5508 £ 6 B H =~ ¥ # Vol.28,No. 6
2008 4E 6 H ACTA ECOLOGICA SINICA Jun. ,2008

H}

ETERMNERBEMBTESREE
—— KUK i

8] 57 ¢

woRLEFHR LR OFLATE RER AR

(L ITMEREBRIT S I HER, KE  116029;2. BFREHIFRUNH.L, KFE  116023)

BEHTESRER—MRIEMARENESRE, 5 AARGHLL R EARRBAYE. RIFRGE L KAIAREHSHE
o AR, RASZTNWFERE NSRS JERERBELE . MR REERT R T REBERFRAE, MA
MEEEABTE, £5REEZLARTPHNER4S RS MHRE R, 4977 PSR.DSR.DPSIR [ R4 45 MBI 1) F] 8k,
B/HT—HFNESTEMEE-F R MEEE DPSRC A, £ 5 HBE R REERMVINFE IR RETESRGBE
RO, BRM TR ORBEHESRENE M, 49 T DA SRR M, =28 TG TER, I AlE B3 h-E
F3-1R3 - B -#21” DPSRC HAERARMA R , 2 FABRI B IR 47 (Fuzzy AHP) M & LR B BT ; @ L & W &E
TRTEHARZLNBIRFR, I HBF @ T RETASZLR BN REMBEERE; @iz HitBEE REE R4
2L s T RERT ASRERA MBI ASZ 2SR 4FBR.

X417 :DPSRC R M A B Z 2 IR IE R Z R4 R AR RS  BEFEERE

SIS 11000-0933(2008)06-2774-10 FRE4FHKE Q147,X171,Q988 STERAFINAG: A

Assessment on urban ecological security spatial differences based on causal

network . a case of Dalian City

YANG Jun', LI Xue-Ming', ZHANG Yun®, SUN Cai-Zhi', XU Hui-Min', JI Bao-Cheng'
1 School of Urban and Environmental Sciences, Liaoning Normal University, Dalian 116029, China
2 National Marine Environmental Monitoring Center, Dalian 116023 ,China

Acta Ecologica Sinica 2008 ,28(6) :2774 ~ 2783.

Abstract; The urban ecological system is a fragile and an unstable ecosystem. Compared with the natural ecological system,
the urban ecological system has many disadvantages, such as high consumption of energy and material, environmental
pollution problems and low amounts of natural resources. Because of rapid urbanization process has resulted in innumerable
ecological environmental problems, to make things even more severe, eco-environmental security in the cities of spatial
differences is being outlined. The paper analyzes the pros and cons of some causal chain structure model, such as PSR,
DSR and DPSIR, and raises a new ecological security assessment model-causal network model of DPSRC model, after while
combines GIS spatial analysis method is used, researching the ecosystem health status of Dalian City. The following
conclusions are; First, it proposes the network model by way of studying the disadvantages of chain models during the past,

according to the complexity of urhan ecosystem. It also makes assessment indicators system of the “Driving force-Pressure-
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State-Response-Control” model and applies fuzzy Analytic Hierarchy Process ( AHP) and indicates weights by a
comprehensive compared method for results. Secondly, it does a field survey and collects the detailed data about the urban
ecological security system and digitizes the correlative information of urban ecological security. Finally, it expounds the

states of ecological health and spatial differences of urban ecological security by spatial analysis of GIS.

Key Words:; DPSRC framework ; urban ecological security ; assessment indicators system; spatial differences; dynamic grid

system; Geographical Information System( GIS)

Tk 53R R A ST ENEC By L E RS R BPREREREZ —, KEPERIL ™
Ho ROEREBTKFRFE KD BRI E LR, (BRG] R SRR RS A AHR. 4
SHRELZLCEFIE T Bt e i@ B XD, EEREWIMF 22 E WA RIRZERNE 24 3R R IR E £ 75
R TREIHE" 7 RE RS HEE A ARMEE 5B RR A E BTN, B A &KE CAPEY
T SENERERREEATEZR Y,

SRR ERT B SCFRD, ] CRIE B G5 e T HMAERL M K URIBTE B ARTF
BRARSTHESRERZSHE ., FAUMRWBTASZ2RERRE . EF Mta KRN TRE ST EH, NG
BWAESRERSYIREETE. EXRZETNPUAERZ 2R IEM, AR L2 EEREREREX
R RN EE TR, EWNSM4E7E PSR.DSR.DPSIR HAIHEZR T , WEHE R X R, HAEREKSE
XS 4EAR , BT8R, RSIEAR , e AR L K DS PR i P AE R Z 2. X E T RAR R EERHESR A
FRERZLERZANXAEMW, REERENEEENRBGER. BR, ASLLELERRIRSE
HERAXAMEKR, ITWESZEERE TAEXBEWER X R, XERD —FHERMNEHE-
DPSRC #%%!, DPSRC R EIREMAL L AEFE P EZ B AN B MHERRER X AW, R4
SEEZERIPZAINHEEERR , 0 KB ESE L,

1 HHESRETHER
1.1 LA ST E

H i E W AMESTE AR BN 2058 BB 257 81 & JB A 4R ( Organization for Economic Co-operation and
Development, OECD) #2 1 3 PSR #% %! ( Pressure-State-Response, & F7-4R M i ) . DSR & % ( Driving force-
State-Response , B 5l 77 - R Z5-M [ ) LA K BX #1353 & ( European Environment Agency, EFA) #& H{ i) DPSIR 5!
( Driving force-Pressure-State-Impact-Response , 3% 5l 77-FE F7-R 255 M- o7 ) S5 280116197 | 5c sbofi 760 8 2 1)
EARXZNEM SN ER(E 1),

PSR, DSR., DPSIR 455 §E % 15 Mt (1) 52 0 26 2538 Ak 2R 9 pn Rl i B OC 2R |, 3 SR B AR 2 SR IR T ) -1l
NAREL, MfIR3EE SR AR ASETFRENER; EXUERNS N, PSR,DSR,DPSIR [
X AT A 7E R R L SREAF,

1.2 DPSRCO izl

DPSRC #% %! ( Driving force-Pressure-State-Response-Control , B 5l f7-Fs 7 - (R 25 b -#2 il ) T2 —Fp B SR W 4%
7Y, DPSRC £EIMEZE (] 2) ,

— AR BAIR T AR R 2 FR X RZMINE 3 iR, DPSRC A feas Ab B RS2 A= T v 2 A B AR A
HERAMHERKRAN, RIRBTAESLELEEZEBETZBNHEEXR, 0 KB ERE 4L, DPSRC AR
HEREATERTAESZEPHEREEN, BT PSR,.DSR,DPSIR £ 5] f &2 5 4 2548 45 8] 19 A &L
BRK&Ro

O THEXHERBR AEBXRSEETREPHERE].2005, KERE T ¥

hitp : //www. ecologica. cn



2776 A R

&t
4
=

28 %

R
State
EH W 7
Pressure Response
a
RE
/ Sare \
RE EH A
State Pressure \ Impact
Wah) W3 Wah TR
Driving force Response Driving force Response
b c

B 1 (a)PSR,(b)DSR,(c)DPSIR &
Fig. 1 (a)PSR,(b)DSR, (c)DPSIR framework

Wahh EF RE LA ]
Driving force Pressure State Response Control

1 [

E 2 DPSRC jER
Fig. 2 DPSRC framework

2 ETF DPSRC RE A EH T ESRETHRFILS R

ABRLBA SN, FETAMEE R MBREAR, HEE BRI R B S HEE, =
I BB AR R SRR s BRI TR E shS I, (B RN AR R RAEMB R AR ESE
LW ETERPIRB D, IR A B R BER A R A MR K B R R K AERELBITH T
EPT; AR TR G R AR SRR =X A X -F RS KIRESHR AR L L
AR T HEE B RS DPSRC BRI KT A L 2V MR TS AP B 55 1 B,
FEHPRE B AL R B ST SIPHHE IR A RS 56 2 B BORIR T AR S R 2 in i 2L BB T B E
BREHZE Y5 3 HrE R AR L 2K 8 PR HHE ERESL A BEE R RE=R ;56 4 e
BT AESLEGFEHEERHTE BT AESE TS R ST ASZEN K8 5 M ERBEN AT e
RIPESEHE(E 4) .
2.1 BWESEEHIRRER

DPSRC ERINES AR T A AR 2 TFHHE R R REVB L B E T BB FEA . TS Z 2RI ASCHE T
M EAETIFELEE LR, RIEREM: IR R M 7] otk E SR SR, 5 B3 BORMCR I T
BB, 7R 2 BT AR TIT AR S TP 4B Wik R SR ZERE |, AR 48 2005 45 KT EF A5 SRR B B BT T
B R RE R P (AHP) s T & T DPSRC #AI REB T AESZLEEZ BERIFNRIFEARNE 1
B o

hitp : //www. ecologica. cn



6 3 B & - ETRRNEEKRHESE LR F—URER A 2771

W AR E 1 BHERIER LT ARE LK)
R Environmental driving Resource driving Economic driving Social driving
Driving force i
r==—=-==-=-- t __________________ L f ___________ i ______ 1
I Iy o 1 . 1
V[ e BRI b BRI AR
I [Landuse resource Environmental resource i 1| Economic development | | Population intelligence |
1 ! and so on 1
1 - —J 1
! IRHEE KRB 1! Z35(GDP)HK !
: Water resource Atmosphere resource and so on : : Economic increasing :
1 R T I
| SR AR :
1 Life support system and living space |
FIIIIIIIII T R .
! :
1 N
| Yk K L] HATRAT !
1 Pollution Calamity Superabundance utilization Social injustice 1
1
EH | :
Pressure '___________________________:|v ________________________ N
|- T T T T T T T T T T T T T T T T e s T e e e s mmmm == 1
1 1
1 REEN REMHARS REMETIEE I
1 System vigor System organize ability System service function :(_
1
N | 1
: RGHEN RELH X
IRA | System resilience ability System framework .
oy
State .
s s 3IIIIIiiioiiziiiiiooi .
! e s — 1
| BEFES AR EEE g 1
1 Resource exhausting Ecology damage Environment pollution 1
1 -
1 1
! SR A AR FREAR e :
W 7 : Economic depression Population quality degraded Society turbulence |
Response .
------------ S T S S S T S T
! 1
1
i Akt Wl ARG '
: Human society Urban ecosystem 1
1
! 1
1 ¥ |
! NETNEZ TT3N -
Pl | Plough into law planning and management :
Control !_ ___________________________________________________ !

B3 —AHARNRTESELERN
Fig. 3 A simplified causal network of urban ecological security

2.2 EREERRLEM T
2.2.1 BB EORIR

At EITE AR v 1998 4F T X HIP A, 2003 4R BERRE T X 1:10000 358 &, 2005 4F B A& T X
FTBC X R 52003 4FKGET X 2. Sm i 10mSPOTS &4 ; ZAliit &2 S it 8l s Shll I A R D,
2.2.2 HEAHESHH

Rl B BT R < B A 3, B R G AE AL BAL B A R R B AR R ST, SM L R B RE R S o IR
WAL 2B R AR EIL & CIS SR LR B [ 04T , K R . A D = AR B R R R
B ERE BEY BRG] SRR b AR SE , 7E Maplnfo , Vertical Mapper £V GIS SFAHFH
B HTERA,

O $HFkRR . KEELFRSEERURKETRIHFE

hitp : //www. ecologica. cn



28 %

2778

uele( Jo $5020.d Judwissasse A1Lndes (831501009 ueqin) + S

BHRUHME HF T AMTY Vi

noddns uorsioap [eneds pue juswaSeurw A1LNdAS [BIIS0[09 UG

JUSWOSBUBWL AJLINDOS [E2130]002 UBQIN

IO B S e A 2 L SR W
e, e, e, e e el e e
! “
1 Sa0UAIAJIP [eneds A1Moas [e2150[00 UeqIN rareqns Jo sad£) Armoas [eo130[00e ueqIn I ﬂmbw\Mm pue Ewow JUSUISSISSE
1 LT ] 2 YL T TE W | 1IN235 |83150]093 ueql)
! i il " 144 S R M 22
S ¥
SIO Jo sisAfeue [eneds WLl STO AILINDAS [BOI130]099 UBQIN JO S[OPOUI JUSWISSISS Y Fi d ) M, th g
5 N “
“ UBIEp JO aSeqeIep ALNdas ?Emoﬁoou ueqIn pas 10)00A WHS 1
1 T 7 B EWog U FEY “
1
| ASoouyda) Suru3issy M afE) “
L5 oereeerseeesseesesee st R . _
@ H »
153 :
“ = PAIS 103004 WO (s101201pUT) AJLINDOS [BIIT0[020 UkQIN JO 9)EP SISA[RUY I
" Bl % wos R (YRR T 27 5 1
H I sisAjeue pue uoneisaul
L S N —— H 1 9JEp 20IN0S-ON
i __ SIO Jo sisATeue Teneds 1447 [l STO 1 W EWH RIS
1
“ (s103201pUI) 9SBqERIEP AJLINDAS [82150[099 ULqIN) I
_ R T 2 i
1 1
! “
“ ( e1ep UONESNSAAUI “BIBD [BOSIIRIS ‘JoIjl “dFeWI Sy “90UIdJA1) ALINdAS [B2150]099 ueqIn JO Ak 1
1 (M RERME YR NY BN “PEER HAREOMET 2R W “
I
o e mmmmmmm = |m ||||||||||||||||||||||| 1
- - -------"-"-"-"-""-""-""-""-""-""-"-""-""-""="-""-""=-""-"-"-""-""=""=""""=""="¥"/"¥"”"="¥"”"¥°V°/ "¥=”"¥"/-¥ " "/"=”¥/=¥V”=¥°=/-""=-""=-"=-°= 1
1 1
1 2dA1 A1noas (821501002 UeqI) TOTS2I YOILasaI SUTULIUo) WAISAS s101edIpUL [8I1F0]009 URQIN) 1
“ e o X E VYA “
I e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = e e e e e e e e = = |

hitp : //www. ecologica. cn



6 3 B & - ETRRNEEKRHESE LR F—URER A 2779

2.2.3 HAEEREL

AT EE A A 22RO TE n 0 o PR IR O - ORI 298 AR (AN A SRAL TR ) R/ N2 2 i 98
WORSIERER) o N T EETA, RN F 8 R 7n B 01 S5 B0E 2E AT e L AL BRI D AE BT A B 48 iR BUE
HHRgE—mE X B, SR TR R AT

X F B 2 2 T X = (X = Xin) / (X = Xoin)

X F BN 2 AR AT X; = (X e = X:) /(X = Xoin)

Hr X, NS, X; AR LS BB, X e T X 53 BB KB B/ME AR TEALE RIFE AR IE T BAK
PEAR SR BT R R XISV R T An A (B R AP 5 G0t B AL R AU HE B B B IE R R
2.3 BRTAE S MR R S
2.3.1 HHEHHE

ARZ VI KB SR, RAEM AHP 3%, KRR RR AR EE RS E AHP 3L HIBRE M
REE , iR 28R RN AR AL , ST AR APl B bR AR SR S IR, SRR RO HER I . B SBia IR
WA RRAE— R B B2 BT B L8, 1 LB I AR e , T % R U , DI LB I 18 AR 2 R B
STEERE , RS RIS EAE , F SR L. Saaty B9 1 ~9 3B,
by - by
ﬁﬁﬁzﬁﬂ A= : : :

b, - b

,FE R b; = labij = l/bﬁabij € [l/jaj] a]ﬁ%%(ﬂl <J < 0,RHsKA

nn

%R E, BESRE A =4/ ilA,- A HFAET A NER T RA FTEHE , KERT A

DSREM I IET B SR 1,
2.3.2 MRS

WIE R RE LR BT E R —FIESTEETE , R—REe R BN, IEFFERR/NTARES
RIBHI R/ LA BB G R RBLE o I AT LURSE F P O TR BT 247 B, R B B ] DR R S IREERY
JBHAE,

At A 1
Az & 2
LT A 1
i 4 I
iias A 5
. & 5
a7 A i
i liAg A [
iian 3 ]
A A 10
At 4 11
IH & 12
K A 13
AL & 14
s & 5
i A 15
iy [ 17
ate A 18
i iate & 14
Az A 2]
a1 4 21
a2 & 22
TN oy A 21

B5 shEMigsEl
Fig. 5 Structure of the dynamic grid

WnE s P RYE B CRITRIOT 2T B A TR ZZREARR B, X E 7 B BUR R

hitp : //www. ecologica. cn



2780 £ K5 % K 28 %

5 H P TR BEH B, AP IR R GE , B LA RIS B R — P SR L A%

£1 KRESTESZLSHEGER URNECGRTH K Gt £T)
Table 1 Urban ecological security indicators and weight of Dalian ( statistical cell of urban community)

H 4R Object 15 H Items £ Factors $54% Indicators
BHESREL(A) FEZE2(B) ABHERE (C) A DB (D,)0.266 Population Density(D; )0. 266
Urban Resource Population Resource Mok A A Ee4 (D, )0.226 The Working Population Ratio( D, )0. 226
Ecological Security  Security 0. 352 0.293 AI9BEEE A5 (D, )0.271 Average Life Expectancy(D, )0. 271
E\l HARAREH (D, ) 0.237 Professional, Technical Staff Ratio( D, )
0.237
T HFIR(C,) i B $ (D, )0.215 Construction Land Index(Ds )0.215

WHEL(B,)
Environment Security

0.317

W (B;)
Control 0. 331

Land Resource0. 364

KFIR(Cs)

Water Resource

0.343

AMIFH(Cy)

Natural Environment

0.376

LFIHE ()

Economy
Environment 0. 332

#HEIE (C)

Human
Environment 0. 292

BURIAEE(C,)
Policy and Control
0.523

AREH(G)
Public Participation
0.477

AIERTE L (Dg )0. 185 The per Capita Floor Area(Dg)0. 185
AFBEBEE (D, )0. 199 The per Capita Road Area (D, )0.199
A3 FL(Dg ) 0. 223 The per Capita Green Area (Dg)0.223
£R4L#R (D, )0. 178 Green Rate (D, )0.178

A K& (D) 0. 447 The per Capita Consumption of Water (D, )
0.447
BT K IR R 2% (D, )0. 553 Water Efficiency Units (D, )0.553

KIF8E [ & (D,,)0. 271 Water Quality(D,, )0.271
KEIFIEFE(D,;)0.245 Atmospheric Environment Quality( D5 )0. 245
W =35 48% i & (D, ) 0. 232 Noise Environmental Quality (D, )0.232

El&EZ B % (Dy5) 0. 252 Another Solid Waste Utilization(D,5)
0.252

AIIBA (Dyg)0. 343 The per Capita Income( D, )0.343

NI SXHE R A (D, )0.330 Public Services Facilities( Dy, )0.330
B AFE #(Dyg) 0. 327 Science and Technology Input Index ( Dyg)
0.327

SEHISCALAK FE( Dy ) 0. 527 Average Literacy( D, )0.527
SCALE S OB 5 3R (D, ) 0. 473 Coverage of Cultural Activities Center
(Dy)0.473

P R E (D, )0.486 Legal, Planning, Management(D,; )0. 486
IMERFEFEH(D,, )0. 514 Environmental Investment Index(D,, )0.514

A ARIF 5 % B 2 (D, ) 0. 523 Public Satisfaction Ratio of Environment
(Dy;)0.523
JBRIFRAIRYE XS 53(D,,)0.477

Residents of Environmental Literacy and Participation Ratio (D,,)0. 477
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AMEPREEE PR R SR, T EAEM AR R BRI RE S MR R4, KA MapBasic 1 & —~ TR EREF
Assign, B REB LR L 2R HEIRIE 4 S0m KRB M R4, A DPSRC R &R £ TR 248
FRENEM, EAEMGS WS BTSN A TTE R REBE I E R e RAES LTS
o BOMIZRE BT T — MR R BB o DRI E R WE SRS (u, 0y, 00,0, ) ,m DF
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