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Assessment of Climate Change Impact on Best Management Practices of Highland
Agricultural Watershed under RCP Scenarios using SWAT
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Abstract

The purpose of this study was to evaluate the reduction effect of non point source (NPS) pollution in Haean highland agricultural catchment (62.8 km®)
for 13 BMP scenarios under RCP (Representative Concentration Pathway) 4.5 and 8.5 scenarios. Under the present climate condition, the BMP
(best management practices) reduction efficiency of SS (suspended solid), T-N (total nitrogen), and T-P (total phosphorus) showed +25.7%, +4.2%,
and +16.1% for VES (vegetative filter strip), +0.1%, +15.6%, and +5.7% for FC (fertilizer control), and +6.3%, -2.9%, and +3.9% for RSM (rice straw
mulching) respectively. In general, effective was the best for SS and T-P reductions, and the FC was the best for T-N reduction. The negative effect
of T-N on RSM was induced by increase in infiltration and solute transport to baseflow. Under the future climate change scenarios, the SS, T-N, and
T-P reduction efficiency showed the range of +1.9~+11.6%, -1.9~+0.2%, and +5.3~+11.9% respectively. The 3 BMPs (VFS, FC, and RSM)
application in the future showed negative and little differences (-0.5~+1.6%) for SS and T-N reduction efficiencies while T-P reduction efficiency
showed +0.3~+7.6% comparing with the baseline period. To achieve an increase in the reduction efficiency of future SS and T-N by +2~+10%, the

combined application of more than two BMPs is necessary.

Keywords: SWAT; RCP scenarios; climate change; highland agriculture; BMPs; NPS pollution
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S o83t M7 el whE HH e dd A 24
o = A5k A, Park et al. (2008)-2 Ao}y
§he TEjshe SWATR 89| Aoinid) SApAg B3t 1w
& HISHAL, Park et al. (2010)2 H9Fd 579 At
I =AFS thisto] HIH e HH A7 Weks AlASkAt
BMPs(=H-5-Alt, Ao, ERRARAF)o] whE
HAed AA &&L AL Lee et al. (201002
QuickBird IL3/d = 914 A= ARgste] Aldats EAJo]
S= F T2 27t vlE AEste] BMPso]| T B 2
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$ENA avs B4k Jung et al. (2013) SWATT}
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29 AaE v WEAE} T, Park et al. (2014)& A
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ARTHE 45192, Jang et al. 20151 ALH AR5
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u]%)7] uho] |skestl 194 59 o B4
Sk 222174 AXIE Lt olck Jang et al. 2017)
o SWATEGS ol §3to] meA s folAe] 7151at
o W 42 9 28 Brlslon, ol olgste] £ o1

L 7jgstel) B Ao AN A 9t A
12 Brhstud dik

olm, Y] HBo| 7k Zpatel et A
DA A AEEe] A4Ho R S 9)
7} WEERe g ol mRuT AR A S/ o
wplo] AokER Aol §APE o)
A2 628 ko, £2}%
34.9%0]ch Abgl WA
35.7 k2 5-919] 56.9%0]H, %918-219] WAL 179 km’E
28.5%0|ck. FARES LA RHE0] 6.5 k', LRIEEO]
11.0 km’o]] STk 30
7122 95 Coltk
SWAT X& 9] X|&x}7 % DEM (Digital Elevation Model)
2 NGIS (National Geographic Information System)-2- 1/5,000
SARERRE AT AR Ax7] 3me ARk
EOFr, EX|0]- &= Terreco (Complex Terrain and Ecological
Heterogeneity) L2 A Eo||A] A|-ZHQk o, Terrecor $H=2
5 7Ho] AR E-AGAAM Y 719, o B Y AR
ATAL sl A EO|th (Kang et al. 2010). EOFE
© FEXZHAA AlFsh= 125,000 FUEGES 7|RES
= Terreco AFQJ0] 2009 A AN =EH ARE EX
2 u]= NRCS (The U.S. Natural Resource Conservation
Service formerly the Soil Conservation Service) EWEF 7|&
(Soil Survey Staff, 1996)o] wE SESHH EOSFIE
(Hydrologic Soil Group) A, B, C, D2} E4J (Soil texture)<
E2319c) EQFAIE-S sandy loam 60%, silty sand 27%, sand
10%= A& o]l o™, Shope et al. (2014)o|A 374 &
G| AR ARE & 4= Sk EXJO]8 e Terreco AMY
oA 20090l AFEFS Fof EX o8 =S 4H, 77,
B4 & 17702 Aldstste] &3t AlwE o853t (Fig
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2.3%, T 1.9%0]t}. Seo et al. (2014)0] 4 3ore-o Ex|o] &

wo] dhat A HRE 2 5 gk

2 u]Rak 2Asko] SWAT 1o g2 A= 28319
o 24} gEo RS ulg B, vl o vl A 717 2
REEAE7 178, 587 17k0] o] AR 7K, v,
o] djs) AR 2ABHT Table 12 5191S ThAke.
2 2 uE Aot

tlo

Table 1 The investigated data of fertilizer for highland crops

Fertilizer (kg/ha) Fertilizer Planted Harvest

- Crop P Date  Date  Date
Potato 330 180 Apr. 27 Apr. 29 Aug. 29
Cabbage 360 91 May. 11 May. 15 Jul. 15
Soybean 345 30 May. 25 May,. 29 Oct, 20
Mg Radish 490 120 Apr. 27 Jun.1  Sep. 5
f=
2, 7138 AuRle
Fig, 1 Location of the Haean watershed and observation stations IPCC 522 Ao 4] 21710} ofo] 24 S0 ofafmn}
(¢} o7} E:=o0 7 ozl gole tlE QAl7lEAS
O—l]—ﬁl"_ E;é_]- Eﬁ’% -‘H‘SH 'Zr‘7];§|-9~E 7—]159’]' 31]—1:}?:3_]— Hlﬂﬂ' ’8]—93\1:]—, RCP A]L}E]_?_—::_‘— SRES 7]_t‘ry_tﬂ§1_ /\]L}ﬂi_‘ﬂ },:_‘0;;3}:}.
e ARE BYS B SR IO Y g e mae neskn gehe 4 W e ool
slEs el 27 HEel donel ME HEE P Y gag 2o gze Ateles) Bael ol s
Al SR ERRUR R QGRIE AL AR LT iive foreingo] Tl 4719] A1),
Fe=lo] g % S o] F Ule] ek Pak Q00O o T h oo L
TR 2§ A W] AR SR SuEele BE HAA]47|E2E (GCM, Global Climate Model)2] &}
ojnf, $HWUEE 13 glem’, A& ol 30 cmo|Tk

E
sl HEFEG s

AREE7] o] Aol 2 FFE vtk Hok AR e
4 - HAe s o e @A wddE Hde

Land cover
B Agricutiural Land-Close grown
Agricultural Land-Row Crops [l Rye

Fice

W Cabbage B Radish
com Soybean

I Forest Deciduous | Sunflower

I Forest Evergreen o Tebsceo
Orchard Urban

I Pepper I Water
Potata

(a) Land cover

+ Earth System Grid Federation (ESGF, http://pcmdi9.
lInl.gov/esgfwebfe/) 2 Z3l AlaE1l 1oH, ESGFo|A 3
3370 GCM #k= (7, HaL7]E, HA71E, Bdtds,
S, GAFH2E 7147l A HadGEM2-AO #4171 %

I Highiand crop
Upland crop

2 3 4
Km

(b) Land cover (crop)

Fig. 2 Detailed land cover of the Haean watershed
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e A5 97|31 d (Regional Climate Model, RCM)Q1
HadGEM3RA H3& o]gsto] a4 FAlgl 2de A A
125 km AA=7]|2 AlFskaL Q= =7F 715 Alue] e
V& 236te] 3 34719 7] 513} Ak ARSI (Cho,
2013).
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AP (Quantile Mapping)2 2-8-5t] GCM A=FLof] A4
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AA b RS W, AR S oAIste] Bk

AW b S elAiRtet (ang, 2016)
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= 0.367 < ( Width )" o)
0:17] /\1 ]—;'apef: ‘ﬁ_/\]—xi Zj]—i%’ Mdthfﬂtstrip: i/%h:H ‘?T_l_’;(m)

| Eof| w2 v e A A7 aakE 15| HsiiAl
Ao HIAES Hx|sto] vy e g A3 aaE 4
Z35lgiet vk WAL 12766 mPo|H, AALEL 32%E HE
] < st A% Al ot} A A} o]
A9 E A S st HYEHY g A& (2008~
20099)e} HAuE & HuUEY g A= (2010~2011E)E
Hlsto] v e A ais Ak 1 23 Y
& et BRuE o A#[= Aol Bt 10% A3
E|oth ZHAE s 7Hre R A9 ES Hojsty| 9
3 A FEZ0] 6%, 12%, 17% A== 71Z2S mj7Hs CN2
2 o]gslo] BA5}9T} (Jung et al. 2013, NIER. 2010).
A7 e wE v e dY ARE s S48 9
ff Y RZEQ] AL vl L FE A ORE EXol8 RS
o]-g5to] SWAT mgof 285ttt Aoy (VES)= 4]
Aojatdl & w74 (FILTERW.mgh) & ©]-8-5t3lom, vl&
Alo] (FC)i= .mgtollA] H|= N2} PO QJHAtmE Halsto] 2
Sokoitt B EL 2HAIH Y] Ay 215 EUE A%
frE= ARA7IE 7S (CN2.mgh) 5 ©]-8-5F3itE CN2
Bt A o] ek AT A CN29J glo]
g fFo] Fadsts EAS 2=tk CN29] o] 2,
Hagolubet A|#fFE0] 6, 12, 17% A5kt
Table 2+= & A-ro| A 283t 13712 BMP AJue] 2.9 4
HE yehdith Aug|e 1~32 Ao Zof ule} 24
319121 1 m (VESI), 3 m (VES3), 5 m (VFS5)o|th AlUta] L
4~6-2> H] 29 OFZ AHAIA AEstdlom Hm Azt ot
2} 10% (FC10), 20% (FC20), 30% (FC30)E eIt AJute]
L 7~9¢= A9 ES AEsiolon, AFRfE Aol whet
6% (RSM6), 12% (RSM12), 17% (RSM17)o]c}. AlLte] 9 10~
132 Al 749 HAS 7S 23k Alve| L 102
VES3+FC20, AlU2]Q 112 FC20+RSM12, Alube]e. 12
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Table 2 Description of the 13 BMP scenarios

BMP scenarios Description Where and how implemented in SWAT Function
VFST 1 m filter strip width FILTERW: 1 (.mgt) Trapping
VFS VFS3 3 m filter strip width FILTERW: 3 (.mgt) sediments and
VFS5 5 m filter strip width FILTERW: 5 (.mgt) nutrients
FC10 10% reducing of N and P inputs N and P: —10% (.mgt)
Reduci N and
FC FC20 20% reducing of N and P inputs N and P: =20% (.mgt) Pein‘;irsg 4
FC30 30% reducing of N and P inputs N and P: —30% (.mgt)
RSM6 6% reducing surface runoff CN: =2 (.mgt)
i . Reducing
RSM RSM12 12% reducing surface runoff CN: =4 (.mgt)
surface runoff
RSM17 17% reducing surface runoff CN: =6 (.mgt)
VFS3+FC20
FC20+RSM12
Combined - - -
VFS3+RSM12
VFS3+FC20+RSM12

VFS: vegetation filter strip, FC:
FILTERW: filter strip width, CN: SCS—CN
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Fig. 3 Observed (2009~2011) results for the NPS pollution removal efficiency by 13 BMP scenarios
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Fig. 4 The NPS pollution average removal efficiency by 13 BMP scenarios (2040s)
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Table 3 Summary of removal efficiency in NPS pollution loads by 13 BMP scenarios
(values in parenthesis indicates the removal efficiency difference based on historical)

Removal efficiency (%)

BMPs HIS 2040s 2080s
RCP4.5 RCP8.5 RCP4.5 RCP8.5
VFST 14.9 147 (-0.2) 14.4 (-0.5) 14.7 (-0.2) 14.8 (-0.1)
VFS3 20.6 20.4 (-0.2) 20.0 (-0.6) 20.4 (-0.2) 20.5 (-0.1)
VFS5 24.0 237 (-0.3) 23.3 (-0.7) 237 (-0.3) 23.8 (-0.2)
FC10 0.1 0.1 (+0.0) 0.1 (+0.0) 0.0 (-0.1) 0.1 (+0.0)
FC20 0.1 0.1 (+0.0) 0.1 (+0.0) 0.1 (+0.0) 0.1 (+0.0)
FC30 0.2 0.2 (+0.0) 0.4 (+0.2) 0.1 (-0.1) 0.2 (+0.0)
SS RSM6 37 3.7 (+0.0) 3.9 (+0.2) 2.9 (-0.8) 3.5 (-0.2)
RSM12 7.1 7.0 (-0.1) 7.1 (+0.0) 5.8 (-1.3) 6.8 (-0.3)
RSM17 10.3 10.2 (-0.1) 10.1 (-0.2) 8.7 (-1.6) 9.7 (-0.6)
VFS3+FC20 20.6 20.4 (-0.2) 20.1 (-0.5) 20.4 (-0.2) 20.5 (-0.1)
FC20+RSM12 7.1 7.1 (+0.0) 7.1 (+0.0) 5.9 (-1.2) 6.9 (-0.2)
RSM12+VFS3 242 24.0 (-0.2) 23,6 (-0.6) 23.2 (-1.0) 24.0 (-0.2)
VFS3+FC20+RSM12 242 24.0 (-0.2) 23.6 (-0.6) 23.2 (-1.0) 24.0 (-0.2)
VFS1 0.8 0.8 (+0.0) 0.8 (+0.0) 0.9 (+0.1) 0.6 (-0.2)
VFS3 1.7 17 (+0.0) 1.6 (-0.1) 17 (+0.0) 1.4 (-0.3)
VFS5 3.7 3.8 (+0.1) 37 (+0.0) 3.7 (+0.0) 3.4 (-0.3)
FC10 5.2 5.4 (+0.2) 5.1 (-0.1) 5.0 (-0.2) 5.3 (+0.1)
FC20 10.4 10.8 (+0.4) 10.2 (-0.2) 10.0 (-0.4) 10.5 (+0.1)
FC30 15.4 16.0 (+0.6) 15.1 (-0.3) 14.9 (-0.5) 15.6 (+0.2)
T-N RSM6 -1.8 -1.4 (+0.4) -15 (+0.3) -17 (+0.1) -1.0 (+0.8)
RSM12 -3.2 -27 (+0.5) -2.9 (+0.3) -2.9 (+0.3) -1.8 (+1.4)
RSM17 -45 —4.1 (+0.4) 4.2 (+0.3) -4.4 (+0.1) -2.3 (+2.2)
VFS3+FC20 1.9 12.2 (+0.3) 17 (-0.2) 1.5 (-0.4) 17 (-0.2)
FC20+RSM12 7.6 8.4 (+0.8) 7.7 (+0.1) 7.6 (+0.0) 8.9 (+1.3)
RSM12+VFS3 -1.8 -13 (+0.5) -1.6 (+0.2) -1.4 (+0.4) -0.6 (+1.2)
VFS3+FC20+RSM12 8.9 9.6 (+0.7) 8.9 (+0.0) 8.9 (+0.0) 9.9 (+1.0)
VFS1 13.6 18.0 (+4.4) 17.6 (+4.0) 18.1 (+4.5) 18.4 (+4.8)
VFS3 18.6 24.4 (+5.8) 23.9 (+5.3) 24.6 (+6.0) 24.9 (+6.3)
VFS5 21.4 28.0 (+6.6) 27.4 (+6.0) 28.2 (+6.8) 28,5 (+7.1)
FC10 3.3 4.8 (+1.5) 47 (+1.4) 48 (+1.5) 49 (+1.6)
FC20 6.5 9.4 (+2.9) 9.2 (+2.7) 9.4 (+2.9) 9.6 (+3.1)
FC30 9.6 13.9 (+4.3) 13.7 (+4.1) 13.9 (+4.3) 14.2 (+4.6)
T-P RSM6 2.3 3.0 (+0.7) 35 (+1.2) 2.6 (+0.3) 3.0 (+0.7)
RSM12 47 5.9 (+1.2) 6.6 (+1.9) 5.2 (+0.5) 5.9 (+1.2)
RSM17 6.9 8.7 (+1.8) 9.3 (+2.4) 7.7 (+0.8) 8.6 (+1.7)
VFS3+FC20 21.3 28.3 (+7.0) 27.8 (+6.5) 28,5 (+7.2) 28.8 (+7.5)
FC20+RSM12 10.3 13.9 (+3.6) 142 (+3.9) 13.5 (+3.2) 14.1 (+3.8)
RSM12+VFS3 20.8 27.1 (+6.3) 26.8 (+6.0) 26.9 (+6.1) 275 (+6.7)
VFS3+FC20+RSM12 233 30.5 (+7.2) 30.0 (+6.7) 30.4 (+7.1) 30.9 (+7.6)

HIS: Historical (1981~2005), 2040s: 2021~2060, 2080s: 2061~2100
VFS: vegetation filter strip, FC: fertilizer control, RSM: rice straw mulching
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