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Urbanization and Grain Production Efficiency
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Abstract Based on DEA-Malmquist method, this paper calculated the integrated technology efficiency of grain production and total factor pro-

ductivity and analyzed factors influencing the grain production technology efficiency using working documents of panel structure. Research re-

sults indicate that grain production integrated technology efficiency of China is relatively low, technology utilization level is low, and it remains

at the stage of decreasing returns to scale, and the pure technology efficiency still has space to increase. Total factor productivity is declining

and the total factor productivity of many provinces is relatively low. Since the total factor productivity of eastern areas is higher than central and

western areas, it is required to strengthen technological support for grain production. The implementation of urbanization is helpful for promo-

ting increase of grain production technology efficiency in central and eastern areas, but it will exert negative influence on western areas.
Key words Grain production, Technology efficiency, Total factor productivity, Urbanization, DEA-Malmquist

1 Introduction

Grain is the basic food for survival of human beings. For any
couniry or nation, grain production and safety is an issue of wide
concern. In 2013, China’s total grain yield reached 601. 935 mil-
lion tons, increasing about 12. 356 million tons compared with
2012, showing growth of 2. 1%, and realizing ten consecutive
years of growth. However, even with consecutive years of growth,
more than half provinces are still not self-contained in grain supply
and there is serious problem of grain production exceeding con-
sumption. With population increase and acceleration of urbaniza-
tion and industrialization, constant improvement of people’s living
conditions, and changes of food structure, China’s grain demand
will constantly rise. According to OECD-FAO Agricultural Outlook
2013 - 2022, the growth of China’s grain consumption will be
slightly faster than grain yield, and the annual average growth of
consumption will be 0.3% higher than the yield growth. Accord-
ing to white paper Grain Issue in China, total grain demand of
China will be 640 million tons in 2030. In future 10 —20 years, it
is required to increase at least 100 million tons to cover the gap of
grain supply and demand. In 2013, China’s urbanization rate
would reach 53%. In the process of urbanization, annually 17
million farmers will move to cities and become citizens, and the
transformation of consumption habit and life style will generate
huge grain demand pressure. However, in the process of urbaniza-
tion, the farmland area is close to 1.8 billion mu red line, young
and middle-aged rural labor flows to other industries, agricultural
workers are greatly reducing, which will exert profound influence
on China’s grain production. Therefore, in the situation of con-

stantly acceleration of urbanization, it is of great realistic signifi-
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cance to increase grain yield at the same time of reasonably alloca-
ting resources.

There are numerous research documents about grain produc-
tion efficiency, and many empirical methods about grain produc-
tion efficiency. Qiao Shijun (2004 ) studied spatial distribution
and influence factors of China’s grain production technology effi-
ciency using transcendental logarithmic stochastic frontier produc-
tion function, and concluded that natural conditions of agricultural
production and some social economic factors exert significant im-
pact on grain production technology efficiency. Li Zhou and Yu
Fawen (2005) using DEA method analyzed agricultural production
efficiency of western county-wide areas, including changes of scale
efficiency, technology efficiency, and total factor productivity
(TFP). Quan Jiongzhen (2009), using nonparametric Malmquist
productivity index model and SFA-Malmquist index model of sto-
chastic frontier production function, calculated the TFP change in-
dex for agriculture of all provinces, eastern, central and western
areas, and pointed that increasing agriculture technology efficiency
is a potential power for increasing agricultural TFP. Xie Jie
(2007) , through econometric methods such as stepwise regression
and weighted least-squares method, found that land and chemical
fertilizer application are essential factors influencing grain produc-
tion, and held that technological progress is a new approach for in-
creasing China’s grain yield in the context of extreme use of land
and chemical fertilizer. Li Yueyun (2007) pointed negative influ-
ence of urbanization on grain production; excessive occupation of
farmland leads to sharp reduction of grain planting area and de-
cline of total grain yield; attraction of high quality labor leads to
aging, woman-like, and weak agricultural labor, and low per unit
area yield. Liu Ning (2011), using Super-efficiency Output-DEA
Model, studied grain production capacity of 13 major grain pro-
duction provinces in China in 2008. The results indicate that inef-
ficient technology of many provinces is resulted from low scale effi-
ciency. There is input redundancy in inefficient provinces, so re-
ducing redundant input is of great role in reducing grain produc-

tion cost. Similar researches include Xiao Hongbo, Wang Jimin
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(2012), Kang Xia, and Liu Xiumei (2005). Du Yu’neng
(2013) contended that farmland shrinkage and outflow of rural la-
bor significantly influence urbanization, and urbanization inevita-
bly brings about changes of grain consumption structure and in-
crease of total grain consumption, consequently threatens grain
production resources.

In sum, existing literature mainly studies grain production ef-
ficiency of different areas of China in different periods, to provide
powerful reference for formulation of related national policies.
However, there are few researches about change trend and regional
difference in China’s grain production efficiency. Based on this,
we will focus on the change trend and regional difference of
China’s grain production efficiency in the context of promoting ur-
banization and further analyze major factors influencing grain pro-
duction efficiency.

2 Study methods

The DEA (data envelopment analysis) is a non-parametric effi-
ciency evaluation method put forward by Charnes, Cooper and
Rhodes. 1Tt is based on input and output data, and calculates effi-
ciency value through calculating the distance from production
curve of decision making unit (DMU) to optimum frontier sur-
face, and measures whether the DMU reaches the most effective
input or output ratio. DEA method has benefits of not necessary
for determining form of frontier production function in advance,
not necessary for limiting shape of efficiency frontier, not necessa-
ry for estimating parameters of frontier efficiency function, and not
necessary for making standardized processing.

Malmquist index was firstly introduced by Caves et al
(1982). Tt measures productivity through comparing the output
observation value from period s to period t and the maximum out-
put value using the input ( keeping the output combination un-
changed). We defined Malmquist productivity change index with
output as indicator with reference to Fare et al (1994).

Assume there are n production units, in the period ¢ =1,2,
L,T, change the factor x' = (%, x,, Ltox,) eR" to y = (v},
~,90) eR", as follows:

T ={x',y'|/x' can generate y'
where T' is also called set of production possibility, and the maxi-
mum economic output subset of a given input is the frontier of pro-
duction technology. On this basis, we defined the distance func-
tion of production unit in the time ¢

Dy(x',y") =inf{0:(x',y'/0) €T}

Generally, D (x',y') <1 , only when the production unit is
situated on the frontier surface, there is equal situation, and the
technology efficiency is 100% , indicating it realizes maximum
output in given input. Similarly, it is able to define the distance

t+1 t+1

function with technology level as reference (x'* ,y'"" ) in the time
t:

Dy« ™) =infi0: (27,7 /0) e T}

Based on the above analysis, it is able to calculate Malmquis
index with technology level as reference in the time ¢
Dy (+"""y")

M(xwl’ywl’xr,yr) - , , [
DO(x J’)

Similarly, we can calculate Malmquist index with production
technology level as reference in the time ¢ + 1: In order to avoid
random in selecting production technology reference system, Fare
proposed taking geometric mean of both values as Malmquist in-
dex:

Dz (xu-l yt+l )Dt+l (x/+l yu—l) 172
0 ’ 0 ’
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In the condition of returns to scale not changed, Malmquis

M(le ’yMl ’xl ,yt) -

index can be decomposed into technology efficiency index (effch)
and technological progress index (techch) :
DL )
Dy (+',5")
z) e ,y/+]) D('](x',yL) 12
[ s o )
= effch x techch

In the condition of changeable returns to scale, the technolo-

M(xwrl ’y[+l ,x' ’yz) —

gy efficiency index (effch) can be further decomposed into prod-
uct of pure technology efficiency index pech and returns to scale

index sech.

3 Empirical analysis

Considering data availability and necessity for measuring China’s
grain production efficiency, we took total grain yield as grain out-
put indicator, and took following indicators as input indicators:
number of rural workers, total power of agricultural machinery, to-
tal sown area of major crops, effective irrigated area, fertilizer
consumption, pesticide consumption, plastic film consumption,
rural power consumption, and agricultural diesel oil consumption.
To understand changes of China’s grain production efficiency and
difference of different provinces and areas, we selected data of 31
provinces in 2003 —2011 as survey object. We divided China into
eastern, central, and western areas. Eastern areas include Bei-
jing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang,
Fujian, Shandong, Guangdong and Hainan; central areas include
Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and
Hunan; western areas include Inner Mongolia, Guangxi,
Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qing-
hai, Ningxia, Tibet and Xinjiang. The data in this study were se-
lected from China Statistical Yearbook, China Agriculture Statisti-
cal Yearbook , and China Statistical Yearbook of Agriculture in 1949
-2008.

3.1 Analysis on technology efficiency and returns to scale of
grain production  For the technology efficiency, the average
value of grain production integrated technology efficiency is
0.758, the average value of pure technology efficiency is 0. 844,
and the average value of scale efficiency is 0. 904, as listed in Ta-
ble 1. The grain production integrated technology efficiency of
China is relatively low, technology utilization level is low, and it
remains at the stage of decreasing returns to scale, and the pure
technology efficiency still has space to increase. For integrated
technology level, 8 provinces have the value of 1, remain on the

frontier surface of grain production, and the pure technology effi-
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ciency and scale efficiency are also 1, reaching the optimum state.
In these 8 provinces, except Jilin and Heilongjiang, other 6 prov-
inces in central and western areas realize optimum integrated tech-
nology efficiency after overcoming adverse influence of little farm-
land and harsh natural environment. However, such economically
developed areas as Beijing, Shanghai, and Tianjin, the grain pro-
duction efficiency is lower than the average national level. The low
level of Beijing and Tianjin is due to low pure technology efficien-
cy but high scale efficiency; the low grain production efficiency of
Shanghai is low due to low scale efficiency, but the pure technolo-
gy efficiency of Shanghai is 1. Liaoning, Jiangxi, Hunan, Guang-
dong and Sichuan have integrated technology efficiency of 0.8 —1;
Sichuan and Hunan have pure technology efficiency of 1; Guang-
dong has scale efficiency of grain production of 1; Jiangxi and Lia-
oning have scale efficiency higher than the national average level.
11 provinces have integrated technology efficiency of 0.6 - 0.8,
mainly distributed in central and western areas. Low scale effi-

ciency in Henan, Shandong and Hainan leads to integrated effi-

ciency of these provinces lower than the national average level.
Shanxi and Qinghai have scale efficiency reaching optimum level,
but their pure technology efficiency is not high. Both pure technol-
ogy efficiency and scale efficiency of other provinces fail to reach
the optimum level, leading to decline of integrated technology effi-
ciency.

For the returns to scale, except Xinjiang, other 7 provinces
with increasing returns to scale are mainly distributed in eastern
areas. Considering higher economic level and urbanization rate but
less sown area of crops, increasing the sown area will increase the
per unit area yield of grain. Henan, Anhui, Hunan, Hubei and
Jiangxi have decreasing returns to scale, because these provinces
gradually increase grain crop sown area which may have exceeded
the sown area with scale efficiency up to optimum value. Near one
third provinces have returns to scale not changed. These provinces
are mainly distributed in central and western areas, indicating sta-

bility of grain production in certain period.

Table 1 Grain production technology efficiency and breakdown of all provinces

Province Integrated technology efficiency Pure technical efficiency Scale efficiency Returns to scale
Beijing 0.392 0.438 0.896 Increasing
Tianjin 0.497 0.527 0.942 Increasing
Hebei 0.577 0. 826 0.698 Decreasing
Shanxi 0.614 0.614 1. 000 Unchanged
Inner Mongolia 1.000 1.000 1.000 Unchanged
Liaoning 0.841 0.842 0.998 Increasing
Jilin 1.000 1.000 1.000 Unchanged
Heilongjiang 1.000 1.000 1.000 Unchanged
Shanghai 0.491 1.000 0.491 Increasing
Jiangsu 0.672 0.8%4 0.751 Decreasing
Zhejiang 0.584 0.587 0.995 Increasing
Anhui 0.586 0.833 0.704 Decreasing
Fujian 0.591 0.595 0.99%4 Increasing
Jiangxi 0.859 0.883 0.973 Decreasing
Shandong 0.659 1.000 0.659 Decreasing
Henan 0.614 1.000 0.614 Decreasing
Hubei 0.659 0.745 0.885 Decreasing
Hunan 0.885 1.000 0.885 Decreasing
Guangdong 0.807 0.807 1.000 Unchanged
Guangxi 1.000 1.000 1.000 Unchanged
Hainan 0.769 1.000 0.769 Increasing
Chongging 1.000 1.000 1.000 Unchanged
Sichuan 0.975 1.000 0.975 Decreasing
Guizhou 1.000 1.000 1.000 Unchanged
Yunnan 0.663 0.686 0.966 Decreasing
Tibet 1.000 1.000 1.000 Unchanged
Shaanxi 0.796 0.904 0.881 Decreasing
Gansu 0.608 0.624 0.974 Decreasing
Qinghai 0.702 0.703 1.000 Unchanged
Ningxia 1.000 1.000 1.000 Unchanged
Xinjiang 0.647 0. 666 0.971 Increasing
Average value 0.758 0.844 0.904 -




78 Asian Agricultural Research

2015

3.2 Total factor productivity analysis of grain production

Calculation results of total factor productivity (TFP) for grain pro-
duction of all provinces indicate that the average TFP of 31 prov-
inces in 2003 —-2011 is 0. 996, dropping 0.4% on average; the
average value of technology efficiency index is 1.003, the average

value of technological progress index is 1. 004, showing slow im-

Table 2 Changes of TFP in all provinces

provement of technology efficiency and technological progress;
pure technology efficiency and scale efficiency separately drop
0.7% and 0.1% on average, showing a great space of improve-
ment and the influence of technological application and improve-
ment on TFP of China’s grain production is not prominent, as lis-
ted in Table 2.

Change of technology Change of pure Change of scale Change of technological Change
Province efficiency technology efficiency efficiency progress of TFP
effch pech sech techch tfpch
Beijing 1.068 1.050 1.017 1.035 1.105
Tianjin 1.023 0.994 1.029 1.022 1.046
Shanghai 1.071 1.071 1.000 0.972 1.041
Heilongjiang 1.000 1.000 1.000 1.040 1.040
Jiangsu 1.007 1.014 0.993 1.031 1.038
Henan 1.044 1.044 1.000 0.991 1.034
Hebei 1.004 1.011 0.993 1.028 1.032
Shandong 1.002 1.028 0.975 1.029 1.031
Liaoning 0.999 1.000 0.999 1.027 1.026
Anhui 1.032 1.009 1.023 0.985 1.017
Zhejiang 0.986 0.995 0.991 1.029 1.014
Fujian 0.976 0.993 0.983 1.030 1.005
Jiangxi 1.019 1.002 1.017 0.984 1.003
Shanxi 1.015 0.997 1.018 0.987 1.001
Xinjiang 1.018 1.012 1. 006 0.983 1.001
Gansu 1.007 0.993 1.014 0.993 0.999
Hunan 1.015 1.015 1.000 0.982 0.997
Inner Mongolia 1.000 1.000 1.000 0.996 0.996
Shaanxi 1.027 1.014 1.013 0.970 0.996
Yunnan 0.984 0.993 0.991 1.009 0.993
Jilin 1.000 1.000 1.000 0.992 0.992
Ningxia 1. 000 1. 000 1.000 0.989 0.989
Hubel 1.009 0.999 1.010 0.978 0.987
Chongqing 1.000 1.000 1.000 0.981 0.981
Qinghai 0.986 0.970 1.016 0.991 0.977
Sichuan 1.003 1.003 1. 000 0.963 0.966
Guangdong 0.948 1.000 0.948 1.010 0.957
Guangxi 0.942 0.994 0.947 1.007 0.949
Hainan 0.931 0.931 1.000 1.019 0.949
Tibet 1. 000 1.000 1.000 0.884 0.884
Guizhou 1.000 1.000 1.000 0.874 0.874
Average value 1.003 0.993 0.999 1.004 0.996

From Table 2, we found that the TFP of 31 provinces is high-
er than 0. 85 and the TFP of 15 provinces takes on positive
growth. Beijing has the highest TFP, up to 10.5% , which is re-
lated to higher technology efficiency and technological progress. 8
provinces have TFP above 2% , and the rest 6 provinces have
smaller TFP. Tianjin has the highest scale efficiency index and
Shanghai has the highest pure technology efficiency index, possi-
bly related to their higher economic level and higher agricultural
scientific and technological content.

16 provinces have TFP lower than 1, Tibet and Guizhou have

TFP lower than 0. 9, mainly because of their low technological

progress index. 9 provinces have technology efficiency index high-
er than technological progress index, indicating that weak techno-
logical progress is the major reason for drop of TFP index. Low
TFP of Yunnan, Guangdong, Guangxi, Hainan and Qinghai is due
to the fact that technology efficiency is lower than technological
progress index.

For areas, nearly all provinces in eastern areas have TFP
higher than 1, accounting for 60% provinces, which is related to
higher technology efficiency index and technological progress in-
dex. Technology efficiency of Guangdong and Hainan is lower than

their technological progress index and lower than the national aver-
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age level. In 8 central provinces, 5 provinces have TFP higher
than 1, but the technological progress index of 7 provinces is lower
than national average level, and the technological progress index
takes on decline trend. Most provinces in western areas have TFP
lower than 1, mainly due to lower technological progress index,
but the technology efficiency index takes on positive growth.

3.3 Factors influencing technology efficiency of grain pro-
duction Factors influencing grain production efficiency are vari-
ous, including natural environment, climate change, policy
change, and labor quality. Considering data availability and re-
search demand, with reference to practice of Qiao Shijun and
Huang Jinbo, we selected per capita total mechanical power
(JX), per capita sown area (BZ), chemical fertilizer application
per mu (HF) , the proportion of areas covered by disasters (SZ) ,
urbanization rate (UR) , and effective irrigation rate (GG) to an-

alyze the marginal influence on grain production efficiency and

technology efficiency. JX, BZ, HF, SZ and GG data are obtained
through calculation of related statistical data, while the urbaniza-
tion rate is expressed as the ratio of urban population to total popu-
lation. The data of urbanization rate before 2005 are replaced with
the percentage of non-agricultural population.

Considering great difference in grain production efficiency of
different areas, we built panel structural models for eastern, cen-
tral and western areas separately. With the aid of Eviews software ,
we estimated panel structural data, mainly including Pool object
and Panel working documents. Pool objects are mainly suitable for
narrow but long data with few cross section members but with long
period, while panel data are mainly suitable for wide but short da-
ta. We made estimation of eastern and western provinces using
panel structural working documents, and made estimation of cen-
tral provinces using Pool objects, and obtained following regres-

sion results (as shown in Table 3).

Table 3 Regression results of grain production technology efficiency in different areas

Eastern provinces

Central provinces

Western provinces

Variables

Random effect Fixed effect Random effect Fixed effect Random effect Fixed effect
Constant 0.6872""" 1.1452°"" 0.416 0" " 0.4388""" 0.9690" " 0.6177"""
JX -0.0756"" -0.202 2 -0.0255 -0.0256 0.0298 -0.015 4
BZ 0.078 3" 0.013 8 0.0152 0.009 9 0.0143 0.0904""
HF -0.4654"" -0.4273 0.648 5 1.0558""" -0.1950 0.063 8
SZ -0.074 2 -0.0713 -0.038 7 -0.0359 -0.0989 " " -0.1062""
UR 0.3589°"" 0.5977°"" 0.810 1" 0.6581"°"" -0.149 4 -0.201 6
GG -0.166 5 -0.7187""" -0.371 6 -0.544 4 « -0.2059 = -0.007 5
Hausman 24.5183°"" 17.450 12" " 11.450 59 =
R2 0.185 8 0.686 6 0.495 7 0.94 07 0.092 5 0.906 5
Adj. R2 0.1327 0.625 4 0.449 1 0.92 74 0.038 6 0.888 8
F 3.4984""" 11.2275""" 10.648 2" " " 70.791 2" " 1.716 4 51.3096"°""
D.W. 1.068 1 1.407 5 1.281 6 1.666 4 0.800 3 0.956 2

Notes: # * * , % %, and * denote significance at 1% , 5% , and 10% level respectively.

In the model selection, Hausman test indicates that eastern
and central provinces and western provinces reject original as-
sumption of random effect at 1% and 10% significance level.
Therefore, we made regression for all models using fixed effect
model. F value passes the test at 1% significance level , indicating
that linear relationship between variables in the model is signifi-
cant and overall fitting is excellent.

Table 3 indicates that the influence of JX on grain production
technology efficiency is negative but not significant. The influence
of BZ on grain production technology efficiency is positive and
more significant in western areas. SZ obviously restricts western
provinces, but has no significant negative influence on central and
eastern areas, possibly related to well — established grain produc-
tion disaster prevention and reduction system in central and east-
ern areas. HF has significant positive influence on central and
eastern provinces, indicating that increase of grain yield in central
and eastern provinces is still mainly relying on input of materials,
which is high consistent with low pure technology efficiency of
central areas. GG is a key factor influencing grain production

technology efficiency of central and eastern areas, and the im-

provement of GG fails to really promote increase of grain produc-
tion technology efficiency.

The urbanization rate of central and eastern provinces has sig-
nificantly positive promotion on grain production technology effi-
ciency, but has no significant negative influence on western areas.
This indicates that the grain production technology efficiency of
central and eastern areas is increased with the development of ur-
banization rate, while urbanization development restricts increase
of grain production technology efficiency in western provinces to a

certain extent.

4 Conclusions and implications

Based on DEA — Malmquist method, we calculated the integrated
technology efficiency of grain production and total factor productiv-
ity and analyzed factors influencing the grain production technolo-
gy efficiency using working documents of panel structure. Our
study indicates that the grain production integrated technology effi-
ciency of China is relatively low, technology utilization level is
low, and it remains at the stage of decreasing returns to scale, and

the pure technology efficiency still has space to increase. The
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grain production of 8 provinces shows increasing returns to scale.
These provinces are mainly distributed in eastern areas, while re-
turns to scale of central and western areas are mainly decreasing.
Average drop of TFP of grain production is up to 4% , more than
50% provinces have TFP lower than 1. TFP of eastern areas is
higher than central and western areas. The implementation of ur-
banization is helpful for promoting increase of grain production
technology efficiency in central and eastern areas, but it will exert
negative influence on western areas. Therefore, in the serious sit-
uation of grain production, it is recommended to properly deter-
mine urbanization rate according to local situations, enhance rai-
sing grain production technology level, and increase grain produc-
tion technology efficiency and total factor productivity, to ensure

safe grain production.
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(From page 74)

5.5 Establishing and improving land circulation security
mechanism  Firstly, establishing and improving rural land cir-
culation service system. It is recommended to set up land circu-
lation service center with fixed personnel, fixed post and fixed
funds, to collect and issue land circulation information, and car-
ry out land circulation registration management, and guide land
circulation contract signature, and urge the implementation of
land circulation contract. Secondly, making positive exploration
to establish long-term mechanism for land circulation through
market adjustment. It is recommended to take full advantage of
achievements of land assessment, collect and issue land circula-
tion market price and information, determine proper land price
according to market supply and demand relationship, and circu-
late rural land on a large scale. Ultimately, it is expected to re-
alize legal, standardized and programmed land circulation.
Thirdly, enhancing training of rural labor, especially in agricul-
tural practical skills, producing vegetable, planting technolo-

gies, and animal husbandry skills, and providing labor export

guidance and service, to promote liberation of more farmers from
land. Finally, it is recommended to establish and improve coor-
dination, mediation, correspondence and visitation, arbitration,
and judicial channels to solve problems of disputes of rural land
contract, to properly settle disputes arising out of land, and to

safeguard rural land circulation.
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