DATA ANALYSIS
INTRODUTION

Regression diagnostics play a vital role in finding and validating a good predictive relationship between the dependent and independent variables. The following diagnostic tests were conducted: normality, multicollinearityand heteroscedasticity. Inaddition, Wald test was conducted to determine the best model for analysis  

1. NORMALITY TEST 

Jarque bera statistic was used to test normality of the residuals. Jarque bera was chosen because it is the most conclusive measure of normality since it takes in account both the skewness and kurtosis of a distribution. The assumption of normality is very important for the calculation of p values for significance testing.
The following figure presents the results obtained after subjecting the data to normality test using jarque bera
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Figure 1: Jarque Bera Test

The null hypothesis is that the residuals are normally distributed. From the above results, we reject the null hypothesis and concluded that the residuals are not normally distributed since the Jarque Bera probability is less than α = 0.05 (that is, α = 0.0000).
In order to make the residuals normally distributed, the data was subjected to logarithmic transformation. The jarque bera results obtained after the transformation are presented in figure 2 below:
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Figure 1: Jarque Bera Test after logarithmic transformation
The results indicate that after logarithmic transformation of the data, the residuals are now normally distributed. This is as attested to by the jarque bera probability of 0.399659. Since α> 0.05 (that is α=0.399659) we reject the null hypothesis and conclude that the residuals are normally distributed.
2. MULTICOLLINEARITY TEST 
Multicollinearity test was conducted using variance inflation factors (VIF). Multicollinearity inflates the standard errors and confidence intervals leading to unstable estimates of the coefficients for individual predictors. The objective of calculating VIF statistic is to determine the level of multicollinearity that 

can be tolerated without presenting any problems in regression analysis. The rule of thumb is that VIF greater than 10 is not tolerable because it presents problem of multicollinearity.
The VIF results are presented in table 1 below:
	Variable
	VIF

	FDI


	 
 1.827158



	GDP


	 5.820860



	TOPEN
	 6.235104




Table 1: Variance inflation factors
The fact that the VIF values of all the predictors (that is, FDI, GDP and TOPEN) are less than 10 indicates that there is no problem of multicollinearity.
3. HETEROSCEDASTICITY TEST 
Ordinary least squares (OLS) assumption stipulates that the residuals should have a 

Constant variance (i.e. they should be Homoscedastic). If the error terms do not have constant variance, they are said to be heteroscedastic. The standard errors of the estimates are biased if we have heteroscedasticity. 

Breusch-pagan statistic was used to test heteroscedasticity. The results are presented in table 2 below
	Residual Cross-Section Dependence Test

	Null hypothesis: No cross-section dependence (correlation) in residuals

	Equation: Untitled
	

	Periods included: 31
	

	Cross-sections included: 6
	

	Total panel (unbalanced) observations: 170

	Note: non-zero cross-section means detected in data

	Test employs centered correlations computed from pairwise samples

	
	
	
	

	
	
	
	

	Test
	Statistic  
	d.f.  
	Prob.  

	
	
	
	

	
	
	
	

	Breusch-Pagan LM
	66.05800
	15
	0.0000

	Pesaran scaled LM
	9.321873
	
	0.0000

	Pesaran CD
	4.719976
	
	0.0000

	
	
	
	

	
	
	
	



Table 2: Breusch – Pagan Test
The null hypothesis for this test is: No cross-section dependence (correlation) in residuals. Since the Breusch-Pagan probability is less than α=0.05, we reject the null hypothesis and hence conclude that the residuals are not homoscedastic (i.e. the residuals are hereroscedastic).
This problem was resolved by running regression analysis using logged variables and white robust standard errors as shown in table 3 below:
	Dependent Variable: LNNOX
	
	

	Method: Panel EGLS (Cross-section weights)
	

	Date: 04/23/20   Time: 16:14
	
	

	Sample: 1988 2018
	
	

	Periods included: 31
	
	

	Cross-sections included: 6
	
	

	Total panel (unbalanced) observations: 170
	

	Linear estimation after one-step weighting matrix

	White cross-section standard errors & covariance (d.f. corrected)

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	LNFDI
	0.198343
	0.029680
	6.682666
	0.0000

	LNGDP
	0.365820
	0.148411
	2.464908
	0.0147

	LNTOPEN
	0.261576
	0.163325
	1.601568
	0.1112

	C
	-1.179220
	0.280754
	-4.200182
	0.0000

	
	
	
	
	

	
	
	
	
	

	
	Weighted Statistics
	
	

	
	
	
	
	

	
	
	
	
	

	Root MSE
	0.669471
	    R-squared
	0.813472

	Mean dependent var
	7.542085
	    Adjusted R-squared
	0.810101

	S.D. dependent var
	2.928117
	    S.E. of regression
	0.677489

	Sum squared resid
	76.19246
	    F-statistic
	241.3148

	Durbin-Watson stat
	0.316672
	    Prob(F-statistic)
	0.000000

	
	
	
	
	

	
	
	
	
	

	
	Unweighted Statistics
	
	

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.720428
	    Mean dependent var
	6.724477

	Sum squared resid
	87.97646
	    Durbin-Watson stat
	0.229965

	
	
	
	
	

	
	
	
	
	



Table 3: Regression results with white robust standard errors

4. UNIT ROOT (STATIONARITY) TEST

Economic variables such as GDP, FDI, and trade typically exhibit a random walk. A random walk is loosely known as a unit root process in time series literature. A stochastic variable Y is said to follow a random walk without a drift if it‘s value at time t can be expressed as the sum of its value at time t-1 and a random shock, ε: Yt = ρYt-1 + εt , where ρ is a constant. If ρ = 1, the random walk model gives rise to a unit root process. 
Non-stationary data, as a rule, are unpredictable and cannot be modeled or forecasted. The results obtained by using non-stationary time series may be spurious. In this study Levin, Lin & Chu and Im-Pesaran-Shin tests were used to test for the presence of unit roots. These two were chosen because they are the best tests for panel data (note that some tests are specific to pure time series data while others are specific to panel data).
4.1 Levin, Lin & Chu unit root test

4.1.1 NOX UNIT ROOT TEST
The following results (table 4) were obtained after testing for unit roots in the NOX series at level:
	Panel unit root test: Summary 
	

	Series:  NOX
	
	
	

	Date: 04/27/20   Time: 19:21
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	 1.87382
	 0.9695
	 6
	 174

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	 4.01513
	 1.0000
	 6
	 174

	ADF - Fisher Chi-square
	 2.19440
	 0.9990
	 6
	 174

	PP - Fisher Chi-square
	 2.31508
	 0.9987
	 6
	 180

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.



Table 4: NOX unit root test at level

The results indicate a presence of unit roots (i.e. non-stationarity). This is as shown by the probability value of 0.9695. This means that we fail to reject the null hypothesis that there is presence of unit roots.

 Differencing was performed to make the series stationary. The results obtained after first differencing are captured in table 5 below
	Panel unit root test: Summary 
	

	Series:  D(NOX)
	
	

	Date: 04/27/20   Time: 19:23
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	-3.99376
	 0.0000
	 6
	 168

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	-5.33807
	 0.0000
	 6
	 168

	ADF - Fisher Chi-square
	 52.6745
	 0.0000
	 6
	 168

	PP - Fisher Chi-square
	 82.6974
	 0.0000
	 6
	 174

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.


Table 5: Nox unit root test at first difference
The results above indicate that the series became stationary after first difference. This is as shown by the probability value of 0.0000
The stationary series is shown on the following graph
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Figure 1: STATIONARY NOX SERIES

4.1.2 GDP UNIT ROOT TEST
Table 6 below shows the results obtained after testing for presence of unit roots in the GDP series at level:
	Panel unit root test: Summary 
	

	Series:  GDP
	
	
	

	Date: 04/27/20   Time: 19:46
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	 2.34262
	 0.9904
	 6
	 174

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	 4.38124
	 1.0000
	 6
	 174

	ADF - Fisher Chi-square
	 0.81183
	 1.0000
	 6
	 174

	PP - Fisher Chi-square
	 0.49726
	 1.0000
	 6
	 180

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.



Table 6: GDP unit root test at level

The Levin, Lin & Chu probability of 0.9904 means that we fail to reject the null hypothesis and conclude that the series is not stationary. 

After first differencing the following results (table 7) were obtained:

	Panel unit root test: Summary 
	

	Series:  D(GDP)
	
	

	Date: 04/27/20   Time: 19:51
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	-4.71054
	 0.0000
	 6
	 168

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	-5.46432
	 0.0000
	 6
	 168

	ADF - Fisher Chi-square
	 51.8982
	 0.0000
	 6
	 168

	PP - Fisher Chi-square
	 77.3808
	 0.0000
	 6
	 174

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.



Table 7: GDP unit root test at first difference

The GDP series became stationary after first differencing as can be shown by the Levin, Lin & Chu probability of 0.0000. 
The stationary series is shown on the following graph
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Figure 2: STATIONARY GDP SERIES

4.1.3 FDI UNIT ROOT TEST
Table 8 below shows the results of FDI series unit root test at level:
	Panel unit root test: Summary 
	

	Series:  FDI
	
	
	

	Date: 04/27/20   Time: 19:58
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	-0.73440
	 0.2314
	 6
	 174

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	-1.65420
	 0.0490
	 6
	 174

	ADF - Fisher Chi-square
	 19.6635
	 0.0737
	 6
	 174

	PP - Fisher Chi-square
	 20.9451
	 0.0512
	 6
	 180

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.



Table 8: FDI unit root test at level

The Levin, Lin & Chu probability of 0.2314 implies that there is presence of unit roots, hence the need for differencing.  The results obtained after first differencing are shown in table 9 below
	Panel unit root test: Summary 
	

	Series:  D(FDI)
	
	

	Date: 04/27/20   Time: 20:01
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	-1.85786
	 0.0316
	 6
	 168

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	-6.10190
	 0.0000
	 6
	 168

	ADF - Fisher Chi-square
	 59.5450
	 0.0000
	 6
	 168

	PP - Fisher Chi-square
	 112.350
	 0.0000
	 6
	 174

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.



Table 9: FDI unit root test at first difference
The series became stationary after first difference as shown by the Levin, Lin & Chu probability of 0.0316

The stationary series is shown on the following graph
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FIGURE 3: STATIONARY FDI SERIES

4.1.4 TOPEN UNIT ROOT TEST
The results in table 10 show that the TOPEN series is not stationary at level as shown by the Levin, Lin & Chu probability of 0.6263
	Panel unit root test: Summary 
	

	Series:  TOPEN
	
	

	Date: 04/27/20   Time: 20:07
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	 0.32194
	 0.6263
	 6
	 174

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	 1.91373
	 0.9722
	 6
	 174

	ADF - Fisher Chi-square
	 3.34729
	 0.9926
	 6
	 174

	PP - Fisher Chi-square
	 2.15943
	 0.9991
	 6
	 180

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.



Table 10: TOPEN unit root test at level
First differencing was performed to make the series stationary. The results are contained in table 11 below
	Panel unit root test: Summary 
	

	Series:  D(TOPEN)
	
	

	Date: 04/27/20   Time: 20:24
	

	Sample: 1988 2018
	
	

	Exogenous variables: Individual effects

	User-specified lags: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	Balanced observations for each test 
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	-4.64695
	 0.0000
	 6
	 168

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	-6.32463
	 0.0000
	 6
	 168

	ADF - Fisher Chi-square
	 61.0943
	 0.0000
	 6
	 168

	PP - Fisher Chi-square
	 74.8412
	 0.0000
	 6
	 174

	
	
	
	
	

	
	
	
	
	

	** Probabilities for Fisher tests are computed using an asymptotic Chi

	        -square distribution. All other tests assume asymptotic normality.



Table 11: TOPEN unit root test at first difference
The series became stationary after first differencing as shown by the Levin, Lin & Chu probability of 0.000

The stationary series is shown on the following graph
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FIGURE 4: STATIONARY TOPEN SERIES
4.2 IM-PESARAN-SHIN UNIT ROOT TEST
Further unit root test was conducted using the im-pesaran-shin test. The results are discussed below.
4.2.1 NOX UNIT ROOT TEST

The unit root test at level results are shown in table 12 below

	Null Hypothesis: Unit root (individual unit root process) 
	

	Series:  NOX
	
	
	
	
	
	

	Date: 04/27/20   Time: 21:18
	
	
	
	

	Sample: 1988 2018
	
	
	
	
	

	Exogenous variables: Individual effects
	
	
	

	User-specified lags: 1
	
	
	
	
	

	Total (balanced) observations: 174
	
	
	

	Cross-sections included: 6
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Method
	
	
	
	Statistic
	
	Prob.**

	Im, Pesaran and Shin W-stat 
	
	 4.01513
	
	 1.0000

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	** Probabilities are computed assuming asympotic normality
	

	
	
	
	
	
	
	
	

	Intermediate ADF test results
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cross
	
	
	
	
	
	Max
	

	Section
	t-Stat
	Prob.
	E(t)
	E(Var)
	Lag
	Lag
	Obs

	 1
	-0.3984
	 0.8968
	-1.518
	 0.837
	 1
	 1
	 29

	 2
	-0.5482
	 0.8673
	-1.518
	 0.837
	 1
	 1
	 29

	 3
	-0.4768
	 0.8821
	-1.518
	 0.837
	 1
	 1
	 29

	 4
	-1.5191
	 0.5099
	-1.518
	 0.837
	 1
	 1
	 29

	 5
	 2.8009
	 1.0000
	-1.518
	 0.837
	 1
	 1
	 29

	 6
	 0.0314
	 0.9541
	-1.518
	 0.837
	 1
	 1
	 29

	
	
	
	
	
	
	
	

	Average
	-0.0184
	
	-1.518
	 0.837
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Table 12: NOX unit root test at level

The im-pesaran-shin probability of 1.0000 indicates that the series is not stationary. After differencing the following results were obtained:

	Null Hypothesis: Unit root (individual unit root process) 
	

	Series:  D(NOX)
	
	
	
	
	

	Date: 04/27/20   Time: 21:18
	
	
	
	

	Sample: 1988 2018
	
	
	
	
	

	Exogenous variables: Individual effects
	
	
	

	User-specified lags: 1
	
	
	
	
	

	Total (balanced) observations: 168
	
	
	

	Cross-sections included: 6
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Method
	
	
	
	Statistic
	
	Prob.**

	Im, Pesaran and Shin W-stat 
	
	-5.33807
	
	 0.0000

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	** Probabilities are computed assuming asympotic normality
	

	
	
	
	
	
	
	
	

	Intermediate ADF test results
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cross
	
	
	
	
	
	Max
	

	Section
	t-Stat
	Prob.
	E(t)
	E(Var)
	Lag
	Lag
	Obs

	 1
	-3.9701
	 0.0051
	-1.517
	 0.843
	 1
	 1
	 28

	 2
	-4.4632
	 0.0015
	-1.517
	 0.843
	 1
	 1
	 28

	 3
	-2.7120
	 0.0846
	-1.517
	 0.843
	 1
	 1
	 28

	 4
	-2.1174
	 0.2397
	-1.517
	 0.843
	 1
	 1
	 28

	 5
	-2.7657
	 0.0761
	-1.517
	 0.843
	 1
	 1
	 28

	 6
	-5.0789
	 0.0003
	-1.517
	 0.843
	 1
	 1
	 28

	
	
	
	
	
	
	
	

	Average
	-3.5179
	
	-1.517
	 0.843
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Table 13: NOX unit root test at first difference
The NOX series became stationary after first differencing as shown by the im-pesaran-shin probability of 0.0000

The stationary NOX series is shown in the following graph
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Figure 5: Stationary NOX series
4.2.2 FDI UNIT ROOT TEST

The following results were obtained after unit root test at level

	Null Hypothesis: Unit root (individual unit root process) 
	

	Series:  FDI
	
	
	
	
	
	

	Date: 04/27/20   Time: 21:14
	
	
	
	

	Sample: 1988 2018
	
	
	
	
	

	Exogenous variables: Individual effects
	
	
	

	User-specified lags: 1
	
	
	
	
	

	Total (balanced) observations: 174
	
	
	

	Cross-sections included: 6
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Method
	
	
	
	Statistic
	
	Prob.**

	Im, Pesaran and Shin W-stat 
	
	-1.65420
	
	 0.0490

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	** Probabilities are computed assuming asympotic normality
	

	
	
	
	
	
	
	
	

	Intermediate ADF test results
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cross
	
	
	
	
	
	Max
	

	Section
	t-Stat
	Prob.
	E(t)
	E(Var)
	Lag
	Lag
	Obs

	 1
	-2.1494
	 0.2281
	-1.518
	 0.837
	 1
	 1
	 29

	 2
	-3.6172
	 0.0116
	-1.518
	 0.837
	 1
	 1
	 29

	 3
	-2.1967
	 0.2116
	-1.518
	 0.837
	 1
	 1
	 29

	 4
	-1.7896
	 0.3779
	-1.518
	 0.837
	 1
	 1
	 29

	 5
	-1.5122
	 0.5134
	-1.518
	 0.837
	 1
	 1
	 29

	 6
	-1.5498
	 0.4947
	-1.518
	 0.837
	 1
	 1
	 29

	
	
	
	
	
	
	
	

	Average
	-2.1358
	
	-1.518
	 0.837
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Table 14: FDI unit root test at level
The im-pesaran-shin probability of 0.0490 shows that the series is stationary at level.
The following graph shows the FDI series
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Figure 6: FDI Series

4.2.3 GDP UNIT ROOT TEST

The im-pesaran-shin   unit root test results are contained in table 15 below

	Null Hypothesis: Unit root (individual unit root process) 
	

	Series:  GDP
	
	
	
	
	
	

	Date: 04/27/20   Time: 21:21
	
	
	
	

	Sample: 1988 2018
	
	
	
	
	

	Exogenous variables: Individual effects
	
	
	

	User-specified lags: 1
	
	
	
	
	

	Total (balanced) observations: 174
	
	
	

	Cross-sections included: 6
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Method
	
	
	
	Statistic
	
	Prob.**

	Im, Pesaran and Shin W-stat 
	
	 4.38124
	
	 1.0000

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	** Probabilities are computed assuming asympotic normality
	

	
	
	
	
	
	
	
	

	Intermediate ADF test results
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cross
	
	
	
	
	
	Max
	

	Section
	t-Stat
	Prob.
	E(t)
	E(Var)
	Lag
	Lag
	Obs

	 1
	 0.1291
	 0.9626
	-1.518
	 0.837
	 1
	 1
	 29

	 2
	 1.0444
	 0.9960
	-1.518
	 0.837
	 1
	 1
	 29

	 3
	-0.8769
	 0.7811
	-1.518
	 0.837
	 1
	 1
	 29

	 4
	-0.0488
	 0.9461
	-1.518
	 0.837
	 1
	 1
	 29

	 5
	 0.2710
	 0.9725
	-1.518
	 0.837
	 1
	 1
	 29

	 6
	 0.1915
	 0.9672
	-1.518
	 0.837
	 1
	 1
	 29

	
	
	
	
	
	
	
	

	Average
	 0.1184
	
	-1.518
	 0.837
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


TABLE 15: GDP UNIT ROOT TEST
According to the results, the GDP series has unit roots at level as show by the im-peasaron-chin probability of 1.000

First differencing was performed resulting in the following results ( table 16)
	Null Hypothesis: Unit root (individual unit root process) 
	

	Series:  D(GDP)
	
	
	
	
	

	Date: 04/27/20   Time: 21:23
	
	
	
	

	Sample: 1988 2018
	
	
	
	
	

	Exogenous variables: Individual effects
	
	
	

	User-specified lags: 1
	
	
	
	
	

	Total (balanced) observations: 168
	
	
	

	Cross-sections included: 6
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Method
	
	
	
	Statistic
	
	Prob.**

	Im, Pesaran and Shin W-stat 
	
	-5.46432
	
	 0.0000

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	** Probabilities are computed assuming asympotic normality
	

	Intermediate ADF test results
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cross
	
	
	
	
	
	Max
	

	Section
	t-Stat
	Prob.
	E(t)
	E(Var)
	Lag
	Lag
	Obs

	 1
	-3.4701
	 0.0167
	-1.517
	 0.843
	 1
	 1
	 28

	 2
	-3.2406
	 0.0280
	-1.517
	 0.843
	 1
	 1
	 28

	 3
	-3.9158
	 0.0058
	-1.517
	 0.843
	 1
	 1
	 28

	 4
	-3.3436
	 0.0223
	-1.517
	 0.843
	 1
	 1
	 28

	 5
	-3.9428
	 0.0054
	-1.517
	 0.843
	 1
	 1
	 28

	 6
	-3.4782
	 0.0164
	-1.517
	 0.843
	 1
	 1
	 28

	
	
	
	
	
	
	
	

	Average
	-3.5652
	
	-1.517
	 0.843
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


TABLE 16: GDP UNIT ROOT TEST AT FIRST DIFFERENCE
The series became stationary after first differencing as indicated by the im-peasaron-chin probability of 0.000

The stationary GDP series is shown in the following graph
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Figure 7: Stationary GDP series

4.2.4 TOPEN UNIT ROOT TEST

The following results were obtained after Im, Pesaran and Shin test at level ( Table 17 )
	Null Hypothesis: Unit root (individual unit root process) 
	

	Series:  TOPEN
	
	
	
	
	

	Date: 04/27/20   Time: 21:25
	
	
	
	

	Sample: 1988 2018
	
	
	
	
	

	Exogenous variables: Individual effects
	
	
	

	User-specified lags: 1
	
	
	
	
	

	Total (balanced) observations: 174
	
	
	

	Cross-sections included: 6
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Method
	
	
	
	Statistic
	
	Prob.**

	Im, Pesaran and Shin W-stat 
	
	 1.91373
	
	 0.9722

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	** Probabilities are computed assuming asympotic normality
	

	
	
	
	
	
	
	
	

	Intermediate ADF test results
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cross
	
	
	
	
	
	Max
	

	Section
	t-Stat
	Prob.
	E(t)
	E(Var)
	Lag
	Lag
	Obs

	 1
	-1.1430
	 0.6847
	-1.518
	 0.837
	 1
	 1
	 29

	 2
	-0.2521
	 0.9205
	-1.518
	 0.837
	 1
	 1
	 29

	 3
	-1.2853
	 0.6226
	-1.518
	 0.837
	 1
	 1
	 29

	 4
	-1.0757
	 0.7115
	-1.518
	 0.837
	 1
	 1
	 29

	 5
	 0.0317
	 0.9542
	-1.518
	 0.837
	 1
	 1
	 29

	 6
	-1.0949
	 0.7040
	-1.518
	 0.837
	 1
	 1
	 29

	
	
	
	
	
	
	
	

	Average
	-0.8032
	
	-1.518
	 0.837
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


TABLE 17: TOPEN UNIT ROOT TEST AT LEVEL
The results show that the TOPEN series has unit roots at level.

First differencing was conducted and the following results obtained

	Null Hypothesis: Unit root (individual unit root process) 
	

	Series:  D(TOPEN)
	
	
	
	
	

	Date: 04/27/20   Time: 21:26
	
	
	
	

	Sample: 1988 2018
	
	
	
	
	

	Exogenous variables: Individual effects
	
	
	

	User-specified lags: 1
	
	
	
	
	

	Total (balanced) observations: 168
	
	
	

	Cross-sections included: 6
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Method
	
	
	
	Statistic
	
	Prob.**

	Im, Pesaran and Shin W-stat 
	
	-6.32463
	
	 0.0000

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	** Probabilities are computed assuming asympotic normality
	

	
	
	
	
	
	
	
	

	Intermediate ADF test results
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cross
	
	
	
	
	
	Max
	

	Section
	t-Stat
	Prob.
	E(t)
	E(Var)
	Lag
	Lag
	Obs

	 1
	-3.9827
	 0.0049
	-1.517
	 0.843
	 1
	 1
	 28

	 2
	-4.5261
	 0.0013
	-1.517
	 0.843
	 1
	 1
	 28

	 3
	-3.7441
	 0.0088
	-1.517
	 0.843
	 1
	 1
	 28

	 4
	-3.5895
	 0.0126
	-1.517
	 0.843
	 1
	 1
	 28

	 5
	-3.8571
	 0.0067
	-1.517
	 0.843
	 1
	 1
	 28

	 6
	-3.6266
	 0.0116
	-1.517
	 0.843
	 1
	 1
	 28

	
	
	
	
	
	
	
	

	Average
	-3.8877
	
	-1.517
	 0.843
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


TABLE 18: TOPEN UNIT ROOT TEST AT FIRST DIFFERENCE

The Im, Pesaran and Shin probability of 0.000 indicates that the TOPEN series became stationary after first differencing. 
The stationary TOPEN series is graphed below
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Figure 8: Stationary TOPEN series
5. THE BEST MODEL  [ POOLED VS FIXED EFFECT)

The study conducted a test to determine the best regression model to be used (That is pooled vs fixed effect model).
In the first step, Wald test was conducted to determine the suitability of a pooled model. The results are captured in table 19 below:

	Wald Test:
	
	

	Equation: Untitled
	

	
	
	
	

	
	
	
	

	Test Statistic
	Value
	Df
	Probability

	
	
	
	

	
	
	
	

	F-statistic
	 238.2080
	(4, 182)
	 0.0000

	Chi-square
	 952.8321
	 4
	 0.0000

	
	
	
	

	
	
	
	

	
	
	
	

	Null Hypothesis: C(1)=0,C(2)=0,C(3)=0,C(4)=0

	Null Hypothesis Summary:
	

	
	
	
	

	
	
	
	

	Normalized Restriction (= 0)
	Value
	Std. Err.

	
	
	
	

	
	
	
	

	C(1)
	 0.001781
	 0.001411

	C(2)
	 0.023069
	 0.023047

	C(3)
	 0.019733
	 0.002403

	C(4)
	 136.4658
	 121.8342

	
	
	
	

	
	
	
	

	Restrictions are linear in coefficients.


Table 19: Wald test

The results indicate that the F-statistic and chi-square statistics are significant (α˂0.05). Similarly all the regression coefficients are significantly different zero. For this reason it is tenable to use a Pooled regression model for this data. Therefore, the best model would be a pooled model.

NB: Hence there is no need for conducting random and fixed effects tests
The regression results are captured in table 20 below

	Dependent Variable: LNNOX
	
	

	Method: Panel Least Squares
	
	

	Date: 04/28/20   Time: 14:31
	
	

	Sample: 1988 2018
	
	

	Periods included: 31
	
	

	Cross-sections included: 6
	
	

	Total panel (unbalanced) observations: 170
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	LNGDP
	-0.209337
	0.207178
	-1.010419
	0.3138

	LNTOPEN
	0.832917
	0.224616
	3.708175
	0.0003

	LNFDI
	0.178675
	0.035782
	4.993425
	0.0000

	C
	-0.742306
	0.464175
	-1.599194
	0.1117

	
	
	
	
	

	
	
	
	
	

	Root MSE
	0.701326
	    R-squared
	0.734285

	Mean dependent var
	6.724477
	    Adjusted R-squared
	0.729483

	S.D. dependent var
	1.364561
	    S.E. of regression
	0.709725

	Akaike info criterion
	2.175371
	    Sum squared resid
	83.61588

	Schwarz criterion
	2.249154
	    Log likelihood
	-180.9065

	Hannan-Quinn criter.
	2.205311
	    F-statistic
	152.9097

	Durbin-Watson stat
	0.256197
	    Prob(F-statistic)
	0.000000

	
	
	
	
	

	
	
	
	
	



Table 20: Regression Results
The results indicate that NOX is explained by TOPEN and FDI as shown by the p values of 0.0003 and 0.0000 respectively. GDP has no effect on NOX as seen in the p value of 0.3138. The results also show that 72.95% variation in NOX is explained by TOPEN and FDI as shown by the adjusted R squared value of 0.729483. 

The Durbin-Watson probability of 0.000 shows that there is no autocorrelation

6. CAUSALITY TESTS
Causality test was conducted to determine if there is unidirectional or bidirectional relationship between the variables. This was done using the granger causality test. The results are shown in table 21 below

	Pairwise Granger Causality Tests

	Date: 04/27/20   Time: 21:28

	Sample: 1988 2018
	

	Lags: 2
	
	

	
	
	
	

	
	
	
	

	 Null Hypothesis:
	Obs
	F-Statistic
	Prob. 

	
	
	
	

	
	
	
	

	 GDP does not Granger Cause NOX
	 174
	 4.56216
	0.0118

	 NOX does not Granger Cause GDP
	 1.89174
	0.1540

	
	
	
	

	
	
	
	

	 FDI does not Granger Cause NOX
	 174
	 2.55234
	0.0809

	 NOX does not Granger Cause FDI
	 3.41608
	0.0351

	
	
	
	

	
	
	
	

	 TOPEN does not Granger Cause NOX
	 174
	 8.32751
	0.0004

	 NOX does not Granger Cause TOPEN
	 1.83456
	0.1628

	
	
	
	

	
	
	
	

	 FDI does not Granger Cause GDP
	 174
	 9.62960
	0.0001

	 GDP does not Granger Cause FDI
	 2.72515
	0.0684

	
	
	
	

	
	
	
	

	 TOPEN does not Granger Cause GDP
	 174
	 2.98507
	0.0532

	 GDP does not Granger Cause TOPEN
	 5.68954
	0.0041

	
	
	
	

	
	
	
	

	 TOPEN does not Granger Cause FDI
	 174
	 4.48353
	0.0127

	 FDI does not Granger Cause TOPEN
	 6.10833
	0.0027

	
	
	
	

	
	
	
	


Table 21: Granger causality test

The results indicates that TOPEN granger causes FDI and vice versa. Therefore, there is reverse causality between FDI and TOPEN. However for the rest of variables there is a uni-directional relationship

7. COINTEGRATION TEST
In econometrics, two (or more) economic variables are said to be cointegrated if a long run, or equilibrium relationship exists between (or among) them. The purpose of cointegration test is to find out if the variables of study are linked by a long-run economic relationship. In this study it was necessary to perform cointegration test in order to determine whether the established relationships among the variables are as a result of short-run movements or are equilibrium relationships. 
Conventionally, Pedroni cointegration test is the most widely used in panel data regression analysis, because it takes care of cross-sectional dependence by allowing considerable heterogeneity. For that reason, this test was employed. The results are captured in table 22 below:
	Pedroni Residual Cointegration Test
	
	

	Series: LNNOX LNGDP LNTOPEN LNFDI 
	
	

	Date: 04/28/20   Time: 15:04
	
	

	Sample: 1988 2018
	
	
	

	Included observations: 186
	
	

	Cross-sections included: 6
	
	

	Null Hypothesis: No cointegration
	
	

	Trend assumption: No deterministic trend
	

	User-specified lag length: 1
	
	

	Newey-West automatic bandwidth selection and Bartlett kernel

	
	
	
	
	
	

	
	
	
	
	
	

	Alternative hypothesis: common AR coefs. (within-dimension)

	
	
	
	
	Weighted
	

	
	
	Statistic
	Prob.
	Statistic
	Prob.

	Panel v-Statistic
	 2.948668
	 0.0016
	 1.635943
	 0.0509

	Panel rho-Statistic
	-0.553560
	 0.2899
	-0.415054
	 0.3391

	Panel PP-Statistic
	-0.879043
	 0.1897
	-1.417442
	 0.0782

	Panel ADF-Statistic
	 0.632528
	 0.7365
	 0.249985
	 0.5987

	
	
	
	
	
	

	Alternative hypothesis: individual AR coefs. (between-dimension)

	
	
	
	
	
	

	
	
	Statistic
	Prob.
	
	

	Group rho-Statistic
	 0.378168
	 0.6473
	
	

	Group PP-Statistic
	-1.277483
	 0.1007
	
	

	Group ADF-Statistic
	 0.752775
	 0.7742
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Table 22: Cointegration test
The results indicates that there is no contegration between NOX on hand and FDI,GDP and TOPEN on the other hand as can be implied from the non-significant p values. The non-significant p values means that we fail to reject the null hypothesis of “no cointegration”.  This means there is no need for running an Error Correction Model (ECM)



