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Abstract: This paper first applied material flow analysis (MFA) to construct three levels of regional
eco-efficiency indicators, i. e. , regional direct eco-efficiency (RDE), regional total eco-efficiency
(RTE), and holistic eco-efficiency ( HE) , and adopted the newly developed data envelopment
analysis (DEA) to evaluate the eco-efficiency of Tongling City during the period of 1990-2008.
We also applied Malmquist productivity index (MPI) to explore the eco-efficiency change between
two following years and its driving factors. The main results were summarized as 1) though the RDE
of Tongling City in 1990 —2008 kept an increasing trend, its mean eco-efficiency was not high
(close t0 0. 8 in 80% of the years) , being lower than that of the RTE and HE, and 2) the RDE
change was closely relevant to the improvement in resource management and the technical input in
environmental protection in recent years. In order to further improve the RDE of the City, it would
be necessary to raise its eco-efficiency via expanding raw material input, reducing domestic extrac-
tion, promoting resources productivity, and taking more measures on environmental protection faci-
lities construction.

Key words: material flow analysis; data envelopment analysis; Malmquist productivity index; eco-
efficiency ; Tongling.
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772 (total factor productivity, TFP) , HeAZLANT .
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Table 1 Account of material input and output of Tongling City in Anhui Province

1 Yy ik A Material input account

O Y ik K Material output account

I-1 X3 N R4 Domestic exploitation
I-1-1 A=W 5

Biological material

KRR AL R BT S AR R
JK 7=l Rice, cotton, oil crop,
beet, wood, fresh water products

I-1-2 A AT} Fossil fuel JEJE Raw coal

1-1-3 & @i 5 Ty

Metal ores and industrial minerals

BRIF Bk R 5 4
B 4 B Tron ore, final iron
ore, copper concentrate, gold,
pyrite

1-1-4 A5 R 7K Cement

Construction minerals

12 X 8 P B 37

Domestic hidden flow

A8 DX PN SR 2o i 7 A 1 R
i FH #9 ¥ i Materials extracted
from the domestic environment but
not actually used by the economy

13 X apk Import

13-1 # 47™ Fi A1 Import primary products

132 #F I REIR A 11 Import energy

133 O w =41t Import minerals

134 HE 1R I B Import semi-products and final products
14 X3 Ah ik O BGEA Hidden flow in import

TE XA R 3o i v ™ A 9 R
i ) ¥ 5T Materials extracted
from the environment but not actu-
ally used by the economy and re-
lated to import

O-1 XIF I THEBL Domestic processing output

0-1-1 THFEM:H) PENE A 25 MR Chemical
Consumption products fertilizer, pesticide, plastic mem-
brane

LB R B R Sulfur di-
oxide, smoke, dust

[E 1% 354 Solid waste

0-1-2 RAI54eH)
Emissions to air

0-1-3 [R5 YL

Solid waste

0-14 Ki5YH)

Emissions to water

s ok Z AL BAL AN
NN AN N R 7/ R ESN
E IF W Chemistry oxygen de-
mand, ammoia nitrogen, total ni-
trogen, hexavalent  chromium,
cadmium, lead, arsenic, cyanide,
petroleum, suspended matter

0-3 H FEX 4 Export
0-3-1 A REIA
032 =4
0-3-3 4 E a2 A A1 Export semi-products and final products

11 Export energy
it Export minerals

04 i 1 F XIS Y B Hidden flow in export

TEDC AN T3 7 v 7™ A i R 3
i FH B9 #) 5 Materials extracted
from the environment but not actu-
ally used by the domestic process-
ing and related to export
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Table 2 Data envelopment analysis indicators for eco-efficiency analysis on three levels

i b LA AR b R E AR R AR
Item Regional direct eco-efficiency Regional total eco-efficiency Holistic eco-efficiency
i 13 Output X, Hi DX A= B EH GDP XL BIE GDP Hu X 2B BUH GDP
iy A3 Input Y, HEY A DML [X 38 A B AL TMT( DMI+DHF) BT R TMR

X N THE# DPO

X P EHE TDO

DX A S HER +2E 1 B3R TDO+IHF

GDP: Gross domestic product; DMI: Direct material input; TMI: Total material input; DHF: Domestic hidden flow; TMR: Total material requirement;
DPO: Domestic processing output; TDO; Total domestic output; THF; Import hidden flow. T[] The same below.

SR PRI JT 2R i 1 SRy i A A B T
RS8R 7 48 A AR Ay o A I A DX A AR RO
(regional direct eco-efficiency, RDE) | IX 38 5 A4 A %%
K (regional total eco-efficiency , RTE ) Fl1H& A A4 2544
& (holistic eco-efficiency , HE ) = JZ [ B9 4= B RCR
AR, e 2.
2.2 AR TTAE SRR

AR SCER W SR 23 M 07 vk (MFA ) B .46 4>
Broridk (DEA) 53R I 4880 (MPT) K H 3 fif
B AT s, WP e T 19 A% (] i A X A S 8003 AR
RRAEN 1Y A1 SRR AL SR By I BB A T

THIFSE, AR T AR A R A RARE S BR AR A
FA.
2.2. 1 fBR AR SRR I TR 1 TR

FAFENRY 1990—2008 AF-4 [ i 4 Jo1 3k o3 A1 240 hy
FERl ARIEZE 2 Fr R B9 = )2 10 X 8 A4 B RCR B4
b, 3z FH 25 JE AR R 7™ DR R B A 28 o W 7 ik
PPN A3 1990—2008 AF 4l [z 11 X I A= 28 5 8 0 A
XPRCRAE, TP 45 2 L3k 3.

3% 3 W, 1990—2008 4=, 4 g 1 = )2 1 X
AR AR L 4 A AN [R). 1990—2008 4F, i
Bz T DX 4 A R AR BB AE A M
TR EARE, W5k 3 ANB B 1990—1995 4E K
551 BB, KR B A S ECRE MR AR AE (0. 27 ) F&
A B TE L TE 1994 A3k Bl KA A BT N, 1995 45
DI 4 A SRR AE R 0.36, IL B B3 iR A
31.9%.1995—1999 4 M55 2 BB, B B X 5k
P SR K TR 1999 4E B A F] 0. 73, ILFr B
HEEIA 103% . 1999—2008 4FE 4% 3 BBt X Il B %

A ASECRAE TR B /N, 2007 4F Z R AR T A
0.73 ~0. 85 IX[H],2007 4F | F+ 3] 1,2008 4 4% 2L
£§ 11,2007 475 2008 4FH B i SL ol T X3k B A A
RORAXTA L, Ry 19 48] DO B 3 E S RCR AT
RACAT-. il g T X el A A RORAE 1990—2008 4F: ] L
TR LT 8 T /N T IO B AR RO, BLAE

2002—2004 AF[] 1 B0 T B T R, (AR T R 0 A,
DX 3 AR AR IR B AR XA R ARk 2007 4F,
2007 4F- A i b T X 3B A 25 BCR AT A 8U4E. AN
F ISR B A SRR AR S ROR I AR 3,
B T B AR S BCRAE 1990—2008 4F 8] — B AR H5 78
0.6 UL ER7KF, BHAT LB 43 WA B B - 1990—
1999 4FA%5 1 BB, A RRCR SR LT, 1999 4F ik
B K, SIS BOCR AR XS AT 3K, 1999 4Fh i
B T A A SRR A A AT B4 5 1999—2008 4F 4 4
2 BB, A A AR ER TR [, 2004 4F 38 B AT S, A
0. 70. Hil B Tl = J2 1 1) DX 3 A A R0 AR AL S B 22
SR, A SRR R 2] T AW T 5
ARG DX 3 A A S 0CR A X B (R A 53R M &, H
AN A SRR I I A 55, 80% 2o A7 WIAEAy AH X A=
BRCEAE 0.8 LUN. LR ZE Ui Hilbe i B AR 2
TGV AT T 8 ™ 5 A IR AR
Wi, T35 R R A AR R )

Fz 3 1990—2008 R T R ig &£ S RE

Table 3 Regional eco-efficiency of Tongling City from 1990
to 2008

ARy X3 4 X8 R RAAS
Year R HEHCR EES
RDE RTE HE
1990 0.27 0.49 0.62
1991 0.30 0.51 0. 66
1992 0.33 0.53 0. 69
1993 0.35 0.51 0. 67
1994 0.39 0.58 0.76
1995 0.36 0.56 0. 67
1996 0.39 0. 61 0. 68
1997 0.47 0.71 0.83
1998 0.59 0.71 0.91
1999 0.73 0. 81 1. 00
2000 0.78 0.83 0.91
2001 0.78 0.78 0. 81
2002 0. 81 0. 80 0. 87
2003 0.76 0.73 0.77
2004 0.74 0.70 0.70
2005 0.77 0.84 0.72
2006 0. 85 0.92 0.78
2007 1. 00 1. 00 0.84
2008 1. 00 0. 90 0.79
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Fig.1 Regional technical change index on three levels in Tongling City.

TC-RDE . Xk B 324 S8R F AR FE 5L Technical change index of regional direct eco-efficiency; TC-RTE . X e AR A S R R AR AL TS %L
Technical change index of regional total eco-efficiency; TC-HE . X Jal R A A SR R AR B 45 %8 Technical change index of regional holistic eco-effi-

ciency.

2.2.2 Bl i AESRCR LIRS R R T i —
R FHE T 19 40 BHCRAL R IR B R & | A
SCHE— 25 | ABEICA 7 1 48 B R AR A B2 T AH & 4700y
DX = 2 AR A ROR AR 8] B 5 G A 7= ) 4
B ot AL, IBCRAR L8 5 (EC) A R AR fkFg
B (TC) AL AL A PR 28 FEL A AR Ak PR 2% 4] Bz
T AHAR ARy DI = 23 T AR S R AR AL i s ), IR
FHECHR AL 48 43 BT T3 T B [ AR 7= SR8 B 4 ez T
FHARAA DX 35— 2 1 A= SR AR L. THE S5 R R,
1990—2008 AF [i) i Jaz i1 AH 418 4F 73 DX 3 = )22 1 A= 28
AR AR AL BIRSCR AR AL AR B 52 e N 2 (AR AR
FEFRBAE B AR ABAEAR PR AR R 1..00) , {H 3Z 2]
FEARARFE B 5 m JE 7 03, S G A = T FR B
FANGEARZAFR BN K/ AEEE | B A5 th 4538 4
Wiz T AR AR AT A — 2 1 X A AR AR i 3K Bl R 2R
FHARAR . 1990—2008 AF4 5 T AHABAE {5y IX 1R A=
BRCRBEAR IR EILE 1.

WE 1 R, R E AR SR B AR AL 4R
¥ (TC-RDE) & 1992—1993 4E/NT- 1 4b, HiAv4E 45y
YIRTF 1, W 1990—2008 454 b5 T £ A & e N
TR, HIEAERSCR N AR BT LIyl 4 4
BB :1990—1998 4F R 25 1 BB, H AR A8 AL 3l 4%
K, AP 3 51998 ~ 2002 4E M55 2 B, FoR R
LRI T RS ERRER 1 LIT 2002—2007 4F
MR 3 BB, FARAR A S B R A,
HAZ 2006—2007 4, Hi AR LA R (E A F] 1.51 1)
7K 2007—2008 405 4 B B, B R AR fb 48 b
{H FREZ 1. 08. X B 34 SRR AR ARk #
FE— R L R TR T 19 AERAEGEIRAI  BR

BT AR AL, S B a5 R R W] 19 4F
KA B T AEFR 4 = B IR R ol AR AR IR Y
TAEHHRA T KERAR KR, HE AR ATE 2006—
2007 48] fe ok i 2

55 I AR A ROR AR R BN, X
SR A S RCR I H AR AR L8 8 ( TC-RTE ) F1IX I %%
RAESECRH AR AR BRI RN 3h. o,
DX AE SRR R AR ARG T 6 MR
FERRAE T DX S A A S ROR B FAR A AL FR B
BT T AEARBLR ARG, JE AR X P38 bR
T BB FRBE Y 5 A G, B A ) 15T 2
iz T LAt X S Ay B U PR B HLR DA G, 43T X3
S BRCR B AR ARG BRE % A il B2 T e TR
FER TR IR O AT | PR BT A BT R OC BOR B 3t
S | S HTER A BRI HOR AR L 48 £ e s T
T LI £ R 16 2 i g T B LA 1 AR X 3.
it

AR ST T 53 WAL A S ORI AR A
SR AR B = R B AL 2% T v A
133 1990—2008 4 52 T — )2 T X Bl AR SRR 1Y
FHXT SR 25 3 7R, 1990—2008 4E (1], 4l I 11 X
B A S ROR B A 5, 2007 4F 5 2008 4
B TiT X 4 ORI A RLAF. (5 80% 2247 1Y
ARG AR A ZSBCRAE 0.8 LLR, 28 WA s T B AR 52
BT FPEE A TE I AT T g o R A R TR
AR, TG R PR () A TR . BE A = T 80t
HZER IR ,1990—2008 4[] H bk T AH <P A1y = )2
T A SRR 8K 3l R 2 R AR AR R | 5

3 4
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{2 1992—1993 4F/NF 1, BEHA R B i1 19 4F ], (U AE
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SRR H 0 kg T DX 3 B AR SR 1 AR b 3
MAFF A, FEWIHR b T B3 AR SRR MRS K 5 4
Bz T 22 A7 SR AR W A 9 WEURI RIS R4 (R AR 4%
AR EAE. LA T = 2 1 X 34 S 8CR Bk
751005 0K 20 PR 2 AR A 4 AT R R i I T A R — 2
PR AL AR B AT LU b R FOR R E T U8
TR SRR ST IR, SOAT DA SE A 4R s R A PR R B
IR IR A S B

TR R A T AR 2 | B L B A b B
2oy MT 5 B LR 7 1 18 B CH Sy f A8 BR 1 2 B
2, et SCIE MR B BT A LRSI ASEIR
A 7R AR BT T RN T A {8 b 4 BT AR 4B AT 403
DX 35 A SRR B AR A1 B LA R AR A AR B R AR 1Y
RORAR A 2R AR AR BERAE B AR AR LR 2
FERSBAA3 AE ASCR AR L (G B ). B8R X sk 2 T
(R S A 32 3] 24 s 4 I O i R L (B W R
TR AT FER B IX 38k 7 0 % S R 3407 ThT AT 8 o 15
a0y &S e U S gL T e o i L X )
LM AT AT B , 55 AR B o R i A
MBI — 255 I AR SRR BT T Tk e S
T RS S B A5 DX R i S A R 8 7T R4 A i Ik
W, IEHAT 25 T Mr B AR A= 5 5 7=k 2544 7
9, AATES ARG B L.
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