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Evolution trend and promotion
potential of environmental
efficiency of dairy farming in
china from the perspective of
“club convergence”

Jiabin Xu', Jingjing Wang', Hongye Wang' and Cuixia Li*

College of economics and management, Northeast Agricultural University, Harbin, China

There are differences in resource endowments, environmental regulations, and
production functional areas among different regions in China, which makes
dairy farming have certain heterogeneity and imbalance in pollution control,
which is mainly reflected in the differences in the environmental efficiency of
dairy farming among regions. By analyzing the convergence trend of the dairy
farming environment in different regions and scales, it is helpful to predict the
potential of improving environmental efficiency, and promote the high-quality
development of dairy farming. Based on the dairy farming data of 27 provinces
(cities and districts) in China from 2004 to 2019, the SBM model of unexpected
output was used to measure the environmental efficiency of dairy farming on
different scales. It was found that there were certain differences in the
environmental efficiency of dairy farming in China. The overall
environmental efficiency of dairy farming showed a “U" evolution trend,
including small-scale, medium-scale, and large-scale. The average values of
their environmental efficiency were 0.6859, 0.6930, and 0.6855 respectively,
and the environmental efficiency of medium-scale dairy farming was the best.
The convergence analysis of environmental efficiency showed that there was a
conflict between the traditional o convergence and B convergence results.
However, the club convergence showed that the environmental efficiency of
small-scale dairy farming converged in general, which could be further divided
into two club convergence. The environmental efficiency of medium-scale and
large-scale dairy farming did not converge in general but did converge in four
different clubs, respectively. Taking the highest environmental efficiency value
in the “club” as the reference, the potential to improve the environmental
efficiency of dairy farming in different sizes was calculated. The prediction
results showed that the gap between the actual value and the potential value
was nharrowing. It is expected that the potential to improve the environmental
efficiency of dairy farming in China will remain above 10% in the next
10-20years. Based on the above studies, this paper put forward some
policy suggestions, such as changing the development direction of dairy
farming, changing scale expansion to structural upgrading, implementing
differentiated environmental efficiency improvement strategies, narrowing
the efficiency gap between regions, paying attention to the input-output
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structure of factors, and improving the efficiency of breeding environment from
the perspective of “eating” and " emission ".
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1 Introduction

The economy has shifted from a stage of high-speed growth to a
stage of high-quality development in China'. It is necessary to
promote a comprehensive green transformation of the economy
and achieve new progress in the construction of ecological
civilization. The main direction of high-quality development is to
improve the quality of supply, the main problem is to solve the
problem of unbalanced and insufficient development, and the main
idea is to change the extensive consumption of resources to refined
energy conservation. The concept of high-quality development not
only points out the direction for solving the main contradictions of
Chinese society in the new era but also puts forward new
requirements for industrial development. To promote the high-
quality development of animal husbandry, it is necessary to continue
to promote the green and circular development of animal
husbandry, vigorously promote the resource utilization of
livestock and poultry breeding waste, promote the circulation of
agriculture and animal husbandry, and comprehensively improve
the level of green breeding, so as to reduce the environmental
impacts associated with livestock production while addressing the
increased demand for meat products (European Commission 2020)
%, Therefore, during the “14th Five-Year Plan” period, the animal
husbandry industry urgently needs to improve its quality and
competitiveness and form a new pattern of high-quality
development that is resource-saving and environmentally friendly
in China.

As an important part of animal husbandry, the dairy farming
industry is transforming and upgrading to high-quality
development in China. With the increasing demand for dairy
products, the scale and intensification of dairy farming have been
continuously improved (Rehman et al., 2019). According to the
statistics in “Review of China’s Dairy Industry Economic
Situation in 2020 and Outlook for 2021"%, dairy consumption
demand in 2020 has achieved the fastest growth in the past
15 years. If the total domestic milk production and the total
import of dairy products equivalent to raw milk are calculated,
the total demand for dairy products in 2020 has reached
54.31 million tons, with an increase of 8.0% compared with
2019. Tt is also the fastest-growing year for consumer demand for

1 From http://www.gov.cn/zhengce/2020-11/03/content_5556991
htm which is reported by the Chinese government.

2 From http://www.cnfia.cn/archives/16712 which is reported by the
China National Food Industry Association.
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products. From the consumption demand for dairy products
forcing the development of the dairy farming industry, it can be
found that the level of dairy farming in China is constantly
improving, the dairy industry pattern is gradually approaching
large-scale and intensive, and the feeding conditions, industrial
quality and production level of large-scale pastures are gradually
improving. Driven by both demand growth and rising costs, the
price of raw milk continued to climb in the second half of 2020,
with the annual average price increasing by 3.8% year-on-year.
The profitability of dairy farming has been significantly
improved, with an average annual gross profit of 13.4%.
According to the tracking and monitoring data of raw milk
output of certified raw milk purchasing stations in China®, small
scattered dairy cow farmers will speed up their withdrawal in
2020, and the number will continue to decrease. The process of
large-scale farming is gradually accelerating. As of the end of the
fourth quarter of 2020, the number of farms (households)
involved in the nationwide licensed raw milk purchase
stations decreased by 7.4% month-on-month and 11.3% year-
on-year. The average number of farms (households) involved in
raw milk purchasing stations increased by 10.4% month-on-
month and 22.3% year on year.

Large-scale farming has obvious comparative advantages in
saving costs, increasing production, and ensuring supply.
Concentration of livestock production leads to other non-
nutrients that can contribute to environmental pollutants
(Rehman et al, 2017). Although reduction of livestock
production in China may not be enough to reduce CO,
the 2021),
environmental pollution caused by dairy farming has become

emissions in short-run  (Rehman et al,
increasingly prominent. Dairy cows are the third-largest manure
producing animal species after pigs and beef cattle, and milk have
positive and constructive association with CO, emission
(Hussain and Rehman, 2022). Their manure emissions are
rich in the chemical oxygen demand (COD), total nitrogen
(TN), and total phosphorus (TP). During the breeding of
dairy cows, the emissions will not only cause eutrophication
of water but also pollute the air and soil (Baker, 2002). Compared
with the United States, an adult cow consumes about 5 mu of
manure, and a cow in China has less than 2 mu of land*, while

large-scale dairy farms produce more manure, and the daily

3 From http://www.moa.gov.cn/which is reported by the Ministry of
Agriculture and Rural Affairs of China.

4 From https://www.sohu.com/a/154658984_648170
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manure discharge of pastures with 1000 cows can reach about
40 tons, and the lack of sufficient land to absorb manure will lead
to unsustainable dairy farming’. In the “First National Pollution
Source Census Bulletin"®, the COD and AN emissions of the
livestock and poultry breeding industry were 12.6826 million
tons and 717,300 tons respectively, accounting for 95.8% and
78.1% of the COD and AN emissions from agricultural sources,
accounting for 41.9% and 41.5% of national COD and AN
emissions. The daily production of manure from dairy cows is
significantly higher than that of other livestock and poultry. The
amount of manure produced by an adult cow in one day is
3.6 times that of live pigs, 13.5 times that of mutton sheep,
219.0 times that of broiler chickens, and 117.0 times that of laying
hens. A large number of manure and waste emissions cause the
deterioration of the rural ecological environment increasingly
serious. To effectively solve the problem of environmental
pollution caused by dairy cattle breeding, we can start by
improving the environmental efficiency of dairy cattle breeding.

Environmental efficiency reflects the degree of pollutant
reduction under the condition of constant output and input,
which can accurately measure the environmental pollution
problem of dairy farming. In addition, there are differences in
resource endowments, environmental regulations, and
production functional areas in different regions, resulting in a
certain heterogeneity and imbalance in the pollution control of
dairy cattle breeding. It is mainly reflected in the differences in
the environmental efficiency of dairy cattle breeding between
regions. What is the current status of the environmental
efficiency of dairy farming in China? What are the differences
in the environmental efficiency of dairy farming between
different scales in China? What is the evolution trend of dairy
farming environmental efficiency in China in the long run? What
is the potential for improving the environmental efficiency of
dairy farming in China in the future? Answers to the above
questions have important theoretical guiding significance and
practical decision-making significance for the realization of
environment-friendly development of dairy farming in China.
This paper incorporates pollutant emissions into the analysis of
the dairy farming efficiency model. Through the measurement
and convergence analysis of dairy farming environmental
efficiency, it is expected to clarify the evolutionary
characteristics of dairy farming environmental efficiency in
China and promote dairy cattle between different regions and
different scales. The coordinated development of the breeding
industry will improve the overall level of the dairy farming
industry in China.

5 From https://www.sohu.com/a/397670382_120608855?_trans_=
000014_bdss_dkmwzacjP3p:CP=

6 From http://www.stats.gov.cn/tjsj/tjgb/qttjigb/qgattjgh/201002/
t20100211_30641.html which is reported by the National Bureau of
Statistics of China.
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The following contents of this paper are arranged as follows:
The second part is a literature review, including measurement
methods of environmental efficiency, environmental efficiency
measurement of dairy farming, and convergence test of
environmental efficiency. Based on this, we will explore the
shortcomings of existing studies and possible innovations in
this paper. The third part is the environmental efficiency
measurement of dairy farming in China. By constructing the
SBM model of unexpected output, the environmental efficiency
of dairy farming was measured, the differences of environmental
efficiency of dairy farming in different regions and different
scales were observed, and the reasons were analyzed. The fourth
part is the environmental efficiency convergence trend of dairy
farming in China. Based on the traditional o convergence and f
convergence, the environmental efficiency convergence of
different scales of dairy farming is preliminarily identified,
and the club convergence method is used as the main tool to
test and analyze the environmental efficiency convergence of
dairy farming at different scales. The fifth part further analyzes
the potential of improving the environmental efficiency of dairy
farming in China. Based on the calculation results of the
environmental efficiency of dairy farming and the
convergence analysis of the club, from the optimal
improvement plan of input factors and pollutant emissions
and the convergence of all members of the club. The two
dimensions of growth space further analyze the potential of
improving the environmental efficiency of dairy farming at
different scales; the sixth part is discussion, focusing on the
limitations of this study and future research directions. The
seventh part is the research conclusion and policy implications.

2 Literature review

Environmental efficiency (EE) simultaneously targets
economic benefits and environmental protection, requiring
producers to provide higher levels of value under the premise
of lower material input and lower emissions (Yan et al., 2020).
Reinhard (1999) simplified the definition of environmental
efficiency and believed that environmental efficiency is the
ratio of the minimum quantity of pollutants that can be
achieved to the actual quantity under the condition of
maintaining output and conventional factor inputs
unchanged. Combined with the needs of the research
problem, this paper sorted out the environmental efficiency
method, the
measurement of the aquaculture industry, and the

measurement environmental  efficiency
environmental efficiency convergence test in detail, so as to
find the breakthrough and marginal contribution.

There are mainly two kinds of methods to calculate
environmental efficiency, namely the parametric method and
the nonparametric method. The former is represented by

stochastic frontier analysis (SFA), and the latter is represented
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by DEA. DEA can not only solve the problems of multiple input
and multiple output agricultural economies, but also effectively
avoid the controversy of subjective data empowerment (Charnes
et al., 1978). However, the traditional DEA model is based on the
ideas of “input minimization” and “output maximization”,
the
environmental factors.

ignoring negative  output  after  incorporating

With the continuous maturity of technology, more and more
studies have regarded pollution emissions on agricultural
production efficiency. First of all, many studies have introduced
pollutants as input variables into the DEA model, mainly including
shadow price (Li et al, 2016) and the input variable method
(Reinhard et al., 2000; Hailu and Veeman, 2001). Secondly, some
scholars regard environmental pollution as a negative output. The
methods used mainly include the reciprocal transformation method,
the transformation vector method, the directional distance function
method, and the SBM model (Scheel, 2001; Fire and Grosskopf,
2004). Fare proposed the directional distance function based on
weak-disposal best-practice production frontiers, which further
improved the DEA calculation method of environmental
efficiency and realized the minimization of environmental
pollution (Fire et al, 1989). Among them, the SBM-Undesirable
model can deal with complex undesired output problems, and better
solve the calculation deviation caused by the selection of angles and
radial directions of the traditional DEA model (Tone and Tsutsui,
2010; Le et al., 2020).

In animal husbandry, DEA has been extensively used to
measure the environmental efficiency of pig breeding
(Galanopoulos et al., 2006). Especially in China, with the
of the

externalities have become a very serious problem (Kuhn

transformation hog industry, environmental
et al., 2020), and some studies have added negative output
into the evaluation system of pig breeding efficiency (Kuhn
et al,, 2020; Zhong et al., 2021). Furthermore, many studies
have used the SBM-DEA model with negative output to
investigate environmental efficiency (Yao et al, 2017). In
the dairy industry, technical and environmental efficiency
were significantly and positively correlated (Soteriades
et al, 2015), and variation in dairy management systems
contributes to differences in environmental efficiency
2018). in the

environmental efficiency of dairy enterprises, and large

(Adenuga et al, There are differences
dairy enterprises are environmentally inefficient compared
with small dairy enterprises (Njuki et al., 2016).

For the calculation of the environmental efficiency of dairy cattle
in the above studies, the amount of concentrated feed, green forage
cost, labor number, fixed asset depreciation, and others are generally
selected as input variables, and the output of main products and by-
products are the expected output, and the amount of pollutant
discharge is regarded as the undesired output.

The economic growth convergence theory is derived from the
Solow model (Solow, 1956). The key assumption of the Solow model
is the diminishing marginal returns of capital. The existence of this
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assumption enables the economy to converge to a stable state. Given
the same exogenous factors, all economies eventually converge to the
same stable state, that is, “unconditional convergence”. The concept
of unconditional convergence is too harsh. Different economies
should have different balanced growth paths and converge to
different steady states, that is, “conditional convergence”.
Subsequently, the academic community has begun to enrich the
content of convergence theory and has formed o convergence, f3
convergence, and club convergence (Phillips and Sul, 2007
Kounetas et al, 2021). With the deepening of research, many
scholars have begun to test the dynamic evolution trend of

environmental efficiency convergence (Guo et al, 2019).
Countries with high and low environmental efficiency values
tend to form club convergence (Camarero et al, 2013),

environmental efficiency convergence is conditional on industrial
structure, globalization, and consumer price index (Sun et al., 2020).

To sum up, the existing studies have extensively and deeply
studied the measurement methods of environmental efficiency,
the measurement of environmental efficiency of aquaculture and
efficiency convergence, which lays a good theoretical foundation
for this paper and provides useful experience for reference, but
there is still room for further expansion: First of all, for the choice
of efficiency measurement methods, most studies still use the
traditional DEA model to measure the efficiency. However, the
traditional DEA model can not fully consider the impact of
“relaxation variables” on the efficiency value, resulting in
deviation in the calculation of efficiency. Secondly, the
existing measurement of environmental efficiency of breeding
industry pays more attention to the environmental efficiency of
pig breeding, while the in-depth research on the environmental
efficiency of cow breeding is still insufficient. Cows are the third
largest fecal livestock after beef cattle and pigs, so it is necessary to
further study its impact on the ecological environment. Thirdly,
based on the calculation of the environmental efficiency of dairy
farming, it is necessary to carefully analyze its convergence
mechanism. Therefore, based on the data on dairy farming in
China from 2004 to 2019, this paper uses the SBM-Undesirable
model to measure the environmental efficiency of dairy farming
in China, and further uses the club convergence test method to
test the convergence of the environmental efficiency of dairy
farming in China, and improve the potential of environmental
efficiency of dairy farming in China. At the same time, this paper
explores how to improve the environmental efficiency of dairy
farming from input and output.

Compared with previous studies, the possible marginal
contributions of this paper are as follows: First of all, there
are a lot of controversies on which scale of dairy farming
environment is the best. Based on available data, this paper
calculates and compares the environmental efficiency of dairy
farming with different scales in China as comprehensively,
systematically, and scientifically as possible, explores the
evolution trend of environmental efficiency of dairy farming
with different scales, gives practical reasons and explanations and
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provides decision-making for the direction of moderate scale
farming in the future. Secondly, previous studies have further
explored which factors restrict environmental efficiency,
including individual characteristics of dairy farming, technical
level, and farming scale. However, these studies ignore the most
critical elements, which are the improvement of the input and
output of dairy farming. How much room for improvement in
the environmental efficiency of dairy farming is more concerned
about and intends to solve in this paper.

3 Measurement of environmental
efficiency of dairy breeding in China

3.1 Data sources

Because of the availability of data, this paper selects the statistical
data of dairy farms with different scales from “Compilation of
National Agricultural Product Cost and Benefit Information”
(2005-2020) "
27  provinces

and Pollution  Coefficient Manual in

in China, and calculate and analyze the
environmental efficiency of dairy farming. This paper discusses
small-scale, medium-scale, and large-scale dairy farming. Since the
premise of convergence research is to ensure the continuity of the
data, this paper organizes dairy farming data of different scales into
balanced panel data, and 208 small-scale, 304 medium-scale, and
224 large-scale dairy farming samples are obtained, and the samples
are evenly distributed in 27 provinces of China, which can better
reflect the actual situation of dairy farming in China. In addition, all
the indicators involving price in the statistical data are deflated
correspondingly by the price index of the corresponding product in
the “China Statistical Yearbook” of the current year to avoid the
impact of large price fluctuations on the stability of the data. To
analyze the differences and convergence of dairy farming
environmental efficiency between different provinces and
different scales to the greatest extent, this paper uses the
interpolation method or weighted average method to supplement

the provinces with missing data in some years.

3.2 Model design

In addition to the dairy products (desired output), pollutants
such as feces and urine (undesired output) are also obtained in
the process of dairy farming. These pollutants include substances
such as chemical oxygen demand (COD), total nitrogen (TN),
total phosphorus (TP), copper (Cu), and zinc (Zn). The objective
function of the SBM model includes the slack variables of input
and output, which can effectively solve the slackness of input and
output and the deviation caused by radial and angle selection.
While obtaining the required efficiency, the SBM model can also
obtain the input elements of the decision-making unit, the
improvement goal and the degree of the undesired output.
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Therefore, this paper uses the SBM model of the undesired
output to measure the environmental efficiency of dairy
farming in China.

The model building process is as follows:

Assuming that there are n decision-making units in a
production system, and each decision-making unit contains m
inputs, s; desirable outputs, and s, undesired outputs, it can be
expressed in vector form as:

x €R", 99 € R, y® € R® (1)
Define matrices X, Y*, Y? as:
X = [x1,%2, -+, x,] € R™"
Y9 = [y, y3, - y9] € R )

Yl = [y’;’ylz”)yl:‘] € RS

X >0, Yg>0, Yb >0, the above production set can be
transformed into:

p={(%%y")|x= XA y9 <YL, y* 2 Y*A 120} (3)

A > 0 represents constant returns to scale (CRS), and if the
equation satisfies both A > 0 and A=1, it represents variable
returns to scale (VRS). If the results obtained under the CRS and
VRS are different, the results obtained under the assumption of
VRS should be considered (Zheng et al., 1998). Therefore, this
paper is based on the research hypothesis of VRS when
measuring the environmental efficiency of dairy farming in
China. x>X1 means the actual input is greater than the
production frontier input; y*<Y¥) means the actual expected
output is less than the production frontier expected output;
9">Y’A means the actual undesired output is greater than the
production frontier undesired output.

The traditional DEA model can neither fully consider the
impact of the “slack variable” on the efficiency value, nor take
into account the technical changes of how much the expected
output increases and how much the undesired output decreases.
To make up for this deficiency, Tone proposed an environmental
efficiency model based on input and output slack variables,
namely the SBM model, and further expanded the SBM
model in 2004, so as to obtain an evaluation of environmental
efficiency under the condition of undesired output (Tone, 2001).
The SBM efficiency model of a specific decision unit (xo, y¢& yo")
can be expressed as:

) 1 ¢s;
" . m = Xio
= min
P 1 51 s9 2 Sb
L 2ol
Sit s r=1 Yro =10
4
xo=XA+s~ @)
y§=YIA -
s.t. b Y b
Yo=Y A+s

§20,s9>0,8">01>0
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5, 88, 50 represent the slack variables of the input variable, desired
output, and undesired output, respectively; The objective
function p* is strictly decreasing concerning s, s%, s*. When s
=s*=s=0, the function has an optimal solution, that is,
p*=1 means the decision-making unit is sufficiently effective;
if 0<p*<1, it indicates that there is a loss of efficiency in the falsely
measured unit (environmental inefficiency). In this case, the
input and output can be improved, and the magnitude of
improvement is determined by the proportion of the slack
variable to the respective input and output. Environmental
inefficiency can be decomposed into input inefficiency and
output inefficiency:

1 &
Input inefficiency : IE, = — Y —, (i =1,2,--,m
p y m;xm ( )

®)

1 & s
Desired output inefficiency : IE; = — Z—;, (r=1,2,"+,51)
S1

iz1 Vro
(6)
1 S Sb
Undesired output inefficiency : IE, = — zf;, (r=1,2,+,5)
$2 i=1 Yro
(7)

% represents the relative reduction ratio of the i input of the

decision-making unit; #21 represents the average value Osf, thye
reduction ratio of all inputs in the decision-making unit; i ;1 ;ﬁ
represents the average value of the expandable ratio of all desired
outputs of the decision-making unit; i SZZ ;—;

Si
Xi0

represents the
i=

average of the reducible proportions of all undesired outputs
of a decision-making unit.

3.3 Explanation and descriptive statistics
of variables

Input variables in this paper include the fee of concentrated
feed, green roughage input, labor input, and fixed assets (Njuki
et al,, 2016). Among them, the input of concentrated feed refers
to the total input of grain, beans, compound feed, mixed feed, and
others (Yu and Associate, 2012; Bai et al., 2022); the input of
green roughage refers to the total input of green feed, silage, hay,
straw, and others; the labor input refers to the sum of the quantity
and the number of employees, and the fixed asset input is
represented by the fixed asset depreciation expense. On the
whole, large-scale dairy farms have the highest input in
concentrate feed, green roughage, and fixed assets, followed by
medium-scale and small-scale dairy farms, while small-scale
dairy farms have the largest labor input, followed by medium-
scale and large-scale dairy farms. Desirable output variables
include two types: main product output and by-product
output value, where main product output refers to raw milk
output, by-product output value refers to the total output value of
other products except raw milk and the main product output of
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large-scale dairy farms and the highest value of by-products. The
undesired output is measured by the total amount of pollutant
discharge. The pollutant discharge coefficient is given in the
“Pollution Coefficient Manual”, including chemical oxygen
demand (COD), total nitrogen (TN), total phosphorus (TP),
copper (Cu) and zinc (Zn), the above pollutant emissions (g/
head-d) are used, to sum up as the undesired output. From the
perspective of pollutant emissions, the small scale is the largest,
the large scale ranks the second, and the medium scale is the
smallest. The explanation and descriptive statistics of variables
are shown in Table 1.

3.4 Calculation results

DEA-SOLVER  Pro5.0 was the
environmental efficiency of dairy farming with different scales
in 27 provinces in China from 2004 to 2019 (Table 2). It was
found that from 2004 to 2019, there was little difference in the
average environmental efficiency of dairy farming with different

used to measure

scales, and the medium-scale efficiency value was the highest. In
theory, compared with small-scale and medium-scale, the
environmental efficiency of large-scale dairy farming should
be the highest, but on the whole, the environment of large-
scale dairy farming has not been effectively improved, which
might result from the fact that the possible reason was that the
construction of large-scale dairy farming had not yet reached the
ideal state, and there was still a lot of pressure on waste disposal
due to its large scale. For the small-scale dairy farming, Ningxia
had the highest efficiency value of 0.8588, Yunnan, Hebei,
Shandong, Jilin, and Hunan efficiency values are between
0.7-0.8, and Liaoning, Inner Mongolia, Heilongjiang and
Shanxi are between 0.6-0.6 0.7, while the efficiency values of
Henan, Fujian, and Guangxi were all less than 0.6. For medium-
scale dairy farming, the efficiency values of Beijing, Xinjiang,
Gansu, Ningxia, and Hunan were all higher than 0.8, and the
efficiency values of Shaanxi, Jilin, Tianjin, Guangxi, Inner
Mongolia, and Shanxi were between 0.7 and 0.8, the efficiency
values of Liaoning, Heilongjiang, and Anhui were between
0.6 and 0.7, while the efficiency values of Henan, Shanghai,
Chongging, Fujian, and Sichuan were all less than 0.6. For the
large-scale dairy farming, Gansu had the highest efficiency value
at 0.9392, Beijing and Xinjiang were both above 0.8, 0.8886, and
0.8180 respectively, Qinghai and Fujian ranged from 0.7 to 0.8;
Hubei, Shanxi, Shandong, Heilongjiang, Henan, Anhui, and
Zhejiang ranged from 0.6 to 0.7, while the efficiency values of
Guangdong, Liaoning, and Jiangsu were all below 0.6.

To further observe the evolution trend of the environmental
efficiency of dairy farming with different scales, this paper drew a
trend map of the environmental efficiency of dairy farming with
different scales in China from 2004 to 2019 (Figure 1), including
changes in the average environmental efficiency of dairy farming
with different scales, as well as changes in linear trends. On the
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TABLE 1 Explanation and descriptive statistics of variables
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Variable type Variable name Variable description Small-scale =~ Medium-scale Large-scale
Mean St Mean St Mean St
Input Concentrated feed The total input of grain, beans, compound feed, mixed 272425 46153 301532 689.12 333220 583.53
feed (kg)
Green roughage The total input of green feed, silage, hay, straw (yuan) 1304.46  505.52 2222.88 1331.28 3353.08 1929.03
Labor The sum of the quantity and the number of employees(d)  40.27 1045 3471 12.39 30.15 11.45

Fixed asset

Desirable output Main product output Total raw milk production (kg)

By-product output
value

Undesirable
output

Pollutant discharge

Fixed asset depreciation expense (yuan)

Other products except raw milk (yuan)

Total pollutant discharge (g/head-d)

1296.32  339.59 1575.08 631.99 1967.00  903.53
5260.93 560.23 5835.22 1127.61 6725.82 1318.44
916.98 246.08 985.68 304.82 1101.88  417.49

637249  853.73 5940.99 1172.82 5951.73 1161.93

TABLE 2 Calculation results of environmental efficiency of dairy farming in different scales among provinces in China from 2004 to 2019.

Regions Small-scale Medium-scale Large-scale
Beijing -- 0.8385 0.8886
Tianjin -- 0.7400 --
Hebei 0.7910 - --
Shanxi 0.6241 0.7014 0.6876
Inner Mongolia 0.6797 0.7040 --
Liaoning 0.6868 0.6713 0.5827
Jilin 0.7698 0.7453 -
Heilongjiang 0.6392 0.6373 0.6341
Shanghai -- 0.5638 --
Jiangsu -- -- 0.4379
Zhejiang - - 0.6110
Anhui -- 0.6192 0.6112
Fujian 0.5042 0.5315 0.7415
Shandong 0.7797 - 0.6738

"--" represents no data.

whole, the environmental efficiency of dairy farming showed a
“U"-shaped evolution trend. From 2004 to 2016, the
environmental efficiency of dairy farming with different scales
showed signs of continuous decline. After 2016, the
environmental efficiency of medium-scale and large-scale
dairy farming showed a steady increase and stabilized. The
environmental efficiency of small-scale dairy farming
increased significantly from 2016 to 2018 and then dropped
rapidly in 2019. From the linear curve, it could be found that
from 2004 to 2019, the environmental efficiency of small-scale
dairy farming was in a sharp decline, and the environmental
efficiency of medium-scale and large-scale dairy farming was
relatively flat. The environmental efficiency of dairy farming was
directly related to the national environmental pollution control
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Regions Small-scale Medium-scale Large-scale
Henan 0.5879 0.5934 0.6113
Hubei -- - 0.6904
Hunan 0.7052 0.8054 --
Guangdong - - 0.5875
Guangxi 0.4987 0.7183 --
Chonggqing - 0.5471 --
Sichuan - 0.4862 --
Yunnan 0.7916 - --
Shaanxi -- 0.7774 --
Gansu -- 0.8301 0.9392
Qinghai - -- 0.7674
Ningxia 0.8588 0.8236 --
Xinjiang -- 0.8339 0.8180
Average 0.6859 0.6930 0.6855

policy, and the slowdown in economic growth provided more
possible space for environmental improvement.

In 2016, the 14th meeting of the central financial and
economic leading group discussed the resource utilization of
livestock and poultry breeding waste for the first time, which
provides basic guidelines and important guidelines for solving
the problem of livestock and poultry breeding pollution. Since
then, the central ministries and commissions have issued a series
of action plans around the resource utilization of livestock and
poultry breeding waste, which have made detailed deployment
and top-level design for the treatment of livestock and poultry
breeding environmental pollution, thus laying a solid foundation
for the revitalization of rural ecology and the green
transformation of industry. The introduction of these policies
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Variation trend of environmental efficiency of dairy farming on different scales in China from 2004 to 2019.

provides a good explanation for the improvement of the
environmental efficiency of dairy farming after 2016 and the
continuous decline of the environmental efficiency of dairy
2016. The the
environmental efficiency of small-scale dairy farming is not

farming before continued decline in
inconsistent with current policies. After the outbreak of the
“melamine” incident in 2008, the quality control of raw milk
has become more and more strict (Yu and Associate, 2012), and
the national policy has begun to support moderate-scale
breeding, and guide small-scale farms to continuously
withdraw from the breeding industry. There is a big gap
between small-scale dairy farms and other scale dairy farms in
terms and

of green production technology adoption

environmental governance investment. It is also an
indisputable fact that their environmental efficiency is low.
Relevant policies still need to be promoted to continue to

guide the exit of small-scale dairy farms.

4 Convergence trend of
environmental efficiency of dairy
farming in china

4.1 Convergence theory analysis and
model design

Convergence has been a topic of concern in economics for a
long time, and the mechanisms of convergence can be divided
into ¢ convergence, 5 convergence, and club convergence. f
convergence means that the economic growth rate of backward
regions is faster than that of developed regions, while o
convergence means that the gap between regions gradually
narrows over time. These two convergence methods are
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closely related, and 8 convergence is a necessary but not
the o
convergence describes the trend of a certain index difference

sufficient condition for convergence. Since o
between regions, the coefficient of variation (CV) index can be
used to measure the trend of the difference in dairy farming
environmental efficiency between provinces. The specific

expression is as follows:

o= (Y;-Y)/N 8)
cv :% ©)

o represents the standard deviation of the environmental
efficiency of dairy farming, Y represents the environmental
efficiency of dairy farming, Y represents the mean value of
the environmental efficiency of dairy farming, N represents
the number of provinces, and CV represents the coefficient of
variation of the environmental efficiency of dairy farming. If the
CV shrinks, there is convergence, otherwise, there is no
convergence.

Since B convergence is a necessary but not sufficient
condition for ¢ convergence, it is difficult to deny the
existence of f convergence from the above-mentioned o
convergence, so f3 convergence test is required. The f
convergence model can be expressed as:

ln(CPit/CPio)/T: (X+ﬁ].l’l(CPio)+£it (10)

CP;; and CP;, represent the environmental efficiency of
dairy farming in the t period and the initial period,
respectively, T represents the spanned period, a and f
represent parameters to be estimated, and ¢;, represents the
error term. If # < 0 and there is significance, it means that the
environmental efficiency of dairy farming in this period has a
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B convergence trend. Correspondingly, the convergence rate

a

If the growth rate of environmental efficiency in the lagging

can be calculated as:

B= (11)

regions is much higher than that in the leading regions, resulting
in the lagging regions surpassing the leading regions in the late
stage, and the gap between the two is higher than that in the
initial stage, the p convergence result obtained by the traditional
Barrro equation is wrong (Hadri, 2000). At the same time, if there
is a lot of noise in the data generation process, the traditional
t-test is also inappropriate. To this end, Phillips proposed the
club convergence test method (Phillips and Sul, 2007). The club
convergence test method allows data to have various time trends
and individual heterogeneity. The convergence of individuals is
clustered, and individuals that converge to the same stable level
will be divided into a convergence club group so that all local
convergence conditions can be screened out using statistical
methods to form different convergence clubs. This paper
mainly analyzes the convergence of the environmental
efficiency of dairy farming in China. Since there is no
comparability between the environmental efficiency values
measured by the SBM model in different years, only the
differences between provinces within the same year can be
analyzed. Therefore, this paper will use the club convergence
test method to further analyze the convergence of environmental
efficiency of dairy farming in China to understand the dynamic
evolution characteristics. The analysis process is as follows:
For any panel data Xj,, it can be decomposed into two parts:
X = 8it,u,' (12)
u; represents a common factor for all individuals, and §;
represents the loading matrix of time-varying factors, which can
be further expressed as semiparametric equations:

O = & + sz‘z

L)t (13)

0; represents a fixed component, which does not change with
time; &, obeys standard normal distribution and independent
and identical distribution, but is weakly dependent and stable
in time.

L(¢) is a growth change equation used to eliminate the natural
increase of variance with time. If the panel data is stationary, L(¢)
can be ignored, which ensures that for any a greater than or equal
to 0, when time t tends to infinity, &; will converge to J;
Therefore, if all individuals have the same common factor
0;=0, when a is greater than or equal to 0, all individuals will
converge to the same equilibrium state, so the convergence or not
can be judged by checking whether a is greater than or equal to 0.
In the empirical analysis, convergence can be tested by the
following model:
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Hy: 6;=0, a>0, the null hypothesis can be transformed into the
following logt test:

H
10g(ﬁ1> —2logL(t) = by +2alogt + u, (14)
t
1< X;
H, = ﬁz(h“ — 1% by = —N”, by = —2log L(1) +uy; t
i=1 Nilzxit

i=1

=[rT], [rT]+1,---, T, r>0

It represents that only part of the data is used in the
regression. Therefore, the null hypothesis of convergence can
be judged by a one-sided t-test robust to autoregression and
heteroscedasticity to the coefficients of logt.

logt test can not only judge the convergence of the sample
population but also further judge whether the individual
converges with different clubs when the population does not
converge, that is, the club converges.

4.2 Traditional convergence test empirical
results

4.2.1 0 Convergence test results

The coefficient of variation of the environmental efficiency of
dairy farming with different scales is shown in Figure 2. The
coefficient of variation of the environmental efficiency of small-
scale, medium-scale and large-scale dairy farming all showed
fluctuations of different magnitudes. The coefficient of variation
of the environmental efficiency of small-scale dairy farming was
basically in a state of continuous decline from 2004 to 2016.
However, after 2016, there had been a trend of continuous
fluctuations, indicating that the gap in the environmental
efficiency of small-scale dairy cattle breeding in various
provinces first narrowed and then expanded. The coefficient
of variation of the environmental efficiency of medium-scale and
large-scale dairy farming had been in a continuous state of
oscillation from 2004 to 2019. Compared with medium-scale,
large-scale fluctuations were relatively flat, indicating that the gap
in the environmental efficiency of medium-scale and large-scale
dairy farming in various provinces had not significantly
narrowed or expanded. To sum up, it could be preliminarily
determined that there was no sign of o convergence in the overall
environmental efficiency of small-scale, medium-scale, and
large-scale dairy farming.

4.2.2 p Convergence test results

The absolute 3 convergence of the environmental efficiency
of dairy farming with different scales is shown in Table 3. The
small-scale, medium-scale, and large-scale regression results
show that the estimated coefficients of In (CPj,) are all
negative, and they pass the significance test at the 1% level,
which shows that there is an absolute S convergence
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Variation coefficient of environmental efficiency of dairy farming on different scales.

TABLE 3 Absolute g convergence of environmental efficiency of dairy farming on different scales

Variable Small-scale

Coe T-value
In (CPy) —0.1467*** -3.46
Convergence judgment Convergence

phenomenon in the environmental efficiency of small-scale,
medium-scale and large-scale dairy farming. Within the small-
scale, medium-scale, and large-scale dairy farming, provinces
with low environmental efficiency will move toward provinces
with higher environmental efficiency are approaching. From the
comparison of the regression coefficients, the large scale is more
obvious, followed by the medium scale, and the small scale will be
relatively slow, which is related to the current policy of
promoting the moderate scale breeding of dairy cows.

4.3 Club convergence test empirical
results

In the process of constructing the convergence model, it is
pointed out that both the o convergence test and the f
convergence test ignore the convergence club. Therefore, it is
necessary to use club convergence to test the convergence of
environmental efficiency of dairy farming with different scales.
Before performing the club convergence test operation, it is
necessary to use logt test to explore the convergence of the
environmental efficiency of dairy cows of different scales as a
whole. The results showed that the T-value of the environmental
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Medium-scale Large-scale

Coe T-value Coe T-value
~0.1151%% -4.62 -0.1058** -3.03
convergence convergence

efficiency of small-scale dairy farming was greater than -1.65, and
the T-values f the environmental efficiency of medium-scale and
large-scale dairy farming were both less than -1.65, indicating
that the environmental efficiency of small-scale dairy farming has
generally converged, while medium-scale and large-scale dairy
farming. There is no overall convergence trend in environmental
efficiency (Table 4).

The overall lack of convergence does not mean that there is
no convergence trend. There may also be club convergence in the
environmental efficiency of dairy farming with different scales. It
is necessary to use the logt test to explore the convergence
combination of dairy farming environmental efficiencies of
different scales. According to Table 5, it can be found that
there is club convergence in the environmental efficiency of
dairy farming with three scales, in which the small-scale
converges in two clubs, and the medium-scale and large-scale
converge in four clubs respectively.

Firstly, the environmental efficiency of small-scale dairy
farming has 11 provinces that converge to the first club,
including Hebei, Shanxi, Inner Mongolia, Liaoning,
Heilongjiang, Fujian, Henan, Hunan, Guangxi, Yunnan, and
Ningxia, while Jilin and Shandong converge to the second.

club. Due to the pressure of market competition and policy
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TABLE 4 Overall convergence test (logt test) of environmental efficiency of dairy farming in different scales.

Category Variable Coe

Small-scale log(t) -0.1017
Medium-scale log(t) -1.6334
Large-scale log(t) —-1.3881

TABLE 5 Environmental efficiency of dairy farming on different scales.

Regions Small-scale Medium-scale Large-scale
Beijing -- First group Second group
Tianjin -- Third group -

Hebei First group - -

Shanxi First group Second group First group

Inner Mongolia First group No convergence --

Liaoning First group Fourth group No convergence
Jilin Second group First group -

Heilongjiang First group Third group Second group
Shanghai -- Third group --

Jiangsu -- - Fourth group
Zhejiang -- - Fourth group
Anhui -- First group Fourth group
Fujian First group Third group Second group
Shandong Second group -- First group

"--" represents no data.

evolution, small-scale dairy farms are gradually withdrawing
from the ranks of dairy farming. The support for small-scale
dairy farms in various regions is not high. Therefore, the
development trend of environmental efficiency of small-scale
dairy farming is the same. Shandong and Shandong are both
major dairy farming provinces and major dairy farming areas.
The exit rate of small-scale dairy farms is relatively slow, and the
environmental efficiency is relatively low.

Secondly, the environmental efficiency of medium-scale
dairy farming has 6 provinces that converge to the first club,
including Beijing, Jilin, Anhui, Guangxi, Ningxia, and Xinjiang,
2 provinces converge to the second club, including Shanxi and
Gansu, and 6 provinces converge to the third club, 6 provinces
converge on the third club, including Tianjin, Heilongjiang,
Shanghai, Fujian, Henan, Hunan, 4 provinces converged to
the fourth club, including Liaoning, Chongqing, Sichuan,
Shaanxi, while Inner Mongolia showed a divergent trend. The
number of medium-scale dairy farms in operation is between
50 and 500. Based on the basic fact of “more people and less land”
in China, the expansion of the dairy farming scale should be a
gradual process. When the competitiveness of the industry is low,
it is emphasized that excessive scale and unreasonable scale
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St T-value Convergence Judgment
0.3326 —-0.3057 Yes
0.1778 —-9.1872 No
0.1682 -8.2509 No
Regions Small-scale Medium-scale Large-scale
Henan First group Third group Fourth group
Hubei -- -- Second group
Hunan First group Third group -
Guangdong - - Third group
Guangxi First group First group --
Chonggqing -- Fourth group --
Sichuan -- Fourth group --
Yunnan First group -- --
Shaanxi -- Fourth group --
Gansu -- Second group First group
Qinghai -- -- Third group
Ningxia First group First group --
Xinjiang -- First group Second group

structure have accelerated the rapid growth of breeding costs.
According to the field investigation, it is also found that whether
it is based on land bearing constraints, or based on labor costs,
fixed asset investment, and other constraints, medium-scale dairy
farms have the most development potential. However, due to the
differences in resource endowments in various regions, the gap
between the environmental efficiency of medium-scale dairy
farming will gradually emerge. Therefore, the environmental
efficiency of each province will converge to different groups.
Thirdly, the environmental efficiency of large-scale dairy
farming has 3 provinces that converge to the first club,
namely Shanxi, Shandong, and Gansu, and 5 provinces that
converge to the second club, namely Beijing, Heilongjiang,
Fujian, Hubei, and Xinjiang, and 2 provinces converge to the
second club. The third club is Qinghai and Guangdong, and the
four provinces converge to the fourth club, namely Jiangsu,
Zhejiang, Anhui, and Henan, while Liaoning shows a
divergent trend. Compared with medium-scale dairy farms,
the number of large-scale dairy farms in operation is larger,
with more than 500 heads. Large-scale dairy farms are more
common in northeast China, Inner Mongolia, and Xinjiang,
mainly because these areas are relatively rich in land resources
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and can be consumed. The wasteland is relatively large, and at the
same time, because of its huge scale, it has obtained a lot of
subsidies from the state for manure pollution control. However,
subsidies have not changed the status quo of huge pollution
emissions, and they are still the main body of pollution
emissions. This situation has not fully fitted the original
purpose of the policy of supporting large-scale farming
entities, nor has it narrowed the gap in the environmental
efficiency of dairy farming between regions and improved the
environmental efficiency of dairy farming, so the development
trend has not converged within the same club.

5 Further analysis

Based on the above calculation results of dairy farming
environmental efficiency and the club convergence analysis,
the potential of dairy farming environmental efficiency
improvement on different scales is further analyzed, which is
of great significance for formulating effective environmental
efficiency improvement policies. The pollution caused by dairy
farming to the environment is the result of the combined action
of a variety of pollutants. The environmental efficiency of dairy
farming is a comprehensive measure of the sustainable
development of dairy farming. Taking into account the
“amount” of pollutants emitted in the dairy farming process,
dairy farming can be characterized in the form of specific values
between 0 and 1. The comprehensive level of environmental
pollution can also further reflect the growth space of dairy
farming environmental efficiency from the following two
dimensions.

On the one hand, the SBM model of undesired output can
not only give the environmental efficiency value of each decision-
making unit but also provide each decision-making unit with the
best improvement plan for input factors and pollutant emissions
when the efficiency is optimal. From the perspective of the
improvement of input factors, the improvement of green
roughage and labor force of large-scale dairy farms is lower
than that of medium-scale and small-scale dairy farms, which
fully shows the advantages of large-scale development, which can
reduce necessary waste (Table 6). For concentrate feed and fixed
asset input, the improvement is larger, which results from the fact
that large-scale farms have relatively sound machinery and
equipment, but they have problems such as low profit on
fixed
technology, which requires the most investment in fixed assets

assets, poor maintenance, and poor processing
to be reduced. As a production factor with a high proportion of
investment in dairy farms, fixed assets also indicate that in the
process of further large-scale development in the future, we
should pay more attention to the phenomenon of waste of
investment in fixed assets. In terms of the degree of
improvement of undesired output, contrary to the degree of

improvement of most input factors, large-scale dairy farms
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require the highest degree of improvement, reaching 16.22%,
indicating that although large-scale dairy farming has broken
through the elements and technologies of traditional breeding
due to the
agglomeration, the pressure on the environment during this

models. However, increase in the level of
period is too high, the land resource endowment is weak, and
it is difficult to absorb the discharge of a large number of
pollutants. Therefore, it is necessary to recycle the waste of
large-scale dairy farms and take advantage of questions to
focus on. In general, dairy farms of different scales have a
large space for investment saving and airborne pollutant
emission reduction. The improvement of the environmental
efficiency of dairy farming should not only focus on external
factors, but also on the improvement of input and output.

On the other hand, club convergence can judge the growth
space of all members. In this paper, the highest environmental
efficiency of each convergent club in a year was taken as the
potential environmental efficiency level of the club members in
that year, and the actual value, potential value, and growth space
of dairy farming environmental efficiency of different scales are
observed (Table 7). The results show that: First of all, the
environmental efficiency of small-scale, medium-scale, and
large-scale dairy farming has a large room for growth, among
which the environmental efficiency of small-scale dairy farming
has the greatest growth potential. However, the withdrawal of the
industry should follow the principle of “step by step”, and long-
term attention should be paid to the environmental pollution of
small-scale dairy farming in the future. Secondly, the growth
potential of the environmental efficiency of small-scale, medium-
scale, and large-scale dairy farming shows a decreasing trend
with time, namely the gap between the actual value and the
potential value is constantly narrowing, which further verifies
that the difference in environmental efficiency within the club is
decreasing. and also shows that the current livestock and poultry
environmental pollution control policies have played a
significant role.

To predict the improvement potential of dairy farming
environmental efficiency on different scales in the future, this
paper uses the growth space to perform a simple linear regression
on the time trend term (Figure 3). The results showed that the
growth space of environmental efficiency of small-scale,
medium-scale, and large-scale dairy farming will decrease by
0.24%, increase by 0.008%, and decrease by 1.4%, respectively.
and the growth space will reach 15.07%, 17.44%, and 0 by 2035
(large-scale dairy farms have 0 growth space around 2030).
Specifically, although the environmental efficiency of medium-
scale dairy farming is currently the highest, its potential for
improving environmental efficiency has not been significantly
reduced, or the environmental efficiency of medium-scale dairy
farming will not be the same as the potential growth value of
large-scale dairy farming. The possible reason is that in the
future, the national demand for “rations” will be further
reduced based on ensuring the effective implementation of the
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TABLE 6 Quantity and degree of improvement of input factors and pollutant emission of dairy farms of different sizes.

Farm Concentrated feed Green roughage Labor Fixed Assets Emissions
scale
Quantity Degree Amount Degree Working Degree Amount Degree Weight Degree
(kg) (%) (yuan) (%) time (%) (yuan) (%) (g/ (%)
(d) head-d)
Small- 0.9279 -11.32 1.0998 -27.37 0.0345 -28.25 0.6176 -14.32 422.1188 ~6.44
scale
Medium-  1.1967 -13.33 1.6384 -26.17 0.0260 -22.17 0.8044 -14.79 644.9294 -9.65
scale
Large- 1.2860 -13.87 2.6930 -24.55 0.0211 -20.47 1.2593 -16.55 1060.1158 -16.22
scale

when dairy farms of different scales achieve optimal environmental efficiency, the number of reductions and changes required for each input element and pollutant discharge per cow

accounted for the proportion of the original input and emissions.

TABLE 7 Growth space of environmental efficiency of dairy farming on different scales.

Year Small-scale

Actual Potential Growth Actual

value value space value

(%)

2004 0.7347 1.0000 36.11 0.7671
2005 0.7242 1.0000 38.08 0.7266
2006 0.7276 0.8932 2276 0.6914
2007 0.7480 0.9468 26.58 0.6817
2008 0.7053 1.0000 4178 0.6551
2009 0.7016 0.9341 33.14 0.6936
2010 0.7064 0.9344 3228 0.6707
2011 0.6899 0.8333 20.79 0.6829
2012 0.6880 0.8896 29.30 0.6634
2013 0.6607 0.8104 22.66 0.6828
2014 0.6380 0.7574 18.71 0.6645
2015 0.6346 0.7383 16.34 0.6819
2016 0.6276 0.7110 13.29 0.6863
2017 0.6565 0.7388 12.54 0.6931
2018 0.6938 0.8577 23.62 0.7304
2019 0.6379 0.7585 18.91 0.7223

national food security strategy, but the trend of high consumer
demand for meat, eggs, and milk will continue to increase,
especially for dairy products. According to statistics, since
1978, the dietary structure of Chinese residents has undergone
significant changes, and the per capita grain consumption has
gradually decreased, from 227.0 kg in 1978 to 132.7 kg in 2019, a
decrease of 41.5%. In terms of milk consumption by urban and
rural residents, the per capita milk consumption of urban
residents has increased from 4.6 kg in 1995 to 16.7 kg in 2019,
while the per capita milk consumption of rural residents has
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Medium-scale Large-scale
Potential Growth Actual Potential Growth
value space value value space
(%) (%)
1.0000 3036 0.7473 0.9570 28.06
0.8678 19.43 0.6911 0.8539 23.56
0.8225 18.96 0.6965 0.8644 24.11
0.8153 19.60 0.6893 0.8336 20.93
0.8488 29.57 0.6915 0.8299 20.01
0.8484 22.32 0.6587 0.7958 20.81
0.7479 11.51 0.6454 0.7590 17.60
0.8382 22.74 0.6964 0.8139 16.87
0.8447 2733 0.6345 0.7510 18.36
0.8867 29.86 0.6549 0.8454 29.09
0.8574 29.03 0.6608 0.8252 24.88
0.8497 24.61 0.6539 0.8080 23.57
0.8737 27.31 0.6925 0.8965 29.46
0.8427 21.58 0.7167 0.8904 24.24
0.8974 22.86 0.7191 0.8208 14.14
0.8473 17.31 0.7191 0.8234 14.50

increased from 0.6 kg to 7.3kg. With the continuous
improvement of the per capita income of rural residents, the
per capita milk consumption of rural residents has been on the
rise, indicating that in the future, more land will be released, more
labor will be released, and more feed grains will be provided for
the development of dairy farming, the scale of dairy farming will
continue to increase, and the favorable institutional environment
and market The environment will promote the transformation of
medium-scale dairy farms to large-scale dairy farms, and the
environmental governance capacity of dairy farming will also be
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significantly improved. In short, according to the forecast results,
it can be predicted that the potential for improving the
environmental efficiency of dairy farming in China will
remain above 10% in the next 10-20 years.

6 Discussion

With the goal realization of building a moderately prosperous
society in an all-round way, people’s material living standards have
been significantly improved. According to Maslow’s Hierarchy of
Needs Theory, when the most basic food needs (ie, ration needs) are
met, the demand for high-protein meat, eggs, milk and other high-
protein will further increase. The main supply of milk comes from
dairy farming, so the sustainable development of dairy farming is a
key concern today and in the future, and this problem is essentially
to solve the problem of dairy cows” The problem of “eating” and
“emission” has proved that solving “emission” is much more
difficult than solving “eating”. In this paper, the environmental
efficiency of dairy cattle breeding is used as a key indicator to
measure the problem of “emission” in dairy cattle breeding industry,
and the SBM model of undesired output is used to measure the
environmental efficiency of dairy cattle breeding of different scales in
China from 2004 to 2019, analyze its differences. The club
convergence test method was used to test the convergence of
environmental efficiency of dairy farming, and the potential to
improve environmental efficiency was further calculated.

On the whole, this paper solves the four problems raised in
the introduction, including the development status of the
environmental efficiency of dairy farming in China, the
differences in the environmental efficiency of dairy farming
between different scales in China, the evolution trend of the
environmental efficiency of dairy farming in China, and the
potential for improving the environmental efficiency of dairy
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farming in China in the future. It is found that the larger the scale
of dairy farming is, the higher the environmental efficiency is. On
the contrary, medium-scale dairy farming has the best
environmental efficiency, which further responds to and
verifies the scientific connotation of why China proposes
“moderate scale farming" (Wang et al, 2016). At the same
time, the fluctuation of dairy farming environmental efficiency
is not stable in China. This irregular fluctuation not only shows
the value of this study, but also suggests that we should always
pay attention to the changing trend of dairy farming
environmental efficiency in the future. In addition, this paper
further explores the improvement space of dairy farming
environmental efficiency from the improvement of input and
output of dairy farming.

However, this paper also has certain research limitations, as
follows: First of all, due to the availability of data, the calculation
of the environmental efficiency of dairy cattle breeding in this
paper is only updated to 2019, and the impact of the COVID-19
epidemic on dairy cattle breeding has not been considered. At
the end of 2019 and the beginning of 2020, the COVID-19
epidemic swept across China, which had a serious impact on the
development of the dairy farming industry. The cost of
feed and labor
the consumption demand for

production factors such as increased
but

products continued to decline for a long time. It is inevitable

significantly, dairy
that it will change the development pattern of the dairy farming
industry, and it will inevitably have a certain impact on its
environmental efficiency. However, due to the lack of data, it is
impossible to analyze this impact, which is also the biggest
regret of this paper. Secondly, only using simple linear
regression to predict the improvement potential of dairy
farming environmental efficiency may ignore the impact of
internal and external factors on dairy farming environmental
efficiency. According to the linear regression theory, linear
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regression can roughly simulate the future development
direction and trend based on the previous data trend. Based
on the club convergence method, this paper analyzes the
evolution trend and improvement potential of dairy farming
environmental efficiency. As a supplementary expansion, linear
prediction only analyzes the general trend of dairy farming
environmental efficiency growth space, and does not take into
account the internal and external factors that affect dairy
farming environmental efficiency. Considered carefully, this
is also the main research flaw in this paper.

Although there are still some limitations in this paper, it
also provides a clear direction for future research: First of all,
after the data is updated, further in-depth research can be
carried out on the impact of the COVID-19 epidemic on the
development of dairy farming, especially on environmental
efficiency, so as to make up for the lack of existing research in
this paper. Secondly, it is necessary to explore more scientific
forecasting methods to carry out special forecasting research
on the improvement potential of dairy farming environment.
At the same time, we can continue to explore the key factors
that improve or hinder the dairy farming environment from

both theoretical and empirical perspectives.

7 Conclusion and suggestions

This paper draws the following conclusions through
research:

Firstly, the environmental efficiency of dairy farming in
different The
environmental efficiency of dairy farming showed a u-shaped

China was on different scales. overall
evolution trend, and the average environmental efficiency of
small-, medium-, and large-scale dairy farming was 0.6859,
0.6930, and 0.6855, respectively. The environmental efficiency
of medium-scale dairy farming was the best.

Secondly, the environmental efficiency of small-scale dairy
farming converges in general but can be further divided into two
clubs. The environmental efficiency of medium and large-scale
dairy farming does not converge in general, and converges in four
different clubs, respectively.

Thirdly, further measuring the improvement potential of
environmental efficiency of dairy farming in China, it is found
that there is a large room for growth of environmental efficiency
of dairy farming with different scales, but the growth potential
shows a declining trend over time, and the improvement
potential of environmental efficiency of dairy farming in
China will remain above 10% in the next 10-20 years. To
improve the environmental efficiency of dairy farming,
attention should be paid to the improvement of input-output
factors.

To promote the coordinated development of the dairy
farming industry between different regions and different scales
and improve the overall level of the dairy farming industry in
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China. The following policy suggestions are put forward in this
paper based on the above discussion:

First of all, change the development direction of the dairy
farming industry from scale expansion to structural upgrading.
From the measurement results of the environmental efficiency of
dairy farming, it can be found that the larger the scale is, the
higher the environmental efficiency is. On the contrary, the
medium-scale dairy farms have more environmental
advantages, which is not only in line with the policy
instructions of moderate-scale dairy farming but also in line
with the limited capacity of resources and the environment.
Therefore, we should continue to support the development of
moderate scale dairy cattle farms, encourage exogenous capital to
inject into the dairy cattle industry, and form a resource-saving
and environment-friendly development pattern of “common
development, the joint opening of the new bureau and joint
creation of the future”; meanwhile, it is necessary to strengthen
the integration of industries, transform and upgrade from “flat”
the

connection mechanism between

development to “structured” development, support

construction of interest
breeding subjects of different scales and different regions, and
try to explore a variety of new ideas of “mutualism".
Secondly, it is necessary to implement differentiated
environmental efficiency improvement strategies to narrow
the efficiency gap between regions. Judging from the current
development reality, there is a big gap in the environmental
efficiency of dairy farming among provinces, which is mainly
due to the great differences in resource endowments among
provinces. Through the club convergence test, “ally regions”
with the same development trend and the possibility of
cooperating and fighting in the future have been explored.
differentiated ~ environmental
strategies should be
combination with regional resource endowments. Taking

Therefore, efficiency

improvement implemented in
the large-scale dairy farming area converging to the
second club as an example, Beijing and Heilongjiang are
both advantageous dairy farming areas with high industrial
concentration and strong typical demonstration roles.
Therefore, advanced and mature environmental
governance experience can be transmitted to Fujian and
Gansu, and Gansu, as an important production base of
alfalfa and oats, can continuously deliver necessary
production factors to other regions. Effective cooperation
between regions can shorten the gap and form a pattern of
resource complementarity.

Thirdly, it is necessary to pay attention to the input-output
structure of factors, and improve the environmental efficiency of
breeding from “eating” and “discharging”. Through ascension of
potential efficiency in different scale dairy farming environments
further, it is found that the scale dairy farming has significant
room to improve environmental efficiency, and the degree of
improvement factor input and output is bigger, so the structure

of input and output factors of farming should be adjusted by
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itself, so as to avoid waste of resources and production pressure.
On the one hand, it is necessary to formulate an efficient and
reasonable factor input plan to ensure that every kilogram of feed
input, every working hour of labor input, and every unit of fixed
assets input are meticulous; on the other hand, in the treatment of
waste, especially manure, it is necessary to have scientific
methods, proper operation, and simplified process, and realize
the importance of solving the problem of “emission”.
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