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Abstract

Climate change causes an adverse impact on biodiversity and human life. Correspondingly, global communities have
proposed visions and goals to mitigate the adverse impact of climate change without considering local land use planning.
Thus, in this study, we propose a framework for local land-use scenarios with an environment-friendly vision and goal.
Through literature survey, we summarized our scenario framework in three steps: 1) development of a system, 2) storyline
development, 3) review and distribution. First, we prepared a system that can help set a plan in motion. Then, we developed
the storyline by selecting 25 main variables, which were classified into seven categories. Climate change adaptation and
mitigation, type of ecosystem, effects of urban areas, and land use policies were selected as direct variables, while the
other 21 variables were considered as indirect variables. After we applied the framework to the Ansan-si region in South
Korea, we conducted a Strengths, Weaknesses, Opportunities, Threats (SWOT) analysis to link the key variables, and then
proposed a direction for the application of the scenario-based strategy. After establishing five scenarios, we constructed
narrative storylines using the key direct variables identified in each scenario. As a result of the application of our
framework to the Ansan-si region, we established a narrative storyline framework for local land use planning considering
a quantification scenario. Thus, the proposed land use planning framework considers the impact of climate change and
ecosystem service changes at the local level.
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713 stE ARt of el thSskal eI AskE vl
Aeixl= A AAA QA Feo] Bastct, SAALE = 7|33} of
S RASHYY REE Qfsf vhgRt vl B3 AAISkAL 9
o SAPYE Freskal JehFEA 2, 2018). o] A A
TAHQA EAE =57 AsiA 7] st EH R3tald
(trCC, Intergovernmental Panel on Climate Change). NE
the¥/d 28t 7|+(IPBES, Intergovernmental Science-policy
Platform on Biodiversity and Ecosystem Service)& &HAIA

Wt =AY =2 W @A Fol o]FRaL UTHCBD,
2011; IPBES, 2016a).

SEute MAgA=A 7R, TAETEY 2 Y o]
Gofl Wt &, 59 LANE vhEe] 7|9 RS g W ARG
A BB IRt o3RS SR LHE R, 2016a; 2016b)
TEAE-AE AFAE EHH R =057 Hol= JE
Ag R =AA} BAAYE R gt 713} g
W BETUS B8 5& SR AR ko] AA7E 33t} EA]
ot FAAQ] =9E olEofWiA XY TY K ESHAE
Al o|F SEA G BRA S AR AFsH] 9%t EA
o-g WA 7|5} tfg- W BETHI HE 5o AT
& TARR] AR ETHHERST, 2019). EX|ol Wak=
AejA wste] AZHHA G viA)7] diie] 7158t g g,
RETE BA 59 A4 olqpet A9 2412 n|ef HlE 52
EAolgow Fteslal, F7is}t @ AvE oArA Ao ¥-83t
= AlA9] vio] Wasit,

g 219 0] H]H S EX|ol-G-0 8 A |38 e thgRt
Ho] A= 4= 9loL, IPCC, IPBESS] 739 AR olAraA o 9l
of Aluzle W dly 7|Rke = /g2 Wsts AA|skek= H] A
83k glom, o]F AL AUTHIPCC, 2014; IPBES, 2016a).
oz Alutel e W RElR 7|5t A= A1) vl A A8kt
of njefe] A2 Exlo]g Hslo] Rt BAE A YsliL, o]
Al IR E L 5T 5 Jlol, A2 A
vjel FEE detel7] 9t S AN 4= AUTHIPBES, 2016a).
ojd, Aluzle= AEAor njdg AYgshs =7t Hn, &
AP ol FHOR A skshE Wie] Hot Alue]e-itd
B2 33l oI5 H3leHS vl o Rt AR} It =
Aol B4 AEsh= 9 k2o] E 4 tH(Moilanen et al.,
2009; 5973 21, 2016).

olF flsiME =AM 57F ©91e] F8 ol4r, WIS A
o T9le] Exjolgo A |StslaL, AA Aol BEE 5= Y=
vje g7 uAe] ot Fs} A AmtAo] Hasict, upebA &

AolM= A, Avele 9 RAY AAE APA 13 F
A 53kl EA, EREAE SolA EAlol Mol 9%
n|A)E e RSkl YL AR, AR G A
& 9 A JAE Bl QIS ddoE APEAE F 1)
g S Adele W 2R AAE HF 55k} R,

I, S
1. G+ x|

& e 771 A E AR AE AsItHFigure 1),
A= 715 EA el fAIEhaL glo, W2 FSAdE &
2o] AL, Ase] defatat ApA7de] Hofd tie s o
Fo1A ATHRMIAL 2014a). M4 02 ThEo14 QHHA= 341t
A= sk oA 28 5 EAIEAL EAste ol F Hy
[zt A, AR A, B3R O] EAIR|HE A
TE A&2 08 Hzsto] e EA] o|n|AE A stala} 813
o B3 SATAS} FAR G, AR, 284 T TRt Aol
4ol ¥k, UK PAEA 255 7L e 530
A1(QHAFAL, 2015), ThafRE W= 2R AlUE] L 2Ado) ks
itk Aol A 2] 9] 9)x)2t Heksto] Ad=skict,

2, dyddE

1) AlLt2|2 = ®|A|

AREA o 2 ulef Az L= 7HA Q] EXol§ Y QI ¥ist
ole} A|gle] A ke o ARk, Htofl= vl 713
3HE A arefet A AR AR 2 S Ajbeke At
Y= 5L QIeHE: €, 2011; A& £, 2012; AR - 7947,
2014; ©|-8¥ 9], 2016)

oo A% IPCC, IPBES oA H7tet 7|3 93L A4 &
W BN, At A9E EQE A A, 17k A 9] 9F
BI3LE &3l o] & vigo R FHAMAAS A1l fi%t

Figure 1. Study site
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At7h AFE| L Qlek, & Aol A= BjjoflA] gol Favt F
I A ARIR, 57 D9ieh 29 TejollA] AejA A u A Bt
£ AJ%3E G=HNEA, North Devon Valmer)¥} -2uete} ¢l
A3t ofrjo} R H o Z3HA EFo] ARt Uio AREoHn}
&9 Aot AEL-m| (ko] gl ARYE didke® AAEH
th, 7] 9sh 9 A B A AU E Y Alue|e o HAE
B3 AR A 90 BHE B eAY] nj 7 v W& 37t
31817] 913t Alvhel & A4S 913t 71 & AESI

2) ALiz| Ha M

EZ|o]§ o] FFSE v AU M gt Ui
Ak, IPBES(2016a, 2016b), ¥+73%5-(2016a) FollA] A7ket Bl
A, 71383} 5-& aEgt A1 &9l Alue] e AdAat Bt
APA 5 17 ERALZS B8 S, W= dlold 4=
el A, AIZHA, 3 AAURS] B 7RsA, B3t 7t
4, AY T9le] Ao e AE, BHRAAS 5 AY =1
Al BE 7Fs4 5% Este] sl AR AEE B
staL 273 A g, A7, T T3 o] Ao AFefja] 7+
o7 grjo] oAU Exol gt AA O] gl FF-2 Al<js)
Sk, IPBES(2016b)= AETHI/ T AeiA] H3tE &3] 9]
g AUl E AEhe H Qlof, AR 9 A H
SHA QS A= a1(e]8t, ANt ofsfElr] fizt 82l
(o]3t, 7Fd RN Rl & A-FellAlE IPBESS] A
fRA(EA|0|-g W3l 7|39t o, ARt o]g 9 g, 3
U3 FARE B4 0] WE EXol AlueE]e A4S 913t 4]
Haglew AAsiadt. 28l o|e]e] F52 Ex|o]gof 2
HAY FFE A= god, A agle S vA= 82
o7 7HaQE AAstg o, 7 e AejA A2 n]2]
£ FEFS A AAHIA A A7 AT B A% 52
Edj& Aelstgt

3) EX|0|8 AlLIZ|R AER|2IRIC| B7t5t 7ts4 HIt

2| &91e] ExJolg Avte| e B3k A4 W A S 98t
o] QMIAE O R SWOT £41& 3kiL, SWOT #4] Avket
A7 aQlo] Hi= ¥ AAA E4S Tl Al 2 ke =
o5t AldE| 2 polE 7] fl8l, Al s
g b2 ARk ARS8kl

WA, Aye|ee] ARl S fI3h B3 W A Wk
2 A% 8471 HEAE A H)A a7 AlE] o} 1=0]5 o]
AAsIAa, AluE| ey ZxEE He AF, 2Rkl 29t
gt o)A A7) g)ew S ARt £49 2RI
2 HFHoR A3 2 N B4AS AETE A FF
Y& v ES e AL 7R, EAIAE AR 53§
7 Ya8E T8 29A19) v =y IS AR BAsHT)
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E|o]-& W3} o Zof= 3984 CA(Cellular Automata),
Markov A¢l, CLUE-s 25 Fo| &-&=3l thHdF 2,
2011, °]-8¥ 9], 2016). ©] F EA|o}-§ % AlhE] 2.9} BAgE of
2| Aol A 9] FART Alvel e 20E AA3) AT 4
= 53& 7H CLUE-s 293 AR5} It Verburg et al,,
2002; Kok et al., 2006; Verburg et al., 2006). - #-Fof| 4= A]
veleo] AxelElql A4 TARE Verburg et al.(2006)°]
CLUE-s %glof 37t QJARAA o] F3FS v]A]= 89108 Ex|o]
4 Hsh 27, AA B4, ¥ Y 5% 283 HE Aarslod
Az 2o tE EX|o]8-& FUBIH= o] B8 = AeE 519
t}. wjehe] Ajute] 2o wE EX|olg HIH= Verburg et al. (2002),
olF 2011)E Harst] @ F3H A, A=A or A)jHd
A9E A, B3A% §), @ EAo]89] A|7te] u}E ®ig
A, @ ARATE 9 Age| e et AlEde]de Ajtsh=
Exo| ¢ H3} aH8) BE AE @ S enty HF
B3t Ex]0]8-0] 917] A AA &A= F3HH. B0l
4 Hshe v BAAH 3HE AN the] 4o ulet E
Z|ol-ge] A7t AFE FER LEFHIL, FHE R gFEY
(Verburg et al., 2002).

Log(%}aow,xuwz&,, ------ BX..

P A 19] Exo|go] ¥isHd B

X 7589

B: AA| EX|olg & AMg3le] BRI B2 E B3
49 A

* 54 Verburg et al.(2002), ©1%5<* 2(2011)

Az} e.of w2 Exjo)g S} vl A2 2050 0.2 A7
stglon], Auz|e F Ao zol7t 24 Hol= 374 Ay
L&t R e A AEEIg Aueled Exjolg
< QAo BRIRt AR, BaAoA] A FQl S ¢t
A= 73 AIREE A H L= 1Y3to] viR Ex|o]- g0 S}
ek whd vl E= AN s A HakEE o Al
A 22& B3 AR5k, CLUE-s& #83to] W3l ES =
5, {7 dalES A8ste] vl 9 gs A}
Stk AlZkel w2 A Ex|olg- o] A2 34 (2000') <t
T A1) EXuEARE EUR 288t 1 2
e} FUNETS, MEAREY, =R NE o] AT, 7
A=) Az, QA=A 719 HolHE EYE Ay
Lo ;g Ex|o|g 7 ¥ vl&E &3 ole 22
& Ave| R Agste], 205049 HAA] ExJo] HiskE

S8t
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. Zat 2 aF
1. A2 = AHiA

%72 NEA(National Ecosystem Assessment), 3% A<
(North Devon Valmer), Y4:2] AHE ot} ALE-9-11] &) AYefj 7]
Al Age| e 2t AAE A Axt 380z Ay
L AL gt 22 74,0 28 LY Ade]e AR Wiz
O] 3AA| & o] Foj A 1L Y HFigure 2). A FIAR 22| DA
M EAol & Hdo] Fae X €t 8 845

Step UK NEA UKP‘:OA].';';"‘ER JSSA
= Scenario = Scenario
) -System .
guidance team construction guidance team
setup setup
| . Selected a . Selecte_d a
Prepa- scenario panel scenario panel
ration *|dentify the
causes of
*User interview | changesin User interview
ecosystem
services
|
* Determination
of goals and key
evaluation
factors
- Draft storyline
-Modeling
analysis
+ Scenario Goal . : organization and
. - Main variable B
sy ||-Soyie | setne | AERgeen
line Development | S - Quantifyin
devel- || and P development scenario ’
I With
opment || Quantification ( elements
- Synthesis stakeholders) |, Modify storyline
according to
guantification
results
* Modification of
model utilization
data and
re-execution
|
» Scenario draft » Scenario draft
distribution and distribution and
3 feedback feedback
Review | |- Scenario final  |~PTovide - Scenario final
and version g;)atir:;%em%nl}gh version
ll))lﬁltgr-] development scenarios development
+ Publish and +Publish and
deploy deploy
scenarios scenarios

Figure 2. Process cases for scenarios and Models
*Source: UK NEA(2011), IPBES(2016a), JSSA(2010)

AAsta, Z5tE A4sH gk Alve| o] B A Al HF
MBSt QIERE A, Al Hadd =
olle® {Hieslgit), 7 #iAl= Alue] o] ARl /st
€ gAlol Ay 2] AEERRl 2eMS UEaL, 29k
T Qo] iRt et REgn HE ARLR] 2k
A & HEE o] Aue] e Aol theh A12)4dS& ek Al ¥
A HE Wl dA R, A Ay 2Qhe viazstar,
TS B - B 3 AF v o] A, w7} o] Foj7ic,

Alue|ee] AeeERl A A] 7139s) Q1 AR, A
TS AP, ARER Hee ZjE A o R AR}
Qle] Wiare ATt F= NEAY] 75, &739] 914, 1zt
A, Azt g, Ag 5, sle)e] Aepdal=(Ele] A
o thet =8 W Hi)E 7IE0R AR tE AHH SASHE
7H 6712] 2E2|2RelS ARkt U2 MEA(Millennium
Ecosystem Assessment, 2005) '3*Hofl w2} 27]9] && 7|E0 =
le] 2EFERIS ARSIt AR RIS AFAT} YA
| 2of thgh AFE ] e ieot kol 23S Fom, $AHS
SRHU-A, £EH2 2 23-7|e AFoer AAskaL Ay
2l e ko] 2jolE ik, 7t Ak d=9 4%, AluE
Lof whE Ex|o]§ WS e A A u] Aol 2= S F7T
ssto] vlashal, Y2 I WAE 5 F4 5= vl
sto] 4 9 AE oA Aol Boi), o]F EdE & o,
2EZER] HE & WS A8 Agsez], Wl o
ok ujeldhz] F-& Alue] 2.0 &g B2jof ule} AAste] A8 7}
53 Aoz weE| Qi)

Bo)

2. EX|O| ML2|R EYS figh He MY

1) =22 AR EE

F=r2] NEA(IPBES, 2016a)= E4] 3|5 Wste] 37t gfjglo]
gt M-S 67H219) Ayl e s AAsigit, Auele BrHE
918l 5742 B7kaag AR, 71Ed=(20004) B F3Ed
wQ060)2] AlUE| 2 EAjolg ¥sle] whE zjo]9] BluE
ol FARS w&sch S7HA] ke Y AR AL &
e A 9 Azt 2A7EA wiE, Y Fl2Eofol A, A
2] ojryE], PEriH FHERE ARFoR) 08 FAH
™, A= 2kn AALE FAE 708 A JHE Algste] EX|o]
& st izt vl A shqict,

T th2 AR 2 %= North Devon Valmer®) 3% 2% o
FoR 3t o] ZRAE A= B|A o oJal| AlE= AYefAAH]
271154 o]F AlYz| MR ofF ¥shrt doju=A] F7F8l9
ot Aluele AR Al s BE Y] AA, A AF, FAR
MEER s3), 2LA(=xY Alols AA] A7), @4 HHE
He}, ZroiH] ot 7L a4 E dlZ2oflol A A,
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A&7Fsdt ojg e, A ¥54 EU= st B7HE
% 37HA Mk R(olR g4, Yol2E, w1 EE)E F2 %
o7 AAskar st Rl siste] Alue] o8 Adsigid
A o] AR AHEORI} AHE S0 7} 7RR] AL Qs AEAIA
H|A7F A, AFEA o] §A 7]ofsh=A] HetA oz 4128
T AL A ARl AR & AEF A ST Ae FAHoR
3H3ict, AHEORIe ALE -] oS thako ' @A} 205019
A BIAE B718F% AL, MEA(2005)S] B7H3E-E $-410
2 8ttt A4 24 Global+Technology oriented, Global+
Nature oriented, Local+Technology oriented, Local+Nature
oriented 47MA|2 FEEHAT 2F AuE] 98 B4l ula} AYe)
AAE| 2 g7k se] F2HAQ HFskE S8 Azt o8t A
A H A0k AT JF BAE =SSl E3jE, AL 2
T, BX01E, BA A% 52 M FAIE RHYste] B0l 7]
SRS AYF, G ol ot AREE AEsiEen olE 7]

Table 1. Variables related Land Use in Local scale

HEO 2 Ajute] o AYefA| A H] A Sk WS At
ARE At A, Bx|o]g #SE Al o] 232 Ql g
& A= 890of ZRER] ek, Aot RS}, SAIAR, A
%, Avfds, B0 digt 4, A3 v T2 AR
FHE vA= 4R HFHIL 9lo] 2] 9% 89l izt
A ) ol R0l Bart = Ao E & UK Table 1).

2) & 28 nE

W F3 F IPBESQ016a), B7452007) SolAl= =A1A R
YEL AdAale geF 29108 =&% 90N, Abildtrup et
al.(2006), Kok et al.(2006), Liu et al.(2005) & A} TS oAt
O & g Atoxs A Avds, 7| $Rs A5t 9 23 B
ol-§ A Q¢ HZeofold, ALY Fol L3 % 3
k. A E Zelst - o] £, A3 5 AR A,
% 25709 W7t mEEQlen ofF AR, AR 9 A,

Category Variable 1 2 3 4 5 6 7 8 9 10 11 Note
Situation of international community O
Price of food O O O
Icrl)ts]rgfsirc]')i?;l Price of energy O O O
Production of agriculture and seafood O O
International energy consumption O O
Government Governance o O o O
and local Policy of resource management o O
government . nd use policy O O O O Direct
GDP o O O O
Social - Population o O o O O
Economy - Education O O O O
Sl Tourism and recreation o O O O O O O
Transportation O O
Energy resource management O o O
Energy
Renewable energy O O O O
Natural Sea level rise O @) O
hazards Risk of flood/landslide O O O O
Climate change O O O O O O
Natural resources O O O O
Environment  Climate change adaptation and mitigaton O O o O o O O O Direct
Ecosystem o O o O O © O O Direct
Effect of urban area O O O Direct
Agriculture O O O o O O
Food Forest products O O O o O
Crop yield o O O O

1) MEA(2005), 2) NEA(2011), 3) JSSA(2010), 4) IPBES(2016a), 5) ME(2007), 6) IPBES(2016b), 7) NIE(2016), 8) Abildtrup et al.(2006), 9) Kok et al.(2006), 10)

Westhoek et al.(2006), 11) Liu et al.(2005)
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X|%2| j2f £HF v SZIEHE /Tt EXI0IEAE ALt HA S+

AH8]- A - &8, o |2, A, 87, A 5 7 MER st
sk, Z2he) ey R AN Hoke FAIALE Y] A8,
A A7, =A) AGA] ZHA(H7), = & AbE A,
A AR Axu]Rg, AR 9 22| ok Avds, A
el A, Exol§ AF, Akg]- A - £} Hol= GDP, QI
i, WF U o7, 1F, odA] Hoks oluAAY e,
A7 AR, Ajel ob= nldf B A, vl S<r/AMAE
A%, 87 Hoks 71383}, 71 5W3t A-3/ast, A, A
ARFAEA, FE F), =AY FFHAZIA Y FF), AT ok
FAE, YAHE, 2HE AB4kE Solth(Table 1),

At AAE 257) ¥4 F IPBES(2016a) HaLA]oA] 4]
AlE Al A A A HI 20 ZHAQ] S nlAE A8

Table 2. Policy Extra variables(drivers) and direction setting

Category Variable

A} Aol fFABEAL K| Hofl9] 2§ 7HsS Atefsto] 7R
3 2 9 A3F, A, =AY FF, EAo| gAY A
Qelos MBI, 71 FEskE A Aol Yelte Bae
2 219 Soje] vX|E AR FaE 7|38 23/ A
Bo| Y|FusFRY ¥ §F At Arky wesle) 7|5
WaE 2102 ARSIt 19 %, GDP, AU
A ¥ T 2170 Mg A 9 e A E A0 A H oz
& VAR o, EX|o]g ¥t Aluz]e.o] 23 a gl 4
F vl g acler AAsiglon, 2t Wzt Ao
12z P the (Table 2)9F 2},

Effect on the ecosystem services

-When considering climate change disasters (sea level rise, surface temperature rise,

Climate change
adaptation and
mitigation

floods and landslides, etc.) in land-use planning, it may not be possible to develop in
areas where damage is expected in the long term. In addition, future crops should be
selected in consideration of changes in habitat of crops or forest products.

-Itis also necessary to respond to the increase of carbon absorption through green

space and reduction of greenhouse gases through the use of renewable energy.

Ecosystem

* Ecosystem management is needed to increase ecosystem services such as increasing
carbon sequestration or absorption, biodiversity and ecosystem conservation.

Environment

- Urbanization and urban areas also affect land use and ecosystem services.
- Forests are fragmented due to urbanization, and forest fragmentation affects carbon
sequestration, habitat, and so on. In addition, as the city expands, cropland and forests

Diyect Effect of urban area

are reduced, resulting in reduced production of crops and forest products. Cropland may
increase due to land reclamation, but in this case, the area of coastal wetland will be
reduced, resulting in a decrease in fisheries production.

- Population inflows will accelerate as the area of the city increases, thereby increasing
the demand for green space within the city. Recreational activities also increase in
mountains, coasts and coastal wetlands.

- Land-use plans, in particular, have a direct impact on various type of ecosystem
services. Increases in green space have positive impacts, including increased carbon
absorption, increased recreational services, and increased species biodiversity. However,

Government
and local
government

Land use policy

there is a need for a policy on the soil, which is an underground carbon reservoir, and an
equal distribution of the marginalized areas is required for the green area. In addition, it
is necessary to consider not only the urbanized areas in the city but also the forests

around the city. Also, development-oriented land use changes may reduce the area of
costal wetlands. This also affects the change in aquaculture area, as well as recreational
use of costal wetlands and shores.

* The various situations of international communities such as interests, trade
agreements, and wars around the world affects exchange rates, resource supply and

Situation of
international
community

demand, and oil prices, and these factors can affect Korea again. The policies of the
exporting and importing countries, and the economic conditions of each country, can
change the international price of the resource or secondary product, thus affecting
domestic agricultural and industrial production. There may also be a change in

In- domestic policy as efforts to increase coastal wetlands and biodiversity grow

International

) internationally.
community

direct

drvers

-Increasing international food prices lead to higher feed grain prices, which may lead to
higher agricultural management costs. The impact of these kind of international food
prices may affect domestic agricultural production.

Price of food

-Increasing international energy price is likely to affect to impede the growth of energy
industries or to increase demand for renewable energy such as solar power energy
and wind power energy.

Price of energy

C+HS 10| X[0i] A|<5(Continue on next page)
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Category

In-
direct
drivers

International
community

Variable

Production of
agriculture and
seafood

Effect on the ecosystem services

«Imbalances in international food supply and demand lead to higher or lower food
prices. Also, this may lead to the increase or decrease of domestic agricultural and
fishery production.

International energy

consumption

' The use of renewable energy and the development of new energy resources due to
technological developments affect the supply and price of energy resources. This may
affect climate change in the long-term and, in the short-term, the price of energy
resources.

Government
and local
government

Governance

- The policies and administrative systems of national, regional, and local governments
can influence land use change through development projects or conservation policies,
which can affect overall ecosystem services. Incentives and regulatory policies can
also be used to influence people's behavior, which also affects other variables and
ecosystem services.

Policy of resource
management

-Management of forest resources, water resources and fish resources affects various
type of ecosystem services such as forest products, forest carbon, recreation, habitat,
agricultural production, and fishery production.

Social -
Economy -
Culture

GDP

-Increasing GDP affects people’s lifestyles. If meat-based consumption rises, demand
for feed grains will surge, and demand for seafood will increase with the demand for
healthy foods.

-In addition, there is an increase in the number of people who enjoy leisure, and the
demand and value of recreation increases.

Population

- Population growth demands most of all ecosystem services. The demand for crops
and fisheries increases, and the demand for recreation also increases. There is a risk
that species biodiversity will decrease as development increases.

Education

- The demand for cultural services on coastal wetlands is increasing for educational
services such as ecological experiences. In addition, efforts to conserve species
biodiversity can be increased by raising awareness such as overfishing through
educational services.

Tourism and
recreation

- Tourism and leisure, in particular, affect cultural services, which indirectly affect other
ecosystem services. In urban areas, the use of ecosystem services in the park will
increase, leading to an increase in green areas in urban areas and an increase in
biodiversity in urban areas.

- At the same time, however, hobbies and leisure activities in suburban areas have
increased significantly. Hobbies such as fishing and gathering will increase cultural
services to forest resources, coastal wetland resources, and coasts, but they may
impede biodiversity through indiscriminate overfishing.

Transportation

» Expansion of traffic facilities and system will increase the number of users through
inflow of population and easy access to the destination. This may affect cultural
services, lead to increased demand for ecosystem services of the park, increased use
of recreational resources in the surrounded local area. At the same time, there is a
potential for biodiversity degradation and habitat fragmentation.

Energy

Energy resource
management

= Through the management of energy resources, the government can respond to
climate change in a long term, and at the national level can exert influence in the
international community. At the local government level, air pollutants such as ozone
and fine dust can be managed in the short term.

Renewable energy

*Renewable energy can be used to cope with mitigation and adaptation policies for
climate change in the short term and long term. In addition to reducing greenhouse
gas emissions, air pollutants such as ozone and fine dust will be also reduced.
However, it can damage terrestrial ecosystem services due to solar power generation
or marine ecosystem services due to tidal power generation.

Natural
hazards

Sea level rise

-Future sea level rise may affect land use, which affects a variety type of ecosystem
services. In particular, coastal wetland and coastal wetland areas are expected to be
affected, and habitat area and biodiversity are expected to decrease due to the
decrease in coastal wetland area.

Risk of flood/
landslide

«Future risk of flood or landslide may affect land use, and long-term development plans
are not appropriate.

Environment Climate change

-Climate change affects not only humans but also the environment. In particular, the
impacts on ecosystem services include habitat loss or changes due to climate
change, which may lead to a reduction in biodiversity, and changes in water
temperature also lead to changes in fisheries resources. And Increasing extreme
weather can also affect recreation.
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Category Variable

Natural resources

Effect on the ecosystem services

-Increasing demand for natural resources leads to deforestation and the development

of mines. In addition, this may reduce the quality of ecosystem services. In addition to
direct damage, it is likely to be accompanied by indirect damage due to the absence
of atmospheric purification.

Agriculture

-Increased agricultural production is expected to reduce the area of coastal wetlands

and coasts due to the increase of agricultural land (including rice paddy). This leads to
a decrease in habitats, poses a major threat to species biodiversity, and is believed to
reduce fish farming and affect fish production. In addition, increasing crop yields can
lead to a decrease in paddy area and a decrease in forest area.

- However, the increase of farmland in urban areas has the effect of increasing green
space in urban areas due to urban agriculture.

Food

Forest products ecosystems.

«Increased demand for forest products may lead to overfishing of forest resources due
to indiscriminate collection and harvesting. And this action damages forest

- However, if artificial planting is carried out to increase the production of forest

products, there are also effects such as increased carbon uptake and reduced risk of
forest disaster due to the increase of forest area.

- Advances in technology and rising temperatures due to climate change are likely to

Crop yield

increase crop yields per unit area. This may reduce the area of farmland and increase

the biodiversity of species due to the abundance of food resources in ecosystems.

Note) Reconstructed using the following sources.

(Sources: Liu et al.,, 2005; MEA, 2005; Abildtrup et al., 2006; Kok et al., 2006; Westhoek et al., 2006; Mahmoud et al., 2009; Ministry of Land, Infrastructure
and Transport, 2010; NEA, 2017; Lee et al,, 2012; Ansan-si, 2014a: Ansan-si, 2014b; Park, 2014; Joo et al., 2016; IPBES, 2016b; Ansan Green Environment

Center, 2016; Kwon et al., 2016; Lee et al., 2017)

3. EX[0IE AlLI2|2 AHNE

1) AlLRI2 S5 4F

EXolg AU 2= KIS iAo R A3t ¢
AEA O] A] 20159 43¢ 2020 QM EAZ|EA YL AR, &
A9 nlef A AbQ] - 3t sl eFo] off-2lF Q17 FAe AR
AAABEAL %t AellAls QAL Ak q1EEle] Al
e e B37h 8k WS S EAIR A

2) AlLi2| T2k

Azl e Mk QratA o] B A B S GAds)] 91t A
oA, ves Ak WAl uet skt A
QA SWOT 4] Aot Ex|ol§ Aute].of 2|73 24Ql ¢
& A= AP el AAVE a2sle] 87)9 WakE &
aglch, =&E WS Agste] s/ Alue|eE e
), ofuf, Alufz] e Al 8- o, ¥F U gl ofo] A,
GDP 59 7P 2.91& 11ejate] A3l ch(Figure 3, Table 3).

A, SWOT &4 A3}, QM= S/ A3 e Al s A el Al (A
S FAlO Bekar ek A, ARA) Bt 227t ik
© A, 293 AEAks A Fol FAHor ma&HI 1A
R FALEA9] ofu] |7} Bl - oFoR meE it A
afictel]l f1ARre=HN F=te] E2lA A=t Mk At =
7H 9 FA AR DlollA] Asiot wgelLet 8 ARk 7t
Z|3L ek Alo] QHAbAIS] 7] 3] a9le]m, NDC(Nationally Deter-

mined Contributions), CBD(Convention on Biological Diversity)
oF 22 A @oF AA] QM9 78] = A3 4= Qlrhs A
R i A D I e K i L e L (2 P

A F 7158 A3 Y AsF o] A9 A2 U, ¢
Bhe 2A7EAS A7 B AR U SR ARo] 2UHE A
2ste] A3} ABHS LT|8to] HEFS mE&FL el ¢
I ER|0| 8A YL ;A9 A Lo S vA= FH
oA ARG AUe| 7t mdE Ao R udEo] Filsto] M
& AAsHHFigure 3).

SWOT &4 23S =3 A agle] dEror ¥x, 7%
B3t 232 1) A718 ] 283 2) 7| Hgor
33t 7148383 2] 79- vl 7] SRisto] uhg ul3)7} of 4
Bz A% 0] A|F A o] & tEjslo] AR @919 AlglE =5}
€ Ao, AEF BE T2 A4 H3tE a12jsle] Y 9
FAUE Ashe Aol ©7] A 9 52 X ¥

o] $7hE B3] LAl Uf 712 A7 53t 5o 848 =95t
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71338 A3t 739-3) ¥4 U FA 5 7Ied A2 51
AT} 4) A A] 8L F7E A Aol Utk F %
T2 A% 59 3L 7189 FE 5& B oY EF
& 013 7] g MiEE Wi e ioln, AR
&2 A AR ANS Eolal 28 WA, HjFrEd
S 2 A 2] B &S oA Co, R 7] LFE
o) i EFS Fol= Aol

r

s
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[ SWOT Analysis ] [Direct Drivers] [ Scenario Strategy Direction ]
1 2
Possessing tidal-flat ecosystem and ‘ :
terrestrial ecosystem ¢ J 1. Adaptation Long-ter Policy " 3
-
Strength | Interest and will of local government @, ‘ Adaptation Short-term Poli
Climate Change ‘ 2 ey 7 a
1 Adaptation/ .,
Planned city ® Mitigation [ | 3. Reduction through Absorption 6 5
) and Adsorption 1 2
W. [ f industrial ci :(>-:.\‘
feskness | Image of industrial city ® e : . .
- City Ansan
West Coast Transportationg
Infrastructure Expansion Plan “‘ 5. Biodiversity Conservation 7 4
Oeeortu | Close to China ® 1 EEOSyeiein =4 6 5
i || 6. Over Catching of Resources and
" || Erwironmental Pollution e y 3
International agreements such as
NDC, CBD, etc. ) Effect of Urban { | 7. Urban Regeneration 8 )
Area | | orCompact Gty art Compact
Ansan
Threat | Damage caused by climate change @ \ . A
| Land Use Policy | | 8 Developed Area Expansion
Q 0 i .

[Indirect Drivers]

(Social - Economy - Culture)

(Intemational community) GDP / Population / Education / Tourism and Recreation / Transportation

Situation of international community / Price of food / Price of energy / Production of
agriculture and seafood / International energy consumption (Energy)

Energy resource management / Renewable energy

(E_nvironment) (Natural hazards)

Climate change / Natural resources Sea level rise / Risk of flood, landslide
(Government and local government) (Food)

Governance / Policy of resource management Agriculture / Forest products / Crop yield

Figure 3. Scenario Strategy Direction Derivation Process in Ansan city

Table 3. Strategies of 5 scenarios

Variables Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Environmental
. Engineering . Climate Safety ~ Smart Compact
Goal BAUScenario  rechnology City  £0° CIYANSAN - Gity Ansan City Ansan
Ansan
) Short-term _
Climate adaptation policy O O © ©
change
Adaptation Long-term - O
adaptation policy
Mitigation through
Climate absorption and - O 0O 0O
change adsorption
mitigation  Renewable
energy use - 0 ©
Biodiversity _
Conservation o 0 O
Ecosystem  Resource overfishing
and environmental O -
pollution
Effect of Urban regeneration
theurban  or Compact city O © 00
area and o onof
Land Use pansion o
Policy urbanization area o O

Note) Emphasized Variables according to the Scenario strategic characteristics are marked with OO
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AR FEE 215t AR E H520 2 ANShe
AL AAstgon, ok&? 713 et Az % A8 Y A
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S0 AL Hashs R AUR|eE HAAs
SHAE 2o R QIR Evto|= Ao YA A5t 9 HA
B4 5o EXolg WokE st on, Y 9 eEe] 8
T S A SEE SiRt e tefo] WA 7St

UEREO R AU 05 ANLE HAEAIY WHOR AU
L5 ARSIt F8 W] gizt 72 Qo] 2, N}
7HA] AR A S SR A9 BA B, 25371 W A F
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Table 4. Future Land Use Change by Scenarios (unit: km?)

2 AAstgon, SR A2 59 A 71598t get u g
29 A7k, 71398 A8 BAE 429 w7 ojgalo] a2
sk AR A esisct, Ea AAAS Slelo] 137} 71H)e)
ARITAE SABHES B, ol A&} ofut wAIX|]
oA $A1ekES AAsech, A daelojoldut A o)
A Slote] B4 W) 5A\F mr} Aok RS Hgatglo
w, olo} FAle] 7|08k A7 L 234 g A AETIHA
e Haslshs o Al es ARt Eit olE
Ea1o] 7)29] n)Abg AZKEIRI oI, AL EAAAE: Slot
o EASAIE ZASHE 202 ARBAOH, o]F Baslel &
A7) B AEe) A4 W T2)d § sk Ao AR,
AECRy flee HasEls Aow AU sl
], olo] ujz} A X|efe Hohat mAshs Aow ARt

4) 32tst Y Fst 7tsH Got

570 AUl 2 F Aluke] 2 78 o) Afol7t 2 37K AluR] (1, 3, 5)
o] 2B EU|& CLUE-s Zdlo) g3slgon Aip=
(Table 4) €} 21},

AZHEAIE 7P Alde] L3 eA])2 AVl 21(BAU)O
u|3| A|7k3} A2 wAo] IA ZAshal, YA 7F AF
ARG R 2%, $R|9] WAL F7lehe 202 Yepdtt Al
7Bt AzxA GelA A2 e x| HGo] FII e, AETt
8 W AEA BAE Sitt HAA A S 7P wlet Ak
A4 W 27, FA WHo] F7HE 202 wE et

AU @5(ATFE 24 LADE AUe21(BAU)T H]iste]
A7E8 422 wFo] 27 ZHAsdtal, FAXN G &% At
ek, 2ol wls] AFAS W 22 24 F7IsRL WA, SA4,

Categores "y | Eoit) (Smart Compact iy
1 Urban areas 161.0 126.0 85.7
2 Agricultural areas 276.6 276.7 273.0
3 Forest/ Grassland areas 275.3 280.8 3259
4  Bareland 46.3 422 52.6
5  Wetland 2238 257.3 236.4
6  Ocean 649.6 649.6 659.0
1,632.6

Sum 1632.4

Scenario 1 Scenario 3

Scenario 5

*Source: Song et al.(2018)
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(Indirect Drivers)

Preparations Scenario storyline design Scenario conditions
- Goal setting -
l
- Storyline strategy setting ~ | Narrative Storyline |
|
7 Categories, 25 Variables for Scenario -
|nt§5®oslgfvr: s Collect Opinions
 SUIVEYS, | from Stakeholde-rs
Expert Advice
|
- Key Variables .
(Direct Drivers)
_, | ExtraVariables X —

Quantification of

SWQT analysis | —

Scenario Conditions

Figure 4. System for Scenario (Narrative Storyline)
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