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Researching the relationship between urban agricultural nonpoint source pollution (UANSP) and increases in rural residents’
income levels has significant practical implications for effectively controlling UANSP and improving the quality of life of urban
residents, and it is conducive to achieving a win-win situation between economic and environmental benefits. )is study chooses
agricultural statistical data from Shanghai from 1998 to 2019, implements the EKC and the VAR model to dynamically analyze
internal interaction between them, and thoroughly examines impact effect and explanatory contribution degree of each variable.
)e results show the following: (1) )ere was an inverted “N” curve between plastic film application intensity and rural residents’
per capita disposable income; there was a linear decreasing relationship between the intensity of fertilizer and pesticide application
and rural residents’ per capita disposable income. (2) Nonpoint source pollution emissions will decrease as rural residents’ income
levels rise. Reduction of nonpoint source pollution can promote the short-term improvement of rural residents’ income levels, but
it has a negative effect on the long-term improvement of rural residents’ income levels. (3) Fertilizer and pesticide application
intensity had a low driving effect on rural residents’ income growth, whereas plastic film application intensity had a strong driving
effect. )erefore, the ANSP of Shanghai should be treated from both long-term and short-term perspectives on the basis of
decreasing stage. In the long term, the government should increase farmers’ sense of ownership in agricultural nonpoint source
pollution control, prioritize the development of ecological circular agriculture, and gradually improve nonpoint source remote
sensing monitoring and service management capabilities. In the short term, the government should reduce farmers’ nonpoint
source pollution through subsidies and technical assistance. To keep costs down, the government established an administrative
reward and punishment system to control ANSP at the source.

1. Introduction

Urban agriculture is the “pioneer” of modern agricultural
development. Urban agriculture is different from ordinary
agricultural areas in a number of respects. On the one hand,
the urban area’s limited agricultural resources necessitate the
provision of a huge supply of agricultural products to its
citizens. On the other hand, agricultural nonpoint source
pollution (ANSP) caused by excessive agricultural resource
usage endangers the urban living environment [1–4]. Fer-
tilizer; pesticide residues; agricultural films widely used
throughout agriculture; and agrarian or rural wastes such as
crop residues, animal urine, manure, domestic sewage, and
garbage are really the major causes of ANSP. It exhibits
inconsistencies in its emission properties, making it difficult

to identify and monitor [5–7]. ANSP not only jeopardizes
local agricultural and drinking water, but also contaminates
soil and surface water [8, 9]. In China, the intensive input of
production elements is critical to China’s agricultural de-
velopment. Agriculture under the concentrated manage-
ment model is characterized by high yield, low efficiency,
and high input [6, 10]. While such an extensive production
strategy helps agricultural economic growth, it also threatens
to undermine the agroecological ecosystem [11, 12]. In
agricultural production, the ANSP generated by agricultural
chemicals like fertilizer, pesticide, and plastic films, in
particular, has become a detrimental factor that endangers
the water and soil environment [13, 14]. )e shortage of
agricultural resources has become more and more evident in
cities, and agriculture will become indispensable to cities and
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their citizens. It has progressed from maintaining the supply
of agricultural products to performing a variety of complex
functions, and from auxiliary duties to core functions.
Prevention and control ofANSP are linked to the investment
environment, urban construction, urban image, quality of
life, ecological balance, tourism, culture, and other factors
and will ultimately affect the city’s overall competitiveness
[15, 16]. As a result, efficient control of urban agricultural
nonpoint source pollution (UANSP) is a critical component
of ecological environmental protection and the key to fos-
tering the long-term development of urban agriculture,
which is conducive to achieving a win-win situation in terms
of economic and environmental benefits [17–20].

According to the Environmental Kuznets Curve (EKC)
hypothesis, the relationship between environmental pollution
and economic growth is an inverted “U” shape, which implies
that environmental quality begins to deteriorate with eco-
nomic growth and gradually improves after a certain level of
economic growth is attained [21–24]. People have long been
concerned about the conflict between agricultural economic
development and environmental protection. At present, there
is no consensus on whether the EKC hypothesis exists in
ANSP in different countries and regions [25]. In terms of
China studies, Hui used the EKC to investigate the link be-
tween ANSP and income in 30 provinces and cities in China.
According to his research, the relationship between the two is
shaped like an inverted “U,” which is consistent with the EKC
hypothesis [26]. In terms of American studies, through the
EKC hypothesis,Managi empirically analyzed the relationship
between economic growth and mitigation of environmental
degradation using agricultural data from 48 states in the
United States. )e findings indicate that lowering pesticide
contamination promotes agricultural economic growth [27].
In relation to specific pollutant indicators, the agricultural
economy and environmental pollution continue to exhibit
“N” type, inverted “N” type, or linear change characteristics
[28]. Liu et al. used the EKC to examine chemical fertilizer
applications in China from 1978 to 2017, with Hubei Province
as a case study. )e findings revealed that the growth of
farmers’ income and the use of chemical fertilizer followed an
“N” shaped pattern [29]. It can be found that there are
variances in the relationship between ANSP and agricultural
economic growth that do not fully conform to the EKC
hypothesis. Furthermore, on the one hand, the EKC hy-
pothesis ignores the two-way influence mechanism and dy-
namic correlation effect between ANSP and agricultural
economic growth, raising the possibility of variable endo-
geneity bias [30]. On the other hand, most existing research
focuses on conventional agricultural areas, and there is still a
scarcity of studies on the relationship between ANSP and
agricultural economic growth from an urban perspective. For
this reason, researching the relationship between UANSP and
agricultural economic growth has substantial practical sig-
nificance for effectively reducing environmental pollution and
increasing the quality of life for urban residents.

Shanghai, as an international metropolis, has evident
regional specificity and significant advantages in terms of
location, technology, talent, market, and money, despite the
scarcity of agricultural and environmental resources.

Shanghai’s agriculture not only plays a vital role in utilizing
nearby villages to adjust the climate, purify the air, mitigate
the urban “heat island effect,” and improve the ecological
environment of megacities, but also provides strategic space
for the city’s core functions and undertakes more diverse and
high-level energy levels of economic development functions.
)erefore, this study uses Shanghai as the research object for
UANSP and develops an EKCmodel between the application
intensity of fertilizers, pesticides, and plastic film and rural
residents’ per capita discretionary income, as well as de-
scribing the morphological relationship and trend charac-
teristics of each variable. Based on the research on the
evolution characteristics of ANSP and economic growth in
Shanghai, the dynamic impact effect and interaction
mechanism betweenANSP and per capita disposable income
of rural residents were investigated using the impulse re-
sponse function and variance decomposition method from a
time series perspective. )is study is expected to serve as an
example for the development of UANSP prevention and
control policies in Shanghai and other cities.

2. Material and Methods

2.1.Data Sources. We take Shanghai as an example; the scale
of planting in Shanghai’s agricultural production is large, the
scale of breeding is small, and the agricultural resources
consumed are primarily fertilizer, pesticide, and plastic
films. )ree indicators of fertilizer application intensity
(NPK, kg/hm2), pesticide application intensity (Pestic, kg/
hm2), and plastic film application intensity (PF, kg/hm2)
were chosen as the Shanghai’s ANSP index based on agri-
cultural production characteristics. Based on 1998 data, this
research chooses rural residents’ per capita disposable in-
come as an indicator of agricultural economic progress. )e
following indicators are derived from the amount of fer-
tilizers applied, the amount of pesticide applied, the effective
irrigation area, the amount of plastic film applied, and the
area covered by plastic film. )e following is the compu-
tation method:

Fertilizer application intensity (kg/hm2)� amount of
fertilizers applied/effective irrigation area.

Pesticide application intensity (kg/hm2)� amount of
pesticide applied/effective irrigation area.

Plastic film application intensity (kg/hm2)� amount of
plastic film applied/plastic film coverage area.

Data from 1998 to 2019 were obtained from “China
Environmental Statistical Yearbook,” “China Agricultural
Yearbook,” “China Agricultural Statistics,” “Shanghai Na-
tional Economic and Social Development Historical Sta-
tistics,” and “Shanghai Statistical Yearbook.”

2.2. Model Method

2.2.1. EKC Analysis

Yi � β0 + β1M + β2M
2

+ β3M
3

+ ε, (1)

where Yi is indeed the ANSP index (i�NPK, Pestic, PF);M is
rural residents’ per capita disposable income; n (n� 0, 1, 2, 3)
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is the regression coefficient, whose coefficient symbol de-
termines the shape of the EKC; and ε is the random dis-
turbance term. )e various values of model coefficients β0,
β1, β2, and β3 reflect the various relationships between ANSP
and per capita disposable income of rural residents (as
shown in Table 1).

2.2.2. VAR Model. )e VAR (vector autoregression) model
is a widely known econometric model for analyzing time
series as it can describe the linear relationship between
variables in the same sample period as their past values. )e
formula is as follows:

Yi � A1Yi−1 + A2Yi−2 + . . . ApYi−p + δi; t � 1, 2, . . . , T, (2)

where Yt represents time series vector, Ap represents time
series coefficient matrix, P represents order of autoregressive
lag, and δt represents error vector.

2.2.3. Impulse Response Function and Variance
Decomposition. Because a single regression coefficient has a
large impact on results, the VARmodel uses impulse response
function and variance decomposition to analyze the dynamic
impact effect between variables as well as the explanatory
contribution degree on the whole. Impulse response function is
used to analyze response change and response direction of a
random error term in amodel after it has been impacted by one
standard deviation. )e formula is as follows:

yi � α + φ0εi + φ1εi−1 + φ2εi−2 + · · · � α + 
∞

j�0
φjεi−j,

zyi+s

zεi

� φs.

(3)

Variance decomposition is another method to measure
the VAR model, which depicts the contribution rate of each
endogenous variable in model to system variable in order to
assess relative importance of impulse disturbance term to the
model variable. )e formula is as follows:

yi+h − yi+h � φ0εi+h−1 + · · · + φh−1εi+1 � 
h−1

i�0
φiεi+h−i,

yi+h − yi+h � 
h−1

i�0
φiεi+h−i � 

h−1

i�0
φiPP

− 1εi+h−i � 
h−1

i�0
ωi]i+h−i,

(4)

where vi + h-i represents the orthogonalization shock. )e
contribution of the first variable’s dynamic action to yj,i + h
prediction error is calculated further as follows:

ω2
0,j1 + · · · + ω2

h−1,j1


n
k�1 ω

2
0,jk + · · · + ω2

h−1,jk

. (5)

Formula (5) calculates the contribution ratio as a
function of the prediction period h, and the sum of the
contribution ratios of all variables to the prediction error
is 1.

3. Evolutionary Characteristics of Economic
Growth of ANSP

EKC tests were conducted on plastic film, chemical fertilizer,
pesticide, and per capita disposable income of rural resi-
dents, according to the EKC. When the curve fitting results
of the quadratic and cubic equations were compared, it was
discovered that the cubic equation had the best curve fitting
effect, so the cubic equation’s curve fitting results were
chosen, as shown in Table 2 and Figure 1.

Based on the EKC results of plastic film application
intensity and per capita disposable income of rural residents,
the fitting curve’s Sig value was 0.001< 0.01, and R2 � 0.575.
As can be seen, the cubic curve fits well and can be in-
vestigated further. According to the research results, the
relationship between plastic film application intensity and
rural residents’ per capita disposable income appears to
follow an inverted “N” curve. It demonstrates that as rural
residents’ disposable income increases, plastic film appli-
cation intensity in agriculture undergoes a “decli-
ne⟶rise⟶decline” change process, with two inflection
points in the inverted “N” curve. According to the derivation
of the unary cubic equation function, the application in-
tensity of plastic film corresponding to the inflection point of
the EKC principle is 217.89 kg/hm2 and 273.63 kg/hm2 for
the per capita disposable income of rural residents.
According to data, the per capita disposable income of
Shanghai’s rural residents crossed the first turning point in
2011. In 2017, rural residents’ per capita incomes did pass the
second turning point. By 2019, the per capita disposable
income of rural residents in Shanghai had been to the right
of the second inflection point, and plastic film application
intensity had been decreasing. )is demonstrates that as
rural residents’ income levels rise in Shanghai, so does their
quality of life, which does have a positive impact on the
reduction of agricultural plastic film pollution.

Based on the EKC results of fertilizer application in-
tensity and per capita disposable income of rural residents,
the fitting curve’s Sig value was 0.001< 0.01, and R2 � 0.778.
As can be seen, the cubic curve fits well and can be in-
vestigated further. According to the research results, there
was a decreasing linear relationship between fertilizer ap-
plication intensity and rural residents’ per capita disposable
income. In terms of rural residents’ levels of income, fer-
tilizer application intensity has been shrinking since 1998, as
per capita disposable income has increased, and the
downward trend has gradually accelerated.

Table 1: Relationship between ANSP and per capita disposable
income of rural residents.

Value of coefficients Variable relationship
β 1> 0, β2 � 0, β3 � 0 A simple increasing linear relationship
β 1< 0, β2 � 0, β3 � 0 A simple decreasing linear relationship
β 1<0, β2>0, β3 � 0 A positive “U” curve relationship
β 1> 0, β2< 0, β3 � 0 An inverted “U” curve relationship
β 1> 0, β2<0, β3>0 A positive “N” curve relationship
β 1<0, β2>0, β3< 0 An inverted “N” curve relationship
β 1 � 0, β2 � 0, β3 � 0 No linear relationship
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Based on the EKC results of pesticide application in-
tensity and per capita disposable income of rural residents,
the fitting curve’s Sig value was 0.001< 0.01, and R2 � 0.741.
As can be seen, the cubic curve fits well and can be in-
vestigated further. According to the research results, there
was a decreasing linear relationship between pesticide ap-
plication intensity and rural residents’ per capita disposable
income. It demonstrates that, since 1998, with the dramatic
rise in rural residents’ levels of income, the pesticide ap-
plication intensity in Shanghai has shown a downward
trend. According to the fitting curve, the rate of decrease in
pesticide application intensity in Shanghai slowed from 2008
to 2012, but after 2013, the pesticide application intensity has
shown a rapid downward trend, which is likely to be related
to China’s establishment of a fully grown ANSP prevention
and control policy system [31].

Finally, the relationship between plastic film application
intensity and rural residents’ per capita disposable income in
Shanghai is shaped like an inverted “N,” and the EKC theory
inflection point was crossed in 2011 and 2017. Prior to 2010,
Shanghai’s cultivated land area decreased year after year,
resulting in a decrease in mulching film application intensity
and the first inflection point. )e mulching film application
intensity in Shanghai has been fluctuating at 246 kg/hm2

since 2010, and the second inflection point appeared as the
Shanghai government increased its efforts to manage the
human settlement environment. Fertilizer application in-
tensity, plastic film application intensity, and rural resident
per capita disposable income decreased. )e reason for this

is that the arable land area in Shanghai has been decreasing
year by year, and the upgrading of agricultural product
consumption demand has resulted in a significant decrease
in the use of fertilizer and pesticide in agricultural pro-
duction by rural residents. As a result, it is necessary to
master the current situation of the use of chemical fertilizers,
pesticides, and mulching film in Shanghai and determine
whether their application effects hinder farmers’ economic
income and lead to agricultural nonpoint source pollution,
which needs to be discussed further from other perspectives.

4. Economic Driving Characteristics of ANSP

)e EKC can explicitly explore form and trend character-
istics betweenANSP in Shanghai and rural residents’ income
levels and can determine whether there is an inflection point
in ANSP when rural residents’ income level increases, but
the curve fails to provide in-depth proof of the inherent
logical relationship and dynamic influence between the two,
and the VAR model can compensate for the EKC model’s
limitations. )e model can analyze the dynamic effects of
random disturbances on endogenous variables by using
ANSP and per capita disposable income of rural residents as
system endogenous variables. As a result, this paper employs
the VAR model to conduct an empirical analysis of ANSP
and rural resident income level in Shanghai, dynamically
analyzes the internal interaction between the two, deeply
discusses the impact effect, and explains the contribution of
each variable.

4.1. Stability Check

(1) ADF test. During the process of developing the VAR
model, to avoid the pseudo-regression phenomenon
during the time series analysis process, the data
should really be tested for stationarity. ADF unit root
test is used in this paper to perform the stationarity
test. When the ADF test value of each variable is less
than the 5% horizontal critical value, it means that
the variable belongs to a stationary series; otherwise,
it belongs to a nonstationary series. Concurrently, to
eliminate potential influence of heteroscedasticity in
data, logarithms within each variable were used to
ensure model’s stability.)e findings of unit root test
of LnNPK, LnPestic, LnPF, and LnFarm (as shown in
Table 3) show that only LnFarm is a nonstationary
sequence in the original variables, but after the first-
order difference, ADF values of all variables are less
than 5% significant, which meets VAR modeling
requirements.

(2) Lag order determination and VAR model results. To
ensure the model’s validity, the lag period should be
evaluated when constructing a VAR model. )e lag
order of the VAR model constructed by agricultural
nonpoint source pollution and rural residents’ in-
come level is 1 based on AIC and SC information
values in Table 4. Each variable is applied to first-
order lag vector autoregression as a consequence.
After regression, the goodness of fit is greater than

Table 2: Comparison of curve fitting effects.

Variables
Goodness of fit (R2)

Quadratic equation fitting Cubic equation fitting
PF 0.393 0.575
NPK 0.778 0.778
Pestic 0.740 0.741
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Figure 1: Fitting curve of the ANSP index and rural residents’ per
capita disposable income.
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0.9, indicating that the model is reasonable and can
accurately reflect the dynamic relationship between
variables.

4.2. Johansen Co-Integration Test. )e Johansen co-integra-
tion test method is used in this paper to test LnNPK, LnPestic,
LnPF, and LnFarm variables to ascertain whether there is any
long-term stable co-integration relationship between many
variables (as shown in Table 5). )e findings demonstrate that
VAR model rejects null hypothesis of “no co-integration re-
lationship” at a 5% level of significance, and there are two co-
integration relationships in the model, implying a long-term
stable co-integration relationship between the variables. As a
result, impulse response function and variance decomposition
method can be used for additional analysis to scrutinize dy-
namic relationship and synergisticmechanism between growth
of rural residents’ per capita disposable income and plastic film,
fertilizers, and pesticide.

4.3. Impulse Response Analysis. To research dynamic effects
of plastic film, fertilizer, pesticide application intensity, and
rural residents’ per capita discretionary income, an impulse
response function model was developed to explain the de-
gree of impact between various endogenous variables, and
an impulse response graph was created [32]. )e horizontal
axis represents the lag period, while the vertical axis rep-
resents the response degree.

Figure 2(a) demonstrates that per capita disposable
income of rural residents adds one standard error shock
disruption to plastic film application intensity. )e impulse
response value of the first to fifteenth period varies within
the range of [−0.0185, 0], and the average driving effect of the
first to fifteenth period is −0.0148. )e negative inhibitory
effect of rural residents’ per capita disposable income on
plastic film application intensity gradually increased from
the first to fifth period, and the overall inhibitory effect from
the sixth to fifteenth period showed a gentle trend. It has

been shown that the negative impact of rural residents’ per
capita disposable income on plastic film application intensity
has a rising trend and then shrinks. )is illustrates that as
time passes, the per capita disposable income of rural res-
idents has an inhibitory effect on the application strength of
plastic films, and this inhibitory effect tends to increase
initially before stabilizing. Figure 2(b) demonstrates that
plastic film application intensity adds one standard error
shock disruption to rural residents’ per capita disposable
income, and impulse response value from the first to fif-
teenth period fluctuates within the range of [−0.0122,
0.0028]. From the first to the third period, plastic film ap-
plication intensity has a significant inhibitory effect on rural
residents’ per capita disposable income, with an average
driving effect of −0.0064. It exhibited a positive promotion
effect after the fourth to eleventh periods, while the impulse
response amplitude of the twelfth to fifteenth periods de-
creased noticeably and showed an inhibitory effect, even-
tually approaching −0.0009 smoothly.)is illustrates that, in
the short term, the effect of plastic film application intensity
on per capita disposable income of rural residents exhibits
an “inhibition⟶promotion⟶inhibition” trend. In the
long term, the overall impulse response is found to have a
negative inhibitory effect, but the effect is quite tiny.

Figure 2(c) demonstrates that per capita disposable in-
come of rural residents adds one standard error shock
disruption to fertilizer application intensity. )e impulse
response value of the first to fifteenth period varies within
the range of [−0.0099, 0], and the average driving effect of
the first to fifteenth period is −0.0075. )e negative inhib-
itory effect of rural residents’ per capita disposable income
on fertilizer application intensity gradually increased from
the first to sixth period, and the overall inhibitory effect from
the seventh to fifteenth period showed a gentle trend. On the
whole, the effect of rural residents’ per capita disposable
income on the fertilizer application intensity reveals that the
inhibitory effect rises and then stabilizes over time.
Figure 2(d) demonstrates that fertilizer application intensity
adds one standard error shock disruption to rural residents’
per capita disposable income, and impulse response value
from the first to fifteenth period fluctuates within the range
of [−0.0065, 0.0107]. From the first to the fourth period,
fertilizer application intensity has a significant positive effect
on rural residents’ per capita disposable income, with an
average driving effect of 0.0058. )e average driving effect is
−0.0052, and the overall income has a negative inhibitory
effect. It has been shown that overall impact of fertilizer
application intensity on rural residents’ per capita disposable
income is a promotion effect in initial stages and an in-
hibitory effect in the subsequent stages, which means the
income rises first and then gradually stabilizes.

Figure 2(e) demonstrates that rural residents’ per capita
disposable income adds one standard error shock distur-
bance to pesticide application intensity, impulse response
value of the first period is 0, and impulse response value of
the second to fifteenth periods is in the range of [−0.0113,
0.0006]. Among them, rural residents’ per capita disposable
income in the second period has a significant positive
promotion effect on the intensity of pesticide application,

Table 4: Model lag order.

Lag AIC SC
0 −3.8491 −3.6502
1 −13.0959∗ −12.1011∗

Note: ∗Represents the optimal lag order.

Table 3: Influencing factor index stationarity test.

Sequences (C, T, K) ADF
statistics

0.05 critical
value Conclusion

LnNPK (C, T, 0) −4.1602 −3.6450 Stationary
LnPestic (0, 0, 0) −2.4708 −1.9581 Stationary
LnPF (C, 0, 0) −6.3853 −3.0124 Stationary
LnFarm (C, T, 0) −3.6233 −3.6584 Nonstationary
DLnNPK (C, T, 0) −10.392 −3.6584 Stationary
DLnPestic (C, 0, 0) −4.6850 −3.0207 Stationary
DLnPF (0, 0, 0) −4.6566 −1.9591 Stationary
DLnFarm (C, 0, 1) −3.6091 −3.0299 Stationary
Note. In (C, T, K), C means intercept, T means trend, K means lag, and 0
means no intercept or trend.
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with an impulse response value of 0.0006. From the third to
fifteenth period, rural residents’ per capita disposable in-
come had a negative inhibitory effect on pesticide appli-
cation intensity, with an average driving effect of −0.0081.
From the third to eighth periods, rural residents’ per capita
disposable income had a significant negative inhibition effect

on pesticide application intensity, and impact intensity in-
creased gradually. As a whole, inhibition effect indicates a
smooth trend from the ninth to fifteenth periods, eventually
stabilizing at −0.0112. Overall, effect of rural residents’ per
capita disposable income on pesticide application intensity is
generally a facilitation effect in the beginning period and an
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Figure 2: Impulse response graph between the application intensity ofNPK, pesticides, and plastic film and economic growth. (a) Response
of LnFarm to LnPF. (b) Response of LnPF to LnFarm. (c) Response of LnFarm to LnNPK. (d) Response of LnNPK to LnFarm. (e) Response
of LnFarm to LnPestic. (f ) Response of LnPestic to LnFarm.

Table 5: Johansen co-integration test.

Hypothesized
No. of CE(s) Eigenvalue

Trace test Maximum eigenvalue
Trace statistic 0.05 critical value Max-eigen statistic 0.05 critical value

None∗ 0.9168 84.2646 47.8561 52.2053 27.5843
At most 1∗ 0.6714 32.0593 29.7971 23.3685 21.1316
At most 2 0.3365 8.6909 15.4947 8.6148 14.2646
At most 3 0.0036 0.0761 3.8415 0.0761 3.8415
Note. ∗denotes rejection of the hypothesis at the 0.05 level.
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inhibitory effect that increases first and then gradually
stabilizes in the later phase. Figure 2(f ) demonstrates that
pesticide application intensity adds one standard error shock
disruption to rural residents’ per capita disposable income,
and impulse response value from the first to fifteenth period
fluctuates within the range of [−0.0137, 0.0236]. From the
first to the fourth period, pesticide application intensity has a
significant positive effect on rural residents’ per capita
disposable income, with an average driving effect of 0.0146.
)e average driving effect is −0.0108, and overall income has
a negative inhibitory effect. It has been shown that overall
impact of pesticide application intensity on rural residents’
per capita disposable income is a decreasing promotion
effect in initial stages and an inhibitory effect in the sub-
sequent period, which raises first and then gradually
stabilizes.

To summarize, the impact of LnFarm on LnPF, LnNPK,
and LnPestic can be seen in the above three groups of
impulse response functions as an inhibitory effect that in-
creases initially and then gradually stabilizes. )e effect of
LnNPK and LnPestic on LnFarm revealed that first to fourth
periods had a decreasing promotion effect and fifth to fif-
teenth periods had an inhibitory effect that increased ini-
tially and then gradually stabilized.)e influence of LnPF on
LnFarm revealed a fluctuating inhibitory effect. As a whole,
the amount of ANSP in Shanghai will decrease as rural
residents’ income levels rise. Nonpoint source pollution
reduction can improve rural residents’ income in the short
term, but it is not conducive to rural residents’ income
growth in the long run. )e reason for this could be that, as
shown in Figure 1, the application intensity of the ANSP
index is relatively stable in the short term, and the input of
plastic film, fertilizer, and pesticide can increase rural res-
idents’ income and promote agricultural economic growth
to a degree. )at is, in the threshold range, a short-term
increase in agricultural inputs is beneficial to increasing the
income of rural residents. Long-term films and the use of
fertilizers and pesticides accumulate for farmers and un-
reasonable fertilization on farmland. In this instance, the
long-term accumulation of agricultural pollution is chal-
lenging to address in a timely manner, impacting the output
of agricultural products, and it is demonstrated as the
inhibiting effect of ANSP on the rise in the income level of
rural inhabitants. )at is, the long-term use of agricultural
inputs is detrimental to the income of rural residents. To
achieve stable income growth for rural residents, it is nec-
essary to comprehensively measure long-term and short-
term benefits, to continuously reduce ANSP emissions on
the one hand and to reduce the negative effects of ANSP on
the agricultural environment on the other hand.

4.4. Variance Decomposition. Variance decomposition can
decompose variance of a variable in a VAR model system
into various disturbance terms and assess degree of influence
of their interaction. )is paper employs the variance de-
composition method to investigate the interpretive signifi-
cance and importance of each index of ANSP in Shanghai to
the growth of rural residents’ per capita disposable income,
in addition to analyzing the contribution of each systemic

shock to the change of endogenous variables. According to
Table 6, in the decomposition of rural residents’ disposable
income, the average contribution of mulching film appli-
cation intensity, fertilizer application intensity, and pesticide
application intensity changes to the growth of rural resi-
dents’ income level is 28.44 percent, 5.82 percent, and 4.34
percent, respectively. )e results also showed that fertilizer
and pesticide application intensity had a minor impact on
the increase in rural residents’ income, whereas plastic film
application intensity had a significant impact. Simulta-
neously, average self-contribution degree of rural residents’
income growth is 61.40 percent, which is average self-
contribution rate after excluding plastic film, fertilizer, and
pesticide emissions, and primarily includes agricultural
mechanization level, production and operation mode,
number of agricultural employees, and agricultural tech-
nology application and comprehensive development.

5. Conclusion and Suggestions

5.1. Conclusion. Academic researchers have long focused on
the interaction between agricultural nonpoint source pol-
lution and agricultural economy. )is paper employs time
series data to investigate dynamic relationship between
ANSP and income level of rural inhabitants in Shanghai.
According to the results of the EKC analysis, its intensity of
mulching film application in Shanghai does have an inverted
“N” curve relationship to rural residents’ per capita dis-
posable income. )ere was a diminishing linear association
between the intensity of fertilizer and pesticide application
and rural residents’ per capita disposable income. Shanghai
is currently on the right side of the EKC, and the intensity of
plastic film, fertilizer, and pesticide applications will con-
tinue to decline and stabilize. A VAR model was used to
examine the dynamic relationship and mechanism between
ANSP and the income level of rural residents in Shanghai.
)e application intensity of plastic film, fertilizer and pes-
ticide, and the per capita disposable income of rural resi-
dents showed inhibitory effect on each other. According to

Table 6: Variance decomposition table of disposable income of
rural residents.

Period SE LnFarm LnPF LnNPK LnPestic
1 0.0171 100 0 0 0
2 0.0261 93.0320 6.5933 0.3303 0.0445
3 0.0345 83.5210 15.2402 1.2103 0.0284
4 0.0425 74.7705 22.6352 2.3908 0.2036
5 0.0501 67.5611 28.0596 3.6460 0.7333
6 0.0572 61.8488 31.7078 4.8387 1.6047
7 0.0637 57.3920 33.9962 5.8997 2.7122
8 0.0697 53.9389 35.3268 6.8043 3.9301
9 0.0752 51.2735 36.0216 7.5540 5.1510
10 0.0802 49.2208 36.3162 8.1636 6.2995
11 0.0848 47.6412 36.3734 8.6536 7.3318
12 0.0892 46.4243 36.3004 9.0455 8.2298
13 0.0932 45.4828 36.1652 9.3588 8.9932
14 0.0971 44.7482 36.0089 9.6104 9.6325
15 0.1008 44.1671 35.8547 9.8145 10.1637
Mean 0.0654 61.4015 28.4400 5.8214 4.3372
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variance decomposition results, application intensity of
fertilizer and pesticides had a little driving impact on the
growth in rural residents’ income, but application intensity
of plastic film had a more noticeable driving effect. )is
reveals that agricultural contamination induced by the use of
fertilizers and pesticides is not immediately apparent. In
comparison to fertilizers and pesticides, rural residents’
desire for plastic film increases as their economic level rises.
Plastic film overuse is a significant ANSP concern in
Shanghai. Although ANSP is reducing in Shanghai, the long-
term unreasonable and excessive use of chemical inputs such
as plastic film, fertilizer, and pesticide continues to have
negative effects on the agricultural environment, and the
problem of ANSP cannot be solved naturally in the short
term.

5.2. Suggestions. According to the findings of the preceding
studies, economic development will result in the generation
of agricultural nonpoint source pollution, as many scholars
have concluded [33–35]. )is paper demonstrates, through
empirical research, that ANSP in Shanghai has entered a
period of decline, and an improvement trend in Shanghai’s
agricultural environment is forming. To maintain this trend,
not only should environmental governance policies and
measures be strictly implemented, but more active ecological
protection actions should be taken as well. On this basis, the
best strategy for reducing ANSP while maintaining long-
term economic growth for rural residents can be a composite
of long-term and short-term considerations.

In the long term, the government encourages farmers to
actively respond to the call, recognize the importance of
ANSP control, establish farmland protection and nonpoint
source pollution control subject consciousness, and improve
their awareness of environmental protection and social
responsibility sharing. On the other hand, the government
should promote agricultural input reduction, clean pro-
duction, waste recycling, and an ecological industry model,
and the priority should be given to the development of an
ecological circular agriculture mode for producers to pro-
vide green technology, increase capital and technology for
nonpoint source remote sensing monitoring, and gradually
improve the level of nonpoint source remote sensing
monitoring and service management capabilities.

In the short term, the government should, on the one
hand, gain a better understanding of farmers’ willingness to
participate in ANSP control and the factors that affect it,
reduce farmers’ nonpoint source pollution control costs
through subsidies and technical assistance, and relieve
farmers’ financial stress. On the other hand, the government
should use managerial means to establish reward and
punishment mechanisms, orderly guide farmers to improve
plastic film recovery rates andmotivate the use of degradable
plastic film and other new materials, strengthen the pro-
motion of green fertilizer and organic fertilizer, establish a
centralized pesticide distribution system, and control ANSP
at the source.

Shanghai is used as an example in this paper, and the
selection of indicators is based on the current situation of the

region, which may lead to the limitations of the research
results. In view of the limited academic ability of this paper,
there may be differences in the selection of research objects,
and the thinking on the problem is not mature enough. It is
expected that relevant scholars can supplement and improve
the study on urban agricultural nonpoint source pollution in
follow-up research, so as to promote the sustainable de-
velopment of urban agriculture.

Data Availability

Data from 1998 to 2019 were obtained from “China Envi-
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tional Economic and Social Development Historical Sta-
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included in this study can be obtained from the corre-
sponding author upon request.
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