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ABSTRACT

This study aims to analyze the impacts of component factors to gross agricultural growth
and production efficiency of staple crops and individual farms in China; identify
countermeasures to improve agricultural productivity, with sufficient, safe supply of
agro-products; rational, efficient and proper application of production factors, and
sustainable, friendly effects to the environment.

In Section 1, Chapter 1 introduces the background and objectives. The main points
include the importance of identifying major factors contributing to China’s agricultural
growth in latest decades; significance of improving efficiency of agricultural production, in
terms of sufficient and safe supply of agricultural products, due to the largest population and
limited farmland, water, etc; the urgency of studying farmers” application of fertilizer and
pesticides, in the dual impacts of agricultural chemicals on both supported agro-growth and
menacing environmental and food safety simultaneously.

Being the principal part of this thesis, Section 2 is composed by series empirical analyses.
Chapter 2 conducts a factor analysis of Chinese agriculture development in 1983-2006, from
the perspectives of inputs change, institutional transition and technological progress. The
result of C-D production function shows that increasing inputs of chemical fertilizer is the
most important factor, following by technical progress, increased fixed assets, fiscal supports
and transfer of agro-labors. In Chapter 3 and 4, production efficiency of wheat and corn in
Hebei Province are measured, through an input-oriented DEA model with the assumption of
Variable Return to Scale (VRS). Within the sampled counties, most of the farms are measured
as in the status of increasing returns to scale. Outputs slacks show that comparing with
technological adjustment, much margins lie in the socio-economic optimization. Meanwhile,
different form liquid inputs, larger slacks exist amongst inputs connecting with agricultural
infrastructure. Furthermore, Crosstabs Analysis confirms the significantly relating returns to
scale of wheat and corn; as well as technical efficiencies and relating returns to scale within
both wheat and corn; corn is more efficient than wheat production, while enlarging the
farming scales is more important to the wheat. Using the similar DEA models, Chapter 5
develops a framework on agricultural production efficiency of individual farms. The data
source is a survey to 99 household farms of Hebei province, conducted by the authors.
Similarly, most of the inefficient farms can improve efficiency through enlarging their farming
scales; ratios of net profit has a larger average slack to be increased than the absolute value;
irrigation costs can be saved with the largest margin; large slacks exist in fertilizer and
pesticides. The empirical analyses in the second stage indicate that reducing the numbers of

agro-labor improve production efficiency; the public services do not improve the efficiencies,



unless conducted together with farms’ efficient access to the credit. In succession, Chapter 6
and 7 study farmers’ behaviors and perceptions on applying agro-chemicals, including the
total amounts, main components, possible consequences of over application, based on
another survey of 560 household farms in six provincial regions of eastern China. Through
the adoption of multivariate and binary logistic regression models, these two chapters
identify the significance of enlarging farming scales, increasing farmer’s migrant employment
and incomes, in terms of their appropriate behaviors and perceptions on using
agro-chemicals.

As the last section, in light of the proceeding findings and reviews of current status and
prior literature, Chapter 8 raises comprehensive policy recommendations, concerning
enlarging the farming scales, improving the contribution of agro-technology, promoting
migrant employment of rural labors, channeling more funds to agriculture, increasing the
value-added of agro-products, and strengthening public education and management on safe

agro-production.

Keywords: C-D Production Function, Chinese Agriculture, DEA, Factor analysis,
Production Efficiency
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Chapter 1  Introduction

1.1 Study background

On April 28, 2011, China National Bureau of Statistics released the Billiton of 6t
National Census, according to which the total population of China has exceeded 1.37
billion in 2010. Being a country embracing the largest population, China highly needs
the sufficient and safe supply of agricultural products, especially the grains. In recent
years, Chinese government has adopted drastic innovations on agricultural institutions,
including waved off the agro-taxation, increased the subsidies directly to grain-growing
tarmers, etc. Until 2009, the fiscal expenditure for agriculture, forestry and water
conservancy amounts to 672.04 billion yuan, accounting for 8.81 percent in national
public expenditure (CSY, 2010).

Meanwhile, the total area of arable land has dropped from 130.04 million ha in 1999
to 121.72 million ha in end of 2008 (CSY, 2010). In 2010, arable land per capita in China
was 0.092 ha, only 40 percent of global mean (SCC, 2011). Since early 1980s, with the
process of Reforms and Opening-up, the number of agro-labors has been decreasing,
thanks to the continuous shift of surplus labors to the urban areas and the other sectors.
As the result, percentage of agro-labor in total labors dropped from 68.70 percent in 1980
to 38.10 percent in 2009. Nevertheless, comparing with the 10.35 percentage of
agriculture in national GDDP, surplus labors still exist in agriculture (CSY, 2010).
Observing from the GDP per capita of the three strata of industries, value of primary
industry (agriculture) was 11860 yuan, merely 16.31, 21.37 and 27.16 percent of the
counterpart in secondary, tertiary industry and the total economy, respectively (Fig.1-1).

Considering the large population, especially the surplus labors hence relative low
GDP per capita in agriculture and the limited or even diminishing arable land, it is of
great importance to identify the significant determinants of agricultural development in
latest decades. Furthermore, the measurement and hence improvement of agricultural
production efficiency is essential to the whole economy, in terms of supplying enough
food stuff and production materials. In addition to the macro-analysis of national and
regional areas, micro-analyses are necessary from the perspective of individual

household farms, which are the overwhelming production units in Chinese agriculture.
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Fig.1-1 Share of agriculture in 1980-2009 (% and thousand yuan)
Source: China Statistical Yearbook, 2010

At the same time, the application of chemical fertilizers supported agro-growth in
the first place (J. Y. Lin, 1992; D. Li, et al 2011b), and agro-pollution has become the first
source of water pollution, due to over use of fertilizer and pesticides (CMEP, 2010).
Simultaneously, the improper application of fertilizers and pesticides constitute major
menaces to food safety (EB, 2010). Safe food apply originated from proper behaviors of
agricultural production are the public appeals of both at home and abroad. In latest
decades, especially after the entry of WTO in 2001, agricultural products are becoming
the important goods for exportation. In 2000-2009, the value of exported agro-products
has increased from 15.70 billion USD to 39.63 billion USD, maintained an annual growth
rate of 10.84 percent (CMA, 2010). The high-quality exported agro-products are
beneficial for improving the competitiveness of China in international market and thus
farmers’ incomes.

Therefore, it is necessary to study the application of agricultural chemicals of
fertilizer and pesticides, in terms of their behaviors and perceptions. At present, as
household farms are the overwhelming managing units of agricultural production,
concerning studies should be conducted from the micro perspectives of the individual
farms. Meanwhile, the impacts of significant factors to farms’ behaviors should be
measured through the construction of a variety of variables on the possible social and

natural determinants.
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Conclusions and recommendations

1.2 Study objectives

According to the background analyzed above, the study aims to analyze the
impacts of component factors in gross agricultural development, efficient production of
major agro-products and individual farms, and identify countermeasures to improve
agricultural productivity, with sufficient, safe supply of agro-products; rational, efficient
and proper application of production factors, and sustainable, friendly effects to the
environment.

Specifically, as shown in Fig.1-2, the main objectives include: (1) identifying the
significant factors of agro-development in latest decades; (2) measuring the traits of
production efficiency of both staple grain crops and individual farms; (3) specifying the
significant determinants affecting farms” production efficiency; (4) capturing farmers’
behaviors and perceptions of using fertilizer and pesticides, and the significant
determinants. Based on the findings of these analyses, conclusions will be drawn,

following by policy recommendations.

1.3 Organization of this thesis

Based on the study background and objectives outlined in Chapter 1, the remaining
chapters are to be organized as follows (Fig.1-3).
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Chapter 2 conducts a factor analysis of Chinese agricultural development after 1983,
based on the time-series data issued by the government, and the main model is
Cobb-Douglas production function. The application of chemical fertilizer is measured as
the most important factor. As the second factor, technical progress promotes agricultural
development in considerable degree, while the contribution rate from institutional
transition is comparatively low. Finally, a variety of suggestions are made on the topics
such as safe application of chemical fertilizer, popularization of agro-tech, the increase of
agro-capital, reduction of agro-labor (D. L, et al 2011b).

In Chapter 3, a framework on wheat production efficiency including 2 outputs and
7 inputs is developed, adopting an input-oriented DEA model with the assumption of
VRS. The data source is the agricultural product survey, conducted by Price and Cost
Inspection Bureau of Hebei in 2008, with 36 counties sampled as the Decision Making
Units. From the outputs of DEAP 2.1, for most of these counties, production efficiency
can still be improved through reducing some of the inputs, in addition to enlarging farm
scales. Slack analysis of the outputs shows that comparing with technical improvement,
much more margin lies in the socio-economic optimization. Meanwhile, slack analysis of
inputs indicates that the inputs can be saved with 19 percent; fertilizer amount is the
tirst constraint input, while machine rent is the least. Based on these findings, policy
implications are put forward, concerning the circulation of land, strengthening the
construction of public agricultural facilities, and deepening the institutional reforms to
promote extension of agricultural technologies (D. Li, et al 2011a).

With the same database and DEA model, production efficiency of corn is measured
in 44 counties of Hebei Province Chapter 4. Furthermore, production efficiency in corn
and wheat are compared with Crosstabs Analysis. Finally, policy implications are put
forward, concerning the adjustment of farming scales, marketing facilitation thus
improve the added value, constructing the infrastructure and mechanization (D. Li, et al
2011c).

In Chapter 5, agricultural production efficiency from the perspective of individual
farms, using another input-oriented DEA framework with 2 outputs and 6 inputs. The
data source is a survey to 99 household farms of Hebei province, China, conducted by
the authors in 2010. In the second stage, effects of a variety of social and natural
determinants are assessed, with the adoption of an Ordinal Logistic Regression model.
Based on the empirical findings, policy recommendations are put forward (D. Li, et al
2012a).

Chapter 6 studies farmers’ application of fertilizers, based on a survey to 560
household farms in six provincial regions of eastern China. The main contends include

total amounts, main components of chemical fertilizers and the use of organic fertilizers.
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Then, it summarizes the farmers’ perceptions, ranging from fertilizer choosing, field
application, disposal of the used packages and awareness on the possible consequences
of over fertilization. Nine indicators are adopted as the predictors, including
information on the householders, land-using and planting structure, household income
and geographical location. Fertilization Coefficient is formulated to isolate effects of
farms’ geographical location and planting structure, hence capture farmers” propensities
on fertilizing. Through the adoption of binary logistic regression models, significant
determinants are identified behind farmers” behaviors. Finally, policy recommendations
are put forward, from increasing fertilization efficiency of both chemical and organic
fertilizer, to improving farmers’ capability and awareness of scientific fertilization (D. Li,
et al 2012b).

Furthermore, based on the same survey, farmers” application of pesticides is studied
in of Chapter 7. The contents include amounts of chemical pesticides, use of toxic
pesticides and biological pest-control methods. Meanwhile, it summarizes the farmers’
perceptions, ranging from pesticides choosing and field application to the awareness on
the withdrawal period, possible consequences of overdosing and disposal of the
containers. Through the adoption of multivariate OLS and logistic regression models,
significant determinants affected farmers’ behaviors are identified. Finally, several policy
recommendations are put forward (D. Li, et al 2012c).

Finally, after summarizing the major conclusions of the foregoing chapters, Chapter
8 puts forward a variety of policy recommendations, in respect to improve the
agricultural growth and production efficiency, while maintaining the proper behaviors

and perceptions on the application of fertilizers and pesticides.
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Chapter 2  Factor Analysis of Gross Agricultural Development

2.1 Introduction

In the end of 1978, China launched Reforms and Opening-up, thus broke up the
highly-planned economic institutions, and revitalized the whole economy from rural
areas. Until the mid-1980s, as a prelude of the Reform and Opening-up, the Household
Contract Responsibility System has been expanded in nationwide rural areas, where
production teams were dissolved within 99 percent of villages and major production
materials, symbolized by farmland, were divided into household farms. After the reform,
farmers can keep the rest as private properties, once paid a certain amount of food or
agricultural tax to the state as contracted. It released the long-term bounded farming
organizations, and increased farmers motivation on agricultural productivity, hence
agricultural development reached a high level within a few years. As a fundamental
measurement, total grain yields amounted to 379 million tons in 1985, from 305 million
tons in 1978. With this growth rate of some 25%, the problem of food security, which
puzzled China for a long time, was resolved by large. In addition to benefiting national
life and industrial development, it brought new opportunities to the overall economic
reforms. At the same time, thanks to the effects of non-agricultural reforms, agriculture
gradually developed as an industry capable of self-reliance.

By the mid-1980s, the rapid development of agriculture is realized primarily due to
the powerful potential released by institutional reforms. By contrast, in subsequent
periods, agriculture maintained the high-speed growth, under the progress of overall
economic reforms. From 1983 to 2006, China's Gross Agricultural Output (GAO) raised
from 275 billion yuan to 4242.44 billion yuan (current prices). Accounting the influences
of inflation, the GAO was 1242.70 billion yuan with constant prices of 1983, an average
annual growth rate of some 6.88% was maintained in this period.

As shown below, factor analysis of China's agricultural development has been
conducted by J. Y. Lin (1992), J]. Wang (2009) and H. Zhang (2008), and other studies.
However, these studies embrace problems as orienting on obsolete periods, focusing on
specific factors of institutional factors, technological changes or changes in factor inputs.
That is, it remains a challenge to the scholars of conducting comprehensive analyze and
policy recommending on the reasons of agricultural development in recent periods, with
the consideration of all the factors proposed above. Therefore, this chapter aims to

clarify these issues, through factor analysis of China's agricultural development from the
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Chapter 2 Factor Analysis of Gross Agricultural Development

perspectives of inputs change, institutional transition and technological progress since
1983, when it began to develop as an independent industry by large. Within this macro
analysis on the national time-series data, the approaches adopted are mainly production
functions.

2.2 Development of Chinese agriculture and previous studies

In the study period, Chinese government esteemed rural areas as regions with great
potentials to expand domestic demands, in addition to the conviction of fundamental
position of agriculture in the rapid and stable economic growth. Therefore, in order to
stabilize the Household Contract Responsibility System, further reforms are conducted on
institutions of pricing the agricultural products, agricultural taxation, etc. In addition, to
increase agricultural productivity and farmers” incomes, more funds are inputted to the
development of agricultural sciences and technology, especially the innovation and
extension of advanced agricultural production materials, new breeds. Thus,
modernization of agriculture has been promoted, thanks to these agriculture-beneficial
policies and technological advances. However, agriculture did not develop with
continuous and fast speed, and significant differences existed between the annual
growth rates. In particular, after a minus growth rate of 4.78 percent in 1989, an
upheaval of 21.83 percent showed up in 1990 (Fig. 2-1).

25
20
15
10

Fig.2-1 Annual growth rate of annual agricultural output in 1983-2006 (unit: %)
Source: Summary of Chinese Agricultural Statistics

On the lubricating growth of GAO mixed with untrimmed increases and even
decreases, many scholars have explored the causes from different perspectives. J. Y. Lin
(1992) analyzed the output elasticity of each factor in agricultural development from
1978 to 1984, used province-level panel data. According to the conclusion, as the most
important factors in the first half period, rural economic institutional reforms from

production teams to the Household Contract Responsibility System supported the increase
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of agricultural production with an important role of 19.80 percent. Meanwhile,
significance of institutional reforms diminished sharply in the latter half of period. In
succession, fertilizer application and technological progress (through the proxy variable
of T) are measured as contributed greatly as well. To analyze significant factors behind
development of Chinese agriculture, this study includes three factors of factor inputs,
institutional changes and technological progress factor. However, as the study period is
up to 1987, it necessary to conduct factor analyze of China's agricultural development
within the following 20 years.

S. Huang et al (2005) conducted empirical analysis on the impact of Changes in land
ownership system! to agricultural growth in 1949-1978, from the founding of People’s
Republic of China's to the Reforms and Opening-up. Conclusions of this study show the
different effects of each factor to gross outputs of agriculture, in different stages of land
ownership. This research has a long but demoded study period, and did not include the
variable of technological progress. Aiming at understanding impacts of agricultural
innovation system, Z. Qiao, et al (2006) analyzed the significant factors of Chinese
agricultural development, in the five-divided period of 1978-2004, based on the model
specified by Z. Griliches (1963). However, insignificant variables were included in some
models for different periods such as Ilabor and power in 1978-1984 and 1996-2002.
Meanwhile, the study periods was divided into so many stages, especially included a
two-year stage of 2003-2004, which reduced the accuracy of statistical analyses with
models of multivariate regression, etc, thus blocked the accurate measurement of the
whole study period from 1983 to 2006. In addition, this study did not include the
contribution of technological progress.

Based on the panel data of provincial-level regions, H. Zhang et al (2008) analyzed
the development of Chinese agriculture in 1949-2005. The result indicated that the
physical inputs, particularly fertilizers and machinery, had a high contribution to the
total agricultural output, farmland and labor contributed with lower or even negative
ratios and large fluctuates. In this comprehensive empirical study, only the input
elements were incorporated as determinants to agricultural development, while
variables of technological progress and institutional change were excluded. In addition,
Wang (2009) studied the relationship between technological progress and economic

development in agriculture, with an extended Cobb-Douglas production function. It

! In the study period of this paper, land ownership in rural China passed through the stages of
private ownership (1949-52), transition from private to collective ownership (1953-58), collective
ownership through the people's commune (1959-62), and collective ownership of three subjects
(people's commune, production brigade, production team), with the basis of production team
(1963-78).
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concluded that agricultural development increased the funds inputted on agricultural
technical progress, while the latter needs to feed back the former mainly through the
scientific conversion of concerning production elements and their organizations.
Although this study oriented to a long period of 1986-2004, impacts of institutional
change were not incorporated into the model (Table 2-1).

In previous studies, the development of Chinese agriculture was primarily
attributed to three kinds of factors. The elemental inputs are the quantity of farmland,
labor and agricultural assets, in addition to the liquid capitals of chemical fertilizers, etc.
Institutional transitions refer to the changes of land ownership, agricultural price system,
rural finance taxing forms, etc. Technology progresses include advances in farming
methods related to increase production capacity of agricultural machinery and chemical
fertilizers, and improved varieties of agricultural products. However, as noted above,
there is still a blank topic of studying the period since 1983, when agriculture began to
develop as an independent industry, with the adoption of the aforementioned factors to
an integrated model, thus measure the respective impacts the development of Chinese
agriculture. Meanwhile, further explorations are necessary in terms of the most
appropriate indicators models to reflect impacts from the capitals, land or the other
factors.

Therefore, with such awareness, based on data in 1983-2006 and production
functions, after thoroughly examine the significance of each factor, this chapter selects a
variety of indices with availability of credible data, to demonstrate the impact of
agricultural development. In detail, taking the 24-year period as a whole!, the
introduced time series data covers all the three types of variables as summarized above,

i.e., inputs changes, technological progress and institutional transitions.

! To illustrate the impact of institutional changes, the author introduced several dummy
variables, and estimated the study period in different phases. However, the results did not show
significant trend in terms of institutional changes, due to the short periods, thus statistical
insignificance of each model.
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Table 2-1 Estimation on the factors of China's agricultural development in previous studies

Factor and production elasticity

Period Land Labor Capital Agro- Ferti- House- Multi- Cash Price Price Tax& Public Agro- R?
power lizer hold crop  crops ratio reform  costs financial tech
contract reform aid
J.Y.Lin 1978-84 -0.74 1.91 4.57 13.60 19.80 -0.82 156 -0.32 6.75 12.60
(1992) 1984-87 -1.61  -2.95 1.88 2.26 0 088 117 536 -5.04 6.30
1949-52 0.01 0.59 0.11  0.18 -0.25 0.850
S. Huang,
Cal 1953-58 0.50 0.42 -0.06  0.06 0.00 0.925
eta
1959-62 0.73 0.33 -0.09 0.04 0.28 0.913
(2005)
1963-78 0.34 0.40 0.03  0.09 0.24 0.816
1978-84 -0.98 0.82 468 18.11 20.99 0.06 0.994
Z.Qiao, 1985-87 0.46 0.68 6.19 0.13 -0.52 0.998
et al 1989-95 -0.17  -0.84 588  2.05 -1.60 -0.56 11.80 0.998
(2006) Feb-96 0.15 0.14 146  6.96 0.06 -0.15 0.33 0.994
Apr-03 0.52 0.24 130 0.81 0.17 1.95 1.99 0.998
1984-87 -0.65 0.38 097 0.44 0.995
H. Zhang, 1988-96 -1.54 0.94 286  0.23 0.917
et al (2008) Mar-97 -0.30 0.27 022 0.23 0.996
May-04 0.34 -0.49 1.05 0.64 0.994
J. Wang
Apr-86 0.45 0.47 0.34 0.990
2009) P

Note: The Agro-power is the sum of the energy used in agriculture; price ratio is the ratio of price index of agricultural products and production
materials; price reform is represented by ratio of product prices determined by the government; tax & cost reform is represented by the proportion of
agricultural tax in total agricultural production; financial support refers to the proportion of fiscal inputs to agriculture in total public budgets
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2.3 Methods and data

2.3.1 Theoretical model of production function

In studies about sources of economic development, Cobb-Douglas production
functions! are widely used to demonstrate the relationships between economic growth
and inputting factors. As the original theoretical model, Cobb-Douglas production

function is represented by the following formula:
N
Y =g [ %" (2-1)
n=1

Here, x» represents the inputting factors of capital, labor, etc, and p« is the elasticity of
each factor; fo includes all the other factors thus be called as Total Factor Productivity
(TEP); t is a proxy variable for the time trend variable of technological progress; fo, fn
and 0 are unknown parameters to be estimated.

Taking the natural logarithm on both sides of Eq.2-1, and calculating the partial
differential of InY with ¢:

olny
ot

o (2-2)

where 0 represents the rate of technological progress (S. Sakano, et al 2004). Hence, the
Cobb-Douglas specification of production function implicitly assumes the technological
change effect is constant to the output Y (T. J. Coelli, et al 2005). Meanwhile, as the
Cobb-Douglas specification of production function is homothetic, thus assuming that
the substitute elasticity between different factors constant to be 12 (Y. Kuroda, 2005).

In theory, using the model described above, we can compute the contribution of

technological progress over time. However, as the rate of technological change is not

! In the studies of relationships between economic growth and inputting factors, in addition to
production function, cost function and profit function are often used as well. Nevertheless,
independent price variables are needed in both of the latter two functions. In addition,
cross-sectional data were used in many prior studies on cost and profit functions (Y. Kuroda
2005). In China, only part of price data of production factors has been published. Therefore, this
paper conducts factor analyze of Chinese agricultural development with the adoption of
production function.

2 Despite the single homogeneous assumption of substitutability between the elements, similar
homogeneity (i.e., constant returns to scale) is not assumed for the returns to scale, which is
determined by the parameters to be estimated. For example, if Z5.= 1 means constant returns to
scale; X3:<1 indicates the diminishing returns to scale; 2.>1 denotes increasing returns to scale.
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constant every year, there highly possible difficulties to observe the contribution over

time. Therefore, another specification of production function is needed as:
Y=pl %" (2-3)
n=1
Here, contribution of technological progress can be calculated with:
|VITech =1- i M n (2'4)
n=1

That is, contribution of technological progress (M=) is obtained as the residual of
subtracting the contribution of other factors (M») from the growth rate of Y (K. Ogawa, et
al 2002; S. Sakano, et al 2004). This thus provides another basic method to estimate the
contribution of technological progress, based on the Cobb-Douglas production function
(S. Inamoto, 1969). In this study, after compare results of the two models, the better
performed Eq.2-4 is adopted.

2.3.2 Indicators and data

In this chapter, to describe the development of Chinese agriculture and the factors
over the period, indicators shown in Table 2-2 are adopted. The data sources include
Bulletin of Chinese Agricultural Development (2007), and China Statistical Yearbook (relevant
years), published by China's Ministry of Agriculture and State Statistical Bureau.
Considering the impacts of time trend, all the monetary values are calculated in the

constant prices of 1983.

Table 2-2 Summary statistics of Chinese agricultural development in 1983-2006

Var. Description Unit 1983 2006 Annual
growth (%)
Y  Gross Agricultural Output (GAO) billionyuan® 275.00 1242.70 6.78
Ld Sowing area of agricultural plants million ha 143.99  157.02 0.38
Ats Value of fixed agricultural assets billion yuan 53.40  237.82 6.71
Pw Power of agricultural machineries million kw 180.22  726.36 6.25
Fert Amounts of chemical fertilizer million ton 16.60 48.34 4.76
Lb  Number of agricultural labors 10000 person  316.45  294.05 -0.32
Rp Hpiﬁ?tiagdriﬁ:ferzgﬂo of agro-products and % 101.36 99.70 -0.07
Rt Ratio of agricultural taxes in fiscal revenue % 4.25 0.95 -6.31
Rf Ratio of fiscal agro-aiding funds in GAO % 4.83 7.48 1.92

Note: # As the prime currency unit, 7.97 yuan = 1 US$ (middle exchange rate of 2006), and all the monetary
values are calculated in the constant prices of 1983
Source: Bulletin of Chinese Agricultural Development (2007); China Statistical Yearbook (relevant years)

13



Chapter 2 Factor Analysis of Gross Agricultural Development

In the first place, as the dependent variable, Gross Agricultural Output (Y) is the
total output value of the final products of agricultural activities, including farming,
forestry, animal husbandry and fishery. The gross output of each agricultural product
(Yt) is obtained by multiplying the price and physical volumes of production, and then
converted to the constant prices of 1983.

Due to the existence of multiple cropping in agricultural production, Sowing area of
agricultural (Ld), rather than the areas of arable land, is adopted (Z. Qiao, et al 2006). In
origin, labor force (Lb) is should be represented with of total working days or hours in a
year, etc. However, viewing from the real status of Chinese farmers, their laboring times
are difficult to be accurately measured. Meanwhile, relevant data is not found from
China Statistical Yearbook, China Agricultural Yearbook, and other sources. Therefore,
referring to the earlier literature of J. Y. Lin (1992), Z. Qiao, et al (2006), etc, annual
number of agricultural labors (10 thousand persons per year) is adopted in this study.

Agricultural capitals are divided into fixed and liquid capitals. The value of fixed
assets (Ats) is the monetary expression of objects, tools and equipments directly used
upon agricultural production, borrowed or owned by farms over a relatively long
period of several years. Power Agricultural machineries (Pw) is the sum of energy with
machineries used in ploughing, irrigation, harvesting and transportation, etc., within the
agricultural activities of farming, forestry, animal husbandry and fishery. In order to
identify appropriate variables to represent the fixed capitals, Pw and Ats are
incorporated into the model simultaneously. At the same time, as the most important
liquid capital, Amounts of chemical fertilizer (Fert) refers to the standardized quantity of
Nitrogen, Phosphorus, Potash and compound fertilizers used in agricultural production.
Here, the standardization depends on the content of nitrogen, phosphorus pentoxide,
potassium, etc, in different types of fertilizers.

Meanwhile, three indicators are included to reflect the impact and effectiveness of
institutional reforms in the study period, concerning agricultural commodity prices,
agricultural taxation, aids and assistance to agricultural production, etc. Price indices
ratio of agro-products and inputting materials (price ratio, Rp) is the ratio of price index
and producer price indices for agricultural materials in each year. Series of reforms
carried out in the field of agriculture, which began from institutions of commodity
prices in early 1980s. Thereafter, the price system once generally controlled by the state
being gradually reformed over a long period. By 2004, the fixed purchase prices are
completely abolished and grain prices are began to be fully determined by the market.
Meanwhile, Ratio of agricultural taxes (Rt) is the percentage of agricultural taxes in
national fiscal revenues of each year. The agro-supporting funds are mainly used to

finance agricultural production, irrigation, climate forecasting, infrastructure, R&D, etc.
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Ratio of fiscal agro-supporting funds (Rf) refers to the percentage of public funds within
Gross Agricultural Output (GAO). Using these two indicators, we intend to evaluate the
impact from reforms of agricultural taxation and fiscal institutions. Since 2000, the rural
tax reforms were included to the unified reforms managed by the central government.
Until 2006, agricultural taxes were fully abolished in a nationwide scope, and subsidies
supporting agricultural production began to be directly distributed to the farmers. At
the same time, reform of the budgetary expenditure on agriculture finance came into
force. In 2004, to balance the socio-economic development of urban and rural areas, the
No.1 document issued by the top authorities proposed the key guideline of the rural
policies as Giving More, Taking Less and Loosening Control, stressing that the
government would increase its input to rural areas and agriculture, reduce taxes and
fees collected from farmers. Meanwhile, another policy agenda was committed to

transform the lack of financial input to agriculture! in the same document.

2.4 Results and discussion of the model

2.4.1 Results of the estimation
In this study, factors analysis of agricultural is conducted through the development
of an econometric model without the inclusion of time variable, based on the log-linear

Cobb-Douglas production function as:
InY=Constant+alnLd+pilnAts+paInPw+psIinFert+yInLb+oi1lnRp+daInRt+0sInRf+e  (2-5)

where Constant is the intercept, a, i, ¥ and 6i are unknown parameters to be estimated,
and ¢ is the random item.

Although we can include all the above variables into the final model and obtain
higher fitness, it is better to develop models by omitting redundant variables which
hardly contribute the total fitness. In econometric models, the change of determinant
coefficient AR? the change of F (AF), and the probability significance of p, r are
referential in selecting the variables (Murase, et al 2007). After removing the insignificant
variables according to the probability significance of p,robtained by the software SPSS,
the combination of the explanatory variables in the final model include four significant

variables as shown in Table 2-3.

1 In terms of the financial inputs to agriculture, the total sum draws much more attentions than the
proportion in annual government expenditure. In latest years, the fiscal inputs to support agriculture are
increasing, while the proportion in annual government expenditure even decreased. In 1983-2006, the
proportion decreased from 9.43% to 7.85% (China Statistical Yearbook).
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Table 2-3 Estimation of the production elasticity

Variable Constant Lb Ats Fert Rf
Elasticity 7.672" -0.824™ 0.159™" 0.988™" 0.306™"
t (2.436) (-2.665) (2.848) (12.265) (4.824)
Indicator Sample size F Adj.R? D-W
Value 24 586.085 0.99 2.285

Note: ™", “"and “represent statistical significance in the level of 1%, 5% and 10% respectively
Software: SPSS 13.0

All the significant F and t-test in the level of 5 percent, the Adj.R*> of 0.99, and
Durbin-Watson value of 2.285 indicate good statistical fitness. In addition, fixed assets,
chemical fertilizers, ratio of fiscal agro-supporting funds are all estimated as with
positive elasticity. Although the negative elasticity of agricultural labor is adverse to the
general economic assumption, it meets with existence of over surplus numbers of labors
in Chinese agricultural production. In previous studies, both J. Y. Lin (1992) and Z. Qiao,
et al (2006) have measured negative elasticity of labor productivity. Therefore, this model
estimates well China's agricultural and economic growth in the study period.

To analyze the causes of significant ratio of fiscal agro-supporting funds, while
insignificant pricing factors, it may due to lower prices of agricultural products
compared with the prices of fertilizers and other inputting industrial products, thus
farmers are difficult to be positive towards agricultural productivity. In terms of the
sowing area of agricultural plants, insignificance may be resulted mainly from
Multicollinearity, as high relation coefficients of 0.95 and 0.87 exist between this variable
and value of fixed assets and fertilizer, respectively. Meanwhile, viewing from changes
of inputs over the study period, when sowing area of agricultural plants increased 9.05
percent, value of fixed assets and amount of fertilizer increased 345.38 percent and
191.26 percent, respectively. In respect to the major crops, acreage of grains and cotton
declined 7.50 percent and 11 percent respectively, thanks to the increased per unit yields
of 38.88 percent and 63.45 percent, the total yields eventually increased by 28.45 percent
and 45.48 percent, respectively. Similarly, total yields of oil crops increased by 189.99
percent, due to the increased per unit yields of 77.12 percent. To sum up, in the study
period, comparing with the physical inputs of fertilizers and fixed assets, etc, hence the
increased in yield per unit, sowing area exerted slightly smaller effects, thus of which

the insignificant result in the quantitative model is plausible.

2.4.2 Contribution of each factor
In the study period, although the gross agricultural output increased by 351.89
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percent, number of agricultural labors decreased by 7.08 percent, from 316 million to 294
million. In addition, the value of agricultural fixed assets increased from 53.4 billion
yuan to 237.8 billion yuan, amounted more than four times; the three-fold increased of
fertilizers were amounted from 16.60 million tons to 48.34 million tons. Ratio of fiscal
agro-supporting funds in gross agricultural output rose from 4.83 percent to 7.48 percent
as well. Based on the multiplication of these changes on each factor and the
corresponding elasticity, the contribution rate of agricultural growth can be assessed for
each factor using percentage within total agricultural output. Furthermore, as shown in
Eq.2-4, contribution of agricultural technological progress can be estimated by
subtracting the contributions of the other factors (Table 2-4). In addition, as investment
on agricultural R&D is already included in financial support for agriculture, the
technological progress in this context means the rest part by subtracting the investment
on agricultural R & D from the government.

Table 2-4 Contribution of each factor (1983-2006)

Y Lb Ats Fert Rf Tech?
(1) 351.89
Total change (%)
(2) -7.08 345.38 191.26 54.87 —
Elasticity (3) -0.82 0.16 0.99 0.31 —
Contribution (%) (3)x(2)/(1) 1.66 15.57 53.70 4.77 24.30

#Contribution of technological progress (Tech) is calculated based on Eq.2-4
Software: Excel 2007

According to the results of Table 2-4, within the growth rate of 351.89 percent of
Gross Agricultural Production in the study period, the increased amount of fertilizers,
value of fixed assets, amount of financial supports and the reduction of agricultural
labor force, contributed with the share of 53.70 percent, 15.57 percent, 4.77 percent and
1.66 percent, respectively. Meanwhile, being the residual of the four variables,
technological progress contributed 24.30 percent to Chinese agriculture development.
Among the factors, increase in the amount of fertilizer inputs is the most major factor,
following by technological progress. These two factors accounted for 78 percent of gross
agricultural output growth, constituting major causes of Chinese agricultural
development over the study period.

In succession, value of fixed assets processes great increases but small elasticity,
thus the contribution remained to be 15.57 percent. As a proxy of institutional changes,
Ratio of fiscal agro-supporting funds in GAO shares a small contribution of 4.77 percent
in the study period. In terms of the minus and small elasticity of agro-labor, a share of
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1.66 percent is contributed due to the decreased numbers over the study period.

These results are in lines with conclusions of the prior studies. Firstly, as the basic
agricultural production materials, the detected significant effects of chemical fertilizers
is similar with J. Y. Lin (1992), Z. Qiao, et al (2006), Zhang, et al (2008) and many other
studies. As key factor in the second place, the importance of technological progress is
measured in Wang (2009) and other prior literature. As to the negative elasticity of
agro-labor number, which is in line with J. Y. Lin (1992) and Z. Qiao, et al (2006), it
indicates that transferring of agro-labor numbers have contributed to Chinese
agricultural development. The major reasons behind include engaging in other sectors
enables the farmers to obtain more funds investing on fertilizers and fixed agricultural
assets. Meanwhile, the non-agricultural experiences are beneficial in improving farm

management and trade of agro-products.

2.5 Conclusions and recommendations

2.5.1 Major conclusions

In this chapter, a factor analysis of Chinese agriculture development in 1983-2006 is
conducted, from the perspectives of inputs change, institutional transition and
technological progress. As a result, new findings did not show up in similar studies
were obtained, through comprehensive perspectives, overall and long-term modeling
and comparison of different models in measuring the contribution of technological
advances, etc.

From the statistical significance of each factor, with increment of chemical fertilizer
in the first place, fixed agricultural assets, followed by financial supports and the
reduction of agricultural labor force constitute the major factors supported China's
agricultural development in the study period. In previous literature, different factors
were detected as the first factor in different stages, such as agricultural technology in J. Y.
Lin (1992), agricultural machinery and financial assistance in Z. Qiao, et al (2006),
agricultural machinery and labor force in Zhang (2008), etc (Table 2-1). In contrast,
increased input of fertilizer is measured as the most important factor for China's
agricultural development in 1983-2006, with an overwhelming contribution share. In
addition, as the second factor, technological progress is concluded as supported
agricultural development with a considerable share of contribution. Different from the
models in Z. Qiao, et al (2006) and Zhang (2008), Wang (2009) considered the significance
of agricultural technology, although measure as contributed with the lowest share
among three types of factors. Inaccurate measurement of the contribution of agricultural
technological progress will inevitably mislead the understanding of the significant

factors and thus policies recommendations of agricultural development. Finally,
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although J. Y. Lin (1992) and Z. Qiao, et al (2006) have suggested that institutional
changes is a key factor for China's agricultural growth since the middle of 1980s, this
study shows that compared with the other factors, institutional changes holds a
relatively low contribution share. It suggests that since the mid-1980s, despite the series
policies in favor of agriculture, few fundamental institutional changes like household

contracting system is carried out, or that the institutions are not implemented effectively.

2.5.2 Major recommendations

Based on the above conclusions, the following policy recommendations can be
raised to accelerate agricultural development. First, the increased input of chemical
tertilizers has contributed significantly and the amount is expected to keep increasing in
future. Nevertheless, the realization of sustainable and environmentally friendly
agriculture has become an important issue. Therefore, for the safe application of
chemical fertilizers, the government needs to extend soil surveying techniques, and
promote the proper classification and appropriate amounts of fertilizers. Thereby,
increase agricultural productivity while savings fertilizer costs and protecting the
environment.

Meanwhile, as another important factor, advances in agricultural technology should
be accelerated three perspectives of R&D, extension and funds. At present, although
agricultural technology has developed rapidly in China, problems still remain in
transferring and spreading the techniques to the fields. To analyze the causes, the
overwhelming ratio of household management, thus the small sizes of farmland in
agriculture can be attributed. The individual farms are limited in willingness and ability
to introduce new agricultural technologies. In the governmental institutions specializing
in extending agricultural technologies, irrespective connection of staffs’ incomes and
their achievements in extending agricultural technology, thus lack of initiatives can be
pointed out as another reason. Thus, in addition to enlarging the managerial scales
though encouraging the transfer of farmland use rights, marketing reforms upon the
extending institutions of agricultural technology, especially from the grassroots,
constitutes an urgent measure simultaneously.

At the same time, there are countermeasures needed to serve agricultural labors,
number of which is estimated with a significant but minus production elasticity above.
To reduce the number of agricultural labors, further endeavors are necessary to
strengthen the non-agricultural vocational training of rural labors by the Sunshine

Project!, accelerating the reform of the family registration system, so as to shift surplus

U Sunlight Project is a series of technical and vocational training programs to the rural labors, carried out
by the Chinese government since 2004. The Project aims to improve quality and skills of rural labors, thus
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labors to both the urban areas and local non-agricultural sectors.

In addition, as an important factor of institutional change, fiscal agro-supporting
funds needs to be increased. Despite the relative low capital elasticity, the increase of
fiscal agro-supporting funds is highly beneficial to increase the value of fixed assets and
the promotion of agricultural technology advances. Thus, to deepen the reforms of the
financial budget on agriculture and transform the lack of fiscal inputs on agricultural, it
necessary to ensure sources of funds channeled to agriculture, from a series of sources
including governmental departments and financial institutions. Specifically, the main
roles of government include the investment on agricultural infrastructure construction,
subsidies on the purchase of agricultural machinery and good seeds. Meanwhile,
financial institutions are expected to create preferential prerequisites to provide more

loans to farmers.

2.5.3 Open research topics

In recent years, with China's rapid economic development, agricultural inputs are
being increased, and the extension of agricultural technology is being enhanced. In
addition, the overall abolition of agricultural taxes, and direct aid to agricultural
production, etc, a series of Agro-supporting policies was carried out by 2006. Therefore,
although this study could not fully grasp impact of these policies, further studies are
necessary to assess China's overall agricultural growth factors, using annual data since
2007.

promote their employment in rural non-agricultural sectors and urban areas.
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Chapter 3 Wheat Production Efficiency in 36 Counties of
Hebei Province

3.1 Introduction

As a province surrounding Beijing (Fig.3-1), Hebei is one of the 13 main
grain-growing provincial regions! in China, with wheat the most important grain in this
province. In 2008, Hebei accounted for 10.87 percent of the national aggregate outputs
and 10.23 percent in sown areas of wheat. Both of the two indicators ranked the 3™, and
the average output per hectare was 5.06 ton, ranked the 6" amongst all the 31 provincial
regions. Judging from the three indicators, wheat is relatively advanced in ranking than
the other staple grains in Hebei?>. Therefore, efficient production of wheat is of great
importance not only to this province but also the whole country.

To evaluate and promote agricultural production efficiency, the research
perspectives can be divided into two categories. In some cases, including Meng, et al.
(2004), Hu, et al. (2006) and C. Daniel, et al. (2010), different regions were esteemed as
Decision Making Units (DMUs) being analyzed and compared. Meanwhile, many of the
other researches took their DMUs to the individual farms, like Chen, et al. (2009), D.
Bhima, et al. (2010), etc. In either of the two categories, indicators and data that
compatible with characteristics of the objects were indispensible. Been the third level of
Chinese local administrative hierarchy after provincial and prefectural regimes, county
is the final level having complete government divisions and economic industries. In the
regulation of agriculture, the central and provincial governments identify the
developing states and allocate funds to aid agriculture in units of counties. Due to
different fiscal and natural conditions, amount of subsidies for seeds, fertilizer and
agro-machines are differing amongst counties. Therefore, this chapter intends to study
wheat production efficiency from the perspective of county-level regions in Hebei

province.

! The 13 major gains-growing provincial-level regions include Liaoning, Jilin, Heilongjiang,
Inner Mongolia, Hebei, Henan, Hubei, Hunan, Shandong, Jiangsu, Anhui, Jiangxi and Sichuan.

2 In terms of total output in Hebei, rice and corn ranked the 24" and 5%, while from the
perspective of total sown areas, they were placed the 23" and 4% respectively. Both of the grains
were ranked 16" according to the average yield per hectare.
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Fig. 3-1 Location of Hebei Province

Source: http://gochina.about.com/od/maps/ig/Province-Maps/Hebei-Province-Map.htm

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

In agricultural production, many resources, including land, labor, fertilizer, etc, are
being used, thus needs multiple-input models to measure the efficiency. As to the
outputs, a variety of variables can be adopted to measure not only the physical yield but
also the market value. Both the input and output variables are in different units, without

any parameters can be assumed accurately beforehand. Therefore, we will conduct a
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wheat-growing efficiency analysis using an input-oriented DEA model with the
assumption of VRS!. As in many instances, the choice of orientation has only a minor
influence upon the efficiency scores to be obtained. Essentially, one should select the
orientation according to which quantities (inputs or outputs) the managers have most
control over (T. j. Coelli, 2005). For most of the famers, what they can control relatively
free would be the quantity of inputs, rather than the outputs, to agricultural production.
Meanwhile, natural and marketing risks, government regulations, constraints on finance,
etc., may cause a farm cannot operate at optimal scale.

To identify the effects of concerning social and natural factors, a two-stage DEA
model is in wide application. To model the DEA scores and relevant determinants in the
second stage, there are three major approaches being used, including Tobit regression,
the Papke-Wooldridge (PW) model and the unit-inflated beta (Beta) model. However, as
proved by H. Ayoe (2007), Tobit regression performs better that the other two and many
literature have adopted it to identify the factors significant to agricultural production
efficiency as A. Martine, et al. (2003), I. ]. Mohammad, et al. (2008), D. Bhima, et al. (2010),
etc.

Although county-level areas are essential in the study of Chinese agricultural
productive efficiency, few researches have aimed at this kind of regions with the
adoption of two-stage DEA model like C. Daniel (2010). Therefore, we intend to fulfill
the following targets in this chapter: 1) formulating a DEA model appropriate to analyze
wheat production efficiencies taking Chinese counties as the DMUs, 2) revealing the
overall attributes of wheat production efficiencies, 3) finding out the theoretical margin
for the increasing of yields and abbreviation of the inputs in wheat production, 4)
identifying the significant social and natural factors that affecting the wheat production
through the application of Tobit regression, and 5) putting forward referential
countermeasures for policy makers as well.

3.2 Theoretical framework of DEA

3.2.1 Basic model

DEA includes a variety of linear programming procedures, in which a
non-parametric frontier is constructed over the data, and efficiencies of the DMUs are
measured relative to this surface (T. J. Coelli, et al 2005). A. Charnes, et al (1978) proposed

! 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.
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an input-oriented model with the assumption of CRS, based on which R. D. Banker, et al
(1984) included the situations of VRS by adding the constraint of I1"A=1:

Miné
6.4
st. -y, +Y4 20,
6.x, — X4, 20, ]
12 =1, (=1,2, ..., n) (3-1)
420, 0<6 <1

where Y and X are the output and input matrix, yi and xi are the output and input for the
i-th firm, respectively. Ai is an nx1 vector, serving as a weight system to each firm and
thus form a optimal combination of inputs and outputs (the frontier); 0: is a scalar for
each firm, indicating the extent of xi been used to catch up the optimal combination of
inputs, and a value of 1 indicates a point on the frontier hence a technically efficient
DMU. I1 is an nx1 vector of 1, 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 outputs) are similar in scale with the i-th firm (T. J. Coelli, et
al 2005). Therefore, the DEA model of Eq.3-1 seeks to reduce inputs as much as possible,
relative to the empirically constructed identical and optimal combination of inputs and
outputs for each firm (P. Maria, et al 2010).

If the O: obtained from the CRS DEA differs from that out of VRS DEA, it indicates
the existence of scale inefficiency (T. J. Coelli, et al 2005). Thus the 0i obtained from the
CRS DEA (the total efficiency or economic efficiency) is decomposed into two
components, one due to the scale inefficiency and one due to pure technical inefficiency
(i.e. VRS TE).

3.2.2 Nature of returns to scale

The nature of returns to scale can be determined by running an additional
procedure with Non-increasing Returns to Scale (NIRS), which can be imposed through
substituting I11’A=1 with I1"A<1 in Eq.3-1. The nature of the scale inefficiencies for a firm
can be determined by comparing the NIRS TE with the VRS TE. If they are unequal, then
Increasing Returns to Scale (irs) exists; if they are equal, then Decreasing Returns to Scale
(drs) apply; if in a firm where TEcrs = TEvrs, i.e.., SE=1, then the firm is operating under
Constant Returns to Scale (crs) (T. J. Coelli, et al 2005).

3.2.3 Radial and slacks adjustment
Radial and Slacks Adjustment are illustrated in Fig.3-2, where efficient firms (the

frontier) are assumed using input combinations of C and D. Meanwhile, A and B are
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inefficient firms, with the efficiencies measured as 0A'/0A and 0B'/0B, respectively. The
distance from an inefficient point, like A, to the projected point on the frontier, like A’, is
called Radial Adjustment (T. J. Coelli, et al 2005). In some cases, Slack Adjustment occurs
due to the piece-wise linearity of the non-parametric frontier and finite sample sizes. In
Fig.3-2, because the section CS of the linear frontier is parallel to the vertical axe, the
amount of input x> can be reduced by CA' while producing the same output, thus
making A' not a most efficient point for firm A. The amount of CA' is known as Slack
Adjustment or Input Excess in the literature (J. Hu, et al 2006). Therefore, for firm A, the
total adjustment for input x2 includes two parts: Radial Adjustment (A'A) and Slack
Adjustment (CA").

Fig. 3-2 Efficiency measurement and input slacks
Source: (T. J. Coelli, et al 2005)

Similarly, in the output-oriented Fig.3-3, the efficiency of an inefficient firms P can
be measured as OP/0OP', while output 42 can be increased by P'A as the output slack with
the same input, thus making P' not most efficient for firm P. The total adjustment for
output g2 is divided into two parts: Radial Adjustment (PP') and Slack Adjustment (P'A).

Generally, radial and slack adjustment show the inefficient and redundant amounts
of inputs respectively, and their summation is the gap between the original and target
quantity of each input. In this study, we extend the notion of radial and slack adjustment,
i.e., allocate inefficiency (T. J. Coelli, et al 2005), into the models with multiple inputs and
outputs, and conduct analyses amongst individual farms.
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Q 1

Fig. 3-3 Efficiency measurement and output slacks
Source: (T. J. Coelli, et al 2005)

3.3 Model and data

3.3.1 Literature review

The review of literature fielding in two-stage DEA models on agricultural efficiency
will benefit the modeling of wheat production efficiency. From models in the selected
tive former researches shown in Table 3-1, we can get a profile about the general trend of
relevant literature.

Firstly, as to the selection of outputs, although DEA models are open for multiple
adoptions of indicators, only P. C. Jean, et al. (2005) and C. Daniel, et al. (2010) shown in
dual or multiple variables. Moreover, except for I. J. Mohammad, et al. (2008), most of
the outputs were in physical forms and the corresponding monetary value was not
reflected. Secondly, in formulating the inputs, it is rather unified that they covered most
of the physical input for farming, including labor, land, fertilizer, seeds, pesticide, tractor
services, etc. Finally, mainly three categories of variables were used as social and natural
determinants, the characteristics of family members like age of farm leader, years of
schooling; farm productive conditions like distance to market, financial market access; and
the socio-economic variables like composite of GDP, labor and population. Dummy variables
occurred in some cases like the health condition and ethnic affiliation in A. Martine, et al.
(2003).

C. Daniel, et al. (2010) included more socio-economic variables, because it took
Chinese counties as DMUs. By contrast, the other farm-based researches were inclined
to adopt farm variables as the determinants. In addition, according to S. Grosskopf
(1996), in order to avoid an inconsistent and biased second-stage estimates, the
explanatory variables used in the second stage should be uncorrelated with the variables
used in the production function. A. Martine, et al. (2003) checked this form with the
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correlation matrix between the inputs and the determinants, while all the other

researches were in lack of this procedure.

Table 3-1 Models of agricultural efficiency in several former researches

A. Martine

D. Bhima

2003 P.C. Jean 2005 I.J. M. 2008 2010 C. Daniel 2010
Physical Physical output  Total farm Physical Physical output of
Output output of of vegetable, income output of grain and meat
cotton fruit, etc vegetable
Value of Labor, sown Land, tractor, Land, labor, Labor, mechanical
equipment, land, cost of seed, oxen, power, fertilizer,
Sown area, fertilizer, pesticide, fertilizer, Sown area
Input number of pesticide, labor, seeds,
labors, tractor service irrigation pesticide,
geographic and seeds hours irrigation
location
Percentage of  Gender, Farm size, Age of farm  Structure of
literate adults, migrating of the years of leader, agriculture
age of family ~ family head; schooling, schooling including GDP
head, health ratio of adults age of farm  years, share, intensity of
condition, female, leader, family size, mechanical power,
ethnic children; contact with  year of GDP per capita;
Determinant affiliation, financial extension farming, credit and fiscal
sowing data,  market access;  agents, farm  land area, relatives to GDP
family and land to market income per  and expenditure;
social fragmentation distance, capita, industrial ratio,
cohesiveness  and tenure access to credit labor and
security credit access, population
training composition,

3.3.2 Defining the variables

Considering the practice of agricultural production among Chinese household
farms, mechanisms of DEA, the model consists of 2 outputs, 7 inputs and 8 determinants

to measure the efficiency of wheat production (Table 3-2).

Output variables

For most of the farms, agricultural products including wheat, corn, etc, are not only
indispensible food material, but also important source 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 economy as well. For these

reasons, two variables are included as outputs: yields of main product refers to net weight
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of raw wheat in standard moisture content!, and it implicates the physical productivity
of wheat, thus the capability of fulfilling the food demand and guarantee food safety in
each county. Net profit is the balance of the gross profit minus costs on all the inputs in
wheat farming. The costs consist of (1) inputted material and service, including seeds,
fertilizer, pesticides, and hired machinery for irrigation, plough, sowing, etc.; (2) labor
costs consisting values of hired labors and converted value of family labors; (3) land
costs consisting value of rented lands and converted value of family-owned farming
land allocated by the Household Contract Responsibility System. Generally, this variable
can reveals the profitability of wheat farming, under a variety of curtain 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.

Table 3-2 Variables and the summary statistics of wheat production efficiency

Variable Description of the variable Unit Max Min Mean  Std. D
y1 Yields of main Product kg/mu ? 508.9 308.3 417.84 4594

Output Y2 Net profit yuan/mu 319.25 6.21 160.08 81.29
X, Farming time day/mu 8.74 2.77 5.67 1.37

X, Land rent yuan/mu 141.67 60 101.87 22.76

Input Xs Seeds kg/mu 27.33 10.83 17.21 4.01
X4 Fertilizer kg/mu 39.44 21.13 28.11 4.30

x5 Machine rent yuan/mu 1155 64.44 91.88 12.31

Xs Irrigation cost yuan/mu 83.15 14.26 4525 16.28

Note: ® as a main unit of land measurement in China, 1 mu=666.67m>.
Data source: Inputs and outputs from Agricultural Product Survey 2008, Price and Cost Inspection

Bureau of Hebei; determinants from the concerning departments of Hebei

Input variables

(1) Labor inputted is the standard days of labor needed by wheat farming. To
calculate this variable, the farming time of both family members and hired labors should
be standardized referring to a moderate labor?, and then divided by 8 hours. (2) Land

inputted is monetary value of land inputted as a productive element, including real rent

! 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.

2 Moderate labors include: 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.

28


http://en.wikipedia.org/wiki/Gross_profit�
http://dj.iciba.com/household/�

Chapter 3 Wheat Production Efficiency in 36 Counties of Hebei Province

of land circulated from individuals or the collectives, and theoretical rent of
own-farming land allocated by the Household Contract Responsibility System. (3)
Physical amount of seeds used in wheat farming, including the bought, self-produced
and donated for free, form the variable of Seeds inputted here. (4) Similarly, Fertilizer
inputted is the amount of fertilizer used in wheat farming, which has been standardized
according to its contents of active principles®. (5) Machine service rent is the expenditure
for the mechanical operation including plough, sowing, harvest, threshing and
transportation. (6) Water inputted includes the expenditure for the rent of irrigating
equipments, and the costs occurred in irrigating.

3.3.3 Sample and data

The data of inputs and outputs used in this chapter are got from the agricultural
product survey, conducted by Price and Cost Inspection Bureau of Hebei in 2008. In
addition, we got some data from the Hebei Statistical Yearbook 2009, and the Bureau of
Statistics, Department of agriculture and Department of water resources in this province,
for a complete database of the determinants.

As a branch of the national survey of China, the survey covered the staple
agricultural products, including wheat, corn, cotton, pork, egg, and the characteristic
agricultural products like pear, date, apple, etc. The survey was conducted throughout
almost 1000 farms, distributing in 76 counties of all the 11 prefectures in Hebei. All the
sampled farms were paid for keeping regular records of the inputs and outputs in the
tarming of each product. In the database of the agricultural price and cost provided by
Price and Cost Inspection Bureau, wheat production was sampled in 36 counties of 8

prefectures, and the concerning summary statistics of each input and output variables in
2008 are listed in Table 3-1.

3.4 Efficiency analysis with DEA

3.4.1 Total, technical and scale efficiencies

Efficiency Summary in Table 3-3 shows that amongst the 36 counties, 10 counties
are scored in Total efficiency as 1, thus in the status of full efficiency and stand for
benchmarks for the other inefficient counties. For convenience of analysis, the 10
counties are defined as Type I in this chapter. Furthermore, within the rest 26 counties

with Total efficiency less than 1, there are 8 counties, referred as Type II, bearing a pure

! For example, 50 kg of diammonium phosphate containing 18 percent of nitrogen and 46
percent of phosphorus pentoxide will be standardized as 32 kg (50kgx18%+50kgx46%). The
chelate fertilizers and bacterial manure need not be standardized.

29


http://dj.iciba.com/household/�

Chapter 3 Wheat Production Efficiency in 36 Counties of Hebei Province

technical efficiency score equals to 1. It indicates that in these counties, adjustment of
any input will not change the output efficiency, and it makes enlarging the farm scales
the only solution to improve production efficiency. Meanwhile, there are still 18 counties,
referred as Type III, having a technical efficiency scoring less than 1. It means that in
these counties, with given farm 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 18 Type III counties later in this chapter.

As the analysis above, all the 10 counties in Type I are being constant returns to
scale, while all the 8 counties in Type II are in the status of increasing returns to scale. In
Type III, 16 counties are being increasing returns to scale, and two counties are in the
status of decreasing returns to scale. Therefore, in altogether 24 counties, efficiencies can

be improved by enlarging the farm scales, and 2 by contraction.

Table 3-3 Summary of wheat production efficiency

Number Means Number of counties with

Type of Total Technical Scale .
. o o o crs irs drs

counties  efficiency efficiency efficiency

I 10 1.000 1.000 1.000 10 0 0
I 8 0.889 1.000 0.889 0
Il 18 0.835 0.900 0.927 0 16 2
Total 36 0.902 0.959 0.940 10 24 2

Note: crs = constant returns to scale; irs = increasing returns to scale; drs = decreasing returns to scale
Software: DEAP 2.1

3.4.2 Slack analysis of the outputs

Slack of an output shows the margin that firm can improve the output through the
adjustment by DEA. The output slacks summarized in Table 3-3 shown that only the
Type III counties, outputs can be increased through the adjustment according to the
DEAP 2.1. In this group, yields of main product can be increased by 3.75%, from 417.93
kg to 433.60 kg per mu. Meanwhile, the net profit per mu of wheat can be increased to
242.66 yuan by 110.70 yuan, which accounts for 83.88 percent of slack adjustment in
counties of this group. Calculating in the total 36 counties, farms can increase their
average net marginal profit of 34.57 percent, which is much larger than the 1.87 percent
of average physical yields of wheat. It indicates that comparing with technical
improvement, much more margin lies in the socio-economic optimization including
marketing regulation, integration of agro-aiding funds, etc., so as to improve the

profitability of wheat-farm.
30



Chapter 3 Wheat Production Efficiency in 36 Counties of Hebei Province

Table 3-4 Slack analysis of outputs

Type Number of Mean of main product (kg) Mean of net profit (yuan)
count Originl Targetl Slackl Origin2 Target2 Slack2
I 10 458.83 458.83 0.00 245.67 245.67 0.00
I 8 366.38 366.38 0.00 116.36 116.36 0.00
" 18 417.93 433.60 15.66 131.97 242.66 110.70
% of slack Type I 100.00 103.75 3.75 100.00 183.88 83.88
Total 100.00 101.87 1.87 100.00 134.57 34.57

Software: DEAP 2.1

3.4.3 Radial and slack analysis of the inputs

The DEAP 2.1 can give the Radial and Slack movement for each county. As
mentioned above, for the counties of Type I and II, the pure technical efficiencies equal
to 1 and there is no margin to adjust the input with the same level of output. Therefore,
radial and slack analysis is conducted only in the 18 counties of Type III (Table 3-5).

Table 3-5 Radial and slack analysis on inputs per mu

Input
Farming time  Land rent Seeds Fertilizer Machine Irrigation
(day) (yuan) (ka) (ka) rent (yuan) cost (yuan)
Origin 5.80 108.43 17.30 28.94 93.91 50.82
Slack -0.14 -4.16 -0.61 -0.32 -4.99 -11.63
% of slack -2.49 -3.83 -3.55 -1.10 -5.31 -22.88

Software: DEAP 2.1

As implicated by (A. Martine, et al., 2003), the slacks provide an indication of the
inputs that are in excess supply. Within Type III, water fees can be decreased with the
largest margin of 22.88 percent, following by machine rent with 5.31 percent, showing
the relatively redundant and inefficient usage of the two kinds of inputs. Meanwhile, the
input amount of fertilizer is shown the efficient usage with the margin of only 1.10
percent. The rank of each variable in terms of their constraining capacity indicated by
the slack margin and number of counties have thus be proved the same, and it will be
beneficial to increase the production efficiency of wheat through adjusting the supply of
inputs.
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3.5 Concluding remarks

This chapter measures the production efficiency of wheat production in Hebei
Province, China, through the adoption of DEA model. It reveals that amongst the 36
sampled counties, 11 counties are in the status of constant Returns to scale, and 2
counties are displayed the state of decreasing returns to scale, while the rest 23 counties
are demonstrating the trend of increasing returns to scale. Therefore, in most of the
counties, enlarging the scale of wheat farming will improve the relative production
efficiency. Meanwhile, within the 23 counties, there are still 14 counties have a technical
efficiency scoring less than 1, which means that with the given farm scale, production
efficiency can still be improved through reducing some of the inputs.

The yields of main products per mu can be increased by 1.28 percent, while the net
profit per mu of can be increased by 27.20 percent. All the 7 inputs can be saved 19
percent, amongst which Machine rent can be decreased with the largest margin,
following by water fees, showing the relatively redundant and inefficient usage of the
two kinds of input. Meanwhile, the input amount of fertilizer is shown the efficient
usage with the lowest margin.

In the next chapter, the same analysis framework will be applied on the production
efficiency of corn, another staple grain crop in Hebei Province; comparison study will be
conducted between wheat and corn in some counties; policy recommendations will be

put forward to improve production efficiency of the two staple grain crops.
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Chapter 4 Corn Production Efficiency in 44 Counties of
Hebei Province

4.1 Introduction

In addition to wheat, corn is another staple grain crop in China, growing 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 industries. 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 5* and 4" respectively. However,
the average output was 338.41 kg per mu, less than the national mean of 370.38 kg per
mu and ranked 17*" amongst 31 provincial regions (China Statistical Yearbook, 2009). As
J. Meng, (2010) concluded, Hebei is advantageous in the scale of corn production, but
disadvantageous in technical efficiency.

As introduced in the former chapter, the literature measuring agricultural
production efficiency can be divided into two categories. L. Meng, et al (2004), Hu, et al
(2006) and C. 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), D. 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
measure corn production efficiency from the DMUs of different counties in Hebei
province, China.

In this chapter, we intend to fulfill the following targets: 1) formulating a DEA
model appropriate to analyze corn production efficiency taking Chinese counties as the
DMUs, 2) revealing the overall attributes of corn production 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.

4.2 Variables and data specification

4.2.1 Defining the variables

Considering the realities of agricultural production in the sampled counties,
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combining 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 4-1).

Output variables For most of the farmers, agricultural products including corn,
wheat, etc, are not only indispensible food material, but also important source 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 economy 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 content!. 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, determined 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

SOCi0-economic one.

Table 4-1 Variables and the summary statistics of corn production efficiency

Description of the

Variable variable Unit Max Min Mean  Std. D C.V.
y1 Yields of main Product kg/mu*  546.30 349.40 468.73 55.71 0.12

Output y2» Net profit yuan/mu 41215  16.76 179.95 89.44  0.50
X, Farming time day/mu 10.11 3.50 6.48 149 0.23

X Land rent yuan/mu 14167  46.67 100.70 22.08 0.22

Input Xs Seeds kg/mu 3.61 2.34 2.82 0.26  0.09
Xs Fertilizer kg/mu 31.30 9.74 1742 504 0.29

Xs Machine rent yuan/mu 85.56 17.44 54.61 18.88 0.35

Xs lrrigation 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=666.67m>.

Data source: agricultural product survey 2008, Price and Cost Inspection Bureau of Hebei

Input variables (1) Farming time is the standard days of laboring needed by corn
production. To calculate this variable, the farming time of both family members and

hired labors should be standardized referring to a moderate labor?, and then divided by

! 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.

2 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

34


http://en.wikipedia.org/wiki/Gross_profit�

Chapter 4 Corn Production Efficiency in 44 Counties of Hebei Province

8 hours. (2) Land rent is monetary value of land inputted as a productive 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-produced
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 principles!. (5) Machine rent is the expenditure for the mechanical
operation including plough, sowing, harvest, threshing and transportation. (6) Irrigation
cost includes the expenditure for the rent of irrigating equipments, and the costs
occurred in irrigating.

4.2.2 Sample and data

The data of inputs and outputs used in this study are gathered from the agricultural
product survey, conducted by Price and Cost Inspection Bureau of Hebei in 2008. Details of
this survey have been introduced in Chapter 3. In terms of the efficiency analysis of corn
production, 44 counties of all the 11 prefectures of Hebei Province are sampled and the

summary statistics are listed in Table 4-1.

4.3 Efficiency analysis with DEA

4.3.1 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
counties. 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 counties,
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 efficiencies scoring less
than 1 (Table 4-2). 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 Type III counties.

equivalent labor intensity. and 3) the employed labors.

! For example, 50 kg of diammonium phosphate containing 18 percent of nitrogen and 46
percent of phosphorus pentoxide will be standardized as 32 kg (50kgx18%+50kgx46%). The
chelate fertilizers and bacterial manure need not be standardized.
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Table 4-2 Summary of corn production efficiency

Number Means Number of counties with

Type of Total Technical Scale .
. o o o crs irs drs

counties  efficiency efficiency efficiency

I 22 1.000 1.000 1.000 22 0
I 7 0.942 1.000 0.942 0 5 2
Il 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
Software: DEAP 2.1

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 counties 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.

4.3.2 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 4-3 show that in this group, yields of main product per mu can be
increased by 1.93 per cent, with the average slack of 26.59 kg. Meanwhile, the net profit
per mu can be increased by83.80 yuan, and the slack adjustments account for 15.88
percent in the origin values. It indicates that comparing with technical improvement
symbolized 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 counties can increase their yields based
on the results of DEA. Thus, the deepening of concerning institutional and political
reforms, including the optimization of marketing 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, respectively (T. J. Coelli, et al 2005). Meanwhile, as illustrated by A.
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
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adjust the input with the same level of output. Therefore, slack analysis is conducted
only in the 15 counties of Type III. Table 4-3 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.4-1).

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 4-3.
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Fig. 4-1 Percentage of input slack

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.4-2). 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).

1 As demonstrated in many researches including the prior study of the authors (Li, et al 2011a),
agricultural labor is in excess supply, and the reduction of which will improve the development
of agriculture in China.
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Table 4-3 Slack and radial movements per mu in counties of Type III

Output Input

Yield Profit ~ Farmingtime Landrent Seeds Fertilizer Machinerent Irrigation cost

(kg) (yuan) (day) (yuan) (kg) (ka) (yuan) (yuan)
Mean of original value 44771  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 47429  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

Software: DEAP 2.1
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4.3.3 Comparison of efficient and inefficient counties

Based on the technical efficiency scores (Tech) provided 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 generate new findings. As shown in Table 4-4, 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 