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Quantitative Analysis of Seoul Green Space Network with the Application of Graph Theory™
Wan-Mo Kangz, Chan-Ryul Park®
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ABSTRACT

This study was conducted to quantitatively analyze the temporal change of green space network at
multi-scales from 1975 to 2006 with the application of graph theory in Seoul, Korea. Remarkable change of
connectivity was detected in green space networks at the scale ranging from 1,000 ~ 1,600 m during 30 years.
Green spaces and their networks have been restoring after 1990 since forest areas had been fragmented in 1975.
In 2006, we identified the important core habitat areas that can sustain diverse wildlife species and stepping
stones composed of small patches that can link these core habitat areas. Green spaces showed high correlation
with the relative importance value of green space connectivity. So, this study could graphically represent green
space networks of Seoul City. Green spaces of core areas distributed at the northern and southern boundary, and
those of stepping stones possessing the high value of betweenness centrality consisted at the middle, eastern
and western boundary. These results indicate that green space network can be graphically and quantitatively
explained by degree centrality, betweenness centrality and relative importance value of connectivity with the

application of graph theory.
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ME

e o AT APs) WAlof A =] (green space)
o] Sa4u =29 AejA AfH]A(ecosystem service)ol]
gt WS HZET QAWK Millennium  Ecosystem
Assessment, 2003), 7|3~ H3}ke} Q1914 st o) Ak
A= A&EHor FEEoj7tal gltk(Achard et al.,
2002; Meffe, 2002). 2007 AFH AL 7| EZA o w}=
M 2006 & etk At WAL 638TF 9,393 ha=®,
19964 6441t 7,936 ha®} vl wahH 10 =<t 59t 8,543 ha]
<20] A% thKorea Forest Service, 2007). sfjulc}t o oF
5.800 ha®] o] AbebAla Gl Algolck, 2hol s B Ak
3} e Y] g QAL 7F 2 ol g QIzke] FE
gk BEX|o] o0& QIgh 4be] =} w=A|SHurbanization)of| w
£ Z¥}o|t(Hilty ef al.,, 2006). -2y}t 5E& o 9 A7}
Aol et EAAO SA1E e AL FASAN, 7
T A (landscape connectivity)S L &sto] =X|7| H=35}
SZto| AR o At BAE AT HA| B2 AAY
(network)S- ¢FYZ 02 HASH= Zeko| & 235t Bengtsson
et al., 2003; Lee and Thompson, 2005).

a8 94742 A AA] x7ZH(habitat patch) 7t AHEF ©]
1} Ha(dispersal), FHA} B E(genetic flow)S Y&s}
A AU welets AE A o E K Taylor ef al., 1993;
Calabrese and Fagan, 2004). 73 AZ2A-& AA1X|17F A E
o} APe FAoHe vlematin e Exlo§ Fefo] o3|
T2 AAQEY, o= AE WALY AL vEr AT
(metapopulation) 2] |5 A&l & H&S u]ZIrtKCalabrese
and Fagan, 2004). T-H3HE 7ol A A& Th/Ada AYE]
A HEEE dutdor Ay dAAA s AAEH
(Soulé, 1986; Donnelly and Marzluff, 2006). w2}A] t}oF
gk oA AZAo] =2 A= AR 27t Aol
o] opEE9| ol Wut of el TAF Auke} 22 A}
S5o] golstH, 2 A rescue effect)} FEFS] 24
% /J(colonization)& Fal &M 7|7k B BEEFS Al
Z1tkJoly et al., 2003).

AT AEA HEA AE RS A4
+ o $a3 9 A, Seuete] AEE BAAY
S & A AAAE Aol Aol ofwgl 2] A
P2 FHSHA| xotal, & W 3] (corridor) T AUH
Ho AR p3oA diek: AEstal gltkleon er al.,
2010). 1euk AF ARl AeiEtt e 239 A4 3

oX
>
N

X

e A(resilience) S X 02 FAA7|= thoFdt =
2] AAAT BE FR(modularity structure)S 112 3}X]
Bole EAHS 7HA 2L 9t Walker and Salt, 2006). E4]
& dg ZA40 o8 @] SAES AT dEN7=
HA A2k =4 A24% YA e AAE LA
Footo] A2 A& b SHoA AL S 4 YTk

wet AEE ze}l Bl 914 A4 (core habitat
area)® EZ813, 4] A4 Ajole] AATE BAelo]
BEA BAAIET 2 2 AAAe] F2A )5H A
e EAiE A7} dasich

AT THsEE A#slsl= FRAGSTATS(McGarigal
and Marks, 1995) Z+S Z 2 73 Sof|A| A &dts AE3
o AT 3 PO RE X AaT Fao AARS 3
71 olgieh. et A, b8 Tskn ARe Bt
SolA de] AEEa Q= LI o]E(graph theory)o]
7Rk = UEY R B4 AL Y AmE o8sto] &
BAL 7153517 sjZcthTheobald, 2001). YE<
AALLS - E(node or vertex)@} & H(link or edge)
E=d], ArcGIS 5 A]Z}3Kvisualization) & 713
A A AT o s = HiE AT 2
A (ecological processes) A7-of Qo] a&AoR

¥Z 5 UTh(Bunn, 2000). Z1Z o] E& AE3F
b A ey w4 aAsls
of glol AEE AIAR WHEA BY £IR S
Qlti(Urban et al., 2009; Galpern et al., 2011).

olo]l & QoA T o]2S Hgat YET 24
29 ol gste] 1975URE 2006W7HA A4 =7
who] Al A% W S TR multi-scale)ol A

o2 wolsla, A B2k ey Ady e
SRIT 2 ol AT A2 Al THAS PR =
A& Astal, Al 54 A4S F4sk=
T AEE =5 4 Stk AAHOR, 527}
Aow Fagt fx|ef FRA R FA3F F7to] of
& = Sltk o5 Fol AEHA 7le= et AE

AZgaelet A o] 7 Aol
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kiro]m], A|7H4 #9)= 1975WHE 2006 oltt. FA1%
TEH 2008 7| Al&AlY] FU=AE LTt 54
HA-2 244 kro|w], 71 5 tthpe] =2|7F EA| Qo] £
Zstal Qlck 2008 7] AFthH] 109 %] WA
23.94 w0 & thE FYA|(FAF 161.99 nr, A 276.34 nt,
24E 47812 v F)ofl HlE @2 f=Folth

2. 17

EAn B ] 2o MakE shersly] 918 Trhen
A FEA LR (WAMIS)o A Algihe BEA] 95
(19754, 19854, 1995W)Z 0]-85}21THTable 1). 2006
© u]=A) A A 4(USGS) 2] Landsat T™M 14 A+ of
45131, ENVI 4.5 Z2 Tlof|A] FFEEFQ A $=H
(maximum likelihood estimation)& Z-8-3}¢] EX| 1] =
2 Aysilct

ArcGIS 9,104 EA]3j Rz =22 BEst, A2
ol 55 ol&ato] AAYE EASHTE A&Al Skt
oA 2RHFS o= oPEES AAE7tl eH
& ATeE 4 e WAL S ha o)t A7]9] HA|2 ek
3hal BAjo) 323F5F9 tH(Drinnan, 2005; Minor and Urban,
2007). A B4 5L 8-neighbor ruleo] &J3] 123}

ZHedge to edge) -3-Z2|t]¢t A& (euclidean distance)S 2]
goto] =2] AAWS agog wHEGh EIF A7}
AZA AAb] o] aLAL E=o]7|(computationally
efficient) 9|3t 12| LA graph approximation) B S &2
23 7F aAE 3854 = FAHE I Z(minimum
planar graph)E A-8-3} I th(Fall et al., 2007; Galpern et
al, 2011). 7t A1719] AR AskE sporats] Slaf ell4
33} W2 (expected cluster size)S ©]-&3t Tl BA
2 B QAANE A8H AEA =47k 24U
(clustering) ¥l+&= H =& H|ws}$ ).
j

ECS, = ]':;
ot = AAAD, m = AAAY 19 TfzoN A4H

Table 1. Information of satellite images

w29 2R 4 = 2 j9 AH, 0 = F X A
oA 2AEE WA BAL WA 71EN Ay EAol

t}. o5 o]&ste] AAA ()7t STkl whet AL E o]
U= HA 224450] 5hte] A (component) 52 ¢4 F o]
33} H= AL gelstal, 33} H= o] 34 7t
sh= 29 27 FRE sholst 2 9ltk(Fall er al., 2007).
NE =A7F QoA ZAAohe FaEE 2% HaT
(songbird)®] ()9 A4 H3Z(negative exponential
distribution) @] A 3H(dispersal) Az TES 7IHFS 0 P
=0.059] siFst= UAAZ 1,500 m A& 2-&35}o] &
X5} th(Sutherland et al., 2000; Minor and Urban, 2007).
webA] =4 7Pk 7E A7} 1500 m ofakel XSS
a2 /AL Sl Aoz =AY, T FEF A
12 Z(simple unweighted undirected graph)?] HZA%-S
wABEGT 2006 7HE A 2750] AEA G2 ARl
QAT $A3 A st Aol ASH T, P o
|5 = dE F44d(degree centrality)’, ‘vl F44
(betweenness centrality)’, ‘& Z414(closeness centrality)’
< Pajek 1.26& ©]-&3dto] A4S cH(Freeman, 1979;
Estrada and Bodin, 2008). 912 A= AL 7} =29}
YHH oz Azsol ot %4 £ Uehfs, 242
A/J(local connectivity)e ou|ettt. w7l $4d2 2] -3t
HHez dgsel Qe 54 ARYIH A 5A) 4
(pain)= T A2 A4 off s A& A7t d=
£ Yulst= Ao R FH2 o ZAA(regional connectivity)
et 27 $A4 Bl A9 Ao
29 e =AE 1 DAY Y HotE Autsls AoR
4 577} e SRS duht o] GRS ek
o 3 9] T AeEie 9] 54 WaS et
of QA e BAT Y= BT D24 Ae(inteeral
index of connectivity, IIC)* {12 ©o]83to] ‘A2 Q%
A 4>(relative importance value of connectivity, § I1IC)' &
Akeloict. £3 A2 Ae 4 HHoR AEE
Aol WAl A3, %A% 7 A ALt Hees Ae
ol A veu, A oA A H21E0] UE
= dAdwo dAZ4A A=E ou|gtch(Pascual-Hortal and
Saura, 2006).

e ne

Year Path/Row Date of acquisition Sensor Pixel size (m)
1975 125/34 1973.10.08 MSS 60
1985 116/34 1985.05.14 ™ 30
1995 116/34 1994.07.24 ™ 30
2006 116/34 2006.10.24 ™ 30
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Af
&, only = =2 4, j 3 HAGAGRRZAM BAY 7 a
= %4 i) WA, 4, = F B4 WA

1c =

11C — IIQ'errLoz;e
1nc

A T8k A SA2459 WA dF B
arsto] di4f A £Zi(focal patch)o] {lojXle wl &
AAA A ] WekE Uehdnh dd S8 A5 grol
T SALeE ddgolA Sast HAE ARt mAE
o] ZHA|aL Sl o7 A2 AeEd EXE 1EsHE b
A, A WA T} TRt AA4 A4-E 7t Spearman 9]
FHE BHAE S AesE 1 BAE AuEIh
Spearman =9] FH¥A= R Z2IS o]-gsto] A8}
FTHR Development Core Team, 2010).

SIIC (%) = 100 <

oot

ZAn W o

ANAEY EXDE0 572 SX| HZY Ha
AT A7 AeA| EA| T Aslere AW R, 1975

dofl AA7E 71 2 WAL AR, 197588

>

1985 7HA] A7k} A o] 343 S7hstlen, 309 &
oF ZA o] WAE AA M7t gl ek(Figure 1). vt
19754 %= EX|9]&EEE 60 m Landsat GAC. 2 HE H&
H AoR tE Al719] 30 m sF=e] Aol Hlsl =AH
o] G| 274 =S 7FsAdol U 20061 A7FsE A1
of AL AEAl & WA F oF 60%, A= 27.6%E A4
She o2 Uehdeh, A4 EXsEelA] 4 o] 30%

300 A ~e-Urban
~o-Forest
--#--Agriculture

Ot B ~0-Water

Area size (km?)
N
8

~--Grass

100 \ —+--Barren

50 4 —&-Wetland

x¢

1975 yr 1985 yr 1995 yr 2006 yr

Year

Figure 1. Land-cover changes from 1975 to 2006 in Seoul

olald AL =x]9] F7HA vl Y(spatial configuration)©] of
AEa9 ol AEol FF= viAe ALr aRithd
(Andren, 1994; Fahrig, 2001), @] AJ&A]o4] 7]& X
2 A HASHA R Paol B4 2 dhet
| a3t A|7]eta FekEch E3F = ASAIEQ] Landsat
ol S Hestr] 913 Kompsat-2 5 8= 914
S B8, ALY Aausls nejstel A4Hom
SA7IE EXuEHEE HYEY sjof & Jom ud

(<]

of of

7

T
>

A7 =2 AA%o] HagHa s BASSE

2 A7]o] vls) 1975d9] H$- ofEE A4} ¥
(source)®] A =27} E|= diqfE Abglo] ThH3tE o]
o} &3t 19759 =4] S 200610 Al7}E} 7] 0.
EREE o PR BX50] v E3Eshe 25 UE
WHck(Figure 2).

1975 a5 2006704 AAAZE 5el7HHA =4
Ztgo] dAE o] FsEE WAS BAsINE o, A7
52 HAZ Z Zol7h GIAAIRE, thg FRollA] ol 2
s} HHo] Wakghe & 4= QlthFigure 3). o= 7| A
of AIZIHRE thE F2F5 7HAAL Slths 2 oujgit) &,
19754, 19954, 2006 dol= <F 1,000 ~ 1,100 m2] AA A
2lofl A, 1985H 9] 7 -9-ofli= 1,600 m&] A Ao A =4]
z7t50] & HWHOR AZAHE Uehdlth wheba A4
B2 AdY HapL 24| dojid S8 SR AAA
2] 1,000 ~ 1,600 mof| A o] FzhFmel Z o= wekEt,

1985 9] A%, A&A| A5 stttz AZA7]7] S8l
g AAAE 2,150 mo|H, ThE AJ7]of vlsj ¢ &
UAA (1,600 m)of A F-8}7F VrebL A A %] abE S}

£

H

b 3o @

of m¥ pE N

1975 yr

1985 yr

1995 yr

Legend
Il Forest [l Urban

0 25 5

Agriculture

Other — Links
Kilometers

Figure 2. Land-cover maps and minimum planar graphs
with all links
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Figure 3. Expected cluster size calculated over increasing

threshold distances for the green space

landscape

A Yebgd Aoz EAF 197539 4, thE Al
off Hlalf 400 m wRke] A2 QA Aol A= THB} FiA|
gk 400 m o] /o] UAA oA S AL i =9k
Ao 2 UEHT 1990 o] $-5E 20069 7HA] = A A
2] 900 m o]/e] FZHtRoA AZo] EobAAL Y= A
< gol3t 4= Qi) 18] 19954 e Hlal 200682 AAA
o] Z7IEHA YT w4 HHE Sold Ao® 54
ek ol A2 Yot )lE HlgAte] Al Abg o
68%% AAISFH AT, 1960W ) o] % AHH Argiss) U
DUEE FAoR A& Eeial Qe S =84
ALY, Bt & AZAl T 521 AdgolA oOREEE
A AR AT T S Gl AN AR BY 1E5S
254 | Aoz 35T 4 vk EF 20066 AAT I}
Lol A AEA 9 53] AAYE AEA HHY AF =
5ol BEI H&9 Y 5AES A2 e FREA
b o] BE AL S-S Tt
3 4= ek e 2] o) Exjo] 8 Hste} o] & Qlgh
LA A (built-up area)®] F7h= EAIStol| RIZEE oE
9] Aufef o5& ofFA shaL, AE IS Al
7] Wizl =2 B A T EX|olgof tigt Al
)7 wje- " st A|FolthFoley er al., 2005).

2 A= Sha o A5 Yo w AI7E =4 A
2GS vugt 2aEA, 7 G 2A BowA 2A|
3t gst 34 dolts AR AHE+= 5 ha v]yhY
A= LA Bokeh wEhA] S ha wTHe] ZAo A e
MAEE A = e oPEsES ez oot =4
WAL et Ad E4o] stk E3 s ¥ &
2Hp o EA| oA EEA| EESl= | ha n|Rhe] E=A]
A AL Q8 AR 2 AAEo e BE-
opEEo] Mupstal wol5 3o} o] Fsh=t] §lo] st

ThH(Andersson and Bodin, 2009). ¢]9} & Ae] E2
Atke) AAAES W 2714 B4 AdY 2
QFH o] 5 EHE =4 ddo] AE ot
A AlaE §A31] $19) A4 Azl FHoR &
24 5 A4 7h53 A A 1A wejo] Bt
ek

R & HOte

2. =X 2N 71045t= HHE =X[2 FRE

1z

HI

w4 Aol 7]elshe A Hx|0] FAES B
oJ3lol, 20066 Al-&A] x| 2ZHE9] 500, 1,000, 1,500,
1850 m QA2 AAYE AZH o 4] 417 54
ZA A4z Wystel YehichFigure 4). A4 A 2|7}
Z7hetol wet AT Ade] Sx 5] BEre AAT,
Fe] HA(HADE o) AdHh A7) 1,850 mojA]
HeA] JA A Z7P50] hte] SA|2 AAH. 54
Z7150] 1,500m AAA oA Ao] Aol HAwt, Az
%34 (redundancy) & oA A&A| S0} EET} A
o 9175He HA|5o] Alebd A% wah Bog wx7}
L, A AAgo] Hoka 4 olrks AL AzHL
2 o 4 9l

Figure 5% %57 W43} 44 445 7k Spearman &=
9] AFHmol ARASE Yehich 5x) WA 21 F4
e A A4S0 7t 29 7+ SolFt ABBAPp<
0.001)7} AT} S2lgt ATEA FOIHE HAHAE
A FAE A5 10), A2 A4S o) S04} A2
ZRE A4 110), v} FAHE 92 FAE 120

i
=
=

(o

Threshold distancé 1,850 m

Figure 4. Minimum planar graph links at or below
each threshold distance in 2006

Threshold distance 1,500 m



D o)2e AT A A AAW Ao BA 417
R R 2 Yol & AdEo] A FAM0] 2 Ao Ykt
Pachsze | | il | ke ool 5 g ATEAY 2 RAEE 246 HANGOR
pas | o T 078 . astel adwe A4HoR GAske Flo) vyt

- i weheh
. coneaity dl | kR | ek W7 FAE A A 2zto] H- Ao R AZE
i | H 069 || o4 || 055 o] 9l HXEW AAYS TESHEE FA AR Z, A
= al 1 e £ 2 (corridor)@} A A the] &=X|(stepping stone) &3t A
by kA ok TE Uehdch ol2jgt SHoA A&A 55} 950 3
w068 |2 A HAES ABAYE FYReL FET AR Wk 914
[ Bk ok BXEL il FAA fol BT BRI} UE

Closeness

A
S1IC
llF

Sl |

0 20 40 G0 80 0 40 80 120

Figure 5. Scatter plots and correlation coefficients for
the green space size-centrality-S IIC Spearman
rank correlations in Seoul green space network
in 2006. *** indicates significance at p <0.001
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o 40 80 120
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HC)%} A= 0.5 o9 =2 JAAE Yetitt. 4
S8 ApE 7 HeE 4TS 183S o, 92 8%
%6 MO} e A%} fofatiA £ A
BHelo} nipriavt2 52 AooAs £8 d244
7 gols ARTAZL Qi A BEs Uehe
(Estrada and Bodin, 2008), 2 7oA =A@23} 17
d Agg 2ol w2 ARHAIE UEhAL, AEA ]
Bol A o 7] 2)7h BEEl] QLSS T o]
& Agstel RS 2A% Ford 4 Y

Figure 62 2006\d 718 =259 A4 S48 w74
T, T A, 92 8% A4 B2 Akolth
A 2245 ARHoR AW %A 22 25 el
oA A A4 ArE Yulst= dE 5

wHo] 2 Akl %) 22150 WHHo] HEals
ol A A UEtth Al 559 FEAHEHMD, =
(84D, AP (G2b, o] pelpaiekthal A
FEAY, t2Ah) HASE WAo] A ) oA
S % & A(colonization)o] YojLfal, 4 FAlA o]
o % A INrescue effect)E T3l FH BXEZ
OPUE S| SRS 715 s B4 AAA] elae aket
e o 4 otk

A - HEE AR o] x3E| 0] Q= T
100 ha o]st2 WA =A] AT, ol wA|Fo] YA

it

flo

4 ox H ox
re
iy

s

BNofr o, m & &L o

=
B!
Y

W
A
£

2 AN b glo] kel AANER o]FojHl 37)
G0 AERer dgel AL Atk HAAZ g
S qdgick I olF Y B2E PARE Ak =
A 2k AL B 1000 m olAOR B9 2|4 BE)
o} SES 7PgehE 1000m Azlolx] HEHoR o5
SE(P)0] 01424 Sk et o] %x5e] 1t g
A4 Az AAcke Ei AWER A%E & 4 U
F7H49) 57 24o] Wasik

T FAAL A 57 A A0 sl 9
£ ThE 453} Anka AV Sl 7hE ek A
A o] A4 HA ABA BEHA m 2
sasioit. nhebbarte Sagmel A 24 F44 A4

Figure 6. Green space networks of Seoul showing the
distribution of high-centrality and high-6
IIC green spaces. The size of node of each
green space is proportional to its score on
(a) degree centrality, (b) betweenness centrality,
(c) closeness centrality, and (d) & IIC. The
black lines represent the connections between
the green spaces at or below a 1,500 m
scale
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L 73 ARol M BEH o] hehitiv|(Estrada and Bodin,
2008), ol BIA] Aol AZWoIA AElo] Q= A
2743 RS0l Be Ax walo] glrh ALAE 1,500
m Rl Hx50] 7o) AZE] wlge] 27 F44
glol vlmwA ;27 vhehgron], gt Bao] a4 A4
53 ol 5 AZSHE A2 AR 5A50) 24 F4
Kol A7) vehgteh. olohs S, o] BA 245 b
w4 27 FA40] vol, AL Hol UAH, AHoR
ohe BA 5} WolA A vloket Q7(weak link)S LhE
th A&A] o] Sdshe Fael TRT BX|oA A
Ashs AREES ThE Aojonty Huet §44 58
o YFBHA] Spot THE Aofo AEE AT £ A}
o7} & Ao & ofAFE|ui(Manel ef al., 2003), 0|2 AZ3}
7 $1% A5A A7 Wastcha Bt

A FRE A4 WAo] 2 Ay HAST 44 F
oo} B % o] S5 ol A Ee|A e
4he R9lm, Spearman 9] ARHIA B4 Ao} ol
w4 AT AR RS etk $E} Gz o)
A A5 AZATE 203 349 At 4 %
A2 $75 B9 AAsE 9 AT BA SAE9H
e Aoow BAH

2

wW

=X HEY HHES YF BAAE M
MEA 5259 $7H 9 TAZE Bk Q= A
Vo EWE AIRtEs =278 B A XS Figure 72 Zth
A WollA H21E50] 7]ofsh= $8%20) ol =459
FH Exo|g, Ql¢& 7H4d(anthropogenic disturbance)S
EQ2 75A R 37H] 39 & 97l A9s AAskeich

A9 A, B, C, D= A& theldo] =& a5 A4
SHORE A AR TS s, A A Aol 2 A
oJojrt. AAX] ol A AT T4 FAdo] 2aL, AAH
TH 52 E2 oPYEEY olFHt gHito] s YofuH,
AEiA MBI fA]ofl §lo] FAlo]l Hrk(Minor and
Urban, 2007). A9 E, F, G&= A&A] 314 MRS 2
A7l 58 AAve AR e Aeg2E 33ttt o]
AL 5259 B4 A =259 olsd Aut, &
AA 355 "3 st7] s 714 ATy 54 =
At oflel, 5215 ML Sl = EAo]8o] o
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23t A Aglo] a4 Etk(Hilty er al., 2006). 0|2} -
b 7ol e wA Hx) AZY P 0 e
AEA] 8T 559 4 =mx]50] Ao AHEs
SAES Tl & AdEHA A 52 T =4 AR
e Ayt wedahzd] slofg Aol
At Autel Ak AL A&7 AR o
AT} e Belel 23lo] oo FRARE B4 715
do] & Ao® WU o]F Bl A& =4 A8
& ek mgstel T2H - 7)5H AR kS A
N7 % Qe B8H =) Aol PsE Hol. B
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Figure 7. Proposed connectivity zones for conservation
planning. Zones A, B, C and D represent
areas of high local connectivity. Zones E, F
and G indicate potential wildlife corridors
and stepping stones threatened by human-
created barriers. Zones H and I represent
areas of medium local connectivity threatened
by anthropogenic pressures. (The size of
node of each green space is scaled by its &
IIC score.)
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