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The vitality index method for urban ecosystem assessment
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Abstract; To describe the vital characteristics of the urban ecosystem, the analogy of urban vital organism is introduced in
this paper to vividly and systematically assess the urban ecosystem evolution. The framework of urban vitality index
including productivity power, living status, ecological ascendancy and vital force, which respectively represents the
situation of urban economic subsystem, social subsystem, natural subsystem and ecological regulatory subsystem, is also
constructed. Accordingly, the concrete index system, model and gradation standard are proposed to assess the urban
vitality, with the Wanzhou district of Chongging city being chosen as a case study. The resulis indicate that the urban
vitality indices of Wanzhou district during 2000 — 2005 are in the relatively weak grade with gradual improvement. It is
therefore suggested that ecological planning measures on productivity power, living status, ecological ascendancy and vital
force be implemented, in which the promotion of vital force of the urban ecosystem should be emphasized, to improve the

urban vitality.

Key Words: vital organism; urban vitality index; urban ecosystem assessment; Wanzhou district of Chongging City

BT A AR, A T A E B R ZR AE B T T T A S R G BRIEAT, FHR
R e AR P A R R TR TR, AT D ] AR R B MR T SRARMEAK I o W B BRDRIEAN 5 i R A T A 3

ESWE : BRESEMBTFITRI(973 7HR1) F B B (2005CB724204 ) ; i FARFTH R B B

U548 B #7:2007-05-22; 4&iT B #4:2008-01-14

YEE R IR (1982 ~ ), Lo, WAL LA, FENSEIRENR S B HEPR. E-mail : sumr_jj@ 126. com

* JEIAEE Corresponding author. E-mail; zfyang@ bnu. edu. cn

Foundation item: The project was financially supported by National Basic Research Program of China(973 Program, Grant No. 2005CB724204 )
Received date.2007-05-22; Accepted date.2008-01-14

Biography:SU Mei-Rong, Ph.D. candidate, mainly engaged in environmental programming and management. E-mail; sumr_jj@ 126. com

http://www. ecologica. cn



5142 £ K5 % K 28 %

RYERETA SR A RE S A IR A R BT BT A S R GRS SRR E PR . BBRR
PO B BB, SR E A S K, W M R BRE S , LLEXHE T 25, “ S K" X S— it T RA £ A
AV TSI DT RE R B EAL AL ERTE T TR T LR RRE T I EE— N Emk. XTI, 3% L
B A TR R B |, SR ELAUR AR R A A A BB A BT R R R BURITA o i A A h 18 HoR
LA T B R BT AR SRR R BRI
1 Wl EGNERERS
1.1 BT EmEREERTIA

AR XT R R HIRR T RAFMAENE P F AT AR B L 8 A R0
A=A SEpR, BTSSR B B T AR S i By B R SR AL, e T AR R A T AR EF R
KR, EHFUAN, TGERMRTXNR (ARBBAREE) 5 ARKXANFESHEIN, E-EARTEH
BRAANKRS T E , NFERHE — P8R A RN B RRNER TR, RTHEEE, URA
ZEHEL RS MK BRE REFE, WE S0 SRFEREATHES TR 8 BFERTR
HRHERABN () BB, o8 S RIE R 20 SR A L B BT BRI SR T /IR ST

B b, WA ERR YRR AT DR F R e R RA RN, BT S TSR
H IR RI A ISR, LD BB R AR BN, SR ILEENE R £ . BABIH M
R SMBIGEARBREDERRSR , WhHEE RREMTL, BREYF Nk EBRESHARE, fiHE
R ¥ 50 /R (Haeckel) AP R FEYBI—NMEHA FRER, A EER, 7EXHEE, ERHE
SRR SL AR (B A S 23 A AT A LA 5 JS 0L 3t , S W40 Mt B — B R R i s k(BN T3
[7) 52 AR R 2 A 3, AR AR o S5 IR I 5E 2 ( Spencer) 4k 38 /R4 ( Lilienfeld) % , Spencer
B, s NGSAHR B RNIIREA S8 AR EAAE AL, &BRRBEREAN
HE SRR, A PRI B AL S B BRI A B TR R R, R WM 2L S E B RNR & A
MR RL" o Lilienfeld YOk, ke LRAEMRR —MBERIER , EANAEWE—RE AR PR R 5
BAREE R e A RBT RS A A T A E R . R T A SR IR
IR ETER S AT Sb , HLABLB AR SE D R S T R B 1 P 224503 95 72 ( Lovelock ) B R5 41E ( Gaia) BB . 5 JEELIEHF
R bEgs g — A i, YO R S I T K REE S A FhAE W B AL 2 S AR, e —
AR

MBTAESREN B , HA T RS MR EY 5 R R fr iR 2 8], NG54 ZhEE 15 3\ R R IR
BEHTRE BT UGB EMER, S S0E B BRIR . BTIR A O S5 ) R i 22 A B AR S5 1
BE . RUSWERMEIEM A RARR, B3 5EYRHAELIE 8 7R 857 7R85 R A I XHET 2 5%
SEH Y RE SRR R HRE S5 A B, 34 R 52 SR T A A PR PR TE AL HEE IR R AR A A Bl BRA 5K
BURT AR AL AR JHT R B REHN B RELLE . RE L, RTRARLT B REMERE R EEL
W, SERPIREIEN, NEWA KR, R S IR 5AEMAK S ik wmaa™ . RBa“ i’ 2
T, R AS RGED B AR R, HAE 5EWERELI A TREE (CIFTETT R4 ) L A/
RONGETT AR EYR) AT AR B4R (AL PR BT WRA B BT D) B vk (IR %
St AR MR B R ) KB

TS REREMRE, 7T LUK fr ST A BT A REBURIPHr o, N — Rl Mok 2
PR AR B
1.2 T Emr g

BRB—AEaRE R RRE, 7T LR AR S50, iR RKF R IR N RRE %, (BIX Sl A g2
B FEUL, 38 H R VT B K A iy D48 5, R R 2 Y S R R B R R 1R .

BHR—AUARER BR-HS-RFREREANAERRE, XERER T T IR 6 DR R & Lo
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BRI EA, BARRIE AR S EFTRENTE N, AN BEETRERENIE, SHE
TREENLRESIEESAETOIALE. BT, BTEMIBEENTRELR, 2 HRE™ ) HAE
BEDERFEABNERTRAE LT REMERT RENERSE WETREN AR, HENER
REATRERMBPPRE(E 1) . WBRTESRERE—NEME, BT A BRI E— N EE .
AES EDE ENENNERE , 2 A NET T AR HETRRE AR T REREDHETRERGE SR
WS RRER BRI RAEZIBAER T, B et B A BN HR A T RE KRR B4 B 5
R, REFR AN RS A —E Tr R A — T R 11840

> HALE AARERS .
i Vital force Eco-regulatory subsystem |
% . >

& R R BRT RS P ;
o .= Productivity power Economic subsystem B 82
RZ W 2,
&E L ¥ g
HF H o
Z B > RIS AT R L2
= 5 Living status Social subsystem 5

- AR HAT RS

Ecological ascendance Natural subsystem

Bl B goERm

Fig. 1 Framework of urban vitality index

2 W EGHIERITM
2.1 PEERR

A E AR AR, B SR AR T A= iy 48 BOHEZR Ry A , BB R ARk AE XTI ST M FTER R L SAS EEIR
MU BT MRS R R IAR SIS R A RS RE Y  BE TS ERER,
% IR 3 Sude AR R I RRAF AR B AR 264 , SR i SPSS13. 0 34+ Pearson #8304 TR T B R AR
VEr) 54 P V9 A Db , SR AR AR IR 7T 26 i IR HEAT R LI, R AR TR M IRA TR R (R 1) . B RS
BB ENR BERE I8 E, 5 d 13 25,39 Biigia . R, LHZEK 7 (analytic hierarchy
process, AHP) yBAl 3B % FIT/HEME & ZIe R W ERE , e SRIEHNE, UEFNHTEE
RENENHE R, 32 HH T BESR,

®1 BWERNRETHEEER
Table1 Index system of urban vitality

HiRE(0) HEMRE(R) NE EERD NE  #HEHRED NE
Objective layer Criteria layer Weight Factor layer Weight Index layer Weight
WA s R, AEFEA 0.25 F, 2FXREKE 0.423 I, Ay GDPV 0.375
Urban vitality Productivity power Economic development I, GDP k% ® 0.215
index level LIREBREAN ﬁli‘iﬁﬁlﬂt}\(” 0.205
L REAEABLRA 0.205
F, ZH4&H 0.123 I {5k GDP (hE® 0.5
Economic structure L 4 e R 2R (6 0.5
o S 0.227 T, BERHF s GDP KA i
Economic driving force
F, &5 %%N 0.227 To4h§E GDP HhE® 0.5
Economic competitive power L O 2% GDP HE® 0.5
R, £WE 0.25 Fsi&nF 0.071  LRBiERlE" 0.3
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<
HIRE(0) HEMR(R) WE BERERW) WE EHRED E
Objective layer Criteria layer Weight Factor layer Weight Index layer Weight
Living status Social justice L, RISk BT 6 A S A ) 0.3
L SmmARRAZ R 0.4
Fs BHEUKF 0.368 L, &% FlERNE" 0.125
Scientific and L F#EERE 0.25
educational level Ls H AT B S ) 0.25
L RHEE R 2 PR Ry FTiR 3 O 0.375
F, AR R 0.368 I, ARZET-HR 0.5
Population health L 7T A BB RS 0.5
Fy 76 R 0.193 LREERAMEBERATR 0.2
Living quality Lo BH/R R 0.2
Ly A AR 0.2
L, B E =) 0.2
L, B R %) 0.2
R, A 0.25  Resources utilization 0.375 1, ABKEREE® 0.35
Ecological P REKGRFIR Ls BRAE R R 0.2
ascendancy LeBRKAOEE 0.2
L, Tk KBS F AR ) 0.25
F PR RE 0.375 LyESHRERRE® 0.2
Environmental quality Lo A bk AR IR s AR ) 0.3
Lo SRAE AR Y V5 K B Fp A 3 5 OO 0.25
Ly ol i e 1 R ) 0.25
F o ENEE 0.250 L,HFEREHHE 0.6
R, AHLE Eco-security Ly K H i E R %) 0.4
' 0.25 F,EBEAEEN 0.4 LM% AL GDP HECY 0.375
Vital force Management and Ls AR EAHE L R R 0.4
regulatory power Lys AL A3ET ISO14000 AFE kL 0.225
Fis RGPHARE 0.6 L, ARZHFUHARK 0.4
System coordination L, B84 GDP faE™® 0.3
Ly {7 GDP 7"(%(39) 0.3

(1)Per capita GDP; (2)GDP growth rate; (3) Annual per capita disposable income of urban residents; (4) Annual per capita net income of peasant;
(5) Proportion of information industry to GDP; (6) Growth rate of the secondary industry; (7) Proportion of fixed assets investment to GDP; (8 ) Proportion
of foreign investment to GDP; (9) Proportion of gross export to GDP; ( 10) Registered urban unemployment rate; (11 ) Proportion of receiving the
unemployment insurance to the unemployed; (12) Difference between Per capita incomes of rural and urban residents; (13) Authorized rate of application
patent; (14) Popularization rate of junior middle school education; (15) Number of college students per 10000 persons; (16) Contribution rate of science
and technology to economic growth; (17) Human mortality; (18) Number of hospital beds per 10000 persons; (19 ) Per capita House building area of urban
residents; (20) Angel’s coefficient; (21) Automobile per 10000 persons; (22) Coverage rate of television; (23 ) Telephone popularization rate; (24 ) Per
capita water resource quantity; (25 )Forest coverage; (26 )Population density in the built-up area; (27) Repeated utilization rate of industrial water; (28)
Excellent and good rate of air quality; (29 ) Standard - reaching rate of water quality of centralized potable water source; (30) Treatment rate of urban
domestic water; (31) Comprehensive utilization rate of industrial solid waste; (32) Geologic hazard prevention rate; (33) Soil erosion treatment rate; (34)
Proportion of investment for environmental protection to GDP; (35) Popularization rate of environmental protection education; (36)1S014000 authorization
rate of large-scale enterprises; (37) Coordination coefficient between nature and economy; (38) Per capita GDP material consumption; (39 ) Per capita

GDP energy consumption

2.2 PEUHER
BHAFHETAESREIRIEN FE&A L&, B HRAE AN JERHTE GBI BN HEF
J5 B AR AR T4 , b AR : DA LT 2 <7 A A L 1R B SRR S I R R R T, R
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HOAFIE R S B PRUTIR T AR R G HPR DL

(1) FetriniEtk

TEBAT BT Z BT, W R BB AL A — ®2 AFNEERRHFEERINE
ﬁ%ﬂ] ﬂ% &%%{ﬁé&%uﬁo ﬁﬁ'ﬁ,f,t E‘Jﬂ‘ﬁ/l_\\ﬁ’%iﬁ% Table 2 Judgment matrix and weight of the productivity power
RO KB T A B2 5 o factors

R, F, F, F, F, W,

SFIERER, BinESEM B EMAXRXR, - " 3 . S o
TR BB R , AE i ) BRRE AR, I A Y GDP 5 AHHA E Fl 173 1 172 o1
BERME . T KERAAR BRI ELAAT F, 172 2 1 1 0.227

LKA XA RA AR R F, 172 2 1 1 0.227
c « ZH%, CR=0.004 <0. 1, B —BFERER
0

AL POREE | NMRARHIFREALIE, COSE § MERRHIITOME, Co 058 | METREITRIE(E
B RIgI N RIS, SEAME S E M B RAHRRR , BIE I ERR , A S, B R R E
KEBRRERER BN GDP REFEF . XA AN
G
P; =a (2)
(2) AR A
ERERGE IR G, 5T L TSGR A, NTES AT 2 Mt S S ERN

FAli B R SR ARE U T A i . HEEERBA N -

P = ZwiP,- (3)

K, P RIERUE, 0, 0% | MERHIE
2.3 AR

XTBTR IO ik BRI LR AL AR, A 0 2 4 MENNZ IR A 3 NSRRI (Bp A
BECH 0.75 i) BN ERREHAL T EAFRRE; 4 4 MENZ I H2WBIRERSN (I Em HIE
LR BNMESREMA THEERRE; MRA 1 M ENEE SR IREREN (RBP4 4B %509 0.25
), BNMESRERLETEREDRE. SaXERE R, BT AEG DR AR 3 Fire 7 40%
B, T S A i I Bk (B 2) o

=3 BWAERIERSRIFRE
Table3 Gradation standard of urban vitality index

R

o 0~0.25 0.25~0.45 0.45 ~0.65 0.65~0.85 0.85~1.05 1.05~1.25 >1.25
Vitality index
A IRAS EHES =5 RS AT BERE HER% R IR
Vitality status Very weak Weak Relatively weak Stable Relatively vital Vital Very vital

3 WA IEEUR MM R G —RUE R T A B
3.1 LR
3.1.1  FEPTT MR A A 8 $0E TUAR AR LI AL
W T EERTT M 2000 ~2005 4F A RBUIED, BRI FIEIRFES, AR | PABIFNE, FIHR (1) ~
(3) ,3HE M ansE 4 BTk KI7 M 2000 ~2005 4F 8 B3R A A D84, B 3 MEWE R TXJUAFERIERT

O FRRETCOTMGEH4EE 2001 - 2006)
@ ZEEZFMRER 2005 FRBEH(ESE ABW ESEFRERIFGRAT) )
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AR
Vitality status
R A% 7
Very tital % /
HE A% ia
Vital
R
Relatively vital
FEARTH
Stable //%
e
Relatively weak W /
=
Weak W/
eH=s
Very weak /
0 0.25 0.45 0.65 0.85 1.05 1.25
HAr F138%L Vitality index
B2 WM ISRHE
Fig.2 Grade of urban vitality status
PN IR AR A DR BB AR LR O o
F4  FH 2000 ~2005 i T A IR
Table 4 Urban vitality indices of Wanzhou during 2000 —2005
BB 2000 & 2001 & 2002 4§ 2003 & 2004 & 2005 &
Index Year 2000 Year 2001 Year 2002 Year 2003 Year 2004 Year 2005
Ay IR Vitality index 0.5291 0.5400 0.5743 0. 6039 0.6145 0. 6240
A= 7 Productivity power 0.1718 0.1553 0.1636 0.1646 0.1720 0.1740
H¥EZS Living status 0.1304 0.1449 0.1515 0.1551 0.1580 0.1627
H:Z5# Ecological ascendancy 0.1148 0.1201 0.1275 0. 1402 0. 1520 0. 1679
HAJLFE Vital force 0.1121 0.1198 0.1317 0. 1440 0.1325 0.1194

WK 3 Brs,2000 ~2005 48], J7 M 3 A 1w 198 —— A:fir 1 93 Vitality index  —=— 2% Productivity power
%{%ﬁﬁtﬂ:ﬁ%%%ﬁ 'fE[ E%&M&ﬁ%ﬂ j}&ﬂii—tﬁﬁ . —— A {EZ Living status —— &5 Ecological ascendancy

——4EHLE Vital force

B T, A 2000 4EH9 0. 5291 #£15 F 2005 4E19 0.7 —

0.6240, MWIENIZIEHORE, B T £ HLE 7E 2004 71 0.6 |- //'—/*/"

2005 SEAH BT T RESE, A7 0 VETE S VS 3 NMRE 05

BRI TReTmEd.

3.1.2 2005 4EE K7 MR A A S 4R 3K T 03[
LA 2005 4 5 5], Bk 43 47 3 PR 7 N SR T A Al 02 |-

%I ol e
(1) BirRdE% 0 . ‘ ‘ . . ‘
TiH 2005 4EH Ay HFE BN 0. 6240( 35 4) , BT 2000 2001 20;2@ Ye2203 2004 2003

ERRE, BEERFRRESRE S8, P HRE

TR Le S B A BRI, 7 PNIRT A= Ay Fr 46 RO ™ B3 J7 M3 A T3k 4 2000 ~ 2005 4R AL TR

ﬁﬁ fﬁﬂ‘ﬁ :\F% 7]( _—\|z , ﬁ ZVT %?ﬁe jj W, & 57[\ , M% 4 K Fig. 3 Trend of urban vitality status of Wanzhou during 2000 —2005

B 3 WL, AMBETTAESRERENE R R

TRARBIRTT A A

04 -

EROIEiE e
Vitality index
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(2) ENZ %K

ZEN RIE BEPRPOT SR ISR 5 BT

HUE = I BORE , @B G T 55 18 BUEAEAR, 74 T BRI R AE R . EEET T, iLe
AFEEUER/D, RERFRIE R Fn, \HERRANEFREEAHFRE. SESEME, TMES
ZRFHAESR, XA A REATFEBORH B ; R, 3 BHR B T Z A B R E— P R R
R, ASAERGRER, IMAEVERR, RMEZRE LR ENEB S HERNURE T RE
VR FFy R BE ARG, TR LA A BRI BE D B SR B IR R H o

£S5 TI0H 2005 FIHERHANSESY
Table 5 Index of criteria layer of urban vitality of Wanzhou in 2005

N B % g fR EREHEH Indices of factor layer

Indices of criteria layer B a Factor a BEE b Factor b B E ¢ Factor ¢ B K d Factor d
47 ) Productivity power G RRATD YD Gy s H GHREHG
0.1740 0. 0666 0.0251 0.0538 0.0285

AEHER Living status HEATFS BHEOKFE© AR EERE®
0.1627 0.0103 0.0700 0.0418 0. 0406

4 %5% Ecological ascendancy REAHERARS FHERECY EAReM

0.1679 0.0623 0.0867 0.0189

AL Vital force EESEEENY  RevhAE®

0.1194 0.0380 0.0814

(1) Economic development level; (2)Economic structure; (3 ) Economic driving force; (4) Economic competitive power; (5) Social justice; (6)
Scientific and educational level; (7)Population health; (8) Living quality; (9) Resources utilization; (10) Environmental quality; (11 ) Eco-security;
(12)Management and Regulatory power; (13) System coordination

3.2 &R A RKE A

BEETTNIRTE A AR ROP SR, LR I T SR A T3 I R % -

(1) BT S, J7 MR T A= Ay 38 $07E 2000 ~2005 4R AL FEEFIKF. TiLRRBETF T REKF
BN R RFMAMS T RERBHERS, RREH BRT RGN ESE  MBRERRR LA
AP R BB T AR SR T ROk R . Kb AR BB BRESRENENSE N, RRETEH
SRR IR AT RE R BT PHRE

(2)&EF=NTE, N THEBRET T RENAET KRGS, i B BE TS W BREF RN I MRS
N BREFRBEKE, AHEESFSWABNEFE RS NRA EEXRS. AN, Wl 22 E QfR
Fek S Ak R, e T M SAMR BRI AR B2 T BEAN TR T,

(GBS, N THEHS T RENER RSN, B EMS F BHEUKE R A RE
ERESTHAFIRLE, REREEBRBLSAFRE, /MRS ERRAZR BRI G Al
R SRR R A R SRS

(4) EFBITHE, N T REERT RENESRS 6, RFERIFIRATR G EF R RE REES
Za, RV ARG SFEREI M ESZ2FER B EN RS, DN R EBNG K LR KIS
B =Y Z R,

(S)HENETE, N T IRBBTAESRENG GRS, M Z IR Em B 5 RE BRETREH
HOPMARE R . BAAUL, MBS ST R RIS RA (XK BBIRKIE ) , S 2T B R R EH7E
HBRGRBITEEN
4 4Hig

(1) SR A RGEAELE A HBE & R AL WUAR % 7 T B AR AE , BB IR E T H W LAg oy — Ak, B
UE, RFA LLAUB AR B A A ST A BT A R R IUR TR P, P A 0 TS RS ENUE
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HY A i 1R BOR R T TR R 3 R B TIT AR 7S R R AR DL , SER RIS AT B WA o X T A
jﬁ‘ﬁ%u?ﬁr SR GRS UG GTE SR NS RS R 2 S N N | S W 3 B R s
WHFRHH

(2)3?%Ti9675}ﬂiﬁz?ﬁi THIEROPHT R BIBIR . TG R BN, J7 M IR A= Ay 146 % 2000 ~ 2005
FERLTRERKE, B—EERS EI, BiEERFRRASRA - PZE, PHET—E R AL
i, RBER T RENET ) HETFTRENEES . AR TRENESEURESHEREWENE, U
LI MO KRS, TREEENBESRENENSE ), BT EHESRER) IRETRE
] B MR

(3) R LB, BT AR AL Ay A & i 2B 48 30017 2 fr DI EOR TP IR AR R AR R B
R, B—FHSK, RTEMBFHMEETE, EAFZHTEHRE. H—, R R TREZ R
B SEBRIE CURAE R , Bl D “ A 253 P “ AR B 27 1898 , SR ZR BT AR B B L, H—,
PPUHES I E M A A I B BARER RPN R A BN . X B ERE N 0 R Ar R IR R
LB, A BT W AESRGEA LM KRR R, K=, B8R ENBRT, Ll
WHEAT 2R A (7 Ik O R ) LU BT 5 , LABRAG X iy 2B A D4R BCE B WU E B AR
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