1 ol 44 st ol 3

4, Of2f 7|=H=to WE +EH MY

71308k QI 8 AT 0] st 5]
Mﬂmﬂqmaﬁﬂvmﬁwﬂe* wskE 2 A
3 =2 HalE B 519k WA 114 U= Baseline (1981~
2005)1} 7)1 &3} AlvkE] 2 244 Historical (1981~2005
W) o] 4~ @ A2 Al B, BaselineX} Historicalof] tfjsf|
S-AF(Suspended solid, SS)+= 2}7}8,349.3 ton/day, 10,475.5
ton/day 2 +25.5 %2] xJo]E H$} 0, 3= 24 (Total nitrogen,
T-N)= Z12}202,534.2 kg/day, 229,683.3 ke/day 2 +13.4 %2
Z}o], 2 9] (Total phosphorus, T-P)-2 217+ 15,686.1 kg/day,

X of
et ok

16,985.7 kg/day = +8.3 %2] }o] & LFebyfch
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T-P2] H3}2-2 Z+7F+29.0 %, +0.8 %, +17.4 %2 Z715=
743k 0 2 LJElith RCPS.5 2040s°]| A SS, T-N, T-P&] 3¢
Z¥2F 2.6 %, -1.9 %, 43.7 %] W3k& 2 1}ER} 0 0, RCPS.5
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Fig. 5 Future climate change impact on water quality components under the RCP 4.5 and 8.5 scenarios in the 2040s and 2080s

Table 6 Summary of future predicted annual water quality components for RCP 4.5 and 85 scenarios

RCP4.5 RCP8.5
Scenario Baseline Historical
2040s 2080s 2040s 2080s
SS (ton/day)
- 8,349.3 10,475.5 9,902.2 (-5.8) 14,7586 (+29.0) 10,212.2 (-2.6) 11,191.4 (+6.4)

[variation (%)]
-N (10°+kg/day) ~ ~
[variation (%)] 2025 2297 219.7 (-4.5) 2316 ( +0.8) 2254 (-1.9) 2351 (+2.3)
P (kg/day) 15,6861 169857 | 181420 (+6.4) | 20567.2 (+17.4) | 17.636.0 (+37) | 18224.0 (+6.8)
[variation (%)]

Baseline: 1981~2005, Historical: 1981~2005, 2040s: 2021~2060, 2080s: 2061~2100, SS: suspended solid, T-N: total nitrogen, T—P: total

phosphorus
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