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1. AgAAN = F7}
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Table 1. Definition of ecosystem service
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Table 2. Definitions of Ecosystem Service Integrated assessment

4] A 9
e A A8 2~ HE(Ecosystem Service Bundle)& #7130 =
= AAE A2 g AHAA¥EE F& Ao=2, A A
o 2 08 Vs ATae AHAANLES s FolA @
g3t A
A A B 2] AFS FHAZH b2 v~ AFo] 7+
23t FES o] o AEAIA B2 Atolo] AA T o
gl &y sl|AJo] Aok A3 Uy BAE olsiste A vs AHA
A 2= 7} °§€f}% gh= Jfdtolu; EX] o] & WA Teo| FE

A oA A % 2 (Nelson, E., et al. 2009)

A A

=
o=
=
b,
2
=
>

l:l
SR GAAREAS B o o A el 4
BAAN e B due A AL FHom 4,
AAAA Ax FHE-FL B A4S solate d B8
AT, A AL Adety BA ol & AYe FysE @

€ (Burkhard, B., et al. 2012).

Alvel e g7t

ves] ®EAT PP s I e wgom 2
% odZate . QWA Z Adele Pk A% F2
bt EX T BWSE o Fse vere whgo R AuAAm
g Yhg

2.2. AeAAN 2= SFH7}
221 AEAAN 2 A 53 B4

AFE MopHel AE-FA-EH WAL B e A T
gk 53 Sedehe He SRR wAsEgon od met 4Y £7S
M % T FW BAL o E uh Qrh AW, o] st A Be
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Aol F3EQla, EA o] &Wstyt Ertue wAste] e dX e
AeENAle] &S FRkskdth. AHAIM b 2= o2 Aol d3kE o
Rl A 29 52 T a9E FA(Bennet et al, 2009). ‘33
B JF ARj2e Asow Qe uE MMt stk dYS, &6

H] 23k thFe AbAAR RA oA AR A 29 2 $5 529
Aol ALHAS W AR 20 e 232 ] whs =5
T Atk 53] AEAAE 2~ G ae s AR AE 5|5t
g2 AR ~E F7HA7]= H(Hasse et al., 2010)8 2|v|3ste] 34

AdE gaHow #sty] A 713 g or Ay = Atk(Table 3).

AEAAH 29 Alge HEdol Sl AL A e s AleH

N

JAEHE T A ]fﬂd A G999 2= AEAAE 2 A A=
bshsto] w9l AEfAl o] ofedhs doZ 4 Slth(Dobson et
al., 2006; Nicholson et al., 2009; Rodriguez et al., 2006). AJ €} Al A ¥] 2~ 2]
7k wEA HHske AA A vE2EA A4 d ek A

i

(

O\l

At (Carpenter et al., 2006). o]#gt 93shs FAjstd v

Z+E BEA 7lss AEdts AHA Y & WIE Fi TS
71 7bsAo]l At(Bennett et al, 2009; Carpenter et al, 2006;
Coggan et al., 2010; Nicholson et al., 2009).

A AMH 2= A 23 3 3F E9s AR U8 Aul2o W
o8 & oJe} Al -AAA @<l o WEse 5L Ady
(Bennet et al., 2009). AEJAIA 8] A~S WH3IA 7= A3 -AAF 2918 <l
T "HEY 19173 GRDP, EA]&AE, Q4 A 5 v ogFsid
(Meacham et al., 2016). whebr] A}s] -7 4]

AL YA LS A5 G4t @ F 9
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o= Mgk M= AlE Fde

7lgksk BA) ke So] itk (Xiangzheng et al, 2016). &2~ ol
FHEA el Be HolANE, s A 2N A ZE 24
st Ao mAE AE AN 5} ALS-AAA Qlabete] Al A,
A g a2t A A &9 74, 28 ¥ dolbrh Akt
7ve] A g3 BA7R 1 4ol w9 \ithH(Table 4).

A& Thsst EX#E A da7F E F e A 2ot B
A= QoA v o] Fol vl oy ol A= A v A
Aolth. w=o] AS A 2 B4 FEIFHIA RS 3 dA
T 9Egs i Qo (Esmail, 2021), skefo] FFHAe] EX|o]§- A F
(Goldstein et al., 2012)° =& =2 Al =43} Al H7AE 2
A (Grain-for-Green)¢] &35 Aol 285 8} Stk o= % A
MUl A &3 B4 sfe]o A thHos A8 Ha 9l

-

Table 3. Definition of Ecosystem services Trade-off

Y FE A
44 Eoe dudoz A%EF LA 4| Gaand
g e | FEE A AAH AN Aele] sxstth | 2014 De
=TT = Az A" 24S yY w A5 E= | Groot et al,
gerel Z]gngoz £ 2010
Millenium
#2lE At AEAZE AFsteE ARIZ&E | Ecosystem
WA 7= A Assessment,
2005

A e Al shte] AE) Al A 8] 227F Wigkel o] &t WA TEEB, 2010
A H] 2~ st AEjAA ¥ 2E sl Adste] o A AA Hasse et
Melat Qo] | A ZIA7E A al., 2012

ALl Adel AAMN 29 &

a9 }A] 7] De Groot
ngmol ofar et al., 2010;

= 9 g2 M|z A Fd 421 | Elmquist et
= " o dA al, 2013

- 11 - ) i 1”1':.'-" -|]|



Table 4. Classification of preceding studies related to ecosystem service

assessment and trade-off analysis
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A e
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2212 AEAXN = 3 523 24 (A3

Hill et al.(2014)= 271 1980 th5-E] 20001 th Ato] Landsat -l
e AAE £4& B8 sk &8, B 1, 22 A, 59 A
Abe o] AejAME 2 A 295 EAEAT. A7 A¥ 19859 Al d
A3t &8k 715 0] 20068 A AT R o e

Vigl et al.(2016)> <X~ I3l AFS g oz Au) & A&,
NF 2d, BEY A2 Ao 2 AR FEo s AeiAMu s AT
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Aa BT A= Fol Fanth dow U4 FEe] e
A4S I8 oHYAH, A 2k AA7F RS A7E AL EAR
olojd & itk wEbA EAIsh Al Fre] Eirddt EE Ve i
B8 TAE Sdsy] g F2He AN 5 BAE o}
shal o A S HAgstEd Atk (Xue et al, 2022). AENAAH] ==
et 2 AbE AAlA 29l ke AE FEy =] o Es]d

(Scholes et al., 2013) AEjAIMH] 29 F5 FHAREANY 8 SH(A
A Alz=gl)o] HIfol A RF 318 FofokgttH(McDonald, 2009, Paetzold
et al, 2010). BEiAIM B =E Aot ola el or Hestr] Sl A
AR Faa o] ) &, et Fae ¥ e 4%
28 BAE 43| olsfsfof gt

Spake et al.(2017)2 t& AR A A H] 27} AFS| A 2 A Q. ]l

SARSPA Whgste] AEAAN A WES WA & & Tk SWeld Fa

Atk FEgT AFAES olE v o R Ay dnkel] A3 FEadet
A Z29E #EE ¢ Jduva Axsa Advk Az HR 9 3R =
g dx s AqE gt ow A3 -AESHA Wt AEAAN S HE
rel #AE wA wuskglar, AREA Ax A Al Hamman et
al.(2015)°] AZE FastArh. AAES AFARE GOz AE A A

Castro et al.(2016)2 A9 EAo] A= v TR F92 ols @A
A 25 P AEAIA Y 88 A& Ao fiE)] YEoEA FHAew



e A 20 FFa padl dal otk ATFAI, F AN 9}
FAE A7 A Feskn AANeE AR Qe AUANE 2R 5
fom, fool AFehEA ool Wk T AEA 1F 7+ FAH 2ol
e g B ATE Ba s4ad Aol u@ wpelel o]

Ao FE ARA 4 SUe dEowd AN A Fa-F

o
o E\J

Xia et al.(2023) % &+, AJFAA =443} vk AA, M2+ A

=
274n et & 67k FHo AR FE] e A=A WE, =
vl &, 29 HE, A4 vE, FaAg, 7P 2 A, e A B A

%%, NDVI, GDP & thab@ A18) Aeld 5l 7re] gahaas 4¥s)
A ALAEL AAA 2o 3 AE AHA B Fe A
el AERAE shotste] e Belh $AA R o Fol Ao} ahi
Aeg gass ddel A BAao] FgAow FaAHolor drin

#9, Baro(016)= 71435 2wz ooldojet: 54 Aul 29

TR} F80 Ba =5a, ATFE JWOR FFHHA g Fao
Aoz e B ATE EANE 9 FALEE 54
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223 AHAAN 2 Ay 4
A AIAH 2= Agg e #42 oln dfeE FHoR I3 A H
& A E H7HSEA)N A F88tA 875 Atk SEAC A tigke
AR HEE Aol dAAQl @A :  E&7-8Fal(Desmond
2007), = uell Al o] Folx]= SEA it A8 wAlolA = &g gl digh
aE7b mEsi 53], ek vlal Al A A i3 AR A v
G AEAR Aol AE wH] dijk 2 Al AFY Ao Q1% F
FEFE wot v F, AFAAAA F
at7] f1% HAomnut oijks AHdetal vl &= T oAHEA
e 9% BRAF] FE55 ool dR ], 2015). e AIAH] 2

AuEl e E4 S 283 SEAS oIt Bl oJArAE A=

olx]léx-] T,E_L/H u]rﬂ.oé]’ \;Ho} AS

o
Y
o
ofje
_ICI;N

Geneletti(2013)> A# o FF59 F stukQl Araucanias W4 o=
M2 e EA olf Aol dde] YHAAMu=(FE B3} EY BE
AMAA, ' 1 D A A v Ao of¥A FFE MA=A
gotets Al ATE B AuEl e 7wk dgFs A g dH /HSEA) 9]
A Z1efe] s aEstdh o] AFeAE AR tE AHy A
EAo]g AU s sk RdgS S8 AUAAMEAE BIbed AL,
Alvte] o el AIAE 2 G E3ke] AfolE AT ol EA| o] &
HE Ao FJE V&Y BavF o o] ARV T AY AdS
TREE ote Aluel e Aol E3E ook g2 AJAMRIYE o], Semeraro
et al.(2021)2> #33 v9 AHAE SHOE st= FF olgE o}
2e &2 (Gallipol) AlAE] =A 3 AT A g Al SEA¥A 9
B @AM AEAAR: A &9 Nds ¥k PHESs A
stttk o] ATl A= 2™ dxekel A v|wk S S vigo® w9
A AU s FASIY. 28 ZAH BAS S AejAAn

ol

1-

i)
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$A%w9E Adagr) ol sutale] AU 2004 AUl
W w addEe =4S e ol 24 Se] FrkshM, Au
Q104 Auel ez WY W A% %5e gol A A AWL Ag

wak ofUet REANAE FHAAG F, At 20
99022 o] EFel Qo] EAN L] whE g w3t Aol
Q7 BAe ANGAT. o AT AFAAIGAIL A A AN

H
A4 m3 B 284S W RelFYUL
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Chapter 3. A7|7F EX X Wglo wE& 7}
A AN~ 7F A &3 A

31. A&

A A B 2= 3F Ao aA olafe] Fadol B+ H(Diaz et
al., 2006; Braat & de Groot. 2012). e AIA ¥~ A oA = A &3
(trade-off), &% &P (synergies) 123 AN Al 7HAR &1 v}
A= oled FsuAE EXIEHSY V|FHs §o 89 EE A

A H A sghe] G Aol ol AT 4 dvh(Bennett et al,

o

ol

= SHolA wig T8%E A #Agelth A a3 35 &3, HEFAA
Q2] 2l 97 3 x
Bglete] Tbsalthi Aol aelel A FuE ATHR on FA4Y

o

Ny

H
% olukA] i 9tk (Mach et al., 2015; Bennett et al., 2015).

A 2 olds A UtR EdE By AES A9yt AAA
Weto A Al B dubHog oAl AA dijhe] 7IH| &R xd
= Atk webA A Zdo BT wes sAd EAAE ¢ Jle
) H(Turkelboom et al.,, 2015) 7+ A8 = #e] dAo] &HQslr}, A4

e FH AR shErE Ha e N BEXY R0 vr]sA,
5 M2 FeAsshs AHA A2 RE ggd ojs Tl A=
sl g EAd ol FE ZAol ¥ AvH(Mastrangelo et al,
2014). 2=y Slel= o]’ A 7E mERE Ao, JHEAH A
7150 2Ao] wEolA o] AA TElwors A A= o] A7 Q)

EA s Ensel weh Fushs Bikd dAolA A8 20 A

a1 s gk



D AsAAE st 42wl T 83 Anton et al, 2010; De
Groot et al., 2010; Reyers et al, 2009; Seppelt et al., 2011). & A 7}A
Gt Aol A AEAME A A mdkel Wi B7ME FdsAT
(Raudsepp—Hearne and Peterson 2016; Vigl et al., 2016; Yang et al.,
2015). Bi et al.(2021)¢] Aol A= 20019 FH 20141 7H4] Xilin Gol A<
A9t AEAAMEIE HES EEsta EX IR & W3t &
o YA A E 2= HE GG & WSt
o2 AEAMEZ HEo]l AEAY] HHE i & Jve= A7 S
A s eh. B3 Turner et al.(2014)E divlaE o s A n] el

tlo
ot
o
ol
ol
R
lo
A
o
[nt
e
=
ot

KeN
=]

32

T3 Yang et al.(2018)& F=r¢] Yanhe F9& oz Az g
EX I HAs Alvele. 571E wh-ste] AEjAIAE 2~ A &
& AR WA= AlYg et e EX o 2
Rt oAy EX Rt wE AejAMH =Y AALDH F 2
A s At s 5338 s g £a3FQ JorE
3k 4 e Aol Atk(Vigl et al, 2016). 7]& AFE A% Ay
E o ® il A Fot BEA o] § Wstel dHE vhtd AEA
MUl 5 Zre] gl Bkl e 3 BUFE A= AT

ofof, ¥ Ao A= oF 300 A EX ¥ Fo] Wsgel| wEt wpAjE
A A 2= AAE 2 S-S gotatal, AEAA 2 457k 34

o

=X EXv & Wstel AuAMH 2 Wst ke #h A 9l
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Aquiet ol Auls W B4 FPsHe A BEL B

37) 300 QA7 el EA 92w ske

d

o 2 A

A A B 2~ W3t st AL

astel )7 s EA 0§49
AATske] =Rle] HAeh A el 7)o

B odTe 3 ud 0ol sgehs Fuje) 177) NEg 47 o

o 2 g (Figure 2). $#lyeh= A

A AAA A BN A

37F A AR HAT A, - =sAle AAste] st € Aol

=3tE o do] g glen, AlEsh=
214171 7]

= 7 T FISUE SR B

40{'
m&
[
ol
=
=)
il
fE
(i
el

AE A H] 2 R v shE QT

(IPCC, 2014), =4 715 glz=o] tigt tin|7t Z st weps B
A

ATE AEAAE 2 dskFel S shefstar

625 Al Wastin Bustel
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1989 2009 2019
Figure 2. Landcover Map of 1989, 2009 and 2019

322 AAAE B LA P

2 ATgolM = AEAIMEI2E Rrtstkr]l &) GIS #EA 52
Natural Capital Projectoll Al 723t e A A H] 2 7|QEe] oA A =] <]
222l InVEST Models #8383t (Sharp et al, 2020). & <AFoA
283 ¥52 InVEST Water Yield, Nutrient Delivery Ratio, Carbon,
Habitat Quality Modele]™ ol& &3 Z2}7 +3& &3 Auz, 443}
2(Ha 2Rl AR, B4 A% Aul A A A FES Hrkglon
71783t 7lsel theiA = FHAE A (2015)00 4 AR e dEH
FHATE EAYERA AEAA BrieAv 24 FEE Bk &8
H 9% AHE<= Table 59k #vh H7H7h kg€ AH
sl BFTFAE(EAA, 202DE 7FoE AEE FAE EE5 o,
R studiool| Al A& 3t gholBEE &83to] A|AE 1 al
SAEAE T8 Figure 32 7|7 EX I EWst] o =7}
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Table 5.

Input data of InVEST Model and spatial data used in this study
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S7 Tk A AFMNZE 7 2ol T7he AL AFA G R 289%
o] F7heS B, ol FAAE 976% FHE o AFP)7F M

qE AFAGoR 62% 7RI olwf A|7tst AL
50% 7tk 'A AH(C)el 7HE Wol HAag AL ALR 161%
s, 2247 387% Ak 71 A SHAQ)7E Mg Bl A
Ao HFAAoF 308% A, A7} 24.3% AT A A
HQ)e] 7H el rast Ag% AFAdelm 19.7% FHae Ao
B}t tH(Figure 4, Table 6-7).

20092 20193 Atel, F#@F FF(WY)ol 7Hg ol Had A
FFAGOR 24% AL, FABAE 32.2% At A7kt A
1979% Z7Fth. =% THFWY)o] 7+ Ho] =
o2 364% F7Few, Aol 1567% F7H3d. 22 AFMN)7F

Bol #IAaF AHe FFAQeR 193% #HAPAL, ol FHA=

wol F7h# A

N

26.7% 2k 1 AFP)7E 7 wol Tk A9 QMo R 65.7%
S7h AL, olwl FA7F 37.8% Ftagom, Ao Q AF FFES M
A e, olw FUAE AZsE Aol 24.8% AT ©A A
C)ol 7Hg wWol F7Hs A9 Aoz 7.7% F7Hda, olw g
13.49(926.3ki) Z7}8 k. 7)1 A3HAQ) 7} 7F4 Bol =713k x|

o2 206% FT7FHa, oWl A= 1721% F7HETh A AA ZH(HQ)e
74 @ol Z7H3 A9 AlFoR 11% 7, ol AFde 135%
Z7h N7 A 9e 139% a2 AEAME A 713 K9do] 9% St
P ol 2 157% F7H WAFoRZE= Ak 17268kl F7HAT
(Figure 5, Table 6-7).
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Table 6. Landcover change(19389-2009-2019)

89709 09719 89709 09719 89709 09719 89709 09719

A | oo | T 0o wan) vo |waa ) 0o | w00 | a9 | 00| 24| 00| 24| 09
1 A& 365 116 221 06| -228| -BL1| -146| -67.0| -108| -69 14| 10| -186|-387| 149| 303
2 Ak 715 649 36.7| 186| -249| -164| -525| -415| -452|-115| 108| 31| -269|-537| 109| 490
3 o 460| 378 249| 148| -245] -131| -8lL5| -80.1| -351| 69| 663] 140| -206| -526| -58|-314
4 Mkl 1126| 1020 215 96| -667| -200| -207| -112| -238| -59| -11.7| -31| 172| 86| 97| 1%66
5 35 706| 1979 30.3| 285| -745| -322| -418| -267| -86| 46| 243| 136 76| 601| -76|-375
6 i 61.6| 1319 105 97| -196| -2L7| -348| -492| -437|-135| 411| 147 07] 27| -81|-288
7 sy 78.0| 1409 26| 177 -2977| -136| -709| -37.7| 635| 88| 5833| 81| -194|-438 48| 209
8 | AlEA 30.8| 463.3 -52|-139] 147| 115 -465| -327| -369|-135| 31.7| 135| -258|-69.7| 193| 1721
9| A7= 9925| 37| -1476| -11.7| -5680| -182| -1102| -43|-491.3| -86| 1063| 20|-1838|-348| 3639| 1058
10| 2e= 3156| 360.1| -1001|-248| 364 21| -5245| -202|-5945| -41| 6343| 46| 114| 45| 789| 298
11| $3¥5= 2644\ 3182 -05]-260| 2380| 160| -6542| -37.9|-5147| -96| 651.3| 134| -919|-439| 1222| 104.1
12| $3¥9= 44491 3349| -1416| -253| 1082 35| -3230| -100|-2393| -60| 3642| 96|-317.7| -660| 13B3| 826
13 | dekse 3241 2677 221 05| 265 98| -4796| -16.7|-9020| -108| 5587| 135|-183.3| -535| 488| 306
14| depd= 3906| 2240 -46| 79| 1323 33| -6440| -165|-3948| -57| 9922| 153| -698|-202| -645| -233
15 | 5= 439 1917 -1489| -220| 4746| 131|-1650.1| -402|-920.7| -6.7| 17268| 129|-367.3| -674| 2644 | 1486
16 | BdH= 420.71 2930 -0.7| -177| 1706 76 -T90| -331|-6482| -86| 9263| 134|-1082| -343 81| 39
17 | AFE 340| 200 03| 7W88| 3720 976| -1436| -191|-3155| -341| 96| 157|-1134| -243| -200| -56




Table 7. Landcover change(1989-2009-2019)-continued

89709 09719 89709 09719 89709 09719
A1 A (%) A4 | % | WA (%) A (%) 79 (%) 79 (%)
1 A& 1.0 1227 -0.7| -366 10.0 2.3 -0.1 -06 47 16.8 -30 -9.2
2 Rls 49 4116 103 | 1682 215 1422 17 4.8 -80 -214 -1.3 -44
3 ik 10.2 | 160380 51 494 19.0 2676 -12.6 -481 5.0 296 3.6 164
4 kS| -20.2 -286 -191| -378 66 2118 10.8 12.9 -76.0 -67.2 2.2 6.0
5 35 7T 2866.3 34| 421 6.1 -25.7 71 -40.0 3.3 49.3 -14 -14.7
6 A 6.2 | 11486.7 04| -67 -79 -26.2 -11.7 524 26 121 34 13.8
7 =4 53| 15171 -05| -94 25.0 3572 -2.3 =70 42 310 -25 -14.3
3 AIEA 74 | 142414 39| 522 35 23.3 -0.8 -41 6.1 983 -24 -192
9 7% 26 386 52| 237 1355 875 72.3 249 8.5 437 -436 -155
10 A= 399 964.2 15 2.3 379 41.3 -02 -01 1129 79.3 772 -30.2
1 TAEE 405 | 956290 40 9.8 231 2.5 -32.0 282 40.5 2.7 -038 -04
12 THEE 280 224 194 | 201 -146 -11.0 43 376 46.5 244 -136 5.7
13 e 30.1 684 -7 23 -36.4 -297 532 61.6 111.0 981 -43.8 -195
14 Hepd= -1291 -44.1 -256 | -157 -298 -132 -180 -9.2 100.1 316 -32.2 -7
15 e 1351 | 117740 -428 | -314 1448 1014 | -1139 -39.6 1281 6.7 -236 -80
16 BEE 539 3017 369 | 9533 395 33.3 -20.5 -13.0 71.1 431 -25.9 -11.0
17 AT 5 2.8 4270 32| -2 157 2160 -3.8 -16.7 42 334 -40 -23.7
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Flgure 6. Trade-off analysis results of Ecosystem services in Korea for

30 years(main ‘Si’)
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Figure 7. Trade-off analysis results of Ecosystem services in

Korea for 30 vears(main ‘Do’)
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A 23k 7 o 33 7H(Strategic Environment Assessment, SEA)& A<
e HHE EEs7] 9 AFGAE olde AeidAdA AA
(Policy), A8 (Plan), Z 213 (Program)2] 37493z AHA4, A3 A
S A st ARGt & oM SEAE A A}
gow FiH A AR dA ] BHBAES Btk
AR Ao g2 FsoF vk, AAA g A9 FHRA

J

=
Agste] By, Aol A4, AR, A4 2 A5He BeA

(Desmond, 2007). ¥REA Q1 SEACA tiQt 7t Al agfsfof & 84+
AGA "9l AYe] 53, A sbed, gEAd, 44 Felm, o delrt
AR A Fo] o E = B A olgrol thidk aE b AFHI 3
(IAIA 2014). 53], tigke 7]E9] 34 FAE aglste] s ojof shaL
B84 JdegFe A7)zl AA YeElgrz GqgAS Abdd mldEsks Fo)
% 8.3t (Desmond, 2007, ©]7" €], 2015). SEAv+ 2d A o= MY &
#1357’ (Duinker and Greig, 2007) 0% 23243 H1 RE A1sho] A
T = AR ZRA 2 AAE HRERE UL

SHAIYE iFite] diqh A dAE olyI aavt e A HUME

R kel Aol o] Foix = wFFol THHI Yt A& 50f, =

(!



Adel BARE FRHoz BAGE, Uik wm A g
g

SEA
of ek Az AN HF
2

e F, ook 2k AFEAQ Aol mu], tigk A A
A NBoR AF FAIFFE sho v F, AdUA FA JAEA
A W, Oigk A4 81S S5 g SHoERE fgioks 24
sha wlmshs Bl Fo A glrkel 9, 2015)
AMAN s o] zbelA Fi ade Ahom, i, A,

of P YA VEF AS AAFE A8, A,

e 218 A4 g
Mz A% bed AAdwe R olgel ARstsel vk tgel 4
ARE 2= Hobe AFAQ e AR A, B7b WAt veFsrhe
A ANEL WA A A B A 2 o $E
F ok A 5 Aol

3]
ot Brhe AnE AT 5 Yok A

4
et
).

ool A A M B 2=

= AE dSeoF ok SEAS] HA 3 2 Fagit) ofo] vhekdk Aol A
SEA°] AEAMn2 Hrhe] 283 A¢tsta vk Geneletti(2011)=
BEAMH 2 Aol A o] FolAl= Alue] e &4 WA o] SEAC
T&otAl 29 ¢ duta Axekdvh. SEAZF A AR A, AAlAH 2aE
Eghel 7hal Ql SHelA M=o FExtet O S-S dF = A
Mujze] Eehe A &7bedE Wrrety] 91 dskd e w2
Ak g AEAAM YL k= SEA ZRA 20 & g0l Ho| A&
A v Aol A dE 5o, AAATAME Ao 3

ARA ) A ALY L st HAolA Fo] Ao WAL AT
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42. A9 B9 By
421 A9 B9

B oATE QHdAIe] 0000 AFdaA] 24 AMd S oo = s, K

T WAL 84,000m etk AFFAIGA A B A EA s AP EmA
Zgksle] 919972m o)W, AlF-H o2 2FAAAE &2 7F oF 497w, FFAIA
SR} 279, AJAA EA7F 38um o R FAE ] dk(Figure. 1).
A A, dFAHoE NEAIG Y] AAS Wi o] AEEA
B7kel dide] =y, TAIEA Q1 - E7F Ak iAstE 99 SEHW, D
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T 57F=] AeAMH 25 Hotel H & th(Table 8). B7FET 2=
InVEST ModelS F& #8331, o9 =7} SAA R 3
FuEde T3 Frrsigdnh 53, B2d FEo] 2% 4FE wAE
EA Y EAES] g AEF20149) AEE FE8Ath InVEST Model
AR A M 20 ALY A FEE HHow AuE HZEdOR
Chdet Ml FE9 Ut Jhestn] Aol Aa Ay e gt A
e =2 AEHA Figure 82 ARG ALHIE Al A AA W~

o

R | % 11” &k 3/



Table 8. Ecosystem services and functions

Ecosystem . .
] ... Assessment Site Alternative
Category Service Definition . references
method suitability | assessment
Assessment
Provisioning | Water supply .
. Storage and retention of water O (@)
Service (Mm3/yr) &
Nitrogen
retention Storage, internal cycling, processing O (@)
(ton/yT) and acquisition of nutrients: Nitrogen
Phosphorus fixation, N, P and other elemental or
reteliltion nutrient cycles InVEST O ©)
yees. Model This
(ton/yr)
; Study
Climate .
. Regulation of global temperature,
Regulating control .. . .
. precipitation, and other biologically
Service carbon . . . O (@)
mediated climatic processes at global
storage or local levels
(10%ton/yT)
Atmospheric Regulation of atmospheric chemical ..
.. Statistics O (@)
control(ton) composition
Heat island The ability of the ecosystem to reduce
control sensible heat to alleviate the heat Model (@)
(kW/yr) island phenomenon
The ability of an ecosystem to provide Kim et
. . an appropriate condition for an 1.(202
Supporting Habitat Lo PRTOD . . . InVEST al.(2020)
. ] individual or community to inhabit (@)
Service quality . Model
based on resources useful for survival,
regeneration, and maintenance
Definitions adapted from Costanza et al. (1997); MA(2005); Kim et al. (2020)

,49,




| Selecting alternatives I

alternativel alternative?2 alternative3

| Before project After project l

Environmental Impact Assessment and
Site Selection Alternatives Analysis

l Before project After project

d

l Determining optimal plans l

Figure 8. Ecosystem service assessment technique in strategic environmental

impact assessment
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4.2.3 AdEA =4 AF) Aol mE AEAAMN X A A=
R HA AA ™Ik A4

e digko]l Ao RIAE Flsty] fa A H3 $ A
Muls At daks Fof EAE s MRAgS ARSI o, ARIA,
W3 1km, 1.5km, AFAAIE ET FAH 2T ARGAZE £33 A H9
A Ae e AUAMR L F7HE AA S HFig. 9). o=
AA SEAS] @Al & @ 2APE AFGAIRSE 9 dkm o[l e] RSIE
Hdor ol Foldtk=s HellA Hetgh Aow FARE 2oz ARQIA
2T A0 vE JEFE Hrhekr] flaiA ol

UEom, dee digke] AV 1 FH A9E Edsto] HA 9 <
AR AN =AE #As7] skl A A3 § AR = o)

A%g BEHo welste] mustgh GFH AHs FEL FFA

fl

u

v
o2 mHstaA g AV F Ad 549 3 FH FAAE w4
(Principal Component Analysis, PCA)S 83t} PCAv= AEFst7 o
g 7to] syl AEj A MY 2 & Eo] thekstA FAAE O ol AEIAIA

2 FEEe] Ads F4ste] Hudts 3A4S 73 =&% PCA
AE vgow AEAAMH|E WSE A F3t%aL, olE ot 234
FeA Al A A 5 AYE Tete] AR A T
Aol n A ges Hdotsti=d &85} v (Figure 10). Figure 10 1) <]
a5 A Aldoe] FW Aol mAl= Gl F BE UEhH,
Figure 10 2)W ¢l A5 A Aldo] F¥ Aol w A= F&o] w3t
BFE dedt.

X,
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Legend
[ Study site
“*~~.._ [ Yangseong-myeon
"] Anseong-si

I Uoan

I forest

[ grassiand

I vetiand
01225 5 75 10 [ barren
e

Km W vater

Figure 9. Study site where was a proposed project of industrial complex in

Anseong

1) Alternatives to worsening the 2) Optimal alternative to maintaining
surrounding environment environmental quality

Figure 10. Determining the impact of alternatives on environmental quality
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424. Ay AR S $3 gt F7t

MAGAL el A Ajhe tiehs SAletr] 98] 3 FFH A A A
AlgE iRt S Mo EXIEe AR g AU s A5t A
el Al H 22 G obel #8-3 h(Figure 11). WA Avg e 19 49,
87%0°ll &= FHAE NSk Qrolth Alvg e 29 A%, Abd WA o]
63%= v Alug e HlE) Wi FAA ES 32%7F EFE o] Ut
Ayl e 39 A FAA(65%), AFH(24%), =A(9%) T EFHE EA
8-S /@3t kel ti(Table 9).

Figure 11. Location feature designation in Scenarios 1, 2 and 3
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Table 9. Area and proportion of land cover by development scenarios. Note
that these were based on large category of land cover in Ministry

of Environment in 2019

Scenario 1 Scenario 2 Scenario 3
Area(m’, %) | Agricultural land-based Forest-oriented Mixed
development development development
Urban 24,300(3%) 900(0.1%) 3,60000.4%)
Agriculture 711,000(87%) 257,400(32%) 542,700(65%)
Forest 42,300(5%) 510,300(63%) 197,100(24%)
Grass 5,400(1%) 36,900(5%) 79,200(9%)
Wetland - - -
Empty site 29,700(4%) 8,100(1%) 12,600(2%)
Waterbody
Total 812,700 813,600 835,200

A% AGE o 5e vige
o% I QAN A
w3 AEANE S AT ol

J]Nv

45t
0ol Erhm 7

2 No Action A HZ=
a1, Action A EE 7
3F S T},

7N

—~

SRS

L

HEH o2 No

Action/Action 7+ AHIAAM = AFe Aol S Axtete] ek HAE A
AsHe .

425 A &4

oAt A BEAIAE = A
R(R Development Core Team, 2020)2] prcomp®t ggplot2 packages
(Wickham, 2020) 52 AF-&3}3it}.

< InVEST Model&, F4H 42

- 54 - : i

1”«:,1

|

I

'



43. 449 2%
431 BEAAN L W3} oS 2 HA AA ditk AA
4.3.1.1 A4GEA A A Al e AEAAu = W3 o

ArdA o] AR A E &= Alg e A #8E & 57 Auj= F

A 9 AR J5e AT BE gasts A0 ek e 4
BAAE 2 FEe 5ol FFAYL W B do| BAAUGT

N & got 9 AR el Frhe 2e 1 Ade] WA ed ¥
/b A, 48 odudel Fol WS guista ool vie gt &
b me g ARt Fgure 12). 3 27 4ol JHHALE v

3ok Table 10).

||
Nitrogen retention Change Phosphorous retention Change

Figure 12. Effects of Nitrogen and Phosphorous retention services on the

surrounding areas before and after project implementation
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Table 10. Estimation

of changes in ecosystem services by the implementation of industrial complex development project

ecosystem services supply Ratio of supplying services
Total amount Project site/Yangseong-myeon
Service item Project | Project Project | Project
(unit) Project site site Yangseong A Project site site Yangseong
nseon
site (buffer | (buffer | -myeon & site (buffer | (buffer -myeon
1km) 1.5km) 1km) 1.5km)

Water before 0.56 4.77 9.05 35.96 334.00 0 1.01 1.09 1.12
supply

(Mm') after 0 4.21 7.75 32.62 316.69 0 0.93 0.99 1.07

Nitrogen | pefore 86.46 97.85 166.33 545.88| 6152.85 9,61 1.12 1.09 0.92
retention

(ton) after 3.98 91.38 161.32 539.35| 6145.29 0.44 1.05 1.06 0.91

Phosphorus | hefore 1.42 1.96 3.35 12.65 131.86 7.36 1.05 1.03 1.00
retention

(ton) after 0.42 2.21 3.62 12.93 132.06 2.20 1.18 1.11 1.02

Climate | before 8.32 68.23 11858 550.41] 5297.63 1.07 0.91 0.90 1.08
control
carbon

storage after 0 59.95 110.30 54295 5289.35 0 0.80 0.84 1.07
(10%ton)

Atmospheric| pefore 9.06 57.45 104.06 542.82|  5122.20 1.21 0.79 0.82 1.10
control

(ton) after 0 51.51 97.23 535.12| 4983.32 0 0.73 0.79 1.12

¥ _'-.'.'!
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Figure 13. Assessment of changes in ecosystem services according to

implementation of industrial complex project

432 AU e AARS &3 gk 37}

Table 11914% z4zhe] Al oo thato] AejAIAqu 2 B7E A
stol 1 AdE AASALL, Ay 27F UE Alve 2o Hls) A E
AMul 2 SHelqe] deo] FHor ke Aor EFHIY. FF
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Table 11. Evaluation of ecosystem service in review of alternative related to

industrial complex development in Anseong

Category Scenario 1 | Scenario 2 Scenario 3
Water
0.39 0.56 0.67
supply (Mm'/yr)
Ni
itrogen 15061 86.46 126.05
retention(ton/yr)
Ph
osphorous 2,82 1.42 259
Evaluation | retention(ton/yr)
of Climate control
ecosystem carbon 4.66 8.32 6.78
service | storage(103%ton/yr)
A heri
tmospheric 0.83 9.06 4,64
control(ton/yr)
Heat island
6.74 16.81 11.73
control(kW/yr)
Habitat quality 0.32 0.61 0.43
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AU T Esmali(2017)= A A&7
A AR = AstE dSaded, & 4 4
E stk Avgelel wel et e A4 A A A AR e
MUl i Aa AR MHa7E ZFasklal, Alve] e2d whep s
st Akl B 2AF A A gk 9] s s
AA, &3 2=7F gHAaskd k. Alve]l e 39 B9 Alde
AL fA = A7 =EH ATk Esmali(2017)2] 745
2~ A3 o5 5 A Aldel Ao ¥e H¥E& e v&3e] 4
= F7hstled, 5 A4l 8 AEE BEAS fls BAH #BorE
F7re ¢ s Aotk AEAAR S AAA A HU AEAAE T A
HAIAH 2= B A3e] g3t 3A4S SEAC ES =S FAAY=
Zul2 #Zg3k 4= 9l7]el(Albert, 2011; Kumar et al., 2013; von Haaren,
2013) ol# gk A5 7F SatE vt A3 G el B VloE &
AL Aoz oAET)
oAt &8 InVEST Model> A e Al 1] 29] oAb A Ao
Aglel =52 Alvgle 7|8 A JA &8 4 9tk InVEST
Model& t& R H3] F<Lo] g fid Foke] wHE dexrt
ofole o] ZhsstthE Aalel AR, 1Y 847 dedive o

Aol r}t, B AT A &8s A sute] v A3t 4 wHE s

|
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Chapter 5. 37]1% A9 AEH A A 9] 2
LA 4

3L 1L
(o =)

2

5.1. A&
AEAAE 2 Al Qzkel A Fi g olusin], 917k B s}
WAE Beo] Qo] AT Fast REI Frketn vk AHAAE A

(o]
(e}
o

AN A A3 B A QI EA o Fs oEAQL #AVE Aol A& The
ubr 2l shdbe] Ewje 2Hg-dk 4= 9Jti(Millenium Ecosystem Assessment,
2005; Scholes et al, 2013). A& 7Fagh BHS 9six= FolrtE @A
dEfoll oigh WEgh dd Jrir daEojof gtk & A AIA H =
AN Ay 2o T3 85 Fetsjof shH, vl A g FFEdlA A
H| 2 33t 8.9 dFo] o] Fo]xoF ghty(Burkhard et al., 2012).

e A 2~ FH-F2 TFH 7 F(Integrated assessment  of
ES supply and demand)”’} &wtelA] o] Fojx i 9t} Burkhard et
al.(2012)¢] A ool w=d BEAu 2~ &5 ‘58 A GelA A Tt
S AEA Aty Aus WHEGRHTS s, Fas dA vy
A AREE AL A= AR A Qs Ause] e Sk AR A H
897t QA2 FFY £ ke Aagd g o= AE
shal, E&AQ AR AS 98 A A F(Baro et al., 2016), A e A A 6] 2~
A & A (Payment for Ecosystem Services, PES)(Bennett and Gosnell,
2015), A e Al v 2~ #Ae] g A A (Castro et al., 2016; Lahtinen et al.,
2016) 57 #HE Fo3 ARE AT F7] wied 34 G e
F8@lHWei et al, 2017). AejAIAH 2~ 53 8 AAE olsiste
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FHMA, 2005). L2 #Ht FEES AR 2 ARES Faok o

Aole] ®AAE oblatm At AT AHA EEHT Yol (Wei et
2 ere

al, 2017) & 7ro] |AE deofsta A He) 545 a3 &
Zah= Aol Astsie,

A AN B A A -GEA 29 BEHoR w2
wol ATHT AT AE A AsRe qzko] A3 B
R Ao AR el 7)¥kate] (Berkes et al., 1998), <]
AL3l 5L AEIAI S AEHA Q] B AES Sl o] FolAL duE
4 FH(Ostrom, 2009). ol¢t #dE AF=2 BEAAN =S 54
Aol A3 AR A Q1AL F ApolE EA e Ao =S T Y
(Hamman et al., 2015, Meacham et al., 2016; Spake et al., 2017). H
Yolrh e ANu 2 Bo} Aol s AHA A4E Beie] fu5
ATEE UtHQuintas-Soriano et al., 2019). 3HA| % A A A ¥ 2= &3
o GAe dgshice AS-AEA Axde] B88 AT @A g
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o= ool Fuh: vEd F AUAS A7 AFE el el #
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selgt 4 glon, Ay PaA 54 AolE f83
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AT A= digls A7 Ao th(Figure 14). 471%= A9
< S gidgdd 91Xk, WA o] 10,171ke, 17 HE= 12807 kil
o] 2t} (Gyeonggi Province Statistics, 2020). o] A9 FHt A& A o]
I HAE S e A mAlEe] ek WEtE AL Y o
218 EAIES AEAlY QT uE WA, BA T OFe Vs At
st 9ES ok AR e ke
wol W=tk A7 A9 Q9= 20051 1,085%t
W2 Z7}18 a(Gyeonggi Province Statistics, 2020), tFFsk 7HebALg]

2 st AAsA o] Welstdth 53], 7= A9 1, 27] AEA
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l
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-

+5 o ]
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Figure 14. Study site: Gyeong-gi province
(Source: Ministry of Environment (2014))
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Figure 15. Research Flow
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Table 12. Indicators of Ecosystem services Supply and Demand

Ecosystem Services Supply Indicators

Suppl Ref
Lo PPy method Meaning cleren
indicators —ces

é? 1. Food Ri Dat
= ice ata
% Supply . Evaluation of local rice production
= production Portal
=5 (2015)
5]
2. Water InVEST Evaluation of the ability of the
Yield Water ecosystem to store water during
(2014) Yield rainfall and provide it when required
3. Carbon ILVEST Evaluation of carbon storage based
Storage Carb on land cover such as forests,
arbon
— (2014) agricultural land, and grassland
g
g Evaluation of the storage of
2 nutrients such as nitrogen and
4., Water phosphorus loads due to the increase
Quality InVEST of non-point pollutants due to
(2014) NDR agricultural activities and human Sharp
by-products and the development of et
watershed(Ability of land cover to | a1.(2020)
store nitrogen and phosphorus)
Evaluation of the ecosystem'’s ability
w to provide an appropriate condition
2| 5 Habitat | InVEST provice @1 bbb ,
S . . for an individual or community to
] Quality Habitat . . ]
= . inhabit, based on resources available
5 (2009) Quality ) .
r for survival, regeneration, and
maintenance
g 6. ' VEST Evaluation .of the nature—based'
= | Eco—tourism . tourism pursuing nature conservation
5 Recreation . . . .
=N (2014) and wise use with social big data

,68,
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Table 12. Indicators of Ecosystem services Supply and Demand(continued)

Ecosystem Services Demand Indicators

house ratio

(2020)

houses) in the area

Demand . Referen
.. data Meaning
indicators ces*
1. population
population density Population density in the area
density (2020)
2. . L
. education Average years of education in the
education .
level(2020) region
level
3. aging aging index | Percentage of elderly population in
index (2020) the region
Data
4. per
p't GRDP per I ta in th . Portal,
@ capita . ncome per capita in the region
g . P capita(2019) bet cap & URIS
o’|  Income (Urban
@
8 Regener
2 farm . . —ation
3 5. farm . Population of farm households in
o lati population th Informa
opulation e area
pop (2020) _tion
System)
6. number
¢ Number of
0 ..
. recipients of . .
recipients basi Number of recipients of basic
asic
of basic L livelihood security in the region
livelihood livelihood
ivelihoo
) security(2020)
security
7. vacant vacancy rate Ratio of vacancies (vacant

,69,



Table 13. Input data of InNVEST Model used in this study

Ecosystem

: Model Input data References
services
Landcover map(2014),
Precipitation(2003-2014),
InVEST Average Annual Reference
Water ..
Vield Water Evapotranspiration,
ie
Yield Plant Available Water Content,
Root restricting layer depth,
? Watersheds
Q
% Carbon InVEST Landcover map(2014),
% Storage Carbon Carbon pools
Landcover map(2014),
Digital elevation model (DEM),
Water InVEST Nutrient runoff proxy, Sharp et
Quality NDR Watersheds, al.(2020)
Threshold flow accumulation,
Subsurface Critical Length
Landcover map(2014),
w . Threats data,
g . InVEST . .
g Habitat Habitat Threat rasters information,
abita
=3 Quality . Sensitivity of land cover types
=] Quality
S to each threat,
Accessibility to threats
O
5; Eco InVEST | Area of Interest, Start year and
E —-tourism | Recreation end year(2009-2014)

,70,



Figure 16. Gyeonggi—-do ecosystem service supply-social

demand relationship analysis process
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Table 14. Factor analysis results of ecosystem services demand indicators

. 1(Shrinking 2(Densely 3(Economically
Region .
cities) populated) prosperous)
Anseong 2.299
Bucheon 1.773
Yangpyeong 1.490
Yangju 1.200
Dongducheon 1.113
Gwangju 1.005
Ansan 0.919
Gimpo 0.864
Namyangju 0.602
Seongnam 0.584
Goyang 0.512
Anyang 0.221
Icheon 0.141
Yeoncheon 0.036
Gwangmyeong 1.300
Gunpo 1.254
Guri 0.848
Uijeongbu 0.602
Siheung 0.508
Hanam 0.431
Osan 0411
Gwacheon 0.179
Uiwang 0.102
Gapyeong -0.564
Hwaseong 3.513
Suwon 1.488
Yongin 1.240
Pyeongtaek 1.221
Paju 0.337
Pocheon -0.393
Yeoju -0.497
- ey



Table 15. Variables and loads representing each factor

Factor Variables Load
aging index(2020) 913
vacancy rate(2020) 870
factorl Number of recipients of basic 672
(Shrinking cities) livelihood security(2020)
GRDP per capita(2019) -.101
education level(2020) -.950
population density(2019.12) 933
P GRDP per capita(2019) .086
(Densely populated) farm population(2021) =706
education level(2020) -.103
GRDP per capita(2019) 961
factor3 farm population(2021) 635
(Economically Number of recipients of basic
prosperous) livelihood security(2020) ~103
aging index(2020) -.165
Factorl: Shrinking Factor 2: Densely Factor 3: Economically
cities populated prosperous

Figure 17. Spatial Mapping of Factor analysis results: ecosystem services demand
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Table 16. Factor analysis results of ecosystem services

1(Mixed 3(P retention
] ) 2(Food ]
Region services L. service
L. provisioning) L.
Provisioning) provisioning)
Pocheon 0.998
Yangpyeong 0.990
Gwangju 0.987
Dongducheon 0.987
Yeoncheon 0.987
Gapyeong 0.986
Namyangju 0.973
Yangju 0.951
Yongin 0.936
Uiwang 0.899
Hanam 0.890
Uijeongbu 0.888
Paju 0.886
Yeoju 0.777
Anseong 0.604
Gimpo 0.974
Hwaseong 0.969
Pyeongtaek 0.966
Icheon 0.890
Anyang -0.868
Seongnam -0.822
Gwacheon -0.750
Guri 0.908
Goyang 0.886
Osan 0.884
Gwangmyeong 0.810
Siheung 0.728
Suwon 0.682
Gunpo 0.672
Bucheon 0.662

,77,



Table 17. Variables and loads representing each factor

Factor Variables Load
carbon storage 0.987
water yield 0.884
factorl habitat quality 0.743

(Mixed services . .

Provisioning) nitrogen retention 0.550
rovisionng phosphorous retention -0.942
crop provisioning -0.981
ecotourism -1.241
crop provisioning 1.615
water yield 0.497
factor2 carbon storage 0.283
(Food provisioning) phosphorous retention 0.182
habitat quality -0.147
nitrogen retention -1.043
ecotourism -1.386
phosphorous retention 1.838
factor3 water yield 0.813
actor nitrogen retention -0.164
(Pretention service carbon storage -0.199
provisioning) ecotourism -0.574
habitat quality -0.634
crop provisioning -1.079

Factorl: Mixed

(services) provisioning

Figure 18. Spatial Mapping

Factor2: Food

provisioning

Factor3: P retention

service provisioning

of Factor analysis results: Ecosystem services
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(Kim et al, 2020). o]A® A W AFAS FHste] A3 A2l

FRE olTE A% FaAW A5l webi i olel e wo] @A
e 5 vk oW FW Adwe WFE B AH AuH P 9
Fol Uikt Aol Foh by HEG FAY Fa 35 99 FA A
Aol £AY FFE WE 5 Atk d tobt FEAL AEA AR
94 el A&How ool h glol wHsH P VEhm
FEAY A% A HAE AANE AY 2 A RS T A
A2 FAshs Aol AFY FolthAAF 9, 2020),

Table 18. Management plan of major local governments in Gyeong-gi

by group
socio— ecosystem . .
R i cities details
economic services
An area that actively supplies
crops, creating economic benefits.
economically Food Ich In terms of food supply, economic
cheon
prosperous | provisioning activities are in balance with the
supply of ecosystem services and
social demand.
An urbanized area with active
) phosphorus flow. While the public
. Pretention Suwon, . .
economically ) value of ecosystem services is
service Hwaseong, . L. . .
prosperous L . low, their provision is required,
provisioning Yongin o ]
considering the area’s active
economic activities.
An area where forests provide
various services and generate
) Goyang, Osan, ) ! e .
. Mixed . economic benefits. Cities like Paju
economically . Paju,
services and Pocheon have developed
prosperous L Pyeongtaek, . ) i
Provisioning .| ecotourism, making it a balance
Pocheon, Yeoju
area between the supply and
demand of ecosystem services.
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An area where crops are actively

Anseong, led but th lati )
o ] supp. u e population is
Shrinking Food Yangju, .
o o decreasing. Measures are necessary
cities provisioning | Dongducheon, .
. to prevent urban hollowing out and
Ansan, Gimpo )
revive the farm economy.
. Despite the active phosphorus
L Pretention ) .
Shrinking ) Gwangju, flow that characterizes the area,
service
cities L Yeoncheon its population and urbanization
provisioning .
are declining
Areas where various services
provided by forests are developed
and could take advantage of the
L Mixed ecosystem benefits by fostering
Shrinking ] Yangpyeong, . . .
. services . the tourism industry in forested
cities . Namyangju
Provisioning areas. In more densely populated
areas with population declines
and vacant houses, these services
could be further developed.
An area with high population
Seongnam, )
Densely Food A density and developed food supply
C .. nyang, .
populated | provisioning 3 function. The supply and demand
Uijeongbu .
of ecosystem services are balanced.
. A typical urbanized area characterized
Pretention . . .
Densely ) Bucheon, by a high population density,
service
populated o Uiwang active urbanization function, and
provisioning ) )
socio—economic status.
Siheung, Guri, | An area with developed forest
Mixed Gwangmyeong, | services and high population
xe
Densely ] Gwacheon, density. Supply and demand for
services )
populated . Gunpo, ecosystem services are properly
Provisioning ..
Gapyeong, balanced, and people are living
Hanam while fully benefiting from them.
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1=
e

1. BEAAY 2~ H712D(InVEST Model) 7} &
1.1 InVEST Water Yield Model

Transpiration

t Evaporation
‘@ I cxmaif Ty i‘p

17 Plant type  Seasonaiy s,

[l il g } Yield

Groundwater Recharnge J

Figure 19. WaterYield Model 7H'3 %=
(&4 https://naturalcapitalproject.stanford.edu)

- InVEST Water Yield 249& 7z} ZA(x)dEzE A7 % (Annual
Rainfall, Px)olA Azr AA]  ZS92a=HAET(x): Actual

Evapotranspiration)& #lste] A3t & &3 FH(Y(x)S =3
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1.2 InVEST NDR(Nutrient Delivery ratio) Model

~ InVEST NDR(Nutrient Delivery Ratio) =@ ofgje} & &
AAE uE

<InVEST NDR X229 F-& 7]&>

Figure 20. NDR model 73 %=

(A https://naturalcapitalproject.stanford.edu)

Pixel export = load; X NDR(D,, Dy, eff,)

Total export = Y, Izelepy

watershed
load, : B4 1o A1) JFE
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B
NDR : 9g=4d 4 &a& o=+
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1.3 Carbon Model

InVEST
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A7

(IPCC, 2006)
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1.4 Habitat Quality Model

~ InVEST Habitat Quality =2S EX| vy HETlAd 913 ARE
Agtelar AMAA H9et A HE AEHE Hriste] AAAEE
7+s}3l
— InVEST Habitat Quality &%
AA8 2N A Fx, HANGT A, 94 25 FH), 973820
g AMAAH F3E A4, A HEAA AR xSt AT E
AHste] MAHAS H7}
- AAAHAE FHrAdE 0000017 JHow MAAEA A

A )71.00(e] A )l A A= d

ol

—

‘<

2. AU AN~ F7F A3 AT

21 % &9 Av=

2 AT s 27 A S FA A (WAMIS) ol A A8k 4t o
A4 StAF® AR CMS w9 (m?/s) A& % InVEST Water

Yied 29e gFadc asdanaEgAsge) FE BEge-

F%3F3, Arc Hydro ToolsE ©o]&3te] #= A H¥ F9

2
o

S FZ(watershed delineation)3tiL, o] AAA &&= #F A
I7bFAR HE FHAI 2 Ao Jg Y W™ F Aol gle AHES

AAste] g A #F AR2REH A7 T FEFS Atk 2010d

FEH 20199714 €] A5 E o] &8k, b #FA ] Hg qrefo]l HAA
B AdE AF AdAsdn A5 Al WA W 27 s SAX
Aol AoS ez 2010978 20199 Abelo] InVEST Rde] A+t
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0.761=2 Adrg=# o] =A yewtvh(Figure 22).

1

1.

ol AR AFR?)
Table 19). IN'VESTZ5-E] AF
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(fitting)
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2 92770

Z9 B3

e

Figure 21
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A Name 2010-2019# =% | InVESTWY (ir')
= BT 102,365,856 110,849,276
= =5 535,828,176 501,975,960
=7 S Ak 308,612,419 185,021,220
= AF 140,839,776 107,095,424
=7 =4 450,050,256 308,149,766
= FE 176,002,416 151,620,904
=7 Aq+ 115,800,192 180,789,865
=R S 188,301,456 260,186,020
S5 ) 889,220,592 459,955,106
G574 R 61,589,808 157,206,663
S5 A 266,857,632 177,595,982
G574 A 368,372,016 463,455,185
S5 Ho} 459,353,376 268,926,398
957 " 1,194,622,474 451,438,249
TG54 s 362,190,960 288,780,823
QA 7 214,570,944 247,012,562
Els gt (A ol i) 649,578,528 267,120,579
ElAs o FA (L F-3L) 313,467,840 263,722,957
Eigy THT(=IL) 2,196,230,112 823,520,446
Eis FETF AN ) 229,329,792 165,381,344
ElAs A (G ) 98,613,072 38,756,939
Eis O FA (A=) 67,833,936 101,495,969
ElAs A (EA21L) 87,228,576 21,412,868
Eis H AL (A&t L) 209,493,648 32,181,343
ElAs Al(%d 33 aL) 558,678,038 276,120,586
ElAs AN HE) 257,491,440 253,717,131
Els Al (3] 8h2]) 352,036,368 226,545,305
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Figure 22. 3% 23}
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22 74 28 Az

Ni

InVEST NDR 245 53

i

A7 ZIFA 2" A AFs= 201343

=% 0] deddIALd S

23, Table 20).

=
a

ro

2

A
A 9% %

w5 2Y

A%E A%

W Q) wE P} FhA

=

SR A Ad ARAF 0.719(H2), 07452 EZF o] 4
Ho] =4 YES o (Figure 24, 25).
Figure 23. H 54
Table 20. =2 =4 AHl~ A5 A=
. . EAN | EAP | InVEST N | InVEST P
= R (ton/yr) | (ton/yr) (ton/yr) (ton/yr)
i LA 1,905 148 278 22
Eigds 337 1,446 113 226 17
k7 =T 2,200 178 275 22
i el 1,721 135 185 17
Sk T s 565 47 63 6
i KA 1,449 116 213 20
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Figure 24. 35 A3 (H %)

Figure 25. A% A3H(
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2.3 &4 AR A2

InVEST Carbon 25 G Xogt vt A&kl Aol & nf
ol AZEE AYPEANA AFTsE 20199 170 A= dE=H £
@ A5 E &85t AR (Table 21).

Sl dd L el Agd Ay AAASs 0984% ol AdaE

e} W cH(Figure 26).

Table 21. &4 AF AHl~ AF A=

A % AN S A& W7 A A ]k

20199 JE=4 201943 2019

(AP FAAR)(m') B A Ak S
A5 A 2,235,194 1,231,411 1,264,924
H kg A A 5,989,942 3,299,974 3,078,613
o] -34S Al 8,414,995 4,635,983 4,624,923
AAFAA 5,524,580 3,043,597 3,137,132
FFEA 2,728,030 1,502,924 1,747,627
3 A 4,838,567 2,665,660 2,750,733
g A A 11,049,544 6,087,406 6,105,919
A EE @ AR A 3,705,543 2,041,455 2,292,450
B % 79,750,459 43,936,063 45,730,823
AR 244,331,393 134,606,868 123,949,010
TAEE 76,244,257 42,004,429 47,317,750
FTHAEE 58,904,227 32,451,473 35,509,201
A e 72,330,793 39,848,426 40,300,902
Ao = 85,715,993 47,222,591 64,186,374
BAEE 221,235,556 121,882,927 129,339,579
BAEE 120,816,816 66,560,310 67,048,460
AFEHAA 13,180,578 7,261,434 6,049,799

0 A& o) 8t



Figure 26. A% A3}
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3. BalAM W 2 BIt A
3.1 AAAX 2= AT FF

Table 22. e} A A2~ AlF F2(1989)

19894

% | WY(Mm®) | N(ton) P(ton) | C(10°ton) | AQ(10°on) | HQ

M 338.45 427.34 85.40 2753.17 3.45 0.34
ik 555.42 662.22 70.70 6604.37 7.42 0.60
o+ 402.71 652.75 63.94 8170.29 9.20 0.64
A 580.62 631.30 65.77 7807.66 7.10 0.55
B+ 458.15 669.69 57.62 4070.31 3.37 0.51
o 436.16 494.23 47.18 5026.41 5.90 0.67
e 671.13 921.42 79.74 11285.82 12.85 0.73
A& 400.94 511.22 47.46 4733.39 5.20 0.69
7] 9337.03 | 11614.63 1022.42 | 100143.67 104.98 0.66
gl 1680048 | 15272.49 1114.09 | 201181.57 246.57 0.85
5 5772.39 7018.31 557.47 81673.89 93.98 0.77
T 6331.96 8919.50 785.86 77830.02 75.60 0.63
A5 6738.33 8311.49 695.17 80615.93 83.81 0.67
A 10702.42 | 13003.76 1042.66 | 119262.95 121.61 0.66
R 11906.23 | 16117.11 1276.21 | 215233.30 249.82 0.78
A 9392.67 | 10459.63 830.00 | 114782.17 132.07 0.76
Al 2540.41 2050.69 300.28 18517.69 23.40 0.71
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Table 23. YE| A A H] 2 A& 5 F(2009)

20094

%% | WY(Mm®) | N(ton) P(ton) | C(10*ton) | AQ(10*ton) | HQ

M2 296.59 366.85 78.91 2308.55 295 0.31
s 487.79 594.85 65.09 5683.12 6.23 0.51
o 382.35 597.62 59.24 TAT2.47 8.26 0.59
1 516.71 563.48 63.82 7058.02 6.99 0.47
T 383.30 540.05 96.60 3608.10 3.36 0.48
A 379.37 444.18 50.23 4398.23 5.18 0.60
=4t 619.86 856.85 7184 | 1017271 11.46 0.66
AlE 373.20 511.34 44.94 4195.80 4.15 0.61
871 841848 | 10158.09 968.26 |  88705.08 93.64 0.59
Al 16534.06 | 14855.29 1120.12 | 194413.33 236.77 0.82
5 5605.39 | 7064.20 57042 | 7612418 83.79 0.71
e 5970.73 | 8655.14 741776 | 72305.70 66.24 0.58
A5 6451.31 8390.02 700.90 | 74456.73 72.29 0.62
A 10323.77 | 12602.78 1053.90 | 112862.93 113.81 0.63
35 11640.62 | 16161.45 1251.47 | 203977.74 22753 0.74
Ghe 9033.81 | 10328.62 849.35 | 107029.07 119.36 0.71
A= 2513774 | 2642.89 31894 | 15957.51 16.20 0.57
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Table 24. e A AW 2 A& & F(2019)

20194

%% | WY(Mm®) | N(ton) P(ton) | C(10*ton) | AQ(10°ton) | HQ

M2 22693 301.58 79.82 2371.27 3.23 0.32
2k 515.94 57510 86.59 5621.31 6.59 0.52
o 367.49 57312 68.66 7817.40 9.28 0.64
A 538.08 587.31 105.72 7514.43 779 0.48
BT 291.30 435.63 54.58 3635.68 3.64 0.49
A 297.24 367.97 46.51 4646.71 5.73 0.64
=4t 716.37 819.32 89.44 | 10333.50 12.44 0.69
AlE 308.74 426.65 42.66 4496.63 5.01 0.67
871 675543 | 9902.50 1051.10 | 93173.22 101.54 0.62
el 1226372 | 11403.95 1018.37 | 200132.05 248.75 0.85
5 448095 | 6112.09 538.89 | 81443.43 96.78 0.78
e 546771 8556.77 809.39 | 76876.24 74.63 0.62
A5 6017.55 | 8586.65 782.66 | 79479.14 82.50 0.66
A 1072657 | 12810.28 1201.19 | 123875.74 129.39 0.68
85 9759.05 | 13754.64 1193.10 | 217224.69 260.98 0.80
A 9576.21 9572.13 876.83 | 115289.16 135.06 0.77
A5 342848 | 2734.66 30825 | 1619538 1747 0.58
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32 AEAA A AT F 3t
Table 25. A A B 2= Al F EZHE-FHA])
5-3394

Ew3st WY N P C AQ HQ

A1289 0.228 0.203 0.678 0.05 0.05 0.08
H-2+89 0.671 0.582 0.445 0.479 0.452 0.693
o -89 0.359 0.567 0.337 0.653 0.631 0.794
213189 0.723 0.613 0.366 0.613 0.419 0.58
#4589 0.472 0.594 0.237 0.196 0.043 0.489
o489 0.427 0.311 0.072 0.303 0.297 0.86
=4H89 0.908 1 0.588 1 1 1
A &89 0.356 0.338 0.076 0.27 0.227 0912
1209 0.142 0.105 0.575 0 0 0
H-4H09 0.533 0.473 0.356 0.376 0.331 0.485
o =-09 0.318 0.478 0.263 0.575 0.537 0.681
217109 0.592 0.423 0.335 0.529 0.407 0.38
F509 0.319 0.385 0.221 0.145 0.041 0.412
7409 0.311 0.23 0.12 0.233 0225 0.688
=42H09 0.803 0.896 0.558 0.876 0.859 0.834
Al E09 0.299 0.338 0.036 0.21 0.121 0.713
A<19 0 0 0.589 0.008 0.028 |  0.023
49 0.59 0.441 0.697 0.369 0.368 | 0.512
o ++19 0.287 0.438 0.412 0.614 0.639 0.787
1719 0.636 0.461 1 0.58 0.489 0.406
219 0.132 0.216 0.189 0.148 0.069 0.443
o 19 0.144 0.107 0.061 0.26 0.281 0.794
=49 1 0.835 0.742 0.894 0958 | 0.901
A&19 0.167 0.202 0 0.244 0.207 0.87
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Table 26. AN AAH 2~ AT EEsHE)

=

xF3t wYy N P C AQ HQ

37189 0.478 0.678 0.74 0.418 0.363 0.316
7189 1 0.937 0.834 0.92 0.941 0.994
=589 0.228 0.352 0.264 0.327 0318 | 0.723
=989 0.267 0.487 0.498 0.307 0.243 0.225
589 0.296 0.444 0.405 0.321 0276 | 0.362
489 0.573 0.776 0.761 0.513 0.431 0.345
4589 0.657 0.997 1 0.99 0954 | 0.767
389 0.481 0.596 0.543 0.491 0.473 0.687
Al 89 0.002 0 0 0.013 0.029 0.499
37109 0.413 0.575 0.684 0.361 0316 | 0.086
7109 0.981 0.907 0.84 0.887 0.901 0.906
=509 0.216 0.355 0.277 0.299 0.276 0.52
09 0.242 0.468 0.452 0.28 0.204 0.05
509 0.276 0.449 0.411 0.291 0.229 0.176
09 0.547 0.748 0.772 0.481 0.399 0.232
4509 0.639 1 0.975 0.934 0.863 0.611
7309 0.456 0.587 0.563 0.452 0.421 0.503
Al 09 0 0.042 0.019 0 0 0
37119 0.297 0.556 0.769 0.384 0.349 0.199
74119 0.682 0.663 0.736 0.915 0.95 1
=519 0.138 0.288 0.244 0.325 0.329 0.764
=19 0.207 0.461 0.522 0.303 0.239 0.201
519 0.245 0.463 0.494 0.316 0.271 0.345
A9 0.575 0.763 0.923 0.536 0.462 0.419
3519 0.507 0.829 0.915 1 1 0.848
319 0.494 0.533 0.591 0.494 0.486 0.72
A =19 0.064 0.048 0.008 0.001 0.005 0.05
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3.3 AEAXY 2 AF W3H(%)

Table 27. el A A H] 2 A& ¥ 3}(1989-2009)

1989-2009

vl & WY N P C AQ HQ

A& -12.37 -14.16 -7.60 -16.15 -1437 | -991
ok -12.18 -10.17 -7.93 -13.95 -16.08 | -14.62
o+ -5.06 -8.45 -7.35 -854 -10.17 | -7.44
AA -11.01 -17.29 -2.97 -9.60 -156 | -15.34
S5 -16.34 -19.36 -1.78 -11.36 -048 | -6.33
1] -13.02 -10.13 6.46 -12.50 -12.24 | -10.83
Sk -7.64 -7.01 -2.39 -9.86 -1084 | -9.63
AE -6.92 0.02 -5.31 -11.36 -2023 | -12.16
7871 -9.84 -1254 -5.30 -11.42 -10.80 | -9.80
el -1.59 -2.73 0.54 -3.36 -397 | 290
=5 -2.89 0.65 2.32 -6.79 -1084 | -7.33
Rt -5.70 -2.96 -5.61 -7.10 -1238 | -7.77
A5 -4.26 0.94 0.83 -7.64 -1374 | -175
A -3.54 -3.08 1.08 -5.37 -6.42 | -4.76
85 -2.23 0.28 -1.94 -5.23 -892 | 556
A= -3.82 -1.25 2.33 -6.75 -962 | -6.75
A -1.05 28.88 6.21 -13.83 -30.79 | -19.68
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Table 28. AYEj ARl = A& ¥ 5H2009-2019%)

20093-20193

H| & wYy N P C AQ HQ

M2 -23.49 -17.79 115 2.98 9.27 3.13
2k S.77 -3.32 33.03 -1.09 5.85 2.23
o -3.89 -4.10 1591 462 12.29 7.58
1 4.14 4.23 65.67 6.47 11.56 2.34
F5 -24.00 -19.34 -3.57 0.76 8.37 2.70
Rk -21.65 -17.16 -7.39 5.65 10.70 7.48
=4t 15.57 -4.38 14.91 1.58 8.52 4.30
A% -17.27 -16.56 -5.08 717 20.64 10.96
871 -19.75 -2.52 8.96 5.04 844 5.36
Al -25.83 -23.23 -9.08 2.9 5.06 3.19
5 -20.06 -13.48 -5.53 6.99 1551 9.53
s -8.42 -1.14 9.12 6.32 12.67 7.26
5 -6.72 2.34 11.67 6.75 14.12 7.67
Bikss 3.90 1.65 13.98 9.76 13.70 8.23
85 -16.16 -14.89 -4.66 6.49 14.70 8.96
A 6.00 -7.32 3.24 .72 13.15 8.56
A5 36.39 347 -3.35 1.49 7.84 247

- 111 -

;H "‘l 1_'_]'| [

|

I

U



4. InVEST Model g8 A5
4.1 InVEST WaterYield §} 8 A5

4.1.1 Biophysical table

Table 29. Water Yield Model BP Table

LUCODE LULC_NAME root_depth Kc LULC_veg
0 unknown 1000 0.5 1
1 Developed 533.3 0.317 0
2 Agricultural 1700 0.71 1
3 Forest 7000 1 1
4 Grass 800 0.8 1
5 Wetland 2850 0.7 0
6 Barren 255 0.2 0
7 Water 1000 1.05 0
. N &) 8



4.2 InVEST NDR 8 A 5
4.2.1 Biophysical table

Table 30. NDR Model BP Table

LULC_N proportion
root_ LULC_ load eff_. load eff_ R R
lucode | AME c crit_ len_.n crit_ len_p _subsurfac
depth veg _n n D P
e_n
1 wban  533.3 0.3 0 584 0.05 2 0.05 30 30 0
2 farmland 1700 0.7 1 276 034 223 034 30 30 0
3 forest 7000 1 1 8.03 0.8 0.51 0.8 30 30 0
4 grassland 800 0.8 1 6.7 035 341 035 30 30 0
5 wetland 2850 0.6 0 5 043 007 043 30 30 0
6 barren 255 0.2 0 4 0.05 0 0.05 30 30 0
7 water 1000 0.7 0 0 0.03 0 0.03 30 30 0
0 none 0 0 0 0 0 0 0 0 0 0
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4.3 InVEST Carbon
4.3.1 Carbon Pool

Table 31. Carbon Pool

Storage ¢}

ER

LUCODE LULCNA € ABOV € _BELO C_SOIL  C_DEAD
ME E

0 unknown 0 0 0

1 Developed 0 0 0

2 Agricultural 0 105.68 0

3 Forest 85.744 21776 75.552 18.864

4 Grass 0.528 1.424 141.12 0.32

5 Wetland 0 140.8 176

6 Barren 0 0.528 0.528 0

7 Water 0 0 0

4.4 InVEST Habitat Quality ¢ & A}%:

Table 32. HQ Model input data

Sensitivity Al

lulc NAME habitat I_urb l_crp Lrr I_rd
1 urban 0 0 0 0 0
2 agriculture 0.3 0.69 0.03 0.59 0.6
3 forest 0.93 0.85 0.7 0.75 0.78
4 grassland 0.72 0.7 0.6 0.6 0.6
5 wetland 0.7 0.7 0.6 0.6 0.6
6 barren 0 0 0 0 0
7 water 0.7 1 0.84 1 0.78
0 none 0 0 0 0 0
- N &) s
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This study was conducted based on the understanding that the
process of providing ecosystem services, which are the benefits that
nature provides to humans, is significantly influenced by land cover
changes affected by socio—economic factors. In particular, the study
explored the feasibility of applying scenario-based strategic
environmental impact assessment for ecosystem services, identified
the trade-off relationships of ecosystem services based on land cover
changes, and clarified the supply and demand system of services,
considering that ecosystem services are primarily determined by
socio—ecological factors. This study carried out empirical research
through Chapters 3 to 5.

Chapter3: Understanding the trade-off effect in ecosystem services

and measuring the interrelationships between services are crucial for
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managing limited environmental resources. In this study, we
investigated the dominant trends and changes In ecosystem services
derived from land cover changes for about 30 years and tracked the
changes in relationships between ecosystem services over time.
Through this, we determined the relationship between land cover
changes and ecosystem service changes, as well as the distinct
characteristics of service changes in different areas. The research
primarily utilized the InVEST Model, an ecosystem service
assessment model. After standardizing the evaluation results between
0 and 1, it went through principal component analysis, a
dimensionality reduction technique, to observe the time-series changes
and understand the relationships between the services.

According to the research results, the area of urbanized regions
dramatically increased between 1989 and 2019, while forests showed a
significant increase between 2009 and 2019. Between 1989 and 2019,
the national ecosystem service supply witnessed a 13.9% decrease in
water supply, a 10.5% decrease in nitrogen retention, a 2.6% increase
in phosphorus retention, a 0.9% decrease in carbon storage, a 1.2%
increase in air purification, and a 3.4% decrease in habitat quality.
Over the past 30 years, South Korea experienced an increase in
urbanized areas, a decrease in agricultural land, and an increase in
forests, resulting in a trade-off effect between phosphorus retention
and habitat quality.

This study concluded that South Korea's nature-based forestry
policies contribute to improving ecosystem quality, which has declined

due to urbanization, and maximize ecosystem services. These research
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findings can help policymakers establish and implement forestry
policies that focus on sustainable environmental conservation and
ecosystem service provision.

Chapter4: Strategic Environmental Impact Assessment (SEA) is a
decision-making process taking into account the environmental
impact, economic and social impact of policies, plans, and programs at
the higher stage prior to the project plan for promoting sustainable
development. In this study, we analyzed the process and criteria for
selecting appropriate alternatives when establishing development plan
in SEA. First, the criteria for estimating changes in ecosystem
services following the implementation of development project of
industrial complex were presented. Second, alternative evaluations
were conducted through an analysis of ecosystem service scenarios to
explore suitable alternatives in Anseong. The research mainly utilized
the InVEST Model, an ecosystem service assessment model, and
standardized the evaluation results, performed principal component
analysis to track the expected changes in ecosystem services before
and after the project implementation. As a result, the environmental
quality of selected area as the existing project site deteriorated
according to the implementation of the project, and the dimensional
reduction technique confirmed that the change in ecosystem service
factors in project area was the optimal location. In addition, the
results of the scenario assessment to explore suitable alternatives in
Anseong City showed that the existing site had large capacity in
terms of water quality control services (scenario 1), scenario 2 in

terms of preconditioning services, and scenario 3 in terms of water

S 129 - . _H _r 1_'_]'| (e

1

I

U



supply services. The guidance of Ecosystem service assessment is
expected to be available in decision-making of large-scale strategies
(e.g., SEA) and projects by presenting more quantitative criteria for
determining the adequacy and location feasibility of development plans
and policy plans. This i1s expected to require various support,
including legislation and revision of related laws, believed to be
supported by advanced research.

Chapterb: Ecosystem services play a crucial role in promoting
sustainable development by contributing to human well-being.
Achieving sustainable development necessitates a balance between the
supply and demand for ecosystem services. The research was
comprised of three stages: ecosystem service assessment using the
InVEST Model, factor analysis, and GIS spatial analysis. We
performed a factor analysis using ecosystem service measurement
results to assess ecosystem service supply and national statistical
data representing socioeconomic factors for ecosystem service
demand. The analysis results for Gyeonggi-do are as follows:
ecosystem service supply was categorized into mixed service
provision (factor 1), food supply (factor 2), and phosphorus retention
service (factor 3). Ecosystem service demand, based on socioeconomic
factors, was divided into shrinking cities (factor 1), densely populated
areas (factor 2), and economically active areas (factor 3). Balanced
local governments were identified in Goyang, Osan, Paju, Pyeongtaek,
Pocheon, Yeoju, Siheung, and Guri, while unbalanced local
governments were found in Suwon, Hwaseong, Yongin, Gwangju,

Yeoncheon, Yangpyeong, and Namyangju. In the case of local
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governments where the supply of ecosystem services and social
demand maintain a balance, they are characterized by an abundance
of public value provided by forests or developed ecotourism, advanced
cultural services, high population density, and active economic
activities. On the other hand, local governments with an imbalance
between the supply of ecosystem services and social demand show
the characteristic of insufficient benefits provided by the ecosystem,
despite overcrowded populations due to high urbanization rates. Or, in
declining areas, the benefits provided by the ecosystem are abundant.
Based on the research results, management strategies were proposed
to maintain the balance between the supply and demand of ecosystem
services, such as increasing the self-sufficiency of the region or
enhancing exchanges between regions. Furthermore, we propose a
management plan to maintain balance between the demand and
supply of ecosystem services. Our analysis method and results are
applicable to various local governments, providing an invaluable
resource for maintaining the balance between ecosystem service

supply and demand.

keywords : Ecosystem services, Time series analysis, Trade—off
analysis, Strategic Environmental Assessment(SEA),
Shrinking cities, InVEST Model
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