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2017970 FEANEA 454G AT F FAL AAUBES BAT AR oF 19%]
23ekDade et al., 2019). BAZH S Aok A o] AnE BEH] 99}
A AL TG HAUSS B4 9 ojstski mRA wolA Ay &
% 9t Bol washh ¥ AAMuAY HEAEL HHOE ofsfeteit wE
FRSHAEL, 4712013 A H ST ATAES BASH BYOR Tslslo]

olsfichs Al oAt o T2 Edt I Aduto] tigt Z|xe] "ash| miZelt.

AEAA 0] A% BoT} AT ofefet BAGAE Hito R B o

= A A
7o) % 717 Zwo] dhet el vlee BHo = sEech R AR A

EfAIA B2

= Sl
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71 W7o s Apedo] Tlofat IS ollshe A 7]oleg AP el
SRS, A APES B9 Q8 FFARIAY Al 7]olg AP Zoltt T WA
= AN o)l T2 ofefe] AL ARG S FRHOR BHT 4 Uk

wg 7ute] 7k AAE nrsks Rolt

2. g7 U8 R A HA

£ e A AEAIMI2] Higt 211 710t et eS8 AA A= g
A 71oE A7l oHA| EEe E8sto] AL T SFAH|I2] sigohke
SiE e, SAE ibe OF F50) A} 7o AP e IRl Al AP
(H273). ol B A7t vla-BAFS 8 ohyt & ?‘i?oﬂfﬂ AR F5E2 A
714 &M Hehts 543 A 7]od&] Aolg et & AR B3 2
A2 S =2 A 719 AP Y I HP°<}E 111*1 At J=28 B
A ol M= B=2E BV A%t
7= S0l BEAAMEA F2AE B
EJct Eet JezES 245k ol BT 7IE SAIA WRlolu XY EE AEH

RS AT 7IZATRE AlSohke A T *}Eﬂ% HEst] H7F AAel Ea:
= AR ol2fRt AN A Aoakgel B3t iy f3eh HHE, A4
}Eﬂ Fgste] W AAE —T’-‘J%EP. Ad7golr= AeAA R A 7]okE B A
B7F AlAC] tie 223 A 28l sl A

“Q

HJ

24

4 g AR Lol ANFTHAZY). B3
=]

e Tﬂr‘lfé‘} *Jﬂh‘l— R YL
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o
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1. YEAMB|A F7te| X 71012 TG

2. OHX] YEES et XA 7|0 Y Y
3. XA 7I0E Y

4. XA 71042 F Q0 H|u-

M

=

HI

1. HEfAMH|IA B7te] XA 710E 71

AR 2 ]IZto] AEAlzRE de E oz o, A= Qo] dSshe
2] AN A AHARTE &557 B FEoR BY] offih A8 &
sihEelY ke 59 SEAHIAE AMle 8T o 0l ey Y] leEEol
o7kl AAE A&y olRE 712= b ¥R, 74, *W =58 50 2849 &5
AHIAE A Qfet é;l/ﬂﬂ]/\‘)r oA H| 28] Ao QIZto] &l ARjle] AlsdtE
ABIAE B5she F9e BT, B2 49 A9 HERHE 2Rt mEbA A A
AEIA 7S 4T fﬁi defe] HOfE mEA, Au|A] STER|OIA QIZto] F]let 7TIAIE
A AFro 24 A } AEshe & dEe AT & Sl dZA AlsEHe AHA
|20l 7] F oAl ARlo] Algshe 79 BleE ARl 7|9E = ARt

ol2]gt AR AAHIA A 7]o& 7Hgol thet =0l o] MEH UUARE, T FH ALY
oA FAHIAE S5 FFAA A5 BEEH R FXIFH} Pérez-Soba = 20159
FHAES] 7eEIAE 53l TikE SaAEAet It A7 Y AEE olvA 2 &
oA AE3THPérez-Soba et al., 2015). ©] A= & FHAAHAE St
AT T 840t ANER St AHAAHIA 84F YA S92 Agesic. A+
oA E-83t A H= BEXOH R4 E(EROL: Energy Return on Investment)¥} <=0l #]
(NEB: Net Energy Balance)#=tl, A1 7]o&ol tigt 7id2 W2 A= A}<do]
71013 AR AgSolA] gl QItto] FiSt o x|t AAES] |4 S5 ARt
(Od 2-1 =)
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EROI (Energy Return on Investment) = P/F 2IX7|04(F)

NEB (Net Energy Balance) = P - F 53, A=, 71ALH S

Bz, EF, B+ S

SE-AFSIER| AARO] AHAK LK St EROI & NEBO| 7HE

Pérez-Soba 52| 20154 A77F A4 7|ogo] Het 712 Q1 /HdE HEF o= B
ol HQl SHAHL & 7kxolc} WA, H|Z EROI®H NEB 482 9l Eglohs 9459
NHAE 359 E(oule) TR HEIPZoIE E-Folal AR HE 84 71 oUx]9] AF
2ol A8k EJrh AE AW, BgolUA 1J3 719 A 1Jo] & 4 e g2
T2HOdum, 1996, pp.15-34). oUA] A && oA gfFofuix|e}t Ao A=
FYsH 1Jelgte AHoR & 4= Q= doj= & Ao|7t Stk mEbA ofjfx]e] HF Aol
123 EROIY NEB 4AHg0] o]&5k= 7+ 84:9] o|A|Fe H2] Z}o|F 112s}o]
Z-gofof gt} TR0 &, EROISE NEB: F2t oA ovz] P52 584 onlot
A 7104 4] Rt FAl= HESHA] itk SHAIE AdTh A 7194&E 4
A EIAE FFo17] ol FUoke AF 71099 vl&-E oJufgltt. whha] 2AF 710382
A(2-1)} o] Zgdo] F A7 7EA|L} QIFto] FRIFH 7IXE AFgsto] A F Apjdo] FUgt
7H9] v]&-& APgst AxfolcH(Vallecillo et al., 2019, p.15).

rf

A

Z} A g =
PR7ITE = e egwaawae

A(2-1)

AL 7[&ETAE EH Pérez-Soba 52 20199 ATolxE LR sAME] digt
A 710 vl &S EAH 02 APYFtH(Pérez-Soba et al., 2019). °] A oA A}
QIZH] B2 5Lt 7IolA Blasty] fls] oA HPHES E-E3lrh oHA= B
At &9 Aikel7] s A4 om B4 o SR/ 7R WA E o5,
dutd o w= Asht 899 FH oA T 5 QU= BYOUAIE 7IEoE APYSt
(Odum, 1996, pp.7-8). FE= sei I FNIAIE: solar em-joule)E AH&SIH, 5 A
sht &2 Aitehe ol YT sidolvxg= uieitt. oHA] PHES &8 (1H
2-1)3} Zo] AAZIN)2t QIA71(B1E 4AFgstal A2-1Dofl et A 7]of&-S APgRith



A AqtollAs 13714 F=00 tisll 79 =719 A4 7]oleS B3 23E AXZo
19 2-2; Pérez-Soba et al., 2019 IX).

~

Ecosystem contribution (ratio)
| ERX

B oi-02

[ ]o21-03

Bl 0=1-0s

o5
©777 Nodata

4N

EC-JRC 2018 y 7Y . o 2 il

At=: Vallecillo et al.(2019), p.15.

REXA T2 SEAHIAQ XA 7|0ig

2. X YHES St XA 7|HE Y YE

& AR 5 Sl ofHAE B4 Alsht 89S s o 2RHgA o R Folst 3 SR
71& oyAlelE®, FEAMEIAS Pibele o A7HHAos TRl A 8491 914

24 FEZ Aol 4 P9 oHAIE ARl ol & F72] 718 ouAzE 4y
O BHgAIUAE ARSRltt

SRS A9 A 7)o 94T BgluA, Bl AY, B, EF 5 ESH, A%
7o) aamt g, W, JA, A4, kEE 5 T A 7lofe RS BE
Aol F 2 gme] 520 it A4S HioR oHAS APl o] 8k % 54
Y=, g So] R0 xS S v WEk 6 AP0 Bt a1

[YHIIO {Selk

=
=

12810

Ry EH0IC 1YY



B iCE IR IR o8 ERG it EM0IC iY

{0f

NHA T oA D(se)E SRARE Aolek. 2Lt o x| Wi 2o £ Asht
AH| 0] gk o HAIE AL o] FU3 3450] oHA|E v APgsh= Aol oy,
g & 1 B8 HEE b 289 JHAIE ou]ok= WA AEH(UEV: Unit Emergy
Value)g 83tk &, 2(2-2)2F Zo] &4 & AY WA= A 559 ¥ 179
HAFHE Foto] ALt o= Stk 589 &2 olvA &9l J, FA @91l g, E=
sl 9] 5= yehd 4 9l UEV @9% 10 wet ZA=o

Emergy 4 (sej) = Flow 4(J; 9. $) x UEV ,(sej/ J; sej/ g, sej/$) 2)(2-2)

oAHA] Z7F IFolA o 7] F=qD 2 T 4H olsreltHOdum, 1996, p.81).
AA 71o] 240] A9 AR A A2 &8 wet YSke 245 XAk, e
=01 HigeldA], v, A= 52 SHAR] 8471 ofdEt Mz ddE 84soln
Higolut 7=t BigolH RS Ao wt Aelal =2 0% ol 714 de] HYel
UA], A|G, 240 ot A A2 2-go] 2z yEhdtal & 4= Sl oA B0l
AITAZ AZdE 2459 AHAE BF Hole A2 5 AFgolE= grbzoz o
Z #Ht HF oHAges ZAJH.

’

23]
(o]

_
—Ll>l_4

T

% 7%

£ Ao E oHA] HES ol 83ste] SEluR sEsTAE At Al 7lokee Al
. sikE, diteE, SARE, sibE A Al Ve A AFT A 71
gejet ol 2t F52| At B ajt SAHAFAILH 55 AT + A4
NHAZNA Ardego] EF3 oMAFo] AAsk= vz At sits, o
A=Y B MY FsoAEY, viE, 5 S e e 8 (Ed &4 WIs 97t
TH AHAFS H8l AAL 7 olHAFE 7 ik Aite] 3¢ S FEA
o] AdE7 e84 Felol /7] wizel A e840 omA|Fge Aded s+ ol
AFez ot A7 Al A= 73S AEste] B7F i e 202092 VIS
o2 APt

r2

L. stt=

A 7lode AHY A SRR v 15G=E), R 3S(REEY, 2R, U), AR 2%
Q&L A2, FF 13EFD), 77 153@), AT 123, Wi, AlFA], JHis,
7, B, vk, i A e Bub, AaS), BAR 8F (AR, i, Bl &, A,
e, Ao, EFHE), 582k 157 AT V1€ A 7ot Aot sdet
WS 283) 20204 7€ witE AR oHA] B7RE st A 7]oES AR
k2 9], 2023, pp.185-1806). EZ & oAM= BAbE A4, S AAfuiet A1d



Aol e A Flotg Holg 4-6-}71 Sfof AR A U5 SR,
M, @7, 55, AFA 59 AT W A2, BT 59 BB A9 7jofR% Ftw
AP,

$ENTH SABAERA, BAY SABA S /1E WA 10a(1,000m)E H7t
WO R At A e FYFE AW SNAEY, v A, FHEEAD,

>,

er)sa} A RAAEFII 0T 48 47153 BB oz Adgon, A9
NS Y oS B A o Bast oA @ 2 2]
mx EEAEE L =B AR T8 B,

SARE Ao o} 83k 0] A9 BAN £ A7t S glo} & Aol Al
M1 §CEA ) 2o E1 AAIS] oAl RS el T 5 AlAolA] A
5] T 54 Al FYsie z—x}L I PIRY ol FYL A2 WA
SAAATIONA $I8F FARE o] Al

. mﬁ} 29 Az qM A A1 9] el 2 Sl 54 A

202082 71E0% W, §e 7, HE, Bee thoR AR JAo] A Jlelg Bt
S J1E A7o TRPAE W, 9 7, He B Hae JARgIEAY

712 WZQ1 1ha® AFATHIAL 9, 2023, pp.185-186). B&HS] A9 7|oJ &% oA
ATE wet 2k A B AEHm’/ )T AH(Y/A)E o83 AT

WL B 7 o) A9 AR R A5 oA RN RA(EFHA) o
VRIS T3] QAR Aol FRISH Al Al ofsiAIS AXSIC, Bt ko] Bag
Al ofejx] GAE AT EAG YR oA U ol 85) AN W, B 4,
o, Be ] BRd 98 £ ofeiAE 1 47 Wk 2 Axje SUsp

-‘1

SANE AR A 7|08 S, &, 2 tieR WU A 7o A
A3t olmA] B7h AmEE 20209 718 S, 5, 229 ] BA} S4B 2AL
IS ol &HHEAT, 2021 THSARIER, 2024). SAME AJ4tol] At A4 oz

2 A7 A AYE s 8RR B £4)9] omA|ghE tsf 3t

O

IYHI0 f=2Clt

=
=

&0

BAY |

Mo

1

o
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A £ 84 F= F 7] 20 ol9jole Siba Aol Foke A=, A, Al

ot FAIH T EF A=) flo] 8 PO ] ArE EYE AHF ofHA]

2t =
2wt ng@(qao@ ofS=S th2= 2016~202010] A4ke ibze] 2491 7loles
B7HG. ihe 35 AR 71948 B0 8 o Sl AR A= Sl —16H°1?3

B ol 1OE 289 Quisieoly olgze] B A 7leleg ALK

QutefEol 1S £5) ol&T S4hEo] AT A1 ofri ke Al 7|0l Hrlo] Wad
A 100 U SRR oIl AT A ol AL oy
SxAlo] AR ©] Fleiat Ajetakd oAl v, B, Tk, 24 5)] ofrixjzke
ulw 15 Al 71e1e 421 SIS A 91 19 SR, A
Agag %oﬁw@ ofglzol B AYA A4S Erhe LusjHole] thA 44k
Qo] B oA UTIE Aict

O

[©)
¢

i
o

i)

HHeHoly o atAbd o] oAl Adbal2 4(2-3)3 £

G E A AA A WA f Y S (sei/m?/yr)
9l A o] AR A (9/m®/yr)

UEV(sej/g) = A1(2-3)

AO

SHAG A AHA] 7Y S 201849 71 FEUt YA FA oAl St
HiErA BAlee WA o] &3 ALRHEHA, 2021, p.123). LRtsHolY T‘%W AR
o] SR oAV S= et e ot QAP FFEA d2mE(10%
7Hg), A it FFEAB.24)5 o183 FRHYoo et al., 2019, p.11; 01-5-64 9,
2023, p.321).

-

RO Bl A0 RURE el A2, o4 Hﬂli(ﬂ@lci) wEAg

Ohdez g7t dutsiHoly Bt Foks =30l tigt AR A=s gHT - flo]
sl 5 Zafe1de] %‘ FAARE A=, OW AH|2, =53] | 7}11 IEo=
TF-E3] FIIHHPARIE T2 T5Y3], 2017~2021). F301d 139AF ojgul&-2

RS-



3. Xt 7I0iE

L. stt=

A Ao g2 AAS

A hsas

H|-O

/\Eﬂ

el X 710=E

Sk 7} 354k 3o ofs) o] HpHES
) A5 a299 Q19 £ oHAZ A

=H] A0l OIHX| HIHE(2020E 7IE)

- _ _ INE;
s | gs 529 g UEV el e
X OHX| SUHTHN7/IS2A)

1 ERF0II A K| 4.26E+12  J/yr 1 sej/ a 4.26E+12
2 HpE 2.48E+09  J/yr 2450  sej/J a 6.08E+12
3 Nj: 1.80E+08  J/yr | 1.20E+04  sej/J a 2.16E+12
4 Satt 3.46E+09 J/yr | 3.05E+04 sej/J a 1.06E+14
5 24 2.97E+09 J/yr | 8.14E+04 sej/J a 2.42E+14
A | BUKEC+E 3.47E+14
Xl OlX| SUH(HWEE7Hs2D)
6 | HEQA(R7I8) | 5.49E+07 J/yr | 1.23E+04 sej/J b 6.76E+11
7 HEQAHES 0.76E+04 g/yr | 1.69E+09 sej/g c 1.65E+14
A HERA 1.66E+14
XA OHA] RUH SA 5.13E+14
1M £ oMK
8 =2 3.01E+08 J/yr | 1.89E+05 sej/J d 5.69E+13
9 7| 4.48E+07  J/yr | 2.14E+05  sej/J e 9.58E+12
10 7| H= 2.18E+05  g/yr | 2.13E+08 sej/g f 4.65E+13
" T HE 1.47E+04  g/yr | 1.11E+10  sej/g g 1.63E+14
12 M3 1.26E+03 g/yr | 9.50E+09 sej/g € 1.20E+13
13 Si5t Hi= 2.31E+04  gfyr Cjefet  sej/g | h, i | 2.68E+14
14 2 2.20E+02 g/yr | 2.48E+10 sej/g j 5.46E+12
15 A= 2.46E+04  W/yr | 2.94E+09 sej/##* | k 7.23E+13
16 Al 2.62E+03  W/yr | 2.94E+09 sej/# I 7.70E+12
17 MH[A 2.60E+05 W/yr | 2.94E+09 sej/# I 7.63E+14
18 =9 431E+06 J/yr | 2.88E+07 sej/J I 1.24E+14
QI9I £l OT{KIY £ IERIES
2 E=0| Akt 22 F,
A& UEV &4 a) Odum, Brown, and Brandt-Williams(2000), b) Campbell and Brown(2012),

¢) Odum(2000),

d) Brown, Protano, and Ulgiati(2011),

e) T7| ALt OfL{X| YA UEVE| e

715 Td, f) Bastianoni et al.(2001), g) Buranakarn(1998), h) Brandt-Williams(2002), i) Odum
k) Cohen, Sweeney, and Brown(2007), 1) Kang(2024).

(1996), j) Brown and Arding(1991),
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7} £59] 20204 7| olMA B7F g HigoE A 7]oE s AXIITHE 2-2
), =8 AJAk] 20204 718 A 710382 25.1%=, 2016~2019¢ B 24 7]od8<l
28.1%E 0t 1ottt 2016~20209 Bt A 719&-2 27.5% . =H o]9] AlgE9)
20209 71 A 7194&2 56. 8‘7(J—-—rm})~85 9%(D)2] MAE HFom, Bt 64.6%Act
(FEE AN 715 B, SHEEE WRe FR7Y A 7]of€0] 80% oFo = Eq4th
=HE ALet AR 2016~20204 B A 71982 53.7%(3LTFTH~83.9% (L)
A %sﬂi LR AlRFAE AA|Y] Bat A 719082 20209 V1% 32.6%% UE

A&7 202049 71% A 719982 33.6%(87)~61.3%(H) 2] M= HEbgt:. dud
o8 ATt AT AHA 71918(50.6~61.3%)°] AT ZH|AHA(33.6~54.4%)E T
AT 2016~20201 Bt AA 7199E&2 36.5%(MH2)~57.6%()2 M= UERdT Al
A= A4 4] 2l 710 e A4 A 7]ofg e ER WRITHE 2-3 I=X).
20204 713 AL A 7)o A1ZA] 2.4%S A9k 2% mgko 2 UERT)
& Ao abgRt A AR Al AT A 2020 V1€ A 71odE Bt
24.1%2 ERITHAIA Ak 715 ),

20204 71% FAFY] A4 7|0 WA= 11.1%EZH2)~27. 4% =ATFH)E Hergch
2016~20204 FHFo] A 7104 O 11.5%(EFHE)~27.6%( A=) HYZ Liet
Wt AR R AR TR0 A4 7]0d gL EEO] Y- 20208 7|F 0.7%H2H,
720l AL B 7153 20169 7120 R 0.2%ATh & AFolA ARYE A AEjet
AR TR AA9] 20208 71 A 71oE Bk 20169 AEAHE] A2 A
7199& 0.2%5 20209 5Lt A& A%, A2 2= AAAH] H|&of wet
10.7~19.4% H99] 32 Z= Aoz Yehdrhadd Akt 715 B4).

E84E21 9] 20209 71 A 7103&2 70.7%3L, 2016~20209 Bt A 7]o]
&2 68.1%= YERITE

AHow WE A% 4T 5o ARaEolt A%, S81E] Ael 7080 50%2
g A% ugle P—OM 4R 10~30%, AATEH EES 1% o]0 e Al
710182 ek B350} Aubale] e 2 708 Xol7t Eefyet,



(21 %)

= z= 201651 | 20174 | 20184 | 20194 | 20204 | W=
oz | =4 29.2 27.0 26.2 29.8 25.1 27.5
Zeg) 83.2 81.0 80.0 81.3 84.7 82.0
We | wee 84.2 81.2 83.9 82.4 83.4 83.0
o - - 82.6 83.1 85.9 83.9
0 42.6 57.5 56.2 55.2 56.8 53.7
NF | ZRHE 58.6 56.7 57.5 59.0 61.2 58.6
UROHS) 57.6 57.3 59.1 57.3 58.2 57.9
s | 22 68.3 65.8 64.4 65.3 63.8 65.5
5= |2 84.6 83.9 82.0 83.0 83.0 83.3
WHF | (X)) 53.4 51.4 48.6 53.2 50.1 51.3
L ECIN)) 55.8 53.9 57.1 55.2 57.4 55.9
FMS | AZRI(=X]) 45.1 55.3 57.2 51.6 55.6 53.0
e ESCON)! 57.3 55.2 58.8 54.7 57.6 56.7
232 (=X 59.4 56.6 53.9 56.8 61.3 57.6
(= X]) 53.6 50.5 47.8 495 50.6 50.4
Ok=(eXl, 70Ks) | 29.8 31.4 40.0 40.7 40.5 36.5
i CIN)) 49.6 51.8 53.4 54.8 54.4 52.8
x0| | MZ(eX) 453 41.6 36.5 37.5 33.6 38.9
A | QIR X, ) 485 49.7 47.7 48.9 50.1 49.0
K X]) 46.5 45.2 45.8 455 44.4 455
HixE 51.6 51.4 49.9 52.0 50.9 51.2
N 15.6 16.5 16.4 16.7 15.2 16.1
Hi 14.4 14.1 15.5 14.7 16.7 15.1
=50t 19.3 18.7 19.7 19.0 19.3 19.2
A= Thzt 25.5 24.2 23.6 25.6 24.8 24.7
L2(X)) 28.1 26.6 30.0 25.9 27.4 27.6
(L X]) 15.7 15.6 15.9 15.3 14.3 15.4
ATty 16.5 17.3 16.6 17.0 16.3 16.7
S22 - - 11.9 11.6 1.1 11.5
E8 | &N 68.2 66.4 68.3 66.9 70.7 68.1

320208 X 7|82 2 ¢+ol A0, 2016~20199 XA (0182 2tA2 2/(2023)9] A=,
BOM 20| Gl= A OHA| AFE0 223 M=Vt 8l 49Y.

IYHI0 f=2Clt
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(G 2-2)°0 AXE eA] 54 AE- A9H 71 A F2-Z ARASHARE AEEA] oA
SE0| &8ole WA EFola it 4 SYoAE LF SALE,
7ol % F4olv AdA a2l 55 ot AdAEle] T} ot
Xli 0“‘% wbA] £ Aol s WA EiERE of et AV AR Aok I ARt
AR A 7o A% 6H BT AR 15~60%2] A4 71182 UERE AR uy
Aas d AR THEA|, (H 2-3)004] BRo] & A-tollA HIISE AHAH] S4ikE B
oA ZHA 7]ojgo] 2= 0.1% H9-E Egste] 3%E Brs AHE Bt E3
20204 71 sEh AlER], 229 A 71oeR kA Aot AdA ] A3kE vl BH
71 Ajol7} HEs| EEdtt 20209 71 AR ERLE AR ERe] A 7)ol kY]
9 Z2F 50.1%2} 1.7%, AFAE 55.6%9F 2.4%, Eo= 14.3%9F 0.7%2 2 Aol&
ct.

)
9,
19
=2
i
)
>

HL
38

Al2THE sitE diel XA 7|02

(H21: %)

T2 = 2016 | 20174 | 2018 | 20194 | 2020 | T
LHIAlM, HIEEXA) 2.3 1.9 2.3 2.3 1.7 2.1
PIONIONES! 0.2 0.2 0.2 0.3 0.2 0.2
D7|(AId, F4) 0.5 0.5 0.4 0.4 0.4 0.4

S EOLE(AIY) 0.4 0.3 0.2 0.3 0.3 0.3

WAE | 0|AE, BEY) 0.6 0.7 0.7 0.7 0.5 0.6
ESCIONE)) 0.4 1.2 1.3 1.3 1.1 1.1
ENE(AY, BtEA) 0.4 0.4 0.4 0.5 0.3 0.4

I 2|7 HA|&) 0.2 0.2 0.1 0.1 0.1 0.1
SHH(AA) 0.7 0.5 0.8 0.7 0.5 0.6
FEAE) 1.2 1.1 1.2 1.2 1.1 1.2

iz | ABRIAIY) 3.5 2.4 3.1 2.6 2.4 2.8
HEAH) 14 1.2 1.1 1.3 1.0 1.2
AOIRA | ZOFAIA) 0.5 0.6 0.4 0.4 0.4 0.5
e U2(AH) 0.2 = - - - 0.2
HE(AH) 0.9 1.0 1.1 1.0 0.7 0.9

F: HOW 20| gl A= OfD{X| AP0l BRE X2t g 29,



Lt githE ditel XA 7|04E

HE B A EY F 20209 VI A 7]oE0] THE 2 E52 HH72.1%)°130rH 3
2-4 3x). g2 A3 999 20204 71 A 719182 47 33.5%2} 38.4%% e
ZF E£29] 20209 7|& AA 71948 2016~20199 B A 7|98y} HFch
2016~20209 B A 719482 32.4%(H-= 7)~70.0%(ED 2] ML= Uesit. Hgto
20209 A 719382 64.9%H2™, 2016~20209 B A 7|94 62.8%Act.

(EA21: %)
T2 | B2 | 2016d | 2017¢ | 20184 | 2019 | 20208 | B
d 690 | 684 | 697 | 706 | 721 | 700
U | me 318 | 311 | 31 | 326 | 3’5 | 324
EE 36.5 35.7 36.9 37.2 38.4 36.9
SR | SE 607 | 616 | 651 | 616 | 649 | 628
7 TSR 2 1715 7. 20201 X1 70182 & @o| ZDOID, 2016-20195 AfR! 7[0182 etal

2|(2023)2| XM=,

Ct. A= 4l 1A 7|08

SARE A A 719E2 §9, -, 9 F5 ol wARH UERTHE 2-5 F2).
202049 71 S99k 7 A AH 7101E2 28% o, 2 Y] Ak 7|ohe2
25%3t. Al F59] A 71oE BHE 20.8%AHESE A 715 ).

l

VR SME AL XA 7I042(2020E 71E)
t

o

© %)

40

22 82 28 gz uZ
A 710= 28 28 25 27
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et A= Aol XA J|0fE
ol ofe)
2-6)3} 2. ojElgt

9] A 7194&2 AFFsh] I3t 20209 71 oA B Ak (&

Azl YRRt A oA U 6.75E18sej/yrol Ao, AtaRl
ARE EYE AT YA MR B2 4.52E18sej/yrol et ool 18 BAT
T4ibE ojgof] BYsks oHA S AA AHAZE QA9E FY oHA|IF gt
1.13E19sej/yro| it}

3301 1ZYAY OfF) Aite] D] TIHE(20204 71Z)

A oA R

1 = 237E+08 gfyr | 2.85E+10 sej/g | a | 6.75E+18
AA O|HX| R SA 6.75E+18
Q12X £ OHXIZ

2 =3 1.05E+13  J/yr 1.89E+05  sej/J b 1.98E+18

3 G 2.02E+06 g/yr 2.22E+10  sej/g € 4.49E+16

4 MH|A 459E+08 W/yr | 294E+09 sej/ | d 1.35E+18

3 C=S 3.80E+08 #/yr | 2.94E+09 sej/# d 1.14E+18
AN EQ OIHXZ FA 4.52E+18
2 0] B0l 0188t Eitme a0 14SXT 715 BraLgssaeEYal, 2021)0/H, =2

A2es 55 7|15 2E UEVOIHXIEHR)= KITEEA Q] HA7E OfjHX |v
XUE 71EC=E At YUOIAHLE O] 71Z01 SEA| SHfet 2. =9 U
KIS AEfO] LUBIGHHOIY Tl AR DSt 212, OiEEs Salf 2l
SEE LIEHH,
A= UEV X a) 2
Kang(2024).

20| 15.83E24sej/yr?l
Eve 2|L2t a0l =
121221 OHHKIE FRi5| ™

™7, b) Brown, Protano, and Ulgiati(2011), ¢) Brown and Arding(1991), d)

oA B7HE S Atet 2016~20201 717E Z3folyd olglE2] A 7199&-2 20164
57%C14 201849 63%2] S oW, Bt 60%= UERHTHIE 2-7 F=). o= oA
TolA AR S FA ibe ABAES] 29 710 et BlalshE 24 28 ol w2

1%1 2-8 %), T QA S4HE AATe] Aol 7101 8L e (I 2-8)0]A] BEo]
Al 71082 WK QA 4412 % 7]oj80] THE £ AL 313%(2013~20159 BB
AAFADoIoH, oigol o] A9 2% mlgolgich



VI UHISHHOY A ESHO Y 7I1F)2 K J(0lE

(@9l %)
25 2016 | 20174 | 20184 | 2019d | 2020 B
2o 57 59 63 61 60 60
R ST Y thE Ao XA J|0E
(S %)
T 5 2018 | 20194 | 20204 B
o2 | ZmEAGHAiE) 0.1 0.1 0.1 0.1
BREFA) 329 30.2 308 313
A(E=A) 16.9 18.1 185 17.8
SiEF | CHAIDH 8.3 7.0 6.9 7.4
0| 18.0 17.2 18.0 17.7
ES 13.1 12.2 13.4 12.9
- =7 =) 0.4 0.4 0.5 0.4
= 1.3 1.4 1.5 1.4

Xi&: Qa2 2/(2023), p.189.

Of. 7} 54 U &k KIS

[ < oOoT

EAREO] 9 o]d AHQIAL 9, 2023, p.189)0IAE AFFFC] AEEE S EA,
A7], Aur4] o] tiEEg 84 ARgoly EQFi4] Fof st AEE A7E SrHskal
Zgafof st} 1Lt

o

7t Hgo] Pl
AR ] A7} Qo] 3k ol st WRghe TE S erst Bavt gt

Bi)\
ox
2,
i
it
3a!
_l
e
5
R9
T
>,
ol
fijo
oérlr‘l it
>
i

B ol AFRECl 49 49 BAY £Y A7t BasA gkop 2 cdol]
F4 A AL B7h BT TP ot FUT 5Y ALT)H ST o
SAREE AW FAS Eohi] Ako] sk ofu] £ ofuixo]] wge] Hi
7)o} B0 PGS QHeth BH) Wt sk 9% AAdolA Ut Sa
ofntA) 7lo] GEo ot thige] Tk, ufebd 4] 99 A AR Helsfol
F449) oujx] WP} RsehAe, BAHOR ofeldt §9 Ao tid BAREI} HEslel

oHA] F7tol| L7 =2HdAo] ot AUt

29 99 ©F = 242 A4 H8N At AAsE HEo] 27| ] Aus
S8 2 ofeiNe et AN Bast k. Tet AR e X e Ak
PR3t A Y oAUk RET, AR Al Yok BY AmE Thashy]
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53l 2 AFolME AR oHA TS ANEFE o= Aktsl &8 el /ISiHh AR
B & At I AFRQF 9] AFRS FESHA] B3 3
LJSE A7 Al o]Qjof| 7t F5 B4k Bag A=, 4
AeE ZISHA] 1ol 19d Y MRS 4 3 H-g— 71sAo] 9lt}. wlaha] T
Aba o] ofHz|Yrkele}l Eo] Eek AuE 2H5] W HrlS Best Uqrt ok

£ AToH AN Lutsheld] th AU oAUl ofulA) H7lo] R
A7k ulE e SePYEAY Qura B4 i AR AN golnz TAH
o3 5 A 7lole Aklo] B B WAV ek B3] FUA ALEE AR
729 et SIPYEAS O 3 AARR A=t ] o] Stz s S
A B8 ARES FRob] I UOhe BT Wt gk B usiEely ofz
5ol FYSH B F £ ATl Brlel T AR oMl ojle] o 5t £9
240 2o A2 o) A4 7]olg AHe] HRES £ WAzt Uk Yessiolel)
£ B ARS BG4S Lushuield A el 7]otee B Ao Brhurt o
S0} 7%—*401 Stk FIHOELE Witeold] £, oj2) E5 ofulx] Brlo] WA

ARE FE F5E AF A 799Ee AT 27T -

4. X 7|0i8 B Q0! Hw-2A

FHAYRY 20199 Aol WEH, FHAY 13F F=9 Bt AA 7|99ES 21%=
UERGTH Vallecillo et al., 2019, p.26). B7} tA =2 AdAT(soft wheat), FHAY
(durum wheat), 22 (barley), HA=Z(oats), 24(maize), 71EF 2 other cereals), T
(rape), alvFF|(sunflower), A& 2<4<fodder maize), 7|Et Ak&(other fodder on
arable land), 3{pulses), A potatoes), AT (sugar beet)¥tt. AHA] FIHEZ2S &8
Sto] AFgRE olF t &l gt Bt A 7]ole2 =7PEE AlolE HSiet, 20084
71 1A 7.2%, €=U} 12.4%2F o] 22 A 7|of&ol A5 E o AELo} 39.0%,
2tEH|o} 31.1%2} o] &2 A 7]ol& (A HH A 7% B+ £EE YERHtHVallecillo
et al., 2019, p.17).

Aol A AL | 2] HHE 2851 Vallecillo 59 20199 A+ thik
IT=3 S5, ‘Pﬁ AL ]l:- 1}017} UANE 7| 2H o2 A 7]ol& Aol & AolE
Hok SguetollA 2016~20209 oz Xé?l ARFRES] Hd A 7]oE2 vl

(F=m))o] 27.5%, AFHILTHE, FAD7E 53.7~58.6%, L5457t 65.5%, WRH(EEE, AH
)7} 82.0~83.9%, 2] 83.3% LFEFATHAE 2-2 %), Vallecillo 521 20199 AT



o4 2ol Zakeix] ghe miTo] 27.5%9] Ajel 7]oleS el AL Al2jsta LA
2L 53.7%~83.3%9) £ A4 7loige ek

AL} 7Ie B AR IR Vallecillo 59 A9} Pérez-Soba 59 folA=
oHAIE &-&sto] TE] A 7|ojEZ AP =T, oW A] APgof 885t oA de4
A= o} oA HIIHE EH A 7]o] FEoA 2 AFY 4 Pt ZfolE WHT
a4 Ath(Vallecillo et al., 2019, p.109; Pérez-Soba et al., 2019, p.24, p. 50) 2 A+
ol A 7]of&o] 50% oldRl AFAE, 55| AR, &5, WR, 39 45 A4 719
TE 5 EFRA FEY A 7]olgo] Adidor A YEHTh B 7]‘3}—& Sh=
_‘:-:_/\]-E /\ﬂ/\]-.Q_ EO]: _,] _'_|_7] Ediu} O]—L]E]— vl X] T4 ] 43} _L]— '(’S‘Q'XL‘Q‘ oz o:]k]ﬂ EOF
F71E0] iR oEjt. 53] o Ao 44 FEe] SIE R AFH I thAR
EY FESS s AR 2ast s S5t o=, 24 ARkl n7|E
Z4st s &5 30 SRS AlSchs 5 sAE Ao Sa3% I 9Tt
webs o] Zlofet o EY FE Fame EISoF SHARE 20199 3%t
Vallecillo 9] A8} Pérez-Soba 59 dtolA= EGFHAT I 771
ZIRtogN XA 7|ofg S Hubdog v AR Aos FAH

il
]

oA HHES B3 SUSIALE 7 B2 o] A4 7)ol e BET Ak, BRE
A 7etel A RSl 35 B0 W9t £HE AOlE RUE U 4 AAKR
-3 ). o2 S|, W 80% oMol A Jlolg BES UEd v, AAFE
40-60%, SRS 20% Yol AR 71§ G, TofT A B AL
THIRE 1% Yoo Al 7lote BES et BE w28 At B340l gt
A7k AR 7]okg S0 A JRE FAAAY, AR T2 B2 B5 Aolo] 2 2l

7)o} Xjolg Holi= 2 AAago] £ Al 7]o] walolL} 1 F]e] ale] Kol7h
9e-e Uehitk & 4= 9Uek. B2 B5 710] olafat Al Jlele Holrt A7) AL
S| 9o BSER AV olvix] BIHES HRRo R Al 7o) 9 Q14 Flolo] e
WA Ee B Bk
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100%
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o et (& (1)
" @ e
60% S0y e @ L X SSLLIN
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702 sgyE R e % (@ 2 e
I WE. 2 e R Rt 22
40% LR ‘e 2 RN
wag ) . - i 9%
maen el
® (=t RN
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A, 72) I,
0% 900000000000%¢::
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WEWEN sitE 2 QUS| XA 7|0i8 2X(2020E TIF)
WA g0l Eu(u2)e} 7]e Al 1k Al 7]o}e o]} Egio] ekt
(1% 2-3 22). ook 7lek AFaEe] 20204 ojulx) Bl ARE vlgto 2t 2=
29 A 7]o] o|mx|e} Q1A F]o] ofmx] Y=g wshe (1Y 2-4)9} Lk

ol

3]
i
a

e
p
Y
k¢

N
N
fjo
1

pa
>

2
S
n
N
N
o
2
=

60% 80% 100%

g+ EEY mpUZHE mafHzE mAMHs a3y 0 T|E

2 220 it 710 =9 OIHX| 2 100%= St Zkdet J2iE2, 2E 7+ O0X| HSiZe
CIECHE Hol R 27t ASAHTNE 7|0420] =2 FL =2 BAR).

I 2-4 RUSE NPT R

]

20| 7]0{ H|S(20201 7|%)

A 710 oA =wof Blsf W, AR 52| 7]er ZhEollA 12.488 A UEhd b
HHsf, 124 719 o= 0.76~3.19819] £EE Hot. 7ol F2 =] Hlg] 1
71947} 0.69~0.868 +E2=2 WA YEHT. A7t S =l vls] 43 7197}



2.38~3.198) +Eo2 YERET ARFdE & W, AR 5ol =8 vl drkEos

E2 A 719Ee vERd A2 1% 710 oo 1 Bl A4 7197 AHA7E =Het 2
1}01 HA7] wZolet. A 710 ofmz|ofAf §4=2] 7% 71EF AFEtEe] Hls] =Hof
5.834 o FUt o W, =gl Tt A 7o oHAl= Ve AFFAE] =1
37.784) B3 (I 2-HolAE & o o] WR(dEd, BHe|, U)2} F7(3)
E 7]0&o] HA 719149 80%E HIATh =H ] A 7]o] oA F &7} 47.13%,
EFol 32.28%5 ARARE R, Wi7u AR 5 718 ZEoie 857 0.65%, YOl
97.70%5 AR o] AIg FLs) B =sAtel vl WAt < ol & LA
o8 AT BRI UE It AME & 5 3t

SARES} QIXEEC] 20204 71 A 711 BES YR (OF 2-3)9] TEmojA] 34
e Avtyes iH oﬂ Hlg 22 2 7|og BERE Horh 1 991 metelr] 5]
YR TR} AT F50 izt A D Q1A 7]o] =] &S BAS A3t AR
A EFY 71047t AA 71999 40% oVdg AR BH IR = EY] 7] HlEo]
20% olstom A7), AulA, =5E 59 917 7|0 =] vlgo] YKo A et
HOHTE 2-5 %), Al FomA] BdgolA= (O 2-5)0 Uehd 55 5 &7t
1.04E16sej(E5°N~1.81E16sej(EFHI2)2] 2 E HAT, HAFO] 49 1.09E16sej
(7F5)~1.58E16sej(FFs)Y] B2E HEHIT

0% 20% 40% 60% 80% 100%

mEY iy WA mMHA wwS3 o 7|g

F Zh =01 et 7104 e=2| ofjHXA| S 100%= of Zkdet 102 5 7F O0X| Eoig=
ENe)

C=Ch= ol Rog 2o7t A= 710120] &2 2 =2 BAR.

FAZO} TR0 CHSH Kt 2 Q1% 7101 2] 7]0] HIZ(20204 7I)
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ATt IAF - A AE Al Aol w24 7]ofgol] & AolE EAHTIH

2-3 Fx). & AFolA A 7oEe AR Aawet AT F 20208 7IESR kA
Aupel AR A B AR S5 e AlEA], 2R ol 52 o=
SR ARl AlA Rl whE 2hel B /1A 7)o P wiES A HATHIH 2-6 HX).
LA lAAEA ] B B 719 BlE0] 50% W= et AHd 71oee &0l
7P Sa% 8R0S & 4 AT AldAER] 73 F=] AEele] BEFC] 719 Hleol
1% Wel= WkaL, WA 271, 714, A, Auls, =8 5 4 7o) g5o] g
ARt 2k 7]9&0] 1% W= WA YERTH.

Ngze | O (E—

crze N
UEEN m
iz I N
Nt ] H

=+ I I

0% 20% 40% 60% 80% 100%

mEY w7 nE2AE EHE w7 o Ad mAMH2A wkFH 0 7|E

+

21 S0 46t 7101 Gl OF] SEE 100%2 B et T2, B2 2 ool g
(20 Fo| RoI3 WYt US(THTO= 7/0420| H2 X =20t B

T o J—'-}‘|°|‘)

I'O

wXIoh AT E20) Xjel U QX 7|0 B=o| 7|0f HIZ(20204 712)

e FEo= AR, aé—% 4, 1 1] 7% 20209 71 A1 7]of&°] 442 70.0%,
32.4%, 36.9%= YERH=H, 2 S50 Hiet 719 @52 oHA] £Ygre 24 JJr
B9 7o vladt A4l 7101301 7] Al bt 2-7 A=), UmAl=

12 7|02 AHjAY leEEold 2 HlES EA & "2 4, w1y Al 719 Oﬂtﬂ
Aofrts Bl AAE AR AA] EF oA FAZOIM Al F58 Lt ge=
APER] w2l A olmzlgkoe A g2 3t QHJ 37 5l wisf AfH]2et
e 9] /1A oA FFo] e AME & & T &, 24 F59 ovA = 74
HlES Uehd (Od 2-7)9 24 230E si4ske b _7,:,4@ a7} 9=y, Arj=Q] o
AFo] FHEE 23 A F52 EY oHA] FYFe] Fdeits Holl 52 28t
Ak,
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70 2t E20) st 7[0] $22] Of0{X| SS 100%E 5101 st 124m, =2 7t ojo{K| Hoze
CIECH= 0| ROJ8t RJt US(IAZOIE V(0120 52 X2 S0 BAls!

iz F=2 XA 2 X 7104 =9l 710] HIE(2020E 7IF)

23

[YHIIO {Selk

=
=

Ry EH0IC 1YY



o H

GEAME| A d2ZE It &

1. SEANMH|IA oA gD 2 A
2. HEHAME|A HSEE FIF Yot

1. YEAIME|A SSAE T F2 HA

71 MEHAIMHIA HSEE 1Y

e Sbe] Alsystem)hs A A Beloleh A 2459 JTAE-L vEA]
Z3ksHr], A 9% @40k ASAHEY Buk ohje} Wie] SAET} LR Zlols
P ABASUL. B AT chl AEANHEL 4TS ojeat QurH9l
e BE HEASE ISR APIRE chark FRANEIAL Azto] AeAz e
Pt S oz Holsld), thl W) o AT A9S AeAMH AT B
2 Itk o2 Sol, e FAlow S AUANE B RS T Qs A AR
QIATBIAIRE, 4 0] 8514 o VUL ARAMEIAR QAlslE e 1 77 B4
Wg Zoltt. b AHAMEIAY 4EAES AFT s WA B4 ARANLS
183ICh A} vleo] Y, £ W= A5Rkac] BRJR, SR 89l ojs) Ei Rl
AGEAAEI 71o] RGO HAISH: A9 X3tk Al ke FeAA I
TEsHey), B AT T JTAEL FATRA R tehie RE ATt
ohJet AB1AA] BES U 085k S FeAAEIA0 A A AE 7] 4T

A4S TR aE 3-1 F=D).

o

[©)

AEAMILY o} g3} T T2 YRGS TR U, £ Aol Th ALY
HBAG olefely] AL E 74 A o] Basleh 53 FRAHULE olgale
B/} chE AL ] L A B9 FHH FFS AL (synergy) .
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FAAQ JF2 EFo|lE 2 X(tradeofNE A ogItHTurkelboom et al., 2015). &
=0, B4 Hasls] ot Ba S 330 AeAdE S0l S 8AeR
Zlofshs AlUAl BdE ER2th 92T S71E fl8) V1€ BARIE AlRdEche A
A dadke EFlols 2 ayph yEhdt: ofuff AJUx|e} EFols o
4 a2 Q1 7ido] obdell frelshof qtet. Aluz|et Edlol=
Lot HAst S5 SHolA= AEA W 4282 44 &2 44 ave 1
AR =2 é@oﬂ/‘ﬂf oA wet 3FA T2 A JFE v add
At 2N YRR ofsjHAIRN: A A ol 71 BAA] AlxHol wE g
A 57t &E‘o&‘% LS EFo|= 2 Pz AT, daApgol nidet
oJsfAARNRE TR ¢k & At WA AEAPE ARtelA = SR ojse AAH A
AH|20] o8-S S 2R osfsy| s e RAR] TRt olsEARe] 2o
=97} vigo] = ojof dtHMouchet et al., 2014).
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HHAMEIA B
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| HEAVE MISoRs HEAIMEIA AS AlRIERHOZ 0|8 HR AHIAS 01ZE0 Mot MEHA =Lt

71S0| #akoiAL, MH|A O et SEA ks DN E L2 dEAMEIA B S50 =

E 4 ACHUR 4228 42 ©). Eot X 00 TE FeHE= @)D Ot2t 7|2tHet S e
£ 2o ME(EZ Q)2 MEAMEIATL Tl HSAEE LARITHOIR JY).

EAIME A SSEE| THE

SE] 77} e gl wt thaths AMY HEo] 7R AlEsiof & ARk AHA
AB]20] X9 dott. ARl AIA 4=Q0f whet o] 8ok AR AAHI AR HEX|TE 2] o
ue} e A A A2 ARgo] thathe Fe drefslof gttt X0l et YA et
7150 v27] gzol £ A9 FeAAHIA 4o ARE BE Aol 5YsHA
Z-83 4= Q17] "Eo|tiAnderson et al., 2009; Turkelboom et al., 2015). EZH A4
ABIA Q2RI o|SjAIALS] F/dolu A4 QIAISH= ARIAIAHIA 7= 2B g
AR A IS o aRgo] B3t ofs B W A at WS x| Ho] A S 11
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sto] mgstatal =ojsjor 2 Aeldt.

A A A FezRgol B ARLE U5)7] fit Ae A SAE A 24, 28
HAUZS B4, 2Z5) B4 A QAEA
AHCord et al., 2017). SAH A 242 AR 710 AEA o7-E ot
Uis IPgolet. A, 448 4, 2884 59 SARAS 53 A= d 7ks/de]
ke BHAAHIAE Zheth 28 mAUS BAS AR U A 110 St
el 8Rl(driven)] FEiAAHIA I 5 F2AE HAYSS Hole ol SAF
A 14‘401 A=E BIFoz YA A o :
A8 mAUE 242 QAR T TRl BEiAAM YL 1 &‘ﬂﬂ ANIHAE 74
sk H =2te —Eri} Ao} 242 EAY AEE IS 7o
32 3= ol &3] 78‘ qetollr] Z-8sh= A“/‘}71~—2“L(production possibility
frontier) 43 FARBIHAL & o= Ut} HRATTO 2 SRREA2 AEAA v A ol 8iitet
ofyz, Z19F Avtd *}947311]34 S AMEA S5 SR aHTt BYS skl
i AAZAM FF HAUSS BAske Bl &, &4 §E11 WHV\ 30|
o2 AJefAAH 20} oAl whE ARPAIE sEe] vlA=
SH= P40 £ 4= Qlrk Cord 5o ARG olet 22 Y] 7k A+ %E‘@Ft— H —S&EWO]E’V]
He} g F2ol dAEo] Ak E5] olsiARt oot =ole SARRARR oy} WA
US43 22st B4 AA AF dAEA] ol=7 7] st A-8sfof sk=
AFole.
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State-Impact-Response)©

3) Drivers 2474 vij&3 o] gHSHE P o7]= F& Yo, Pressures T2 U1 FF
02 25 AW 4 $i3je} o] 7 Aol ¥ = el Statew UE &fﬂoﬂ oJ5} AR
AAF Bistet 2o Si4] S QIR A, Impacts= 4 % B Bolyy} Zho] 314014} Higlo] w2
e A2} A}Q]ﬁxﬂﬂ 98}, Response= 123t GaFo] )4 95t 2A7IA viS o4 A o] o]y}

S omfgit}. DPSIR ZE|ojlAf= ofE 2HFR1IALY] Ai(State)E 2l efshi=tfo] ozt

Q1A Xd‘?lol ‘*EW & At

01
fllo




AE[BRI-YE] AL

e > 2 Ol
(Drivers) (Pressure)
A
%
“‘
N = = e
S HHIA 7B 253
B ssmumm = (Response) (Impacts)
21 DPSIR T2 S MEHAMHIAN X5t THJOZ 2t HEH(State)”t HEHAIMHIA S 05 2F
HEE CHS(Response)2 T2 AQI0|Lt 23 HHQI0] TSt B2IE2H OfL2t AH|A Z&: f QK| 23

Sl= U mmst
At=: Rounsevell, Dawson, and Harrison(2010), p.2827.

MENH ZSMHIA HA(FESP)S| HE =

AL AR AACNA Dol HAYEE SH4CE E45ke H DPSIR ZH U=
F85H 283 & Y|, Fgustel 9l A%, A, 283 o] tigt g8kA] Q1
TAE AHE 4= 9)7] H=o|t}. Rounsevell, Dawson, and Harrison DPSIR Z&|
e A A B 0] A-83F FESP(Framework for Ecosystem Service Provision) Z#| U<
AANFCHTH 3-2 2). o] ZH|J2 DPSIRI} E0] FABHATE BejAA B A0 A52-8-2
TEFR= A7t k. Ae(State)= Tt 34 AHIE QJulohs A SgE deE
AR A A S5 SHY 9, T19aL AAAH|A T AAEAAHA9 HEE A
[ AHE T ot Ze|d2 FEiAAEIA AT AE-E 1Bt A YAt
2740l 785t &84 & Utk 53] A A wske] e, AREAA ¥
(Impact)el]l tgt -5 (Response)S P o, YoJHo] Z& W3} UQl(Drivers)eltt
o ‘ﬂ‘ﬂ(PressureM EH°P e &Rt ob 2t A HIA S5 -84 SO fie A=
A U A5 S0, A AL 2 T3l ARGA FH olsiEAA FE=
—4-—05 9}/‘]7]74‘/}, EAARIolY A 24 52 &5 AHAXRIA FHE 414
o= WA 4= Qi

l‘l.l_l

o}
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El= -
zat :
MENAIMH| A
4s3g i E
= -
of3t
-
£hy =3
H3l 2010 HEk

SEHAAE]A, DE
ol S =2 7:0 010'50| = Al
et A8 O ESI— &< leif_* = US.

Xt=: Bennett, Peterson, and Gordon(2009), p.1397.
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filo

U0 AANHL JTAE AAUES
BISHE doslt RS 2E J|5usiel 22 9% 8912 HESle] He] B
Q1L omlshat], AT LS 91T EXolg M), vz A% 59 Y9I

o s

|

st
GEAN L TGS o]t Wst 819 P WS S YL, ofE Aol 54
AGEAAEATE Bk 8910] Qg WAL AN 710] AAGe] whet G W

A% 9Ith(Bennett, Peterson, and Gordon, 2009). W&+A Bennett, Peterson, and
Gordone] AXRE F-H3}I] &2 W3l aRlo] h= A H|20f 2HG5H=A], YT AJEiA|
AB|Aofqt A-gSk=Aof whet {gste] o 9 = AU E OE 193] 08
AR AM B A 2H] oAk SHOIM Aol IAY FRFe 2T gAY T
O % AZdh= A= L o Uk A= ¥} 2919] 2RE- ofFel AejAAH|A 7He] A2
FT BATE 7 52 7SR A2AE FF= T =S 5 Aok AEAAE A

deAgs 1 “ﬂ ] B A4S #ol7] Heiie Ae-E WAUSE s

=
olsfslaL, dte WekE F=T ¢ Sl ¥ e vhHshks Zlo] "ask. I BolA
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)
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ful
i)

oxE TEjsor 3 & 4 et

Hok 809 e AAEA Fe Y £l IhE HAYS ol AAH R el
7ok, et AUSS A7t ARle AEAAMRA 4SS A7 19% Bl
IR Ze® EgthDade et al., 2019). A H]2 Jo2Rgo] B3t @2 AollA
AEAA B 2] Fojulet JHEAIE YRl 9= WA, W} 891 EAstaL 1%t
A= =200 53] 715HStE Zelvt ofF 2912 WS 11Esh] ofHa, olEde®

AT 7FsstE et #iot 803 AeiAAR|A 7] SAIZ o= Fojulet A offes

ok

[©)

AE2Z =E5517] A b= olglol it} E35] HHZQl 9 g2lo] ofyg} A|H9H
S92 Ad 8900] 28 4 T A9 FAht A= FEHA] g2 AAeAlE
E=AA Q) TAD atol] it wEbA dikd X[ Fef digt At SRS afet AR
5= OlsEARIE Egele Fold] E4F =27t o|Fojxintd A+ 23] A wole
g 71998 ¢ A= Aot
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C} 2M gpHE @l £

-1 O =

I

AEAAEI A2 HAUSS Hol7] Hleiils ABEAA I o] G AR obet
H8} 8.9(drivers)dh AEIAAM A 710 JF BAl 52 FHHCE FASoF dt. AL
28] ol wet AaiAe] a7t vl ekl e A ofF] RAoRE T
At LS SAY mefslr] ofHE A Ak 24 T FeME A BAE
mpeeks o H4& = Aol 9L, T of| =

oA oAk T AR ofEh 24 e
ko] thgst QIAIE eS| motshs His ol 4
A9l R =90E 3 7129 HE 2gdEe W YR AEHAE #T
287 Sl

HAMEA FoAE-S 45 e Ot 8418 S22 A9 =72 88T &
A3 (Mouchet et al., 2014), AlZ& Q1 3} EXHol= 379 A& HlwL} EFo]=
QI A tjolo] 73] 53 8T 4= QIti(Viglizzo and Frank, 2006; Gos and Lavorel,
2012; Howe et al., 2014). AHAA | A 7He] AA3tA] B4 0= A4 (correlation

coefficient), 7IolAlF A (chi-square test) 52 SAF WS &&T & U,

2

PCA(Principle Component Analysis), MCA(Multiple Correspondences Analysis),
FAMD(Factorial Analysis for Mixed Data) 2] tH¥H%F £4)(multivariate analysis)®
7Fsstt. HERt JABAIE ety |ofls BESHARE AERAE wefd 4= Sl SHEA
(regression analysis)= && S-&Eth =84 G| AHefA A u|A Fo2HE-2 A ol=
tli= olsiEARe] QXS v o R AJEAAHA AAYE EA5ke HERZ &4
(network analysis) W< 2838 4= QItiHicks, Graham, and Cinner, 2013). YEY=A
Ao E =8t AE Tlie 52 ARE S3f olsiuAAT 1A A AAH|A 1]
AoAgoly FAEAE Tefd o= ok HIl 2212 Zghsto] Hot gkt A S
EA517] Yol A A EF(SEM: Structural Equation Modeling) & &8 %
AUt AR A FOAE] AR #isE 2919 QI 52 w46t
T Sl= A4 IR (& 3-1D3 £k



el HENAMEIA HSEE EAS 2ot SAME W
72 | =y 24 It o T A2
o MENAMBIA ZHO] HEMS TRl | And  al
oy | * NES oIt 00, BZ XRE e
7;: - 710|HlE HY 824 (overlap analysis)2 Sall & Gos and Lavorel
T EHEN Z5 O[A9] MEfAMH|A HAZGOILE (2012)
-2 719 fAY S oY 7ts
< MEAMHIA 710] 2MX 32 BN
« PCA ET—EHI LH | =8 e Raudsepp-Hearne
A= o oL =
EAler | + MCA - PCAS 2 4, MoAE 21 wg, | O 8 (2010
« FAMD FAMDL X2t 91 X BiA0| 2R 71s Maes et al. (2012)
¢ o QASH MEAMHIAS ZEStelE &7 Ouintas-Sori
-, | * K-means - ... | Quintas-Soriano
=8| X7\ ERIS K= O|X|2t, RAMEE 7[Bo2 ZESISICH= ot al. (2019)
- HOIM 243} siof o TR '
At |« ANOVA - #3} Q0I(drivers) AE0| 2t Willemen et al.
24 |« MANOVA MERAMHIA ZHe| B FEo| Hat Mot | (2010)
57 + GLM - ST B IS Ha 710 WA E
2] -
o | © GAM HIEfo=Z w3l Qolof w2} Smart et al. (2010)
R MEAMHEIATE OEAH HEIRIX| £
o MMAQI Hat QOI9 A7 ME Hat
AAL | - ARMA OFAFTE MEHFMH|A Hi5} QFAIO| kA | H . 2012)
= < VAR Soll S = 02 o= U aase et al.
o =24
HyE - FEUSEM(CCALt E==M(RDA) 52
- CCA - - Lamarque et al.
Al Eolf O 15t Q10| MEHAAH|A
2 | ROA 2 oEIS DIRIA| 24 20149

XtZ: Mouchet et al.(2014); Cord et al.(2017); Dade et al.(2019) L{& FiIoto] &

BAEAC] A 7] A 2 ¥3t QR13 e AL E| ALY BAE F7E0l= =
oHd, A A 8% SAA 712ARE B oR Sto] AHHARl R 450 =29}
SA 71919 QITAIE UEhd XS 7|9o R o|FojRit}, By A4S Thedlsh Iy
(a simplified picture of reality) 2.2 7Hg4] ATAAS HolFE= /gy A4 32
AP ALRS B R Rt e g o= Uehd 4= it} &, AEAARIA Ao2kge] B¢
ofe AA 4-50] A ] tigt ES thelol 1 & A4 B os vehlal, FAIAQl
AeE Agsto] HMIE A& 5 A A HFS T 5= Ak (Petz et al., 2014).

[-'11'4

Ni

EAAES A7 gskge] net 2% A9 B4 mgo] Auuelr. myo] &
S =] me TSk YeHst ARAES B4k dEAw gEY 239
INVESTU ARIES 5 B33 58 94 SA 02 1ok tekat AL o}8o
thet JAH8 3} S AR & YRS AAU FRANIA ATAES BA
She ) olgfat 7|E RYS BEY F& AT, AL FeAMHA} FrAgo] i
D7k Wk o Aol e BES A 4 e el G 300 @

QEH FHALEL: 24 L ANERE 9% 2P B4
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MEIMHIA MEXG BN U ONZHS 93t 7IE UE 23

ko i £d
InVEST - EX0I8 ¥ EXIE, 7|1%, XY, EY § 29 NEE HiECe=
(Integrated valuation of |  APYoH= 207§ OALQ] MEHAHMH|A AASIAZ 1Y
ecosystem services |« Zf 2YS S Ao HREE Z4 10| 0 ZdS

and trade-offs) ESIMOZ A5 Al 5
ARIES « 718 S{A=et 2 2SS HEHCE ARZA QAR m2t
(Artificial intelligence DS MEich= UB9 QISKs B EAE
for ecosystem o X UMM O{EAH|, O SEO0IM MEHAMEIA GBS BH=X]
services) IHEHOoZ EXM

oS4 U SRMEA MHIA FHS QIS |8 =7

o EQF L= 40t 22 7|2 NEE HIECZ 1km E& 18EE
SHA=2 AAlSiD, Xfe17)8t 2, =X 35 & 137 AfH|A 23t

- 7|SHSILt MEAH HeP} QIZIES 0Kl ks 2o,
IAMs (Integrated QFS7t, AH|IE, 7|8Hst S £ YgHsz Ay

assessment models) | ¢ SHAEE 30~110km HEE XD DSAMAD ZtS Had M=

TAHNO|N Q7L A0 HANE mofst £ Q= FEIt BE

o ASEE, EU MSAE, J|E 4 -S2N 40 Het AHAR HE
Hs

« 0| 2Ol alip] HEL EQF EiA 29| SEI 22 MEAMHIA
A AHHel 2t KB

o A 5 ZHS MQISHH Q17He| MSEES HO| HSLX|
B

- MERE A2 H7|7HK| E0IN UMst= ot Faks HEst

- 2t30] CHet Faks HEAO0|L FAMo= Hoteh & QKT
MENAMEIAN E5HE F3kE HIIsh Aldle B %8

ocoo=2 o — LS [Eoy==]

Co$ting Nature /
WaterWorld

Lund-Potsdam-Jena
dynamic global
vegetation model

LCA (Life Cycle
Assessment models)

AtZ: Hamann et al.(2021) WS =610 2y,

ot 7IE d=XE 24 A

I3E AL o2 TR Tero] A7t =AU T Aol B3t AoA
T 245 A 7138k B4 R 5ol Iet A5 gEo] AA Aas 83t B4
A= FYEHAS. LA A2d 28t 7 ARle Hrdd 2 7] o= RS
Q. A, 37 Al FAAYA A4S vigo AuiAMEA ok wEe wET
A7 ARG AR ol aARE o] AR EFlo|= @Xg FARE ARZE .
S SEAR] A AR = 2AR] oS AR Y FEACE et A ARILE Al
2|25 Z-goto] ojsfjARIY Edol= g ZAt AR St AT ARIER T
Y} =S5l Sie AR HEANL ofd A ARIES AF oiba7gel dast RS
Asshke o 3549 F2o] Alrke HollA S5 AdH:. 71€° +3d 2 7 tE
THY AL JoAE 24 A ARE AT EE, AF ipEAe] dAls 28T

7 Qe YHED 23 =23 e AAES A it

i3

W



1) HEHAIMEIA HSEE9| IHE

F-III

Raudsepp-Hearne, Peterson, and Bennett> 37t A= £48 Bof] AYefAIAHIA A4S
Z-8of| A vt AEHA 9l o8-S YPAFItHRaudsepp-Hearne, Peterson, and Bennett,
2010). Ziuct FHEFE i Aoz A3 o] Ao FFAHIL, EepAH| A, 2
MBS ZIste] F 12709] AEAAMEA 7S Aot AuE v o R o489
AL A ABEfAAEIA ZFHecosystem service bundle) TAE EA49cE AL thAt
o7 AATH 127 BEAMBIAE Aoz 2714 HAX|o] F 6671 A& 7] AHHAE
FAPHIE 3-4 F2). B4 238 AduE, JF5H02 wEshks 3FAHIAEE,
A7) A e RAHINEYT V18, EY Q B, SaA)et fomlet Ego|l=
QI PAE Eth FEAH|IAS HE G2 AB|A ol dRbRoE EfojlE o
TAE ERon, 2EAR|A Tolle 342 Ae8AE YeRith

00 04 08 02 06 10 00 04 08 02 06 10 00 04 08 00 04 08
||||||||||||||||||||||||||||||||||

T APLE
SYRUP 0.30 0.07 -0.04 -0.09 0.02 -0.10 -0.26

) DEER Ve

. J HUNTING 0.49 0.00 0.1 =0.02 =0.10 =013 -0.

] : FOHEST &=

: 048

00 08

02 08

:}. [SOIL ORg]
o MATTEFI 0.04 014 0.04 0.00
I amd CARBON - :
RIRES S ._ SEQ. 0.99 0.26 0.18 0.14 0.00
araes N e =
5 SR Qﬂ'r‘ L HCS)gIII;lE 0.10 035 0.02 0.08 -0.42 -0.42

&
2:
—

00 08

T (i
00 04 08 00 04 08 00 04 08

Xt=: Raudsepp—Hearne, Peterson, and Bennett(2010), Supporting Information Fig.S2.

SEAIMEIA 7t A 24 2t

Raudsepp-Hearne, Peterson, and Bennett®] A-7ollA+= THZ Q1 A3HA £4 Q0
Hr} E39h%0] BAE 9% tRaudsepp-Hearne, Peterson, and Bennett, 2010).
4l& B A9Simpson’s diversity index)E &9l 413 Ao E}EEE Y| A A{B] A0
Oo] =2, & HARt TFY BHAAHIAE #63 $EoE 50 Qs A9 FL
A 729 35 U ZIAHIAE AlFStaL Qo ABEHAAHA Tfdo] W A

£ FEY FFAHIA 1 2 TARP AH Aol FEREA(PCAIY A
EA4(cluster analysis) AJE2-go] gt ot E3H8Q] fd S BAT 4= Q= 42
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5 X3
e A|Gg mefgto e sig A @"Z"i dae v 5= it Raudsepp-Hearne,

THEAE S 079 RS =ERAL 4 S A Y
o

#*N

CORN—SOY AG FEEDLOT AG DEST TOURISM

%*'

EXURBAN VILLAGES COUNTRY HOMES

maple syrup water quality

deer hunting . . pork
tourism/ e crops
nature appr soil org matter
summer cottages soil phosphorus ret

forest rec carbon seq

At=: Raudsepp-Hearne, Peterson, and Bennett(2010), p.5244.

GEHAME|A RO ZEEY 2Rt Xy 28 BX

2) QX X} JtX|9| AI4KIQt EFO|S QI £

Hicks, Graham, and Cinner< #&|A}, 2&4}, ol 5 A= HE ofsiiA R} Ale 9]
e AA 20 Hisf] Q1ASk= 7HA]] AlYA|e} Edo|t @ sfHS ALFITHHicks,
Graham, and Cinner, 2013). Al J@o2 ER3t ols|EARe] At ZAA Qe FL}
N QIERE B3l QA TS SEFL, T SARES HEC= Q14]9] AjolE EAFT
o] A= A2 AF-E2]E] JoAgoly EFe|= QL7 ofd =Q410] 71| Q14
oA HlZ=E olsfAR 7He] ApolE EAlte =N AHet B FAS Yk AmE
3183} £~ Q)= oL OFolct AT RS AFS 2 AJEfAIAE|A R|Hol1l 7] slo] o
A oA AHAS FHAFe] BEShs 17t & AlSE: AR ]  JF=
AEF AF A9 nrp7tazt=, gAtof, Augitt.

=z

nn‘. oll
b

Hicks, Graham, and Cinner?] @i ol4= FJE54Z B1E5) MANOVASH £7] &4
(Tukey’s HSD post hoc analysis)= &-8-5}0] olsfatAR} et 7t 12]1 Ak W9 79
0|3t 2o g1t FAMEE B4t Hicks, Graham, and Cinner, 2013). 5414 9oz
AR A} Al o] AR FH2 AFEjAIA |20 F ZpolE ETHLE 3-6 IX).
o9l ke 53] tE Aol Hsf oldS 7 w2 el F= A Eioh Bkt
A2 ohE Aol vlsf A9t oo =2 A4S Folth 181 #eAt Ji2 v



Aol vl EARIAE w2 Aol e ddS BT ofnl g2 Ak e} et

8712] e AABIA(AAA, 91, At B, f4F B, 1%, w38t o) 5

AR ofql, A4A, Qe BEE 71 B8 49 FRow, Eoie 94 Auas
7V e A glo] FoT TR} WS AAA, T8, $AE 1 B S0
S 91S TP e 94eelo] Fglon}, B4 AuAS S

e At g olg2 o8 AEHAA N ] 453t THIE T 4¥e B

[ Fisher
[ Manager
M Scientist

A) B) C)

m

Habitat - L]

Sanitafion 1 [] I
C. Protection - [+ | [+ |
Bequest * ] 1
Recreation | [
Education - ] B ]
cuture 1 [ | [« | |+

Fishery | I B w

manager greater fisher greater scientist greater fisher greater  scientist greater manager greater

Effect on stakeholders' values

Z HHI BAE BEL £E7| EM(Tukey's HSD post hoc analysis)OfiA & RIEt 710 AEst X012

H0l= = 20

Xt=: Hicks, Graham, and Cinner(2013), p.1449.

M| OloHEZtAIRF BE 2t MS=x YEHAMHIA CHSt M= AfO]

Hicks, Graham, and Cinner2] A ox= Z} olsfliAIR} Hto] ASol= AYefAAH]A

7re] AJzIet Eglolt @ X E motsly] Yo HIEYT B4 E-&3ItHHicks, Graham,

and Cinner, 2013). HIEYZ 4 23}, RE dojA oo F= AefA AR A 71 AHXA|
E

Hot Edol= oI AV} H @o| YERTHIE 3-7 2. HEHTE vige= o S44

LA, 2 54 WAL B2 GeAMAuAet duht daEle] EAE SFek
w754 (Betweenness) B4 A7 Bl ofal ol ojgio] 1302 ThS: gker

ol offl HetofA tE AR ATF ol =2 B FollA 7THRIE Adte AR
HojEok TR Ae] A9 At HEUt 42 TP Ekon, A5kt ool 49 E35iet
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AAA Mu|a7F 5302 7Y =4 YERSET Hicks, Graham, and Cinnerd 9=
YA A A7 AR o] QA A| F= FEoleh= oA B e +HT uf oSt
AR A ALt E4E S0l 13T BRI} IS AlARITHHicks, Graham,
and Cinner, 2013). o]2i3t AFIE &5 0%l FHdolAl= A& At ojdo] wie- 585
FAE9lo] 1L TEAE YetoAl= At Ko7t Fa% AR olA R, TR AelA=
AAREAR1 A A2 Z7HXE w55t T Y BRAC] Atk Aol SAA 9=

5% Bt AsEe ¢ 45 Ak

= HEYFQ| 2t L= MEAMEIAC|ID F2 M2 E20|E 2UE, A2 M2 AHXIE 20JEh LEo
F71= 2 OfoitARt BEHe M9 7| LEHND, MO= LIEHH MERAMEIA 7o Ed0|=
RO T= AUX| EA= Pearson &#EH 4 ZOtE Higst A

Xt=: Hicks, Graham, and Cinner(2013), p.1450.

HEI 422 LIEHH M| OfsHRAKXF HEHS HEfAIMEIA S



3) MEHAMH|A HSEE0 CHEt SSAt X QA YT SEH 24

Quintas-Soriano 5 =94 AR A 353 AR Q4 H=E FAHCR
TR B4 AFE $YPHQuintas-Soriano et al., 2019). ©] A= AeAAH| A9
&4 3= AT SA0] A A 14 A7 SR s 1=
HolA 2u)7t ek ARRlA 2.0 717} 2 AEiAIAH| 20 F5o] HESHA] EAL
e AeiAA B 0F JoARg0 = Qs 550 o=zl AT, AR +89% 3+ T
SHHor 13t B HAS Hshe Ao] $835P7] wielt:. A¥Ql HE R A%
o= gt o] AFoM= 77 e AAMBIAQA SFA L, 47 2EAEL, 174 29t
AEI2)E SRtk 43T AR A A E4 A3, )17 W A3} 11 9 A
2ol 2 Aol7F Ut I 9 A9 FAdsd $42 W2 AHAAMR A g
HAL 71 Q9] A A2 2EAE| AL AEsAS TRt 2 A EA tfde EATh
AR AAMRIA S84 Q14 EA A= 8 Aesdol AHAAMRIA FolA Fasithe

S0 7bg Borow, 2AAHA] et R4 AN AiEoR WA ek

Quintas-Soriano 5 YA H|AL] A-Ee]4 FT7F FJH} =94} Q4] JHE HigoR
FAHoZ o] = BMS PP Quintas-Soriano et al., 2019). 77 A A B A
3 AEE v o2 FARRAT FHEAE S § 7719 AEAARA 29 S8
FEUH 2 - 7MY AEiAA R A9 TSt B4 2=, dlE S0, AEA

T2 A, EARY A 5 2 98] Aol /4l EHoE Uit 3-8 B,

T]?l;lfl ?e 1 I Bundle 2
raditiona % Urban %
mosaic F
tourism areas
croplands N=5

N=14

Bundle 3 Bundle 4
) % Balanced % Climate %

i 1y multifunctional areas regulating areas

4 8 N=39 N=13

A Bundle 5
\ _ Habitat and water Bundle 6
\ regulation conservation Greenhoz_:se.s
TS production
Legend: N=21 N=4

Biophysical supply Importance perceived Bundle 7
Intensive Intensive .

Ctimate seruitoee Aericulture Habitat
Regulation Traditional Climate Traditional ity

5 Amialtore Reglation e quality areas
Protection < i N=64

ouris
tion

= MEAIMEIA g 2ERME Solf =8t 7719 & (Bundle)t ZF X0l oSl ZES BARL
At=: Quintas-Soriano et al.(2019), p.1627.

M
~

TEAS S TEO MEINHIA X310 ) 2EL XY BE
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TAEAS B9 3 £25 T A9 77 20 o AR Bt Al
Q4 52 FAAHIY 3-9 F2). olu] TBPAO} BHLS TR HE A (Final

B9 2AABIAE g6k 57t AME(Intermediate ES)& TE510] YA E]A 3

S ol ARANELS B B4o] 2% Ak2} $7F A Tl 2 Ao} Rof o}
2% W= 1 B BT Bast Q) Gl AL FRY SRS,
ST AR QA9 E(ES, WS U FolA I3 BEE sk A HE
T A o] §-85HA 8T & Utk AE 501, A & AT B AAEIA
35°] T2 TRHR e A2 Al S, A a2 AN AL 0]
w2 ZAR G0 HfRt 7se AT 5 e EXICIEl Hiet AFE T et
9l Aot
Low Social awareness High
High
(a) FINAL ES (b) INTERMEDIATE ES
High High 2 | | MismatehtypeA Coupled bundie
g +— Median
2 * Lessrelevant ES. Miematchovel
Need of raising public
awareness & promote
= > multifunctional
§ Bundle 5* % Loy ’ «— Median
g)w.l 4] Bundle 5* Bﬁundlc 4
Bundle 6 Bundle 7@
Bundle 1 © Bundle 2 Bundle 3 @ Bl
Bundle 2 ® ancle
Low Bundie 3@ _ B‘:mljlucng]ﬂc 4 Lo Bundle 6
Low Social awareness High Low Social awareness High

0 MEfAIMEA 20t st E40| 2 X0I1E H0lz sME ¥ 2(Final)2t 2E(Intermediate) AHIAR
25 2ABHIEM a2t b).
XtZ: Quintas-Soriano et al.(2019), p.1628.
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Daw 5 ol 237 Autele P B3] 4 ERE 7 oA 119
Edo]E 93 ¥ TS SHHcHDaw et al, 2015). 2] AL Y o] A2)Y
WA AF|E G So) uet oA WA WY ol4E HIS AnksiA] st
gjzsto] kst BAVH 5% AT o] AT olefst EAIS AHsH: o £eo]
H Fold Bau AuEe P2 WHe ANAE o ot ok A e A
Brba} A|oo®, A ofelst BAdt ofsEARI] A EA e 2

k. olsfEAAE EAL Ak £, 4B ool B Y] A% B4, A Awo
HolZ B8 HARY +9L Fof A2le YepAES SPoE BFLS AATAHLY 3-10

ZR).

Food
Production

Ecological
Simulation

Beach Seine
CPUE

Quantity Quantity
Big Fish Small Fish

Other Gear
CPUE

Female
Traders

Male
Traders

Beach Seine
Captains

T ARIGH 0l Me oPEs Feket 10| M MERX et J2|0 1 Zutz LIEH = O[aHtAIXt
SES VIE M=t MEVH H OAA =25 S AR REeE k&S 21l
XtZ: Daw et al.(2015), p.6950.

wiEEERlE ZAHA HT EE Az B4, 27t H0E S 2 JHE

Daw 59| A7olAE AHe] B AEiA 8458 SRt Eo] 2 (toy model)& HLHT
o] RS A2’ A5S ges] ASs |, olsfaAR T A3 Hofete] AlLE ASE
Shaotal ARkE st Alue|ed] W ofd B3t EEEeA] 225 & 5 e 78
7I'eE AT =o] Bge E8st9 olsiARt FoigEe Adstal olE wEsto]
& QS AL =N oA 2o T &2 AR (0¥ 3-11)& E°]
2P v eR Aue| oo 4E ofsjuAA FE A4S dAow PRt Axjo|tt,

g A9 0P ST ol AR = B T3 I E(seine net)= °O|-8ok= A%, 3
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40

IES T OF, O £72 olgalt ofdl, 2 ofRE ks W Al 1L ons
SeH o1 ANLOE T, Alelos] v 2 olekaAA) Weko] 27  Sel
£400] Shels] gekde ¢ 4

Key

Stakeholders

Beachseine
labourers

Beachseine
BC captains

OF| Other fishers

[WT| Women traders

MT| Male traders

Perceived wins/
losses from
scenario

Only loss

Loss + condit,
win

Equal win + loss

Win + condit.
loss

Only win

e A i

U 7K ALRRIRE Mg AT MAY, fetd 2, AN, EHO= 0AE, B:
Lot 7, C BN, s, Al Y 713 25, D 0 MEst 3 2601 i,
Xt=: Daw et al.(2015), p.6951.
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Daw 5 Eo] B3< ufgoa ojsjgA 2 o|o], B, AjAAk 7ke] 2o we
EdolE Quo}l AYAE BEAPCHIY 3-12 IXR),

Coloured by other gear effort

a0 N £ &I ] E I I ]
T T S '

Beachseine - AL
laborers iy "

Beachseine
Captains

L]

@ o

fishers

S
&
p
I"l"'l'.=
o =

0 @ -0

]

102 aulas Yoeaq Ag painojo)

Coloured by other gear effort

Praofitability

AN

production

V
iy

T T T T T T
M -4 L]

Coloured by beach seine effort

0 40 0

&
=

2| Dl 2>4a

‘ Key: 0%, I100%, l200% of current effort level (beach seine or other); X = Current system

T EO| Z¥S HIZO= OfGHEAR & 019, 2, ARt 710 E20|= Qe AHXIS 24t Zit.

2t 22t 719 e THEHO| Mt Ef0|E 2 22 AUXIS OldE & Q5. T2 =2 E0[ Z0M
HR| Zeffuzzy sets)S HIZOZ S EHOIA STHEIQ RIS QUsH, iR =52 10022, iR
RS2 ~1002=2 FO|. JeHIO| 2 Skl 4 CHH| 0] CHet =S ©|0oHH, Ofh SiAY HIE 222
A= MEoks ERE, A9 M B BE2 HE =7 A8dks 4*E 2ilg tE =
TIHE a%t be AR 61 7H2HR10] O Helol] SFHR ALK A0 RUgS E0iF1, CY
8% g Al HE =712 Ol8ok= OfEl 710 SEXe! 2AVt QlgS AA0JE.

At=: Daw et al.(2015), Supplementary Information Fig.S1.
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5) EX|0IE 2AZHES {ITh HEfAIMHEIA 7|8 EYOIE 28 2

—

White, Halpern, and Kappel sl|%F57A12(Marine spatial planning)< &3 A5
N} oRE A AAE|A 7] Edlolt @ E HARE0 24 X2 o] FEEHA] AAE
A3t AAE AAFHHWhite, Halpern, and Kappel, 2012). ©] d7ojlAe dAGAl=wt
(Massachusetts Bay)}e A& BAZEH, FHLAEA] A0 tigt AluE] .5 4%
Skl 3G Ay o] ThE 7t AEAAEIA ZHE AFS R A AluE] 0] ThE 714
AP Ioll A Tl AFEAIAHIA 7R E APYShe AoARE o2 BEAAHIAE FA
Tk Ao E A HPE Wtk (O¥ 3-13)2 YA AUERE 7IREe R Sh=
FEIA ] T ABeAAHA EFlo]= @ xof| tfst 582 FAA(Efficiency frontier)S
=A% Aot

' + f@iee. Singls-gecior ouicomes
~—&— Optimal outcomas (MSF) 100y
E = =3 Valus of MSP
o N a0
o ., F
2 “- £
*, I
b . F 6o
=] 2
ui :
g o 40
5 £
m
= 20
20 &0 B0 [=4] 100
Value of sector 1 D Flounder Fishery [%] -
100 g, 1000 [ S
e -
a0 s N B Ty T
= &0 E o, = a0 ' at
g & b, - a . -
b LS o ~
g s ™ \
v sl = 40 s |
2 £ Yoy
E = " ED)
20 = 1. -
~
Ha B0 G s 100 o

52 a5 78 B0 Bz B4 S
Lobster Fishery [%] Whale Watching & Conservation [%]

B, C, D= 4% SHOIUX|2F Z7EAH| O, HIRZEAH R, 112y 26 7to] E&f0|E @I 2A0|H,
A2 2 A0 BAIE0] QUZ0| EY0|E QUOE 12{okA| 12 ZF MHIAS| HAU JIX|E, 3|M M2
T MHIAE SAl0f 2fet 29| 288 ZAME Q0lg. E, F, GE ME OE SHYUTHX| A
ANUEIRE ojn|g

Xt=: White, Halpern, and Kappel(2012), p.4698.

EERER SH0UXQt HY HEAME|A ZHe] EY0|E 21 24

Bl

2% AL 7] AL 7HaA deR GEAAIAY Edol= ong FgHow

EFo|E o XS Feto] 2719] AL, 3R] BEjAIAE|A0] EFols 225
FHA R IHsks 24 23S AATHIE 3-14 I=2). (O™ 3-142] A9t o] 39
ofuiR]ell Hsh B ol ¥} atef g2 SAl LAY A a8F AKC] FAde R



ekt 43 olAd ol 584 AR F2E e vigo 2 e et
ulsto] ARAE|A S22 HES] B Wast k. =, 5eH AW &3k M=z
%3 Edo| o1 Bl matEls ARAE|A 47} Solgs o Tk e
22 9l (2% 3-14)9] Al Feolu Aol Tl 5 AulA0] 23k BAS A9 23]
3902 VBRI B0 eshs AH|A 471 S04 xgo] o ottt B8&H
AAEO] &34 Tkt 23 5 ol 2E-L MWL A2 oEAe] EAolT B4
ATl vigos e AuEA0 Belgt ojshuARte] =ol7t Bast Aol

rﬂ

A B 10008
80
100 a';
¥ 80 = 60
> £
2 60 S
2 o 40
w40 £
T =
g% 20r—Energy-Flounder
1} : 95 ® Energy-Lobster-Whale
78 gp 82 Lobster ¢ Energy-Flounder-Lobster-Whale
84 100 Fishary [%] 20 40 B0 80 100
Whale Watch. &Conser\f [%] Flounder Fishery [%]
F As SHO|UXIRE 112 2K, BIRTIY O 29 E0lE Q1 ZMO|H, dd=E T2 0|30] it

88 AAM(efficiency frontier)% olifet. SR 37 0[A] MEfAMHIAS LEtol= 47<|‘rJ
Ol EZ0|E 2t M9 AL ZEHHMOH H3o |7t gX| 2e8= Be 2 £F, 3 £&, 4%
EolE 2 2N ZuE A6t EH0|HXI &7 EK0|(flounder) 01g] 7t &: X* 7471|*1° LfEf"".
5 2420 EAIE E, F, G= (O3 3-13)0 MAlet 37X| AlLZ|RE 2j0jgt E301Xl= KL
MY +FS LIERHD, MEMAMEIA F2| 2f2 Ed0|E 20| M2t FsS Bh= Z5 LIEH, OIE
S0, SL0| gl E2 100%012 10% s Y= E2 %= ns_sm

At=: White, Halpern, and Kappel(2012), p.4699.

wE RPN SHUUX TS HEfAME|A ZHe] EY0|E 2O 24

.l

|

N FZHAE (Marine spatial planmng) 71&9] & FE Ao vlsf vkt F=9
FFE TLEH = vEsto] FHY FAES =S RS Aldoh wEhA (O
3-13)3 o] FTHAL S Sl 2 F=2] 7RIS FIAZ o Ut White, Halpern,
and Kappel:> siFS7HAE0] T AEAAH|A EFo|e @ X ZAZ vigos Rl
7H S BEE ARHCE AR 3-15 JF). (L™ 3-15)9] A= ol|A 7
o wt sigFHAZ C R de FEE TH] s UERT 7] o]}, HISZ A
old, 2l HFols= 22t F 1.3%, 3.6%, 4.9%2] 7EX7t S7t=l= A0 Tyt S|
7HE & o ol 22} 9,00088, 79 2,00082, 1601 %}Ei Folth (A9 3-15¢]
B ZF BHAARA 9 ool Wt siUsAg LR A oA 2 7H] 52
e 2t 46%, SH7IA 2= 1409 28 717t 57 }Hl& AO=E U thA] e,
AFARA 94 RE AgEY sfIFALS 5l 010401‘/} I e oA 100%F
=29 o|ifo] 4S5 WAISHL, oufA] FizollAl= 1009 oo 7IE ¥& 4 Stk
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=
wu]

=*Flounder % =-Flounder| -’-
5 | Lobster . 3 40|~ Lebster it
= 4h\Whale "-.___ - |Whale
& “nG ($12m) B
2 kY 2 30
=3 " i}
g F > ]
a s —_
g5 (855K) |} §za
k] : 7]
o Y =
31 ¢ PN 10 i
o ;' | 3 .
= | & Fma ! AN Y @ H

dno e L AE 82K N Y 2 E (s132m)

. ) = - [

CU 20 40 60 80 100 20 40 60 80 100
Energy value [%s] Fishery or Whale Watch. & Conserv. value [%]

| A= oliISIAElE HEohks ER OIUIX] M =20 M2t 2 MEAMHIAN F71== 7IX|9] HIE2
LIEHHD, B sHYSIAIES HIZRR 2 MEfAIMHIA SE(E20|E QI UM JES Bh=
AEs I8E I 1002 e eSS 20j5HH, Fet 200 M2t MEfAMEIA 22 KO0 m2t
OILX| Z20[0 F7t=h= 7IXIE LEr.

Xt=: White, Halpern, and Kappel(2012), p.4700.
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A T AGooME & 5 Qo] BEAVE ke &4 Ananke o]

314 grom, AlslgA] 5o o 88k 504 o] QA4S Eakshs Afuolh ety
e D Azo] BAH BAmet ofUeh ARAAu|A] et 204 B A4S

Hlho R e SAMITH APEA, ATRIS S BAsok St 44 Tioke wald o)

e B Aol %*4 ﬂﬁ} 587 B Q4] g B4 298 RO vl
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She Alag Uefek & 4 ek AAUZ] B BB AN TG0 Bt
EARY AnE 7122 a2 7i0] PAS AL 1S WAUS BT 24 9 A
S0 ofafbAA} =0} Faf AL 5 AUk, WAYS BAL S BIAYS mRlem
B AL Qe A4 BRste] AFse 2gE AL ARe A4S shsdtol et
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F AR wte R3obt 7Rl A, o AR} 5T BAVH

QAo ufe} §FsbE Fsstck T2 AEANRIAS G WAV AT A9 4T F
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BB AE WAUEE 8ok DARE A AIAR 2ol MJHT) 71E AEAAHIA
A BPS 8T Sk AT BARE 4T B A0 T3 AHE FES]
qrdsh7] Yol M2 28-S 9T 2871 At A=A Z(Causal loop diagram)2}
2ol A AARS] AITAE mofsly] I3t Bagoluf AIAY] 84 Ao RRE-Z XA
o0& Hoj= A|AH tlojo] TfiE 83t 4= Qlrt. BP9 YR @AEC= WEet neti]E
T2 A8 5 YARE AFAR] At SESHA] EAY AFH R #FSH] ofgl 34
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EAX WS 0|93t B4 ATN= EX AAAMH) A} ofete] A A 7HO] ATHA,
AV, Eflole @ 59| 7158 6l Hl B At 7|ZARE AlESARE 11 23t
HPE/\] AABAE HAsh= 22 obdol fdsiof gtet. wets 4 23 712Atws

o}ﬂ EP% AR QAIAA] et =& AET ﬂ&ﬂ O‘E} <, A2 uﬂ;qqz.g

T
slat w02, AERAMHIZ FAl0] A G FAANNAS ST BT JBAES
ofaf st QlmlEAE Wt AL & 4 ok

H

ALt AR FAAE 2ok AHAARIA HAYSS vofshs H] 7€ T d= &8
gk 4= 9Jt}t. Rounsevell, Dawson, and Harrison®| A|AI8F FESP= 7}t A|AE9]
Wk Rl Ao Agshe AEAAEL, 2|3 ARPEAIA glgell Higt [RtAQl AAE
BHY o U= SCIHIE 3-2 D). &, =212 2% ofd 947 Aflo R A-Esial e
AH|20] B B 8 SHoA ofE Hslrt dojub T Aite AH|A Algof ofd I
A=A, B 2Pt gl tigt ti-gol o EA A= =AE 45t HojE. ot
£ B83to] B7F W AlaEE =T 08 5P AEAMEIAE S 9% BA7H
2 7] 02 FEE =], Bennett, Peterson, and Gordon®| A 2Jst ¥y} o]
AEIAAMBIA FoAR-8] Feut Hat 2219 JFF He 53 2ol 54 7Ize] w133t
o 5 U™ 3-3 J=2). FHAARA G BAE FF86HH 232 35k ol

EZ0] HAR, EfolE Qxet g2 &4o] TAgske dlle BEe] ¥elal 9 e

P2 /Eshs ol vhdet olsiiARRe] izt B sttt oot AJe A AH| At
W9l 891 5 HBE ok 849 oA thet XAls S5 ol g7 wizolth
=2 9719 24 51, 183 g didel S S0 ST 7120 e

TS E8ok= Ax a84oltt g2 /Hd X2 (conceptual model), & 4S9 441}
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g5 E(heat flow) = 60mW/m? (Kim and Lee, 2007)
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Executive Summary

Improving Ecosystem Service Evaluation
Using the Ecological Contribution Concept
and Socio-Ecological Models

Lee, Seungjun and Kang, Daeseok

1. Background of the research

The evaluation of ecosystem services has focused on estimating the unit values of individual
service items. Although ecosystem services are defined as ‘the benefits humans derive from
ecosystems,” the unit value approximates the final product value as a proxy for assessing the
services provided by ecosystems. To apply the meaning and value of ecosystem services to
policy, it is necessary to understand the ‘ecological processes’ beyond the economic value of
the final products. This study presents two proposed improvements for understanding and

evaluating ecosystem services from a process-oriented perspective.

1.1 Quantification of ecological contribution

To determine the proportion of ecosystem service value that is purely contributed by nature,
an analysis from the supply side is necessary. Unlike demand-based valuation methodologies,
biophysical approaches estimate value from the supply side. Utilizing the emergy methodology,
which assesses the total value of all inputs used to produce specific goods or services, this
study developed a method for estimating the ecological contribution of ecosystem provisioning
services, including agricultural, forestry, livestock, and fishery products. We also calculated

ecological contribution of the products using Korea's statistical data.

1.2 A framework for assessment of ecosystem service interactions

Ecosystem services generally involve a relationship where various types of services interact. To
develop optimized policies in contexts where benefits and losses arise from these interactions,
it is essential to analyze the interactions and simplify them into models for better understanding,
and incorporate stakeholder participation throughout the process. Through a literature review,
this study examined concepts related to ecosystem service interactions, typologies, statistical
methods, and relevant models. By reviewing practical research cases that provide foundational
data for policy decision-making, the study analyzed and synthesized the necessary elements

for developing an assessment framework.
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2. Ecological contribution of provisioning services

2.1 Ecological contribution of products

The ecological contribution of agricultural and forest products, estimated using the emergy
methodology, varies by item but falls within specific ranges in each class type (see Figure 1).
For example, rice grown in paddy fields exhibited an ecological contribution of 25.1% as of 2020.
In contrast, the ecological contribution for crops cultivated in dry fields, such as barley, potatoes,
and other grains, ranged from 56.8% to 85.9%. The relatively high ecological contribution of food
crops, excluding rice, is attributed to soil. Soil, an ecological contribution item formed through
the long-term weathering of rocks, plays a vital role in crop growth by providing not only nutrients
but also support for crops, microclimate regulation, habitats for microorganisms, and water

retention.

Field-grown vegetables exhibited ecological contributions ranging from 33.6% to 61.3% as of
2020, while field-grown fruits showed rates between 11.1% and 27.4%. In contrast, vegetables
and fruits cultivated in facilities had low ecological contributions, ranging from 0.1% to 2.4%.
This is generally because facility cultivation experiences less soil erosion compared to open-field
practices, and the inputs of materials and energy in facility farming are relatively high. Forest
products showed differences in ecological contributions by item, but soil was consistently the
highest contributing factor. For livestock products, the main ecological contributions came from
the soil and precipitation used in feed crop production. The average ecological contribution of
beef, milk, and eggs, calculated as of 2020, was approximately 27%.

The ecological contribution of fishery products was estimated based on coastal fisheries, and
as of 2020, it was determined to be 60%, using data on primary productivity and average trophic
level in Korean waters. This rate is more than double the typical ecological contribution of less

than 30% observed in marine aquaculture products.
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2.2 Average values and comparisons with previous research

The production-weighted average ecological contribution for agricultural and livestock products
was 32.6% for food crops, 24.1% for vegetables, and 26.8% for livestock as of 2020. The value
for vegetables includes both field and facility cultivation. For fruits, while specific items do not
have a clear distinction between field and facility cultivation in production statistics, it is estimated
that the ecological contribution ranges from 10.7% to 19.4%. However, it is important to be
cautious when integrating the detailed ecological contribution of specific items into an overall
average for higher classifications, as this may obscure item-specific differences and the

production processes.

In the previous study by the European Commission that utilized the emergy methodology to
estimate the ecological contribution for 13 crops, an average ecological contribution of 21% was
reported (Vallecillo et al, 2019). However, it is inappropriate to make a direct comparison with
the average value assessed in this study, which includes agricultural, forest, and livestock
products. Furthermore, it is estimated that the European Commission’'s study only accounted
for organic matter in the soil and excluded inorganic matter, which likely led to an underestimation

of the ecological contribution.
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3. Ecosystem service interaction assessment framework

3.1 Concept, typology, and analytical methods

The interactions of ecosystem services are based on the premise that specific ecosystem services
are utilized and include interactions arising from external drivers or between internal ecosystem
services (see Figure 2). When the use of a particular ecosystem service affects the benefits
of other ecosystem services, positive impacts are defined as ‘synergies,” while negative impacts
are referred to as ‘trade-offs.’ Statistical methods can be employed to analyze whether interactions
among ecosystem services exist, and frameworks like DPSIR (Drivers-Pressure-State-Impact—
Response) can be used to understand the various causal relationships surrounding ecosystem
services. By categorizing the mechanisms of ecosystem service interactions and focusing on
the factors that induce changes and their interactions with ecosystem services, the effectiveness
of management can be enhanced. Based on the analysis of existing research cases, three key
questions should be considered in establishing an interaction assessment framework: Which
ecosystem services are in an interactive relationship? What are the mechanisms of these
interactions? What are the optimal management alternatives?

The concept of ecosystem service interaction

Policy drivers

External drivers
such as climate

change Socio—
economic

Impacts of A on B use



3.2 A proposed assessment framework

The core of the ecosystem service interaction assessment framework proposed in this study

is illustrated in Figure 3.

H[E-REN A proposed framework for ecosystem service interaction assessment
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4. Conclusion and suggestions for policy application

4.1 Conclusion

While socioeconomic value is used as a proxy in the assessment of provisioning services, these
services result from the interaction between ecological and human contributions. From a
socioeconomic perspective, the services provided by nature are often excluded from valuation
because they are offered for free. For sustainable management policies, however, it is crucial
to move beyond conceptual understanding to include guantitative assessments. In this regard,
methods and results for estimating ecological contributions can provide new policy perspectives

for understanding ecosystem services.

Focusing solely on the utilization of specific ecosystem services makes it challenging to
comprehend how the ecological impacts and feedbacks from that utilization ultimately affect
the supply of other ecosystem services. To consider the positions of various stakeholders and
ensure sustainable ecosystem service provision, policies should be developed that account for
the interactions of ecosystem services occurring in earlier stages and reconcile socioeconomic
interests through modeling. In this sense, an assessment framework for ecosystem service
interactions utilizing models will open pathways to understanding the processes involved and

enable a broader perspective.

4.2 Suggestions for policy application

When using the average ecological contribution as a representative value by category, it is
important to exercise caution to avoid interpretative errors. To map ecological contribution at
local or detailed pixel levels, the statistics used for emergy calculations need to be developed
for these granular units. In special situations, such as climate change, relevant causal pathways
and statistical data should be established to reflect these factors in the estimation of ecological

contribution.

The interaction assessment framework consists of a series of complex processes across different
stages. It is essential to continuously reduce uncertainties and enhance understanding of the
system through stakeholder participation and discussion. This iterative process should involve

refining and elaborating the models based on feedback and new insights.

Ecosystem Service, Ecological Contribution, Interaction, Ecosystem Model, Emergy
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