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Does urban-rural income inequality increase agricultural fertilizer or pesticide
use? A provincial panel data analysis in China
Abstract:

The large urban-rural income inequality and indiscriminate use of fertilizer and pesticide, as
well as the related environment degradation in China during the past decades concern the society.
However, little is known about the relationship between the urban-rural income inequality and
agricultural fertilizer and pesticide use in China. Based on the environmental Kuznets curve
hypothesis, this study aims to reveal how the urban-rural income inequality affects fertilizer and
pesticide use from 1995 to 2015 in China. The results show that the relationship between per capita
income of the rural households and per hectare fertilizer and pesticide use supports the
environmental Kuznets curve hypothesis. Meanwhile, there exists a significant and positive
relationship between the urban-rural income inequality and per hectare fertilizer and pesticide use.
The share of agricultural value added in provincial gross domestic product not only directly
influences fertilizer and pesticide use, but affects the relationship between the urban-rural income
inequality and fertilizer and pesticide use. This study demonstrates that more efforts should be
devoted to narrowing the urban-rural income inequality and deepening the reform of agricultural

research and extension system to reduce agricultural fertilizer and pesticide use in China.
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1. Introduction

China has made significant achievements in agricultural and rural development during the past
decades since 1978 (Huang and Rozelle, 1996; Huang et al., 2010; Lin, 1992; Wang et al., 2013).
Per capita income of the rural households, measured at 2015 constant price, has increased from
about 713 Chinese yuan (CNY) in 1978 to 10772 CNY in 2015, with the annual growth rate at 7.6%
(National Bureau of Statistics of China, 2016a). However, there are two critical problems that
greatly concern the society: the large urban-rural income inequality and serious environment
degradation mainly due to the intensive use of fertilizer and pesticide (Carter, 2012; Huang et al.,
2015; Zhang et al., 2015).

In general, the change in the urban-rural income ratio has experienced three stages from 1978
to 2015. During the first stage (1978-1988), the urban-rural income ratio narrowed from 3.2 to 1.9
thanks to the rural reform (National Bureau of Statistics of China, 2016a). However, it constantly
rose to 3.3 in 2009 due to mixed reasons (National Bureau of Statistics of China, 2016a). Although
the urban-rural income ratio again fell to 3.0 during the third stage (2010-2015), it almost equaled to
the level in the late 1970s (National Bureau of Statistics of China, 2016a). In the context, the
negative effects caused by the growing urban-rural income inequality attract much attention (Carter,
2012; Gao et al., 2014).

Moreover, the serious environmental degradation becomes one of the key factors that reduce
social welfare in China, and the emission of agricultural pollutants is one of the main sources
(Ongley et al., 2010; Rozelle et al., 1997). In particular, the intensive and indiscriminate use of
fertilizer and pesticide in agricultural production has been often accused of causing serious

deterioration of soil quality, water eutrophication and greenhouse gas emission (Kabhrl et al., 2010;



Zhang et al., 2015; Zhu and Chen, 2002). In essence, agricultural productivity growth in China
highly depends on fertilizer and pesticide use, and correspondingly, China has become the largest
user of fertilizer and pesticide, consuming more than 60 million tonnes of fertilizer and 1.78 million
tonnes of pesticide in 2015 (National Bureau of Statistics of China, 2016b).

In the context of the environmental Kuznets curve (EKC) hypothesis, there exists an inverted
U-shaped relationship between per capita income and environment degradation (Grossman and
Krueger, 1991). For a long time, however, the EKC hypothesis has been often empirically examined
from the output-side perspective of environmental evolution using the emissions of pollutants
including carbon dioxide (CO2), sulfur dioxide (SO;) and suspended particle matter (SPM)
(Kaufmann et al., 1998; Lin et al., 2016; Seldon and Song, 1994). In contrast, the empirical studies
of the EKC hypothesis from the input-side perspective of environmental evolution are extremely
scarce except for some studies of energy consumption (Nguten-Van, 2010). Hence, little is known
about the relationship of rural income and urban-rural income inequality with agricultural fertilizer
and pesticide use.

This study aims to contribute to the literature by focusing on the relationship between the
urban-rural income inequality and agricultural fertilizer and pesticide use, on the basis of the EKC
hypothesis. In China, to narrow the urban-rural income inequality and reduce agricultural fertilizer
and pesticide use are two critical tasks for sustainable economic development. This study, therefore,
may have important policy implications. The analysis here is conducted on a panel dataset for 25
provinces in China during the period 1995-2015. It should be noted that in China, the province-level
administrative regions are divided into three four groups: the centrally-administered municipalities,

provinces, the autonomous regions, and the special administrative regions. This study focuses on



the provinces within the Mainland China. To facilitate the expression, this study uniformly uses
“province” to refer to the provincial administrative regions. The remainder of this study is
structured as follows. Section 2 provides an overview of the main empirical literature on the EKC
hypothesis and environment-inequality relationship. Section 3 introduces the sample collection,
model specification and data. Section 4 shows the empirical results and develops some discussion.

The final section concludes the study.

2. Literature Review

There is a growing body of empirical literature about the relationship between economic
development and environment degradation based on the so-called EKC hypothesis (Dinda, 2004;
Stern, 2004). Grossman and Krueger (1991) conducted the pathbreaking work, in which an
econometric model was developed to investigate the environment impacts of the North American
Free Trade Agreement. It was concluded that the concentrations of SO, and smoke increase as per
capita gross domestic product (GDP) grows at low levels of national income, but then decrease with
the growth of per capita GDP at higher levels of income (Grossman and Kruger, 1991). In a
subsequent study, Panayotou (1993) firstly used the EKC to describe the inverted U-shaped
relationship between per capita income and environment degradation.

During the following decades, many emerging studies aimed to empirically examine the EKC
hypothesis (Dinda, 2004; Stern, 2004). A group of empirical studies confirmed that there exists an
inverted U-shaped relationship between environmental degradation and per capita GDP or income
(Dinda, 2004; Stern, 2004). Using a cross-national panel dataset from the Global Environment
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nitrogen oxide (NOyx) and carbon monoxide (CO) showed a significant inverted U-shaped
relationship with per capita GDP. By taking advantage of the same data source, Grossman and
Krueger (1995) examined the reduced-form relationship between per capita income and four
environmental indicators: urban air pollution, the state of the oxygen regime in river basins, fecal
contamination of river basis, and contamination of river basins by heavy metals, and found that
environmental quality experienced an initial deterioration followed by a subsequent improvement
with the growth of per capita GDP. In the case of the United States, List and Gallet (1999) used a
state-level panel dataset in terms of SO, and NOy emissions during the period 1929-1994, and
provided evidence that the EKC hypothesis is tenable. Using a time series dataset of China from
1975 to 2005, Jalil and Mahmud (2009) observed an inverted U-shaped relationship between per
capita real GDP and CO- emission. Similarly, Riti et al. (2017) also supported the EKC hypothesis
in China by applying different estimation techniques based on the annual time series data over the
period 1970-2015. In Pakistan, Nasir and Rehman (2011) confirmed the existence of the EKC
hypothesis in terms of CO> emissions by employing the Johansen method of cointegration based on
the time series data for the period 1972-2008. In addition to the inverted U-shaped relationship,
Friedl and Getzner (2003) found that an N-shaped relationship between per capita GDP and CO;
emissions fits the time series data in Austria from 1960 to 1999 to the most extent.

However, it was also concluded that the existence of the EKC hypothesis may be not true in
some empirical studies, most of which were based on the international data of air pollutants (Dinda,
2004; Stern, 2004). For instance, using the data of 23 countries during the period 1974-1989,
Kaufmann et al. (1998) found that the concentration of SO falls as per capita GDP grows between
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USD. Based on the data of CO2, NOx and SO> emissions in Netherlands, the United Kingdom, the
United States and Western Germany, de Bruyn et al. (1998) found that the emissions are positively
correlated with economic growth rather than following an inverted U-shaped fashion. Dinda et al.
(2000) argued that per capita real GDP shows an explicitly negative and U-shaped relationship with
the concentration of SO, and SPM, respectively, using the city-wise annual data for 33 countries
during the three periods 1979-1982, 1983-1986, and 1987-1990. Similarly, Stern and Common
(2001) pointed out that there exists a monotonic relationship between per capita SO> emission and
per capita income in a more globally sample, since the estimated turning point of per capita real
GDP is much higher than the actual level. Harbaugh et al. (2002) pointed out that the
pollution-income relationship was highly sensitive to the sample changes, and little evidence was
obtained for an inverted U-shaped relationship between air pollutants and income. By using
cointegration analysis on SO2 emissions in 74 countries from 1960 to 1990, Perman and Stern
(2003) found that the spurious regression involving the EKC hypothesis may be conducted.
Recently, an empirical work conducted by Lin et al. (2016) re-examined the environment-income
relationship in terms of CO2 emission in five African countries, and denied the EKC hypothesis. In
addition to the indicators other than air pollutants, Koop and Tole (1999) argued that the inverted
U-shaped relationship between deforestation and per capita GDP does not exist based on the data
for 76 developing countries from 1961 to 1992. Hettige et al. (2000) pointed out that the
relationship between industrial water pollution and income rejected the EKC hypothesis. In the case
of China, Diao et al. (2009) pointed out that the EKC hypothesis is only one of models that
characterize the relationship between economic growth and environmental degradation based on

analysis of six pollution indices in Jiaxing of Zhejiang.



A few studies further examined the causality between environment degradation and income
(Coondoo and Dinda, 2002; Dinda and Coondoo, 2006). Coondoo and Dinda (2002) employed a
Granger causality test to cross-country panel data, and concluded that the causality varies cross
countries or regions. Dinda and Coondoo (2006) further argued that there may be a bi-directional
causality between per capita GDP and per capita CO> for different groups of countries or regions,
using a cross-country panel dataset covering 88 countries during the period 1960-1990.

In addition, a considerable number of studies extended the EKC hypothesis to examine the
relationship between income inequality and environmental degradation (Grunewald et al., 2017;
Jorgenson et al., 2017). The pioneering work was conducted by Boyce (1994). In sum, Boyce (1994)
hypothesized that a growing income inequality may increase the rate of environmental time
preference of both the rich and poor, which leads the two groups to take environment-damage
actions. Moreover, the growing income inequality may also induce environmental degradation by
encouraging the rich to transfer the environmental costs to the poor (Boyce, 1994). To examine
these hypotheses, Torras and Boyce (1998) utilized the pooled ordinary least squares method to
analyze the impact of inequality on air and water pollution, but obtained contrasting results. Using a
cross-national dataset in terms of environmental degradation in 1985, Heerink et al. (2001) argued
that higher inequality may reduce environmental degradation, which is contrary to the conclusion of
Boyce (1994). Zhang and Zhao (2014) used the national and regional panel data from 1995 to 2010
in China to reveal that a more equitable income distribution is useful for controlling CO emissions.
Using a provincial panel dataset from 1995 to 2012 in China, Hao et al. (2016) argued that CO>
emissions per capita increases as the income gap expands. In the case of the United States,

Jorgenson et al. (2017) showed that the state-level CO> emissions are positively associated with the



income share of the top 10 percent based on the data over the period 1997-2012. Using a panel
dataset of 158 countries from 1980 to 2008, Grunewald et al. (2017) argued that for low and
middle-income countries, higher income inequality is associated with lower CO, emissions, while
in upper middle-income and high-income economies, higher income inequality increases per capita
CO; emissions.

Note that the previous studies have shed light on the relationship between environmental
degradation and economic development. However, the conclusions are far from consistent.
Moreover, the relationship between the urban-rural income inequality and environmental

degradation, especially the environmental issues involving agriculture, attracts little attention.

3. Methods and Materials
3.1. Sample

This study aims to investigate the relationship between the urban-rural income inequality and
environmental degradation involving agriculture from the input-side perspective. Thus, we use per
hectare fertilizer and pesticide use as proxies for environmental degradation related to agriculture.
To meet the goal, this study employs a provincial panel dataset for 25 provinces within the
Mainland China during the period 1995-2015. Beijing, Shanghai, Tianjin, Chongging, Hainan and
Tibet are not included due to the incompleteness and unavailability of data. Thus, we obtain a total
sample of 525 observations.
3.2. Model

To control for the potential influence of other factors, this study develops a multivariate model

on the basis of the EKC hypothesis. The model can be describe as follows:



InYit = Bo + prInincomeit + BzIn?Incomeit + Bslnincomei: + Balnequalityi + BsAgriculture;

+ fe(Inequalityir < Agricultureir) + S7Croppingit + fsPriceir1 + foTrend; + aj + Uit (1)
where the explained variable InYi: denotes per hectare agricultural fertilizer or pesticide use in the
natural-logarithmic form; and the explanatory variables Inlncomei, In’Incomeix and In?2lncomeit
denote the linear, quadratic and cubic terms of per capita income of the rural households in the
natural-logarithmic form, respectively; Inequalityir denotes the urban-rural income inequality;
Agricultureir denotes the share of agricultural value added in provincial GDP; Inequalityi >
Agriculturei: denotes the interaction term between Inequalityi: and Agriculturei;; Croppingit denotes a
group of percentages of the sown area of different crops in the total sown area; Priceit1 denotes the
price index ratio of agricultural products to fertilizer or to pesticide for the preceding year; and
Trend: is used to capture the time trend of per hectare fertilizer and pesticide use. In addition, a; and
uit stand for the time-invariant effect and independent identically distributed random disturbance
term, respectively. Note that per hectare fertilizer and pesticide use and per capita income of the
rural households are used in their natural-logarithmic form to overcome the defect of the potential
heteroscedasticity.

Equation (1) is a one-way individual-effects model. As an alternative, we replace Trend; with y
to construct a two-way individual-effects model, as shown in equation (2):
InYit = Bo + BaInincomeir + B2In?Incomeit + BalndIincomeit + Balnequalityic + SsAgricultureit
+ fs(Inequalityir < Agricultureir) + S7Croppingit + fs Priceit.1 + yt + ai + Uit (2)
The estimation of equations (1) and (2) may suffer the defect of the potential endogeneity due
to the bidirectional causal relationship between the explained variable (InYi;) and per capita income

of the rural households (InIncomeit). In the context, this study utilize the instrumental variable (1V)



method to mitigate the endogeneity. Specifically, we use the first-order lagged per capita income
(Inincomeir1) as the instrument of the current income (Inlncomei). Similarly, InIncomeit.1,
In®Incomei-1, Inequalityir1, and Inequalityi1 > Agriculturei; are also used as the instruments of
InIncomei, In®Incomes, Inequalityir, and Inequalityi < Agriculturei, respectively. Moreover, the
employment of the IV method can also be regarded as the robustness analysis.
3.3. Data

This study utilizes a provincial panel dataset in China during the period 1995-2015. Due to
several reasons, data used in this study come from multiple sources. Please see the appendix for the
details.

Per hectare fertilizer and pesticide use refers to the quantity of fertilizer and pesticide used on

the total sown area for each province and each year. The National Data (http://data.stats.gov.cn/) is

the main data source for fertilizer and pesticide use, and sown area. In addition, for Guangdong and
Inner Mongolia, data of pesticide use in 1996 and 1997 come from China Rural Statistical
Yearbook.

Data of per capita income of the rural households come from China Compendium of Statistics
1949-2008, and the National Data. In this study, per capita income ratio of the urban to rural
households is used to as proxy for the urban-rural income inequality. The data source of per capita
income of the urban households is the same as that the rural households. To exclude the price
changes in income, per capita income of the urban and rural households is calculated at 2015
constant price based on the urban and rural consumer price indices, respectively. Most of the price
indices come from the National Data. For Guizhou, the rural consumer price indices in 1994, 1995

and 1997 come from China Statistical Yearbook.
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In this study, we use a dummy variable to capture the potential impact of industrial structure on
per hectare fertilizer and pesticide use. For each province and each year, the dummy variable equals
one if the share of agricultural value added in provincial GDP is greater than or at least equal to 15
percent, and equals zero if the share of agricultural value added in provincial GDP is less than 15
percent. In general, that the share of agricultural value added in provincial GDP is less than 15
percent is a main sign of the completion of industrialization (Ye, 2008). In this study, data of
agricultural value added in 1995 and 1996 come from China Rural Statistical Yearbook, and the
National Data for the period 1997-2015. Meanwhile, data of provincial GDP are collected from the
National Data.

In this study, we use the percentages of the sown area of grain, vegetable and cotton, top three
crops in terms of the sown area, in the total sown area to describe cropping structure. Data of the
sown area of each crop and the total sown area come from the National Data.

In addition, the price index ratio of agricultural products to fertilizer or to pesticide for the
preceding year is also included in the model. Since data of actual prices of agricultural products,
fertilizer and pesticide are unavailable in China, we use price indices as alternatives. All data of
fertilizer price indices come from the National Data. Pesticide price indices come from the
statistical yearbooks of each province, China Rural Statistical Yearbook, and the National Data.
Data sources of price indices of agricultural products consist of the statistical yearbooks of each
province, China Statistical Yearbook of Prices and Urban Household Income and Expenditure
Survey, China Yearbook of Agricultural Price Survey, and the National Data. Since the officially
released price indices of agricultural products in Guangxi, Hebei, Henan, Hubei, Heilongjiang,

Jiangxi, Ningxia, Shanxi, Shannxi, Sichuan, Xinjiang and Zhejiang in 2001 are not available, we
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use data in 2000 as alternatives.
Table 1 summarizes the mean value and standard deviation of the main variables in three years:

1995, 2005 and 2015, given a panel dataset used in this study.

4. Results and Discussion

This study firstly implements estimation and statistical inference with the ordinary least
squares (OLS) technique for equation (1) and (2). On this basis, the panel-1V technique is then
utilized to overcome the defects of the potential endogeneity. Since the sample in this study consists
of most of the provinces in China, it could not be treated as a random sample from a large
population. As set forth by Wooldridge (2013), in the context, the fixed-effects (FE) regression is
always more reasonable and convincing than random-effects (RE) regression. For the purpose of
comparison, the results of both FE and RE regressions are reported in Tables 2 and 3. The within
R-squared of these models ranges from 0.88 to 0.96, which illustrates that the model in this study
perform well.

We firstly analyze the relationship between per capita income of the rural households and per
hectare fertilizer use. As shown in Table 2, the estimated coefficients of the linear term of per capita
income of the rural households are significant and positive, while the estimated coefficients of the
quadratic term are significant but negative. Meanwhile, none of the coefficients of the cubic terms
of per capita income of the rural households is significant. It demonstrates that there exists an
inverted U-shaped relationship between per hectare fertilizer use and per capita income of the rural
households, which is consistent with the EKC hypothesis. That is to say, per hectare fertilizer use

firstly rises as per capita income of the rural households grows, but then falls with the growing per
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capita income of the rural households beyond the turning point. Since both per hectare fertilizer use
and per capita income of the rural households in this study are used in their natural-logarithmic

forms, per capita income of the rural households at the turning point can be calculated using the

By

2

equation Income* = exp[— J As shown in Table 2, in terms of the income-fertilizer

relationship, per capita income of the rural households at the turning point ranges from 10.8 to
12.74 thousand CNY. Given that the average per capita income of the rural households for the 25
provinces was around 11 thousand CNY in 2015, it implies that the current per hectare fertilizer use
is very close to the peak point in China. This is identical with the slowing growth of per hectare
fertilizer use and the fact that per hectare fertilizer in 2015 is less than that in 2014 in China
(National Bureau of Statistics of China, 2016b). It should be noted, however, the disparity among
different provinces remains. Per capita income of the rural households in the eastern provinces, such
as Zhejiang and Jiangsu, is beyond the turning point, while that in most central and western
provinces, such as Gansu, Guizhou and Qinghai, remains far lower than the turning point.

Table 3 summarizes the estimation results of the relationship between per capita income of the
rural households and per hectare pesticide use. In all models, the linear terms of per capita income
of the rural households are significant and positive, and the quadratic terms are significant and
negative. In addition, in contrast to the results in Table 2, the cubic terms of per capita income of the
rural households are significant and positive. Thus, these results seem to show that the relationship
between per hectare pesticide use and per capita income of the rural households follows an
N-shaped rather than a “Kuznetsian” inverted U-shaped pattern. In other words, the results in Table
3 seem to demonstrate that per hectare pesticide use will firstly rises, then falls, and finally again

rises as per capita income of the rural households grows. Hence, is it true? By using the equation
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Income* = exp[ J we are able to calculate the peak and trough turning

points of the so-called N-shaped curve. As shown in Table 3, in general, per capita income of the
rural households at the peak turning point ranges from 3.74 to 8.69 thousand CNY, while that at the
trough turning point ranges from 25.78 to 117.61 thousand CNY. Given that average per capita
income of the rural households is only 11.05 thousand CNY in 2015, it is far less than the trough
turning point in whatever cases. In the context, the results illustrate that relationship between per
hectare pesticide use and per capita income of the rural households effectively support the EKC
hypothesis. In this study, the average per capita income of the rural households in all the 25
provinces is beyond the peak turning point of the so-called N-shaped curve. In fact, per hectare
pesticide use has experienced a constantly decrease from 11.05 kg in 2012 to 10.72 in 2015
(National Bureau of Statistics of China, 2016b).

The relationship between the urban-rural income inequality and per hectare fertilizer and
pesticide use is the issue of interest in this study. As shown in Tables 2 and 3, the coefficients of
the urban-rural income ratio in all models are significant and positive, implying that per hectare
fertilizer and pesticide use increase as the urban-rural income ratio expands. Meanwhile, the
impact of the urban-rural income ratio on per hectare pesticide use is much greater. It is also found
that the impact of the urban-rural income ratio on per hectare fertilizer and pesticide use is
influenced by the share of agricultural value added in provincial GDP. Taking the first column of
Table 2 as an example, each unit increase in the urban-rural income ratio may induce a 14-percent
(0.09 < 100% + 0.05 % 100% = 14%) increase in per hectare fertilizer use if agricultural value
added is greater than or equal to 15 percent of provincial GDP, but only a 9-percent increase in per

hectare fertilizer use otherwise, with other factors held constant. Similarly, in the case of the first
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column of Table 3, each unit increase in the urban-rural income ratio is associated with a
38-percent (0.13 > 100% + 0.25 > 100% = 38%) increase in per hectare pesticide use if
agricultural value added is greater than or equal to 15 percent of provincial GDP, but only a
13-percent increase in per hectare pesticide use otherwise, with other factors held constant. It
should be noted, however, Table 1shows that at least since 2005, the share of agricultural value
added in provincial GDP of all the sampled provinces has become less than 15 percent. It
demonstrates that the current relationship between per capita income of the rural households and
per hectare fertilizer and pesticide use may not be influenced by whether agricultural value added
is greater than or equal to 15 percent of provincial GDP.

Most studies agree that there exists a positive relationship between income inequality and
environmental degradation (Hao et al., 2016; Zhang and Zhao, 2014). In the context, the results in
this study are consistent with the previous studies. A convincing explanation may be that the
expansion of the urban-rural income inequality may probably induce the knowledgeable and young
rural labors to migrant to the urban areas for off-farm employment so that they can earn higher
off-farm wages (Fan et al., 2013). The rural labor out-migration further causes a shortage of labors
allocated into agricultural production and the corresponding rise in agricultural labor cost
(Ebenstein et al., 2011; Li and Zhao, 2010). As an alternative to agricultural labor inputs, the
intensive use of fertilizer and pesticide is the key measure to stabilize and increase agricultural
productivity (Luan, 2017). As argued by Ebenstein et al. (2011), rural labor out-migration and per
hectare fertilizer use are positively correlated using panel data on villages in China during the
period 1987-2002.

The results also show that per hectare fertilizer and pesticide use is also directly affected by the
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share of agricultural value added in provincial GDP. As shown in Tables 2 and 3, the dummy
variable indicating that the share of agricultural value added in provincial GDP is greater than or
equal to 15 percent (Agriculturei) shows a significant and negative association with per hectare
fertilizer and pesticide use. In the case of that the share of agricultural value added in provincial
GDP is greater than or equal to 15 percent, per hectare fertilizer and pesticide use may be 16- to
18-percent and 57- to 69-percent lower than when the share of agricultural value added in
provincial GDP is less than 15 percent, with other factors held constant. Note that the shrink of
agriculture in an economy is often inevitably associated with urbanization and industrialization
(Jiang et al., 2013; Shi et al., 2016). Correspondingly, the rapid urbanization and industrialization
would then increase the demand for agricultural products. Due to the limitations of natural
resources, including arable land and water, the growth of agricultural productivity highly depends
on the intensive use of fertilizer and pesticide.

The cropping structure is also related to per hectare fertilizer and pesticide use. Table 2 shows
that there are significant and positive relationships between the percentages of vegetable and cotton
sown area in the total sown area and per hectare fertilizer use. Similarly, the results in Table 3 also
show that each point increase in the percentages of vegetable and cotton sown area is associated
with a 2- to 3-percent increase in per hectare pesticide use, with other factors held constant. In
addition, Table 3 also shows a positive relationship between the percentage of grain sown area and

per hectare pesticide use.

5. Conclusion

In China, the large urban-rural income inequality and indiscriminate use of fertilizer and
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pesticide, as well as the related environment degradation in China during the past decades concern
the society. However, little is known about the relationship between urban-rural income inequality
and agricultural fertilizer and pesticide use. Based on the EKC hypothesis, this study utilizes the
provincial panel data during the period 1995-2015 to reveal how the urban-rural income inequality
affects fertilizer and pesticide use in China. The main conclusion is that the urban-rural income
inequality shows a significant and positive relationship with both per hectare fertilizer and pesticide
use, and such a relationship may be affected by the share of agriculture in the economy. In addition,
per capita income of the rural households has an inverted U- and N-shaped relationship with per
hectare fertilizer and pesticide use, respectively. Given China’s current income level of the rural
households, these results support the EKC hypothesis. Furthermore, cropping structure exhibits a
significant impact on per hectare fertilizer and pesticide use. The results in this study are robust to
different estimation strategies and techniques.

The findings in this study has important implications. Given the negative relationship between
the urban-rural income inequality and agricultural fertilizer and pesticide use, this study suggests
that to narrow the urban-rural income inequality and reduce agricultural fertilizer and pesticide use
are two harmonious requirements of China’s sustainable economic development. Therefore, China’s
government should concentrate on progressively raising the income level of the rural households.
For this purpose, some effective measures, such as boosting the rural infrastructure, deepening the
reform of the circulatory system of agricultural products, accelerating the urbanization, and
improving rural education, should be implemented (Guo, 2005; Lin, 2003). In addition, more efforts
should be devoted to improving agricultural technology research and extension to help reduce

fertilizer and pesticide use in agriculture (Zhang et al., 2015).
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Table 1
Descriptive statistics of main variables.

. . 1995 2005 2015
Variable Unit
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Per hectare fertilizer use kg 229.78 7854 29790 94.79 359.51 106.35
Per hectare pesticide use kg 6.63 4.94 9.27 6.27 11.13 6.71
Urban per capita income 10° CNY 6.31 1.43 12.75 2.59 28.32 4.73
Rural per capita income 10° CNY 2.45 0.73 4.36 1.39 11.05 2.98
Urban-rural income ratio / 2.68 0.59 3.06 0.63 2.63 0.37
Share of agriculture value added
) . yes=1;n0o=0 0.64 0.49 0.00 0.00 0.00 0.00
in provincial GDP > 15 percent
Percentage of grain sown area % 7326 8.84 66.10 11.17 65.90 13.34
Percentage of vegetable sown area % 6.09 3.44 11.14 3.38 13.78 7.57
Percentage of cotton sown area % 3.19 5.26 3.02 6.33 2.20 6.57
Crop-fertilizer price index ratio / 1.13 0.08 1.03 0.05 1.08 0.03
Crop-pesticide price index ratio / 1.31 0.08 1.12 0.08 0.99 0.02

Note: The number of observations is 525.
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Table 2
Estimation results for the relationship between urban-rural income inequality and fertilizer use, 1995-2015.

InFertilizery: Panel-OLS InFertilizeri: Panel-1V
Explanatory variables One-way Two-way One-way Two-way

FE RE FE RE FE RE FE RE
Inincomeit 1.01™ 1.05™ 1.0 1.04™ 0.99"™  1.03™ .07 1.08™
(5.31) (5.53) (5.10) (5.27) (4.64) (4.89) (4.78) (4.97)
InIncomeit -0.21" -021" -0.21" -0.217 -0.20°  -0.20" -0.22°  -0.22"
(-2.02) (-2.01) (-1.91) (-1.87) (-1.84) (-1.8%) (-1.94) (-1.88)

In®Incomeit 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02

(0.84) (0.80) (1.11) (1.04) (0.76)  (0.73) (1200 (112
Inequalityit 0.09™" 0.09 0.05" 0.05™  0.09 0.10 0.05°  0.05™
(4.69) (498) (2.22) (2.47) (4.21)  (4.50) (1.73)  (1.98)
Agriculture;t -0.16™ -0.17"" -0.16™" -0.18 -0.16 -0.177"  -0.177  -0.18
(-2.73) (-2.95) (-2.78) (-2.96)  (-2.62) (-2.85)  (-2.75) (-2.93)
Inequalityi < Agriculturei 0.05™ 0.06™  0.05" 0.06™ 0.06™ 0.06™ 005" 0.06™
(250) (2.67) (2.32) (2.49) (2.41)  (2.59) (2.30) (2.47)

Fkk Hkk Sekk

Hkk Hkk Hkk

Croppingit
Grain 0.00 0.00 -0.00 -0.00 0.00 0.00 -0.00 -0.00
(0.46) (1.10) (-0.75) (-0.12) (0.46) (1.10) (-0.75)  (-0.15)
Vegetable 0.01™ 0.01™ 0.00 0.01™ 0.01™ 0.01™ 0.00 0.01™
(2.52) (3.54) (1.33) (2.24) (2.49) (3.53) (1.26) (2.13)
Cotton 0.01™ 0.01™  0.005 0.017 0.01™  0.01™ 0.00 0.01™
(2.96) (3.67) (1.29) (2.05) (2.94) (3.67) (1.28) (2.03)
Priceit1 -0.02 -0.02 0.01 0.01 -0.02 -0.02 0.01 0.01
(-0.44) (-041) (0.14) (0.14) (-0.46) (-0.43) 0.17) (0.16)
Trend, -0.01™" -0.02"™" -0.01™  -0.02""
(-2.62) (-3.31) (-2.18) (-2.82)
N Yes Yes Yes Yes
Constant 43377 4207 4587 444 434 42177 455 4427
(22.11) (21.40) (20.83) (20.26) (20.52) (20.08) (19.17) (18.95)
R-squared (within) 0.80 0.80 0.81 0.81 0.80 0.80 0.81 0.81
F statistics 183.25 68.92
Wald y-squared 2006.91 2050.98 2.71x<10° 1980.60 2.75%10° 2032.35
Rho 0.92 0.89 0.92 0.89 0.92 0.89 0.92 0.89
Turning point (10° CNY) 11.23 12.15 1118 12.42 11.68 12.74 10.80 11.88
Number of observations 525 525 525 525 525 525 525 525

Note: Figures in parentheses are t statistics in the first and third columns, but z statistics in the other columns. *,
** and *** denote the significance under 10, 5, and 1 percent, respectively.
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Table 3

Estimation results for the relationship between urban-rural income inequality and pesticide use, 1995-2015.

InPesticideit: Panel-OLS

InPesticidei:: Panel-1V

Explanatory variables One-way Two-way One-way Two-way
FE RE FE RE FE RE FE RE
InIncomeit 206 236" 1917 230" 1.98"™ 230" 1.62™ 2.09™
(5.27) (5.89) (4.71) (551) (451) (5.18) (3.53) (452
InIncomeit -0.83"" -0.86™" -0.87"" -0.89™" -0.76™" -0.80"" -0.78"" -0.81""
(-3.86) (-3.86) (-3.87) (-3.79) (-3.33) (-3.39) (-3.30) (-3.27)
In®Incomeit 0.11" 0.11" 010" 0117  0.09" 0.10" 0.09"°  0.09"
(255) (2.51) (2.41) (237) (2.16) (2.18)  (1.88) (1.91)
Inequalityit 0.13" 0.16™ 0.18™ 0.20™ 0.16™ 020" 0.22"" 0.24™
(3.18) (4.03) (3.91) (4.33) (3.46) (4.18)  (4.00) (4.39)
Agriculture -0.57"" -0.61™" -0.62"" -0.64™" -0.57"" -0.62"" -0.66"" -0.69""
(-4.89) (-5.13) (-5.10) (-5.13) (-4.63) (-4.92) (-5.16) (-5.17)
Inequalityit < Agriculturei 0.25™ 0.26™ 0.26™ 0277 025" 0.26™ 028" 0.28™
(5.61) (5.68) (5.79) (5.68) (5.28) (5.40) (5.79) (5.66)
Croppingit
Grain 0.02"" 0.02"" 0.02"" 0.02"™ 0.02"" 0.02 0.02™ 0.02"
(5.33) (5.52) (491) (5.16) (5.26) (5.45) (4.92) (5.20)
Vegetable 0.02"" 0.02"" 0.02"" 0.03™ 0.02" 0.02 0.02™ 0.03™
(2.65) (3.93) (3.22) (427) (2.67) (3.96) (3.46) (4.50)
Cotton 0.02"" 0.02"" 0.02"" 0.02™ 0.02" 0.02 0.03™ 0.03™
(3.19) (351) (3.36) (357) (3.23) (357) (351) (3.75)
Priceit1 -0.03 -003 -0.01 -0.01 -0.06  -0.05 -0.01  -0.01
(-0.43) (-0.36) (-0.08) (-0.07) (-0.78) (-0.67)  (-0.09) (-0.06)
Trend, 001 -0.01 0.01 -0.01
(1.27) (-0.52) (0.79)  (-0.81)
N Yes Yes Yes Yes
Constant -1.377" 2177 <1377 -1.8577 -1.397 -1.80™°  -1.317" -1.877
(-3.49) (-4.39) (-2.98) (-3.93) (-3.28) (-4.20) (-2.63) (-3.72)
R-squared (within) 0.67  0.67 0.68  0.67 0.67 0.67 0.68 0.68
F statistics 91.39 33.64
Wald y-squared 948.44 932.19 81219.29 937.31 79990.12 919.82
Rho 095 0.88 0.96 0.88 0.95 0.89 0.96 0.88
Peak turning Point (10° CNY) 7.43 Null 4.48 7.65 8.69 Null 3.74 6.59
Trough turning Point (10 CNY)  26.18 Null  59.34 3483 2578  Null 117.61  60.33
Number of observations 525 525 525 525 525 525 525 525

Note: Figures in parentheses are t statistics in the first and third columns, but z statistics in the other columns. *,
** and *** denote the significance under 10, 5, and 1 percent, respectively.
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Appendix Table A.1
List of sources of data used in this study.

Variables

Data source

Total fertilizer use

Total pesticide use

Total sown area

Per capita income of the rural households

Per capita income of the urban households

Urban consumer price indices

Rural consumer price indices

Agricultural value added

Gross domestic product
Grain sown area
Vegetable sown area
Cotton sown area

Fertilizer price indices

Pesticide price indices

Price indices of agricultural products

Data come from the National Data (http://data.stats.gov.cn/).

Data of Guangdong and Inner Mongolia in 1996 and 1997 come
from China Rural Statistical Yearbook, and the other data come
from the National Data.

Data come from the National Data.

Data in 1994-2001 come from China Compendium of Statistics
1949-2008, and those in 2002-2015 come from the National Data.

Data in 1994-2001 come from China Compendium of Statistics
1949-2008, and those in 2002-2015 come from the National Data.

Data come from the National Data.

Data of Guizhou in 1994, 1995 and 1997 come from China
Statistical Yearbook, and the others come from the National Data.

Data in 1995 and 1996 come from China Rural Statistical Yearbook,
and those in 1997-2015 come from the National Data.

Data come from the National Data.
Data come from the National Data.
Data come from the National Data.
Data come from the National Data.
Data come from the National Data.

Data in 1994 come from the statistical yearbooks of each province,
those in 1995, 1996 and 1999 come from China Rural Statistical
Yearbook, and the others come from the National Data.

All data in 1994 and data of Fujian, Gansu, Guangdong, Guizhou,
Hunan, Jilin, Jiangsu, Liaoning, Inner Mongolia, Qinghai, Shandong
and Yunnan in 2001 come from the statistical yearbooks of each
province, those in 1995-2000 come from China Statistical Yearbook
of Prices and Urban Household Income and Expenditure Survey,
those in 2002 come from China Yearbook of Agricultural Price
Survey, and those in 2003-2015 come from the National Data. Data
of Guangxi, Hebei, Henan, Hubei, Heilongjiang, Jiangxi, Ningxia,
Shanxi, Shannxi, Sichuan, Xinjiang and Zhejiang in 2001 are
unavailable, we use data in 2000 as alternatives.

Note: All data are at the province level.
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