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Table 2 Apple total factor productivity index and its components

o EEHELR AT B AT
Vear Take account of environmental factors Take no account of environmental factors
Malmquist-Luenberger MLEFFCH MLTECH Malmquist MEFFCH MTECH

1994—1995 1.082 1.041 1.031 1.134 1.093 1.037
1995—1996 1.109 1.019 0.969 1.118 0.961 1.163
1996—1997 1.063 1.054 1.010 1.113 1.147 0.970
1997—1998 1.118 0.769 1.444 1.071 0.775 1.381
1998 —1999 1.021 1.200 0.859 1.099 1.207 0.910
1999—2000 1.010 0.978 1.060 1.047 0.979 1.070
2000—2001 0.997 1.030 0.983 1.014 1.034 0.981
2001—2002 1.040 0.964 1.095 1.076 0.907 1.186
2002—2003 1.027 1.029 1.020 1.077 1.084 0.993
2003—2004 1.123 1.010 1.139 1.118 0.973 1.150
2004—2005 1.016 0.993 1.068 1.097 1.004 1.093
2005—2006 1.017 0.950 1.107 1.029 0.887 1.160
2006—2007 1.028 0.960 1.072 1.060 0.982 1.080
2007—2008 1.019 1.123 0.910 0.920 1.225 0.751
2008—2009 1.037 0.984 1.037 1.123 1.012 1.110
2009—2010 1.013 0.999 0.999 0.998 1.003 0.995
2010—2011 1.026 1.034 0.984 1.051 1.041 1.010
2011—2012 1.038 0.995 1.054 1.063 1.029 1.034
2012—2013 0.971 1.000 1.000 0.996 1.022 0.975

FHIME 1.049 1.007 1.044 1.075 1.019 1.055

7 : Malmgquist-Luenbergers MLEFFCH J MLTECH 43 |37 5 FE R BE 20 o R 3 RS g AR P 8 | HOR R R BAR B %, 1 Malmquists MEFFCH & MTECH
I3 MR AT JEI AR A R A TR A 7 2 HORFE R AR Z, R IBHAEUE R T 1 OMNT 1D R eBRA MK CRED |« SRS CE
> MEARE GEE) , TR,

Note: Malmquist-Luenberger, MLEFFCH and MLTECH represent Malmquist-Luenberger index, Malmquist-Luenberger efficiency change and Malmquist-Luenberger
technical change when take account of environmental factors respectively, and Malmquist, MEFFCH and MTECH represent Malmquist index, Malmquist efficiency
change and Malmquist technical change when take no account of environmental factors respectively; when their value is greater than 1 (less than 1) respectively, that
means increase (decrease) of total factor productivity, improve (worse) of technical efficiency and progress (retrogress) of technology, the same below.

3.2 #HIRERSH BRI RAR RER PPIRAS, Rk, ASGHE
FRRT VRS ERATRSERIART B 19942013 SERERINERAEER A R AL RN
BIRER PR ERA R AP, TSRS BIOR RIS A Pras B A R A (R 3) .

&3 1994—2013 FHFRIFER Malmquist $5EF1 Malmquist-Luenberger 352 F15{E
Table 3 Malmquist index and Malmquist-Luenberger index on apple industry from 1994 to 2013

AHEIELH F IR L0 AN SRR LR EE28 RSP
P Tgke no account of Take account of HE2 A5 3 Bh Tgke no account of Take account of He 4 A5 5
. environmental factors environmental factors . . environmental factors environmental factors .
Province - Ranking Province - Ranking
Malmquist 4 Malmquist- S Malmquist He4 Malmquist- He44
q Rank Luenberger Rank q Rank Luenberger Rank
[k 7 1.060 7 1.030 11 -4 pa i 1.056 8 1.035 8 0
7R 1.070 4 1.130 1 3 =M 1.037 13 1.012 16 -3
HR 1.028 16 1.021 13 3 TH 1.077 2 1.051 5 3
b 1.067 5 1.031 9 -4 L5 1.045 11 1.042 7 4
SUSN 1.052 10 1.042 6 4 2R 1.084 1 1.071 2 -1
thg 1.063 6 1.065 4 2 NEEa 1.055 9 1.018 14 -5
Jbxt 1.028 15 1.031 10 5 ol 1.021 16 1.009 17 -4
RE 1.015 17 1.016 15 2 Hif 0.982 18 0.992 18 0
R 1.074 3 1.069 3 0 b/l 1.043 12 1.023 12 0
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AU, TARBHIEE (L%, 25 Jo. R
RS SR R 5 PR A

4 EREBIJEFRZTESH

Fp ]S SR A R AR PR R AE 1994 —2013 4E[A] & B A7
ERING, FTEH—DHIT. AIEH Moran’s T 15515
IR ES 29 R A B R AR PR AR ) A SR e s W) B A OR
,I»ij&/ffi;ﬁ/ﬁ[ﬂi%%o
4.1 EREEFZFAFEEWTEBEEXN

SER A B AR PR R A (0] HAH SR T S R LK 4
BARKE, 1994—2013 4 [E 3 R A B A = 2 1) 2 (]
H A G 2GRS, B 1994 4E117-0.304 34 m 2
2003 F9-0.018, Z JE4kEEHGMIAZE] 2012 41 0.110,
XRPEREBEREROMBEERN R 2R DHRS
P BARRUE, BERA RN B AR 1994—
2013 SEME ) T BN PR IG K &% Moran’s T T2 4
1994 4FE11-0.304 2254 1999 £E (] 0.155, Z J5 ££—0.203~
0.160 Z [Al/NEWS; 2010—2013 4, Moran’s I 55035
NIEAE, HAE 0.073~0.319 Z (B3T3, &L H] 2012
EHY0.110, X U0 RH BARSE S AR PR AR 1 AR PR ER I A
Moran’s 1 SEEU/EREAR BN A /DRSS, (2SRRI
k.

T4 FERLEZHEFTERMPLSIE Moran’s I IEHRIELER
Table 4 Results of global Moran’s I index of apple total factor productivity

deviation deviation

1994—1995 -0.304 0.154 -1.596 0.055 2004—2005 -0.018 0.147 -0.280 0.390
1995—1996 0.086 0.143 1.007 0.157 2005—2006 -0.089 0.134 -0.223 0.412
1996—1997 -0.279 0.151 -1.458 0.072 2006—2007 0.160 0.124 1.756 0.040
1997—1998 -0.085 0.151 -0.175 0.431 2007—2008 -0.203 0.133 -1.084 0.139
1998—1999 -0.172 0.128 -0.884 0.188 2008—2009 -0.113 0.145 -0.373 0.355
1999—2000 0.155 0.134 1.593 0.056 2009—2010 -0.029 0.123 -0.243 0.404
2000—2001 -0.050 0.146 0.063 0.475 2010—2011 0.319 0.147 2.577 0.005
2001—2002 -0.189 0.141 -0.92 0.179 2011—2012 0.073 0.145 0913 0.181
2002—2003 -0.188 0.139 -0.93 0.176 2012—2013 0.110 0.146 1.161 0.123
2003 —2004 -0.018 0.138 0.297 0.383

#: Moran’s 1 2 M 75 [B] b 201 5 4 B3R AR 7 2R 1) 5 ) 4 SR AR AIE o

Note: Moran’s I show the spatial concentration of apple total factor productivity.

F 4 PRYAIR Moran’s T TR B /R T B E 1 R 48
FAE R R By 35 025 ) A O, {H A
Moran’s 1 ¥8807C15 27~ ELARGIRAN X 45 H B A 77 28 1 25 1]
R, ToVEZIE g kA 2 (8] 5 A DG OC RIFFIE, Rk, &
B — DR U0 S A B AR P AR S I A B A DG
4.2 ¥RSEZRETRFBIYTEIBEXSH

FIH 2003—2004. 2012—2013 4F- ] Moran #5 &3k
7~ A8 S ) SR A R AR P AR ) R ) AR O,
IR - R X (high-high B, H-H %) | {R-K4EE
X (L-L#D (WFES

TE AR M () ] 39 S 4 B30 A 7 2R (1) 25 (1)

RIFRA T, ZHUR O3 R A B R A 7= R A 2 0] L A7
TEZE 5, HRIH IE WA JR48 723 18] 3 A5 O . 2003 —2004
B, 1E 18 ANSERAEFE LT Moran HUS B 1 RIR
PIBMA LR L9 R 2B, 5 16.67%, HRI &L
FERMA M e R A TaE (H-H 3D 5 T
F 3 RIRMABEHR. W =/, TR, SNAE
W, 1 33.33%, HRIUNIKAEF= A 0 BARA = 2R 1
B (L-L A ; A2 T2 2 RIRE A B, T
Jents RE. WEE b, 5 33.33%, HRIUVKAE
FER AR AR A TEE (L-HED 5 A T5
4 RIRMIB MDA, WAL EK, 5 16.67%, HEM
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Total factor productivity of appleindustry in China considering non-point
sour ce pollution and its spatial concentration analysis

Feng Xiaolong, Huo Xuexi™
(Center of Western Rural Development, Northwest A&F University, Yangling 712100, China)

Abstract: Apple industry has become a major industry of rural economy in most of the north region in China, which plays an
important role on the adjustment of agricultural structure, the increase of farmer’s income and the export. But overall, the
development of apple industry still has belonged to the traditional production style depending on fertilizer and pesticide; on
one side it has brought high economic benefits for farmers, and on the other side it has been the main reason to agricultural
non-point source pollution. There is no doubt that this production style has exacerbated the contradiction between the
development of apple industry and the ecological environment in China. Therefore, in order to achieve the sustainable
development of apple industry, the transformation of the development mode of apple industry, the improvement of resource
use efficiency and the effective control of non-point source pollution in apple production should be taken into account urgently.
And to achieve these goals are closely dependent on the contribution of apple total factor productivity to industry development,
the reasonable estimation of apple total factor productivity, and thus the guide of the correct policy. Using the unit
investigation and evaluation model, this paper calculates the non-point source pollution from apple industry, which is taken as
non-ideal output and integrated into the model of total factor productivity, then analyzes the total factor productivity of apple
industry under the constraint of environment of 21 provinces in China from 1994 to 2013 by applying the
Malmquist-Luenberger productivity index, and finally tests the spatial autocorrelation of total factor productivity of apple
industry by using Moran’s index. The results show as follows: 1) Apple total factor productivity index under the constraint of
environment is lower than that without this constraint, implying that environment pollution has obvious negative effects on
apple productivity in China, and the development of apple industry presents extensive growth at the expense of polluting
environment; at the same time the Malmquist index overestimates the contribution of technical efficiency and technical
progress rate to apple total factor productivity. 2) Apple total factor productivities in different regions have obvious difference.
Specifically, the growth rate of “good” output in Shaanxi, Ningxia, Yunnan and Guizhou is lower than the decreasing rate of
“bad” output, and conversely the growth rate of “good” output in Shandong, Liaoning, Beijing and Tianjin is higher than the
decreasing rate of “bad” output, which means the development of apple industry in the central and western China does not
coordinate with environment, and conversely the development of apple industry in eastern region is in harmony with the
environment. 3) Apple total factor productivity under the constraint of environment shows the significantly positive spatial
correlation in both global and local level, but spatial association types of total factor productivity in different provinces during
the sample period change obviously. Apple total factor productivity in specific provinces presents the spatial distribution
characteristics of high-high aggregation, which takes Shaanxi, Gansu and Shanxi as the center. These results suggest that the
government should strengthen the research and promote the environmentally-friendly technology related to apple production
like soil-testing formula technology; the governments of different provinces should formulate the environmental management
policy related to apple industry based on local conditions, and promote the development of apple industry in harmony with the
environment. For instance, the western regions should draw lessons from the eastern coastal areas about apple’s advanced
production technology, improve the utilization rate of fertilizer, and reduce the gap between regions; different apple production
provinces should strengthen the cooperation, pay more attention to and use the spatial spillover effect of apple total factor
productivity, and then enhance driving force and radial force of apple total factor productivity of high-high aggregation areas.
Key words: productivity; pollution; autocorrelation; unit investigation and evaluation method
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