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Agricultural eco-efficiency evaluation in China based on SBM model
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Abstract: Agricultural eco-efficiency which combines both economic and environmental performance is an effective tool for
agricultural sustainability analysis. Taking China’s 30 provinces as case regions, We applied a SBM model of DEA to
measure the agricultural eco-efficiency from 1998 to 2009. The SBM model of DEA is non-radical, non-oriented and
considers the agricultural non-point source pollution as an undesirable output in the calculating process which is different
from the other existing models. Fertilizer, animal, labor, machine, sown area and water consumption were considered as
input indicators, provincial agricultural output value and agricultural non-point source pollution were considered as desirable
output indicaor and undesirable output indicaor respectively. The main results are summarized as follows: (1) Agricultural
eco-efficiency in China during 1998—2009 is 0. 499 which is very low, this implies China’s agricultural economic rapid
growth is at the expense of natural resources destruction and agriculture environmental pollution, the coordination task of
agricultural economic growth and environmental protection and resource saving is very difficult in China; (2) Agricultural
eco-efficiency of Beijing, Shanghai, Chongqing, Hainan is equal to one, this demonstrates that these four provinces have
efficiency of resources utilization and environment protection for their agricultural economy, but the agricultural eco-
efficiency of the other 26 provinces are below one showing that most provinces in China have inefficiency of resources
utilization and environment protection for their agricultural economy; (3) Moreover, in order to promote agricultural eco-
efficiency in these 26 provinces, the inputs optimization and outputs optimization were designed based on optimization
principles. The optimization results show that agricultural output value (agricultural desirable output) has no congestion in

all provinces, so the agricultural eco-inefficiency is mostly attributed to inputs and undesirable output. China has enormous
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potential on the reduction of agricultural non-point source pollution and on the decrease of resource inputs to improve the
agricultural eco-efficiency. The eco-efficiency optimization provides deeper insights into the causes of eco-inefficiency and
gives further implications on resource and environment protection strategies in China. Our results also showed that the SBM
model could be used as a useful tool to reflect the eco-efficiency in a defined region and help governments at various levels

to find the most optimized solutions in improving their eco-efficiencies.

Key Words: agricultural eco-efficiency; undesirable output; SBM model
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Table 1 Input and output indicators of agricultural eco-efficiency
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A Inputs M A Land AAEDFEFD KoK F= 3754 10 B khm?
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& A Animal A AR & B/ Sk
KGN Water A K SR AZ m?
AR i Desirable outputs Ll 23K Agriculture growth A AT
JEHIZE H Undesirable outputs AL TR 53 il T U IS e A b/

Agricultural non-point source pollution
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Fig.2 Agricultural eco-efficiency in China from 1998 to 2009
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Fig.3 Agricultural eco-efficiency in China in 30 provinces
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PRSP, b 28 U5 R 88 07 SR 1R 22, TV D B b X AR AR & g aek R s e 17 O 1) W8 50 AR ™ B 119
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Table 2 Inputs and outputs optimization of agricultural eco—efficiency in each province

BATUAYZ Tnputs slack/% 7= LAY Outputs slack/%
PAAYTAN NG I
Pfﬁce fe G4 W h L T4 KT ﬂﬁ?ﬁ’iﬁ% AR
Fertilizer Animal Labor Machine Land Water . GDP
source pollution
K -32.34% -32.78% -14.58% -5.01% 0.00%
bEE] -51.35% -35.99% -59.02% -25.62% -36.85% 0.00%
i) -71.56% -35.73% -38.38% 0.00%
[SE=n -53.60% -71.96% -31.84% 0.00%
T -24.93% -19.27% ~11.81% 0.00%
R -56.66% -30.71% -31.48% 0.00%
B .06% —71.48% -36.22% 0.00%
I -3.95% 0.00%
Wit .48% -5.77% - 0.00%
L -62.98% -30.26% -40.19% 0.00%
gk ~7.01% -2.30% [N 0.00%
PN -48.17% -61.15% -30.80% 0.00%
7R -34.19% -34.36% -8.47% 0.00%
O] -31.87% .97% -32.05% -3.98% - 0.00%
e -65.55% -36.06% -41.97% -42.46% 0.00%
i) -47.65% -49.05% - -56.56% -44.96% 0.00%
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4 -45.69% -46.26% -57.73% -41.26% -28.29% 0.00%
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[IEY -56.19% -57.72% ~74.59% -62.02% -20.32% 0.00%

(1) dest i FEIR R A A AOR(E 1, N A AR A I U, AR ALK 4 LI (2) R BRTTARR R/ NEATHE R 2R (0
FORI AN L AR R ) e EEBR TR O SR "SR B OO SR = 2R (3) ARRRM AR b R TR TLIR AL
AR WYL AR 7 4 1 s P DAL e B TR PROE YL AR L BT TIPS S L 9 4 T A X LAY M L e I P
TR CHOM BRPY B 10 4

(1) WA= IR, 25 AR 5™ (R A TR AR 2 | T3 A2 2 R T 55 Qe AT AE — 5 (9 T
o VLA™ A AR IR B A A SRR IR A I, 5 B0 B A0l A SRR IR I [ 2 2R v
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FEFR

(2) NEEFEEDRE Al A 8RR 1 EZm R R IR IR EHE A 97 AR A, &
B BRATERR E R M A SRORBUR G e e, X UL B AT E AL A iR E R AL Z . B TRE
FFAE B KB RIAR KSR A 57 8 77, 55 3h S8 AR BRI AR S ORI ISR S N R, B A A= 5%
R M HEAE SRS =07, 26 TR R PR AR H 25 A B A 1 DU, AR R 12 H B RE A1 10, sk 13 I T )
Hb GV I A A5 B v 5 A R B R PSR A, AT 380 A A B KU A, X AT RE S TR /L
PR 28 07 A 06, AN 2228 25 DA B Chen 25 (1 BIF 5 81 3¢ B /N BIUBE ) Al 28 72 S 80l 2k 72k o
BRI

(3) 4 X IOR T , AN TA] X sl b A SRR A B SRR AT A ], AR S50 XAl A 2530 R P 2 ) = L R
PRI P BN 58 ST 5 T3 X b A S8R 0 2k 1 £ B2 R AR PR B A
A TNGT BT VU b X A A AR 1 32 B i R AR U 1% 3 B 57 3 ST AR - g%
Ao R HERT R SR BR 25 S0 4 DX A A LA A X221 X Al A 25 30R A Rk B RS AR, 3 ] RS AR S X 22 5 &
JEIKEA s MU A GE 24756, UTAF R, Bt 2 A MLV e 5 ol ML A I TR 5 ) S i, A6 70 2 B8 4252
T, AT X AU A 2 AR T, M 1 B LAY 2 B 5 AR SR 0 2 i ad o Al A 25300
PR TR, AT L33 2 b T A5 X Al A 35 R 2 10 SR 5 R (R 38, DA Sk 4 ol A A5 003 B el 3 i 42 7
FE A E X R
3.2 Ol AR R

I 2 AT LR B, o Al A AR RIS B TR T T TR R O R T AR R AR M v RS Y A T
3.2.1 MWEIFEINFER &8 MRl AR S3CRA AR 10 5 2 k3 07 1 -5 7 )

(AR ARRESE AR A 7= B AR SR N 2 AL IR 4% A & BRI B JR BRIk, T
B Bed v e s T A R AR EGEE T, HOl TP s S AR AR At —
PR A 25 (] AP A I 45 A it v A A 1) 3 X0 3k 8l DXl A A5 3503 1 el s A OB

)BEERA LA DN EBRATIRRER R YRR & NSEEE ., 78 5 NE S8
By A B T AU REL R, ik S bth X e 0 [ T 2 04 B R i 3™ X, A B R A s A v, DT s B4R 3 T
RIS, I BB e = 1% 3 A FH A o e i Dl A AR5 S I 2R AR

(3) HEH TN FFEIFATCA R B BRI =/ 50 H N B pe & i 1X
X i X PR A R R Tk M X A A 57 Bl 1 e A R R Aol ol N B R AT S B 5 Bl 1 3 A i
ML,

(4)MUFRA BRI A 7= FEA R BE IR A SR T2k 2 AL AR A R FZE BT R 2B, Iuvg |
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I MR A ST ISR

(6) KGR ARGV AN K B FERETT IR, B HTFR E 45 b XA K SR ERAE AE— 2 I T0 4%, JL LD
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KA 5 AR 1 Bl X ARl AE A5 RCR B 1 TR AR
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eI HERCEEAESE N, W B T RS R HE O TR A UL A3 — R TR Al ™ AL KA LA
HRED 7 A 91 e A AV AT TS e it B i o R PRIk, ARk 26 3 X A A T 5 e i 2 4
re HAR MY AR SRR B SCHE

4 it

ABHCRE AT S VIR ST MR L A 28 br . A SCIEX 1258 DEA #REAT B IE A SR 1 >R
FHARRR ) A F B2 () SBM BRG] R 1998—2009 4F 30 N8 3 A A R HEAT TN AR, JF 45 th 7T 3 T4
AR 57 O B A AR R M R AR

(1)1998—2009 4FH [l A A5 80K BAR LB AL TR 3, (BB AR, 30 S48 ik A e
AU R ER 4 MBI ARl AR AR AE T RCIRES  FEA O e R 0 [R] A7 28 i 3 1 58 RN R 5 )
PR, R4 T A A AR SR ERAL TARA ROIRAS , 7 ZEABUE AR R A 2205

(2) WA TR TR A, FRT R A AR 2SR Y S R O AN TR0l ™ B AN 2, T T B U8
e 2 MRS R HES 220 3 BEUROM IR AR BT T AR R AR T e HE IR R A AR R
B R,

B, WA SCHY SRR ZE AT A A B, P A 388 1T R v PG s DA 30 T A A AR B 3 — T 1l
LR v [l 5 Ml 28 5 A SR AN B IRERSE CRAP IR FAT 55, 75— 7 T e R W1 i [ Al & FRE AT AR R IR B U
LRI PR s ], e [ SEA 7 BT 29 B AR IR A L R - PR AT 1, TR, AR R AR K T
ML RS A B A A T IR A DR AT e e A, S BRI 24 BRBE OR AP Al 22 RIS I i)
G UM R R G N S R A A B AR M TS e i B O S BRI 22 T R R SR

J74 AR, SBM AL Al AR SRR IR SR AL T AT ), b A A SRR R R 2 T
PR IL[RIME RS 2R 2 — 2RO AR AR A0 R BRI DR B AT T i A B 48 1 S e 4 i Al
A SRR BRI S AR Y EE BT S T 1]
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