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Abstract: The Hulunbuir region of Inner Mongolia, China, was chosen as the study area of the current study. The super-
efficiency DEA ( Data Development Analysis) model and Malmquist index were combined to examine the spatial and
temporal changes in ecological efficiency in the counties in the Hulunbuir region. Ecological efficiency in the Hulunbuir
region was low in 2000 and increased in 2000——2015 in each county, with no obvious advantage in any particular county.
Among the counties, ecological efficiency was relatively high in Yakeshi (1.59) , Hailar (0.96) , and Morin Dawa (0.90)

and relatively low in Chenbarhu (0.57) and Xin Barag Right Banner (0.67), and there was a substantial increase in Morin
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Dawa from 0.09 in 2001 to 0.90 in 2015. Based on the Malmquist index, technology was the main driving factor for the
improvement in ecological efficiency and also the main factor that restricts the development of grassland and animal
husbandry. Additionally, policy factors, climate change, and production input factors had a substantial influence on
ecological efficiency. Therefore, increasing investment in science and technology and large-scale operations are deemed to
be of great importance for improving ecological efficiency. It is necessary to intensify the protection of grassland areas, draw
red for ecological protection, and improve the system of compensation to promote the sustainable development of these

prairies.

Key Words: grassland animal husbandry; ecological efficiency; super-efficiency DEA model; Hulunbuir area
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Hf NPP 28 A I [i] | By AT AR LA 4 T R SR A LA IO ) e i, ' B A T IR A ) e T ) 7 I I T e
TRl Z BT A 2248, AT ARG SO0y e 8 i R 000 o AS A 0 35 v R 2 o W DR R S5 B 2 8l vh oo 42 ik
2000—2015 4 Landsat TM/ETM % 852 8 554 , A H G BE R FH 28 ( GLOPEM ) 45 784 3R B 48 D1 /R Hb X 4% 4%
NPP, FH LA sz it 2 3 X A R

F1 ARHHMRERLESHRENG R

Table 1 The evaluation system of grassland ecological efficiency in Inner Mongolia
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W48 DL R T (Hulunbuir) , N5 AR IX FREMZL T, Hokb 115°31'—126°04'E \47°05'—53°20'N Z [H], &L
A 2620 J7 hm* 2 FILRAE STTHE A A2 M, AR TR X 1A 8RR X Bl 5 A4 i L L
=il S v ARTURIAR R A qTifn 7 N BRI B EL R PR 2T T LR PR A PR TR PR | B 738 FLIk
IR AR SME R AR TE SRR 7O AR T, AR DR B AR A P R R R > — R R P
o) L JE | LR T S AR B 1000 J7 hin” |, ZRAISE 4 2% X ek R K R T R B AR 32 AR K SR 3 1 43t
25 AEBRRA R BUIRE ) 22 AR, R K IRBOAR R “ BRBUE B S5 BOR 19 S5 it B Ol & A A S AR
P G ARSI R B P I o P, 32 S AR A0, 76 B /M A 28 PRI 52 e 1 (] B B2 7 5 01 385 8 2 1%

http ; //www.ecologica.cn



22 1A BT S IL TR DEA (A DR 3 X 0 AR SRRV S s i R R 40 A 5

X FHO A SERATIRK . Ah, i FAUR S 9T AR SMETR FA BN A X i 0 B 2 DS =
FEAE D T TR ARG EAE WA P DL 2R T R0 AR 2S8R N X DA ot XCHERRAE ST

2 ZERE5WE

2.1 WPAR DR B SR A ] 25 7

T EMS1.3 FAFIN - Z5 5 R | AR DR b DX RO A S RCRAF R ZS B 22 57 (] 2) . 2001 48, AR
%*Md:ﬁ\ﬂiﬁbkﬂ?,ﬁqﬂ,%?am%fi ﬁ%ﬁim(o 57) , 5L )1 3K FLIA B /R R AR AR (0.09) 52015
A KA T A SRR R (1.59) , R R BRI AR AR (0.57) (& 1) o B A& |, o] Lo 45 i H A= 25508 %) 40 =
ANGELG, Horp 2F T T A A RCR I s T LA X B PR PR EL R B A A S R AR, 3R T 0.7, 1
M B F =% 2 ], B T ah SR RAS . i A& B 2015 AR A WOR 5 2000—2015 SF 344 85K
K 2) TR, BB LR PR AT RS AR B AR SRR AR T Hor ) 2F s i B8 073K FUIA W R T H
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Table 2 The ecological efficiency of counties in Hunlunbuir from 2001—2015

H1IX. Region 2001 2002 2003 2004 2005 2006 2007 2008
i 52 i 0.20 0.12 0.14 0.32 0.34 0.40 0.61 0.58
it 0.18 0.18 0.22 0.32 0.37 0.31 0.34 0.36
SR e 0.22 0.15 0.32 0.31 0.36 0.31 0.32 0.37
HUZ DRI 0.14 0.10 0.22 0.30 0.41 0.43 0.36 0.55
L) 0.09 0.11 0.11 0.18 0.25 0.40 0.43 0.40
B 0.57 0.34 0.36 0.52 0.40 0.30 0.33 0.38
B 2e i 0.24 0.24 0.18 0.24 0.42 0.37 0.40 0.47
Frif 0.14 0.17 0.19 0.33 0.58 0.55 0.66 1.02
=g 0.56 0.40 0.56 0.46 0.48 0.65 0.76 0.76
11X Region 2009 2010 2011 2012 2013 2014 2015 HE/F Ranking
if 25 0.49 0.83 0.60 1.10 0.93 0.72 0.84 6
ik 0.39 0.45 0.57 0.59 0.59 0.63 0.57 9
R vE ML 0.40 0.47 0.55 1.33 0.84 0.82 0.79 7
HEZIN 0.58 0.60 0.79 0.86 1.11 0.92 0.96 2
B 0.35 0.50 0.60 0.75 1.06 1.47 0.90 3
B 0.38 0.42 0.56 0.60 0.64 0.67 0.67 8
e M 0.49 0.58 0.65 0.59 0.84 0.89 0.89 4
F i 0.87 0.86 1.06 0.97 0.95 0.87 1.59 1
EiR ) 0.66 0.91 0.75 0.86 0.83 1.12 0.89 4

2.2 PR DUR & HEEASRORE 2 22 4k

A8 DL R A LA ) A 28 R0CR 1) Malmquist $850CH 3 i ik 3 B, 45 R Wk, 2001—2015 4F 4% Jift
BB EA BRI R (TFP) KT 1, KN 9.9% , I 451 B A BAHCRAREUS T —E ik,
{EAFEAR T THR B /)N s Malmquist $8 8045 5 R | BRT ELUR IR A AT, LR B BERBOR FH AR s Rk
BRI R IS b 8BRS HARM D LR R K, RUFHKE TFP KB A
WEBRIEN, NSTEAKE, %J’J:ﬁiajﬁ IR AT SRR TR IR BT S 5 I /R b X 4B 3R A
PR R, HNFR 2 Al LIAE ), 5 073K FUIA BRI FVA L 8 s e VR R i IX A A 28808 L T i 2
K, 43I 2001 $E<Ja€9u(o 09) JHH1% 7@(0.14)Lﬂ§ 2015 4F M55 =A07.(0.9) 55 1 £7(1.59) FIEf 2
£7(0.96) o HH LS 13R FLIKE /R IE FAIB TR LR G BORBOR A 1,96, 37 5 T AWML B i hr /R SR #E DGR
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Fig.1 The ecological efficiency of grass and husbandry of counties in 2001 and 2015
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Fig.2 The average ecological efficiency of counties in Hunlunbuir
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AR 7 ,2001—2015 4[], RPAS DLU/R 4 e EL Sl AR S ROR B AR 2 i 3 BT a3 R4 22 1k
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Horr 2001 45, B ELR BE AT AR A0 A= (0.58) , B8 773K FLIR BRI F IR TE AR AR (0.09) 52005—2015 484 43
FEBY B, A S ROR AR B B 1 T3 450 B (R 2 (E B b T A S RORAE PR IR A,

P=
S

2.3 WRAR LR A HEEL AR SRR R R 3 20

AHIEFER ] Toblit [0 341 AR 2GRS DR R AR FHALER (36 5)  BERLE T 1% W3 VEAa 4, S W1
AU G FRERSF . AU AL R KKl 1 19 19 5 R IR X T R A B 4 R3S
B B BURAE AT A IR i 1T 5% 19 0 35 PEAGER: , SR A e 2R 0 97, SR A AR BE 3 et A2 25
PRI HAT — 52 W T IS0 A OGS A SR B AR BE i e AR T3 P s Qe i, B sl e &
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Table 3 The average Malmquist index and decomposition of counties in Hunlunbuir from 2001—2015
\ A HRRE ik o i ST L
e e mes SRR mwer o SUECE
County Pure efficiency Scale efficiency .
change change productivity
By 2 i 1.056 1.064 1.042 1.013 1.123
R LR R 1.000 1.036 1.000 1.000 1.036
SRR SO A VA T 1.059 1.076 1.030 1.028 1.139
TRIRIX. 1.017 1.103 1.013 1.004 1.122
APy IRIN 719 JE Ry 1.096 1.052 1.071 1.023 1.153
HrEUR R AT I 1.032 1.064 1.005 1.027 1.099
R R e 0.984 1.064 1.000 0.984 1.048
Fyeali 1.039 1.045 1.021 1.017 1.085
L= 1.020 1.068 1.017 1.003 1.090
YIH Average 1.033 1.063 1.022 1.011 1.099
F4 HEIUREEESEETH Malmquist 355 % 5%
Table 4 The average Malmquist index and decomposition of Hulunbuir counties in each year
) SRR HoA e AR ML ERRLE
Year Efficiency change Technical change Pure efficiency Scale efficiency
productivity
2001—2002 1.197 0.681 1.057 1.132 0.815
2002—2003 1.006 1.194 0.989 1.018 1.202
2003—2004 1.130 1.329 1.139 0.992 1.501
2004—2005 1.075 1.059 1.035 1.039 1.139
2005—2006 1.038 1.030 1.040 0.998 1.069
2006—2007 0.945 1.266 0.989 0.956 1.197
2007—2008 0.931 1.150 0.958 0.971 1.070
2008—2009 1.149 0.813 1.072 1.072 0.934
2009—2010 1.001 1.235 1.011 0.990 1.236
2010—2011 1.025 1.092 1.003 1.021 1.119
2011—2012 0.893 1.311 0.943 0.947 1.171
2012—2013 1.135 0.932 1.066 1.065 1.057
2013—2014 1.002 1.025 0.997 1.005 1.027
2014—2015 0.988 1.005 1.023 0.966 0.993
YI{H Average 1.033 1.063 1.022 1.011 1.099
&5 Tobit A MIFLFER
Table 5 The regression results of Tobit model
K (In ABECR) N4 briftiR 22 T {H P{H 95%
Factors Coefficient Standard Error T value P value Conf.Interval
FAXTIEE Relative humidity -0.011*" 0.005 -2.12 0.036 [-0.020,-0.001 ]
R 7K 4t Precipitation 0.001 *** 0.000 4.60 0.000 [0.000,0.001 ]
§W\|[{ftﬁl‘[ﬁi . 0.001 0.000 1.04 0.302 [-0.000,0.001 ]
The proportion of animal husbandry output value
%%jﬂ)@g}\u Hﬁi . -0.002*** 0.001 -2.33 0.022 [ -0.003,0.000]
The population proportion of livestock husbandry
TEE A Forage-Livestock balance 0.198 *** 0.049 4.02 0.000 [0.100,0.294 ]
BB B Returning grazing land to grassland 0.354 """ 0.035 10.02 0.000 [0.284,0.424 ]
PEFR AR Livestock mumber -7.30x107%* 3.72x1078 -1.96 0.052 [-1.47x10-7,5.41x1077 ]
W BT Constant term 0.790 0.318 2.48 0.014 [0.161,1.420]
+J5& LRchi2(7) Chi-square value 140.75
I EM Prob>chi2Significant 0.000

w o owow ok ow o PRIRIRIEIT 109% 5% (1% T35 MR
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