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The Analysis of Future Land Use Change Impact on
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Abstract

This study is to assess the impact of future land use change on hydrology and water quality in Gyungan-cheon watershed
(255.44 km?) using SWAT (Soil and Water Assessment Tool) model. Using the 5 past Landsat TM (1987, 1991, 1996, 2004)
and ETM™* (2001) satellite images, time series of land use map were prepared, and the future land uses (2030, 2060, 2090) were
predicted using CA-Markov technique. The 4 years streamflow and water quality data (SS, T-N, T-P) and DEM (Digita
Elevation Model), stream network, and soil information (1:25,000) were prepared. The model was calibrated for 2 years (1999
and 2000), and verified for 2 years (2001 and 2002) with averaged Nash and Sutcliffe model efficiency of 0.59 for streamflow
and determination coefficient of 0.88, 0.72, 0.68 for Sediment, T-N (Total Nitrogen), T-P (Total Phosphorous) respectively. The
2030, 2060 and 2090 future prediction based on 2004 values showed that the total runoff increased 1.4%, 2.0% and 2.7% for
0.6, 0.8 and 1.1 increase of watershed averaged CN vaue. For the future Sediment, T-N and T-P based on 2004 values, 51.4%,
5.0% and 11.7% increase in 2030, 70.5%, 8.5% and 16.7% increase in 2060, and 74.9%, 10.9% and 19.9% increase in 2090.
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300haz A2gste] 1] Afredoz FRSIITHIE 6b).
SWAT 582 EYFS TAlo2 EFAE ofshs 28
olEg EYE ARE TSIk 3lo] diloltk(mdd T,
2006). °|2 Y& EYTE FERAZTHA AlFTd=
1:25,000 AUEAUT (18 60 7|FOoE U & 19749
EFEl tigh 7584 EYIE(A, B, C, D)9 &7 (H
6d)et ENFY g 2 EYSE 1ol FHAETEYe]
ARE AMgSle] FEEIYE EXRY AR, ¥Ie
AET 59 Eg)7 5L Saxton 5(1986)Y] 2¥=E E
=2 SWATOIX Sske 3219 EY 3%k (usersoil.dbf)
< F3I9tE HRU AA3S 913t EXo] 8} Bk w3
H S-S 8%:8%= A3t F 1957)2] HRUZ 2314t}

4. D89 BY W AF

EAolguigle] We $F- 7l A g 54 A
el sk 7o) Basit), B Ao WAl Al

&
A
zk -t ":34 |
" v " Soil GIOUAD
By ,
5% ‘1/?( =1
&7 S Emo

(c) EGx @ %
elzxiE
SFsls 200438 VIFEdo 7 AASIET AV U &=
o

AroZ 93k wo)7|7+e 1995~20061 0% AR o
8ol Qo] Ak fEe SCS FEFAH, T4
24L& Penman-Monteith W, =521 Muskingum ¥

W olgsigct.

ol

O

41 K& M MY Y 2F

7 =4S YISk SWAT User's Manua Version
20002] Input Typed ui7iH<s== A2]sled, Surface flows}
Base flows 722 FHEF 9 TR A
(Recession) Feflol]l JFS mX= w/fHSE g3k ¥l
A= 40 wE HHo fEHd vy TIE HdAS)
Aot XFFEERH wyHEEE= CN,, ESCO, SOL_AWC
o2 wzFstA ¥t Aal, AsrEES GWQMN,
GW_REVAP, REVAPMN <02 Yelyitt, 734 ujj7)
HERE ALPHA BRF 7F8 wizslgon, § 4= 30
7R3k vz} ARSE BAGRS AElgk Aol

ANFERRS S 7F 2718 2¥Y KsIkke
2 Ry, BAdde 1 AYgs AR FEthEARE,
2005). Wb B Ao = 1995~19963S REe] oFy3)
7Rk 2 et RAVIREe ASAEe] i 2
FEES el ASAEr vlwd gssital ddss
1999, 20009& A78etalal, A5 2001, 20029 AEE
ARSIt BAHPHS SWATO A #83H= Cdibration
Tooks: o]83le], HA7|IIFe}t 19 7MY A5 &
= A5} vuE B FhREEs U4 BEAS &, A3
=9 7RSS BAsiat. RAgATe] mE 2Ee A
A IS Adsl] QA AFAI (RIS BeAlE

I 4 REH PHHS W 2E

: — Calibrated Range
Input file Parameter Definition Value i —
*.mgt CN2 SCS curve number A3 35 98
GWQMN Threshold depth of water in the shallow aguifer for return flow to occur 2500 0 5000
- qw GW_REVAP Groundwater “revap” coefficient 0.2 0.02 0.2
REVAPMN Threshold depth of water in the shallow aquifer for “revap” to occur 400 0 500
ALPHA_BF Baseflow recession constant 05 0 1
* sol SOL_AWC Available water capacity of the soil v 0.05 0 1
*.hru ESCO Soil evaporation compensation factor 1 0 1
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0.0

Rainfall (mm)

T YT == “l"'l w—l LS B 0 ek rI i DR 11]H- I M LE By
] T T
1 200.0
— 10000 | Calibration Verification
3 D T T P T Sy R e L T 1) R L L T A T T >
E 1 400.0
) I
£ 100 | | '
g T{] 1 600.0
) J \ \ | f
| "N N 1 1 ‘\‘ | N\
01 ki \w‘ ) by }J\ W W el .‘.\_ Y L oo
N Rainfall === Observed ——Simulated
0.0 ; 3 : i i i ; ; i : : i F R 1000.0
Jan-99 Apr-99 Jul-99 Oct-99 Jan-00 Apr-00 Jul-00 Oct-00 Jan-01 Apr-01 Jul-01 Oct-01 Jan-02 Apr-02 Jul-02 Oct-02
TIME (Day)
J8 7. 28 9 AB72ksete| AEX[2t @ojX|e| +E=M H|W (1999~2002)
E 5 7& 290 mE 2 % #4E At
i Discharge (mm Runoff Ratio (%
Period Vear Rainfall ge ( . ) (. ) R? RMSE ME
(mm) Obs. Sim. Obs. Sim. (mm/day)
o 1999 1296.8 781.40 637.99 60 49 0.73 2.24 0.72
Cdlibration
2000 1108.0 617.37 559.86 56 51 0.59 2.59 0.36
o 2001 1118.1 677.36 543.17 61 49 0.73 3.35 0.63
Verification
2002 1463.5 930.63 801.44 64 55 0.71 7.10 0.63
Average 1246.6 751.69 635.62 60 51 0.69 3.82 0.59
<2 *HRoot Mean Square Error, RMSE)S AME-3l%9H, Ao 2 YepdT} 7

F

R
20001y59ke] %

FEFS

BEB

w3 §84 7SS Nashel Sutcliffe(1970)7} xﬂﬁ&f& 2
Ha-844(Model Efficient, ME)S AM&-3lith &
ATANE B2 UER 302, B3 717J(1999~
792 2404.8 mmel] o
200.9 mm,
o, RMSE:= 2.24~259(mm/day), R%:= 0.59~0.73, ME
= 0.36~0.722 Zox|e} A=X]9] AEHE F-240]

EDELESE

A 9 Az
sl 45Ask v @ Aol
8%2] x}olE B

O == 0 o}F
TT=E=

o)
AT

e

™= O
=7
27} AEXE 2 wdshe
Qro] AZX|9} ROJX|| FFHAS Hlul

4.2 = ] |:|H7HI:I1A
SWAT 2ol JFEAL fAlde] o)57} f&) s

M gl

—_—o X

717+(2001~20023 Y52t
6c) = _"Aqtﬂ'

HAZ2 5
A3} g vy mel

Aoz et 08 7= B

=4

I 6. T oMy ME W BHY
I ?ﬁg Parameter Definition Czilli&ti)Laéed . Rangemax.
— USLE P Support practice factor 4 -5 5
USLE C USLE C factor 0.45 0.001 0.5
SLSUBBSN Average dope length (m) 145 10 150
*.hru SLOPE Average slope stegpness (m/m) 0.3 0.0001 0.6
BIOMIX Biological mixing efficiency 0.9 0 1
* chm SOL_ORGN Initial soil organic N concentration(ppm) 0.01 0 10000
SOL_NO3 Initial soil NO3 concentration (ppm) 0.0001 0 5
*.bsn NPERCO Nitrogen Percolation coefficient 0.0001 0 1
BC3 Rate constant for N hydrolysis at 20°C 0.2 0.2 0.4
*.swq RS3 Benthic source rate for NH4-N in the reach 1 0 1
R34 Rate coefficient for organic N setting in the reach 0.1 0.001 0.1
*.hru ERORGN Organic N enrichment for sediment 0.1 0 5
BC4 Rate constant for P mineralization at 20°C 0.01 0.01 0.7
*.swq RS2 Benthic source rate for dissolved phosphorus 0.1 0.001 0.1
RS5 Organic P setting rate 0.1 0.001 0.1
*.hru ERORGP P enrichment ratio with sediment loading 1 0 5

$28% #2BYE - 20084 3H
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30000

80
— 25000 | zzz2 Sediment Obs. 1 Sediment Sim. _
g —=—T-NObs. —e—T-NSim. 160 _
& 20000 ---B---T-P Obs. —%— TP Sim. 7 2
g 2
o 15000 | {4 E
& ’ A :
z 5
S 10000 | '.( 3
= /' 1 20
- L
5000 / W l
0 Lp—pg= ~,—-_=,!.,,g,!_-.v,-_=g=mi s VE - il A AN 0
Jan-99 Mar-99 May-99 Jul-99 Sep-99 Nov-99 Jan—00 Mar-00 May-00 Jul-00 Sep-00 Nov-00
TIME (Month)
03 8. BAIIZH Soto| MExiet molxlo] FAI R TN, TP Falg Hlm
E 7. 38 2o e =Y 2 5 gy
v Flow Sediment TN T-P R? RMSE (tons/year)
ear
(cms) Obs. Sim. Obs. Sim. Obs. Sim. Sed T-N T-P Sed T-N T-P
1999 74.21 145.6 153.9 65.8 69.2 2.79 7.34 0.97 0.55 0.93 3.30 457 0.63
2000 64.52 144.5 130.8 44.8 63.8 2.90 7.01 0.95 0.72 0.70 4.98 3.85 0.61
2001 59.35 90.7 75.5 36.2 60.9 2.66 6.65 0.64 0.72 0.63 0.03 5.16 0.69
2002 83.96 134.6 236.3 67.3 78.8 2.22 8.15 0.95 0.89 0.44 0.01 3.60 0.88
Avg. 70.51 128.9 149.1 535 68.2 2.64 7.29 0.88 0.72 0.68 2.08 4.30 0.70
Unit: tong/yr
Sed: Sediment
Fars 7| wFo] JFEEdol g BAGS 3] A - ollAe] CNEEEE 2HAJS Ay, TAlskl| wE =R
ARl th@ B AN A7) 2 le] 8t 2] BaE s fIWE ONgt
FARE 2 TN, T-P 33l BA4ge 98 34 uyisE o] 20049 76.39014 20301 76.9, 2060% 77.1, 2090
Al Wi B8 AAsle, § 69 o] A s 7748 VBN B3 B AFolas R Ed] Jgk
H FHH9 miErE ATt el o3 Fei= < "AE E55 WA (Impervious Area)s E=A41AI9F WA
e F2 UM f=E BEAPL giFatelth. wEbA ol diske] aefskar, 1 wskE ASEIdTE A HA

Al digh B EA I vzl USLE C,
USLE_ P SLOPE 5o ZX43lH, 9 7" (WQ #4)<]
9 B SS (mgll) FEAEES o]83ste] BASATE fA
ZFRY 5 Y FHF TN (mglL), T-P (mglL) T=AFE
ol g3t FYEHo St FokF BHAS AAStHoH B
A w72 = SOL_ORGN¥} ERORGPZ} 7F¢ wiztsh
ZO=F FAH AT

a9 8 AN w2 AEX9} B9 Al H
T-N, T-P F3}S Hlawgh Aoz RoX7t A52]9] 4
<z Ride Aos FAEQNH % 72 FERe nE
AR 2 TN, T-P B4 g9 A3 23 At Aoz
AR AAIT7} 064~0972 & ATAS B o
FEAL ZHAG7E 0.44~0.939] S Holm RoA|7t
ok = H7EEAEH], ol SWAT E&A fAkE 29
Al AREERE USLEAC dgiee} 2= Al 59 =4
o] $gue}t Agah= t=r] wEQl Aog wutdn)

A AKX
TE="T=

0S|
Ax

5. O[2f EX|o|SH=t0] ME

HI

=kl

5.1 Oj2f =23 24
ujg] SEHsE B kx| EX|o]gwisl wel f&
o & &S v|A= CNzkel Wsls A3t AMC-=
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HE ~

ol el 20048 BEZ- 59.55 km?Z A A
10.6%= xRSO, 2030 73.19 km? (13.0%), 20603
80.46 km? (14.3%), 2090 82.84kn?Y (14.8%)% Z7}5H=
Ao VR

71535 (20043)2]  1999~20023714]9] - Ro|AvE
EUE wge] 35, 25, F5 59 7VdEde] dAlet 2
o= 7Pgstell vl 7PdEAS VIed=st sYskAl o
H3lal DEM, EYE 59 E3o BE JgAsE ¥ w2
WS Tl AAS AdElollA 2030, 2060, 20903%2
2 EXolgwsle] wt 7o SFHWQ #)elAe] ¢
=% 2 AEES v StE F 88 =
HeAaE Ak ZA02 {9 Fd CNael V1= &
E39] o] 20043S 7O E 635.62 mmellA] 20304
644.60 M= 1.4% Z7}sdar, 20607 20000l z+2t
0.6%} 0.7%] S7H-S Hol# 648.30 mm, 652.74 mm=
2.0%, 2.7% F7Fhe ZoE EAES

mRo

RUiLiaay

o d

O = O ==

5.2 Ojzff +EHs 24

g TAR] STt wE FA 2 AARA AN =
SHERE MiEEAES AR, AEAYge] dds
AT Axo] ule} tllsh giiite] sAxde 3
A =2 o EFeHe VIR Al U #E

S}
o 7(;]

Rt AE sk



I 8. 0|2 EX|0|SHSl0] ME RE

¥ U REBol Hat

) Landuse 2004 Landuse 2030 Landuse 2060 Landuse 2090
Year R(?Inr:;?” Runoff Runoff Runoff Runoff Runoff Runoff Runoff | Runoff Ratio
(mm) Ratio (%) (mm) Ratio (%) (mm) Ratio (%) (mm) (%)
1999 1296.8 637.99 49 648.10 50 652.24 51 656.91 51
2000 1108.0 559.86 51 569.06 51 572.45 52 57751 52
2001 11181 543.17 49 550.95 49 554.25 50 558.28 50
2002 14635 801.44 55 810.30 55 814.25 56 818.26 56
Avg. 1246.6 635.62 51 644.60 51 648.30 52 652.74 52
E 9. 0|2 EX|o|2Slo| w2 FAR I T-N, T-P F52
Vear Flow Landuse 2004 Landuse 2030 Landuse 2060 Landuse 2090
(cms) Sed TN T-P Sed T-N T-P Sed T-N T-P Sed TN T-P
1999 74.21 1538 | 69.2 7.3 2331 | 718 8.1 261.4 737 85 266.5 75.1 8.7
2000 64.52 130.8 | 63.8 7.0 2090 | 678 7.9 238.0 70.7 8.3 249.1 72.1 85
2001 59.35 75.5 61.0 6.6 1281 | 646 75 150.1 67.0 7.8 153.7 68.8 81
2002 83.96 2363 | 788 81 3328 | 820 9.0 367.2 84.4 9.3 3737 86.6 9.6
Avg. 7051 1491 | 682 7.3 2257 | 715 81 254.2 739 85 260.7 75.6 8.7
Unit: tons/yr
Sed: Sediment
i}l oo ?j\:;;] p-oj i%i?—;l? ]71 H]l]/} EP%E}- Efi]) ;1:— }\? Z] Outlet ® 2090 X 2060 W 2030 @ 2004 l
A2 9=4 = 5= 2= (Fird

flushy@do] F=e#], 95l 23k H5F73(Peak flow)ol
WA Al L9H Aol SRl 2 dERS miIoh
TAAY v dde R & AES ke A VfEAd &
HH= 25 LA=dER s HAEolH ol ERHES
f71d Fred, 715, T, 4% BAEVE, AE, 2,
g Fog oFolA 3t} m3h 1‘4171 L8EZ] 214
Fekeat Aol Xt WEls F4
o] v Aol Har UtHE=S ?‘é
SWAT EFol|xe Z=4xleMe] &

io]

| el
- 3717, 2002).
EEFS0) EHoH =2 (Build

= c}\];qcﬁ

up)@t &9 (Washoff) 7152 ©]-&3}] x]ﬁ oo)st ¢
Falgs Akkeit.
B Eé:‘ﬂ Z7l mE AN} B4 s 24
JJr 2o WO E 71FAR (2004)0] RE YEEA 2 1o
PHS SYsH Wé%& FejollA 7Edxe] 9 He 4
aﬂrg} njgf =2 2o)A7H(Sediment, T-N, T-P)= H|w3}
ATGEE 9. 1 AY, 2004959 EXO]EEE F§slo

1999~2002'A7HA] MASE & FrAlEe] Hi- 149.1tons ©]
o1}, 203050 2257 tons©E 51.4% Z7VEFal, 20603
254.15tons®. 2 70.5%, 20901 260.7 tonsC-E 74.9%, °F
181 F7tehes A= FAEUN. g, FARKe] 718t
w2}t TN, T-P F8bd B3k S7Fshks 2108 veistt. 7]
THE9] 1999~20027F4] AYGH T-N, T-P & 31 3
& 68.2tons, 7.3tonsC. 2 20304 71.5tonse} 8.41tons
o2 Z¥7t 50%, 11.7% S7F8t9al 20600 73.9tons, 8.5
tons© 2 85%, 16.7% 2090 75.6tons, 8.7tonsCE 10.9%,
19.9% F7fehs AoE EA A

AR SR 2 BREY T RS 11
= VIR QIR 9= e SU1E et 5
20301 (2004 71E) =AAle] HARE STHAASN)E

|=Ram ek

6’

pul

$28% #2BYE - 20084 3H

.................................... feebax m

wQ #4

Water Quality Station
waQ #3

wQ #2

waQ #1

| %  Water Quality Station
Streams

o =) =) S o
1= 3 <3 S
5] o 53 «

1,200
1,000

Subbasins
Sediment Yield (tons/yr)

38 9. SIMSH0| UE FAIR M5}

2 BHHEY 7 UA19] $7H1043%) 2 A|EA=C
Z7H0.67%)= 20601(2030 715} 2090 (20604 7155)
TAIR Y] Z7H14.0%, 5.6%)9F LAY Z7H6.9%, 0.9%)
2 AFHE9] Z7H0.19%, 0.23%)°0 Blal iRz 2
ooﬂ &7]_ Eo] Zﬂ»—«i HA—]QO}\E}_ I:Etﬂ. CA-Markov
71l o3l oS v EXolgEe EASIE <ls) Ak
o] 1 Fe] EX|o|gof JIS wol =3 o F Wslgh
o wg} IA FHEA BAaFAlN FTIEAR AHsth w
2}4] 2030, 2060, 20001 =(115%, 1.1%, 5.8%)3 &
(6.0%, -0.1%, 53%)%] Z71= 7ol o3 EokzlAad
MUSLE2®] C, P W59 Q3o = AR TN, T-P &
shgo] S71g o= —‘:Miﬂ‘iiﬁk

T AREAA §Y9 27-7HA 9 S e A
o9 v d To}’p'bl W3l FejE dolhr] 98, 47H
of 74 ISAFWQ #1, 2, 3, HO=ZHE vl FALEFY
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Z7} FAE ARt 1 A%, WQ #1 A1) AR
A WHLE A8k W= AR, 6, 7, 8, 9H A
e TPsHe WQ #2 AN & £ 571 Kol
o, slEE 242 Azl ke A ?:} loit}(l
9). o= WQ #2x139] axfro] TE axfrol] BIs| =4
slol] we Ex]olgo] ey}t 317] whiel l Hedde] 5
7Yl weh fARE 2 TN, T-P Sk R ) wAlst
= Aow e

(=]
==

6.4 E

B AyiMe A FES EX0lES] WSt oFoix
A s W@E A 2007 3He] EXVER £4
Ao} 75 FE7PIRIE 2 GISAHE (DEM, 3%, E
>e 5= 7]HP_§ SWATE &Y} CA-Markov 7[HS o]

of

vjg EXolgo] W} sPfiE 54 B 74 v

e G B8kl st & de] das gk

ok 2

1 Landsat TM, ETM* AIAIE 9SS A8k EX]T]
EE 2Pt v EXOl$HEE ClS35l] 9,

CA-Markov 7ol tigt AZ-S AT A 2dst

[‘

20043 EX|o]g& e} 3 EX|ol8 =S CA-Markov 7]
ol A8k A5 meds EAClBE v e
s}, Folsle] Aao] & Uehis Aow RHH.

CA-Markov 7"1S #-831] 2H4J31 2030, 2060, 20000
o] EXolgHsh= dAIgte] Al we} Foldsk=
FHEEACH, 20043 71FOE TAlS]| whE Ak 7
22(-49.65 km?%2090)2} A= (+16.10 km72090) 2 1}
2)(+7.19km?20903)e] Z7P7} S8 el

2. 7K FHASEAE Y S0 E 3l FERER) B
FA(SS, T-N, T-P) A=A8E F=3)a1, 1999~20021

7] 2Qe] B g HASS S8 29 AeAS ﬁ7}
stk 1 A9, & el Wi ?fé‘ﬂﬂl
0.59, ZAA57} 0698 FX|7} A=x|9] Agke & u}

Foh= Fo= BAEAeH, g (Sedlment TN, T-
Pell it 2345~ 0.88, 0.72, 0.682 =& A4BAS
Hole Zlo=g FAE.

3. Pl EXo]gRigle] e -7 A}, 7EdE(20044)
o vl =4S F7ie} Akl 7k, o] BFEFAY
g T EXTE msle) uje} EFHAL 200475 7]
Zo =z A WA 106%2 2ABIH L}, 20304 13.0%,
20601 14.3%, 209051 14.8%= Z7}elsdct. 3 7 3
T CNgreol 2004 763904 769, 77.1, 7748 #Hz} 7}
Sl W} & f=o] 20303 1.4%, 20603 2.0%, 2090
1 27% Z7)Eke Ao® g

4. )| EX]OlJ‘ltﬂsz] e HIHe 9 Folde] WHshe=
200438 V1EoE fALER) 514%E A Z7138k) u}
g TN, T-P ¥&}&F w3l 50%, 11.7% 27k Ao
ERse™, 2060 FAREE T-N, T-P F3ld-2 70.5%,

85%, 16.7% 2090 74.9%, 10.9%, 19.9% Z7}&}=

ZAog AL} e sl 350l wE A AL

o] Wsl FAIE 4% Ay, =AK] S w2 EX|o]
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e, YT, Ur—(zooe) FHAFH SWAT MODFLOW
BFE o] 83t ARF-AB B 2R, HEtESEs|=
2%, UItEE3}3], #1264, A|5BE, pp. 481 488.
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XS, o] 85(2007) BATE B F7 =7 CA-Markov 7]
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