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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 3 Indicator weight by entropy method and mean-squared deviation method
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BEHCHT 7 A~ E R RCR B BRI T AR YRR (D B ph SR R VAL A 45 A, A B4R
IR PRE

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,

x4 EHRARFHE

Table 4 Communalities

Eiztan whh $HL Bzt Bk $HL Eiztan wIhf $RHL
Indicator Initial Extraction Indicator Initial Extraction Indicator Initial Extraction
Cl 1.00 0.81 C10 1.00 0.69 C19 1.00 0.85
Cc2 1.00 0.95 Cl11 1.00 0.72 C20 1.00 0.68
Cc3 1.00 0.80 C12 1.00 0.84 C21 1.00 0.82
C4 1.00 0.93 C13 1.00 0.85 C22 1.00 0.67
c5 1.00 0.86 Cl4 1.00 0.88 €23 1.00 0.77
C6 1.00 0.74 C15 1.00 0.65 C24 1.00 0.62
Cc7 1.00 0.72 Cl6 1.00 0.75 €25 1.00 0.76
C8 1.00 0.76 C17 1.00 0.72
(0%} 1.00 0.80 C18 1.00 0.83
£5 THSEUSHE
Table 5 Total variance explained
L% FHIEE DUHRA E e % FHIE(E e E e
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

ARIGHT 7 Ao 28 A48 41 IR AE S L 2RI

MERI AR URE 130 5

2.3 DPSIR f8brA RE SR AL R0

F T 2 0 AT I IR R Sl T e b ) 22 4 A AT I T
T IR = AT A AN I P Ak AR 2 e e S G, 5 BRI R A 48 ROk BT AR pR gt — 2 b, AR
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(13) AR K = A3 i BEASFR A W, SARUMEACZE IR y,  IHIR 41 DML BK S 0y ey RS e R 5
KAGIR LR A TR B R PR A 2E 255 N3 7, X HE A 0 Wik FNZE A 8 805 s 41 A b9 iS40 i 34
e 4 Frs,

*k6 ETHAAWES
Table 6 Results of PCA ( Principal Component Analysis)

I T Jo¥ix HE£ I T By HE£ IR T By HE2
City Score Ranking City Score Ranking City Score Ranking
a2 1.55 4 BN 1.57 3 R -0.62 32
M 1.59 2 T 0.46 11 g1l 0.35 13
To 1.32 5 R -0.07 21 biizald -0.53 29
2| -0.08 22 B 0.88 7 it 0.16 18
HOM 0.98 6 W 0.74 9 PN -1.02 38
TN 2.01 1 p2ipA 0.77 8 # il -0.01 19
[Eag 0.28 14 &1E 0.19 17 HETA -0.95 36
U -0.61 31 T M 0.23 15 B -1.81 41
bl -0.39 26 Sl -0.47 27 T M -1.10 39
IR -0.51 28 A“M -0.05 20 N -0.89 35
M 0.21 16 7K -0.12 23 ZJH -1.64 40
FHIT 0.66 10 A 0.39 12 LM -0.26 24
El| -0.61 30 FEM -0.31 25 =1 -0.64 33
Tait -0.73 34 ] -0.96 37
——  GEREE —o— ES L
0.60 1 3.00 2
£
8 2.00 2
N5 1.00 3§
& .8 S E
£35 o T3
41; =) xR g«
4 £ "
© -1.00 ’H,Tfm
2
N . . RN AN RPNV -
BRREZEIKEE RN EREXE XS IRLEEEEINRKTR .
4—1&%@@#@%@%#&&%%@5{%% IRER wﬂﬁ@ﬂ:\m =<H#Rﬁ;%£ﬁﬁl§mﬂ$ﬂﬂ+{ﬂ 1\ u&?@ﬂm

W City

B4 ERSANMESEAERELERER

Fig.4 Comparison of results from PCA ( Principal Component Analysis) and complex index method

xRT GREHESS
Table 7 Result of complex index method

BT Uit JEH R ] g GAIREIEN S BRER HE4
City Driver Pressure State Impact Response Complex score Secure class Ranking
ity 0.17 0.07 0.10 0.02 0.11 0.48 It 5242 42 22
[z 0.18 0.06 0.10 0.05 0.16 0.55 B4 3
T8 0.17 0.07 0.06 0.04 0.14 0.49 I 542 4 19
230 0.11 0.09 0.10 0.05 0.12 0.47 It L4 4 24
HM 0.16 0.07 0.09 0.05 0.14 0.50 It 5t 4 10
IR 0.19 0.02 0.09 0.05 0.15 0.50 I L 4 14
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312 £ OB ¥ I 41 %
) Kzl 7 JE T3 R AL W] 17 GIRTRBIERY  REFR He4
City Driver Pressure State Impact Response Complex score Secure class Ranking
;2 0.16 0.10 0.07 0.06 0.12 0.51 Il 522 42 8
A 0.10 0.10 0.10 0.04 0.09 0.44 BG4 31
% 0.11 0.11 0.10 0.04 0.11 0.47 I 522 42 26
N 0.14 0.10 0.10 0.05 0.11 0.49 It 54 4 18
M 0.14 0.10 0.08 0.06 0.12 0.50 I 542 42 12
BT, 0.15 0.10 0.10 0.07 0.14 0.57 A4 2
ZM 0.13 0.12 0.08 0.04 0.08 0.45 I 542 4 27
T i 0.08 0.11 0.08 0.05 0.10 0.42 A4 34
B 0.17 0.08 0.08 0.04 0.19 0.57 Loy 1
T 0.17 0.08 0.06 0.05 0.11 0.47 It 54 4 25
M 0.11 0.10 0.08 0.06 0.12 0.48 I 542 4 21
R 0.13 0.08 0.07 0.05 0.14 0.48 It L4 4 23
N 0.13 0.10 0.06 0.08 0.14 0.50 It 542 4 16
4% 0.15 0.09 0.07 0.06 0.15 0.52 s L4 4 6
S1E 0.12 0.10 0.09 0.04 0.13 0.49 It -2 4 20
TN 0.09 0.08 0.09 0.07 0.12 0.44 BG4 29
Frli 0.15 0.14 0.07 0.07 0.07 0.50 s 542 4 15
B 0.13 0.12 0.08 0.08 0.13 0.52 I L 4 5
7K 0.09 0.11 0.10 0.09 0.12 0.50 It 542 4 9
ahe 0.12 0.09 0.11 0.05 0.15 0.53 I L4 4 4
JEW 0.11 0.11 0.09 0.05 0.15 0.50 It 5L 4 13
[23:1 0.06 0.11 0.08 0.04 0.12 0.41 L N 37
R 0.07 0.10 0.11 0.06 0.08 0.41 R4 36
gl 0.11 0.06 0.09 0.07 0.11 0.44 L N 30
il 0.06 0.12 0.11 0.05 0.09 0.43 BG4 33
il bz 0.09 0.09 0.08 0.07 0.17 0.50 Ik -2 4 11
R 0.07 0.12 0.08 0.07 0.10 0.44 WAL 28
il 0.07 0.13 0.08 0.11 0.12 0.50 I 54 4> 17
M 0.07 0.10 0.08 0.05 0.09 0.39 L N 38
AL 0.04 0.11 0.07 0.04 0.08 0.34 BG4 41
fi 0.05 0.12 0.08 0.06 0.06 0.37 L N7 40
N 0.06 0.12 0.11 0.07 0.08 0.43 BG4S 32
=M 0.03 0.12 0.10 0.04 0.07 0.37 L N 39
LN 0.07 0.11 0.11 0.10 0.12 0.52 I L4z 42 7
HI 0.08 0.10 0.08 0.06 0.09 0.42 BG4 35

A TRECES B = AR RE 41 DI AR 2 80 RS T R AR LI T 114 A A 22 45/ B
E¥IFE 0.5 oAy AR SR RIEA A, Wi 25 SR BORS 8K = MIRTTHE 41 Dk AE AL 238 50, AR5
BB A A 55 0, AT DA R = AR BT AL 5 0 41 AT KA 8 T A i 2K S AN e 4
IR, DO T A T8 2 4K, T AR AR 2 A A TG S 2 G KT WA AR AR 2 2 AR B Ak Tl A 2
G ALK TG BRATH T R N 17 43 AL T AE S R it e SRR A4, BRI Tl F i 4K 5 %
BAR DR 2 BRI R T AN E 2K,
2.4 K= RS E 2484 YDESI
254 DPSIR AERZEAEIRR R o 0 Hrid 5 25 G 8 B0k A5 i 25 58 R PR 7 745 2009 4318 S 53
VBN = A A 5% 4550 YDESI W13 8 Fis
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Fig.5 Distribution of Yangtze River Delta Urban Agglomerations safety classification
K= AAIRTTRE 41 DI FRN T R et BT AR A A SR AR R, BT, =N T g
WAL RN, SARUL VLI A 5% 4 B DUBUT Wil T A SV LR 2, L Bs BRI LS
55 FARRY AT LR = TR A0 T 4 R A AR B 23 DU 2R T

®8 K-AEMHESTLIEH YDESI REHHER
Table 8 Results of YDESI ( Yangtze River Delta Urban Agglomerations Eco-Security Index) and cities ranking

Wi Ay He2 Wi By He2 Wi By He#
City YDESI Ranking City YDESI Ranking City YDESI Ranking
it 1.02 4 B 1.07 3 MR -0.10 32
M 1.07 2 T 0.47 11 gl 0.40 14
% 0.90 5 &N 0.21 21 il -0.05 29
RN 0.20 2 BN 0.68 7 Bz 0.33 18
M 0.74 6 WM 0.62 9 GIR -0.29 38
BixLl 1.25 1 4124 0.65 8 il 0.24 19
[2pi] 0.40 13 &1k 0.34 16 N -0.28 37
7k -0.09 31 5 M 0.34 17 ELBH -0.73 41
e 0.04 26 Sl 0.01 27 1 M -0.37 39
I -0.01 28 BN 0.24 20 N -0.23 35
M 0.36 15 7K 0.19 23 =M -0.63 40
BT 0.62 10 & 0.46 12 LN 0.13 24
ZEM -0.08 30 JEI 0.10 25 =871 -0.11 33
15 iE -0.15 34 I 2 -0.27 36
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Fig.6 Distribution of YDESI ( Yangtze River Delta Urban Agglomerations Eco-Security Index)

S NN R B B TEA CE N FE 4 R I BT T AR 12 AT, X e
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TIARUE GO T , N T 0 038 b5 B /N AR T L3R 8 e bn A fe , R A S & 2K OF RS, &
SRS =AU N I g S R N U = U N A =\ N 2/ A E WA WA B (= iy PO o = P N e R SR 311
M EERIE—% .

SR A S T A0 R R/ i3y Hed 950 T B9 N384 77 BB Ry 137602 JT, IR AL 3438
F| 74.9% , FEMFEARERHFH AR 5T RE IR I KOFAb T = AR T A . BRI SO, HER & K-
LB GDP HLFE I = A Xt e, (AR LR 8455 20 )& T 41 A b i e f5 — 44 (Bl T 25 T 72 3K
Bl e 35 T A S R B, A A A R 2 4 HORR = Al i e A5 4 S — AT

O TR m i R N e N R B N RN RN K B eI HEEE R 15 AR
Mo XS ) YDESI 7F 0.01—0.4 Ju B N, A S L 2E YR TR R 2% MR E 4, X I ag ok sh 1148
B 50 W R AR AR SR A R  ABE T RS SEma g A K AR b PRI ol A 2528 4 ) AR S B R
T 38 T AR SR R AR v A B B0 g e R FE AR /KT R 7 RS B2 dE bRk 501G, b 758 2RI h A 8 &
SRR AT o ST EARBRE 18K T8 T AL BRI HRARTE 15 AT R T i, L R
FEPRACE S I, R4 T4 2 i SR 5 A0 B, 5 ST AE OIS AR i SR T ) s T A O K
o BT T SRR R AR 3 B 41 IR TSR IKST 1 56% 41% F1 37% s R T 2015 4F R AR A
ok 37.3% , N VBET SR K 8.98%0 , (1 it T RASFE AR AL — A DI b 44 A%, A e 3l 17 9K 30 T3 84w K
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-3t 2 A v, AN T AR R AR — 1.38%0, IRAFL R BB 0T S B A Sl 36291 JT , AR 7™ (B 54 1=
h 664.3 420, {F R 8 T YRS 1345 K = Ak e B AAOK O (0 17% , IR I gl i A s — 28 R s — 44

BE RN VAL M E U VERT VERR S N B BRIN CZER 11 AN IR, X EERR T ) YDESI
H-0.29—-0.01, ER L EERE TERAL LA EH/D R G RIETT, XEETTE F7 48 br A R 45 bR 7K -
30 4 R, IR SN T FEAREC AT P IR A B T B RS TR AR AL T A L KOE . BRI AR bR RS TR BR A
MR BRI T 11 3R A A 85K, (B 0 48 b A 5 F5 A K P-4, B AR 23 1 D8 T2 =2kl
HRR Y, PRTT B FE I A8 AR R 11 AT b e, HeAth DO AN Oy T A 28 Hh 3R B, R b AR S 2 K F T8 46 =
FihiG —4 . 5 2RI B RIS AR S T A AT e Eh T SR Bl g R ) e B 4 A R K
X 32% 43.9% F1 68% ., HTERITT 2015 AR FIATRAUA 0.6% , T X PRI M 75 -2 75 0 S5 0 Ry
52.3, )@ T IX S i AKOF , (AR R T RS T AR b T = AT BESS 10 4 (HERIRTT 220 bl 4 b 1 A2
12.4m°/ N, X SR A0 T 5550 R 41.29% J8 TP 450 T KV, (AR T R m P8 An A ImAIK . 256 DL B4
T AR L RACE R IR —4

SEPUKTE N AN FLEE 3 MR, XK T YDESL N T —-0.30, DAY AN A, 3 =N Y
FE ST 484N 5 RS HE AR R A i P 2S48 A, ELER S 1 48 AR K S5 1K, 450 AR G i = 83Tl Y% A 28
=SV & X e L I v IV (= N ) DA = N A = v N DO 2/ = S 1 s e A L By VI B R R
ARBEALLF AT . FLPHTT A2 ma 8 bR 5 9K 3h TP K 4R, 8 T XA i A e KO iR 3 i, 575
IR AL AT 8 T XIR N A K- DAELFHTE R, BB T A A 7= BRI, A T B SR K R85
1505 508 =k L EE AR, T DRI R 7R AT A8 g 5 A7 el g bt T R 5 4 o X S A 7 55 R IR B B R 5
REERLR S MK, A5 B BT A9 B 3l 1 IR S | 52 ) ) [z 38 A 43 331 R 4 = A Hb X 1Y) 98% | 88% ,93% FlI
93% , HEFHTTVG Qe HERCAn TAlk AR 2 SO, JEKHEBCARAR , K T 8 b o I8 DU b, S = f i B i
24% , LZEAVL LA, BBH T A A % K 8 T = M3 B i AR Ok

ARSCHITFFT A R S e P R, B i O < K S A AR S FL A T X, R R g
KA [0 AR T VRS S5 7 1 DPSIR Z8 AW EM 45 R B R A S EOE L TR = MmN AR
Jimal . BT STLRE A S L GO WA RS L 2K —M, B LR E, X—25%5
SR PSR AR AR AR AN A 56, SR AR IE R B — R0 ik G, AR SCRIRF 9T 245 SR 10 5 A
Oy A A S AR SRR — 3 K 5 FTR B AR A kR SR SR T A o e 4, (HEEE 6 1
TR T SR AR EEIEF IR Z T 1) YDESI 45 REMN AR L LT LE LA TR =AW HNARE
Jr1a) MR T AR—RERITEMAE S, TRIRR A SR R A 3 BOAR SO ge 45 R Hp I T HE P 5 43 5 B SR g A R
A, B SR AR IA R i RITGE AR 2 41X, 3k 200 T3 J645 A 3R 3l 71 38 b A R F 4
2.5 KM E SR e R

A XY A = A T R AR A A AR BN AN TRk E B AT, BB R B0 g S e B S BORHR: = 3k
A A2 ARG FE I 7 2 S 7, DRI DI I B8 A 48 8 X SR 7 B AR RN 11 28 5 AUl A Ak Al
oAb H SR AT 35 R AN LAl 15 it 215 3 DU A D TR HE A = A IR B 2 25 8 2RO A X X O
2.5.1 JRWEER A

FRIE A3 Mr s, T RERMA S A LTI S FE B R S o A SR T S b R s S
Prdd AR D M TR R, X B bRE TN ARE, % A5 5 Nathwani 25 ARIZ5EHM AP, 76k
IR BB TR A B IAEE W BBV ARSI, SRR R, 2015 AR A T i b
J5 W B — M TR S M 2776413 4250, o i WA BE AR 47 52 1 705.52 42.7T, 35 EAR R K 30.53% , il
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Fig.7 Scores of the Four Category Cities
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