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Abstract By introducing development situation of specialized cooperatives and vegetable specialized cooperatives in China, this paper dis-

cussed existing problems in the process of development of China’s vegetable specialized cooperatives. Then, it made efficiency evaluation on

typical vegetable specialized cooperatives in 3 districts of Chongqing Municipality by the DEA method. Considering traditional DEA model has

drawbacks, it introduced super efficiency DEA model to make complete identification and ordering of cooperatives. On this basis, it divided ef-

ficiency value into pure technical efficiency and scale efficiency, and classified cooperatives into 4 categories according to efficiency characteris-

tics of non-complete effective cooperatives. Finally, it came up with recommendations and countermeasures for improving efficiency of special-

ized cooperatives from raising technical level and increasing members of specialized cooperatives.
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With the development of China’s rural cooperative economy, espe-

cially the implementation of the Law of the People’s Republic of

China on Farmers’ Specialized Cooperatives, cooperatives receive
considerable development. No. 1 document of central government
of 2013 also stresses energetic development of new farmers’ spe-
cialized cooperatives in various forms. As an essential part of rural
economic development, the vegetable specialized cooperative ori-
ented towards production, operation and processing of vegetables
grows up strong and sturdy. Through voluntary cooperation of
farmers, vegetable planting farmers can earn higher income and
more profits through cooperatives. However, with the development
of vegetable cooperatives and extension of industrial chain, vegeta-
ble specialized cooperatives are polarized, and some cooperatives
are low in operating efficiency. Thus, it is necessary to make
proper evaluation and analysis on efficiency of cooperatives and
come up with pertinent measures according to development direc-
tion and expansion strategies of vegetable specialized cooperatives.

In both quantity and scale, cooperatives gradually grow and
realize large-scale expansion. Meanwhile, some cooperatives have
such problems as small scale, nonstandard development, loose
management, and low efficiency in the process of development.
Compared with other types of rural economic organizations inclu-
ding companies, associations, and farms, vegetable specialized

cooperatives have problems of short time development and varied
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development level, so they need strengthen their competitive pow-
er and raise operating efficiency. In this study, we firstly intro-
duced the Data Envelopment Analysis (DEA) efficiency analysis
and super efficiency analysis model. On the basis of collecting and
arranging related data of cooperatives in Chongqing Municipality,
we analyzed and ranked efficiency of vegetable specialized cooper-
atives. Then, we divided efficiency into pure technical efficiency
and scale efficiency, and came up with corresponding improve-
ment measures from the perspective of different types of efficiency
in line with characteristics of different types of vegetable special-

ized cooperatives.

1 Study methods
The DEA method is a nonparametric method in operations research
and economics using Pareto optimal frontier to estimate efficiency.
Compared with other subjective evaluation methods, DEA features
that evaluation results free from influence of indicator measuring
unit, weight coefficient of evaluation model obtained through opti-
mization, and avoiding artificial set ( Charnes et al. 1978). Com-
pared with other efficiency evaluation methods, DEA method
adopts mathematical planning model, and can realize processing of
multiple input and output variables for Decision Making Units
(DMU).

1.1 Traditional DEA model

efficiency. Its basic thought is to make comprehensive analysis on

DEA method is based on relative

ratio of input to output of all samples. It conducts evaluation and
calculation taking DMU input and output indicators, determines
effective production frontier, judges if DMU is effective according
to the distance of DMU to effective production frontier, and deter-
mines efficiency values of each DMU.

In 1978, A. Charnes, Cooper and Rhoes introduced a most
common DEA model (referred to as CCR model). With the aid of

CCR model, it is able to make analysis of efficiency, scale income
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and projection analysis on DMUs. Since traditional DEA method is
a comparatively mature method, we make no further discussion.
The details can be found in Coelli T. et. al (1998).

Besides, calculation of CCR model is based on no change of

returns to scale. A. Charnes (1985) introduced BCC model for
evaluating effectiveness of technical efficiency, calculating pure
technical efficiency and scale efficiency of DMUs. And their rela-
tionship is technical efficiency = pure technical efficiency *
scale efficiency.
1.2 Super efficiency DEA model A drawback of traditional
DEA model is its failure to effectively distinguish difference of
DMUs. In other words, the efficiency value of all effective DMUs
is 1. In this situation, it is impossible to make further evaluation.
To overcome this drawback, Andersen and Petersen (1993) put
forward DEA super efficiency model, which can effectively com-
pare efficiency of all DMUs, to make complete order ranking of
DMUs. Its linear programming model is as follows:

minf
é]XMA +s =6X,
<k,
é}xk)”, —sT =X
k#k,
A=0,k=1,2, - n
s7=0,s5 =0

where n is number of DMUs, X, = (%, x5, -

t

, x,,) 1s input
variable, m is number of input variables, Y, = (y,,, vu, =, ¥4) »
and s is number of output variables.

The above formula is the super efficiency model in CCR mod-
el. Compared with traditional DEA model, the super efficiency
model features replacing the input and output combination of the
DMU with the input and output combination of other DMUs, ex-

cluding itself, and adding the constraint k£ #k,. In BCC model,

the super efficiency model means addition of the constraint 3\, =
i=1

0 in the above linear programming model.

2 Empirical analysis

Empirical data in this study come from cooperatives participating
in application of cooperative project in Chongging Municipality in
2010 — 2011. These cooperatives are typical cooperatives in dis-
tricts of Chongqing Municipality, and the data source is accurate

and intact. Among a total of 95 cooperatives, 30 are vegetable

Table 1 Descriptive statistics of input and output of cooperatives

specialized cooperatives. In the process of project evaluation, we
need evaluating cooperatives, select carriers that can efficiently
implement and realize project objectives, i. e. efficient coopera-
tives, to make input resources of the project effectively used. Dif-
ferent from traditional expert subjective selection or setting weight
level scoring, DEA method can help us select cooperatives with
higher efficiency in scientific, objective and reasonable evaluation
manner.

Therefore, using DEA method, the selected cooperatives
have higher executing ability and production efficiency, use re-
sources in a better way, and develop into higher cooperatives. In
addition, through efficiency comparison and analysis, it is able to
obtain difference in efficiency of cooperatives in different districts
of Chongqing Municipality. Through analyzing the slack variable
and making efficiency decomposition, it is favorable for those co-
operatives with lower efficiency to seek approaches to raise effi-
ciency. Furthermore, these cooperatives represent development
level of typical cooperatives in Chongqing Municipality. Taking
cooperatives of Chongging Municipality as the example will be of
certain guiding significance to development of cooperatives in
western regions or even in the whole country.
2.1 Definition of input and output variables For efficiency
evaluation, the first step is to select proper input and output varia-
bles. With reference to selection of input and output indicators by
Fu Yuzhi (2011) and Ariyaratne et al. (2000) and Galdeano —
Gomez (2008), we took number of cooperative members, total
amount of assets, and area of the base as input variables of coop-
eratives. Number of cooperative members is personnel input of co-
operatives, total amount of assets is financial input of coopera-
tives, and area of the base is the material input of cooperatives.
These three indicators comprehensively reflect comprehensive in-
put of personnel, finance and material of cooperatives.

Output performance of cooperatives not only includes direct
economic efficiency of cooperatives. Zhao Jiarong (2010) stated
that cooperatives also undertake corresponding social responsibili-
ties, especially important responsibility of guiding farmers to get
rich. Therefore, in economic performance indicators, we used an-
nual sales income and annual net profit to reflect economic scale
and operating performance of cooperatives. We used number of
farmers promoted and increase of farmers’ net income to reflect so-
cial performance of cooperatives. Descriptive statistics of variables
are listed in Table 1.

Input Output
Total amount of Numbel'-of Annual sales . Number of . Increase 5
cooperative Area of base . Annual net profit farmers in farmers
assets income B .
100 Y members Mu 100 Y 10" Yuan promoted net income
uan People uan Household 10* Yuan
Average 491.86 340.33 3348.93 515.57 70.25 1127.63 585.88
Max. 548.87 453.97 5835.29 1 086.83 139.29 2 806.08 1 000.40
Min. 25.90 14.00 14.99 3.08 1.70 50.00 0.79
Standard deviation 1775.93 1 521.00 26 000. 00 5 762.00 747.40 15 000.00 5 000. 00
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2.2 Analysis of efficiency results Through calculation of DEA
efficiency and super efficiency of vegetable specialized coopera-
tives in Chongqing Municipality, and division of " one-hour eco-

nomic circle" and "two wings" , we divided Chongging Municipal-

ity into one-house economic circle, southeastern and western
Chongqing regions. We obtained efficiency values of vegetable
specialized cooperatives in different regions of Chongqing Munici-

pality, as listed in Table 2.

Table 2 Technical efficiency and super efficiency of cooperatives in different regions of Chongqing Municipality

Ordinary DEA

Super efficiency DEA

Regions Code ?f Technical Pure technical Scale Technical Pure technical Scale
cooperatives - _— S - _— -
efficiency efficiency fficiency efficiency efficiency efficiency
Region 1 1 1 1 1 1.794 4.938 0.363
2 0.758 0.843 0.9 0.758 0.843 0.9
4 1 1 1 1.482 1.557 0.952
8 0.258 0.641 0.402 0.258 0.641 0.402
10 0.809 0.898 0.901 0.809 0.898 0.901
12 0.897 1 0.897 0.897 1.275 0.704
19 1 1 1 2.896 3.099 0.934
22 0.335 0.444 0.754 0.335 0.444 0.754
23 0.512 0.722 0.709 0.512 0.722 0.709
24 1 1 1 9.488 9.744 0.974
25 0.529 0.589 0.898 0.529 0.589 0.898
28 0.218 1 0.218 0.218 1.111 0.196
Average 0.693 0.845 0.807 1.665 2.155 0.724
Region 2 5 0.478 1 0.478 0.478 2.335 0.205
9 1 1 1 1.819 1.959 0.929
11 0.289 0.435 0. 664 0.289 0.435 0.664
13 1 1 1 5.472 6.391 0.856
14 0.206 0.21 0.983 0.206 0.21 0.983
18 0.44 0.47 0.937 0.44 0.47 0.937
21 0.205 0.485 0.423 0.205 0.485 0.423
29 0.267 0.389 0.685 0.267 0.389 0.685
30 0.486 0.506 0.961 0.486 0.506 0.961
Average 0.486 0.611 0.792 1.073 1.464 0.738
Region 3 3 0.398 0.423 0.939 0.398 0.423 0.939
6 0.284 0.296 0.96 0.284 0.296 0.96
7 0.145 0.202 0.717 0.145 0.202 0.717
15 0.595 0.655 0.908 0.595 0.655 0.908
16 0.5% 0.639 0.93 0.59%4 0.639 0.93
17 0.164 0.219 0.751 0.164 0.219 0.751
20 1 1 1 8.054 1 8.054
26 0.131 0.174 0.756 0.131 0.174 0.756
27 1 1 1 1.059 3.504 0.302
Average 0.479 0.512 0.885 1.269 0.79 1.591
Overall average 0.534 0.637 0.77 1.291 1.463 0.911

Note: region 1 is one-hour economic circle, region 2 is northeastern region of Chongqing Municipality, and region 3 is southeastern region of Chongging Municipality.

From Table 2, we can know that in the total 30 vegetable
specialized cooperatives, there are 12 cooperatives in one-hour
economic circle, and 9 cooperatives separately in other two re-
gions. This is basically consistent with economic development lev-
el of Chongging Municipality. In the distribution of efficiency val-
ue, the efficiency of cooperatives in region 1 is obviously higher
than that in other two regions. The average efficiency of region 3 is
slightly higher than that of region 2. However, ordinary DEA mod-
el fails to distinguish 8 cooperatives that are effective DMUs. In
this situation, we used the super efficiency model to further distin-
guish all effective DMUs. It can be seen that No. 24 cooperative in
region 1 has the highest efficiency in all 30 cooperatives, and has
the greatest difference with No. 27 cooperative in traditional DEA
model. Therefore, the super efficiency model provides further
analysis tool for identifying efficiency of cooperatives, and increa-
ses accuracy of evaluation.

From the perspective of decomposition of technical efficiency
values, in ordinary DEA model, pure technical efficiency and
scale efficiency of region 1 are higher, while overall efficiency of

region 3 is lower than region 2 because pure technical efficiency of
region 3 is relatively low. In super efficiency model, since it
makes further division of effective DMUs, it can be seen that high
overall efficiency of region 1 gives the credit to high pure technical
efficiency, and scale efficiency of region 1 is lower region 2. Be-
sides, cooperatives in region 3 have larger scale, but their pure
technical efficiency lags behind other two regions.
2.3 Analysis on pure technical efficiency and scale efficiency
Through analysis on efficiency of cooperatives in all regions, we
further used BCC based DEA model and divided efficiency values
into pure technical efficiency and scale efficiency, to analyze rea-
sons for difference in efficiency values of different cooperatives and
obtain efficiency increase and improvement direction of various co-
operatives. Excluding 8 cooperatives in production frontier, we
took pure technical efficiency as axis of abscissa and allocation ef-
ficiency as axis of coordinate, average value 0. 637 of pure techni-
cal efficiency and average value 0. 770 of allocation efficiency to
make division, and divided 22 vegetable specialized cooperatives
in non-production frontier into 4 intervals, as shown in Fig. 1.
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Fig.1 Distribution of pure technical efficiency and scale efficien-
cy of vegetable specialized cooperatives

For 5 cooperatives in region I, both pure technical efficiency
and allocation efficiency are high. Compared with completely ef-
fective cooperatives, these cooperatives need make little improve-
ment and may introduce advanced planting technology or adjust
scale. For 6 cooperatives in region II, their pure technical effi-
ciency is low, but their scale efficiency is high. These coopera-
tives should introduce pertinent production technologies, provide
training services for cooperative members in vegetable planting,
and introduce fine variety cultivation, to improve technical effi-
ciency. For 7 cooperatives in region III, both pure technical effi-
ciency and scale efficiency are low. Firstly, cooperatives should
popularize planting technology with the support of government and
other organizations. Besides, they should make effort to attract
farmers to join in their cooperatives. For 4 enterprises in region
IV, the pure technical efficiency is high and scale efficiency is
low. To increase overall efficiency, these cooperatives should ex-
pand their scale, realize large-scale operation, reduce costs, and
increase efficiency.

3 Conclusions and recommendations
Using DEA method and traditional and super efficiency DEA mod-
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els, we analyzed efficiency values of vegetable specialized cooper-
atives. According to regional division of Chongging Municipality,
we compared efficiency of cooperatives in three regions. Overall
technical efficiency, pure technical efficiency and scale efficiency
of three regions take on different characteristics, but the overall
trend is consistent with local economic development. At the same
time, it can be concluded that the super efficiency DEA model can
identify and rank order of effective DMUs, so as to make more ac-
curate evaluation on efficiency of cooperatives.

On this basis, it can provide path for judging and analyzing
efficiency of cooperatives. We made decomposition of technical ef-
ficiency, classified cooperatives with incomplete efficiency, and
divided those cooperatives into 4 categories using distribution of
pure technical efficiency and scale efficiency. Finally, in line with
efficiency distribution of 4 categories of cooperatives, we came up
with pertinent measures and recommendations, to point out direc-
tion for incomplete effective cooperatives transforming into com-

plete effective cooperatives.
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