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Quantitative evaluation o ecological security gsatus and trends: a case sudy o

Guangdong Province, China

GAO Chang-Bol’2 , CHEN Xin-GengZ‘ " WEI Chao-Hai® , PENG Xiao-Chun® (1. Guangdong Industry Technical Gallege, Guangzhou
510300, China; 2. Schod d Emvironmental Sdences and Enginesring, Sun Yat-sen University , Guangzhou 510275, China; 3. Institute of Emvironmental Sdiences
South China University d Technology , Guangzhou 51640, China; 4. South China Institute o Ervironment Sdence, SEPA , Guangzhou 510655, China) . Acta
Ecologica Sinica,2006,26(7) :2191 2197.

Abgract : Boologicad security isone o the foundations of regond security , and isthe bass o sugainable deveopment. Regond
ecologca security includes the natural ecological security , the ecoromic ecologica security and the socia ecological security.
Qong dering the inadequacies of dynamic andyds of the regona eoologca security, based on hidorica research and related
literature , and with the Pressure- Sate- Response (PSR) node framenork asa bas's, a 3-layer conceptua assessment index sysem
and cacuation nodd o regond ecologca security was carried out. Usng entropy weight and integrating index eva uation
method, Quangdong Province was taken as a case dudy and its ecologca security Stuation from 1990-2004 was assessed
quantitatively. Furthernore, the prediction nmodds of different ecological indices which include pressure index, date index,
reponse index and ecologica security integrated index (ESII) were egtablished. Time series results showed that the ESII tended to
increase continudly inthelag 15 years, from 0. 125 to 0. 402 , while its ecologica pressure become nore intense. Therdfore, this
regonis dill in rdaively unsffe ecologca security dtuation according to the criterion of ecologica security clasdfication. A
forecading assessment based on the environmenta planning scenarios was d 0 made in this pgper. It is expected that in 2010 and
2020, the ESII will become 0. 533 (criticdly sfe) and 0. 691 (rdaively sde) , regoectively. The processdf eva ugtion indicated
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that the indices sysem and the assessment method were very dnple and eadly gpplied , and the research results were cgpalde of

providing ussful decison irformetion for evauaion of regond ecologca security as well as ecologcad and environmenta

management .

Key wor ds:regona ecologca security ; assessment ; time series; integrated index ; Quangdong Province
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Table 1 The mark-value and index sysem o regional ecdogical security assessment

Mark-va ue
Object Criteria Factor Index | ayer
layer layer layer Sie vaue Unsde vaue
B1 Ropunetion pressure c (ke ) 200 500
Ecosydem Co( %9 0.7 5
A presare Energy pressure Cs( %) 0 10
ESlI Resource pressure Ca( %) 20 80
Cs (hm?) 0.1 0.04
/ Cs (%) 10 40
Ervironmenta pressure C; (kg/hm?) 10 40
Cs (kg/hn?) 200 600
@DP 0, Co (kg 1 7
@DP Cyo (kg) 0.1 2
@P COD Cu (ko) 1.5 6
@DP Cr2(kg) 30 200
B, Ecorpomic date @P Cy( ) 10 1
Ecosydem gate Energy date Cua (%) 20 50
P Cis (t ) 0.1 1.5
Resource dae @P Cs (1) 50 150
Cr (%) 60 30
Cis( %) 40 10
Cio (%) 15
Ervironmentd date Coo (%) 100 40
Cxn 0.6 3
Cz (%) 100 50
Ca (%) 10 50
B3 Ervironmental response Cos (%) 100 70
Eoosysem Caos (%) 20 20
responee Cos (%) 100 20
Cor (%) 100 70
Cx (%) 100 70
Coo (%) 100 70
Ca (%) 10 1
“ ” Ca (%) 100 0
Ecoromic regponse @P Cx (%) 3 0.5
@DP Cx( %) 80 20
Human response Cau( ) 1000 200

C, : Population densty; C,: Raio d naturd population growth; Cs : SAif- supporting ratio of energy ; C4 @ Ratio of urbanization; Cs :Hantation of per cepita;
Cs : Proportion of totd water consunption to water reources; C;: Gonsunption intendty of pedicide; Cg: Gonsunption intendgty of fertilizer; Co: Discharge
intendty o S0, ; Cyp: Discharge intendty of indudrid soot; Cj; : Discharge intendty of COD; Cy,: Discharge intendty of ©lidswade; Ci3: QP per capita;
Cy4 : Proportion of coa consunption to total primary energy consunption; Cis @ Energy consunption of per 10,000 yuan QDP; Cyg: Water consunption of per 10,
000 yuan ADP; Cy7:Ratio of fores cover; Cyg:Ratio of vegetation cover in esablished area; Cjo: Proportion of il loss area to totd regon area; Cy: Ratio of
cass | to Il weter quity; Cx : Air pollution integrated index ; Cx : Retio of urban area cover with permissble mise levd ; Cyx:Frequency of acid rain; Cy:
Percentage of reaching sandard for industrid wadeweter treatment ; Cys : Percentage of repeated utilization of indugrial weter ; Cys : Percentage of domedic savage
treatment ; ; Cy :Percentage of indudrid wasted gas treatment ; Cyg : Ratio of reaching gandard for vehicle emisdon; Cy :Utilization rate of indudrid lid wage;
Cy :Ratio of the drictly protected reserves to the land area; Cg : Inplementation rate of Three Synchronization Management for condruction projects; Csz:
Proportion of environmenta protection invesment to P; Cgz : Proportion o third indugry to @P; Cg,: Anount of advanced degree per ten thousand capita.
capital per square kilometer; 10,000 yuan per capita;  ton sandard cod equivalent (SCE) ;  capita

1.3

1.3.1
(1) X m n
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Vi = ( Xij - mn Xj) /(maX X - min Xj) (2)
( b ®P ) L
Yi = (rnaX X - Xi,-) /(rﬂax X - min Xj) (3)
Jmax x; mn x i ( 1 )
’ X Y1
Y = (yij) nxm ( yij [O ;1]) (4)
1.3.2 , Dephi AHP
, [24] , ,
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ESII [0,1] , , ,ESIl =1
2.1
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2.2 2 1990 2004
Table 2  Integrated assessment results of regional ecological security in

’

Guangdong Province

, 1991
2005 Pressure index Sate index Regonse
vear B (s) index(RI)
1990 0.125 0.108 0.017 0.001
(2004 2020 ) ' 1991 0.155 0.107 0.035 0.013
1992 0.184 0.107 0.056 0.021
' 1993 0.208 0.102 0.080 0.026
, 1994 0.225 0.008 0.008 0.029
1995 0.229 0.084 0.107 0.038
, 199 0.255 0.082 0.117 0.056
23 1997 0. 269 0.085 0.119 0. 065
' 1998 0.292 0.082 0.127 0.083
1999 0.321 0.081 0.138 0.103
2000 0.337 0.082 0.142 0.112
) 2001 0.353 0.084 0.142 0.128
( > 1) 2002 0.375 0.081 0.151 0.143
2003 0.3%4 0.071 0.158 0.165
[16.25.26] , 2004 0.402 0.061 0.156 0.185
2010 0.533 0.078 0.209 0.246
5 ( 3 2000 0691 0.088 0.295 0.308
2.4
0.450 _ Py Y.
2.4.1 1990 2004 — REERIRY ESI
0.400 - —u REAIEH ST
(1) 2 1 : 0350 —=— SRS PI
( L. 0300 - = Wi N FR U RI
' ' $ 0.250 -
, ) 1990 0.108 = 0200 |
2004 0.061, 14.3 %, %0150
0.100 |
0,
3.7% el
' ' 0199 1992 1994 1996 1998 2000 2002 2004
D, 1990 39. 64t 2004 £E4} Year
114.8t 152 QOD L 190 2004
83.2% 55.5% Fg.1 Dynamicsd regond eoologca security in Guangdong Province from
(15a 25.9 %) 1990 2004
SPSSI2.0 ty; = - 0.0029x + 0. 1107 ( R =
0. 8636) ,
(2 1990 0.017 2004 0. 156,
@DP 2537 19316 48.9% 57.4% 26.13 %
30.69 %, @DP 2. 61t 0. 92t @DP ( 1738t
283t) 1y> =0.0562In(x) +0.005( , R =0. 9842) , 1990 1994
, , 56.9 %, , 1995 2004 4.8%

(1991 2005) , 1991 2005
(1991 2005) , 1991 2005
(1990 2004) ,1991 2005
(2004 2020 ) ,2005
,2004
(1997  2003) ,2004
(1997 2003) ,1998 2004
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3
Table 3 Criterion o regional ecdogical security cassfication

ESlI [0,0.25] (0.25,0.45) [0.45 0.55] (0.55 ,0. 75) [0.75 1]
Oassfication Unsfe Reaivey unsfe Criticd sfe Reaivey sfe SHe
()] : ,
, (
@P 0.37% 2.71 %) :y; =0.0005 x2 +0.0043x - 0.0015
( , R = 0. 9966)
(4) 3 ) 1990 0.125 2004
0.402, 8.8%, y =0.0195x + 0. 1189(
R’ =0.9938) , , “
” (2004 0. 03hnt)
( 45 % ) (2004 67-8 %)
(2004 35 %) (2004 36. 2 %)
, , 1990 85.8 % 2004
15.2 % 1990 13.8% 1995 46.6 % 38.8%
1990 0.4% 2004 46 %, 15a
, , ( 1) ,

2.4.2 2010 2020

, , 2010 COD 2020 O, 2002
17% 22 % 2010 95 % 2010
60% 2020 @P 0. 26t
, , 2010 2020
0.533 0.691, 2004 ( 2,
3
(1) ,
(2 ,
3) (2004 2020 ) , 2010
2020 0.533 0.691, “ "o

(4) ,
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