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Abstract 
With the continuous and rapid development of China's economic growth, the 
environmental problems in various regions are gradually emerging. The relationship 
between environmental pollution and economic growth has become a hot issue for 
scholars at home and abroad. Inner Mongolia Autonomous Region, located in the north 
of China, is a region with resource-based industry as the leading industry, with a high 
level of industrialization, facing increasingly prominent environmental problems, which 
urgently needs to solve the contradiction between environment and economy. Based on 
the theoretical basis of the impact mechanism between environmental pollution and 
economic growth, this paper uses macro statistical data to grasp the situation of 
environmental pollution such as economic development, water environmental pollution, 
air environmental pollution and solid waste gas pollution in Inner Mongolia, and uses 
Eviews software to conduct empirical research and Analysis on the relationship between 
environmental pollution and economic growth There is no co integration relationship 
between sulfur oxide emissions and solid waste emissions and per capita GDP, and there 
is no Granger causality relationship between smoke (dust) emissions and per capita GDP. 
Therefore, for Inner Mongolia Autonomous Region, it is not wise to promote economic 
growth by destroying the atmospheric environment and increasing the emission of 
smoke (dust). According to the results of empirical analysis and the current situation of 
environmental pollution and economic development in Inner Mongolia, this paper puts 
forward policy suggestions to solve the problem of coordinated development of 
environmental pollution and economic growth in Inner Mongolia. 

Keywords 
Environmental Pollution; Economic Growth; ADF Test; Cointegration Test; Granger Test. 

1. Introduction 

As a region with resource-based industries as the leading industry, with the development of the 
economy,environmental pollution problems in Inner Mongolia have become more and more 
obvious, such as imbalance in resource exploitation, river pollution, soil erosion and other 
issues. How to coordinate the relationship between economic development and ecological 
environmental protection is an important topic for Inner Mongolia to achieve sustainable 
development, and the study of the relationship between statistics and economics can better 
understand the relationship between the quantitative changes of the two, so as to find the 
optimal fit between the two, so that economic theory can better guide social development and 
production.  
In this paper, Eviews software is mainly used for econometric analysis, environmental pollution 
data and economic statistics of five groups of environmental pollution time series in Inner 
Mongolia Autonomous Region, unit root test and cointegration test are used to test the stability 
of time series, VAR model is constructed according to the stationary sequence after 
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differentiation, the optimal lag period is determined and the Granger causality test is performed. 
Make targeted policy recommendations based on the results of the analysis.  

2. The Mechanis Mofinfluence between Environmental Pollution 
Andeconomicgrowth 

2.1. Mechanism of Environmental Pollution on Economic Growth 
According to the environmental Kulennets curve, the impact of environmental pollution on 
economic growth is affected by the stage of economic development, and the level of 
environmental pollution is different depending on the stage of economic development. In the 
early stage of economic development, the level of economic growth is low, and the level of 
environmental pollution is also low at this time, and it is positively correlated with economic 
growth, that is, the increase in the level of environmental pollution makes economic growth, 
and economic development is achieved by consuming resources and destroying the 
environment. When the economic development reaches a certain level, the level of 
environmental pollution is negatively correlated with economic growth, that is, the reduction 
of the level of environmental pollution makes the economic growth, and the destruction of the 
environment and the consumption of resources at this time are no longer enough to stimulate 
the sustained growth of the economy. 

2.2. Mechanism of Impact of Economic Growth on Environmental Pollution 
The impact of economic growth on environmental pollution is mainly in two aspects:  
(1) The mode of economic growth affects the state of environmental pollution. Different modes 
of economic growth have different levels of environmental pollution. At present, there are 
mainly intensive economic growth modes and extensive economic growth modes. The intensive 
economic growth mode is based on the unchanged scale of production and resource 
consumption, relying on new processes, new technologies, new equipment to improve, increase 
scientific and technological content and other means to increase output and increase the 
utilization rate of resources, with low cost, low consumption, low pollution, high efficiency 
characteristics. Under the intensive economic growth mode, the quality and output of products 
have been greatly improved, and the relationship between environmental pollution and 
economic growth can also be alleviated. The extensive economic growth mode requires a large 
number of inputs in production factors and increased resource use to increase economic 
growth, which has the characteristics of high cost, high consumption, high pollution and low 
efficiency, and is an economic growth mode based on resource consumption and environmental 
pollution. In this way of growth, a large number of environmental pollutants will inevitably 
occur to accelerate the deterioration of the ecological environment.  
(2) The economic growth stage affects the environmental pollution status. In general, at 
different stages of economic growth, economic growth depends on different industries and 
therefore has different impacts on environmental conditions. In the early stage of economic 
growth, economic growth mainly depends on the primary industry, when agriculture, forestry, 
animal husbandry and fisheries account for the largest proportion of GDP. The increase in the 
output value of agriculture, forestry, animal husbandry and fishery will cause damage to the 
atmospheric environment, water environment and cultivated land environment to a certain 
extent, but this ecological damage is within the scope of environmental carrying capacity and 
has regional and limited. In the medium term of economic growth, the proportion of the 
secondary industry in GDP rose to the first place, and the economic growth mainly came from 
the increase in industrial output value. In the process of increasing industrial output value, the 
demand for resources and energy consumption continues to increase, so that the industrial 
waste gas, industrial wastewater and industrial solid waste discharged into the environment 
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continue to increase, resulting in increasingly serious environmental pollution and continuous 
decline in environmental quality. In the later stage of economic development, the tertiary 
industry has become the main driving force of economic growth, and the economic structure 
and industrial structure have been optimized. With the improvement of the level of science and 
technology, the energy-saving and environmental protection industry has been vigorously 
developed, people's awareness of environmental protection has been strengthened, the degree 
of environmental pollution has decreased, and the level of environmental quality has improved. 

3. Research Ideas and Data Descriptions 

3.1. Research Ideas 
This chapter will further summarize the above indicators and conduct specific empirical 
analysis by constructing economic growth indicators represented by per capita GDP and 
measuring environmental pollution with total exhaust gas emissions, sulfur dioxide emissions 
and general industrial solid waste generation as indicators. After the selected indicators and 
data are explained, the unit root test, the integral co-test, the Granger causality test are 
performed, and the causality judgment is preliminarily made on the statistical results.  

3.2. Metric Selection and Data Sources 
Because GDP per capita can combine both population and economic growth, it more 
comprehensively and truly reflects the specific situation of economic growth. Therefore, the 
indicator of economic growth in this paper is selected as GDP per capita; According to the 
wastewater pollution situation, the total wastewater discharge is selected, and this statistical 
index includes the sum of domestic sewage discharge and industrial wastewater discharge; In 
terms of air pollution, in the measurement of air pollution data, the measurement method for 
sulfur dioxide emissions, smoke (dust) emissions and total exhaust gas emissions is relatively 
stable, so these three pollution indicators are selected for statistics, and in recent years, there 
has been no obvious change in the statistical caliber in the "China Statistical Yearbook" and 
"Inner Mongolia Statistical Yearbook", so these three indicators are more credible, reliable and 
stable; For the solid waste pollutants, the amount of general industrial solid waste and 
hazardous waste are selected as research indicators, and these two indicators are common 
indicators for studying solid waste pollution, which are easier to obtain. The data sources are 
"China Statistical Yearbook" and "China Environmental Statistics Yearbook", from 2001 to 2021.  
This paper uses time series data for research, due to the non-stationary characteristics of its 
data type, it is easy to have pseudo-regression phenomenon when performing data analysis. 
Therefore, to avoid this phenomenon and enhance the smoothness of the data, this article will 
perform logarithmic processing of the data.  

4. Empirical Analysis 

4.1. Model Basics 
In the empirical study, five indicators were selected: FS represented the total wastewater 
discharge in Inner Mongolia, SO2 represented the total sulfur dioxide emissions in Inner 
Mongolia, FC represented the total emission of smoke (dust) dust in Inner Mongolia, GF 
represented the total discharge of solid waste in Inner Mongolia, and GDP represented the per 
capita GDP value of Inner Mongolia. The use of four environmental indicators and one economic 
indicator to test the granger causality is intended to confirm whether there is a long-term stable 
relationship between economic growth and environmental pollution in Inner Mongolia. 
The original model used in this article is: 
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Lny=aLnX1+bLnX2+cLnX3+dLnX4+e 
 
where y is the dependentvariable,thatis,the value of GDP percapita, X1 is FS (total wastewater 
discharge),ais the coefficient of the independent variable X1,X2 is the coefficient of so 2(total 
sulfur dioxide emissions), b is the coefficient of the independent variable X2,X3 is the coefficient 
of the independent variable X2,X3 is the coefficient of the independent variable X3,X4 is GF 
(totalemissions of solidwaste), d is the coefficient of the independent variable X4, and e is the 
constantterm. 
Before performing the Granger causality test, the natural logarithm processing of the 5 data 
indicators is first performed, which makes the absolute value of the data smaller, easier to 
calculate, and easy to eliminate the problem of heteroscedasticity. Take the natural logarithm 
index data and then perform the stationarity test, and the stationarity test selects the ADF test 
to avoid the phenomenon of pseudo-regression of the data. If the original natural logarithm of 
the indicator fails the stationarity test, the original natural logarithm continues to be 
differentially processed until the indicator data reaches a plateau. The cointegration test 
continues to be performed on all homogeneous single-integer sequences that have reached a 
stationary state, and the cointegration test selects the Johansen cointegration test to 
preliminarily determine whether there is a long-term stable relationship between the 
indicators. Finally, the metric data with a cointegration relationship is tested for Granger 
causation to determine whether there is a Granger causal relationship between the indicators. 

4.2. Unit Root Test 
Before performing the Granger causation test, a unit root test is required. Because the premise 
of using time series data for Granger causality testing is to smooth the variables. If the variables 
on Granger's test are non-stationary, there is a high probability that pseudoregression will 
occur, that is, the non-stationaryity of the two uncorrelated variables makes the t-statistic show 
a high correlation when the parameters are estimated, thereby misleading the researcher to 
draw inaccurate conclusions.  
Therefore, to determine whether the random variable being tested is a stationary sequence, a 
unit root test is performed. If it is a non-stationary series, the variables are turned into a 
stationary series by the difference equation, after which the model is analyzed.  
Time series data can be stationary tested by ADF test method. The test equation for this method 
is: 
 

Dy =αt+β y +∑ Y Dy +V  +u 
 
Dy isthefirst-
orderdifferenceofy ,αnisthetimetrendtermoftheequation,β isthecoefficientofy ,uistheinter
cepttermofthetestequation,andV  isthewhitenoisesequence. Since the above equation contains 
ahysteresis term for Dy , the non-stationary test for y . (null hypothesis, H-0.:ρ=0) is known 
as the ADF test. If the ADF test value calculated from the sample is less than the critical value, 
the hypothesis is rejected; y   is considered astationary sequence, and vice versa is astationary 
sequence. 
In this paper, LnFC represents the logarithm of the total smoke (powder) dust emissions in 
Inner Mongolia, LnS, O-2. Indicates the logarithm of the total annual sulfur dioxide emissions in 
Inner Mongolia, LnFS represents the logarithm of the total wastewater discharge of Inner 
Mongolia, LnGF represents the logarithm of the total amount of general industrial solid waste 
in Inner Mongolia, and Ln GDP represents the logarithm of inner Mongolia's per capita GDP. 
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The first-order difference of LnFC is DLnFC, the first-order difference of LnFS is DLnFS, the 
second-order difference of LnFS is DDLnFS, the first-order difference of LNSO2 is DLNSO2, the 
second-order difference of LNSO2 is DDLNSO2, the first-order difference of LnGF is DLnGF, the 
second-order difference of LnGF is DDLnGF, and the first-order difference of LNGDP is DLNGDP. 
Eviews9.0,theunitroottestofLnFC,DLnFC,LnSO2,DLnSO2,DDLnSO2,LnFS,DLnFS,DDLnFS,LnGF,
DLnGF,DDLnGF,LnGDP,DLnGDP,DLnGDPwerecarriedoutbytheaboveADFmethod,andthetestre
sultswereasfollows: 
 

Table 1. ADFtestresultsforeachvariable 
Variable Inspection form(c,t,lag) ADF Statistics The threshold value: 5% Conclusion 

LNFC (c,0,0) -1.770734 -3.119910 Unstable 

DLNFC (c,0,0) -3.315591 -3.144920 Smooth 

LNFS (c,t,0) -0.324463 -3.828975 Unstable 

DLNFS (c,0,0) -2.861511 -3.144920 Unstable 

DDLNFS (c,0,0) -6.852732 -3.175352 Smooth 

LNGDP (c,t,2) 2.413127 -3.933364 Unstable 

DLNGDP (c,t,1) -4.153774 -3.933364 Smooth 

LNGF (c,t,0) -2.195954 -3.828975 Unstable 

DLNGF (c,0,1) -2.775749 -3.175352 Unstable 

DDLNGF (c,0,1) -3.379453 -3.212696 Smooth 

LNSO2 (c,t,0) -0.681824 -3.828975 Unstable 

DLNSO2 (c,0,0) -2.806599 -3.144920 Unstable 

DDLNSO2 (c,0,0) -5.362470 -3.175352 Smooth 

 
Accordingtotheabovetestresults,LnFCisafirst-
ordermonogramsequencethatreachesastationarystateafterasingledifference. LnFS is asecond-
order mono-integer sequence that reaches astationary state after aquadratic difference. LnGDP 
is asingle-order sequence that reaches aplateau after asingle difference. LnGF is asecond-order 
monophatic sequence that reaches astationary state after quadratic differentiation. LnSO2 is 
asecond-order stationary sequence that reaches astationary state after the second difference. 
theanalysisresults,itcanbeseenthatLnFCandLnGDParebothfirst-
ordermonointegrationsequences,indicatingthatthereisapossibilitythatthepairofvariableswillb
establebyalong-termrelationship,andtoanalyzethelong-
termrelationshipofthevariables,itcanbeachievedbytheintegritytest. 

4.3. Cointegration Test 
Intheaboveconclusion,LnFCandLnGDParethesameordermonogramsequence,andtheremaining
variablesarenotsingleintegersofthesameorder. Homogeneous monointegration is 
aprerequisite for the cointegration test, so the LnFC vs. LnGDP pair of variables can continue to 
be cointegration tested. In this paper, the Johansen cointegration test is selected, and before 
performing this cointegration test, the optimal hysteresis order of the VAR model is determined. 
In this paper, Eviews 9.0 is used to establish aVAR model of LnFC and LnGDP, and the optimal 
lag order is determined by using LR, FPE, SC, etc. 
TheoptimalbasisforlagintheVARmodeldeterminedbyLnFCandLnGDPisshowninthefollowingfig
ure: 
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Table 2. The optimal lag period for the VAR model determined by LnFC and LnGDP is 
determined 

 Lag LogL LR FPE AIC SC HQ 
0 -1.498927 NA   0.006483  0.636169  0.708513  0.590565 
1  20.84674   32.50278*  0.000237 -2.699407 -2.482373 -2.836216 
2  27.44730  7.200619  0.000166 -3.172237 -2.810514 -3.400253 
3  33.38799  4.320499   0.000160*  -3.525089*  -3.018677*  -3.844311* 

 
According to the test and analysis results of Eviews9.0 and the criteria of FPE, AIC, SC, HQ, etc., 
the optimal lag period of the VAR model determined by LnFC and LnGDP in Phase 4 was 
determined. 
Again,Eviews9.0isusedtoperformaJohansencointegrationtestonLnFCandLnGDP,andifthetestre
sultis rank =0,itmeansthatthereisnocointegrationrelationshipbetweenthevariables; If rank 
=n,it means that there are ncointegration relations in the variable itself. The test results are 
shown in the following figure: 
 

Table 3. JohansoncointegrationtestresultsforLnFCandLnGDP 
Unrestricted Cointegration Rank Test (Trace) 

Hypothesized  Trace 0.05  
No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

None *  0.833245  25.93612  15.49471  0.0010 
At most 1 *  0.432549  6.232609  3.841466  0.0125 

 Trace test indicates 2 cointegrating eqn(s) at the 0.05 level 

 
TheregressionequationforLnGDPandLnFCvariablesis: 
 

LnGDP=0.655194LnFC+7.84992 
 
This means that LnGDP and LnFC are positively correlated, with LnGDP increasing by 0.655194 
when LnFC rises one unit. 
 

LnFC=0.092617LnGDP+3.258676 
 
This indicates that LnFC and Ln GDP are positively correlated, with LnF increasing by 0.092617 
when Ln GDP rises one unit. 
Fromtheabovetestresults,itcanbeconcludedthattherearetwocointegrationrelationshipsbetwee
nLnFCandLnGDP. Therefore, by dividing LnFC and LnGDP by first-order difference and 
obtaining afirst-order monointegration variable, it is possible to proceed with the Granger 
causality test. 

4.4. Granger Causality Test 
Through the cointegration test in the previous section, it can be seen that there are two pairs of 
long-term stable relationships between the amount of smoke (dust) dust generated in Inner 
Mongolia and the per capita GDP, and the premise of the Granger causality test is satisfied, so 
the Granger causality test can be performed. The causal relationship between the amount of 
smoke (dust) dust generated in Inner Mongolia and gdp per capita can be further explored 
through the Granger causality test. Now set FC to X, GDP to Y, LnFC and LnGDP for first-order 
difference, to obtain a first-order single integer variable DLnX, DLnY. Because the lag number 
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of granger causality tests is set to be random, it is generally preferable to choose its maximum 
value. 
In this paper, Eviews 9.0 is used to continue the Granger causality test of DLnFC and DLnGDP, 
and the lag period is set to 3 stages, and the test results are shown in the following figure: 
 

Table 4. Granger causality test for DLnFC and DLn GDP 

 
 
FromtheGrangercausalitytestinthetableabove,itcanbeseenthattheGrangercausalityofDLnGDPi
snotDLnFC,andisacceptedatasignificantlevelof38.9%,thatis,theGrangercauseofDLnGDPisnotD
LnFC. In addition, DLnFC is not the Granger cause of DLn GDP, which is accepted at asignificant 
level of 88.5%. From this granger causal relationship, it can be seen that there is no causal 
relationship between the first-order difference between the total smoke (powder) dust 
emissions in Inner Mongolia Autonomous Region and the first-order difference in Inner 
Mongolia's per capita GDP. 

4.5. Empirical Analysis Results 
Fromtheunitroottestintheprevioussection,itcanbeconcludedthatLnFCandLnGDParebothmono
-integers,whichindicatesthattheremaybealong-
termstablerelationshipbetweenthetwovariables, and further analysisof the long-
termrelationshipbetweenthetwocancontinuethroughthecointegrationtest. After performing 
the cointegration test, it can be found that there is acointegration relationship between the 
variables, and you can continue to the next granger causality test analysis. Except for the 
possible long-term stable relationship between gdp per capita and the natural logarithm of 
smoke (dust), wastewater emissions, sulfur dioxide emissions and solid waste emissions do not 
tend to have along-term stable relationship with per capita GDP. 
Subsequently,thetwodataofLnFCandLnGDPareprocessedasfirst-orderdifferentials,andthefirst-
ordermonointegrationvariableisobtained,andthentheGrangercausalitytestisperformed. From 
the results of granger causality test, it can be seen that there is no granger causal relationship 
between smoke (powder) dust emissions and per capita GDP in Inner Mongolia Autonomous 
Region. 
The above analysis does not explain the possiblereasons for the significant relationship 
between GDP per capita and total smoke (dust) emissions: 
(1) The sample size selected by the model is limited, and the time series data from 2001 to 2021 
is selected in this paper, which is only 20 years. According to previous research experience, 
when performing the Granger causality test, try to select a large sample for data analysis, 
because under a certain lag period, the degree of freedom of large sample loss is less than the 
degree of freedom of small sample loss. In addition, when examining the data between per 
capita GDP and total smoke (dust) emissions, this paper selects the number of lag periods of 3 
periods, which will affect the test results to a certain extent.  
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(2) As in most studies, the test indicators are affected and limited by the model setting, and this 
paper also performs a high-order polynomial treatment of the test indicators, which can more 
intuitively observe the relationship between economic growth and environmental pollution 
indicators, but may not be completely in line with the actual results. In the process of 
standardizing data using models, it may be possible to avoid the influence and bias of other 
factors on the test analysis, but it is also possible to ignore the influence of some important 
factors. In addition, in order to make model setting easier, a single function form can be used 
when setting the model, and the result of doing so may affect the result of the test. Therefore, a 
combination of functions should be used, although this will increase the complexity of 
calculations and the difficulty of statistics, but the combination of various forms of functions 
may get better test results.  
(3) In the actual situation, the factors affecting the total amount of smoke (dust) dust emissions 
are complex and diverse, and the factors affecting the growth of per capita GDP are also complex 
and diverse, this article considers the interrelationship between the two, and does not consider 
other factors that may not have a significant impact on the two, perhaps the impact of the latter 
on the total amount of smoke (dust) dust emissions and the growth of per capita GDP cannot 
be underestimated, but if these influencing factors are taken into account, It is highly likely to 
weaken the degree of cointegration of the test data and reduce the significance of the statistical 
test. Therefore, considering only the relationship between the two influences each other, 
although it cannot fully and truly reflect the authenticity and integrity of the test, the indicators 
of the two are the most stable, and perhaps the most ideal choice.  

5. Conclusion 

This paper summarizes the empirical analysis results of the previous chapter: through the unit 
root test of the data of smoke (powder), sulfur dioxide, wastewater, solid waste and per capita 
GDP, the test results show that smoke (powder) dust and per capita GDP are the same first-
order monointegration sequence, and sulfur dioxide, wastewater and solid waste are all 
second-order monointegration sequences. The results suggest that there may be a long-term 
stable relationship between the two variables of smoke (dust) dust and GDP per capita, and the 
cointegration test continues to be used to analyze the relationship between the two. 
The variables of smoke (dust) dust emissions and GDP per capita are analyzed by cointegration 
test, and the analysis results show that there is a cointegration relationship between this pair 
of variables. Since the cointegration relationship is the premise for the analysis of Granger 
causality, this paper chooses to divide the natural logarithm of smoke (dust) emissions and per 
capita GDP by first-order difference, obtain a first-order single-integer sequence, and then 
perform granger causality test. The results of granger's causality test can be found that there is 
no causal relationship between the first-order difference between smoke (dust) emissions and 
GDP per capita. 
In the empirical analysis results, it is not difficult to find that there is no long-term stable 
relationship between the total wastewater discharge, the total sulfur dioxide emissions, the 
total smoke (dust) emissions, the total nitrogen oxide emissions, and the total solid waste 
emissions and per capita GDP in Inner Mongolia. That is to say, vigorously developing high-
pollution and high-energy-consuming enterprises cannot effectively promote the economic 
growth of Inner Mongolia, and high-pollution and high-energy-consuming enterprises in the 
process of production, due to backward production technology, low production efficiency, low 
utilization of resources, will also have a great impact on the ecological environment. Eliminating 
such high-pollution and high-energy-consuming enterprises can effectively protect the 
coordinated development of the ecological environment and economy in Inner Mongolia. 
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In the process of empirical analysis of smoke (powder) dust, the first-order difference between 
smoke (powder) dust and the first-order difference between per capita GDP, there is no 
Granger causal relationship between the two. Therefore, in the task of developing the economy 
in Inner Mongolia at present, it is necessary to change the traditional concept of economic 
development in the past, not only to make ecological compensation for the environmental 
pollution caused by the development of the economy in the past, but also to take into account 
the protection of the ecological environment in the subsequent economic development. 
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