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ABSTRACT

The lack of research on the suitability of park green spaces as a form of earthquake shelter leads to difficultiesin
highlighting the functions of these shelters. In this study, the weight value and priority of 27 indexes derived from previous
studies are calculated by the AHP method and then a score table was established via a transformed score method. The
final evaluation grade is divided into five levels: very inadequate, inadequate, general, adequate, highly adequate. Finally,
indexes that were difficult to judge were explained. Based on this, the suitability evaluation of park green spaces as a
form of earthquake shelter can be performed. The evaluation results can reflect the advantages and disadvantages of park
green space as a form of earthquake shelter and indicate directionsfor construction in the future.
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. M8 o} AHAE ME Aol st Axatnt 299 oA
Az AFA AE 2 B ZHA U 299 A )5S
1. 97o| HjZH T =H Ao, A& wx, = 9Jr 3, E A A, FEA

A HERY 5o FoAe dxet
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3] A sinh BAY] Y SAE W 37k A A S ey Ade £ 242 AN A m%o Hk)
< = TU2 AA ] kA oA W] tiek Mul A B3 Fol
o webd FAsAE F2 AER FAE] 9K Zhang, 2007).
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WA e S gEgelu FAES f71H 08 Adste] A3 Fr2H FAZAY TS A4 HU olE
TA AA ] A A FEE PIATHChu ef al, 2008). A7Z 22 TAl ZY=A] gt 7158 F9 A 9Ho
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o) 715 F838 LR 4 gle Aot oe 3954 g 5 YK SHAA AEAY, FEHA, AeH QlTEE,
7] AR FaER ] )] tiek At Bt ¥ =2 AH| 2 HS) 5 477M ARES e F7t AAE
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Fote] A AT A %o}ﬂ%*i A 7ol wde A 19708 ARES EZste 7L AAE A AR F2) 9
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A WAl FEmA A B S 712y gk B O WAl FAEA Y HIA gk AE AFE D5l A
< o] 1993 EAlF AlMREE HAEHA EATYS Aol FEEA L AN 75 F8 9T F A A
A5 F3 A B8k AR 438k, WAl Hds AHst O 2 AT et I (i) A E UYOZ ArcGIS ME
%THShen and Saito, 2007). 53] #E7F & &Al 392 & AL o] g3t HEAES FAHATH Y, 2014)
de 53 724, 73 59 715S ATt A 2A Al el A 24 A o] AT e FEEA9 AR
25 yd Fa7F Bok(Led, 2007). QBN A A3t o 75l gk AEA Hrbe o] FARARE vigo] He
Soll A A H0] WA AT It B, I A7 I A HAREF AAA LR FEE YA £ Ao AE o
219 i &% 5 A7 Yo FHE 52 ARE FHEA Ho} A £ Y AR HIHRAE o] H8s Ao
THHu, 2013). Shen(2007)-& Q& tiF=(Ki) 39S ooz e 37 AAE S o WS WHE $RES
st A DA Alell FUE 01§ FES BBk AT HiEO 2 dstolol AHP 7S 538t 4 Fasteiof o

XZ55|R| M| 464 15(20184 2%) 87

|'0||



Journal of the Korean Institute of Landscape Architecture 185

U A8 Aol o) Hgol $ESAT E AT o)A
AN SR Wsto] A Ao 2A5o] AHP 714, W
B45 B9 A% ZAE Falo] 2954 220 A2 /)

24 WA £ 2Rz Bk

¢

ofr ot

By

w
re
-

AHP+= 19703t Saatyell <J&fl M= oH, <] +4
84 sellA] oo gkl tist -HE9E A ek 71
oty AHP #4] 72 84 7 4% o&A]

Aglslal, H7HAES] =24 AgeTth o
YA AT A 1t TAE 3l
71'Ho|tHSaaty, 1987). AHP= 7 @A T 719 45 A}
ol TLLE AXste Aotk F
el 845 tig AHIRE FalA A& s
o] Hrpr|Eol EAS AL 7P W Matrix A= (aij) & 2
At PES S 97}s

o] HEE o)gatd A de THEAE
(Zang and Wu, 2000).

ZF QA9 FOLEE A SleiA SR QERs ®
3} 813, ol Swi=1°] HEF WiE Zwi(Column Total)
Z Yrols #5338 (Normalized Matrix) & =Z3H}
H gFs PET o] P Py S AT 9o, 1
7t 949 THSAIR YERdTh

20
T

1:0
[y
fr
off
e,
et
By
x
1o
i

b

Clo

wl/wl wl/w2 — — — wl/wn
w2/wl w2/w2 — — — w2/wn
A=(aj) = — — - = - -
wn/wl wn/w2 — — — wn/wn
&t

upEba] Ao
AH I E =& A
th. CI9F CR< t9] AH413} 2t} RI(Random Indea: RI)&
F2}9] A 4=o]th(Table 1 &%), Cle SHA] S| 4#2
5 23S 2t 934 vEo] 01 olstel Aol

A%(CDsh Qe W& (CR) 97
BN U QAYS REAE AFE

L

50, 4

Il. WHE &HE =&

Table 1. Random consistency index(RI)

n 2 3 4 5 6 7 8 9 10
RI | 000 | 058 | 090 | 112 | 124 | 132 | 141 | 146 | 146
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Figure 1. Classification of impact factors
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Table 2. The evaluation indexes of candidate group

Fields Evaluation indexes
Natural environment Geology, landform, hydrology
(Slalfj% Artificial environment | Peripheral disaster source, peripheral building, building in the park, fire-proofing capability, buffer zone
Plant protection Plant distribution, plant number, plant species
Park form Park location, function partition, park and urban tissue
Accessibility Road conditions Peripheral roads, park entrance, park road conditions, tarmac
(1170) Urban resistance Insulation condition, crowd congestion
Degree of fit Distance perception, residents psychological habits
Service capacity Park scale, effective refuge area
. . . Toilet, power supply and lighting, water supply and drainage, information dissemination, square area,
Service effectiveness Convenience ;
(157 green rate, landscape fragmentation, landscape shape
. . Medical treatment agencies, fire agencies, public security organization, living material supply, park
Cooperation ability .
management facility
‘ Suitability Evaluation System ‘ ’{ilyflelo
\
\ | N
Safety Al Accessibility A2| | Service effectiveness A3 lg;g;de\
[ 1 1 [ [ 1
Natural Artificial ‘ Plant Park ‘ Road ‘ Urban | [ Service " Life Coupei‘ation Fl
environment| |environment| |protection| form |condition/resistance| |capacity convenience ili 1,9'“9_“]%
B B | B3 Ba || B | Be B7 Sxe
l [ T 1 \ ,
N I s A I O I I [ ]
Sl 2 SIESEE 2RI ZFIEI22L2|2]| 2B || ESES 25l 52 2 2
SIEl|SEE e B2 ||Z||5 [|1E|2]|G]12||2] 2|68 2| Es|Es S |22 |2 | B Ea s
o 0 o o o = = @ = | | o = w0 e} c L=
22 2 E 2|2 ]]8 3 [ 1&] 2| & = S 1= F|| 2 EE
o o = c — | = I — = c ) ] o | |
AEREIEEE = gl ||E| 5] ||| R AN
|8 & °| = = ‘
2]l el el g |g]|2 ||ellelle!le]lielielle]lellele gz g IBIglg el B IR
N 1 N ) L LIl Jlell=jlvd|lefl~|la||la|R (@] || | | o =]l [|® [[= |
Figure 2. The suitability index system of a comprehensive park as an emergency shelter
H ZAd=X]9 AT AAA Gt A g I ZLE S Table 3. AHP experts profiles
ZA5ldok & olE 9] AHE TS N AFO PSR=5-4
S7gstelol gtk oS Sls At Aus WHoR dvi Ttem Number of experts | Ratio(%)
AHE AABIEE ARt Ad= AHP Axe] Y& olsst Landscape 10 370
T AT F Qs TS 72 SAAE, 4S5, 278 A Architecture 4 148
st = Ay Hol AIAEMN vwAlEQ A o)Ak 271 S HA Profesc Disaster-prevention 4 148
rofession
Se AR} 4] ALEANH S4S Helsh Table 3 Planning 5 156
3 2ok, AHP #40) 88 A7 e sy & Geography ! 15
T4 B Avum, g4 $eAel 48207 A 1213 A Toa z 100
- Doct 13 482
A SEA) 206%7F AAS 2404 olgel A vheb x
e . Master 8 296
o 3, AA SHEAY 63.0%7F FERokA 20 o)) Education — ; 22
chelor
ZA S 7 AR APoZ LAF 9= Aog BA -
Oo—]]' aE }-:o Sy }_L:‘ :TLB 101 IR ]TL;"] Total o7 1000
ZAL71 7S E Al Q7
SAth ZAPIZES 20173 69 129%E 25 27{]‘ ] 1497kl 510 years 5 1
AAN 2A12 AN, 4E WeL 7 AZER BRE o 0 - 5
A Z 7k AU Y E E3lo] TALE ST enonty 20~30 vears 13 4892
>30 years 4 148
2. QA= 7|>§j(| A,_|'7g| Total 27 100.0
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8 4=(B)Y het 7zt e =8 % U= gL 72 Table 5. M(B1-C)Judgment matrix and factor weights
AL B3 7 5 Ak WA ) 3 7] Y FeAe Natural environment a1 ) W
H7ket7] 918l Table 494 22 vy g 2 23kt Gedlogy Cl 100 186 065
AHP 719¢] Q-to me} dd s EM(0-B) & +5381ed 7t Topographic features C2 053 100 035
850 THE A7 AAFH AT HoF A3, d3/d Hl&(CR) O] Amax=2, CR=000<0,10, RI=0,00.
00193012, 0.1 °J3tZ =X PHAY ASS T ol
we} o) JE X292 A TH Table 4 #%). Table 6. M(B2-C)Judgment matrix and factor weights

AR e 2N Fhd=A A Hrte] tig i & Artificial environment | C3 4 s 6 W

A Z 21 870) 025707 M =2 UIEA ) Qe 84 Peripheral disaster C3 | 100 | 161 | 246 | 069 | 030
2 Yehton] 489 BE F37} 0056HO2 7P e 2 Peripheral bulding | e) | 109 | 135 | 043 | 018
22 Uehdth O FEE EAE AF 87 0164, 39 influence CA

Building influence in the|

e 0115, €93 0104, =2 A3} 0,098, AH2~ &2 0,089, stk C5 041 0.74 1.00 047 0.14
o g e 0.078, A g7 0.069% HeRs 4 2 Fireproof abilty C6 | 145 | 233 | 213 | 100 | 038
I AE7EE e Ag el Ale] [kt e 47‘19} Amax=4.0274, RI=090, CR=00103<0.10.

Jo] e 7 Y 8 Fostal BHEel
Table 7. M(B3-C)Judgment matrix and factor weights

e e
3. NEZ 7t&EA| A Plant protection 7 ) W

Distribution and quantity C7 1.00 1.38 0.58
AEZ(0) 2+ AR Bt 71EXE F5P) S5k o Tope of pant G 7 0 o
A7 845 sk Amre JiiA 292 Table 5~13% Amax=2, RI=0.00, CR=0.00<0.10,
o] Aum| Y EE Hrietich AHP 7% ] ol whel
o PE IM(B1-C), 2M(B2-C), 3M(B3-C), 4M(B4-C), 5M Table 8. M(B4-C)Judgment matrix and factor weights
(B5-C), 6M(B6-C), TM(B7-C), 8M(B3-C), IM(BI-C)= + Park form 9 C10 W
A7b AZHAT o5 BT 48 Park location C9 100 371 079

AA 710l =2t tH(CR<0.10) (Table 5~13 #=

). Entrances C10 027 1.00 021

84 F AE AL 065822 et Amax=2, RI=0,00, CR=0.00<0.10.
W, AE AYHET U 8%t QY ] 84 F AR W
3 2o (138902 s =A Uehton, F9 A8 94 Table 9. M(B5-C)Judgment matrix and factor weights
(030), ¥ A& J3H0.18), W 21E F30.14) +22 Y Road condition cll Cl12 W
Eitom A8 H3ad 84 F AF AE A ¢ 5% Peripheral roads Cl1 1.00 2.09 068
(058)& A8 27(042) B} &7k 2235 29 ) 24 Park roads C12 048 100 032
Z AT Y 9AE 079802 7 =A JEY, B2 A Amax =2, RI=0,00, CR=0.00<0.10,
Table 4. M(0-B)Judgment matrix and factor weights
Layer B Bl B2 B3 B4 B5 B6 B7 B3 B9 W
Natural environment Bl 100 1.64 38 320 243 265 2.10 254 182 022
Artificial environment B2 061 100 321 216 175 255 164 186 138 0.164
Plant protection B3 026 031 100 061 085 104 047 059 038 0.056
Park form Bt 031 046 164 100 136 172 214 165 127 0115
Road condition B5 041 057 018 073 100 104 113 143 178 0.098
Urben resistance B6 037 0.39 096 058 0.96 100 078 0.84 068 0.069
Service capacity BT 048 061 213 047 0.89 128 100 113 0.88 0.089
Life convenience B8 039 054 169 061 0.70 119 0.89 100 067 0078
Cooperation ability BY 055 0.72 263 0.79 056 147 114 149 100 0.104

Amax=9225, RI=145 CR=0.0193<0.10
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Table 10. M(B6-C)Judgment matrix and factor weights AHP 71¥< E3)] H/HRAE AA F 942 7} 9450 B
Urban resistance C13 Cl4 W anoﬂ}\i X]—Z] P‘_j 7}%‘5(]% X]E% Z']’ Z]E%O] B‘j\‘%oﬂk]
Segregation C13 100 186 065 AA S 7NN g AESATE o5 TATIY Ropg 7+ &

Crowd congestion Cl4 054 1.00 035 oFEH AR 7t AREC] BHZTNA A EE 7HEAE A

Amax=2, RI=000, CR=0,00<0.10, 2% F 9ok A= A3 AEEY F8A &9+ Table 149

7,

Table 11. M(B7-C)Judgment matrix and factor weights B4 Az} Hola] QoA 37|¢] ol 2 oML (445
Service capacity C15 C16 17 W Aoz 7H} A Jehgor, A Aulx 2ol &
Park scale C15 100 247 065 036 2% A 7Zbzh 0283, 02728 H&alA Vel o251 E

Functional division C16| 040 1.00 043 017 Zex T AAY O R A o] oAl Holr)
Effectivecrle7fuge 154 933 100 047 M LR o7 T Eoof e AL o o} 2= ot}

= AEZE F AR AA 1EAE AGste] SHE9E &
Amax=3,0268, RI=058, CR =0,0258<0.10, o
Z319tE 238 BH X A2 0146822 7 =A U
Table 12. M(B8-C)Judgment matrix and factor weights Eiton, 39 AR A Ak 27 0,091, 00792 1 H
£ otk IHEE FA=A9 A 347 X = A ¥
Life convenience Cl8 | C1I9 | C20 | C21 | C22 | C23 | W 27vo 2R9) A7 Z7olahn FHETH Table 14 32)
al Al
Toilets C18 100 | 170 | 046 | 141 | 278 | 233 | 021 o wE T A abe H
Power supply and |0 110 | 066 | 088 | 178 | 152 | 0150 Table 14. Weight of related evaluation indexes
lighting C19
Water supply and Layer Layer Layer | Partial. | Overall. .
Ranki
rainage (20 217 | 152 | 100 | 156 | 260 | 303 | 0290 A B - W W ng
Information Natural environment Cl 0.65 0.146 1
dissomination C21 | 071 | 114 | 064 | 100 | 170 | 158 | 0160 025 o 5 | ous ;
Square area C22 | 036 | 056 | 038 | 059 | 1.00 | 144 | 0097 o3 030 | 0049 6
Artificial - .
pontscabe 02 | 06 | 0 | 083 | 09 | 100 | 0089 Sefety | Lo CL | 018 | 000 | 13
ragmentation ©.c. 0.445 0164 o3 014 | 0023 18
Amax=6,0919, RI=1.24, CR =0,0146<0,10, 5 % | 00 5
~ c7 058 | 0032 10
Table 13. M(B9-C)Judgment matrix and factor weights Plant protection
0.056 c8 042 0.024 15
Cooperation ability C24 C25 C26 C27 W Park form 9 0.79 0,091 2

Medical institution C24 | 100 | 063 | 224 | 198 | 029 0115 10 021 | 00 17
 Firefighting 150 | 100 | 337 | 265 | 043 Accessi= [ 4 condition Cl 068 | 0067 4
institution C25 ' ' ' ' ’ bility
Public securt 0283 0.098 Clz | 032 | 0031 | 12

ubplic security e

institution C26 04 0.30 L0 059 012 Urban resistance C13 0.65 0.045 8
- ; 0.069 Cl4 035 0,024 16

Peripheral relief 051 | 038 | 170 | 100 | 017
supplies supply C27 _ ) Cl5 0.36 0.032 11
Amax=40174, RI=090, CR=0,0065<0.10, Semcg O;%paaw Cl6 017 | 0015 | 2
’ C17 047 | 0042 9
3 2 F AT F EE(068)E Wi (032) Bt =2 C18 021 | 0016 2
3 02 et TA Al 84 F ZL‘—E A 2F8H0.65), c 015 | 0012 2

Service . .

22 WAL(035) 207 Jeptom AuAs £ 04 = & e Life cgr(l)\;zmence g;(l) 2?2 ggi ;Z

T3 I WAL 047822 =A Yelth dlg] g He tiveness ' ' :

A QA E AT F-uE AR(029) T 302D M = 0272 C22 0.097 0.008 26

e Ao g Al w = oo s €23 | 0089 | 0007 27

A debgtoH, "93 84 T A & 7]13H043)2 AY U 02 | 0030 | 14

Tty BT Cooperation abilty | CZ25 043 | 0045 8

0.104 2% 012 | 0012 2%

4, BIK| & 7I=R| 22 5 ez | o1 | oo |

shRxZsX| A 46H 1520184 2%) 91

Jon
ol



Journal of the Korean Institute of Landscape Architecture 185

5, HEEZ A 2 BIIHAE AN

=
o
N
of¥ ﬂoli

- ko

=
\‘_]ZJ.,\I
—_
>
=2

ol o

ml Mt oXx oX
oo
o

,%
QO
o
@
3]
o
my m
i)
ol
~
ko
o8
1o
B
ot
X
&
i
i
o
e
)

g

I rlr
o

=
i

= rlo ofN ot Iy

ok Ae

- [@a]

m
ro,

T o ox
rlot
rlo
5
=~
o
1>
it
o

= l’ol‘

“H,

= U

o M

2,

lo 1

~3 ©

oo o

m Fﬁ o,
k1
>,
2
oot

o=

ok
o
Iy
=
22

o
e
o
X
)
B
'
a2
L
of E!)
o
2= rr
.
it o
N =
o Ay 5
lo =
e
o B

2
olx
ko
i
1o
ofN
o
m
r2
=
X
N

2 2589 TR
7IA F 2] WAL

A 2254

v
o
il
!
k)
5y
2
ot
o
=)
& —

oy "+ AN

rir
>
N
D)
Q2
g o o

o
N
HN
o
il
Ir ki re
My clot
oL oy
$4°4 N
=5
ofd N
e
=
2
oy
ko
I

b 2
m{)‘ﬁoﬂ&ﬂ#o‘ﬂ |o

14
Flo T
°
N
fiu

2 1
WA TEee O AR ANHAS O B

3 renh

>

_‘_Q‘
1o
ox -
i
of\
ko
I
o
rE
ot
m
4
il

o

[&ste] AFHLE A

g

P4

Table 15. Transformed score of the evaluation elements

Fields W Formula Transformed score

Natural environment 0.225 0.225x100 22.5
Artificial environment 0.164 0.164x100 164
Plant protection 0.056 0.056x100 56
Park form 0.115 0.115x100 115
Road condition 0.098 0.098x100 98
Urban resistance 0.069 0.069x100 6.9
Service capacity 0.089 0.089x100 89
Life convenience 0.078 0.078x100 78
Cooperation ability 0.104 0.104x100 104

Total 1.000 - 100.0

Table 16. Transformed score of the related evaluation indexex

Evaluation indexes W Formula Transformed score
Geology 0.65 0.65%22.5 146
Topographic features 0.35 0.35%22.5 790
Total 1.00 - 225
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Table 17. Evaluation score table

Evaluation grade

Field Element | Index
A B C D E
Natwal | Cl 0 37 | 73 | 110 | 146
environment | (2 0 20 40 59 | 79
(o | 12 | 25 37 | 49
Artificial A 0 08 15 2.3 3.0
S environment | 5 | 0 | 06 | 1z | 17 | 23
G| 0 16 | 3l 47 | 62
Plant (o8| 08 | 16 24 | 32
protection | C8 | 0 06 | 12 18 | 24
Park Wl o0 23 | 46 68 | 91
form clo| o 06 12 18 | 24
Accessi- Road Cii| o 17 | 34 50 | 67
bility condition | C12 | 0 08 16 23 | 31
Uthan | C13 | 0 11| 23 34 | 45
resistance | Cl4 | 0 0.6 12 18 | 24
. Cl5| 0 08 | 16 24 | 32
;Zr;clftey Cl6| 0 | 04 | 08 | 11| 15
7| o 1| o2l 32 | 42
C8| 0 04 | 08 12 | 16
Cl9| o 03 | 06 09 | 12
Service Life c20| 0 06 | 12 17 | 23
effective- | convenience | C21 | 0 03 | 06 09 | 12
ness 2| 0 02 | 04 06 | 08
B3| 0 02 | 04 05 | 07
c4| 0 08 | 15 23 | 30
Cooperation | C25 | 0 11| 23 34 | 45
abllity | C26 | 0 03 | 06 09 | 12
27| 0 05 | 09 14 | 18

Note: A=Very inadequate, B=Inadequate, C=General, D= Adequate,
E=Very adequate.

Table 18. The grade of final evaluation score

Final score 0~20 20~40 40~60 60~80 80~100
Very Very
Grade inadequate Inadequate | General | Adequate adequate

92 s=xzsks|X| ¥ 463 15(2018 2%)



SH=X| S| XTL 715 MEY ERA 9

Journal of the Korean Institute of Landscape Architecture 185

B2). 0~082 3954 AQhAFRO R H2Ao) o}
pEs)A o7 FABA A el FROE K5 5 9
49 S B9 A3 0~08E FAEA 444
o] $EaN okt Al el 3 AAT B} 9o
ol 40~608& BEFEolT F Aol AN Hol Wrke
Eoltt. 60~808L FUEA ANNAFRORE WY
Fo ashd A okt AE) el $HT B A,
B~10082 §4 ole, olel A=A AR el
& 5710 015 A8 Aol T2 A5 Beks Folek

HF AN e ATSo) olalsh) 43 At
% ol@A Bk el %7k AA F olsia] v
A ke 57 AZS) ek <lvlsh A W Agsin

2
ol

AR B A A A AGAME MY 2 T
of gk A2at Al WA o] FubETh L, HA7} opd 3]
He A% 5 9 45 A" Ytk webA gy
S 2 oAl WAl BAEE 10° Ht Sopof FTh(Fei
et al, 2012). 39 AY ks FA AYEE 7IZARE
2] JB A 2" (ArcGIS) Z2I3 9] HAE £4 7)5S 3

-

=
5
&
Q
IS
S
=
[
Ac)
bl
1>
o
lo
&
N
r o
4
ofl
1
K rlo
fr:)
o i
P oo Q Hf rot

i @ o
~N 8

7Aste] 'FPS A& WA #4E $H3IATH Yohel an
2007). FPS& wshdellA od F774A]9] 9S8 U
o2 P SR8 A (Fire danger zone), P74
21 A (Vegetation areas against fires), S79: Iy 37+
(Refuge square) &2 HEstck(Figure 3 32%). 72F 792
2 OE 715 wet 253 AE uAE zlgditt P
Hrgol w3 7IAA 7IA7E A AES Atk stk P
T2 PR o] o 7t &S wjx|stefof &
A, kA0 2 AJESAFE THIith ST Tkl
A7 7] w el dubAQl AlEo] wjx=
52 37 o] gl A JEgE FEE Flgjof gk
T 2]

ol-&3t] s AFA et vt

Zone S

(Refuge square)

Zone S

(Refuge square)

Zone P (Vegetation areas against fires)

Zone A (Fire danger zone)

Figure 3. Japan ‘FPS’ plant planting pattern
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Figure 4. Function transformation of the park
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