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Table 1 Indicator system of urban development vulnerability evaluation
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T2 20072016 E=mE B MIBIEHSIT

Table 2 Price index statistics of Yunnan province from 2007 to 2016

AEAy JERIEPMR IR TR RIS I R RIS AR iR FUE R B i 2

2006 100.0 100.0 100.0 100.0
2007 105.9 105.9 105.9 104.2
2008 111.9 111.6 1123 111.9
2009 112.4 112.2 112.5 109.8
2010 116.5 116.4 116.5 112.7
2011 122.3 122.0 122.2 117.9
2012 125.6 125.7 125.0 119.6
2013 129.4 130.0 128.4 120.9
2014 132.6 1333 130.9 122.1
2015 135.1 136.3 132.6 121.0
2016 137.1 138.2 134.8 121.1

W ARRHARBMITE (2006 4:=100)

®3 EPHHHLRESETNIERE

Table 3 Indicator weight of urban development vulnerability evaluation

€= 7 & St &=L &
WA 0.3025 X TR SRR 0.0825
Xo: AHAEHKE 0.0392
Xo: Tl EKEE R 0.1105
Xo: Tl [EAREE Y256 R 0.0408
Xo: MK G TR 0.0295
ZTRG 0.5247 Xo: HIMNAMAEEE 0.1349
X;: SEBRFIFHANGE L GDP L ] 0.1285
Xo: =770 i GDP LA 0.0689
Xo: HBIX GDPHE K 0.0857
Xz b= 0.0410
X [EE BE Bt om i 0.0557
HoRG 0.1728 Xo: NAASRIERKE 0.0467
D OYIE2 PN SR ] 0.0372
Xu: WL R AT SR 0.0187
Xis: RE AL 0.0160
Xio: BB =LAl B LAY 0.0218
D OTI/N SRV 0.0323

BHRAF RS

FRAE REA K T A R bR BUE , T — 058 F SR 1% 3 2 07 ik 18 kTl e
MRS, 133 BP AWM I GEIEE (F4), HPEATHRANRE TS
1) = Aabr, 2 TR RIS S B R AE 1 BT I 55 1k S R 5, 38R e/ I RSk T e s
LERIAR, 233 151 RIINSGR, R/ TF0.5x10°, K5 BRI EER, IZR5Em,
M7 7550 0.49885x10° (&12),
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Fa WHEEMESEL BP HMEMEIFNIRE
Table 4 BP neural network evaluation criteria of urban development vulnerability level
R I 11 111 v
HERYGE Xz Tl R ACHERR L 0.1385 0.3764 0.6267 1.0000
Xo: AR E 0.1228 0.4324 0.6198 1.0000
Xo: Tl B K F R % 0.0380 0.1170 0.5304 1.0000
Xo: Tl AR 1L R 2 0.2453 0.5583 0.7566 1.0000
Xo: BERIXSLE TR 0.2090 0.3652 0.7103 1.0000
LW ARG Xo: SNRUATSE 0.0758 0.1911 0.6035 1.0000
Xo: SEBRAI ISR L GDP L) 0.0597 0.1817 0.6248 1.0000
X: % ="l.5 GDP L4 0.3169 0.6224 0.7646 1.0000
Xo: HilX GDP 4K % 0.1491 0.3746 0.6108 1.0000
Xz b ={H 0.2229 0.6411 0.8430 1.0000
X [EGE B0 0.2550 0.6857 0.8968 1.0000
HERG Xo: NI HARIGHK AR 0.2933 0.5631 0.7361 1.0000
Xis: SR 0.2801 0.6984 0.8449 1.0000
X B T ] SR 0.3525 0.6195 0.8007 1.0000
Xis: ARRAILEBA 0.2579 0.5555 0.7924 1.0000
Xio: S0 B LA 0.3218 0.5574 0.7420 1.0000
Xip: AW R 0.3329 0.6185 0.8293 1.0000
S5 E R E 1 & TR AR A, 0 —1k SIS R RIS
B AR IO T AR AR e b Do00sE
Hoph Mg, SRR R S AR AL 100 -y
WEE L 4. HAREMIEHIERE, UREY 2. S
WA ST YR O AN, ik S AT K
T3 PRI R
MIE RGRE, WHhIRTRE S iy 107 o
Wl Mess tEAETE R BB (K3) . BRI e
MMM — & IRt 20154, BAmYy S 0

5 At 2 P e 9 0 e s A, T DL
10 4F R B WM 72 R 1 R SR 22 5 IRl T F 4R
A S R GRS A AR S A iy Ak o 3 T A

K2 BPHE Mz grin2z ik

Fig. 2 Deviation curve of BP neural network

2007 45 [A 38 T I 55 1 B 3 v T A 4 ST L AT,k ot T A L R A R Y
KA K, AR X 1044850, 55 Y b BUS T — @ MR, 3uk v fe 55 e 4 Ak 22
TR BEN . M 20N B3 T eSS 1 A AR AR X AR, (ER 2013 4F
FEFEHEIN . 2014 4 BB A BT — R0 . FLrb 2013 47 RE T 1 300 1 i 0 = 22
S 2013 A A8 B 0 Tl 2 7K F 52 R R AR s B, (AT 30.3% (2012 428 93% .
2014 4F2093.5% ) 5 2014 4F-AE T T H 0 A I 05 32 2202 2014 4F R 11 A9 Tl R < HETK
PR E IR E A, A5 1466.87x10° t/km® (2013 4F &y 785.08x 10 t/km®, 2015 4E K

823.4347x10* t/km’) .
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N BRI Y (F25) . BEHATE 2008 4E A
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e = 415
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Fig. 3 Urban vulnerability of environmental system
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Fig. 4 Urban vulnerability of economic system

IR e 2 28 T AR, it —4F 2 )5 257 LR AWK T g R ZS, EL#

2013 FF 4T K BIE A HT A EL .

MAZ R GERE, WP CTTHE 5 Dy 2 A s e s PR AR S LR 1 2 Y R B
e (5), Forp BT 55 1k T B 9 a5 4 A= 7E 2009 4F, - s T FIZLAT N 2 R A
20104F, FEHEM A AAE20134F, TR T FEIR L R/ NG 1Y 5. XRIIEL T A SRR
I, PPl Tl AR A i A T kb PR i BE AR AR P 58, AN R i 8 R
Horh BT EAE 1R AT, YR iR ZLmM RN Ak 2 R R SR AR

i 10 FE AT R GDP KR

Table 5 GDP growth rate of Central Yunnan Urban Agglomeration in recent 10 years (%)
=i E 1] i ERLS HEHfE EARD)
2007 9.90 14.41 12.88 10.13 12.62
2008 8.10 14.56 13.72 14.18 13.31
2009 14.00 10.15 7.67 11.95 8.54
2010 11.28 11.34 10.20 13.47 11.83
2011 12.83 14.70 13.47 13.65 14.42
2012 16.83 12.68 11.10 15.03 12.94
2013 10.01 9.72 6.91 7.62 10.01
2014 6.17 -4.53 4.94 8.95 7.18
2015 4.88 3.32 3.09 6.11 6.32
2016 6.77 6.87 3.85 9.34 7.62

Ve AT HAHE T GDP R %
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Vulnerability assessment of urban agglomeration based on
neural network model:
A case study of Central Yunnan Urban Agglomeration

FAN Jun-kai, XU Jian-gang
(School of Architecture and Urban Planning, Nanjing University, Nanjing 210093, China)

Abstract: Urban vulnerability is an effective measure to evaluate urban development resilience.
At present, most studies on urban vulnerability focus on the special city and use the statistical
method in China, and there is no urban vulnerability assessment method that is applicable to all
the regional urban agglomerations. Taking the Central Yunnan Urban Agglomeration as an
example, this paper develops an assessment system of urban vulnerability from three aspects of
environmental system, economic system and social system. Entropy method and back
propagation neural network model are used to evaluate the urban vulnerability of the study area
from 2007 to 2016. The evaluation shows that the vulnerability of this urban agglomeration has
a declining trend on the whole, but there is a big difference between the urban groups, which
shows an unbalanced development. The evaluation results have reference significance for the
planning and resilience development of the Central Yunnan Urban Agglomeration, and provide
a scientific evaluation method for the study on the comprehensive development vulnerability of
urban agglomeration.

Keywords: urban resilience; urban vulnerability; complex system; back propagation neural net-
work; entropy method; Central Yunnan Urban Agglomeration



