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s EATUY A 75 gt et mAlo] 9lol £ AAIr) Ego] d AR diHct

Abstract: The implementation of the sunset provision of unexecuted urban parks in Seoul has been postponed; however,
the mentioned parks still remain vulnerable since they can be subject to development under certain circumstances. Local
governments may purchase the parks to prevent their loss but are constrained due to limited resources. The purpose of
this study is to prioritize the purchase of unexecuted urban parks in Seoul based on landscape connectivity, which represents
the important role of allowing the movement of wildlife and providing biodiversity in urban environments. In this study,
we used four potential scenarios (PB100, PB1, PA100, PA1), which reflects the degree of land cover change resulting
from the implementation of the sunset provision, and the role of Han River as a conduit or barrier for wildlife movement.
Landscape connectivity was evaluated by calculating current flow betweenness centrality (CFBC). This was used to rank
the importance of the unexecuted urban parks in Seoul. The results demonstrated that the implementation of the sunset
provision will greatly decrease the connectivity of all parks in Seoul and particularly more so for parks in the southern
part of the city. In addition, the results suggested that the low connectivity of Han river will diminish the connectivity
around Bukhansan Mountain in the northern part of Seoul. Our study can be used for the prioritization of purchase,
since it has the ability to evaluate the anticipated vulnerability of each park's connectivity after the sunset provision.

Key words: urban ecosystem, urban green space, spatial analysis, graph theory, urban habitat fragmentation, urban
wildlife, urban ecological connectivity, landscape permeability
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37te] 2o} FEHE HHtaL AEThdAES daAE

1 thReaka-Kudla et al., 1996; Fernandez-Juricic, 2004).
A2 spHSk= A AR 2F AR E STHAIA BEY ol
e AR P O Ko TS = R P e S R =
ZtH(Knight and Fox, 2000; Mac Nally et al., 2000; Epps
et al,, 2005). WekA T T HA LY §A4 2 He|=
SA A A opY S A= o] &R o] F A} T
A =HolA F Q23K Chae et al., 2014).

7] v =AY ARA(FHLdEA)E o
EAlE o] Ak 91710 o] ok ARAHAE 1999
d 109 21 Y EYAE =717F Q1) EXo] S
NEsHA ARt A= QFETL AAGsHATH97HR6 =
AAEH Ao fR4x9). oofl w2} 2000 o] Flof =A]
AGAY FYoE AQH EX= 2020 7E5EH HA
A7t A= B2 = d A5 59 397 7Hsst
Al = 3lek

AaAle 18 EAlSAY SAEUE Faxsetalat
2002 €] 4.92 kmi('02.~'17.), 2.33 kmi('18.~'20.)& "}
SFRARE, 014 3] 56.7 ko] EA|F-o] nH YA E R &
oFSl= AARItHSMG, 2019a). ©]= 47| &=of o]o] &= ¥
Az W Y 2ASY HAo s et SddEA
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A W AAL T} EAR AT AT A= E FEste] AAY
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Keitt, 2001).

il 7} 541 Ad(betweenness centrality)2 7 Ao A
wE(Node)7} Bl A4 ZF 924 B A4S b
3l Zrgzo) 22 A4tels HHo|C(Wasserman and
Faust, 1994; Borgatti and Everett, 2006). tj7]544do] =
o AAAE A3 AAueld ATk Jake she] 9
o] 5t Hul(dispersal) 5 HEHA 252 FA 9 =HT
CH(Minor and Urban, 2007; Bodin and Norberg, 2007,
Baranyi et al., 2011). 7]&9] AZAX B4 A AIA] w27t
S RER AR 22 o] 23 AH3 R o]l ES
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24 HEE L LR S EE 1108 Al1ZE (2021)

LT

1. SROAX|

o] A= AI7ESF A9 9] Hlgo] =il A|&HZ Q] A5t
7F == AEAE GO E ZAPSHTE AA] HE
2 605.3 kifo]w, @A o2 Q% 37.4°~37.7°N, A&
126.7°~127.3°E°]| 925}, IHFAAIeF 7| =7F
HUTE A&l 559 E3H4H836 m)at 4=2H4H640 m),
WZo] 7okik(632 m)T} AAAK616 m)o] EA U Ak
(262 m), QVH4H338 m), E-oFAKH342 m), Lul4K348 m)

St 37 2 AnE ARFRE-S o]2 1 JthKong et
al, 2014). E3h A& Por 7trz2E 7 5293}
rFA, A, B, A 5 AHo] 9lo] =W HAF

i, Eﬂaﬂ chefR o] AAA7E Raskal Qich
A A S S8l =77 H A E(http:/www.n
sdi. go k)| A Algshe A&A] 377 =(MOLIT, 2019a)
28k AA, S 7Pk 9 eststr] ffsl

BMHL—‘ AAREE 5 km 9 W XS AFHAAA R
5F9ICHFigure 1), TETEH Ex|49383 2HE(MOLIT,
35 W AR

20190)9] WA FE o]-gste] w3
A2 sorsiele

3= mlolslo] =x] AAA SAZ 05t S MEA AR
2 MAs, D]—X]UPEE 4) AAHAO A v A= 7
WA A7 Bgote] A AT SARA A o
njolu] e AP%6}1 SHLEAE vt 2 QA

fid

Aot A AR 3} thH(Figure 2).

&
B B 24 AlyEe
73 B34 (landscape permeability) 4] 4] | 2} 2 2]
S04 54 Fol olFa7] Slal culshe v
(A A 4)E vFeEbdTHSingleton et al., 2002). A 31A| 4=
7h s AEolsol ofHaL, A Rl 2=
s w2 o] AEolst %734 B Fo] $-4slth(Kang et
al., 2018).

B Fa AFHEAE 2dsh= SAll
el BAMSIE e 4 gl BEeA A
Ho] 2|20 AHS HolFe B T EX 9B (ME,
20172)2} 37 AL 57| Qe=gdog BEst ety
/3B 7HAI =(KEI, 2018), ZL2]al A&A] Z7|n| 8 A
Y AES o83,

EATHEE A Eo) At Ag 2 e 4 )
umﬁxlm A9 HIE SOl 2ol AET. S

o] AlEF EATEETL o] Ao TSl E*l%

St A 28 o1 e e 5
A uea & 98 Ao Besst

S E3 A A H7}A] =(The Environmental Conservation
Value Assessment Map; ECVAM)&= A2 7127} =&
T2 =28 SHI5HS 7HHIHKEL 2018). +E3HFA
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H 2
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Figure 1. Study site with Skm buffer area(yellow line), administrative boundary(red line) and urban
parks in Seoul.
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land cover map unexecuted urban park *ECVAM
landscape permeability map
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(Connectivity Analysis Toolkit)
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Comparison of CFBC
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on the shortest path purchase

*ECVAM: Evaluation Conservation Value Assessment Map

Figure 2. A study flow of betweenness centrality analysis for
the conservation priority assessment of unexecuted urban

parks in Seoul.

B RS 7]eh SRR ojglo] T,

—L
AR AT § EAFU A A Eo] HY
2o &afglol ALY ALA EAFAL B

el
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=9 AAA Aede Frleke Hol 28 5 At

2|t 500014 2[4 1(A7}8HA] )& F-018} Gt Table 1).
FEgA AN Y 2o 15T AT E1y
A S8, 7P W2 seaa | e} EX|uEE
= AR T gERAAR ERe T AT S
A+S Hgolet F ARE TPE BE ArgRi
30 m SFEo) Al AEARE Heste] ARSI

A&A] B A3 = A]F(Unexecuted Urban Park; UUP)
A AL A2 A-A(SDL, 201104 A58t 8671 W H
3 EAlSY ARE G5 53], ndsY A=At
g 94 F ARA UERA] ¢ 4ol 30 m H|vHe]
axqti v E-de] A By vkl -85l Tl

u
N
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AtolM= SUL=A AT - AFAloA 9] EA|1]
RSk} oA g o] HHZF §& oollA e
o558 Aol wAstuA F 471K 0] At es e
3} tHTeng et al.,, 2011; Heo et al.,, 2015; Kang et al., 2018).

Table 1. Landscape permeability of the land cover map and the Environmental Conservation Value Assessment Map (ECVAM).

Land cover ECVAM Landsce.lp.e Land cover ECVAM Landscz.lp.e
permeability permeability

1(5) 500 1(5) 100

Forest 29 400 Barren 29 80

(100) 3(3) 300 20) 3(3) 60
4(2) 200 4(2) 40
5(1) 100 5(1) 20
1(5) 500 1(5) 100

Wetland 24 400 Water 24 80

(100) 3(3) 300 20) 3(3) 60
4(2) 200 4(2) 40
5(1) 100 5(1) 20
1(5) 150 1(5) 50

Grassland 2(4) 120 Agricultural 2(4) 40

(30) 3(3) 90 land 33) 30
4(2) 60 (10) 4(2) 20
5(1) 30 5(1) 10
1(5) 5

Built-up 2(4) 4

area 3(3) 3

M 42) 2
5(1) 1
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ek AzolAl A S5 A4AE A=
4 80X T ool HiEt g el
*JHP% Aef7h AR o] durh \ow 54
g FolA o= Aldtel= Aol 8471 2

42 o Ay
o
ot

o r

4> 9l ©1f(Singleton et al., 2002; Oh et al., 2011), =
2ot d2 =9 A oledl 2 YT mAA Y
£99 % 2% 9JtiKang and Park, 2015). o] 72 t}ekst
s W9 ¢ A=s FHo AR e AATE 4
4% A T AlUE|l e A=E AFRl-

2) oiAEAA B4

kel wgaEae] BlEa B e &
749 B 7k A2 BAZ Bsto] A o] AREE
uf] 7§ 541 Ad(current flow betweenness centrality)< El
Eal 31 Connectivity Analysis Toolkit(Carroll et al., 2012;
32319tk CATE A AIx|9F o] o] ]
AT S219 wme sl mE ol WAEAAE A
AFSl= T2 o 2 thokel BARMHS B3 AAA A
FE A AJFcHKlamath Center for Conservation Research,
2010). 1 F AFEE WHSHAES = o] 7|Nte
2 RE & Rof tfslo] F2F9] 3 H (Random walk) =
ol sellE o, T =EE sk RlEsE 29 ¢
AAE FHrlsttkNewman, 2005; McRae et al.,, 2008;
Carroll et al, 2012). AFSE nj7/FAAALS w25 7T F
A ARET T olS AR FHo) Sl ot A=
T adste] A4A JEE AFolr] el st m
L] A4a4g nlae] gold Aer AekHrh o] ¢
TFolAE kB A7 = =AY T BA 2719 &EH
SUAEEY =S LHsto] Thaz AAsH3lch

n3Ede Bt AFsE wilSHd 2 AdEe
H AES uj A FALEA A3 H(Permeability Before:
PB)A| L2 2.9} A3 & (Permeability After: PA) A|U2] 2
o] 2:9] ¥z} Ao 2 nMerYe] AAN FES uw
SHAthA 1.

Py = Rank ppg o) — Rankp 410 ()

o714, Py (Priority) & T2) 2 Eabe] 1002 o)
UBTUY 37 A2 UH7H% 9] EFiRan)

i i
oL
1o

200 B 1EsE 44 <91l
A FUAEA AW 5 0 QBT B AREE v

o
=2
TRPZHA = P& o] 3 Fapdol 1Y o, Y3y

FUY BF AREE AU 29 Wk o

A110E A1 (2021)

Shul, Py, AR POz ANSHATKA 2)

P, = Rankpp — Rankpy, 2)

A= AT o] dFtellAl= 2019'F 8 20 2
-2 A E AEZA X ZHMOLIT, 2019¢)E &H-g-38}o] 1]y
= AABFAT:

PRAE AGAS HASH 18 A g2
A S & 691 vk 3410l 44 s

& A G WskE e 4 A siers)

9 A Z‘]T(Spearman s rank correlation coefﬁc1ent)
0] AFHA 4 (Pearson correlation coefficient) & -5}
AR5 Q]3] R version 3.5.3(R Core Team, 2019)

of A Faby LS Zet BE 44
|23 €3l ArcMap version 10.2(ESRI, 2012)E &-&

o o
Zo W n¥

1. 2B S31 Xl=
A WA Alvkel ez 420l B3] @ AAXI9} ol 5E

100(‘5= < 1 55)2 &3t PB(Permeability Before)100
Az eolet, 5 Al Alutel ot e gk o] of
He 23 L2 W 7|Er ZA|EL 185} 379
A7t A3} FUet A B Algy(1)E 23t PBI
*]‘/}Eqio]‘:} F7F AV 22 Al wAel vl s Alue
QBA| A o] T TS WS A0, 1
% AGATE BT AL Ao R Ak 3
AE Vsl S ALfAIS] AT FEE B
AAskoint webA Al HAeE vl A Alue] ee
7} PB1003} PBIO|A] ]2 ) ALGR| 2] AT =
AL 12 443t PA(Permeability After)100 AJu2] 2.9}
PA1 AJUg] e o]th(Figure 3).
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Figure 3. Landscape permeability maps with PB1(a), PB100(b), PA1(c), and PA100(d)

scenario in study area.
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Figure 4. CFBC in PB100(a), PA100(b), PB1(c), and PA1(d) scenario.

27



28 HEE L LR S EE 1108 Al1ZE (2021)
= 3UEE YERTHFigure 4(c). = b SA22E Hol7] uwe] e 9] v
Aol A By ek TET AYEAGATY,  AELAe] A F4E AR EMEC(Kang et al,
ZATATY 59 AFEE AFHY S FHAIF 2018),
o AFEAGATUL I BESH ASATAL A9 QFA B FYFAES ARATE oF 30%
Hulih, mEat & gt 4] i3S Abelof fIAIRE & £ AAstaL glon, 53] E-EEFAof AMRAI7F 4]
Aoz FH BAES ololE & Y TS AT Y 3T o] FYIFAY :z%aod AAR B} HEof
o EArol] AT ZAT T LS KO Add ol#&& AL AHKim et al,, 2005). =77 SH5
FAL} ojgate] 9T Glo] AFEAGATUT b BEF AL B A 1@4 ARAE ALHoR
AR W A Y e R RS She o Be oledta Qs ARl AT n YT AL v R &
Ak SBTe] 9N HUFLATAY LATATY,  HH A B2 HANGOR BE ARAS st
E349E-o] PBIZ} PBI00 AlLE] @ HEFofA] we A A A Qe weba] =AY ARE QIR Bk =
R5E WAL Bol T mxiote] Adge okt AT A2l S4T WFRAY W ARA 4L
ZEERE s} o]F Ao e YA sty ek geke
T S Qo0 ST BATUTAL FH2AT 2 AZAY BAS 28 S+ e o wekE,
& PBI A|L2] 2.2} PB100 Aue] e BFo A v A
FEE NS S 2o Ao A S A & 3. AlLiZ|2 HE0| ME MFTSE iELY Hlw
0] e 47 s Fo btk e nyy P100 Alube] ool A Aehan] tf AeAl BTl
FUY AW AAHL FF BEFO| o] FEAS] et AREE WAZALS FUARA AW o|F AR
27 AF=E 4= QJtK(Singleton et al., 2002; Teng et al., SEHAOR 48% AT Ao 7 eIt Table 2). 1]
201D, 01 AT/ FA ASNAA AYH AL 2 QITU ARIG AITAE 24 W 97
BHSMG, 20173 BARAA AHT DFEAZIFME, & WAFAIR w9kon], FAUAEA Ao e} 7
217 5 FAHOIT T BEFE ow BU 2 AREE IF4 Hol 25% Fhel AL el
A AART A 715 WP Washe, olo] W2 h(Table 2).
A5 el mheo] @ EthLee et al., 2009, Han et P100 Altbe] 2.9k B7bx 2 Pl Aluel2.0) B A
al., 2011). 55 AT AL nRES- Lol 22 3.9%,
o] At gt iAol MRS E ilFHES 24.1% ashs A o2 YERdth P100 Alu2] @ K Pl
AEA] YAFGORRE S km o] XS] SFAHE Ay oA AFag misEe] Batgtol E3kaL,
FHoR ) Uekidth ol AgAlet QWG ArIme]l  vlWATUL ARSE AU BAEES thh 2L
R AR ohre] AL 9Bk A wA W ZOE UhebgTi(Table 3).
Table 2. CFBC change between the PB100 and PA100 scenario.
" Seoul UuUP
CFBC (10°)
PB100 PA100 PB100 PA100
Mean 2,891.5 2,754.0 5,659.1 4,196.0
Standard deviation 2,766.6 2,599.4 2,970.3 3,069.3
Maximum 48,634.0 34,097.7 47,353.1 29,178.8
Minimum 44.4 37.8 75.7 37.8
Table 3. CFBC change between the PB1 and PA1 scenario.
1 P
CFBC (10°) Seou el
PB1 PA1 PB1 PA1

Mean 2,914.0 2,799.9 5,978.9 4,536.6
Standard deviation 2,756.4 2,636.7 2,857.8 3,221.5
Maximum 46,204.1 42,909.7 44,751.7 29,068.5
Minimum 51.7 40.7 88.2 40.7
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Pt AFSE

=9 A Zo] F FHolli= FHAEAIAFAFTA(-26)1

ARFEA AR AF-A(-23) Fo] ZFE Qe o= 5 W A
FA7F P Al AZA] ol ARt =2] 9
o Addo] AA HashE ougith oo} §A St =9
ol YAIsHH FH LT L Al HE, S
o, FATHFTHY =217 20004 309] FA stk
THTable 4). 4]

¢
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s Fo] 2 TUE vjiEo] Wy UE
ol 9Ix/3kan glo] FAULA ol AFgA7} A A 7
4 ool sk AT ol o Aot et
AejHom A7) 4% Ao Bt Figre @)

Table 4. CFBC change and rank change(P) ranked within the bottom 10 UUP in the P100 and P1 scenario.

P100 scenario P1 scenario

UuUP AP UuP AP
Cheonwang urban natural park -40 Cheonwang urban natural park -38
Gwangpyeong neighborhood park -32 Segok neighborhood park -37
Segok neighborhood park -30 Bangbae neighborhood park -31
Yeomchang neighborhood park 27 Cheonggyesan urban natural park -31
Umyeonsan urban natural park -26 Gildong ecological park -28
Jangji neighborhood park -26 Jingwan neighborhood park -26
Cheonggyesan urban natural park -23 Umyeonsan urban natural park -25
Dolsan neighborhood park -18 Tapgol ecological park -25
Jingwan neighborhood park -17 Gwangpyeong neighborhood park -23
Gildong ecological park -16 Yongmasan urban natural park -20

Figure 5. Rank change of UUP in the P1(a) and P100(b) scenario.
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Table 5. Compensation plan for unexecuted urban parks (SMG, 2019b).

Purchase plan (year)

Estimated expenses (10°won)

Accumulated cost (10°won)

Ist (2018-2020) 16,062
2nd (2021-2024) 9,336
3rd (2025-2027) 8,880
4th (2028 ~) 90,530

16,062
25,398
34,278
124,808

Table 6. Purchase cost for Private Land(PL) in the top 20 UUPs in P1 and P100 scenarios.

R P1 scenario P100 scenario
a Cumulative Cumulative
K uup (lz/l(:) (10C (\)vsctm) Cost uup (10)/%) (10C (\)vsctm) Cost
(10"won) (10°won)
1 Cheonwang urban natural park 87.9 417 - Cheonwang urban natural park 87.9 417 -
2 Segok neighborhood park 98.8 102 519 Gwangpyeong neighborhood park 97.1 1,085 1,502
3 Bangbae neighborhood park 86.8 527 1,046 Segok neighborhood park 98.8 102 1,604
4 Cheonggyesan urban natural park 62.6 1,292 2,338 Yeomchang neighborhood park 77.8 372 1,976
5 Gildong ecological park 85.6 369 2,707 Umyeonsan urban natural park 75.4 3,501 5,477
6  Jingwan neighborhood park 67.8 1,435 4,142 Jangji neighborhood park 92.8 282 5,759
7  Umyeonsan urban natural park 754 3,501 7,643 Cheonggyesan urban natural park 62.6 1,292 7,051
8  Tapgol ecological park 85.5 478 8,121 Dolsan neighborhood park 92.2 103 7,154
9  Gwangpyeong neighborhood park 97.1 1,085 9,206 Jingwan neighborhood park 67.8 1,435 8,589
10 Yongmasan urban natural park 57.8 2,949 12,155 Gildong ecological park 85.6 369 8,958
11 Yeomchang neighborhood park 77.8 372 12,527 Bangbae neighborhood park 86.8 527 9,485
12 Jangji neighborhood park 92.8 282 12,809 Bongsan urban natural park 48.6 1,054 10,539
13 Dolsan neighborhood park 92.2 103 12,912 Maljukgeori neighborhood park 77.8 976 11,515
14 Gwanaksan urban natural park 43.5 13,251 26,163 Yongmasan urban natural park 57.8 2,949 14,464
15  Onsu urban natural park 779 1,697 27,860 Tapgol ecological park 85.5 478 14,942
16  Ansan urban natural park 32.7 172 28,032 Gwanaksan urban natural park 435 13,251 28,193
17  Iljasanhaemaji neighborhood park 54.5 159 28,191 Iljasanhaemaji neighborhood park 54.5 159 28,352
18  Maljukgeori neighborhood park 77.8 976 29,167 Yongbongjeong neighborhood park  62.3 129 28,481
19 Buramsan urban natural park 46.7 2273 31,440 Daemosan urban natural park 49.1 7,353 35,834
20 Dongbinggo neighborhood park 56.3 563 32,003 Dogok neighborhood park 522 1,012 36,846
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Figure 6. CFBC in Jingwan neighborhood park in the PB100(left) and PA100(right) scenario. The red open
circles indicate increase of CFBC between PB100 and PA1 scenario.

Table 7. CFBC and rank change of the three unexecuted urban parks in P100 scenario.

UuP CFBCps CFBCpa ACFBC AP
Cheonwang urban natural park 0.008939 0.003577 -0.00536 -40
Gildong ecological park 0.010011 0.004942 -0.00507 -16
Tapgol ecological park 0.010198 0.005123 -0.00507 -13
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