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—1 Abstract |

The purpose of this study is to analyze causation of Ecosystem service’s
trade-off(ES trade-off) and to establish baseline data for wise spatial planning and
management. In order to understand why and how ES trade-off occurs, systems
thinking and causal loops were employed. The causal loop of ecosystem service
creation cycle includes profits quantification process, decision making process, spatial
planning and management process, and ecosystem services creation process. The
profits quantification process has a limitation that all ecosystem service categories
were not included in profits quantification, because quantification method for cultural
services is insufficient. These problems led to unequal discussion opportunity in
decision making process.

ES trade-off occurs through transition of ecosystem function in spatial scale and
temporal scale. In spatial scale, land-use variation and resource-use variation
contribute to change an ecosystem function for different ES category by spatial
planning and management. In temporal scale, a change of an ecosystem function for
different ES category is influenced by ecological succession, seasonal change and land
cover variation, which are parameter from environmental features. This study
presented that spatial planning and management should ecosystem service

assessment in order to enhance balanced ecosystem services.
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(Ecosystem Conservation, Sustainable Use, Decision Making
Process, Spatial Planning and Management, Causal Loop
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I.ME

Azo) AdEE 37 AYE 87 Aol n AA 242 vese AE T Y}
(372 9], 2009). o= FEAG} BAAYA A B Eo %
8] 98 FEAwds 349287080 g )

stol A7k FEUY 408
Aete]l Whgd sENE duAEst SEwWFEe T2l vfAlheep://korealand.
Gsorycom) 9] B3 s ol AT A A Sk 0, 49 49 A
FEe aTE % A9 U A5 WgE vestel 498 Aow BPE vhid
A S BEe Ab5E WAelehs BE sl AN FHIE Sk olsh g =
V4 Agle] ¢4 o) B u Lule 27 AN W e 2 A nE A%
Fed ol 19l 45 FRBAL o|FE A0 B & 9w ol AT Ael sk
b waw Agols & 4 d

T Uehd d7gdl oJshd g3t AR 3w Al AEAI GACA A <
HEI} A&7 o] &S olojuprbr] f1gk W o s ALl e, Ag - 2344, 4

AA MRS 1Esh= Ao] ad Aow UdHA L UThDe Groot, 2006; Hansen et al.,

0=
N

4

2015; Kabisch, 2015). oJell AejAlel] tigh thi ] 742 37keael AejAAH 25 st
of 37t A8 s AejA ol gk B A W e A Ak
A ZRE v 13 g gt JIAE F3l AE57bess ol ds F7E T US A
O 2 AR ¥ TKChan er al., 2006). AEAN 28 A = dkxpeidel 87 @49 A
ej7] 75 02 5E Ql7to] Algu= M) O R(Costanza et al., 1997; MA, 2005a; De Groot,
2006) AHEAZF = o Al 2d A2 E35F A2 A A2 4744 HFEE
ST Jidolth o= AEAE 71X oY VeeRSE HAYE AYs dofshe WY
ol7] Wzl &3t AY H e A AEiAMH o] tigk aHE ke A AEAY] B
T AE7FsEE o8 FAY e Wetol 2 5 e Aotk
A7 FREole 7 A8 ATER FE AP EAAEY HEFTRE v
07 7]F YAAE B4 Z(Kumar er al, 2013; ©]F 3, 2014; 43 2], 2014)004
:Li% A7t A2 &xke 33 AY 2 B E AT JAEAIA AN AeAAH 27} F
3 o]fE TREAIH(QFAL, 2013; A 9|, 2014) FE G e} A AN AE T
A st ZgEal ]‘:](Baker et al, 2013; 1d, 2014). Ap7F 3 AlE 4 TJrFJ
Al ARAABI =S Hgto e BHE = e sk Zlo] dasittal gHste A
YEh}al 9thRaudsepp-Hearne et al., 2010; Davies et al., 2011; ©]5H] 2013). *3151174]/\1
Hl2~g aeste] I3t AlES Fa% 75 (Chan et al., 2006; White et al., 2012)2 =

I
tlo
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el A BaE i Qal sl Eoks AlEshs dAlel qlvh o ® ] A vHA ¥
EAE B o] #AE AT Rof B Ao A F8THse e A H 2~ AR FEE
7] el = S - AR gk A AR7E Rl Eofok st E 9, 2012) A9
TN 87 e AEAMAS Hr 71Ed 284 e W7F U o] Fasit
aejar 714l AR 28] Aol tigk ASA ofsfzh EE o] glojof itk
AEAAN 20 ASH odlE el AEAMYIZS] trade-off A0 tHeE 3Lef7}
A2 o]t Wallace, 2007; De Groot et al., 2010; Van der Ploeg et al., 2010). trade-off
AT, AEE ARE nlE TP 9olBA § 7] oos daxt & u Ee BRE
FAAS AdA7Iaat & o, o]9le] AEo] HR =EH o]27]7HA] A3te] szoiA A
L o9 FEo 3Ao] mEE T FE SE¥THhep://krdic.naver.com;htep://terms.naver.
com). AEAMB A= AejAlE defshs JAragA 2 AAsdAEe] AR S
SAlA FE7E He Aulae] METE AsiA Al Hal 2 M) Aus d s ARt g

¢

22 A §7] v Eol(Rodriguez et al., 2006; Bennett et al., 2009; Granek et al., 2010;
McShane ef al., 2011; Stg 2013) AEIAIMHI 2] trade-off TAZF BAE 5= = Aol
o} o]# % AejAIu A B MFo] FES 93 o] g2 WFe] MujAaEe F3)
E a7l AEAAMY 2R trade-off TAZE WA= BF AEiAAH =9 F 7
(total value)™= HUgto 2 W3]¥7] ofg]¢]x|= Zo|th 01%—?—% AR AR 220l A e
= trade-off A LT A2 o] H= Al et iAol AAH A
AR 28] 7HA] A2 7HsAS ol Aolth wdk MEIAIMH 29 trade-off A
ek olsl= AEAIMHI A F TExol e RS HAstele WA AR AN S
Fe AT 7 e ARt tigh vk S afara) sk Ak AAE o] HkE
33 AY 9 A2 E 7hsshA @ Aol tHMcShane et al., 2011). ©]ol & A7-9] H4L A
B AIB] 228 trade-off TAIS] A EAHS BAete] &utE ot Af3 dEE AT
g 75 W Are ARz 7] Bk ARE B
2 AR B A E AR FaL e A9 oabEA e AAFPAER stelw
AA &

Alell Bag 7|xA 87 2 Aol =ois AAs] & Aol
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1. MEfAIME|AL| {3} =

aly
=
-

REAAH 2= A B wERRd ARl 3 Q40 AJEjA 715 o2 R Al ¥
Q]S AA=TKCostanza et al., 1997, MA, 2005a; De Groot, 2006). AE|AIA R~ Y4
N Muls WS 7AAL QoM (Granek et al, 2010), °15 [Z¥ 113} Zo] &H AH|A
(Provisioning service), =4 AH]2(Regulating service), 3} AJH]2(Cultural service), A 4]
H] 2x(Supporting service)2] 4714 W2 FAA S 4= ATKMA, 20052). A, &5 AH]=
= AUAZEE 248 B, A5, A AgeEE, OEZH Y oFE &

(MA 2005a; De Groot et al., 2010022, 7}Fx] 912o] 7} A o]Foix]i= MFe} & &
olxw], 2013). B4, A MH|Ae AAAA O stow fﬂﬂ A x4 Ne 24 B

< = S -
24 54 4%, B A48 B4 B4, 4R 24 A0 2w 24, 54 94 59

>.

=,
AR A~E AFHb= A O ZR(MA, 2005a; De Groot er al., 2010) A73F AEASE 45}
HA ek 35S 111%6HTt x}QH AR5 H W} AlA, “5} Hﬂl = Aol 7Hzl A

= o oaE 1 JUKAIE - HAF ‘é’ 2014). PP EFo & 9] AH| A= 9] 371X
Jof| A BFFIEHMA, 20052). AEIAIMHIAE F 99 4
7F 51, 917be] A} Heloza QAEHE M= FEAu|A

op 2AAHA B S H R0l BAstE R o] 37H4] WHFE VIEoR TH] HUHE @
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AEAAH 29 WFE BRSD Aolet

Fir AL o Al A B ATAE F
Aol slojrka Q= Foln,

AR ele] QA <8l 1 At $R7E ks o
453 gk old @ A YA S o A stelele] Azt a9l BAE Ao
& Zojula AuAle] BE 2 A%7F5T ol82 Wl olob] 918 B3 A Auw

# ggstarat sk mgolth

A A B 2= AEAS] 7HAE st v/l (Costanza et al., 1997; MA, 2005a;
De Groot et al., 2010)°]12 AENAlo] T3t HEY 2|&7153 o] &5 93] E85& /g
o7 Fask AAE I ArkPEA 9, 2014). 2005 FN$FAHUNEP)2] F= Bl
z2p ol hmd A A A Al 7KMillennium  Ecosystem  Assessment, MA)7F 7F=|™ AL E]

WH 2o gigt A7t e A7) Al =S Seppelt et al., 2011; Daniel et al., 2012),
Aars] 7] Al 2FsES .

_%71 A A 2ot AT NdS BHstat Al=E A7 Costanza et al,
1997; Daily, 1997; Mooney & Ehrlich, 1997; MA, 2005a; Fisher et al., 2009; De Groot et
al., 2010)7F F5 oL, o] F= AN 2] 7S Hrlets WAl gk ATE
o] Wag=lojgitty. Ae|AM R 29 71X el et At AAY FAbeHs B
D-&(Loomis et al., 2000; Zhao et al., 2004; Costanza, 2006; Ghaley et al., 2014) 3}
& A W2 AStEARE Q1A sk 13 S ti4te] e AuATE ARk St
upet A &H o7 Wstele SEEAS et gl 7Y ATEe A B
A 7kske el A A - 37l Hslshe AEAIAH 2] 7S AP EHA]
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o Qe A WY QoA AL wdeoff WA =
A RIS FAA9 A4 F9 08 949 Aagel SaHn 9

(Rodriguez et al., 2006; Zhang et al., 2007; Bennett et al., 2009; Lauf et al., 2014). AJE}7]
AU 229 trade-off VAT 3 714 54 W] ARAMR| 7L HAstkd uf vE ®Fe

Ml g did o AaHAY @A He A4S AHE RS Rodriguez et
al., 2006). AEHAIAH 2] trade-off ¥AIZF THA] - AIRHA A4S el gl fdE L
2 ol¥= vl wEKCarpenter et al., 2006; Rodriguez et al., 2006), AE}AAIH] 22
trade-off ¥ thek &7} wpgo] © 744 7} Am= Al et Bk Aol A
SARN olglE =2 Aolth ol & Aol = ALE AlaLE 2gske] A n] 29
trade-off A WiEh Q132 Sl theh 45 AAls 2uE 23 AR 2 e A 7]

249 AR ohel] V1T & YRS audt Pk

2. MEfAIMH|A2] trade-off ZHA|

AENA ] 229 trade-off TAT YENAMHAE FA]o2 PHE Ex F2S
b g Ak o]9le] AEe] AHor AN dAS AR o] oY WA o
=2 E = Qv AEAE delske oAHEAA 2 AAFgAEe A EA A
=9 53 ol o8 54 AEAMu 2T AAste = AL diE o vE jiFe

*gﬂ]ﬁ]Aﬂﬂ]i q9E AAATIAY @A e FEE sk K Carpenter e al., 2006;
Rodriguez et al, 2006), &< WHF ¢t &8t VAN AES] a3 FEd = s
2= AEAIMHE] 229 trade-off TAIE THE 4 ATKHarmackova et al., 2015; Schroter et

al.,, 2015). B3 AEjAMH| 2] Wsk= o] & Al ol gAAtEd Al 47] v WA
o7 kg mA o] Zok AV 7H9] trade-off WAIS FAANZ FE AW (Butler et
al., 2013), JO= AbEo] QISIAQl el o) A4 Ada AeiAMH 2 1k
trade-off #AZ VER}7]% K Cavender-Bares e al., 2015). ©]9} 2 =2 A7
Au|27F oA 2ol A Q1A E] 7] T O Z(Rodriguez et al., 2006) B33 A]Z<E] Ctoj
A A AAH 29 FEo] mAe= 4% BAE thHe R agshA] &3k Aol
ol 7 A dAll o 2 she AEAAMHE MFERY opld F Sle
FAgolu Kol thgh QIAIZF A (G S, 2008) AHEHAIA R0 trade-off ¥HAI7F
i T 915} ﬂlﬁ‘rﬂ e e e AE 2 e A oR HF et 7

Z wokS it $l7] wWlEol(Daw et al., 2015) Y
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S AFE AP ael7h dasitt 58] 3t Alge B4 o] 8o 2 WSS ofrlste] AY
A8l 7les vHr7] wiitel] AEE = AuAAH 20 MFeE T 7FX(total value)oll i @ EF
S T ®KCostanza, 2006; de Groot et al., 2010; Haines-Young & Potschin 2010;
Circamo et al., 2014). olo] & AFoAx= A HF Aujxe] 44 Wsrt v HF9
}\13]5\_ z“s_}ﬁ] g/{oﬂ 0161:.0_ U] ] erﬂoﬂ/q /~§7] d/xlo Z}(Bmder 2012) Ex4 leo /\g
BAAH| 27 T2 HEF AEAAH|A FE B3l mAE= AE FASE AN
229 trade-off ¥A1E THotstarzl gt

3. MEJAIMH|A trade-off 2| Whilo| SEY

RVENAI ] 229 trade-off A g AFES o] EH <
oJ(Rodriguez et al., 2006; Agarwala et al., 2014; Cavender-Bares et al., 2015b) 224
S Ed dehd BHolA =9¥ 9IS (Hasse er al, 2012; Vidal-Legaz er al., 2013;
Lauf et al., 2014; Daw et al., 2015; Jopke et al., 2015)% F&P= 3 k. o]9} 72 A+
58 A A7A Ho|l A H3 =F(Cavender-Bares et al., 20152)3 T&E0] AL FAk
&9 A 9] AkdolA S ZHE A =1i(Onatibia et al, 2015) & e 2AL
A e o Qo EAl AYoA Hdt AF-E(Hasse et al., 2012; Lauf et al., 2014)S

HIESH s 2 FAA At #Ee AE(Vidal-Legaz et al., 2013; Daw et al., 2015;
Jopke et al., 2015)3} o] ThgE A 9H 2A DN FH L vk 2y FH2 I EH
RE A 2] trade-off AN ek HE AFES T2 F9, 24 AHAE FHo=
YERFE trade-off Al digh W-81HS UHF3L l3(Cavender-Bares et al., 2015a; Daw,
2015; Ofatibia et al., 2015), AHA o2 &3} Mu]x 744 24 A ®7} A E o] B 2
5 50| HZ3 3o we} trade-off WAIE nES=Y o] AAEA AHE THA

(i
tjo

AFoE =S )
R

rlo

= Aol oY YA Aow A

A= 74 84 I AR 5E shue] SEiy Ala"lolnR g 7hx] Hsl
nHE A whSol ofsf dlSekA] 3tak AAMn 2] MEE oA 5= 317] el
(Gordon ez al., 2009) &7+ A2 B ] Al tpRA B EREE Al ek of 8

= drAoltt o]o] AlARA Hs FE AN =

Al EAdo tigh olajE wiEo R I3 AlF B AE T ¢ Ae Aol EYufofof
sho} mok A AIA Y] 229] trade-off AT FIHA - AR AolA] o7]12] KSkA]l e
U T el = of@ A wHE7] wliol (Rodriguez er al., 2006) AENAIMH] 9] trade-off T
Aol FHE a3t AR ApdelA bl JElE sjefefol & dasde] vt
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(Rodriguez et al., 2006; Nicholson ef al., 2009). A8 IS JA43 A= F 9)(1999) A
A trade-off ¥AIS] FE|E 27FA 2 o] Aneity A Al 54 42 AHEA
R g FEe Z9E UERIA o 38l Sigk oA A7 A7E d@del BE
b trade-off AT, F WA= AlRFe] S st @|HoR R aE &

= dadol Yehs #AIl A crade-off

T AARE A71ARD A A EZE k]
AU EE 2, 1999). F7+e] A& F-3F trade-off TAR, AZHe] 7d-& AIZEE
trade-off THAIZM ol ThA REN A H] 229 trade-off A LAY FEIE TFotal=d] F9]
1S Aoz ALRHELE olo] B Ao A= 2714 trade-off TAO] Zeta)

AT ke 3 A 9
AU 229 trade-off ¥HA] Aol o 2
oIM trade-off VA &3S 97 A= A HS vhefetarat spgleh. £3F 2 At AHAA
129 A% A4S THe FHE Zekor, A HA
[e3

2 %
o] tradeoff DAL Aol AFAA AT chaAo] thdk 44 glo] LukEAolx )
o

D:

AR AR 29 trade-off T A A3}t He) L trade-off TA F3E 9% Ak A
s metsbr] flate] Al2®l AbaLE o] g8t AR s Atk ) 5()¢ <
HAAES] A5A A4S Bl oy 725 T A2RE E%ﬁa}{— NI E= FH
Q1 @S oldllat=tl EFHolth g 9], 2014). old E ATl T QAIEETx
BAS B3 YAAR 29 trade-off WAS nAtLAL Sl OB R QAR AAPE F
Aoz dAFs 16§O}MJ~, o] Al whe e Qlk

AR, Sttt 2 AFEA] HaA, B A AR VAL JEU AR Fo dEEd
E5 o oA uHE Fal AuAAn2] s Wl disl g Yst AR AA
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o) ) A B @ 24 AS 2 Bl Bede Ansln, ol folge
2 AEAAMY 229 trade-off TAIO] Tk Q14]o] H QS
74 542 sl
sk

AR, A" ALLE Fel AUAMHIAE SAR a3 AlE 9wl glo] #olA
Ql trade-off ¥HAIS] A 1915 AEAAMHZ & I 2bellA] ol Aoz 1
Bht o] Awkst Ao E9EA] FHA B opAltt vhel whE =0 7]3] e g
Z¥zkel QA =S AAsaL sfd Wkl dis] skl

Ao 2 Al2E ALnE B3 A AIAH] 29 trade-off 474] Ul HElE BEZE A
A FH R EFeke] JAAAEE AL trade-off BA ks 913 A AHES
ohf ik

AT 71 S Abar A ] AlAE ALLE Sgste] T
Al wefol el AejAA R 20 ek o3 4= S A
trade-off ¥AIER= A4 olgrol i) a2 Ql WAL

IV. AIAE ARD 1
MEfAIME|A EE TIENIMS| trade-off ZHA| &4 R0

1. HEfAME| 22| = 2HH

fuok

e A 27 FEE e S (29 218 2ol 28 = ok AeAANIAR]
AH| 2, ZAAME| L, E3paE AEA] 7525 E o] Hth o] AEAY Y)w
54 AEAZF 7FA= 54 (characteristics), T-Z(structure), 23 (process)IFe] & 2H-g-of o
3l YEFHMaltby et al, 1996), AE A 1 54& U7+ 5X(characteristics)> T3
o} AL AFets Q907 ALFTHOAS, 2013). T-H(structure)= AEo|L} HAYE
Qa7t SHACE Y Wweb) oM, I (process)S X 72 el A A 1}
ko] 243 UAE weels T4 R UE 2 AHE Rk, 20135 <t
< 9], 2013).

e 715 S 25E BAE AeAA R s A = i
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= AT AN FasHA Ego] Ak AEAMN LS FEshs Al et
HEN} A&7FsEE o829 SR RS mashr] sl e n2e] F7h Ayt vk
e A=A 9, 2012), olv] AHAES delshs JApEA A A w2
o] b W8-S A8A7IaAt sk S0l oAk HE 9, 2012; A, 2013).
ol & AA =&d Aol ¥ Aot B HHd AMEE YA viEEA
w71 A 71E o] Ay S (' 219k 22 ] S AA vEa
AEAME 2= AEH oz FEE= ot
(19 219 355 EU= AHAMn 2o 3 S dIH=RA Uehdd (19 3]
2ol FEE o] AN Hehdo]l A HILe] FEE olofurbr] fEiM =
olojo] AFst gt A I, w3 AY R wele} T2 139 Ji9lo] Baxol
ok Iz S Sl AEARTEH AHAMNAE de s Aol]E dhal, Jow
AY R dE] Al AEAAE L] FEel i ARE FEshs A Al iyt
HEI} AE7HsT o8-S A W 5 3= Aol7|= shrt A ATl oatH YA
Au|zol] tigh AL Fake] Aol F5E ofFaL glor, B ARl oM A

AMB|2e] 7] H7ke BEd® 3 a3t ARd) Ak Zed Aow JdH L vk
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- w3 - AAA VA E B R JBEEE ¢, 2012) Yol Eatekal ARkt
el Al dF AMulzel] digk Fgstel] sA7E olo] AejAIAH =] F THA7E ke
olgl 54 AUtk tixAo R FapAH| 27t 71zl vEA A Aol oigk Frpgae] §-4
Sk 3o M HE] BASE (A, 2013) Ul oR g B AN 20 2] B
= Aoz YeRtal thRodriguez et al., 2006; TH&
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AEE Aete] BIFZE A AE AN 229] trade-off A HAl| F&FS w2 A Hr.
[ 419 A== Aol yebd vhe} 2ol o]} A7) dAlol] 3= A=
M|z W7 Wately] wwel AEAMu A FE e dAE EFekA FaL, ©f
] kst AAolA vt HEg SARTS A A8k

A A H) A
wEAANzgge JSLLEENY
A =2 713 olol A3 Aa

E3 M H e g
ol FF A=

AR Al A H] 2]
23 H) 2o B4, =EEF7EFTH @

THEZ
Wk ole] B A= I ETRAS

Fx2 99 A=
- Ealqu o OE E3HAH 2o i
e R EE e R

H AP AAAH =S 8T a2l w3 APATER it AR
MH|2~ W\ FEAu[ et ZEAR[AE FASRE 8 (Rodriguez et al., 2006; Crookes
et al., 2013; Lauf et al., 2014; Balbi et al, 2015) ¥iL Itk BE HFE z@am eSS
AEiAM 20 H7F A27t oAbdA Aol lojA] 2 ARE 28E g st HA] X
sk B4 Au)2e] gk =9 7]38]7F 24 of(Rodriguez et al., 2006) 3T Aﬂﬂ]iA +=
S A = Aolvh. AejAAn|2] olofs s Aol Y= H3d
ol MEAMH Y trade-off VAES ABAZ F Sge & 7 AUtk AN 29

7F 23 A8 ARTF trade-off WAS H28HE = gkl SR whe] &
daom YejAME 20| o]e)s A skl Aol A HE o HaL g
e A H| =0 o]} AFshs o spAo] Jaket AR o] BA AR 3 A
aﬂx}*i stols =] didol B Al tigk Fag dds & A sk

geto] H7] wjZol v Tk ARgroltt. ofol g e W
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