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Application of TOPSIS method in dynamic evaluation
of regional ecological security

——A case study of Shaanxi Province

CHEN Xi-rui,ZHANG Rong-zhen

(Department of Tourism and Environment , Xi’an University of Arts and Science , Xi’an,Shaanzi 710065, China)

Abstract: [Objective] The research was to study the dynamic changes of regional ecological security of
Shaanxi province to provide scientific basis for regional sustainable development. [Method]) By referring to
historical research and related literature,with the Pressure-State-Response (P-S-R) model framework as a
basis,a 3-layer conceptual assessment index system of regional ecological security was carried out. Using
TOPSIS method,Shaanxi Province was taken as a case study and its ecological security situation from 1996
to 2006 was assessed quantitatively. [Result] The result showed that:(1)From 1996 to 2006, pressure in-
dex Cp of Shaanxi province showed significant fluctuation with an overall decreasing trend and ecological
load increasing; state index Cs had little volatility with overall growthing trend and gradually improved
state security situation;Response index Cy increased significantly, which showed a great strength on the a-
bility and efforts of protecting ecosystem in Shaanxi province. (2) The safety index C; increased continually
from 0. 39 to 0. 60 in 1996 —2006 and the ecological security state changed from unsafe to less unsafe, this

region is still at critical safety margin at the end of the study. [Conclusion) The process of evaluation indi-

*  [leRHM]  2010-12-07
[FEETH] BRvy AR BT I H “ B 4 4 B2 270 S5 (2008RK61)
[AEHRA ] BRPGE (1965 —), 0 BRygAe B YR, 5 4, E 2 KB IR & 5 R IF5 .
LEEEHE] REE 1964 —) L BRPTHA 202, 8l 1o . BENF BT L SRR,



178 P A e MR K i AR

539 %

cated that the TOPSIS method was very simple and easy for application,and the research results were ob-

jective,so the method can be used in dynamic ecological security evaluation of different regions in the fu-

ture.
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Table 1 Evaluation criterion of regional ecological security and classification

LR ERLLIRB(CH B RGRHE
Classification Safety index Ecosystem characteristic

EBRGERAE ASREHWRAGH, RENRER PR TR, LB
5 R HE Ecosystem degradation is serious, the structure of the ecological system is ex-
tremely unreasonable,system function is lost,anti interference ability is very poor,ecological
restoration and reconstruction is very difficult
EBREZPRREIR ASREWRA G, RE IR ST A TR AE TR 2 Eco-
0.4~0.6 system is severely damaged, the structure of the ecological system is not reasonable,and sys-
tem function has degraded,anti interference ability is poor
EBREZHINEMIRESREEWERNGH ARG 0] e LA T8, R HEHTH 7 4b
0.6~0.8 JLF I Ecosystem is moderate damaged, the ecological structure is unreasonable,but system
paiqable maintains basic functions,resist part outside interference
BEREEZINRHWHEA ESREEW IR G, R4 A S aEF BRI E fE J1 858 Eco-
0.8~0.9 system is slight damaged, ecological system structure is reasonable,and system self-function
and self-recover ability is more strong
HEBRGEEARZ TR ASRELSHW G ARE. RE A SR M A R IKEZ BE T30
44> (V) Safe 0.9~1.0 Ecosystem is basically not interfered and damaged ., ecological system structure is reasonable
and stable, the system self-function and self -recover ability is quite strong

A4 (] ) Unsafe 0~0.4

BAzadD

Relatively unsafe

Il 5+ 4= D

Critical safe

Baa\V)
Relatively safe

JE 71(P) Pressure IRA(S) State I W(R) Response
3 , A/ ESEAN
A%@.Zﬁ . PR RS Rfsou?ces ;%nd EB mf&] .
Human activities Resources and vionment HE Organization
. Information
environment pressure -
Tk Industry I EH¥) Organisms B 88 W 1 HHLH [T Management
: VR 5 A R % it Land oL :
&k Agriculture Environment ZKBE Family
U ) Environment and 7K Water response
JZ%i Transportation e co-service X2 Air — 1Mk Enterprises
A O #éK Population growth HAh Others [ 5 International

{

Bl 1 ARTEWAN PR P-SR R HEZE
Fig. 1 “Pressure-state-response” frame model of eco-security
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Table 2 Evaluation index system of ecological security in Shaanxi Province

H )2 e 2 fBhr 2 0 fir %‘Eﬁfﬁéf’ﬂ A WE
Target layer  Rule layer Index layer Security situation Weight
X1 AN % & Population density A /km? — 0.118 297
Xo NI HSRIERR %o — 0.077 790
Natural population growth rate
X5 JEHETEFE L 4] Coal consumption ratio % — 0.094 151
b 6
X 3 A 2 ')I{énji}?gu(;ﬁz ﬁ\l(auan GDP energy consume AR N 0.056 531
%%%’Jff Eh R Xs BARIKRH Engel cocfficient % — 0.067 642
ec(‘e)igil Pressure X5 317k 7K S Urbanization level % — 0.072 794
security system X, e 25 {di & Pesticide using intensity kg/hm? — 0.099 359
system X fB B Adi F 4 Fertilizer using intensity kg/hm? — 0.108 135
XS0, HEj i SO, emissions intensity t/km? — 0.081 577

X Tk AR 28 HE il
Industrial carbon emissions intensity

X1 COD fjift & COD emissions intensity t/km? — 0. 056 250
X1, [# )% 171 a7 7K SF Solid waste load level t/km? — 0.082 025

t/km? - 0. 085 451
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4% 2 Continued table 2
H 172 e 2 ik 6p 4 1) &
Target layer Rule layer Index layer Security situation Weight
X135 A GDP Per capita GDP Ji G + 0.039 632
X1y A #HFHb T FR Per capita arable land hm? + 0.040 501
X5 fiETR A 45 % Energy self-sufficiency rate % + 0. 060 803
X6 MR 55 R Forest coverage rate % -+ 0.028 910
ARG X177K T3 2k % Water and soil loss rate % — 0.038 826
State Xs X T ~ I 2K {4 He 3] o + 0.018 969
system Regional | — [lI class water ratio ¢ !
X025 AT R _ o ool 6is
Air pollution comprehensive index !
Xoo PRIE MR I PR X B 35 % + 0.024 150
Environmental noise standardized area rate :
X1 FR /i 5 R Frequency of acid rain % — 0.026 565
Xoo Ml W2 K HE 3% 7 0
Fggj}: Standard discharge rate of industrial wastewater % T 0.022 397
TERI - P %
Regional Xes |ﬂkﬁﬁ7k$i*'“ﬁ$ % + 0.024 637
ccological Industrial water reuse rate
security Xoa Toll P2 AL AR 9% + 0.015 493
system Industrial waste gas disposal rate . ’
X5 Ml [0 15 Aab 1 T 42 o ]
Disposal utilization rate of Industrial solid waste % + 0.040 119
Xao 4R 140 DX T 3 U o
"Rﬁm%% Nature reserve coverage rate % + 0. 037 544
esponse e R b o e 522
system X" SFIRCRAT AR o % + 0.016 178
“Three-simultaneity”executive qualification rate
Xog R BT 15 GDP L f 0
Environmental investment GDP ratio % + 0.016 178
Xoo %5 =7k i GDP 45 g
GDP of tertiary industry ratio % + 0.023 496
X0 873 N 55 %% )i A% Number of high 4 0. 045 196
academic gualifications per ten thousands people :
X 507 NP 19 2= A2 50 + 0. 041 329

Number of doctor per ten thousands people

6

TE 7 NS B bR — 7 AR B R AR

Note:“+” represents benefit type index,“—" represents costtype index.
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F 3 1996—2006 ERALEESREFMNER

Table 3 Assessments results of regional ecological security of Shaanxi Province

FF % o 5 PR R A P A . & Bk ik AL
FRASH] T 1996 — 2006 4F Bk 4 & A 45 % 4 0 &5

(£33,

HEN 2 22 43880 Rule layer safety index

E0) EBRGELEERECH
Year JEJI RSB L A HH(Cr) RERFLL2IEH(Cs) M b 3R 48 & A 48 B (Cr) Safety index
Pressure index State index Response index

1996 0.58 0. 34 0. 26 0.39
1997 0.55 0.28 0.19 0.35
1998 0.59 0.32 0.22 0. 37
1999 0.61 0.32 0.32 0.40
2000 0.62 0. 34 0. 39 0. 44
2001 0.63 0. 34 0.48 0. 49
2002 0.58 0. 37 0.51 0. 50
2003 0. 54 0.54 0.57 0.55
2004 0.48 0. 64 0. 64 0.59
2005 0.38 0.62 0.69 0.57
2006 0.40 0.71 0.71 0.60




182 P A e MR K i AR

539 %

5.1 EARGEREEBHSW

FH 3 71,1996 —2006 4F 98 IX Cr A —
EPE D HBR R T REESE, 1996 4 Co 2 0. 58,
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A5 W R b X 5 3RO T K e A R A B
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0.95,0.95,0.96,0.95,0. 92; 5 A48k m £ K +

TR A RER A TS Y A8 B 2 0OR OC A OC R AL
435k —0.91,—0. 88 FI—0. 94,
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# 3 FH],1996 —2006 4F, Cr A L 5, (H
SR R R e, 1996 4F Cr B 0. 26,
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IKF] 0. 71, Al N 5 G0 R A B AN A Bl A
L2 N T e S (=i o 7 | L R L
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ek GDP Wl B3 N e 55 24 T B A 18 35 E A
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B ARG AL 4 FF T 2006 Ak F G B %
G, WA — I B G A A A A AR AR BN
UE AR R KB . A R C
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