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Abstract; Agenda 21 emphasizes the role of local authorities as an important resource in pursuit of sustainability. Key
aspects in this process are the collection of information about the state of the environment and the integration of this
information at the various levels of local governance to highlight useful patterns for policy planning. As it is very difficult to
evaluate the environmental performance on the grounds because of too many environmental indicators, i. e. too much
information, we should reduce the number of indicators by aggregating them to one or several composite environmental

indexes to make the environmental information more accessible.
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Based on “ naturally occurring state; human pressures; environmental effects; and social responses ” four
environmental sustainability themes, this paper developed an indicator system including ten contributing factors and twenty-
eight indicators for assessing the environmental sustainability of each province in China. In this categorical system, indicator
weight was determined through analytic hierarchy processes and expert survey methods. Four sub-indices — including
natural state index (NSI), human pressure index ( HPI), environmental effect index ( EEI) , and social response index
(SRI) — were aggregated through additive weighting method. Then, the composite environmental sustainability index
(CEI) of each province was calculated by averaging the grey relation performance correlations between the four sub-indices
and their hypothetical ideal point. Higher values of CEI demonstrated that the environment of a local province is more
sustainable. At the same time, indicators in each theme were analyzed by correlation and principal component analysis
(PCA) in search of meaningful underlying variables which derive regional differentiation of each sub-index. Finally, the
paper conducted a cluster analysis, which identifies statistically related groups of provinces based on the similarity of sub-
indices, a step that would likely prove very helpful in identifying appropriate provinces against which local environmental
sustainability and policies can be benchmarked and compared.

The results demonstrated that in each province there were obvious regional differentiations of natural conditions , human
pressures , environmental effects, and social responses. The NSI in each province of East and South China was greater than
West and North China, a result that was mainly determined by rainfall, air temperature, water-resource index and rate of
forest cover in each province. The HPI in each developed province of Eastern China was greater than in poor provinces of
Central and Western China, which demonstrated significant positive correlations with economic level , namely the GDP per
capita in each province. The EEI in Northwest China was greater than for other regions, and it is negatively correlated with
NSI; in regions with a poor natural state, little human pressure would lead to significant ecological effects. The SRI did not
show any obvious special differentiation rules — that is, economic growth would promote social response, but wasnt
decisive factor; and social response also influenced by national policy and local development strategy. Eco-environmental
sustainability in each province was determined by NSI, HPI, EEI and SRI. Through grey correlation analysis of the four
sub-indices, this paper developed the CEI of each province. According to 2003 data, Hainan Province, Yunnan Province,
Guangxi Autonomous Region, and Jiangxi Province rate at the top ranks of CEI. These four regions are endowed with good
natural states, less human pressure, unapparent eco-environmental effects, and high social responses. At the bottom ranks
of CEI are four Autonomous Regions — Neimengu, Ningxia, Tibet and Sinkiang — with poor natural states and serious
eco-environmental effects, along with Shanghai Municipality which exhibits high human pressure and serious eco-
environmental effects. The cluster analysis classed thirty-one provinces into six groupings which could be seen as having

observable similarities and thus representing a useful point of departure for policy comparisons.

Key Words: administrative divisions; eco-environmental quality; indicator; index; assessment; principal component

analysis, cluster analysis
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Ski = zwkjEkij (k = 112131414—%%4/'\35@}§) (2)
=
#1 PEEHEZITHRESHEAMHEETRHEEFEEFR
Table 1 Indicator for assessing regional environmental sustainability of each province in China
F8 FEREE AR KA A E
Themes Contributing factors Indicators and relative weights
BAR & SREEE 11 4Ef&Fi & Annual rainfall (mm) (0.2285); R 415 A Mean annual air temperature (°C)
Natural State Climate suitability (0. 1644)
KRG I3 7K M5 B Water resource index ( km/km?) (0.1742)
Water supply
HEYRES 14 ZEHE =% % forested area (0.2000) ; I5 EJhFE 5 2R % grass area (0.1310) ; 16 PHHE R 5
Vegetation cover B+ EARR LB % agricultural land (0.1020)
ANEhE A S Ia I7 AO % B Population size (inhabitants per km®) (0.0709); I8 Bi& F# 5 EH L HRKL
Human pressure Human habitation Percentage of land area served as construction land (% ) (0.0769)
WEA A e 19 A #18E%E Energy consumption per inhabitant (tec/inhabitant) (0.1029); 110 A ¥J7K#E Water

EXOSTN: 2 A

Eco-environment effect

S W R

Social response

Resource use

Pollutants emission

RER

Environmental pollution

Ecological degradation

BRIGE

Pollution control

BRI

Ecological protection

consumption per inhabitant (ton/ inhabitant) (0.1071)

111 Tk 5K HE#38 BF Discharge intensity of industrial wastewater (ton/km?) (0.1410) ; 112 Tk
S HEHERE Emission intensity of indusirial waste gas (ton/km?) (0.1308) ; 113 Tk E{kE3H
YrHERRER B Discharge intensity of industrial solid waste (ton/km?) (0.1130) ; 114 J 255 3R B
Use of pesticides per hm? of farmland (ton/hm?) (0. 1355) ; 115 4L AEHE F3% BF Use of fertilizer per
km? of farmland ( ton/hm?) (0. 1218)

116 FEMFE K FEL T 3 25 kLB Percentage of river with water quality worse than class II of the
environmental quality standards for surface water (% ) (0.2049) ; 117 KX ¥5§35% Air pollution
index(0.1733) ; 118 BRFI#ZR Acid rain frequency (% ) (0.1212)

119 YA 1E B 4 & #E ¥y Fp Lt )] Percentage of endangered vertebrate species (% ) (0.1436) ; 20 7K+
Wi RFEHL Soil erosion index(0. 1641) ; 21 FEEEAL + #EFR & B + EFR L Percentage of land area
desertification (% ) (0.1929)

122 FRIERPIE 5 GDP Hf Environmental expenditure as a share of GDP (% ) (0.1684) ; 23
TV EAKHEIEARZR Proportion of industrial effluent that meet the local discharge standards (% )
(0.1663) ; 24 IRTTAIE B/ T E AL AL B F Percentage of disposal harmlessness of city-garbage
(%) (0.1143) ; 5 Tk P24 K SO, £FxZR Proportion of SO, eliminated from waste gases
(%)(0.1433) ;

26 HAREPIX 5 B EFREL B Percent of land area legally set aside as reserves (% ) (0. 1684) ;
127 5K FE P H R B Proportion of farmland applied water saving technology (% ) (0. 1146) ;
28 A¥IBEX 5 AR Volume of methane fuel gas serving as alternative energy average per inhabitant

(m®/inhabitant) (0. 1248)

1.3.2 JREKREEIT

NSI.HPL.EEI 1 SRI BEr & AR L4 A F 77 1 LR 2, RA S MBS ERITENX
AR CEL &5 B RMIER BT REE S /Do T R —BW, A3CHX 4 M E%cR A
IRERBRIEM R CEL, K6 SCER M T Y BEA B AR R AR A AR 1) B R B D10 AL 1o 2 il 2 JLAT TR IR B4 D1 BE SR
HET IR R T R, MRS , MR P51 2 A1 SR B R, R b/

BB SR AR AFAE BORAL 2ome DR B BB A\ S ia A A A SR SR UM A 4 B MEAE G B AR AR IR ]

R R AALITR 5(S,0, 500,550, 50) , PR AL ST T 4 M X 455345 R 03 O A o 22 ] g S
B(K3) R4 AREENFEME NS SESH R RFEME CEI(K 4) .

mkinm_inISm =S, +p m,?xmaXIS,,O =-S5,
i i

i = (p FITPEREL,HO.5) (3)

IS0 =Sl +p m,?xm?X'Sko =Syl

1 4
CEI = I{;gﬁ (4)
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LT RTES] 4 ANMEHUEME N R BT SPSS1L. 5 KIFEX2E 31 MR BT HRERARES &
KRB EERRTARLERAE BENTLE L (SREAESTER S50 A% (F k) 2 X,
2 ZR5it
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(BT , T HPL Al EEL {8 /MR

®2 HHMRESFEUREELHER

Table 2 Assessment results of eco-environmental sustainability of each province in China

NSI HPI EEI SRI CEI
HIX Region BEE SR REE %% BRE 54 BAE 58 HEE 54
Value Rank Value Rank Value Rank Value Rank Value Rank

JLE Beijing 0.4012 21 0.3698 2 0.2579 27 0.5092 1 0. 6954 14
K Tianjin 0.4395 20 0.3209 5 0.3223 20 0.4712 4 0. 6692 21
L Hebei 0.3705 23 0.1891 14 0.4125 7 0.3341 23 0.6176 26
17 Shanxi 0.3347 26 0.1345 23 0.4480 5 0.3277 25 0. 6246 25
H1%# 1 Neimenggu 0.2814 28 0.0623 27 0. 6594 1 0.2938 28 0.6135 27
I 7 Liaoning 0.4576 19 0.1918 13 0.3667 14 0.4549 5 0. 6878 17
FH K Jilin 0.4703 18 0.0788 24 0.2485 29 0.3279 24 0.7255 8
B 39T Heilongjiang 0.3624 24 0.0655 26 0.2847 23 0.2975 27 0.6947 15
_#% Shanghai 0.6742 9 0.8285 1 0.3942 11 0.3782 17 0. 6042 29
VL7 Jiangsu 0.5296 15 0.3263 4 0.3304 18 0.4413 9 0. 6682 22
HITL Zhejiang 0.7705 3 0.2887 7 0.3728 13 0.4515 6 0.7526 5
22 Anhui 0.6136 10 0.1839 15 0.2652 26 0.3916 16 0.7276

1E & Fujian 0.7770 0.3438 3 0.2398 30 0.3759 18 0.7524 6
YL Jiangxi 0.7582 5 0.2060 12 0.2663 25 0.4427 8 0.7958 4
1% Shandong 0.4957 17 0.2533 8 0.3235 19 0.4365 10 0.6787 20
{55 Henan 0.5137 16 0.2112 1 0.3514 15 0.3381 22 0.6503 24
#A4t Hubei 0.6057 11 0.2508 9 0.2841 24 0.3738 19 0.6918 16
#1%§ Hunan 0.7199 6 0.2192 10 0.3454 16 0.3561 21 0.7163 10
™% Guangdong 0.7683 0.2943 6 0.3153 21 0.2800 29 0.7049 11
J 78 Guangxi 0.7092 8 0.1718 17 0.2502 28 0.4899 2 0.8158 3
#5755 Hainan 0. 8093 1 0.1583 19 0.1243 31 0.3999 12 0. 8899

K Chongging 0.5337 13 0.1402 21 0.4061 9 0.3923 14 0.6861 18
o J1| Sichuan 0.5317 14 0.1352 22 0.3068 22 0.4195 11 0.7238 9
M Guizhou 0.5826 12 0.0535 28 0.3853 12 0.2421 30 0.7024 12
= Yunnan 0.7179 7 0.0512 30 0.3369 17 0.4815 3 0.8452 2
VA #% Tibet 0.3406 25 0.1432 20 0.4050 10 0.1684 31 0.5932 30
BV Shaanxi 0. 4006 22 0.0770 25 0.4106 8 0.3056 26 0. 6630 23
H7#H Gansu 0.2911 27 0.0468 31 0.5371 4 0.4486 7 0. 6955 13
H1E Qinghai 0.2586 30 0.0531 29 0.4173 6 0.3923 15 0. 6852 19
7B Ningxia 0.2813 29 0.1606 18 0.5918 3 0.3977 13 0. 6084 28
ZrE; Xinjiang 0.1638 31 0.1823 16 0. 6090 2 0.3652 20 0.5742 31

2.1 FEFEHEZEREIFSWHE R
2.1.1 HARFMHER(NSD

X ARAHHREIEIAE A BB RB LB S I EEE(F2) . RAEEDIIELT
BARMEEER/INE 1.2 T Bt 2T ERR X 84.939% (£ 3) , RRSEA SR BREM. 5
1 R T7 ZTERE R % 60. 42% , e BT 1 B AR & AR Bt RAK M 4 MBS
EFA, ENRMEER R ERE ARFFNATAEILER, MEZAEGLAX 4 MR T TER
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A ASU T 5 B R FL/K 85 B2 B9 38 m , B b7 T BRARERE BT BO# e, B AZE B 80> o ST 8 9 S E 5
T B L T RS2 P T L SR AK R B A BN 7658 1 U AT/, TS T4 2 . MR
PR BT R S B IUE BORE , EIRAH i  — 1 X B ARR A G A TERIE A D, BEFER TN,
{BSEER b, 75— S X B 3 FIE L 7E A ) SRR MR e\ — SRR IE 8 AR (RS R I E B RIPER, IR A
ERAER RSB ENNER . TXEERT TEXWMER—ERNE, HEMNESBX BR&HE
BObIEZE R P KAEEA

®3 ARRGIAREREIRSSH
Table 3 Principal components analysis for the theme of natural state

i Components RHEE HEFME  RHTEAME Were a1 B Rotated comp. matrix

P Eig. Prop. Var. Cumul. Prop. i i) 3 “ 5 6
F 4 1 Comp. 1 3.626 60.428 60.428 0.954 0.908 0.758 0.859 -0.328 -0.043
F 42 Comp. 2 1.471 24.511 84.939 0.156 0.184 0.486 -0.041 -0.860 0.952

2.1.2 AZKMats%(HPI)

2003 47, AR EAHR I M X NS TE S B AL B8 W B R TP BRI B X . 2 a0 2 A7 ok 20 A SR
18 EBERIE 1.2 EMS T ETTIREIN 79.984% (£ 4) WA ERBRIBFEEM. 51 ERITE
TR 1A 61. 675% , Horp N DA B BRI AR b Dol = R HERGE B B RVE AT, E R Rk 5 T
W g BRAEBRGARE , R AKIE P ERER 5 2 B P ALBRRE AR FE RAEHEE
M RE e P 3 PRl o T R , 2 R BRBEVRA ARl IRV S e R B8 o ABI/KFETESE 1.2
SARTER N S, (A E B 48R A7 7R A BRAE Stk s (B R T B E R /K IRAE BRI , — S X R A
BIKFEBTH R B A A8 (NS HKES) AEBR, BRI 5 R T —ENE,

FASRIMT R B, HPL [F A2y GDP [BIEf] R/ BE B IEMA XM (E 1) , RMERIE R EEERR S
Frigtn, (BRET & RKFRAHIX , A0 HPT 80K, =0 H TR E S5 KR B Bk LR T 7 kx4
IR A R R

R4 AEBEEGERS ST

Table 4 Principal components analysis 8for indicators of natural base

B RIEE FEFRRE R UEFME JelFe RSB FI B Rotated comp. matrix
Components  Eig. Prop. Var. Cumul. Prop. () 8 © 110 1 112 13 114 115
355%}11 6.617 61.675 61.675 0.967 0.801 0.570 -0.017 0.955 0.984 0.961 0.211 0.461
omp.

2
i)ffz 1.831 18.309 79.984 0.219 0.325 -0.571 -0.519 0.108 0.000 0.054 0.858 0.743

2.1.3 ARHFERUIE R (EED

2003 4F, FiL R X A SISO WARBI MM X B3 . £ Tk ot A I S R 35 1
E R TTZTTIRERAR 36. 187% , FEAR I BB EAE A/, ok 3 n o0 i 4+ M AR o B+ AR B AT K
TARIGEL, KB X A B AIRDT s 56 2 T 9 £ 805 0 ERMRK RS T MK L AIFBRFRIRER, Rk
RIFEINFETT HRUN 5 3 R E I8 MR IITHAE R, R I F 5 3R . WK R4 T MK LA
TS 1.2 ERF R NOUE, TAESE 3 FWar T N RAAT, B YR IT & LI 3 Aoy R ARt
16, IR EHER A E RS AT, X PSR BT SO XA A R 18 B 5 B L S 4L, 3 BUPRAT 3R 22 5 A
PR AR A I EEROAE RO, B R EAIX KA SR RSN RN, KB X RT T HER
HE , BT B NSRBI UHE R 5 A e AR,

HER P A B, EEI [F] NSI (B ZE47 78 28 B9 SR SC e SR A X B IET I (1 2) , AR B2, /R —4>
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M X B A AR AN AE — BRI B HTAL ) B ARRFEE I, FE RGBS TINT , A RF 2R A
IRRUR, AR R A BN 5 , SR B R A IR

®5 ESHEREBREEHRS SH
Table 5 Principal components analysis for the theme of natural state

b Components KFAE(E FEFME R HEFME HERBATT R Rotated comp. matrix

Eig. Prop. Var. Cumul. Prop. 116 n7 18 119 20 1
EH4r 1 Comp. 1 2.171 36.187 36.187 -0.078 0.182 -0.549 0.497 0.864 0.907
FER 42 Comp. 2 1.706 28.430 64.617 -0.909-0.027 0.629 0.516 -0.005 0.024
ER 43 Comp. 3 1.015 16.923 81.539 0.160 0.914  0.222-0.567 0.116 0.039

2.1.4 S RFEE(SRI)

2o B TCHA A B SR , 2003 4F— 8 AR RS R R B IREEX, I H A TR, R
B T R AL R R 5 T — 26 B AR AR , 2 5F R XU AR AL R AR AR o A S840 2R B A 4 i 7 3= A
JEH 42 XHataL 3 Jt1EARE (123 ~ 124,123 ~ 126,123 ~ 127) f5 7 .3 WO SC M FLE AP 0UR 1 Xd4e4m A (123

~124) BHE SR EAE S , SR ISR AR I B RV R D, 8RR R BT R BRIAL S M N R B R B 4K, AE A
1.0 -

FRHAERS X BT 8. 534 B RT&R EPrE
e ) 75 ZLOU ST AR PR AR IR R R, T RN N R B
PRI R B AR X E BN Tk 53R 2 B
B F 75 AL Se AT ) AR AR B0 0 B SR, [ 48 122
23 A1 126 4205 £ 4615, BT T BRI E.

R R IR, SRI [F] A3y GDP X A fF 7 B & 1
IEARRME, BlkR E¥a , R —Ju& kIR (& 1), B
HAREE, RUEFNEABEAHTRE — XKL
SR, B EIH77 R B H R, AT R R
KSR AL S e L G HE — DR P PR R, AL Rl B 9 R/
B X B R WK T R e i 5 AR R R IR
IR
2.1.5 AEFHFAHEEMIE%(CED

DA SR T S o R B ARAR AR LA
SR RSUEIVA BN YA DY A2 IV
MEFEFRIPRE . 2003 AEFRE A X A= AR 5T ] Rp Skt vy
BBIGHHY AR 2, T LTI 4 O AES
HF SRR 4 DX, BARKG LR, 25 %
KB, AR /I, AN F SRR R D,
T EAL & i R R s TR PR B TR SR
NAEDHFEARFEMERER S X, bR LAEET A K
BRI, HEBX ARPEE D, BRE BT B R&MF
B RIS B

St CEI [F B /38 BUR B A X e R B, RE7E
CEI g 12 H A R & 9 J7 ¥, B CEL KR F
NSI Al EEI 77 BE IR EIHX R (B 2) , RHER
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Fig. 1 Linear regressions between sub-indices and driving factors
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Table 6 Final Cluster Centers classified by k-means cluster

%8 Variables B2k Cluster
1 2 3 4 5 6
B R &4k 45 % NBL 0.4647 0.3900 0.6742 0.7672 0.2544 0.6036
AZEha % HPL 0.2924 0.0994 0.8285 0.2517 0.1130 0.1635
AR TES EET 0.3202 0.3765 0.3942 0.2773 0.5993 0.3144
A2 RS %L SRI 0.4626 0.2994 0.3782 0.3844 0.3763 0.4124
®RT EREAH/R
Table 7 Characteristics of clusters
. R 1 Rk 2 R ey Rk 5 Rk 6
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6

Hu X % () Number of regions 5 8 1 6 4 7

CEI SF3#{H Average of CEI 0.6799 0.6633 0.6042 0.7687 0.6229 0.7344
BELEHR(K kn?)Land area 43.39 331.17 0.63 81.56 336.31 169. 06
A A% (A /km?) population density 535 75.35 2716 341 22 255
A3 GDP GDP per capita 16490 8370 46718 13247 7613 6973

RIES M ERCP L RE O (R 6) , TR A RRE R AESINRIE. WE 3 TLUEH, &%
Kreipd P RA B KRR, MO BAR T B X H H A MR B RE M a5t s A& i
S, AR B R A S IR AT . R 1 HRERIAHNE S MR (F 3), SETERY
4.51% , HREBEAET R X, RAE R R, RREH D, BRAF—B, BREADERER, 2R Al
Bt o FEBIR , % 22 RAK PR , AR T Sl A AR SR i Ok, E NSRBI AE R RAFIK R TS 35, 4=
BRGE—ERE BRI B, B ESHERED , BURE R AE TR MR E R ERABK,
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Fig. 3 Region clustered by eco-environmental characters
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ST P AERIEIK T, RK3 N EEW, REH BRFF IR, 2 ZRAKFRE, BRZREZE R
29, BRI L BVD, IR E - B AR R, RE SR B, BRIRSAKEERER
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8.48% , RHE B RAMRIFHIU X, K FIRFEM , B R, LB B R R4 X 2o X AR T8
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EIRTSHRMEER, B TARR &, BB RZERK AR TG , £ S FEB B, 78 Tk T5 Je 42 il
T7 MR R R (B R 5 K R T R B RN G , D RE S S A SIS I R Ram X
BAKS AHERENTEIL4 MBX, 5 ELEREK 34.96% , EREBRFMHRES WX, KEBRTEE
Z R ERE , BEHH BRK M SBOX Sl X A FR BN R, IR S EUR, S A DB,
S5 RBKTFBAR, X B RREERGED, Bl T B AR, £ R, Rl KL
REEYZHAERRE R, G EIOK, BHKEREGEA S, ANEREREEE TREREMR
X, B STRK RIS, A RES S ESH RSN RER LK, KK 6 4FRE FH MR
—SeH X, LR 17.57% , BRFME KRR, N D5 M & BKFBAR, NS shxh 47
BRI BB/, EBFFR R, ERZEY ZHHER BRI AUKI G R B, B SRR,
BFKEBRE XA, G a SR R R
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