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Abstract  As the largest contributor to water impairment,
agriculture-related pollution has attracted the attention of
scientists as well as policy makers, and quantitative
information is being sought to focus and advance the
policy debate. This study applies the panel unit root,
heterogeneous panel cointegration, and panel-based
dynamic ordinary least squares to investigate the Environ-
mental Kuznets Curve on environmental issues resulting
from use of agricultural synthetic fertilizer, pesticide, and
film for 31 provincial economies in mainland China from
1989 to 2009. The empirical results indicate a positive
long-run co-integrated relationship between the environ-
mental index and real GDP per capita. This relationship
takes on the inverted U-shaped Environmental Kuznets
Curve, and the value of the turning point is approximately
10,000-13,000, 85,000-89,000 and over 160,000 CNY,
for synthetic fertilizer nitrogen indicator, fertilizer phos-
phorus indicator and pesticide indicator, respectively. At
present, China is subject to tremendous environmental
pressure and should assign more importance to special
agriculture-related environmental issues.
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1 Introduction

The usage of agrochemicals has become the symbol of
modern agricultural civilization. Agriculture-related pollu-
tants, however, have been identified as the dominant
contributor to contamination of water systems globally [1],
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1) The data are available according to http://faostat.fao.org.

such as surface water eutrophication and groundwater
nitrate enrichment at both the catchment scale [2-4] and
the national or regional scale [2,5-8]. Environmental
degradation and social transition issues from agriculture
and rural areas have influenced sustainable development
around the world, especially in developing countries.
Since the implementation of reform and open-door
policy, China has experienced rapid economic growth,
especially in key agricultural developments. With China’s
relatively small arable area per capita, increasing crop
production is mainly dependent on the use of agrochem-
icals. The consumption of agrochemicals has been
increasing continuously, up to an annual growth rate of
above 10% at many points. At present, China is the largest
producer and consumer of agricultural synthetic fertilizer,
pesticide, and film. The total synthetic fertilizer consump-
tion has escalated 6 times from 8.693 million tons in 1978
to 54.044 million tons in 2009, accordingly the use of
nitrogen fertilizer, phosphate fertilizer and compound
fertilizer has an increasing trend wholly. Nitrogen fertilizer
consumption rose from 15.368 million tons in 1989 to
23.299 million tons in 2009, and accounted for approxi-
mately 50% of the total fertilizer consumption. The
fertilizer consumption per hectare of cultivated area
reached about 450 kg/hectare in 2009 and has far exceeded
the 225 kg/hectare threshold that is commonly regarded in
developed countries as the maximum permissible rate if
water pollution is to be prevented. A rapid increase in the
production of vegetables, fruits and flowers has led to
excessive fertilizer consumption, as well as pesticides and
film by these crops. The use of agricultural pesticides has
been increasing rapidly, from 0.7 million tons in 1989 to
1.709 million tons in 2009. The pesticide consumption per
hectare of cultivated area in China reached more than 14
kg/hectare in 2009, in comparison to the 7 kg/hectare in
some European countries". Agricultural film consumption
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rose by over 4 times from 0.47 million tons in 1989 to 2.08
million tons in 2009. (See Fig. 1) With a low utilization
rate of agricultural input, poor availability of agricultural
wastes disposal, and extensive agricultural production
mode, pollution from agrochemicals is becoming a serious
concern in China, significantly influencing environmental
and health issues such as surface water eutrophication,
groundwater nitrate enrichment, and food contamination
[8—10]. China is thus being confronted with the challenge
of addressing special agricultural pollution while in the
throes of economic transition.
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Fig. 1 Consumption of agricultural chemical fertilizer (a),

pesticide and film (b) from 1989 to 2009 (Source: China Rural
Statistical Yearbooks, various years)

The Environmental Kuznets Curve (EKC) theory, as the
classic relationship between environmental pollution and
economic growth, has become a key focus and hot topic in
environmental science and other related academic fields
since the pioneering work of Grossman and Krueger
[11,12] and Panayotou [13], where the inverted U-shaped
curve was first discovered. This EKC relationship has been
the subject of a large number of theoretical and empirical
investigations in many countries, as well as in China,
where the empirical research has been largely based on one

of the two perspectives: the time series and dynamic panel
data approach [13—15]. The results have demonstrated that
there is no single relationship that fits all types of
pollutants, regions scales, and time periods. For the
agricultural pollution-economic growth relationship,
Antler [16], McConnell [17] and others first analyzed its
theoretical frame, but related researches are scanty in their
finding [18-20], and few are related to Environmental
Kuznets Curve. Managi [21] has recently investigated the
EKC on environmental degradation resulting from pesti-
cide use in US agriculture using panel data. In China, Liu
et al. [10] analyzed the EKC in chemical fertilizer at
national scale. To our knowledge, there are few other prior
studies testing the EKC with regard to these particular
agricultural environmental issues, although there are an
abundance of studies on air or water pollution, deforesta-
tion, and indicator of environmental amenity. Considering
the importance of environmental and ecological safety
issues (see Shortle and Abler [18], for a comprehensive
review of agriculture-related environment and economy),
the issue is significant and should be given more attention.
Another criticism of the EKC test concern the stationarity
properties of the series involved, the co-integration
property that must be present for the EKC [15,22,23],
and the necessity that it undergo further testing especially
for the limitations in the relatively small available time
series sample [24,25]. In addition, the limited role theory
has in the development of the EKC literature [26] has
created difficulties in interpreting the empirical inverted U-
shaped curve [21]. There are several key issues that require
research and resolution. For example, is there an inverted
U-shaped EKC on environmental issues resulting from use
of agrochemicals in Chinese agriculture? Where is the
turning point of the EKC? How can this agriculture-related
environmental-growth nexus be interpreted?

The analysis of EKC relationship, which is not only
related to timing sequence dimensions, but also to cross-
section dimensions, should be examined strictly and
carefully. This study uses the heterogeneous panel
cointegration technique to investigate the inverted U-
shaped EKC hypothesis across 31 Chinese provincial
economies from 1989 to 2009. Contrary with the EKC
literature involving cross-country comparisons, an inter-
provincial research is undertaken because using provincial-
level data may make it safer to assume that all cross-
sections adhere to the same EKC, i.e., it may not be
reasonable to impose isomorphic EKCs if cross-sections
vary much in terms of some endowments [21,22,27]. This
study then estimates the cointegration vector for hetero-
geneous cointegrated panels using the dynamic ordinary
least squares (DOLS) technique proposed first by McCos-
key and Kao [28,29] and Mark and Sul [30]. It is a more
powerful tool and allows us to increase the degrees of
freedom. Finally, this paper presents summary and
concluding remarks on EKC.
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2 Background

Based on the perspective of environment-economy nexus,
agricultural pollution can be regarded as a contradiction
between economic growth and agriculture-related environ-
ment and resources, which is essentially the discrepancy
between the infinite demand from economic growth on
agro-environmental resources and the limited supply
capacity of the environment. Agricultural pollution is a
negative externality of agricultural production in nature.
The positive and negative external effects of agro-
environment goods are the underlying causes of the
agricultural pollution, and its public goods properties
enable no producer-payment. In addition, there is an
unfairness issue of comparative profit and adverse
selection risk of the farmer's production, since their
short-term risk aversion behaviors will aggravate the
agricultural pollution trend, and the information asymme-
try of agricultural pollution makes the environmental
policies less effective. In addition, as a result of urban-rural
dual structure, property rights, and other institutional
factors, there is an agriculture-related environmental
regulation failure. Economic growth has thus a double
impact on the quality of the environment and agriculture-
related environmental issues will significantly influence
economic growth.

With increased urbanization and industrialization, rapid
economic growth can exert considerable influence on
agrochemical use and the agriculture-related environmen-
tal issues as to some economic effects. There are some
main theoretical explanations supporting the empirical
evidence that an EKC exists. Each of the following
explanations could interact with the explanations [19,23].

1) Sources of economic growth, where increasing output
requires more inputs, which implies more emissions as a
byproduct. Thus, economic growth exhibits a scale effect
that has a negative impact on the environment in the early
stages of development [26]. With rising economic growth
and urbanization in China, the urban population is growing
and the agriculture-related industry sector is developing
rapidly, the demand for agricultural products is increasing
largely, while the farmland area and rural labor are sharply
decreasing, marginal farmland use pressure increase, and
man-earth conflict keeps intensifying. The above condi-
tions induce overuse and misuse of agrochemicals and the
environmental issues consequently. Economic growth,
however, also has positive impacts on the environment
via a composition effect. As income grows in the later
stages of development, there is an increase in cleaner
activities that produce less pollution. Whether policies are
socially efficient or inefficient, EKC can exist because of
increasing returns to scale [31]. In the case of agriculture-
related environmental issues, which are the focus of this
study, environmental degradation tends to increase with
the use of toxic chemical loadings as the economy grows,

and starts to fall as the some sort of scale economy.

2) Income effects, where the shape of the EKC reflects
changes in the demand for environmental quality, or
agrichemical risk in this study, as income rises. Economic
development can transform agriculture-related environ-
mental quality into a consumer utility function, and the
market demand constraints induce progressive agricultural
producers and government more attention to the environ-
mental concerns. Moreover, economic growth will
improve the national education level and environmental
awareness of farmers significantly. The relationship
between pollution and income should vary across
pollutants according to their perceived damage.

3) Threshold effects. An environmental measure is
implemented after some threshold has been reached. These
effects can arise in either the abatement opportunities [32],
or in the political process [33].

The first type of threshold effect is the technology
constraint explanation [34]. An economy needs to pass
certain threshold levels of development before obtaining
access to cleaner production technologies [35]. At present,
the extant inefficient agricultural technology extension
system in China, which is based on the planned economy
model, prevents the timely and effective application of
advanced agricultural technology. A strong economic base
should provide for the application of environmentally
friendly technologies and the skill mastering of farmers,
such as soil testing and fertilizer recommendation issues.

The second type of threshold effect is an institutional
and policy constraint explanation. It assumes that some
obstacle prevents developing countries from establishing
the social institutions necessary to regulate pollution [34].
The political or economic barriers are considered to be
fixed costs, so that the appointment costs of institutions
stick up for the environment [33]. In China, the household
contract responsibility system has been implemented in
rural areas since reform and opening up, which impose an
important role on agriculture. However, rural development,
the land property rights system, and other institutional
issues result in the serious overuse and abandonment of
farm land. Agriculture is characterized at present by the
traditional and original production mode with the single
farmer household unit, the nearly uncontrolled use of
agrichemicals, and the grave agricultural pollution situa-
tion. In addition, due to longstanding household registra-
tion system with urban-rural division, and the economic
development strategy that resulted in a scissors gap in
China, the dual social structure is more prominent than
other similar countries. Rural environmental protection is
consequently neglected, and the supply of environmental
policies, environmental agencies, and environmental
infrastructure is highly insufficient. Agricultural pollution
issues can be regarded as a byproduct of the special urban-
rural dualistic structure and accordingly becomes a both
extension and aggravation of the social structure and
equity issues in China.
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3 Model and data
3.1 EKC model

In this paper, a standard EKC model is expressed as a
logarithmic quadratic function of the income to examine
whether the inverted U-shaped EKC relationship exists.
Both the dependent variable and the independent variable
are in natural logarithm. Then, the homogeneous EKC
model is usually given as [35,36]

Eit:ai+7t+ﬂlyit+ﬂzyz%+8it’ (1)

where E denotes agriculture-related environmental index
for different province and year, Y is economic growth. The
subscript 7 stands for a region index (i=1,..., N)and ¢t is a
time index (¢=1,..., 7), &, is a stochastic error term which
is generally allowed to be serially correlated. The turning
point of this curve is computed by Y * = —f, /2f3,.

3.2 Data description and definition of the variables

In this study, we applied province-by-year panel data from
31 economies in mainland China, to establish the EKC
model by using GDP per capita as the economic growth
indicator, and nitrogen surplus from synthetic fertilizer per
hectare cultivated area, phosphorus surplus from synthetic
fertilizer per hectare cultivated area, pesticide use per
hectare cultivated area and agricultural film use per hectare
cultivated area, as our agriculture-related environmental
indices.

We first discuss nitrogen demand for agriculture
production based on nutrient balance in agro-ecosystem,
and then analyze nitrogen surplus from agricultural
synthetic fertilizers. The model specification is given as

NS =[> ENF~(Y_ QiNU—=B)J/CL,  (2)

where NS is the nitrogen surplus from synthetic fertilizer
per hectare cultivated area for different region, ' and NF'
denote fertilizer consumption and its nitrogen content for
fertilizer type j, Q and NU stand for output of farm product
and its nitrogen uptake for crop type k. B stands the soil
basic fertility, involving natural nitrogen supply with no
fertilizer use, CL is the area of cultivated land. The biologic
nitrogen fixation and nitrogen consumption of crops are
calculated according to the web of fertilization formula by
soil testing in China. The phosphorus surplus per hectare
cultivated area is estimated similarly. The use of organic
fertilizer is not included in these data, the amount of which
is much smaller than synthetic fertilizer and can be even
ignored, so the surplus in agricultural sector may be
underestimated a little.

In 2009, the pesticide use per hectare cultivated area was
more than 14 kg/hectare and agriculture film use per
hectare reached over 17 kg/hectare. With excessive and
inappropriate application of pesticide in China, there are

only 1% of pesticide droplets acting on target diseases and
insect pests for crops, most of which contribute to
increasing pesticide draining loss and the pesticide residual
in crops [37]. And, almost all the residual mulch films are
burned down or discarded randomly in the field with no
treatment. Then, we take pesticide use per hectare
cultivated area and agricultural film use per hectare as
measurement indicators on environmental pressure of
agricultural pesticide and film use [38]. Table 1 shows
the agriculture-related environmental indices and eco-
nomic indices.

Table 1 Agriculture-related environmental indices and economic

indices

index abbreviation
of index

GDP per capita/CNY GDP

gross agricultural output per capita/CNY GAO

nitrogen surplus from synthetic fertilizer per hectare NS

cultivated area’kg

phosphorus surplus from synthetic fertilizer per hectare PS

cultivated area’kg

agricultural pesticide use per hectare cultivated area/kg AP

agricultural film use per hectare cultivated area/kg AF

The sample includes Beijing, Tianjin, Hebei, Shanxi,
Inner Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai,
Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong,
Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan,
Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu,
Qinghai, Ningxia, Xinjiang and Tibet. Chongqing was
upgraded to a municipality (provincial level) in the late
1990s, and it is seen as a part of Sichuan Province in this
study. The empirical period depends on the availability of
data, but overall, the data cover the 1989-2009 periods.
Since all the provincial data for the variables reported in
Chinese Statistical Yearbooks are calculated at current
price, we adjusted every provincial data by considering the
official price index.

4 Results

In this section, we estimate the relationship between
agriculture-related environmental index and GDP per
capita using the model of EKC. The econometric methods
used and the resulting empirical findings would be
introduced.

First, before employing panel cointegration techniques,
since cointegration regressions require non-stationary data
of the same order of integration, unit roots properties of the
panel data are properly examined. Cointegration analysis,
as the classic method to test for a long-run equilibrium
relationship between the variables, introduced the idea that
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even if underlying time series are non-stationary, linear
combinations of these series might be stationary [39]. It is
well known that the traditional unit root tests or
cointegration tests method (e.g., ADF or residual-based
cointegration tests) involves the low power problem for
non-stationary data. The primary motivation for panel data
unit root tests as proposed to traditional unit root tests is to
take advantage of the additional information provided by
pooled cross-section time series to increase test power
[40].

Secondly, if the variables are integrated of the same
order, the next step will consist of testing for cointegration
among the variables. The existence of a cointegrating
environment-economy relationship is tested using the
panel cointegration technology. The time series panel
regression is considered as

Y = o + 0t + Xinie + i, 3)

where Y, and X, are the observable variables. The
asymptotic and finite-sample properties of testing statistics
are developed to examine the null hypothesis of non-
cointegration in the panel. The tests allow for hetero-
geneity among individual members of the panel, including
heterogeneity in both the long-run cointegrating vectors
and in the dynamics [41].

Finally, the OLS and DOLS estimators are used to
evaluate the long-run relationship among the variables
considered. The DOLS is an ordinary least squares
estimation of an expanded equation including not only
the explanatory variables but also leads and lags of their
difference terms to control for endogeneity and to calculate
the standard deviations using a covariance matrix of errors
that is robust to serial correlation [42]. The DOLS
estimators have a normal asymptotic distribution and
their standard deviations provide a valid test for the
statistical significance of the variables [43]. It has the
following form

P2
Vi =0+ x,f + Z VAN =+ s “)
J==p

where Ax; asymptotically eliminates the effect of endo-
geniety of x;, on the distribution of OLS estimator of f, p,
is the maximum lag length, p, is the maximum lead length,
1 1s @ Gaussian vector error process.

Above all, we chose the two panel unit root methods,
namely Levin-Lin-Chu (LLC) test and Im-Pesaran-Shin
(IPS) test proposed by Levine et al. [44] and Im et al. [45],
respectively. In addition, we follow the procedures
developed first by Maddala and Wu [46] and Choi [47]
by using the Fisher-ADF and Fisher-PP statistics to
enhance the robustness of the results. Table 2 reports the
results for the four panel unit root tests. The tests fail to
reject the null of a unit root in levels. When the tests are
applied to the first order differences, the null of unit root is
easily rejected indicating that the series (GDP, GDP?,

GAO, GAO?, NS, PS, AP, AF) are I (1) process on the
whole.

Then we proceed to test environmental and growth
variables respectively, for cointegration in the data using
the heterogeneous panel cointegration test developed first
by Pedroni [41,48,49], which allows for cross-sectional
interdependence with different individual effects. Four
statistics namely panel-v, panel-p, panel-PP and panel-
ADF are based on pooling along the “within-dimension”
and the remaining group-p, group-PP, and group-ADF
statistics are based on averaging along the “between-
dimension.” Each of these tests is able to accommodate
individual specific short-run dynamics, individual specific
fixed effects and deterministic trends, as well as individual
specific slope coefficients [41,48]. The panel ADF-
statistic, group ADF-statistic, panel PP-statistic and
group PP-statistic tests have better small sample properties
than the others, with the findings in the Monte Carlo
simulation experiments [41,49], and hence, they are more
reliable.

Table 3 presents the panel cointegration test results. The
Panel ADF-statistic, group ADF-statistic, Panel PP-
statistic and Group PP-statistic all reject the null of no
cointegration significantly at 1% critical values strongly.
There is generally strong evidence of cointegration among
these series. Thus, it can be concluded that the four types of
agriculture-related environmental indices tested, GDP and
the GDP square move together in the long-run, respec-
tively. And, there is a steady-state relationship among
those variables. The next step is to estimate this relation-
ship.

The EKC relationship can be further estimated by
several methods for panel cointegration estimation, e.g. the
ordinary least squares (OLS) estimator, the fully modified
ordinary least squares (FMOLS) estimator proposed first
by McCoskey and Kao [28,29], Phillips and Moon [50]
and Pedroni [49,51], the dynamic ordinary least squares
(DOLS) estimator developed first by McCoskey and Kao
[28,29] and Mark and Sul [30]. Kao and Chiang [52] and
McCoskey and Kao [29] suggested the panel DOLS
procedure exhibits less bias than the other estimators in
small samples using Monte Carlo simulations. We use the
dynamic ordinary least squares developed by Kao and
Chiang [52] and Mark and Sul [30] to estimate the long-run
cointegrating vector between environmental economic
relations. The DOLS estimator corrects the standard
pooled OLS for serial correlation and for endogeneity of
regressors, and has a normal asymptotic distribution and its
standard deviations provide a valid test for the statistical
significance of the variables [43].

Table 4 provides the panel cointegration estimation
results by OLS and DOLS tests. A panel data model with
fixed effects is adopted, including both individual specific
and time specific effects. Often the DOLS estimator has the
drawback that its results are sensitive to the choice of
number of lags and leads, but for our sample we find that
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Table 2 Panel unit root test results

LLC ¥ PS ™ Fisher-ADF © Fisher-PP
GDP individual effects 7.68 13.40 3.87 2.80
individual effects and linear trends 8.81 6.82 15.79 18.98
D Y (GDP) individual effects ~2.04" 9 —2.95%%x 112.86%** 156.37%%%
individual effects and linear trends —1.32% —1.72%* 87.89%* 143.22%%*
GAO individual effects 2.64 8.20 13.01 13.47
individual effects and linear trends 4.19 3.03 36.03 35.49
D(GAO) individual effects —3.32%%* —5.04%** 127.30%** 272.48%**
individual effects and linear trends —10.24%%* —7.32%** 169.21%*%* 216.52%%%*
GDP? individual effects 11.25 15.13 1.17 0.70
individual effects and linear trends 8.86 9.56 5.44 10.03
D(GDP?) individual effects —1.68** —1.58** 86.95%* 123.93***
individual effects and linear trends —1.69%* —1.56%* 81.39%* 131.40%**
GAO? individual effects 4.61 10.27 9.70 9.59
individual effects and linear trends 6.55 4.96 26.61 28.68
D(GAO?) individual effects —3.40%** —4.62%%* 120.10%** 249.11***
individual effects and linear trends —9.68%** —6.85%** 160.41%** 206.32%**
NS individual effects —7.28%** -2.51 90.27 141.31%**
individual effects and linear trends —2.68%* 0.11 60.91 87.34
D(NS) individual effects —15.74%** —13.29%** 291.53%** T11.24%%%*
individual effects and linear trends —14.95%** —10.20%%* 243.23%** 400.71%***
PS individual effects —8.45%** -2.54 117.13 177.57***
individual effects and linear trends — 4. 15%%* —-0.50 80.77 110.71%%*
D(PS) individual effects —6.47%** —8.34%*x* 208.61%** 442.82%**
individual effects and linear trends —12.15%%* —8.65%** 219.30%** 356.07*%*
AP individual effects —3.64%%* —0.12 73.29 187.91%**
individual effects and linear trends —3.06%** -1.28 83.69 136.49%***
D(4P) individual effects —19.70%** —13.55%** 357.32%** 516.35%**
individual effects and linear trends —19.96%** —12.83%*x* 259.72%** 378.57***
AF individual effects —4.20%%* 0.07 71.40 124.85%%*
individual effects and linear trends —10.08%** -3.39 80.81 126.17%%*
D(4F) individual effects —24.61%** —14.46%** 498.98*** 1039.26%**
individual effects and linear trends —31.19%** —15.65%** 216.96%** 361.91%**

Note: ¥ LLC represents the panel unit root test of Levine et al. (2002); ® TPS represents the panel unit root test of Im et al. (2003); © Fisher-ADF and Fisher-PP
represents the Maddala and Wu (1999) and Choi (2001) Fisher-ADF and Fisher-PP panel unit root test, respectively. Probabilities for Fisher-type tests were computed
by using an asymptotic > distribution; ¥ D denotes first difference; ® LLC, IPS, Fisher-ADF and Fisher-PP examine the null hypothesis of non-stationarity, and *#*, **

and * indicates statistical significance at the 1%, 5% and 10% level, respectively

most estimation results vary only little when the leads and
lags are changed again. The parameters are quite
significant mostly at a 1% level of significance. From the
sign of the parameters, the results show that there is the
inverted U-shaped curve relationship between the GDP per
capita and NS, PS and AP (See Fig. 2), respectively, but
AF increases linearly with economic growth. Then, a
transition is expected at a crucial point, i.e., the turning
point, the value of which calculated is about 10,000—
13,000, 85,000-89,000 and over 160,000 CNY, for NS, PS

and AP, respectively. Based on the results provided in
Table 4 where the independent variable is GAO, the panel
estimator is 0.55—0.62 where the dependent variable is AP,
and 1.28-1.42 where the dependent variable is AF. Implicit
here is that a 1% increase in GAO is associated with a
0.55%—0.62% increase in AP and a 1.28%—1.42% increase
in AF in China.

Based on the EKC results, in general, an economy is
associated with smaller levels of pollution after some
threshold income point. Except for AF, the other three sorts
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Table 3 Panel cointegration test results ®

NS(GDP, GDP?) PS(GDP, GDP?) AP(GDP, GDP?) AF(GDP, GDP?) AP(GAO) AF(GAO)

NDT®  DIT© NDT DIT NDT DIT NDT DIT NDT DIT NDT DIT
Panelv ~ —130  —4.50 -0.14 ~3.40 -1.64 —483 020 -3.00 —1.11 —4.32 1.03 -0.87
Panel p —1.99" 9 024 —3.50%k 117 —3.48%%% (.53 —1.76%%  1.05  —2.90%** 024 —1.53* 0.60
Panel PP —5.87%%% —.00%#% _740%k% _g34ksk  _Q Qikk _QTGRNE 7 GTRE _Q 5k _QDTkkk [ §EHRF _6,39%KE 8 O0***
Panel ADF —7.63%%% _g50%#% _QAQ%#x _ @ [Qk%k g3 kwk _gITHAk  _QTQHAE _T 93k _ 6 Q5kEk 7 (Dkkx G 30kkx _]] 37Hk%
Group p 0.54 2.26 -0.78 1.53 -0.50 1.98 0.71 299 —043 1.31 0.48 2.69
Group PP —5.49%%% _6 62%¥% _( 65%¥k% _g26% ¥ g 04Kk QD kwk 7 A Rek _QODwHE _QAGHIE |4 40% 0% 7GRk g ogwkk
Group ADF —9.98%#% _738%i% _](20%k% _5 4%k _]D0@%%* _Q 5Tk%k _]] 54%ix _gR4wwk _7 Tk _Q g3k _7 g0%kE |3 DEwk*

Note: @ For the formulas used in the panel cointegration test statistics, it is described in details in Pedroni (1999, 2004). Statistics are asymptotically distributed as
normal. The variance ratio test is right-sided, while the others are left-sided; ”’NDT stands for no deterministic trend; ODIT stands for deterministic intercept and trend;
**% *% and * rejects the null of no cointegration at the 1%, 5% and 10% level, respectively

Table 4 Panel cointegration estimation results by OLS and DOLS

C GDP GDP’ shape of curve TP(2009 CNY) C GAO 2}111?5: of
NS OLS -73177% 2.50%** —0.15%** inverted U- 20,000 - - -
-5.71 7.48 -6.76 shaped
DOLS(1, 1) — 42K 1.81%% —0.11%* 13,000 - - -
~6.73 11.32 ~10.40
DOLS(2, 2) 403wk 1.89%#% —0.12%#% 10,000 - - -
~5.84 9.72 ~8.89
PS  OLS —12.30%* 3.50%#% —0.22%%*  inverted U- 16,000 - - -
-8.71 9.74 -9.04 shaped
DOLS(1, 1) 375K 1.31%% —0.07%%x 89,000 - - -
~4.88 6.52 —4.84
DOLS(2, 2) —3.0] %k 1.14%%% —0.06%*+* 85,000 - - -
~3.34 47 ~3.39
AP OLS Y 2.12%%% —0.10%* inverted U- 245,000 —2.63%kx 0.66+%* linear
~3.65 3.44 —2.44 shaped ~12.80 28.26
DOLS(1, 1) — 4 g7Hxx 1.39%#% —0.07%%+ 160,000 —20g%Ex 0.62+%*
~4.73 5.23 ~3.74 ~12.40 22.62
DOLS(2, 2) —3.70%%x 1.09%#* —0.05%* 550,000 ]85k 0.56%%*
~2.96 332 ~2.07 ~8.11 16.12
AF  OLS 351wk 0.70%#% - linear - —5.69%k 1.13%ex linear
~10.82 18.48 ~13.45 19.34
DOLS(1, 1) —3.46%xx 0.69%#* - - —6.65%*+ 1.28%#*
~9.101 12.54 ~13.59 17.65
DOLS(2, 2) — 3] Kk 0.66%** - - —7.49%xx 1.42%%%
~6.75 9.31 ~12.78 16.07

Note: @ *#*_#* and * denotes the estimator of a parameter is significant at 1%, 5% and 10% level, respectively

of agricultural environment-economy nexus all show the
inverted U-shaped EKC relationship, indicating that NS,
PS and AP increase at first, then may decline with
economic growth. Moreover, the turning points of these
inverted U-shaped curves vary between different indica-
tors. For NS, the nexus in most areas is now within the
right-side of the EKC up to 2009. However, PS and AP
have an increasing trend in most regions of China, far from
turning points. The largest turning point appears in AP, and
this estimated value is more than 22,200 USD, similar to

Managi [21] results for pesticide in agriculture sector of
United States, where estimated point of peak is about
20,900-24,900 USD. Obviously, there is much more
pressure of pollution abatement for current China devel-
opment mode. Furthermore, compared with EKC results,
across indicators and studies, these turning points for
agricultural environmental indices are much higher than
those for pollutants such as NO, and SO, generally. The
EKC takes various shapes depending on the type of
pollutants and is more likely to hold for short-term and
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local impact pollutants than for those with more global,
indirect, and long-term impacts [21,53,54]. It is empha-
sized that agricultural pollution reduction is much more
difficult than those such as urban-related NO, and SO, to a
certain sense, and should be paid more attention in the
future. It should be also noticed the new problems caused
by agricultural pollutants whose direct sources are untrace-
able, in contrast to the traditional problems derived from
the traceable pollutants. The environmental policies need
to be formulated concerning each substance, such as its
origin, manageability, and the like, rather to be standar-
dized [55], especially with little effective agriculture-
related environmental management in China.

The empirical evidence of an Environmental Kuznets
Curve for pesticides in US agriculture was explained as

Front. Environ. Sci. Eng.

increasing returns to scale by Managi [21]. This pattern of
EKC in Chinese agriculture may be interpreted as follows:
First, environmental pressure decreases with industrial
adjustments [12,56,57]. The emerging EKC trend could be
a result of the decline of agricultural sector. This effect is
more evident in aggregate studies due to the change in
macro-sectoral shares [15], the “compensating effects”
[23]. As income grows and structure changes in some
developed areas, there is an increase of cleaner activities
with less pollution, and environmental degradation tends to
fall for the focus of this study. Secondly, “learning by
doing” offers several interpretations to the growth-
environment relationship, as the costs of pollution
reduction be altered [15]. In some developed provinces
of East China, as the marginal cost of pollution reduction
and ecological agriculture decreased, there is an environ-
mental improvement. Thirdly, it is thought to be one of the
main determinants for the shape of EKC to introduce
strong environmental policies [58,59]. Fourthly, the
transition of socio-economic dual structure is the funda-
mental way for agriculture-related pollution reduction in
China. Fifthly, with the lack of management system, the
unbalanced nutrient input to agro-eco system still exists,
although the nitrogen over-fertilization begin to be
controlled in many areas. Sixthly, pesticide use is rigid
and takes on non-substitutability. Besides, pesticide price
is very low and there is no effective management system.
The EKC may be lowering and flattening out, as a result of
several factors, mainly including formal and informal
regulation, dual structure transition and the consequent
improvement of agricultural management and technology.
And, the statistical significance of the estimated intercept
terms may indicate the need to take integrated environ-
mental policies [60]. In addition, regional differentiation
results in the different agriculture-related environmental
spatial features in eastern, central and western region of
China to some extent, and the agriculture-related environ-
mental policies should consequently differ over time and
region.

5 Conclusions and discussion

This study estimates the inverted U-shaped Environmental
Kuznets Curve hypothesis empirically, relating GDP per
capita to four types of agricultural environmental variables,
for a panel data set comprising 31 provincial economies for
the period from 1989 to 2009, using the panel unit root test,
the cointegration test and panel-based dynamic OLS,
which have the advantage of higher power and a more
robust result with the short time spans of typical data sets.
The empirical results show that there is a positive long-run
cointegrated relationship between the environmental index
and real GDP per capita. This relationship takes on the
inverted U-shaped Environmental Kuznets Curve, and the
value of turning point is about 10,000—13,000, 85,000—
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89,000 and over 160,000 CNY, for synthetic fertilizer
nitrogen indicator, fertilizer phosphorus indicator and
pesticide indicator, respectively. These results may provide
a picture of agriculture-related environment-economy
nexus and might be helpful to focus and advance the
policy debate in China.

The numerical results show that the long-equilibrium
relationship exists between agriculture-related environ-
mental indices and GDP per capita in China, and provide
support in favor of the past changes in economic growth
that have a significant impact on environmental issues. The
relationships between the three types of environmental
indices studied and economic growth show the inverted U-
shaped Environmental Kuznets Curve in China. As a
whole, the increase in income is the driving force for
agricultural pollution reduction. However, the agriculture-
related environmental degradation has lead to a havoc of
water quality and biogeocenose, and the large cost of
environmental management. Economic growth has not yet
reached turning points of the inverted U-shaped EKC on
most indicators, and still has a long way to go, especially in
the central and western region of China, where agriculture-
related environmental issues should be attached more
importance. Above all, with rapid economic growth and
urbanization, the farmland and rural labor are sharply
decreasing, and the farmland-human conflict increases, in
addition, urban-rural gap and regional disparity are
enlarging. The above conditions induce overuse and
misuse of agrochemicals and the environmental issues
consequently. Furthermore, for a long time, with urban-
rural dualistic structure, industrialization has been paid too
much attention and how to promote rural development is
neglected in many areas of China. Besides, there exist little
management of agricultural production, and the agricul-
ture-related environmental policies, agencies and infra-
structure. The efficient environmental measures have been
enforced in city and industry, and a more discreet approach
is required in agriculture and rural areas. Moreover, with
lack of agricultural management system, trade liberal-
ization and market internationalization have an influence
on agricultural production and the environment. With
economic growth, pressure and irreplaceability of agricul-
ture is increasingly great, however, the agricultural output
will still depend upon the agrichemicals use in a large part.
There will be many major challenges to address special
environmental issues in China. A package of efforts should
be taken to reduce agricultural dependence on agrochem-
icals, and to increase contribution of capital and technol-
ogy to agriculture.

According to the results of EKC, agricultural pollution
pressure may decrease in Beijing, Shanghai and other
developed areas. It seems one of the most important
environmental strategies to promote economic growth,
however, the estimation of an EKC and its turning point is
only based on empirical data, and the relationship between
agriculture and the environment is complex, such regional-

specific characteristics as agricultural carrying capacity,
agriculture distribution and policy effects could have some
influences on environmental change. Moreover, the EKC
results may initially show the same pattern as the inverted
U-shaped curve and only a short-run phenomenon, but
beyond a certain income level, return to exhibiting a
positive relationship between growth and the environment
[15,55]. This inverted U relationship is not meant that
environmental degradation is only a temporary phenom-
enon associated with some stage of economic growth and
environmental degradation will naturally decrease to a
certain stage of economic growth. The government should
actively give farmers more guidelines and motivation
mechanism on the rational use of agrichemicals, and
meanwhile enforce efficient pollution reduction efforts,
especially in main agriculture area. All in all agricultural
pollution abatement is much more difficult than normal
industrial pollution. Further evidence of technology,
regulation and others is still required to answer this
question. More significantly, the crux of the matter is to
deal with China’s serious urban-rural dualistic structure.
Although further theoretical and empirical investigation is
clearly needed before any unquestionable conclusion can
be drawn, for the EKC on agriculture-related environ-
mental issues, deriving the quantitative estimates of the
likely environmental impacts of growth is helpful to
advance decision debate. In the future, environmental
poverty and environmental equity should become the focus
of the policy debate.

Acknowledgements This study was supported by the State Basic Science
Key Project of China (No. 2007FY110300), the National Natural Science
Foundation of China (Grant Nos. 41271556 and 41301642), China
Postdoctoral Science Foundation Funded Project (No. 2013M541026), and
the Golda Meir Fellowship. This paper was finally finished while the first
author was a Fellow at the Department of Geography, The Hebrew University
of Jerusalem. The authors would like to appreciate Professor Eran Feitelson
and Ms Rachel Friedman for their guidance and comments.

References

1. Thorburn P J, Biggs J S, Weier K L, Keating B A. Nitrate in
groundwaters of intensive agricultural areas in coastal Northeastern
Australia. Agriculture, Ecosystems & Environment, 2003, 94(1):
49-58

2. European Environment Agency (EEA). Source apportionment of
nitrogen and phosphorus inputs into the aquatic environment (No.7/
2005). Copenhagen: EEA, 2005

3. Zhang J, Jorgensen S E. Modeling of point and nonpoint nutrient
loadings from a watershed. Environmental Modelling & Software,
2005, 20(5): 561-574

4. Kronvang B, Vagstad N, Behrendt H, Bogestrand J, Larsen S E.
Phosphorus losses at the catchment scale within Europe: an
overview. Soil Use and Management, 2007, 23(Suppl 1): 104-116

5. Department for Environment Food and Rural Affairs (DEFRA).
Mapping the problem: risks of diffuse water pollution from



10

10.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Front. Environ. Sci. Eng.

agriculture. London: DEFRA, 2004

. Department for Environment Food and Rural Affairs (DEFRA).

Nitrates in water—the current status in England. London: DEFRA,
2007

. United States Environmental Protection Agency (USEPA). National

water quality inventory. Washington, D C: USEPA. 2009

. Chen M, Chen J, Sun F. Estimating nutrient releases from

agriculture in China: an extended substance flow analysis frame-
work and a modeling tool. Science of the Total Environment, 2010,
408(21): 51235136

. Zhang W, Tian Z, Zhang N, Li X. Nitrate pollution of groundwater

in northern China. Agriculture, Ecosystems & Environment, 1996,
59(3): 223-231

Liu Y, Chen S, Zhang Y. Study on Chinese agricultural EKC:
evidence from fertilizer. Chinese Agricultural Science Bulletin,
2009, 16: 263-267 (in Chinese)

. Grossman G, Krueger A B. Environmental impact of North

American Free Trade Agreement. NBER Working Paper, No.
3914, 1991

. Grossman G, Krueger A B. Economic growth and the environment.

Quarterly Journal of Economics, 1995, 110(2): 353-377

. Panayotou T. Empirical tests and policy analysis of environmental

degradation at different stages of economic development. Working
Paper, International Labor Office, Technology and Employment
Programme, 1993

Dinda S. Environmental Kuznets Curve hypothesis: a survey.
Ecological Economics, 2004, 49(4): 431-455

Brock W A, Taylor M S. Economic growth and the environment: a
review of theory and empirics. In: Aghion P, Durlauf S, eds.
Amsterdam: Handbook of Economic Growth, 2005, 1(28): 1749—
1821

Antler J M, Heidebrink G. Environment and development: theory
and international evidence. Economic Development and Cultural
Change, 1995, 43(3): 603-625

McConnell K E. Income and the demand for environmental quality.
Environment and Development Economics, 1997, 2(4): 383-399
Shortle J S, Abler D. Environmental policies for agricultural
pollution control. New York: CAB International Publishing, 2001
Cochard F, Willinger M, Xepapadeas A. Efficiency of nonpoint
source pollution instruments: an experimental study. Environmental
and Resource Economics, 2005, 30(4): 393422

Aftab A, Hanley N, Baiocchi G. Integrated regulation of non-point
pollution: combining managerial controls and economic instruments
under multiple environmental targets. Ecological Economics, 2010,
70(1): 24-33

Managi S. Are there increasing returns to pollution abatement?
Empirical analytics of the Environmental Kuznets Curve in
pesticides. Ecological Economics, 2006, 58(3): 617-636

Perman R, Stern D I. Evidence from panel unit root and
cointegration tests that the Environmental Kuznets Curve does not
exist. Australian Journal of Agricultural and Resource Economics,
2003, 47(3): 325-347

Galeotti M, Manera M, Lanza A. On the robustness of robustness
checks of the Environmental Kuznets Curve hypothesis. Environ-
mental and Resource Economics, 2009, 42(4): 551-574

Stern D I, Common M S. Is there an Environmental Kuznets Curve

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

for sulfur? Journal of Environmental Economics and Management,
2001, 41(2): 162-178

Oh W, Lee K. Energy consumption and economic growth in Korea:
testing the causality relation. Journal of Policy Modeling, 2004, 26
(12): 973-981

Copeland B, Taylor S. Trade, growth and the environment. Journal
of Economic Literature, 2004, 42(1): 7-71

Unruh G C, Moomaw W R. An alternative analysis of apparent
EKC-type transitions. Ecological Economics, 1998, 25(2): 221-229
McCoskey S, Kao C. Comparing panel data cointegration tests with
an application of the twin deficits problem. Working Paper, Center
for Policy Research, Syracuse University, 1999

McCoskey S, Kao C. A Monte Carlo comparison of tests for
cointegration in panel data. Journal of Propagation in Probability
and Statistics, 2001, 1(2): 165-198

Mark N, Sul D. Nominal exchange rates and monetary funda-
mentals: evidence from a small Post-Bretton woods panel. Journal
of International Economics, 2001, 53(1): 29-52

Andreoni J, Levinson A. The simple analytics of the Environmental
Kuznets Curve. Journal of Public Economics, 2001, 80(2): 269-286
Stokey N L. Are there limits to growth? International Economic
Review, 1998, 39(1): 1-31

Jones L E, Manuelli R E. Endogenous policy choice: the case of
pollution and growth. Review of Economic Dynamics, 2001, 4(2):
369-405

Israel D, Levinson A. Willingness to pay for environmental quality:
testable empirical implications of the growth and environment
literature. Contributions to Economic Analysis and Policy. Berke-
ley: Berkeley Electronic Press, 2004

Stern D 1. The Environmental Kuznets Curve. International Society
for Ecological Economics, Internet Encyclopedia of Ecological
Economics, 2003

Stern D 1. Between estimates of the emissions-income elasticity.
Ecological Economics, 2010, 69(11): 2173-2182

Wang S, Peng E, Wu G, Zhang T, Zhang J, Zhang C, Yu Y. Surveys
of deposition and distribution pattern of pesticide droplets on crop
leaves. Journal of Yunnan Agricultural University, 2010, 25(1):
113-117

Yuan P. Environmental economics study on agricultural pollution
and its control. Dissertation for the Doctoral Degree, Beijing:
Chinese Academy of Agricultural Sciences, 2008 (in Chinese)
Engle R F, Granger C W J. Cointegration and error correction:
representation, estimation, and testing. Econometrica, 1987, 55(2):
251-276

Ozturk I, Aslan A, Kalyoncu H. Energy consumption and economic
growth relationship: Evidence from panel data for low and middle
income countries. Energy Policy, 2010, 38(8): 4422-4428

Pedroni P. Critical values for cointegration tests in heterogeneous
panels with multiple regressors. Oxford Bulletin of Economics and
Statistics, 1999, 61(S1): 653670

Li F, Dong S. L X, Liang Q, Yang W. Energy Consumption-
Economic Growth Relationship and Carbon Dioxide Emissions in
China. Energy Policy, 2011, 39(2): 568573

Lopez-Pueyo C, Barcenilla-Vists S, Sanau J, International R. D
spillovers and manufacturing productivity: a panel data analysis.
Structural Change and Economic Dynamics, 2008, 19(2): 152-172



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Fei LI et al. Environmental Kuznets Curve in agrochemicals 11

Levin A, Lin C, Chu C. Unit root tests in panel data: asymptotic and
finite-sample properties. Journal of Econometrics, 2002, 108(1): 1—-
24

Im K S, Pesaran M H, Shin Y. Testing for unit roots in
heterogeneous panels. Journal of Econometrics, 2003, 115(1): 53—
74

Maddala G S, Wu S. Comparative study of unit root tests with panel
data and a new simple test. Oxford Bulletin of Economics and
Statistics, 1999, 61(s1): 631-652

Choi I. Unit root tests for panel data. Journal of International Money
and Finance, 2001, 20(2): 249272

Pedroni P. Panel cointegration: asymptotic and finite sample
properties of pooled time series tests, with an application to the
PPP hypothesis: new results. Working Paper in Economics, Indiana
University, 1997

Pedroni P. Panel cointegration: asymptotic and finite sample
properties of pooled time series tests with an application to the
PPP hypothesis. Economic Theory, 2004, 20: 597-625

Phillips P C B, Moon H R. Linear regression limits theory for non-
stationary panel data. Econometrica, 1999, 67(5): 1057-1111
Pedroni P. Fully modified OLS for heterogeneous cointegrated
panels. In: Baltagi B H, ed. Advances in Econometrics. Nonsta-
tionary Panels, Panel Cointegration and Dynamic Panels. Amster-
dam: JAI Press, 2000

Kao C, Chiang M H. On the estimation and inference of a
cointegrated regression in panel data. In: Baltagi B H, ed. Advances
in Econometrics. Nonstationary Panels, Panel Cointegration and
Dynamic Panels. Amsterdam: JAI Press, 2000

Arrow K, Bolin B, Costanza R, Dasgupta P, Folke C, Holling C S,
Jansson B O, Levin S, Miler K G, Perrings C, Pimentel D.
Economic growth, carrying capacity, and the environment. Science,
1995, 268(5210): 520-521

Cole M A, Rayner A J, Bates ] M. The Environmental Kuznets

55.

56.

57.

58.

59.

60.

Curve: an empirical analysis. Environment and Development
Economics, 1997, 2(4): 401416

Park S, Lee Y. Regional model of EKC for air pollution: Evidence
from the Republic of Korea. Energy Policy, 2011, 39(10): 5840—
5849

de Bruyn S M, van den Bergh J C J M, Opschoor J B. Economic
growth and emissions: reconsidering the empirical basis of
Environmental Kuznets Curves. Ecological Economics, 1998, 25
(2): 161-175

Markus P. Technical progress, structural change and the Environ-
mental Kuznets Curve. Ecological Economics, 2002, 2(3): 381—
389

Roca J, Padilla E, Farre M, Galletto V. Economic growth and
atmospheric pollution in Spain: discussing the Environmental
Kuznets Curve hypothesis. Ecological Economics, 2001, 39(1):
85-99

Magnani E. The Environmental Kuznets Curve: development path
or policy results. Environmental Modelling & Software, 2001, 16
(2): 157-165

Orubu C O, Omotor D G. Environmental quality and economic
growth: Searching for Environmental Kuznets Curves for air and
water pollutants in Africa. Energy Policy, 2011, 39(7): 4178-
4188

Appendixes: Agrichemicals and economic
growth

Figure A shows observations for agrichemicals and GDP
per capita, where simple plots are provided for year 1989,
1999 and 2009. The EKC pattern might come from either
the changes over time or between provinces. The data for a
given year shows the cases of inverted U shape more than
the data for a given province.
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Fig. A The agrichemicals and economy relationship by year, such as chemical fertilizer (a- 1989, b- 1999, c- 2009), pesticide (d- 1989,
e- 1999, f- 2009) and film (g- 1989, h- 1999, i- 2009)
Source: China Rural Statistical Yearbooks, various years
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