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Abstract: The Yangize River Delta ( YRD) Urban Agglomeration has been widely acknowledged as one of the regions with
active economies while suffering high environmental pressure. This study established a Driving-Pressure-State-Impact-
Response (DPSIR) eco-security evaluation model for measuring eco-security levels of 41 cities in the YRD. The weightings
of all indices in the DPSIR model were determined by the entropy weight and the mean square error methods. The YRD
Urban Agglomerations Eco-Security Index ( YDESI) and eco-security levels of the 41 cities were calculated by principal
component analysis and the comprehensive index method. The cities were then classified into four types by the eco-security
level. The results suggested that the YRD region was at a critical value of the eco-security. Shanghai and Jiangsu Province
had high eco-security levels; Zhejiang Province had a relatively high eco-security level; and Anhui Province had a worse
eco-security level. The DPSIR model showed that Drivers and Response significantly influenced the eco-security of the YDR
region. The main factors affecting the eco-security of the YRD Urban Agglomeration were agricultural development, ambient

air quality, environmental investment and urban greening. Finally, this study proposed strategies for the YDR Urban
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Agglomeration by enhancing the regional population quality, new urbanization and infrastructure construction. The results
provide more knowledge for the eco-security diagnosis and improvement in the YRD region and contribute to the

development of an eco-security evaluation system for urban agglomeration.
Key Words: DPSIR Framework ; Regional Eco-security Assessment; Urban Agglomerations of Yangtze River Delta; YDESI
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Table 1 Urban agglomerations Eco-security Assessment Indicators
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Table 2 Urban Eco-security Classification
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Fig.2 Weight Distribution by Entropy and mean—-squared Deviation Method
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Table 3 Indicator Weight by Entropy Method and mean-squared deviation method
e HohRE WikE BRI G
Criterion level Indicator level Entropy method M?a’,"sq“md C"mp“fh"‘nswe
deviation method weight
K5l 77 Driver Cl UNEE)i S 0.0010 0.0286 0.0148
c2 A= B 0.0561 0.0471 0.0516
c3 UNEREE/SHEIS: 0.0346 0.0410 0.0378
C4 IR A RIS AT SRR 0.0587 0.0533 0.0560
c5 WAL 0.0478 0.0392 0.0435
C6 PRMRBC BB 0.0673 0.0360 0.0516
JE 1 Pressure c7 Tl A HE R B 0.0185 0.0439 0.0312
c8 Tk SO, HEfk s 0.0153 0.0374 0.0264
C9 ol K HE il i 0.0029 0.0359 0.0194
c10 XA H AR HK 0.0209 0.0425 0.0317
Cll1 {7 GDP HiLE 0.0223 0.0403 0.0313
A State C12 UNER At 0.0346 0.0398 0.0372
C13 = b E 0.0639 0.0363 0.0501
Cl4 123 I AR % 0.0229 0.0621 0.0425
C15 i DX Bt R P P S P 0.0502 0.0422 0.0462
RN Impact C16 PN NS AT 0.0339 0.0324 0.0332
c17 ALK S % 0.0337 0.0351 0.0344
C18 g s SRR B R 0.0594 0.0479 0.0537
i Response C19 B NIAE AR 0.0493 0.0339 0.0416
€20 T A P 25 R 0.0061 0.0389 0.0225
c21 T NI = AR 2 A B 0.0908 0.0326 0.0617
€22 B AR S A LT S L] 0.0708 0.0375 0.0541
€23 HUE S A RS L B 0.0462 0.0347 0.0404
C24 TEIKAEER) AR T Ak PR 0.0173 0.0428 0.0300
€25 RIS AL S e 0.0753 0.0384 0.0569

2.2 DPSIR PP R F 0o 3 Bk 46 R 53 i

F AT R F 5 2% ( Communalities ) FIRFAE(E B A AF (B 5T R A9 45 N 4 F3 5 BiR, AT
75 22 BoRBR C15 (T X PR M S 24 A A A4 ) C24 (V5 /K AR B ) S5 P AR R ) | C22 (Rb2f 4 AR S A HE 5
B A (C1o(T XY B ARG FZK &) BUREE R AL, F M A & 453585 70% A A5 8., FRAF(E 5 A
Fe W] 25 A F G h B — E UM R R (7.563) 55 7 E MR EIETE D) s 1T 7 A FE AU RRAEE R
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T A 18 A E MR AN HAUEE T 22 98 AIWml #8000 1—7 PIARAS HR R 205 B
PEBCHT 7 A~ F B BCR B P 5 AR R R ] £, E s A A A R A5 ERUME S B ERG E
JAY PR

F= 030252 x z, + 0.11210 x z, + 0.10391 X z, + 0.08037 X z, + 0.07290 X z5 + 0.06430 X z, + 0.04222 X z,

®4 EHRARFHE

Table 4 Communalities

i i || 48k i || 48k ik B
Indicator Initial Extraction Indicator Initial Extraction Indicator Initial Extraction
C1 1.00 0.81 C10 1.00 0.69 C19 1.00 0.85
c2 1.00 0.95 Cl11 1.00 0.72 C20 1.00 0.68
C3 1.00 0.80 C12 1.00 0.84 C21 1.00 0.82
Cc4 1.00 0.93 C13 1.00 0.85 C22 1.00 0.67
C5 1.00 0.86 Cl14 1.00 0.88 C23 1.00 0.77
C6 1.00 0.74 Cl15 1.00 0.65 C24 1.00 0.62
C7 1.00 0.72 C16 1.00 0.75 C25 1.00 0.76
C8 1.00 0.76 C17 1.00 0.72

c9 1.00 0.80 C18 1.00 0.83

x5 ERSRERSTR

Table 5 Total variance explained

Joy FHEH DS E A& % FFAE(H DiES E I
Factor Eigenvalue % of variance Cumulative % Factor Eigenvalue % of variance Cumulative %
1 7.563 30.252 30.252 14 0.360 1.440 94.746
2 2.803 11.210 41.462 15 0.308 1.233 95.979
3 2.598 10.391 51.854 16 0.245 0.979 96.959
4 2.009 8.037 59.890 17 0.175 0.702 97.660
5 1.822 7.290 67.180 18 0.168 0.670 98.331
6 1.607 6.430 73.610 19 0.120 0.480 98.810
7 1.056 4.222 77.832 20 0.080 0.322 99.132
8 0.881 3.526 81.358 21 0.071 0.286 99.418
9 0.755 3.020 84.378 22 0.068 0.270 99.689

10 0.671 2.682 87.060 23 0.041 0.166 99.855
11 0.623 2.493 89.553 24 0.025 0.101 99.956
12 0.515 2.060 91.613 25 0.011 0.044 100.000

13 0.423 1.693 93.306
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MBS BT AR o Il UK, 4543 0 = 1 = A3 T S 5 M T3 (2.01) (B 5T (1.59) BeM i (1.57) , 1%
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GAREBUEAT TS R A S g LR, Wi B AE S R el — 8, s Bk ES R 2N
2.3 DPSIR 8k REFE T BL LG R o0

H T T2 0 BT I JT X SRk T e Ak 19 22 4 S RGIEA T W, R T 5 T 3 (R X T R 1 3R T 2R A T HE T
T IR = AT RS AN BT A A A e A, T B R SR A R B X TS P bRt — 2 e dr . R R K
(13) AR K = AR B A48 AR AR Wi ShRuEfbas 5t v, 30 41 DT IR s ) CIRAS S0 e R S
KIGIR RGBT S HR PR AR 7, X H B Wi FNSE A P A0 T A 41 A Mgl i 15 4 a3
e 4 pros .,
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Table 6 Results of PCA
Wi By He4 Wi By He44 W By He44
City Score Ranking City Score Ranking City Score Ranking
ity 1.55 4 BN 1.57 3 R -0.62 32
L 1.59 2 T 0.46 11 =t /AN 0.35 13
Jo 1.32 5 A -0.07 21 biizald -0.53 29
7 -0.08 22 X 0.88 7 il Bz 0.16 18
M 0.98 6 W 0.74 9 YR -1.02 38
TN 2.01 1 ¢ 0.77 8 il -0.01 19
el 0.28 14 41p 0.19 17 el -0.95 36
itk -0.61 31 T M 0.23 15 Al -1.81 41
7S -0.39 26 Sl -0.47 27 T M -1.10 39
iy -0.51 28 HM -0.05 20 NG -0.89 35
B 0.21 16 7K -0.12 23 2N -1.64 40
BHYT. 0.66 10 & 0.39 12 LM -0.26 24
&M -0.61 30 e -0.31 25 IR -0.64 33
UZpan -0.73 34 =i -0.96 37
—— SAREQE —o— ERE
0.60 Q9 3.00 %
S
- 8 2.00 @
<] RZ
#H 5 100 3§
& .= = E
o &g
aE 0 %2
% £ = £
© -1.00 H g
gy
g
S pem—— ey pmy—y s P ey ey S XL S
BIRBREZZ =04 ﬁ;L:‘.;r‘:!;*é;ﬁ(;ﬁ(&;i’:%m%%%aﬂ&%a {\M-a: =
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Fig.4 Comparison of results from PCA and Complex Index Method
KT EEEHES
Table 7 Result of complex index method
Wi Kl ) £ KA A i S CEATREURR  HAEEY HE2
City Driver Pressure State Impact Response Complex score Secure class Ranking
i 0.17 0.07 0.10 0.02 0.11 0.48 I e 4 22
B 0.18 0.06 0.10 0.05 0.16 0.55 e 3
T8 0.17 0.07 0.06 0.04 0.14 0.49 i 2 4 19
2| 0.11 0.09 0.10 0.05 0.12 0.47 I A e 4 24
HOM 0.16 0.07 0.09 0.05 0.14 0.50 Il At 4 10
piXL 0.19 0.02 0.09 0.05 0.15 0.50 A e 4 14
[E2piil 0.16 0.10 0.07 0.06 0.12 0.51 Il At 4 8
HE 0.10 0.10 0.10 0.04 0.09 0.44 R4 31
IS 0.11 0.11 0.10 0.04 0.11 0.47 I A4 4 26
g 0.14 0.10 0.10 0.05 0.11 0.49 A e 4 18
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) Kzl 7 JE T3 R AL W] 17 AIREUER Y KRR He4
City Driver Pressure State Impact Response Complex score Secure class Ranking
M 0.14 0.10 0.08 0.06 0.12 0.50 Il 522 42 12
FHIT. 0.15 0.10 0.10 0.07 0.14 0.57 B 2
M 0.13 0.12 0.08 0.04 0.08 0.45 I 522 42 27
Fipan 0.08 0.11 0.08 0.05 0.10 0.42 BG4 34
B 0.17 0.08 0.08 0.04 0.19 0.57 B 1
T 0.17 0.08 0.06 0.05 0.11 0.47 I e 4 25
M 0.11 0.10 0.08 0.06 0.12 0.48 I 542 4 21
X 0.13 0.08 0.07 0.05 0.14 0.48 It 542 4 23
IEA| 0.13 0.10 0.06 0.08 0.14 0.50 I 542 42 16
4% 0.15 0.09 0.07 0.06 0.15 0.52 It 54 4 6
Eos 0.12 0.10 0.09 0.04 0.13 0.49 I 542 4 20
it 0.09 0.08 0.09 0.07 0.12 0.44 BAGA 29
Frili 0.15 0.14 0.07 0.07 0.07 0.50 I e 4 15
BN 0.13 0.12 0.08 0.08 0.13 0.52 I L4 4 5
7K 0.09 0.11 0.10 0.09 0.12 0.50 I 54 4 9
e 0.12 0.09 0.11 0.05 0.15 0.53 I L 4 4
JE 1 0.11 0.11 0.09 0.05 0.15 0.50 s 542 4 13
23271 0.06 0.11 0.08 0.04 0.12 0.41 BG4 37
R 0.07 0.10 0.11 0.06 0.08 0.41 AL 36
Bzl 0.11 0.06 0.09 0.07 0.11 0.44 L N 30
biic[ 4 0.06 0.12 0.11 0.05 0.09 0.43 A4 33
Bl bz 0.09 0.09 0.08 0.07 0.17 0.50 I L2 4 11
R 0.07 0.12 0.08 0.07 0.10 0.44 BAGA 28
w1l 0.07 0.13 0.08 0.11 0.12 0.50 I L2 4 17
b 0.07 0.10 0.08 0.05 0.09 0.39 BG4 38
B 0.04 0.11 0.07 0.04 0.08 0.34 BG4 41
15 M 0.05 0.12 0.08 0.06 0.06 0.37 BG4 40
N 0.06 0.12 0.11 0.07 0.08 0.43 BG4 32
=M 0.03 0.12 0.10 0.04 0.07 0.37 BG4 39
M 0.07 0.11 0.11 0.10 0.12 0.52 Ik 22 4 7
HI 0.08 0.10 0.08 0.06 0.09 0.42 L N 35

CREARBOER BRI A BTTRE 41 DIl AR 28 A 0 B0 2R o i AR LU 1B A5 20 R 22 D, KL
{HIITE 0.5 iy (H SIS SIEAAMIA i 28598 BOAS B = MITTHE 41 DI AL 24880, JF R 3
FEBOI T A S B A ARG, AT ARG R AT T A 5 B9 41 NIl R 20 i Tl 2 4K S BOR B 4
I RO A TR 4K BT AR AR A T B2 4K WA B AR S 2 AR OUAL Tl 5 4
A B VA b oK s VTR AR BRATH T A N 17 430 b T A B 2 5 4 AL AR | A T 22 4K 2%
B B R 2 B U | BRAE THA L 20KF
2.4 KR=MIRTHFE S 2 258 YDESI

£i4 DPSIR AL VMR R T 7 ik 5 28 B 48 BOE A I A2 2R M TR 7 k45 20 10 23 (B
YRR = A3 A A= 2522 29580 YDESI 413 8 Foi

K AIRATHE 41 30T IR T R R I AR A A OB A R, BB T 2 T A
WAL AR AR, R, T34 AR 25 2 4 RS DU W T A8 B A BLIR 2, 22 O B DU
559, FLRE, AT RO = A Sl T A A 30 4 R AR AR 22 18 B0 o DU T
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Es5 K=ZAMXESREERDH
Fig.5 Distribution of Yangtze River Delta Urban Agglomerations Safety Classification

£8 K=-AWHHESREEY YDESI R HHER
Table 8 Results of YDESI and cities ranking

i) MY HE4 i) By He4 i) M He4
City YDESI Ranking City YDESI Ranking City YDESI Ranking
R 1.02 4 B 1.07 3 ER -0.10 32
At 1.07 2 T 0.47 11 L 0.40 14
] 0.90 5 EM 0.21 21 Wk -0.05 29
o 0.20 22 N 0.68 7 Hi g 0.33 18
M 0.74 6 LA 0.62 9 PR -0.29 38
JRM 1.25 1 L 2L 0.65 8 H#1L 0.24 19
[iapi] 0.40 13 &t 0.34 16 T -0.28 37
Ui -0.09 31 il 0.34 17 B -0.73 41
% 0.04 26 FHil 0.01 27 T M -0.37 39
e -0.01 28 “M 0.24 20 N -0.23 35
M 0.36 15 K 0.19 23 ZM -0.63 40
BT 0.62 10 e 0.46 12 g 0.13 24
ZEM -0.08 30 Pt 0.10 25 IR -0.11 33
faiL -0.15 34 e 3 -0.27 36

SRR R UM I TEE RN R % A% BT BT T SRS 12 A, kST
YDESI 88K T 0.45 , X LEINAT L8 G005 L 2 AFHUR Tl S A w2 4, X Leriy i 3L ) i LR 3h g
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Fig.6 Distribution of YDESI
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REFR PR S P 3R, A5 B PR T A B 3l ) IR | 52 ) o) 7 8 A 43 531 4 = A b XY 98% , 88% ,93% FlI
93% , HELFHTT VG Qe HERCAn Tk A2 (SO, JEKHEBCARAR , K 18 b o I8 DL b, S = fd i B Y
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Fig.7 Scores of the Four Category Cities
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