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The Application of City Development Index and Ecological Footprint in the

Assessment of Sustainable Development of China’s Municipalities

GUO Huiwen, YAN Lijiao~
Institute of Ecology, College of Life Sciences, Zhejiang University, Hangzhou 310058, China

Abstract: Indexes emphasize the correct direction of evolution and play the role of adjusting deviation, analyzing the
patterns of evolution, and understanding influence. This paper, for the first time, used integrated application of City
Development Index ( CDI) and Ecological Footprint ( EF) to analyze the status of sustainable development of China’s
municipalities during the 1978—2012 period. They were also used for the measurement of the transformation degrees of
these municipalities’ development from resource-consumption mode to environment-friendly mode. The results demonstrated
that the CDI of each municipality has been increasing continuously. The CDI value of Beijing, Tianjin, Shanghai, and
Chongqing were 86.25, 83.75, 70.60,and 79.83 respectively in 2012. Each municipality reached almost the same level 80
in 2012. Overall, city economic and social development conditions were both favorable. Although four municipalities’ CDI
value began at different levels and suffered from different growth rates, through more than 30 years of city construction, they
reached almost the same destination. Compared with other cities’ CDIs from around the world, the CDI value of China’s
municipalities ranked in the upper medium. Different from the variations in CDI values, variations in EF values showed the
characteristics of stage development. There are significant differences among municipalities. In contrast to the EF value of
Shanghai, the EF values of the other three municipalities presented a rising tendency. Since 2005, the EF value of Shanghai

began to decline. Among the other three municipalities, the EF value of Beijing grew slowest, with a growth rate of about
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14% , while the EF value of Tianjin grew fastest, with a growth rate of about 47%. The EF value of Beijing was highest (2.
60 hm® * cap™' ), while that of Chongqing was lowest (1.79 hm® # cap™'). Chongqing was the only municipality whose
value stayed below the national average. After a comprehensive analysis of CDI and EF values to evaluate the status of
sustainable development of China’s municipalities, the four cities were divided into two groups. Shanghai and Chongqing
were in the group that carried out effective control of EF values and kept CDI in a good development trend. Beijing and
Tianjin were in the other group, because these two cities consumed more environmental resources to achieve the same share
of city development. Tianjin's development mode in particular needs to be re-examined. The consumption of EF per CDI in
Beijing was high, due to a large base and a large total amount. However, since 2000, the consumption of EF per CDI in
Beijing has been effectively controlled and reduced in the last ten years, indicating that Beijing has realized that the city was
facing the challenges of sustainable development. Thus, Beijing changed the mode of city construction from resource
consumption to environment friendly. To sum up, Chongqing has maintained a rapid growth and stays in the city construction
mode of environment friendly. Tianjin has been in the development mode of resource consumption, which needs to be
changed as soon as possible. In the past decade, Shanghai and Beijing’s ecological civilization construction patterns went

through certain changes, from the model of development at the expense of resource consumption into environment friendly.

Key Words: sustainable development; city development index; ecological footprint; China’s municipalities
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1 MRFE

1.1 BT & SR

T A S AR EL (CDY) A4 il s JE W Ab B f R 2R S P AR BUE X 3] 0—100, B4~
HEJE b7 CDI 1Y 20% , ARFEPRIA R NZR 1 fis . B8R ACEE 3222 h AL Hrid i g . CDI REAS S WL
M2 T R AR G BT o Horb 3l A2 7 S B ( City Product) BLARARRIT 7 E, 15y B LA Ik 1T
LU R JEIKF-FE bR, 76 CDI F8 AR E BB, A e KL EE (20%) o 185 BE ARt =>4 B mT L
ARG iy 1 B B IR ) 7=t SRR A A BN SR T 7 RS T S N I T A B A AR

x1 WHEREREGRER
Table 1 City Development Index ( CDI) indicators

BHL Index 4 Dimesion 847 Indicator
ITT S SRR A BAl i SP SLPES
City Development Index CDI 15K R KGE P s
FE R
(TN ES
R b 3 15K AL B
A G B TG E AL B AR
fied25 N1 75 i
T LR LB TR
HH PN
RPN S
ST {E i 2R S

CDI B (1) —(6) :

CDI = (LRl Tt 4 B2 + 52 W Ak 32 P + (R A + 08 2 B + 3 i 4R ) / 5 (1)

FERREAERE = F KT S x25% +15K F/KIEH PHEE 3 x25% + P B HFEX25% +HEEHIE MEX25%
(2)
R PR PR = V5 K AL FEEE X 50% +A2 1 BIRICEALAL FEE x 50% (3)
AR = ( NP B A A -25) x 50/60+(32 -4 DL LESET- %) x 50/31.92 (4)
HOEYELE = N TR X 25% +455 A 25% (5)
T P AR BE = (3T A7 S fH -4.61) x100/5.99 (6)

1.2 ARSI

S R E—E N RN, T B B A A 7= 1) 3 ( biological productive land ) F17K 35,
e HE 7 I B RN WA BT AT AR R B o AR SR a2k I A N6 T 4Edy H B A AT R AR B
B R PG NS AL S RGERYSFE I o A 25 02 305 W) 5 by DX T oA P e 4 AL 100 A= 1 2B 7 T AR ( RR A= 9k 0T
Biocapacity, BC) A FHE, s BB W7 3 b DX 1) A= 7 T 205 Sl A 40 TS Y AR S RGER BT RIZ N .

AR TS IRBR L 75 ) 45 M4 ( Global Footprint Network, GFN) A HERR

WA AE S RGN S5 (FEHR A T KN ) AN ], A 28 R 700 R A= ) 7 480 00 6 1l 3R 3 T ) A 30y 2 7 P b o3
LT ZSHN, 1) Bt . ARSI 2% i & R EF 4t DA AR P4 3 1Dk iR AR S AR il BT B A
TR 5 2) ol HIDR SRR W5 6 K78 0™ i 2B 77 T e 1 e L T A 5 3 ) 7K Sl AR A1 A 7 ot 80 41 B 1) S Al
PEROK S A AR P KU A 5 4) AR IR SCRRACRE (AR 37 58 SRR 7 i AR 7 I bR T AR
5) AR M - SRR SBRIEE TR B BSOS A7 RRHEA e HE il — AR Bk FIr 5 Y 2R AR5 S b TR AR5 6)
FREAFU I b - R A s LR A T o I - AR



4 A E = 36 &

A2 RS A A TR B A A R IR AN RE IR B R A R IR AN B AR S AR AT S5 HETUE CO,
SR, ARSI A R
ARSI RN ()

i

12 P
Eppzziyi,’,XYFN‘iXEQF"zziYF X EQK )

K PRI E i B9TH B COHEIE Y, RIRA W BT i 09 34 4 77 0 B804 BROPR b R 7T b 1 1
¥ CO,MILHETT; YF, « PRBEHESRIE i S CO, A WA 7Pk - iy 7™ 6 IR (O e PR R i R - 46 e
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2 BdlikiR R
Bhm BRI T & (T ge T 4R ) (P EM IR ((CPHEBEIRSOTHEE) (PEZOHFEE) (FR
S St R RGETAIR) (ThEREEG IR 5 ARG 1978 4E3] 2012 4F,

CDI BRIt 7 18, “ 15 7K T 7KE F P 2838 R X —MESTE BV X A8, i KBt 5 2 i i
B Vo KA T 3 T KA MBS a6 7 I T Ge T H AR 48 SR DGR th R 3631, 58 —id o 0 “fE B i i
R HERR Ik v AR R IR DL RS B R iE s MR AR, R T, B DL LR TR 0,
“BURET R, BRI, NIRRT R RS HAE R TP ¢ SCH R R bR, 5 A AR TEUERT,
PL1/3(NVEBAFRAPEBAF R+ RABAFR) AR RO A7 5 0 i A 7 SUE” L AN
GDP”iC 3%,

EF o, AR Y0 IEE SRS R TR B A AR SE IR BRI KT AR B TUR i
Wy AR 12 AN HE REIRIE PUscsE - U EARRE A B AR AR PR AR e v
SR Sl SRR R AT BT TR RERAR A i AR RO R R 19 AR HE
- bR 2 A B A IS SR P 38 o 1 SR A PR B 1 R R AESN S L ) - MR B . S 80h, 2 kor
Brr= i 2 OB AR ST RS R AR )

3 ZBREHS

3.1 A FEFET CDIAEFRAE L

S (1) A5 45 BT 1978—2012 4F3 T & A8 5L, i3k 2 FryR, 1978 4F, [ifEfY CDI f e, >
60.43 , b5t 5 R EHAHIT , 248 1 CDI 1Y 75% , K 26.04 # /i, & T L CDI fi—>F; ] 2012 4F, L 50 CDI
i, 0 86.25, KRR Z AT [, FER 79.83 /5 i fik, {45 ELfET Y CDI CHEAE 2 T 80, 4b T[]
— KP4k

F2 BHEHED1978—2012 £ H R EISH
Table 2 CDI of municipalities in 1978—2012

FAr Year dent K it EIS £ Year dent K s GV
1978 45.17 46.51 60.43 26.04 1979 45.94 47.28 60.94 27.02
1980 46.41 48.05 61.42 27.88 1981 46.56 48.58 61.77 33.98
1982 46.80 49.25 61.09 33.50 1983 47.34 50.19 60.99 33.15
1984 48.05 51.15 61.42 32.74 1985 48.64 51.11 61.63 31.81
1986 48.86 51.59 61.97 32.27 1987 48.98 52.72 61.77 31.93
1988 50.44 54.79 62.41 31.65 1989 51.56 55.48 62.91 31.22
1990 52.32 53.11 63.42 30.37 1991 53.25 55.54 64.10 31.70
1992 53.86 58.30 64.54 33.31 1993 54.86 60.34 65.44 35.27

1994 55.94 62.11 65.38 36.86 1995 57.52 63.11 67.83 39.13
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AEY Year dbnt KHE i G AR Year e K i iU/
1996 58.93 64.13 66.04 41.41 1997 58.90 64.74 68.06 44.03
1998 60.71 64.72 69.08 46.06 1999 62.44 65.35 70.64 47.55
2000 65.66 67.61 71.20 49.62 2001 69.64 67.94 69.99 48.85
2002 71.99 66.86 68.59 51.82 2003 74.22 68.72 66.84 54.00
2004 76.38 71.11 71.91 57.48 2005 78.22 74.19 75.95 60.20
2006 79.15 76.74 79.77 64.60 2007 80.36 78.85 81.61 68.32
2008 81.02 80.30 81.60 71.62 2009 81.83 81.25 81.07 74.31
2010 82.73 83.32 82.18 75.97 2011 84.33 83.98 82.36 78.60
2012 86.25 83.75 80.60 79.83

3.2 K HEFET EF AEPRAE AL

ZIRAK(T7) AFH A RS 1978—2012 A AR R, 3 3 Fin, 1978 4F Lifg 5650 EF {HAH
[f], %7 0.98 hm® * cap ™", KHHLAK, 4 0.66 hm® * cap™" , FEEE B, F] 2012 4F, JL 5T EF i, 4 2.60 hm®
#cap ', DIFIRZ  BEREAK, 7 1.79 hm® * cap™ , 24 1T, ME—/NT EF 2 EFEKF 2 hm® * cap™' 1Y
BT R 2012 AREUE U T R A B RE VRS B 5 P A S R RO, BORRE A T A, (HAN
2011 AFEBEE , KB EF 805, BUE 5Ll

#£3 KEHET1978—2012 £ AHERZH/( hm? * cap™)
Table 3 EF of municipalities in 1978—2012/( hm? = cap™)

FA) Year e K it N AEA5 Year b PNE s R
1978 0.98 0.66 0.98 - 1979 1.05 0.68 0.99 -
1980 1.09 0.62 0.86 - 1981 1.24 0.68 0.89 -
1982 1.27 0.77 0.92 - 1983 1.31 0.86 0.95 -
1984 1.39 0.94 1.01 - 1985 1.39 1.29 1.12 -
1986 1.54 1.35 1.31 - 1987 1.58 1.49 1.36 -
1988 1.60 1.45 1.39 1.27 1989 1.59 1.44 1.57 1.28
1990 1.70 1.49 1.69 1.41 1991 1.81 1.50 1.72 1.44
1992 1.80 1.46 1.80 1.34 1993 1.93 1.45 1.66 1.29
1994 1.93 1.50 1.67 1.29 1995 2.12 1.55 1.98 1.41
1996 2.21 1.59 2.08 1.22 1997 2.12 1.59 1.99 1.22
1998 2.20 1.57 1.99 1.31 1999 2.29 1.66 2.09 1.40
2000 2.16 1.68 2.07 1.38 2001 2.28 1.72 2.12 1.30
2002 2.29 1.74 2.21 1.47 2003 2.35 1.82 2.24 1.46
2004 2.41 2.00 2.21 1.54 2005 2.49 2.11 2.29 1.59
2006 2.51 2.19 2.36 1.55 2007 2.55 2.26 2.28 1.56
2008 2.52 2.32 2.29 1.72 2009 2.55 2.41 2.26 1.80
2010 2.56 2.47 2.20 1.87 2011 2.59 2.58 2.22 1.90
2012 2.60 2.25 2.27 1.79

3.3 K EEET CDI BEK R T

G 2 Frfs 1978—2012 4F4 HFETT CDI (A, Mok B, 2547 BN A3 A 20 25 R an s 1 Fos

U3 DU - H T 28 A AR AT, CDT 38 3 8 OS> AUt > K> BilE . BRBE, UK ELFETTA) CDI {EARZA
TERRMBEK, LA R R R N, B R /)y BB VT CDT b T 2292 ARG K etk . 2005
AERT)G , Jb At KHEERY CDI 234yt i, 1978 4F i CDI 52 28U A E M IF 8, EH Y CDI
M G, 1978—1988 [k, R* /N, MEBET Y CDI #5KRF , CDI (A 7 A it it

A3 AR 1978—2012 A3k UK EAETH CDI (W7 22, dbat e | Bl JE K43k 185.10,136.62,54.50
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270.74 , FHCAS Y B R T BCNE B sl R, i),
3.4 K HEEEN EF B ERST
MRYE R 3 i 1978—2012 4F 4 HAET EF {8, (OS5 KL, #E17 NE A5 2N 45 5L i 2 fios

ol - 30« dem —dbx
. P
B S
75| . IR e
o . fJbx y=0.0493x - 96.429

R*=10.9699

~ 20}
65 f = 2 .
— 3 )
8 Jbxe y=1.3092x - 2550.4 > ¢ Tyt y=0.0512x - 100.58
55 ¢ R® =0.9446 g 51 R*=0.9267
Rt y= 1.1404x - 22123 & = 0.0477x - 93.42
a5 ¢ b RE=0971 R2=0.905
W y=0.6797x - 1287.5 g
{ez =0.8646 1.0 HPR y=0.0235x - 45.465
L i 2
» R y=1.526x -2998.9 R>=0.7093
. R2=0.8773
25 L . . 0.5 . . . . . L
1978 1988 1998 2008 1978 1983 1988 1993 1998 2003 2008
Ay Year 44y Year
1 1978—2012 £ZEEENH T A BIEH(CDI) kxR B2 1978—2012 £ R EETAESEIR(EF) K E

Fig.1 The growth rate of city development index ( CDI) in Fig. 2 The growth rate of ecological footprint ( EF ) in
municipalities during 1978—2012 municipalities during 1978—2012

A DU 45 I 2% B AR RAZ Y EF 3RS IU R > BIEST R, MARUL, JLET K B EF 364
K, EREB/N, A BEZE, U5 LR EF #2717, R EAT, ML 5 F80EE , R EF B
I U AT LA R R R JLAE N R EF (R A T, T E KT EF RS A/, KRG EF 1R
ZAb T UK BT R MEAKE

Sy R 1978—2012 ARk PUK EAETH EF (97722, dbat RHEE g FER /05124 0.26 .0.29 ,0.26 ,0.04, H
AR REE TR D Sk, B R AR/

4 itig

4.1 X BT CDI R/ Hr

TG BN R & il — IR & i & Bk Ik CDI 458 20#F 2002 4F 19 Global Urban Indicators Database
(version 2) , HeH G THAICHE (T A0 2 th 4% [ 1998 4E I G T HEE GOk, T DAAS SC2: IR 1998 4F i L& b T
RIEFEE(FR5) ™ 45 HEETT 1998 AEEE (F 4) 52 IHATX . 25 B4 T 06 B8 4 3R T A3 i CDI 22
PEATYSRACN, “ IRAL B S b 22 BE fe o W35, AR “ U AP B B, PR B 1 30 [+ 22 8 B K 4 25 0
REAEBEAYIEL s S T3 1 160 4> EZI T K X 72 CDI HAe (6 6) ™ A3 i E 4 TG CDI b
HEF AR, B CDI BB X R 0—100, i KAH N 100, 2858 10 AAFRY AR, 2 2012 4F45 ELEE T CDI
EZ78 80 ZKV-2k, i 4% B 4K CDI A Ab T Fh EAEKF-

F4 FHIHET 1998 £ CDIER
Table 4  CDI of municipalities in 1998

) [H% DI B E HLRh 5 i b B 12353 HE
City Country City product Infrastructure Waste Health Education
dbmt HrE 60.71 57.27 52.10 34.15 77.28 82.77
R T 64.72 55.04 57.18 54.88 74.68 81.82
i el 69.08 59.19 67.18 44.30 84.04 90.71

R [ 46.06 48.35 39.71 19.25 50.70 72.29
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x5 £MHRATHAINT 1998 £ CDI R
Table 5 CDI of world’s top 10 cities in 1998

W H % . W HE Henhik it [ b F fa e HE
City Country City product Infrastructure Waste Health Education
/R Hull IE-N 98.0 97.2 98.8 100.0 82.9 99.5
Wi B SR Stockholm Fig i 97.3 93.5 99.5 100.0 75.6 99.8
/K Seoul CH| 95.8 94.7 98.4 99.3 81.8 97.7
FERA Umea Fij it 95.8 85.9 98.8 100.0 56.5 99.8
KA Melbourne RFI R 95.5 90.0 99.8 100.0 50.5 94.1
[ 2€/K Basilea T+ 95.2 91.5 99.7 100.0 86.8 89.8
HBL/R Amal ity L 94.7 81.2 98.8 100.0 93.7 99.8
B3 Singapore Bk 94.5 91.6 99.5 100.0 64.8 88.6
Lhf L Madrid UYL 94.4 87.9 98.8 100.0 80.2 91.3
7Y Hongkong FE 92.0 89.4 99.3 99.0 61.5 81.3

R 6 1998 F£XiHF1 CDIER
Table 6 CDI of region’s average in 1998

XI55 DI WieE AEhRE R {5 HH
Region City product Infrastructure Waste Health Education
AW Africa 42.85 49.69 36.17 26.04 50.39 51.96
BT HifAE X Arab countries 64.55 66.52 69.79 45.87 77.18 63.39
W KEZK Asia Pacific countries 65.35 62.90 67.75 44.40 78.27 73.43
) Tk E & Highly-industrialized countries 96.23 90.60 99.21 100.00 94.26 97.10
P T M A L b IX. Latin America and the Caribbean 66.25 62.93 70.42 39.50 82.71 75.68
B [E K Transitional countries 78.59 71.62 90.64 55.93 85.80 88.94

4.2 W& HFET EF ST

ARICVHEW EF Y20 A3 EF #5580 R BRI R NI G EF 2 IanE 3 BrR i,

X 3 ISR X A EF H 5 AR K, MK E EF KA, K e, TR E R EFET
AT BORE DX N R R Z2 (AT, 2 2012 45, A T3 3000 J7, RL, R T HBIX B EF 5 A3 EF &b
THEET R 2RO E ., 65 B AR, 2 2012 42, #5°8 2000 J7 DAL, BT A1 IX B EF
BEARRRE— IR i 4, REERHL IR EF KB T2 0T A EF K E0E . B 2002 4558, KE
B3 X EF 38K 3R B bR, A B8R BRI R B3, I X 5 A EF AP i g K WA G, i 5 i
HA,

1996 4F, F R E EF KA T HEH KB, A3 EF 4T 1E 5 B3R AKE, A if 80 & 31, 1996 41
PN SBULT- T 1995 4E 1) —1f% . BARHTZ i TARA A H L 1995 4F £ 13 2000 J7 A, X & H T7E
1997 478 PR o ELEE T ATI  iE AT 1 XK A
4.3 CDI 5 EF ZEG 00T I 045 ELAR T T & R o

CDI FAEYR T AE ST LA LR, CDLBR , BB I TT A #E 2 2 0% R Kl . EF R AR T X A
SRPTIRITHFEREEE . AP R TAERRFWIE ST, BANH EF R THFEIR B SR, I, 72 [FAE Y
CDI KR EF FAR , s B pdi 7 , A0 3 iy 5 A VR IR R B 6 B B AR A o BERARL (0 3 i v e 8 % e
J5 R IZSEAE CDT 2R A RIS  EF B0 K i3 I T 2 EEHK AR

MBEIEIEAES R, S0 CDIIHAER EF AT LU BRI i1 75 & R AH [R] A 38 T 4 25 28 5 5 18 1Y) [R) B TS F#E Y
IRBEGEUR 0 2500, TR B T A S e KB X 1, B 4 245 BT 1978—2012 4FE L0 CDI JH
FERY EF 1500, SEERFAL CDLIEAER EF 2302 T B HE, M 2007 4E 2245 FH 45, 547 CDI 38K AR RE A XS
FaOE 1Y) EF [EIHEAE, BAL T4 BEE T ALK, A s bt i e 70% 4247, bt i 5 RgiifE4 i 7 20 42
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AERITEAERIE S , 43T 1999 4F 2003 4G, AR 2 pe i K =0, B CDI JHAERY EF KIRFRAT, 0Kt
TR CDI 3 KIFEHFE R 20 EF,CF 2011 50 nt R HAH R A9 35 1< 3 B HE 5, 3 i ARl i
0, NN EEETT AL CDL K IS FE EF S 2 OO, RPN AL S P 0 KT FE [ SR IR 2 IR . kT
R KA R BT R T

- 0.050 o
6000 e e
—— b 0.045 |
5000 —=— R 0.040 -
E 4000 | +j:7& 0.035 1
> x 0.030
3 5 000
B 3000 - S 0025t
m
0.020
2000
0.015 .
1000 0.010
0.005 +
"esyizzssizzscozzzee 0
DA RAAARNANDNDNDNDDDSDSDS oo XTI LERIITITLRErsgIEITssxrey
””””””””””” AT T B AR ARAADNAANANDNDN DD DDSSS oo
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ (o I o I o\ I o NN o N o B o |
44 Year Ay Year
B3 &HEEWE EF FEREL/( ghm?) B4 FEHEET 1978—2012 F£ 247 CDI E#EH EF 1
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