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INTRODUCTION

Corn is one of the staple grain crops in China, grow-
ing from Heilongjiang in the northeast to Hainan in the 
south.  Since the 1980s, with the economic development, 
although direct food demands have decreased, corn is 
increasingly needed in forage and food processing indus-
tries.  As one of the 13 main grain–growing provinces in 
China, Hebei accounts for 8.69 percent of yields and 9.51 
percent of sown areas in China’s corn production of 
2008, ranked the 5th and 4th respectively.  However, the 
average output was 338.41 kg per mu, less than the 
national mean of 370.38 kg per mu and ranked 17th 
amongst 31 provincial regions (China Statistical 
Yearbook, 2009).  As Meng J., (2010) concluded, Hebei 
is advantageous in the scale of corn production, but dis-
advantageous in technical efficiency.

On the measurement of agricultural production effi-
ciency, the literature can be divided into two categories.  
Meng L. et al. (2004), Hu et al. (2006) and Daniel et al. 
(2010), took different regions as the Decision Making 
Units (DMUs), while many other researchers set their 
DMUs to individual farms, including Zhuo et al. (2009), 
Bhima et al. (2010), etc.  In the five–level hierarchy of 
Chinese administrative system, county is the lowest level 

having complete government divisions and economic 
industries.  Moreover, the government identifies the 
state of agricultural development and allocates funds in 
units of counties.  Therefore, this study intends to meas-
ure corn production efficiency from the DMUs of differ-
ent counties in Hebei Province, China.  

Since the pioneering work of Farrell (1957), a con-
siderable literature has devoted to the estimation of effi-
ciency.  Generally, they can be categorized into two 
approaches: the parametric functions symbolized by 
Stochastic Frontier Production (SFP) (Aigner et al., 
1977), and the nonparametric Data Envelopment 
Analysis (DEA) (Charnes et al., 1978).  Both methods 
estimate the efficiency frontier, which it is considered as 
the best performance observed among the firms, and 
calculate relative efficiency of the other firms.  The main 
strengths of the SFP are that it deals with stochastic 
noise and permits statistical tests of hypotheses pertain-
ing to production structure and degree of inefficiency.  
Meanwhile, the requirement of specified forms for the 
frontier production function is the main weakness of this 
approach.  In contrast, using linear programming to con-
struct a piece–wise frontier that envelops observations 
of all firms, DEA embraces the advantage that multiple 
inputs and outputs can be considered simultaneously, 
and they can even be quantified in different units of 
measurement.  Moreover, this approach avoids the para-
metric specification of technology and the distributional 
assumption for the inefficiency terms, and it does not 
claim the weights on different inputs and outputs as well 
(Coelli et al., 2005).

In the field of agricultural production, many 
resources are used, including land, labor, fertilizer, 
water, etc, thus needs a multiple–input quantitative 
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This study measures the production efficiency of corn in Hebei Province, China, basing on an input–
oriented DEA model with the assumption of Variable Return to Scale (VRS).  In this framework, 2 outputs 
and 6 inputs are included, based on the agricultural product survey conducted by Price and Cost Inspection 
Bureau of Hebei in 2008.  The 44 counties sampled are treated as the Decision Making Units (DMUs).  The 
result shows that, 22 counties are fully efficient and in the status of constant returns to scale; in 7 counties, 
production efficiency can only be improved through adjusting the farming scales; in the rest 15 counties, 
production efficiency can be improved through either reducing the inputs or compressing the farming 
scales.  Slack analysis of outputs shows that comparing with technical improvement, much more margin lies 
in the socio–economic optimization.  Meanwhile, the liquid inputs are similar in the efficient and inefficient 
counties, with less slack and radial movements; large differences, slack and radial movements exist amongst 
inputs connecting with the construction of agricultural infrastructure.  Furthermore, production efficiency 
in corn and wheat are compared with the adoption of Crosstabs Analysis.  Finally, policy implications are 
put forward, concerning the adjustment of farming scales, marketing facilitation thus improve the added 
value, construction of irrigating infrastructure and agricultural mechanization.
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model to measure the efficiency.  From the perspective 
of outputs, a variety of variables can be adopted to meas-
ure not only the physical yield but also the market value.  
All input and output variables are probably in different 
units, without any parameters can be assumed accu-
rately.  Therefore, we will measure the production effi-
ciency of corn using an input–oriented DEA model with 
the assumption of VRS1.  As in many instances, the 
choice of orientation has only a minor influence upon the 
scores obtained.  Essentially, one should select the ori-
entation according to which quantities (inputs or out-
puts) the managers have most control over (Coelli et 
al., 2005).  In agricultural production, what most of the 
famers can really control would be the quantity of 
inputs, rather than the outputs.  Meanwhile, natural and 
marketing risks, government regulations, constraints on 
finance, etc., may cause a farm cannot operate at opti-
mal scale.

In this study, we intend to fulfill the following tar-
gets: 1) formulating a DEA model appropriate to analyze 
corn production efficiency taking Chinese counties as 
the DMUs, 2) revealing the overall attributes of corn pro-
duction efficiency, 3) finding out the theoretical margin 
for the increasing of each output and saving of inputs in 
the sampled counties of Hebei Province, 4) and putting 
forward policy recommendations.

VARIABLES AND DATA SPECIFICATION

Defining the variables
Considering the realities of agricultural production 

in the sampled counties, combining with the mechanism 
of DEA and referring to the previous researches, the 
study intends to specify a model consisting of 2 outputs 
and 6 inputs, to measure the corn production efficiency 
(Table 1).

Output variables For most of the farmers, agricul-
tural products including corn, wheat, etc, are not only 
indispensible food stuff, but also important sources of 
income.  Observing from a macroscopic view, efficient 
production of agricultural products is vital for food self–
sufficient and poses a foundation for the national econ-
omy as well.  For these reasons, two variables are 
included as outputs: Yields of main product refers to 
the net weight of raw corn in standard moisture con-
tent2.  This variable implicates the physical productivity, 
hence the capability of fulfilling the corn demand and 
guarantee food safety in each county.  Net profit is the 
balance of the gross profit minus costs of all the inputs 
revealing the profitability of corn production, deter-
mined by a variety of technical, marketing and political 
institutions.  Therefore, the greatest difference between 
the two output variables is that the former is a technical 
indicator, while the latter is a socio–economic one.

Input variables (1) Farming time is the standard 
days of laboring needed by corn production.  To calcu-
late this variable, the farming time of both family mem-
bers and hired labors should be standardized referring to 
a moderate labor3, and then divided by 8 hours.  (2) 
Land rent is monetary value of land inputted as a pro-
ductive element, including real rent of land circulated 
from individuals or the collectives, and theoretical rent 
of farmland allocated by the Household Contract 
Responsibility System.  (3) Physical amount of seeds 
used in corn production, including the bought, self–pro-
duced and donated for free, form the variable of Seeds 
here.  (4) Similarly, Fertilizer is the amount of fertilizer 
used in corn production, which has been standardized 
according to the contents of active principles4.  (5) 
Machine rent is the expenditure for the mechanical 
operations including plough, sowing, harvest, threshing 
and transportation.  (6) Irrigation cost includes the 

1 There are two orientations in DEA model, the input–oriented model seeks to reduce in inputs, with outputs hold constant, while the 
output–oriented model aims to increase outputs, with inputs keep fixed.  As to the assumption of return to scale, Constant Return to 
Scale (CRS) is appropriate when all firms are operating at an optimal scale, while Variable Return to Scale (VRS) without this limitation.

2 Standard moisture content is the percentage of water and varies in different regions.  In most of the cases, it is around 12–13 percent in 
Hebei province.

3 Moderate labors including: 1) 18–50 year old male and 18–45 year old female, able to adapt moderate labor intensity.  2) labors out of the 
age interval stipulated above, but can undertake equivalent labor intensity.  and 3) the employed labors.

4 For example, 50 kg of diammonium phosphate containing 18 percent of nitrogen and 46 percent of phosphorus pentoxide will be 
standardized as 32 kg (50kg×18%+50kg×46%).  The chelate fertilizers and bacterial manure need not be standardized.

Table 1.  Variables and the summary statistics of corn production efficiency

Variable Description of the variable Unit Max Min Mean Std. D C. V.

Output
y1 Yields of main Product kg/mu* 546.30 349.40 468.73 55.71 0.12

y2 Net profit yuan/mu 412.15 16.76 179.95 89.44 0.50

Input

x1 Farming time day/mu 10.11 3.50 6.48 1.49 0.23

x2 Land rent yuan/mu 141.67 46.67 100.70 22.08 0.22

x3 Seeds kg/mu 3.61 2.34 2.82 0.26 0.09

x4 Fertilizer kg/mu 31.30 9.74 17.42 5.04 0.29

x5 Machine rent yuan/mu 85.56 17.44 54.61 18.88 0.35

x6 Irrigation cost yuan/mu 55.89 0.00 18.79 13.10 0.70

Note: *as a main unit of land measurement in China, 1 mu=666.67m2.
Data source: agricultural product survey 2008, Price and Cost Inspection Bureau of Hebei
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expenditure for the rent of irrigating equipments, and 
the costs occurred in irrigating.

Sample and data
The data of inputs and outputs used in this study is 

gathered from the agricultural product survey, con-
ducted by Price and Cost Inspection Bureau of Hebei in 
2008.  As a branch of the national survey of China, the 
survey covered the staple agricultural products, includ-
ing wheat, rice, corn, cotton, pork, egg, and the charac-
teristic agricultural products like pear, date, apple, etc.  
The survey was conducted throughout almost 
1000 farms, distributing in 76 counties of all the 11 pre-
fectures in Hebei.  All the sampled farms are paid for 
keeping regular records of the inputs and outputs in the 
farming of each product.  In terms of corn production, 
44 counties of all the 11 prefectures of Hebei Province 
were sampled and the summary statistics are listed in 
Table 1.

EFFICIENCY ANALYSIS WITH DEA

The basic model
Being models to describe production efficiency, DEA 

includes a series of mathematical procedures using lin-
ear programming to construct a non–parametric frontier 
over the data, and efficiency measures are then calcu-
lated relative to this surface (Coelli et al., 2005).  
Charnes et al. (1978) proposed an input–orientated 
model with the assumption of CRS, which is being widely 
applied thereafter.  However, the CRS is appropriate 
when of all firm are operating at an optimal scale, which 
could be easily broken due to imperfect competition, 
government regulations, constraint on finance, etc 
(Coelli et al., 2005).  Banker et al. (1984) adopted the 
adjusted CRS model to account for the situations of VRS, 
by adding the constraint of I1’λ= 1 to provide:

Minθi

st.  – yi + Yλi >– 0,
θi xi – Xλi >– 0,        

(i = 1, 2, …, n)                   (1)
      I1’λi = 1
     λi >– 0,  0 

<– θi 
<– 1

where Y and X are the output and input matrices, while 
yi and xi are the outputs and inputs for the i–th firm, 
respectively. λi is an n×1 vector for each firm, and 
serves as a weight system to each firms and thus form a 
optimal combination of inputs and outputs (the fron-

tier).  Meanwhile, θi is a scalar for each firm, indicating 
the extent of xi been used to catch up the optimal com-
bination of inputs, and a value of one indicates a point 
on the frontier, and hence a technically efficient DMU 
(Farrell, 1957).  Moreover, I1 is an n×1 vector of ones, 
ensuring that sum of all the weights assigned to the 
benchmarking firms equal to 1, thus the fabricated 
benchmarks (the optimal combination of inputs and out-
puts) are similar in scale with the i–th firm (Coelli et al., 
2005).  The DEA model of equation (1) seeks to reduce 
the inputs as much as possible, relative to the empiri-
cally constructed identical and optimal combination of 
inputs and outputs (Maria P. et al., 2010).

Scale efficiency measures can be obtained for each 
firm by conducting both CRS and VRS DEA, and then 
decomposing the TE scores obtained from the CRS DEA 
(the total efficiency) into two components: one due to 
the scale inefficiency and one due to pure technical inef-
ficiency (i.e. VRS TE).  If there is a difference in the CRS 
and VRS, then it indicates the existence of scale ineffi-
ciency for a particular firm (Coelli et al., 2005).

Total, technical and scale efficiency
The efficiency summary provided by DEAP 2.1 

shows that, amongst the 44 counties, 22 counties are 
scored 1 in Total, Technical and Scale efficiency, thus 
being deemed as in the status of full efficiency and can 
be stand for benchmarks for the other inefficient coun-
ties.  For convenience of analysis, the 22 counties are 
defined as Type I in this study.  Furthermore, within the 
rest 22 counties with Total efficiency less than 1, 7 coun-
ties, referred as Type II, bear Technical efficiency equals 
to 1.  It indicates that in these counties, adjustment of 
any input will not change the output efficiency, thus 
adjusting the managerial scales is the only solution to 
improve production efficiency.  Meanwhile, there are 
still 15 counties, referred as Type III, have technical effi-
ciencies scoring less than 1 (Table 2).  It means that in 
these counties, with given managerial scale, production 
efficiency can still be improved through reducing some 
of the inputs.  In fact, it is an important objective and 
function of DEA model to identify and calculate quantity 
of inputs reduction for this kind of firms, as to be shown 
for the 15 Type III counties later in this study.

As the theoretical analysis above, all the 22 counties 
in Type I are in the status of constant returns to scale, 
while in Type II, 5 counties are in the status of increasing 
returns to scale and 2 counties are in the status of 
decreasing returns to scale.  In Type III, all the 15 coun-

Table 2.  Summary of corn production efficiency

Type
Number of 
counties

Means Number of counties with

Total efficiency Technical efficiency Scale efficiency crs irs drs

I 22 1.000 1.000 1.000 22 0 0

II 7 0.942 1.000 0.942 0 5 2

III 15 0.846 0.938 0.903 0 15 0
Total 44 0.938 0.979 0.959 22 20 2

Note: crs = constant returns to scale; irs = increasing returns to scale; drs = decreasing returns to scale

θi,λi
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ties are being increasing returns to scale.  Therefore, 
efficiencies of corn production can be improved by 
enlarging the managerial scales in 20 counties, while in 2 
counties by contraction.

Slack and radial analysis
Slack of output shows the margin that a firm can 

increase the output through the adjustment proposed by 
DEA.  In this study, only in the Type III counties, outputs 
can be increased through the adjustment according to 
the results of DEA.  The slacks summarized in Table 3 
show that in this group, yields of main product per mu 
can be increased by 1.93 percent, with the average slack 
of 26.59 kg.  Meanwhile, the net profit per mu can be 
increased by 83.80 yuan, and the slack adjustments 
account for 15.88 percent in the origin values.  It indi-
cates that comparing with technical improvement sym-
bolized by total yield, much more margin lies in the 
socio–economic factors symbolized by net profit.  
Judging from the number of counties with output slacks, 
14 counties can be improved in net profit, while 11 coun-
ties can increase their yields based on the results of 
DEA.  Thus, the deepening of concerning institutional 
and political reforms, including the optimization of mar-
keting regulation, integration of agro–aiding funds, etc., 
is important for the improvement of corn production 
efficiency.

In DEA models, slacks and radial movements show 
the redundant and inefficient amounts of inputs, respec-
tively (Coelli et al., 2005).  Meanwhile, as illustrated by 
Martine et al. (2003), since slacks indicate the inputs 
that are in excess supply, number of DMUs (here refer 
to the counties) shows the constraining capacity of each 
variable to the production efficiency, and the smaller the 
higher.  As mentioned above, for the counties fall into 
Type I and II, the technical efficiencies equal to 1 and 
there will be no margin to adjust the input with the same 
level of output.  Therefore, slack analysis is conducted 
only in the 15 counties of Type III.  Table 3 shows that, 
machine rent is supplied with most redundant amount 
of 7.13 percent; farming time is the most constraining 
input, with only 0.26 percent in excess supplies (Fig. 1).  
As demonstrated in many researches including the prior 
study of the authors (Li et al., 2011), agricultural labor 
is in excess supply, and the reduction of which will 

improve the development of agriculture in China.  The 
similar relative constraining capacity of the inputs can 
be obtained through counting the number of counties 
with slack in each variable, as shown in the bottom of 
Table 3.

The movements of radial show that amongst the 6 
inputs, there is no significant difference in the ratio of 
radical adjustments, and each input can be saved about 
6–7 percent comparing with the benchmarking counties, 
for each county measured as inefficient in Type III.  
Amongst the 6 inputs, irrigation cost is most inefficient 
with the largest radial amount of 7.02 percent to be 
reduced, while the fertilizer can be saved with the least 
average ratio of 6.04 percent (Fig. 2).  It indicates the 
efficient application of fertilizer is of great importance 
for agriculture, as similar with the findings in prior study 
of the authors (Li et al., 2011).

Table 3.  Slack and radial movements per mu in counties of Type III 

Output Input

Yield
(kg)

Profit
(yuan)

Farming time
(day)

Land rent
(yuan)

Seeds
(kg)

Fertilizer
(kg)

Machine rent
(yuan)

Irrigation cost
(yuan)

Mean of original value 447.71 127.20 6.78 103.44 2.86 17.80 58.73 20.72

Mean of slack 26.59 83.80 –0.02 –3.86 –0.06 –0.50 –4.19 –1.04

Mean of radial 0.00 0.00 –0.42 –6.63 –0.18 –1.08 –3.81 –1.45

Mean of target value 474.29 211.00 6.34 92.96 2.62 16.22 50.73 18.23

Percentage of slack (%) 1.93 15.88 –0.26 –3.73 –1.92 –2.82 –7.13 –5.02

Percentage of radial (%) 0.00 0.00 –6.23 –6.41 –6.38 –6.04 –6.49 –7.02

Number of counties with slack 11 14 2 3 3 2 5 4

Fig. 1.  Percentage of input slacks.

(%)

Fig. 2.  Percentage of input radials.

(%)
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Comparison of efficient and inefficient counties
Based on the technical efficiency scores (Tech) pro-

vided by DEA, we can compare and obtain the general 
traits of the output and input variables in efficient 
(Tech=1) and inefficient (Tech<1) counties, thus verify 
the results of slack and radial analysis above and gener-
ate new findings.  As shown in Table 4, both the physical 
and monetary outputs in the efficient counties are larger 
than those in the inefficient counties.  Especially, the net 
profits differ 62.92 percent between the two kinds of 
counties, which is much larger than the gap of yield of 
main product as 7.13 percent.  Fortunately, as demon-
strated above, through the theoretical adjustments pro-
posed by DEA, the monetary profit can be increased 
with a margin larger than that of the physical yields in 
the 15 technically inefficient counties.

Nevertheless, all the efficient counties used less 
input than the inefficient ones.  The ratios in the bottom 
of Table 4 show the percentages of inputs in the efficient 
and inefficient counties, the smaller of which means the 
more redundant and inefficient supply of the corre-
sponding input, and vice versa.  Similar with the results 

in slack and radial analysis, the irrigation cost is indi-
cated as the most redundant and inefficient input, while 
the smallest differences are demonstrated as existing 
between the fertilizer and seeds.

Comparison of production efficiency between corn 
and wheat

Based on the same survey by the Price and Cost 
Inspection Bureau of Hebei, we have measured the pro-
duction efficiency of wheat (Li et al., 2010), another 
most important grain crop in Hebei5.  The survey gath-
ered data on both corn and wheat in 32 counties.  Using 
DEA models in these counties can provide greater 
insights into the production efficiency of grain crops in 
this province, hence further countermeasures can be 
drawn as well.

Crosstabs Analysis is an interdependence technique 
to explore the relationships of two numeric or categori-
cal variables, in which the entries are the frequencies of 
responses that fall into each cell of contingency tables in 
matrix formats (Joseph F. et al., 2010).  Through the 
application of SPSS 13.0, Crosstabs Analysis identifies 

5 In 2008, the sown areas and aggregate yields of wheat in Hebei accounts for 10.23 and 10.87 percent in China, and both of the two 
indices ranked the 3rd in 31 provincial regions.

Table 5.  Crosstabs analysis between corn and wheat production by SPSS 13.0

Model a Variables and counts of counties b Tests of 2–sided significance

Tc×Tw

Inefficient Tw Efficient Tw Total

Inefficient Tc 7 (4.5) 2 (4.5) 9 Pearson χ2(1)=3.865

Efficient Tc 9 (11.5) 14 (11.5) 23 Asymp. Sig. of Pearson χ2 =0.049

Total 16 16 32 Sig. of Fisher’s exact test=0.113

Sc×Sw**

crs Sw irs Sw Total

crs Sc 9 (5.6) 9 (12.4) 18 Pearson χ2(1)=6.732

irs Sc 1 (4.4) 13 (9.6) 14 Asymp. Sig. of Pearson χ2=0.009

Total 10 22 32 Sig of Fisher’s exact test=0.019

Tc×Sc***

crs Sc irs Sc Total

Inefficient Tc 0 (5.1) 9 (3.9) 9 Pearson χ2(1)=16.099

Efficient Tc 18 (12.9) 5 (10.1) 23 Asymp. Sig. of Pearson χ2=0.000

Total 18 14 32 Sig of Fisher’s exact test=0.000

Tw×Sw***

crs Sw irs Sw Total

Inefficient Tw 0 (5.0) 16 (11.0) 16 Pearson χ2(1)= 14.545

Efficient Tw 10 (5.0) 6 (11.0) 16 Asymp. Sig. of Pearson χ2=0.000

Total 10 22 32 Sig of Fisher’s exact test=0.000

Note: a Tc and Tw represent the technical efficiency of corn and wheat, while Sc and Sw means the status of returns to scale of 
corn and wheat, respectively; ***, **and * denote statistical significance in the level of 1%, 5% and 10% by Fisher’s exact test, 
respectively. b numerals in the ( ) are the expected counts.

Table 4.  Comparison of outputs and inputs per mu in efficient and inefficient counties

Output Input

Yield
(kg)

Net profit
(yuan)

Irrigation cost
(yuan)

Machine rent
(yuan)

Farming time
(day)

Land rent
(yuan)

Fertilizer
(kg)

Seeds
(kg)

(1) Tech=1 479.61 207.23 17.79 52.47 6.32 99.28 17.23 2.80

(2) Tech<1 447.71 127.20 20.72 58.73 6.78 103.44 17.80 2.86

(3)=(1)/(2)×100% 107.13 162.92 85.85 89.34 93.16 95.98 96.79 97.95
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the relationships between technical efficiency and status 
of returns to scale in corn and wheat production as 
shown in Table 5.

In Crosstabs analysis, the Chi–square test assumes 
that the expected value for each cell is 5 or higher, but 
the Fisher’s exact test has no such assumption and can 
be used regardless of how small the expected frequency 
is (Bruin, 2006).  As except for the last model, the 
assumption of Chi–square test cannot be met in this 
study, the Fisher’s exact tests are used to measure the 
relationships of different type of counties.  

According to the Fisher’s exact tests, statistically 
significant relationship does not exist between Tc and 
Tw, while it does exist between Sc and Sw.  The insignif-
icant relationships between technical efficiency of corn 
and wheat may be resulted from the fact that, wheat is 
the most important food crop in Hebei, while corn is 
serving as forage crop in most of the cases.  Affected by 
the traditional concepts like the more fertilizer, the 
higher yields, irrational and blind over–fertilization are 
quite common amongst Chinese farmers (Zhang et al., 
2007), thus the wheat is inputted more than that of the 
corn6.  At the same time, because corn and wheat are 
usually multiple cropped on the same plot of land in 
Hebei Province (Han, 2006), the significant relationships 
of status on returns to scales with the two crops 
appeared in the 32 counties.  Meanwhile, due to the laws 
of crop growth and yields within either of the two crops, 
significant relationships are demonstrated between tech-
nical efficiency and status of returns to scale.  Farming 
scales should be increased in all the 9 inefficient coun-
ties of corn and the 16 inefficient counties of wheat pro-
duction.  In the efficient counties of both corn and wheat 
production, most of them are in the status of constant 
returns to scale.

In addition, judging from the counts of counties and 
the average scores of technical and scale efficiency of 
each county7, we can conclude that in the 32 counties, 
corn is more efficient than wheat production; as the 
main way to improve production efficiency, increasing 
the farming scales is more important to the wheat.

CONCLUSIONS AND RECOMMENDATIONS

Main conclusions
Through the adoption of DEA models, this study 

measures the efficiency of corn production in 44 coun-
ties of Hebei Province, China.  According to the effi-
ciency scores provided by DEA, the 44 sampled counties 
are divided into 3 types.  In Type I, the 22 counties are 
fully efficient and in the status of constant returns to 
scale, thus forming benchmarks for the other inefficient 
counties.  In the 7 counties of Type II, due to the techni-
cal scores fixed to one, adjustment of any input will not 
change the output efficiency, thus production efficiency 

can only be improved through expanding the managerial 
scales in 5 counties, while the other 2 counties should 
compress their scales.  Meanwhile, in the rest 15 coun-
ties of Type III, production efficiency can be improved 
through either reducing some of the inputs or compress-
ing the managerial scales.

The output slacks analysis shows that, comparing 
with physical yields, net profit can be increased with a 
larger average margin.  The similar conclusions are drawn 
from the comparison of outputs in the efficient and inef-
ficient counties.  It indicates that comparing with techni-
cal improvement symbolized by total yield, much more 
margin lies in the socio–economic factors symbolized by 
net profit.  In general, the liquid inputs including seeds, 
fertilizer and farming time are similar in the efficient and 
inefficient counties, with less slack and radial move-
ments.  Meanwhile, larger differences, slack and radial 
movements exist amongst inputs connecting with the 
construction of agricultural infrastructure, including the 
irrigation costs and machinery rents.

The crosstabs analysis of production efficiency 
between corn and wheat in 32 counties indicates that, 
statistically significant relationship does not exist between 
Technical efficiency, while it does exist between the 
returns to scale cross the two crops.  However, significant 
relationship between the two types of variables within 
either of corn and wheat.  Further comparison shows that 
corn is more efficient than wheat production; as the 
main way to improve production efficiency, increasing 
the farming scales is more important for wheat produc-
tion.

Policy recommendations
According to the analysis above, corn production is 

more efficient than wheat in the sampled counties of 
Hebei Province.  Therefore, steadily accelerating the 
corn production is of great significance to agriculture 
and concerning industries of Hebei Province.  Because in 
most of the counties, enlarging the managerial scales will 
improve the relative production efficiency, a variety of 
policies should be strengthened to accelerate the 
enlargement of corn production.  In the first place, cir-
culation of farmland should be further encouraged, as 
larger farm scale can generate more penitential for effi-
cient farming modes.  In China, land performs as self 
insurance of subsistence for a long period.  The govern-
ment should encourage the concentration of land on 
farms’ own willing, through favorite subsidies, financial 
and technological aids (Meng J. et al., 2010).  Moreover, 
since the farmers cooperatives are developing quickly in 
latest year, especially after the execution of the Law on 
Specialized Farmers’ Cooperatives in 2007, the coopera-
tives should be guided and encouraged to support corn 
production, including the purchase of capital goods, 
product marketing, credit accessing, etc.  In some 

6 In this survey of the 32 counties, the average inputs of fertilizer, mechanical rent and irrigation per mu of corn were 17.12 kg, 57.01 
yuan and 19.98 yuan, while the corresponding inputs on wheat were 28.22 kg, 91.87 yuan and 45.36 yuan, respectively.

7 According to the results of DEA, the average scores of technical and scale efficiency with corn are 0.981 and 0.958, while the 
corresponding scores with wheat are 0.949 and 0.936, respectively.
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regions, Corn Farmers’ Cooperatives can be founded 
through the support of government.

Facilitating the marketing of corn products, thus 
improve the value added and net profits of corn produc-
tion.  As reviewed by Gu L. (2010), the accelerated 
development of food processing and livestock industries 
is vital to corn production.  The direct associations 
between corn farmers and enterprises should be rein-
forced, thus shortening the marketing chain and corre-
sponding costs.  Moreover, the byproducts of corn, 
including the straw, cob, etc, should be exploited 
through the development of relevant industries (Yang 
Q., 2008).

Accelerating the construction of irrigating infra-
structure and the process of agricultural mechanization, 
hence decrease the cost of irrigation and machinery 
operations.  In the first place, as described in the No. 1 
Document of the Central committee of CCP8, take full 
advantages from the special funds for the construction 
of water resources, accelerating the renovation of irrigat-
ing facilities and extension of water–saving facilities.  
Meanwhile, extend the efficient application of machine 
for the corn production, especially for harvest, through 
subsidizing the purchasers and research agencies.  The 
financial institutions should be encouraged to support 
the corn machinery buyers, with lower interest rates, 
simpler loaning conditions and procedures, etc.
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