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Quantitative evaluation of ecological security status and trends: a case study of
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Abstract : Ecological security is one of the foundations of regional security, and is the basis of sustainable development. Regional
ecological security includes the natural ecological security, the economic ecological security and the social ecological security.
Considering the inadequacies of dynamic analysis of the regional ecological security, based on historical research and related
literature, and with the Pressure-State-Response (PSR) model framework as a basis, a 3-layer conceptual assessment index system
and calculation model of regional ecological security was carried out. Using entropy weight and integrating index evaluation
method, Guangdong Province was taken as a case study and its ecological security situation from 1990-2004 was assessed
quantitatively. Furthermore, the prediction models of different ecological indices which include pressure index, state index,
response index and ecological security integrated index ( ESIT) were established. Time series results showed that the ESII tended to
increase continually in the last 15 years, from 0.125 to 0.402, while its ecological pressure become more intense. Therefore, this
region is still in relatively unsafe ecological security situation according to the criterion of ecological security classification. A
forecasting assessment based on the environmental planning scenarios was also made in this paper. It is expected that in 2010 and

2020, the ESII will become 0.533 (ecritically safe) and 0.691 (relatively safe) , respectively. The process of evaluation indicated
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that the indices system and the assessment method were very simple and easily applied, and the research results were capable of
providing useful decision information for evaluation of regional ecological security as well as ecological and environmental
management .

Key words: regional ecological security; assessment; time series; integrated index; Guangdong Province
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AXEERRIERAHFRER LAY KBEESEL2ERE-ENEZHEN . EBRARALEINN TR
T, XIRAE SR &M KB E A SR REA N AREFMFERREREM, FERREESESE
BEAKBINENRSE, HXKRESFEEZI TN, AXBRRBAMEE - HREBR BTN, 5
—HEELEROESHR AP IREREGIFRENESRS M. 2T EH-RE-0 R R (Press-
State-Response, i #f PSR #%!) ,f#HH T —ERBH X BESRL K FERNERERRME G IEM L, F LU
J"RE R, B TTAR 1990 £ 2 2004 F T[] R M A4S B2 RS HTIFN, BAMETN T/ RELAFFER
2 EARE R T B (2010 4B ) FUES (2020 F)MAES R LK FPRRER BN REH# K BAESRLHEE
AT T LA B g DX 30 T 45 45 R T 4R {3t e SRR 4
1 RBESRETFNFAZE
1.1 XBAESELIEMWERER

RABLMT BESBRTE, EXEESELD A IITER, BT ERX 0 HERRBRE EEFHAE
MBERENTNIET. £1EBRREREU) UXBESR2GAEBNENR AXERRBESZEN
BEKFE, B2EREENEZE(B),H“REEH" RERS” REMM"3 MEN, EHEFRRALE
R IRE AR RSB RREF R RE  BRFT R SESREHOROL ; 0 BLFE H5 R AE N H s 35 35 (71 85
FFRBEXREEE . XHTEERELESE25FEERRHAL (OECD)#E K PSR B S AR —H#, OECD
MR K —BOA N TETF & IR 45 47 B 0 B Y 3 3 SE AT A5, X 4k 45 78 OECD A FR3 BU4E AE AR o ™
BIEREERE(C)BBERGEM IR EFEM M W B et ML A, B EARER R, &
FERRENSMESELTFNERRRFAREM L, B3 2RLRE R, BJa N 70 N ELEIE T IR T
34 TUE R M HERE R (LE 1),

RIPFERAMIL N EGHYEELT: ¢, = (BREBSE /BIEHNAER) x 100% ; C, FFERLAO
BEBADBMBESHITE; C, PRATHMAKRREBAGEIRAKKERC,.C, A NRGFERE &
FEfE R (JTaie) BRUABHEER; C, ~ C, K& RYHE B R UPE XK GDP; C,, 18 HEM; €, AK
EHRRRBERERARNEIFRYREERL, TEBIANEERELHMA, TELAKXR:C, =

Z": C/P K, C ABRTSRYIE , P, Jy Xt B i is HE M, X H B it B K5 RYEE PM,, .50, IR AL

¥ AR HEE B CGRIR S SR E R dE) (GB3095-1996) b Xt L B9 — AR
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WHESERFEBRITRIE, € C ~ Cp FRAEFRAE; (2) BRAAIRAFE, B C,.C.C, FLUPMARK
BB IR R KRR MRS AIKE; ) Rikird, 25 EHI ARG RIFFAH KB IVREER
RHEEES S EA KRN IREEBRIME R RLE” RINNREE, U2ERLESERA NN ERE
HNAEL” BREME, NI C,.C,.C,.C, ~ Cy.Cy, ~ Coy F BIERE 1,

21 EHESREIMEREARRRREN
Table 1 The mark-value and index system of regional ecological security assessment

BiRE HENE HEER _ ¥R HEME Mark-value
Object Criteria Factor fainz
’ Index layer LeE -
layer layer layer Safe value Unsafe value
Rig4EE RHEES B A B 7 Popumation pressure AO#EE €, (A/km®) 200 500
LGS Ecosystem AT BRBEKE C, (%) 0.7 5
¥ A pressure REWR E /] Energy pressure BREBSE (%) 90 10
ESIT Bt W E )7 Resource pressure WA C,(%) 20 80
ABBBER Cs (hm®) 0.1 0.04
RABIKERER C(%) 10 40
354 £ 7 Environmental pressure RAERBE C; (kg/hm?) 10 40
BB Cy(kg/hm?) 200 600
Ji 58 GDP S0, HEREE Cy (kg) 1 7
776 GDP AL HEBORE C\o(kg) 0.1 2
Ji 5t GDP COD HEBUREE C,, (kg) 1.5 6
Ji7t GDP EEHBGRE Cp, (ke) 30 200
RERE B, 2R Economic state A# GDP C,;(FE®) 10 1
Ecosystem state ABUAR A Energy state FHEERELLH C (%) 20 50
T JC GDP fE#E C\s (1ARED) 0.1 1.5
BEIRARA Resource state T3 TC GDP 7K ¥ C(1) 50 150
AHREEE C, (%) 60 30
BREFUERR C\y(%) 40 10
KEFERE Co(%) 2 15
IR Envirenmental state IR T ~ MAEAKAEEEH Cpy (%) 100 40
SREEHREN C, 0.6 3
FHBREBREXERR Cp(%) 100 50
BEAR Cp(%) 10 50
REWRL B, 3£ 85 0A B, Environmental response TArEKEREER Cpy (%) 100 70
Ecosystem T AABERFARE Cis(%) 90 20
response WATEET KR Cy\ (%) 100 20
T ESAEE CHr(%) 100 70
VB ERSHBIBIRE Cp(%) 100 70
Tl EEEMABRRRE Cp(%) 100 70
BRRPEERE Cy»(%) 10 1
“ZRETHITEBE Cy (%) 100 90
2 BFU R Economic response R EERE 5 GDP B Cip (%) 3 0.5
Bl GDP LBl € (%) 80 20
A SCUi M Human response BHABE¥TAY C(A®) 1000 200

C, : Population density; C,: Ratio of natural population growth; C; : Self-supporting ratio of energy; C,: Ratio of urbanization; C; : Plantation of per capita;
Cg : Proportion of total water consumption to water resources; C;: Consumption intensity of pesticide; Cg: Consumption intensity of fertilizer; Cq: Discharge
intensity of SO, ; Co: Discharge intensity of industrial soot; C,,: Discharge intensity of COD; C),: Discharge intensity of solids wastes Cy; : GDP per capita;
C 4 : Proportion of coal consumption to total primary energy consumption; Cs: Energy consumption of per 10,000 yuan GDP; Cs: Water consumption of per 10,
000 yuan GDP; (|, : Ratio of forest cover; Cg:Ratio of vegetation cover in established area; Cg: Proportion of soil loss area to total region area; C,,: Ratio of
class I to Il water quality; Cy : Air pollution integrated index; Cy; : Ratio of urban area cover with permissible noise level; Ca3: Frequency of acid rain; Cy:
Percentage of reaching standard for industrial wastewater treatment; C,s: Percentage of repeated utilization of industrial water; C, :Percentage of domestic sewage
treatment ; ; C,; : Percentage of industrial wasted gas treatment; Cy : Ratio of reaching standard for vehicle emissions Cg : Utilization rate of industrial solid waste ;
C; :Ratio of the strictly protected reserves to the land area; C,; : Implementation rate of Three Synchronization Management for construction projects; Cs :
Proportion of environmental protection investment to GDP; Cj; : Proportion of third industry to GDP; Cs,: Amount of advanced degree per ten thousand capita. @

capital per square kilometer; @10, 000 yuan per capita; @ton standard coal equivalent(SCE) ; @ capital
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%y xn %

QEBETRREL EhwEE, BEERENZHETHNMREERN . BVERBZEANERNSGE—,
FrABA A otk BRGNS FR—A 2%, R E 0T LR L W BUE B K/ RABTEN XM R RE R EE, Hi
A g > — A AR BB R ARHE T 35 B D 3t R BRI SRS R M . W, AU B A T T ML A B .
KBAESZEWN A RARERELT . BREFERE X IRELFIENY

xR R K2 28 BUAE AR (BUEB R IF R 47, AR m AR ) , 2 -

¥y = (X,j — min xj)/(max %, — min xj) (2)
X /NE AR R B AR B FE AR (BB /N R T B9 38 45 , I 7 JT GDP REFE) , 4
y; = (max x; — X;)/(max x;, — min x;) (3)

AW, max x; .min x; DHRARE ] DES T SEMERRIEERATEEIR 1 PRBRRENR/NM),
L RRAMATE ARG X S NER Y, B
Y = (%) uxm (HF y, € [0,1]) (4)
1.3.2 HEHENENBE WENENHIEE ZH, M0 Delphi ¥ AHP 35 ER A4S, XERABE
RBEFEIRHARNE. EEBRP, HIFM N RAEFEIET LREMHZ BN, BEE/, R R RN
ARERBER, ZEGHNERMNER; RZ,HFTIETHEMZ8/N BERK, RARERRENER
RS/, B AR R R 8RD ; 2445 B AR S 70 SETUIRT L 10 (B 5% 240 A FE A BBk, X R B 9
PRoR [ e R BEMH ARER, TS BMIEN SRR R P ER. BTN, W0 B R —FERRE T &,
AEETIBRER M LEFMAER L EGHRB B Z A
(DS f, WY 5 TR T8 i MBOTH X R HIREM b E
Cfy=yd (EEL = 1,2,0,m) ()
(2) % ¢ H5j TIGIRHINHIE L A

e =— kiﬂjlnﬂj(ﬁq],k = Ulnn,% £, = 06,4 f;Inf;, = 0) (6)
(3)ITEE j AN EF A w, BP:
w_(l—e)/z(l—e) (ﬁ¢‘0<w lzw_l) (7)

1.3.3 ST Q?Aﬁm%?f‘ﬁ?“h{ﬁﬂ*ﬁ{t*ﬂ?‘hiﬂliﬁﬁ%Hﬂ%ﬁﬂtﬁfﬁﬂ’] EHASIAERE TS
MMESZEFNHE " FAXNEXRBEBLLBE (R2E) HAESRE 2B A B (ESH)RER, B :

EsIl, = Ew (8)

ESII BUER[0,1]Z 8, HEBK, %%Zﬁiﬁﬁéﬁﬁ%‘ ESI =1 R ABEEL,
2 I"'RELESREEH
2.1 BrREMEHR

T AL T E KRR 5, #Habdb 46 200097 ~ 25°317, R & 109°45 ~ 117°20", L 17.8 7 km’, F LKA
19~23C, MERM. T HAEERELEFRBHXZ - MIEEREFEZBEEAEEHRTEER. 2003 &£,
IHRAEAHERA = SERN 1600 ZETT, MEAKFEHN 55.7% , A\OFE R 434 A/km’ . ["HREZFRBE LK
BRHEE , WAESHEHRRTHFZREHEN,


http://www.cqvip.com

78

BRE % RKEEEReRTREHRERTH

D000 http://www.cqvip.com]

2195

2.2 BHREBERFRERLE

HTHEBR REESR SN BN RBEE,
ERTARKTHC XN EREA T HAR K 1991
~2005 I REGIHFEL PEFKITHFELE  UEHTR
ERRAPRBEOT RERRRE LR KEH
BRI (2004 ~ 2020 F ) FH ARG TR, — L
BB U EERRMTEN WMADEE ADE
REKEE, FHWREBEFTERERWYEE GH
TR, SIS R W HEBGR E S,
2.3 SR

W ER XA ST 2K ETFM R ER M
SATNER, BET REWESELBAERER
SURNSEEMERER(AE2RE 1), ARS%
RS MR EAF RN ITESE R, & T—
NS REBELEKFEFRRIREGK 3),
2.4 RNV
2.4.1 1990 ~ 2004 4 R EKF

(MAREEHNEE AEF2EXE1TUES,™
RERGEENIB LB EY RER, BIER /D, E
TR, HET RS TTECE /D) M 1990 4F ) 0.108
TREE] 2004 £ 0.061, B K TR IR E 5 14.3% ,4F
BTH3.7%. RUABRRBWARENLGESHEE
B SRR, RIE ST ISR HERE X, &
SO, He il B M\ 1990 4F B 39.64t 3 fi B 2004 4F K
114.8t,15a [6] COD HE Bk £ 1 [ 14 B 4 HE B & 43 5 3%
Y 83.2% %1 55.5% . [A Bf A 0 R s i . A
¥yt ot AR AE T MR (15a [ A T 25.9%) . FIRS

M SPSSI2.0 TR HASENERHRWEHETERN 5, =

0.8636) , Sk 2 TR,

F2 I'FH1990~204 FRAYUELESREKEZGETNER
Table 2 Integrated assessment results of regional ecological security in
Guangdong Province

REENEY RERSER REMNER

N
iY‘::e{:i %g;ﬁ:i% i Pressure index State index Response
(PI) (SI) index( RI)

1990 0.125 0.108 0.017 0.001
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 0.098 0.098 0.029
1995 0.229 0.084 0.107 0.038
1996 0.255 0.082 0.117 0.056
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
2002 0.375 0.081 0.151 0.143
2003 0.394 0.071 0.158 0.165
2004 0.402 0.061 0.156 0.185
2010 0.533 0.078 0.209 0.246
2020 0.691 0.088 0.295 0.308

0450 ' g ads¥ Esn

0400 o AR ST

0350 - A% PI
, 0.300 - —— W NIRM RS

€ 0250

P 0.200
£ 0.150
0.100
0.50

0 i 1 L Il L 1 1 ] 1 1 L I3 1 J
1990 1992 1994 1996 1998 2000 2002 2004
4} Year

B 1 1990 ~2004 SES- R HESESKFHEEKL
Fig.1 Dynamics of regional ecological security in Guangdong Province from

1990 ~ 2004

-0.0029x + 0.1107CAZ B EHKE, R® =

DRGREIBYE RHERSIHEEM 1990 4£6 0.017 EF+HF] 2004 FE# 0.156, T EB B TLEKFREEFRK
A GDP #45 M 2537 JTTHRE 2 19316 T FRMBEE RN 48.9% M P 57.4% B XFLEMN 26.13% & F
2] 30.69% , R Bt 77 & GDP BEFE M 2.61¢ AR 2 W2 B 0.92¢ A7 44 F1 7 JC GDP 7K #& 7K M F& (K (A 1738 B %]
283t), RERSHBEWEIE T BNy, =0.0562In(x) +0.005GH T B EMHRK, R* =0.9842) , 7 1990 ~ 1994
FEHE L ERRERE , FEHK 56.9% , T 5K 3H EBE, 1995 ~ 2004 FEHEK 4.8%,

OrFEFLRES. T REGITHEL(1991 ~2005), 1991 ~ 2005
QOFTEBERAIR. P ELIHF L (1991 ~2005), 1991 ~ 2005

Or REFHRYR T RE FHLRIL L ] (1990 ~ 2004) , 1991 ~ 2005
@I FEFERPR T FEFER A HNE (2004 ~ 2020 £F) ,2005
OF FEFERPR . RIT=AWFER P IRELE, 2004

@ RELKIWR . RKHELEIBOR (1997 ~ 2003) ,2004

O FEKAT. T REKFRAIR(1997 ~ 2003) ,1998 ~ 2004
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Table 3 Criterion of regional ecological security classification
ESHI (0,0.25] (0.25,0.45) [0.45,0.55] (0.55,0.75) [0.75,1]

&% Classification RE 4 Unsafe B RL 2 Relatively unsafe i 7% £ Critical safe B4 4 Relatively safe L4 Safe

R)RGEWNEYR MRAMNEERE, E2F L ALR  KFEZEFREEHERYNLEEE G+
AP REEH AREHEFERRE, I EBUFAERIFITINR T X 3F R B0 T D E (R RER S
GDP LB 0.37% M B 2.71%) . REMMIEH S SZEAFTE Ry, =0.0005 22 + 0.0043x - 0.0015
(B BEERE, R’ =0.9966)

WEBTELEAHEE HZELAI IR ADRLEZAIEN 1990 F19 0.125 #HH F 2004 FF 1
0.402, FHHK 8.8% , ARNEARENNESELEEIRBEBE T EN y=0.0195x +0.1189GENT B ¥
PR, R =0.9938) , RAZXBHAS KL K EBEBRBIAESRE  BRHESZL2IRKENLEF R
ARE"RE., FTEMNHYERE AHT E R (2004 £ NS E L 0.3’ ) RHEHAELEFEART
(HEfAITE 45% 247 ) R I bR /K 3R 38 R B TG B BB sk 3% (2004 EAR F/K TR /K R S X AR 2 0 67.8% ) IR T A4 15
15K AL B R (2004 4R 35% ) 5 T FIKEE F 3 (2004 5F0 R 36.2% ) KT A FFREM KRB H
FEMBHN, R ARBASHEREFAERKNARLEA,

A MNEBS LG ERBWHBGET AW, REAE N IEHH TTERE M 1990 4 1) 85.8% T ¥ F] 2004 4
B 15.2% JRSTE LR TTERE M 1990 £ 19 13.8% L F 5 1995 4EHY 46.6% J5 Z 18 T 1% B 38.8% 1 il 18 $ 19
TERFEM 1990 1 0.4 % B3 B 2004 £/ 46% , 558 15a KT AEES R 2K EHBRERIKE T X FEH
BHABA BAERE L ELERBARHARNGBE ATATRATURIARATHAR, EAKEE, AT
AEARREBARYT, B, UENMEBENREEHWEMNZE(RER DPHERRETRA, BEHAD W
YWWMAMBER GEHFEEMBAEF LRBRYBEAMTERL, ARA ERBRRXEAESHEE N, 4
RERIEZ X M AE AL 20 5 ERKKFE,

2.4.2 2010 4F 2020 FAEBLE 2K FEHM H4WNESEEZHNHAREMAXRZFLABREGRHESHER
N HREBERN T —RFIIREE R, {0 2010 48 COD HeM M B 2020 4 SO, HEM M & 4 B 7E 2002 SF B9 E Al b
HI W 17 % F1 22 % 2010 4F £k A K TR K RIS AR R F B 95% 2010 W A B S KA B EM T AKE
B R #5H5E8) 60% LA £ .2020 4F ) J7 T GDP BEFEREMKE) 0.26t ARvEE S, N T MR L X & HARK
BERTHAEESE2RA, ERAXREWHAR T %, BREHT KA 2010 £/ 2020 FHRABTELE
BHRPEDHEP 0.533 7 0.691, REE NI ARSI EO 0 BT B 2004 FHBBERFB(LEK2), &5
ERBEEASHEEIMB MBI EINEN XEEST2KEFH BREL"RETR“BEL"RE &S
A BETER

3 #igHitig

(WMAA B NRIBESZE2TFN B ERMITEREY, A RREN XBESKELEHITHES
FRBELAE , TERE AEEBE2BEABABIRNHUE, AXBESHFEREENERK MK K4
BREARKEMLEBALEL"RE , FEREN A RE"HE AP KRLERTEEET,

() AEBRB RN A B FARENEREWAESHEREW R E T, B 80 5& &
AL PWARBMER HHEFEETNEFRET SHAGERYBERCNTRLSE, MRE ERBREXEAS
WHEE N, A B RIE &K X B A4 25 & 230 5] 5 /& BKFE

(3) X" A B FR AR (2004 ~ 2020 4F ) B9 32 1t 30 SR HE 4T T P4 , R OIAE L ME IR 3 H AR KIS T, 2010 #E
RIGE M 2020 MR FEMAEB L LG AIECE S F5 2] 0.533 M 0.691, A BELHHEH“MREL"MRE
27K¥,

(A GETEM T EMRBEFREFI] S EEE LR, BRI TS TR R REBATHES RS
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B KM B T

(S PR T B IR RAR R G TEM BB L. MBI ZE T RERELSHABNER. 4
RUEBREW, BHAAERBRERNARANEZBULRRENERL AHBANNEANRSKFEERERMH
o MEEEMKBRITE T A MR EX BT X E IR R B E RS R RA BB R, B EL A REREM
SRR (AR R, MADEE BWAES, MR RENHE XEFEET . Hit, ikl
% BRUENHENRAENTELE-FHHE.
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