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Abstract: The urban system is a complex giant system, and its resilience evaluation from the perspec-
tive of earthquake disaster is crucial for evaluating the earthquake prevention and disaster mitigation ca-
pability of urban system and the sustainable development of urban and rural areas. Based on the differ-
ent performance of urban system throughout the entire process of earthquake disaster, the evaluation
indicator system of urban resilience from the perspective of earthquake disaster is constructed from
four aspects: resistance, response, recovery and adaptability. To address the issues of subjectivity in
the weighting of evaluation indicators and the complexity in the evaluation indicator system, the pro-
jection pursuit method is introduced to analyze the data structure of the indicators, to identify the opti-
mal projection direction for determining their weights. Combined with the matter-element extension

model, the correlation degrees of indicators and the comprehensive correlation degrees of cities are cal-
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culated. The evaluation grades of urban resilience from the perspective of earthquake disaster were de-

termined according to the principle of maximum correlation degree. Taking 7 cities and 3 prefectures

in the active seismic belt of Sichuan Province as examples, the rationality and feasibility of the method

are verified. The results show that Zigong City, Ya'an City and Liangshan Yi Autonomous Prefecture

are generally resilient cities; Deyang City and Mianyang City are higher resilient cities; Luzhou City,

Neijiang City and Yibin City are basic resilient cities; Aba Tibetan and Qiang Autonomous Prefecture

and Ganzi Tibetan Autonomous Prefecture are silient. The research results can provide refer-ence for

the evaluation of urban seismic resilience and offer insights for the sustainable development of urban

and rural planning and construction.

Keywords: carthquake disaster perspective; active seismic belt area; urban resilience evaluation; pro-

jection pursuit method; matter-element extension model
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Fig.1 Urban resilience response process from the perspec-

tive of earthquake disaster
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Fig.2 Urban resilience evaluation framework from the per-

spective of earthquake disaster
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Table 1 Urban resilience evaluation indicator system from the perspective of earthquake disaster
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Table 2 Urban resilience evaluation grades in Sichuan seismic belt from the perspective of earthquake disaster
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Table 3 Actual values of urban resilience evaluation indicators in Sichuan seismic belt

7 400)
BEE g wwm mmm mmm pond e g Dooenk RISk

SREL EA M ERERA
B, 21.7 17.7 11.5 30.7 17.1 35.6 16.6 6.5 4.7 43.4
B, 44.0 42.2 42.3 41.5 38.2 40.5 41.3 37.5 40.6 36.8
B, 14.6 14.0 14.1 14.1 16.6 14.5 19.3 14.1 10.8 10.2
B, 4.7 7.3 3.7 7.9 2.6 5.9 3.1 0.2 12.7 1.7
B, 6.756 1.584 1.958 5.314 1.731 3.687 1.160 0.042 0.020 0.149
Bs 1.8 9.2 10.4 4.7 8.6 374 4.0 0.1 26.7 1.7
B, 5.8 7.3 6.1 11.9 7.2 8.7 2.6 0.1 0.2 3.0
B, 5.3 7.9 4.2 7.5 3.9 5.5 4.9 1.3 0.5 4.8
B, 18.3 13.7 27.1 19.5 15.4 14.1 34.6 12.6 9.2 10.6
By, 327.0 260.0 421.0 2360.0 780.0 2099.0 2311.0 5162.0 4 983.0 4 031.0
By 52.6 35.9 42.7 43.1 41.3 33.5 29.6 27.1 15.7 18.0
By, 57.4 49.8 52.5 49.1 45.7 45.6 34.2 49.0 29.6 29.6
By, 0.5 6.1 2.0 9.2 1.8 4.7 9.2 82.5 83.0 60.4
By 49.0 47.2 56.2 49.2 60.2 39.3 36.8 33.2 34.4 40.1
By 19.4 16.7 30.7 38.6 23.7 18.7 20.2 31.8 33.9 18.3
By 354.5 624.3 479.4 355.1 366.1 689.1 221.2 99.6 100.2 424.6
By, 2.6 2.8 1.6 4.5 2.2 3.1 19.5 4.5 26.2 1.9
By 0.7 4.6 1.0 5.0 7.0 3.5 1.7 0.2 0.8 4.2
By 4100.0 2900.0 20400.0 8100.0 2000.0 2400.0 0.0 400.0 0.0 1 800.0
B, 174.9 308.0 485.3 701.0 366.8 340.0 109.1 159.1 160.0 198.9
B, 2308.0 2336.0 17150 2331.0 1764.0 3904.0 2450.0 564.0 798.0 1 050.0
B, 3.9 4.0 3.9 4.0 3.8 3.9 3.7 3.7 3.7 3.5
B, 5.2 7.0 9.9 7.3 6.2 8.5 6.4 8.4 11.7 7.4
B, 84.1 80.1 88.7 89.7 81.6 79.7 79.9 80.1 80.4 76.5
B, 98.1 98.7 98.6 99.7 99.4 97.2 98.6 98.0 98.3 97.3
By 71.9 90.5 96.8 99.5 77.2 93.8 75.4 89.9 86.5 75.1
B, 3.7 2.7 3.4 2.7 3.8 3.3 3.9 3.8 3.3 3.2
B 3.8 0.8 1.6 2.3 2.5 0.9 0.4 4.6 2.6 1.7
B, 317.0 387.0 383.0 276.0 369.0 319.0 115.0 68.0 72.0 225.0
B, 30.0 43.3 4.0 90.0 45.0 40.0 20.7 3.6 15.0 38.9
B, 29.5 49.3 5.6 54.4 51.2 32.8 28.0 14.0 18.2 95.3
B, 99.4 99.1 99.3 98.3 97.4 98.2 99.4 97.4 98.4 94.6
T 222.7 224.5 292.2 332.5 289.5 226.6 215.0 256.0 265.5 227.3
B, 76.9 70.0 94.9 94.0 90.6 59.3 71.0 80.7 73.9 60.7
B, 3.9 12.2 3.6 11.0 5.2 134 15.1 7.3 7.3 38.4
By 17.0 16.0 11.0 18.0 11.0 16.0 24.0 63.0 47.0 20.0

x4 ENENE LU SN Y
Table 4 Weights of criterion layers 443 EAMEEGGH R
THEN] 2 A, A, A, A,

AR 3.3 9, A THF A A% CHE) 30T ) 4 2
MiE 03030 02765  0.2034  0.2171

R ST B 2, BRI 7,
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Table 5 Urban resilience evaluation indicator weights

e hr )2 B, B, B, B, B. B, B, B, B, B, B, B,
MWE  0.0325 0.0285 0.0296 0.0332 0.0290 0.0378 0.0201 0.0224 0.0317 0.0382 0.0210 0.0227
2 By By, Bis Bus B, By By B, B, B, B., B.,
WE 0.0167 0.0238 0.0208 0.0204 0.0365 0.0223 0.0246 0.0374 0.0303 0.0368 0.0391 0.0313
bR 2 B B, B, B B, B, B., B, B, B, B, B,
WE 0.0223 0.0235 0.0259 0.0247 0.0211 0.0346 0.0352 0.0218 0.0225 0.0215 0.0363 0.024 1
F6 TFMIERE MR iR
Table 6 Classical domain and joint domain of evaluation indicators
WM R R I L
BARE — B FEAFE Bk
B, [0,12) [12,20) [20,30) [30,45] [0,45]
B, [0,30) [30,35) [35,40) [40,45] [0,45]
B, [0,12) [12,14) [14,16) [16,20] [0,20]
B, (8,15] (5,8) [3,5) [0,3) [0,15]
A B, [4,7] (2,4) [0.2,2) [0,0.2) [0,7]
1 B, [0,2) [2,7) [7,12) [12,40] [0,40]
B, [0,3) [3,6) [6,9) [9,12] [0,12]
By [0,1) [1,3) [3,6) [6,9] [0,9]
B, [0,13) [13,15) [15,20) [20,35] [0,35]
By [3 500,5 200] [2000,3 500) [500,2 000) [0,500) [0,5 200]
B, [0,15) [15,25) [25,35) [35,55] [0,55]
B, [0,30) [30,40) [40,50) [50,60] [0,60]
B [60,85] [40,60) [20,40) [0,20) [0,85]
B, [30,65] [26,30) [24,26) [0,24) [0,65]
B, [0,10) [10,20) [20,30) [30,40] [0,40]
A, B [500,700) [300,500) [100,300) [0,100) [0,700]
B, [0,2.2) [2.2,6.6) [6.6,11) [11,27] [0,27]
B [0,1) [1,3) [3,5) [5.7] [0,7]
B [0,2 000) [2000,8 000) [8 000,15 000) [15 000,22 500] (0,22 500]
B, [0,120) [120,320) [320,520) [520,720] [0,720]
B, [0,400) [400,1 600) [1600,2 800) [2800,4 000] [0,4 000]
B., [0,3.7) [3.7,3.8) (3.8,3.9) [3.9,4] [0,4]
B., [0,6) (6,8) [8,10) [10,12] [0,12]
B, [0,80) [80,85) [85,90) [90,100] [0,100]
A, B, [0,86) [86,93) [93,99) [99,100] [0,100]
B, [0,80) [80,90) [90,95) [95,100) [0,100]
B., [3.8,4) [3.4,3.8) [3.2,3.4) [0,3.2) [0,4]
B [3,5) [2,3) [1,2) [0,1) [0,5]
B, [0,100) [100,200) [200,300) [300,400] [0,400]
B, [0,15) [15,35) [35,45) [45,90] [0,90]
B, [0,20) [20,35) [35,55) [55,96] [0,96]
A B, [0,97) [97,98) [98,99) [99,100] [0,100]
! B, [0,200) [200,250) [250,300) [300,350] [0,350]
B, [0,80) [80,90) [90,99) [99,100) [0,100]
Bs [0,6) [6,8) [8,15) [15,40] [0,40]
By [0,15) [15,20) [20,45) [45,65) [0,65]

1331



P13 2515 (M) v DU )22 o) P 46

Fig.3 Resilience grades of criterion layers for cities (prefec-

tures)
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Fig.4 Resilience grades of evaluation indicators for cities (prefectures)
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Table 7 Comprehensive correlation degrees of urban resilience of cities (prefectures)

- LR ORI s g
T4 I %% 1M %% V4

Elvigit —0.3115 —0.2535 —0.3470 —0.348 8 %
PN —0.423 4 —0.270 3 —0.1670 —0.2128 I 2%

5 B T —0.448 2 —0.476 4 —0.336 7 —0.2279 [\

28 B T —0.5338 —0.3950 —0.341 3 —0.175 4 V&
VLT —0.385 2 —0.257 2 —0.136 3 —0.285 4 Il 2%
HE —0.434 6 —0.2636 —0.1527 —0.222 2 I %

e 22 T —0.368 8 —0.2110 —0.289 1 —0.307 3 Il %

o 0L 74 92 7 1 ¥ M —0.226 3 —0.3555 —0.4133 —0.501 4 1%
H 0% 3 A N —0.243 4 —0.393 6 —0.487 8 —0.405 9 1%
SITE Y Y REp —0.2719 —0.202 6 —0.299 2 —0.3713 I 4%

[ NS E PN N
4.6 RFAHEHE

MG 4.4 5T S5 S 4.5 45
TR T it

(DICHCRE S Iy W . B 8, o 248 i T 2t
(KB ) SR04 205 ) B R Bl Ui 3R 496 ) 0 78 55 9, n i o
LI 6T A G RIS A o BT O 0 W TR R
ZH /N IX 22 A B B HE A g R b 2 TH /N X e i g
BE o B X 2k E b BT D RRORT I T T B i AR A D
NI A R NS/ I ol A o G
WA, e Hh 72 05 Bl 2 HE A TR R R AR R AT
T U E B R R HE A AR s R EOR By 4k
) v e R P PR B TR B M T O BB R OF
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