
              Proceedings of the 2nd International Conference, The Federal Polytechnic, Ilaro, 10th – 11th Nov.,  2020 

 

269  Ojenike, O. & Ojo, O. 
 

STATISTICAL MODELING OF FOREIGN TRADE ON ECONOMIC GROWTH AND DEVELOPMENT 

IN NIGERIA 

OJENIKE, Oluwadamilola 1 & OJO, Olugbenga 2 

Department of Mathematics and Statistics 

Federal Polytechnic, Ilaro, Ogun state, Nigeria 

oluwadamilola.ojenike@federalpolyilaro.edu.ng1 

 gabriel.ojo@federalpolyilaro.edu.ng2 

Abstract 

 

This paper explored the interactive long-run relationship existing between exchange rate, export, and import on 

Nigeria economic growth using Johansen Co-integration and Vector Error Correction modeling approach. 20 years 

data extracted from the Central Bank of Nigeria statistical bulletin which ranges from 1999 to 2019 was employed 

for model fitting. The original data was not stationarity over time and were subjected to first order differencing 

approach. However, economic growth and exchange rate was stationarized using ADF structural breakpoint 

technique due to its I(2) order experienced. The long-run equilibrium result suggested that the foreign exchange 

variable coefficients have a significant effect on economic growth but was found to be negatively inclined. The 

negative influence is not within the  priori as the variables should exhibit a positive influence on the growth of the 

economy. Also, the error correction term of 0.299592 indicated that the previous year deviation from long-run 

equilibrium is corrected at a speed of 30% which is on the implication that the Nigeria Economic growth has the 

inertial of adjusting back to a state when acted upon by external forces. Residual of the fitted VECM was subjected 

to normality and heteroscedasticity. Results showed that we fail to reject normality and homoscedasticity of the 

residuals based on their respective P-values of 0.969, and 0.2268 3 > α = 0.05 level of significance. Empirically, the 

study proved that foreign trade will remain one of the most effective and essential tools for economic growth and 

development in Nigeria. Amongst several others, it is recommended that the Nigerian government should invigorate 

domestic investment through the intensification of gross capital formation as it surely boosts the economic growth 

and development of the nation. 

 

Keywords: Co-Integration, Economic Growth, Error Correction, Heteroscedasticity, Normality. 

 

Introduction  

The effect of foreign trade on economic growth and development has been an important subject matter of debate 

from time memorial. However, Foreign trade comprehensively entails the importation and exportation of goods and 

services in a country; contributing a significant share to its economic growth (Azeez et al. 2014).  Jim (2019) defines 

Economic growth as an increase in capacity of an economy to produce goods and services, thereabout compared 

from time to time.  In a big way in our world today, there is hardly a country that can survive on its own without 

dealing with other countries in terms of trade (Attahir, 2015). 

 

Therefore, since gross domestic product of a country is a function of its imports and exports, foreign trade is 

strongly correlated to the growth of an economy. Basically in Nigeria today, trade has been considered as the major 

key to development because of the intrinsic belief that trade can create jobs, increase markets revenues as well as 

growing incomes, facilitate competition and disseminate knowledge (Elias et al. 2018). 

In line with the specification made by Azeez et al. (2014), development of foreign trade greatly affects the gross 

domestic product (GDP) growth.  

 

The aim of this study is to econometrically investigate the effect of foreign trade on economic development in 

Nigeria by reviewing the relationship between the variable components and causal relationship of foreign trade to 

the growth of the economy using the vector error correction techniques.  There has been a long-standing debate on 

the contribution of foreign trade to economic growth in developing countries. Azeez et al. (2014) with the use 

Ordinary Least Square (OLS) estimation technique examined the effect of international trade on the economic 

growth and thereby deduced that international trade has a significant positive effect on economic growth. They also 

concluded that, Imports, Exports, and Trade Openness have compelling effect on the economy.  Ogbokor et al. 

(2017) contributed to the empirical literature by testing for a long-run relationship between foreign trade and the 
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economic growth of South Africa, employing the method of Vector Auto Regression (VAR). Consequently, 

suggested that foreign trade is still the biggest key to growing the economy.  Attahir and Kamal (2015) examined the 

impact of international trade on economic growth of India using empirical analysis. The relationship between 

Imports and exchange rate with GDP was found to be negative and statistically significant.  

 

Gwaindepi et al. (2014) adopted the study of co-integration approach to establish the presence of a long run 

relationship between economic growth and trade variables in Zimbabwe. Abubakar et al. (2016) studied the effect of 

international trade on the economic growth of West African countries from 1991-2011. The study which showed 

varying outcomes proved that import had a positive but insignificant impact on the growth of the economy while 

export on the other hand proved immensely impactful on the GDP growth of the region.  

 

Just recently, Elias et al. (2018) evaluated the impact of international trade on the Nigeria economic growth 

employing multiple regression techniques. He revealed that imports had little or no impact on the growth of the 

economy; while on the other hand, exports have a strong positive influence on the Nigerian growth economically.  

Sayef, (2016) investigated the relationship between exports, imports, and economic growth using Johansen co-

integration analysis of Vector Auto Regression Model and the Granger-Causality. This result provided evidence that 

exports and imports are seen as the source of economic growth in Canada.  

 

Materials and Methods 

Empirical estimation of the research study was based on unique and very efficient econometrical techniques such as: 

Johansen-Juselius co-integration test approach, Granger-causality test, Normality test, Heteroscedasticity test and 

Vector Error Correction Model. However, all these techniques amidst others are prominent for short-run and long 

run co-integration estimations. In this study, an annual time-series data covering the range of 1999 to 2019 were 

obtained from the Central Bank of Nigeria Statistical Bulletin was used for the study. The data analyzed was carried 

out using E-views package.  

Unit Root Test 

In order to check if the variables of the model have a unit root, that is to examine if the variables are stationary 

(when its mean and variance are the same overtime) or non-stationary (when its mean and variance are invariant 

overtime), Augmented Dicker Fuller (ADF) test were adopted as a test for stationarity. The ADF have the following 

mathematical equation: 

        1 

In which  is time series  value at the time minus time series value in 1 previous measurement period , 

 is constant value  which is used to determine whether or not the unit root exist with 

hypothesis; 

 while,  is trend coefficient in the time series data of which the value is 

equal . In this case, the criteria that can be drawn are non-stationary data will have unit roots, while 

stationary data will not have unit roots. If the data are not stationary, it required to conduct differencing process once 

or several times on the related data until the data turn out to be stationary (Adi  et al. 2014).  

Pair Granger Causality Test   

According to Paul Cipamba (2012), Granger causality tests consist of establishing the direction of causal 

relationships among variables. In order words, the causal relationship between two or three variables can be 

independent, uni-directional or bi-directional. Furthermore, these tests are sensitive to lag length which is an 

appropriate lag order in a VAR used on the basis of various statistical information criteria. In this study, the Granger 

causality tests based on the Vector error correction model were employed.   

Normality Test 
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According to Lee et al. (2016), The normality test known as the Jarque-Bera used that compared 3rd and moments 

of the residuals to those from the normal distribution. The hypothesis tested are as below:  

  The residuals have normal distribution and  the residuals have no normal distribution  

However, if the probability value is not more than the significance level of 0.05, the null hypothesis can be rejected 

and if the probability value is larger than 0.05, the null hypothesis cannot be rejected and extremely showed that the 

error term has a normal distribution. 

 

Heteroscedasticity Test  

 Heteroscedasticity Test is used to investigate whether the residuals are homoscedastic. That is, to indicate that there 

are no heteroscedasticity problem and the regressors are correctly specified.  

 The hypothesis tested:  

  Homoscedasticity and  Heteroscedasticity  

Null hypothesis is rejected and can be concluded that heteroscedasticity effect exists if probability value of Chi-

Square distribution is smaller than the significance level of 0.05. If the opposite happens, the residuals have constant 

variance (Lee et al. 2016).   

 

Model specification  

In order to investigate the effect of foreign trade on the economic growth of Nigeria, the model simplification of the 

study is specified as thus; 

        2 

Where: 

, , ,  

. 

Econometrically, the linear form of the model can be expressed as: 

      3 

  

By log-linear transformation, we re-write the model in equation (2) as below;  

     4 

Where: 

,  

 

Vector Error Correction Model (VECM) 

 

Model Estimation 

The p-dimensional multivariate time series  follows VAR (k) model with autoregressive order of k such as: 

      5 

Where;  is a k-vector of constants  are  matrices of coefficients  is 

multivariate white noise MWN ( ).  

By assumption, let equation (4) be I(1) of order 1, then subtract  from both sides in it. 

     6 

Where; 

          7 

Substituting equation (6) into equation (5) becomes;  

      8 

Furthermore, subtract and add in equation (7) from the right hand side; 

    9 

Subtract and add as well, in equation (8) from the right hand side becomes; 
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       10 

However, all the above equation implies: 

           11 

According to Kempthorne (2013), deduced that VAR(k) model for  is a VEC model for . Whereof, 

finalized that VAR(k) model for I(1) and the VECM model for  is I(0).   

     12 

In which,  

        13 

         14 

 

Method Estimation of Vector Error Correction Model 

By definition, the matrix is of reduced rank  and either; rank ( , and  which shows no co-

integration relationship. Consequently if rank( 0, then  deduced a co-integration relationship where rank( )=r 

with  re-written equation (12) as; 

    15 

Where,   

       16 

And 

       17 

Then by substituting equation (14) into equation (11), we have; 

       18 

Where  and  are both called a loading matrix for each  matrices of full rank r. However, the columns of  

define linearly independent vectors which co-integrate  and decomposition of   is not unique.  

Hence, for any invertible matrix , then; 

       19 

 and =      20  

Therefore, substituting equation (16) and (17) into equation (11) becomes; 

     21 

    22 

Thence, equation (22) is the vector error correction model (VECM), where each equation is an error correction 

model.  

 

Johansen-Juselius Co-Integration Test Approach 

By given the specification of the deterministic term in the vector error correction model in equation (22), we test for 

the rank  of   using two sequential statistical tests such as: 

i. Trace Test:  

The likelihood ration statistics is; 

 

 
       23 

We start with and there is no co-integration against However, showed 

that there is at least one co-integration. 
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 takes large values   is rejected when the “Sum” of the remaining eigenvalues 

is large.  

Nevertheless, if  is: 

I. Large (say≈1), then  is large 

II. Small (say≈0), then  ≈ 0.  

 

ii. Maximum Eigenvalue Test: 

 

 
Whereby show statistically; .   24  

We start with and there is no co-integration against However, in case 

where  showed that co-integration is rejected. Hence, we have to conclude that there are , which 

means that co-integration exist. But at this point, this situation would not fit to the main assumption of I(1) VARS.  

 

Results and Discussion. 

Diagnostic check 

Table 1:  Augmented Dickey Fuller (ADF) Unit Root Results  

Variable 
Test @ 

Levels 

ADF Critical Values @ 

levels 

Test @ 1st  

Diff. 

ADF Critical Values @ 

5% 
Remark 

GDP  7.261788 
-3.020686 

 (1.0000) 
-0.409038 

-3.029970  

[0.8889] 
- 

IMP -1.666708 
-3.020686  

(0.4319) 
-4.251780 

-3.029970  

[ 0.0042] 
I (1) 

EXP -0.065318 
-3.065585 

 (0.9379) 
-3.430785 

-3.081002  

[0.0266] 
I (1) 

ER 1.745838 
-3.052169 

 (  0.9992) 
-2.355470 

-3.029970  

[ 0.1664] 
- 

Source: Extracted from E-views, version 9.0 

 

The result of the ADF unit root stationarity test in tables 2, showed import (IMP) and export (EXP) variables were 

stationary at levels since their respective P-values of 0.0042 and 0.0266 < 0.05 significance level with an order 1 

(I(1)) integration. More so, Gross Domestic Product (GDP) and Exchange Rate (ER) was achieved at second order 

differencing since the P-values of 0.8889 and 0.1664 at first differencing were higher than 0.05 level of significance. 

This resulted in modified ADF breakpoint unit root test of table 4.1.1. Since co-integration cannot be achieved when 

our variable(s) is/are I(2) .   

 

Table 2: ADF Structural Breakpoint; Innovation Outlier 

Variable Test @ Levels ADF Critical Values Test @ 1st  Diff. ADF Critical Values @ 5% Remark 

GDP -2.162077 
-4.859812 

(0.99) 
-9.403869 

-4.859812 

[< 0.01] 
I (1)  

ER -4.836140 
-4.443649 

(0.0159) 
- - I (0) 

Source: Extracted from E-views, version 9.0 

 

Result of the structural break point in table 3 deduced the achievement of stationarity at single structural breakpoint 

in 2014 for Gross Domestic Product and 2010 for Exchange Rate since their respective absolute test statistic are at 
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first differencing are higher than the ADF critical values at 5% level of significance. Stationarity was achieved at first 

differencing indicates an order 1 (I (1)) integration.  

Table 3: Johansen Co-Integration Result 

Hypothesized 

No. of CE(s) 
Eigen Value 

Trace 

Statistics 

0.05 

Critical 

Value 

Prob.** 

Max-

Eigen 

Statistic 

0.05 

Critical 

Value 

Prob. ** 

 Unrestricted Co integration Rank Test (Trace) 
Unrestricted Co integration Rank Test 

(Maximum Eigenvalue) 

None *  0.82401  75.7211  47.85613  0.0000  33.0096  27.5843  0.0091 

At most 1 *  0.78120  42.7115  29.79707  0.0010  28.8724  21.1316  0.0033 

At most 2 *  0.51691  13.8391  15.49471  0.0875  13.8234  14.2646  0.0586 

At most 3  0.00083  0.01572  3.841465  0.9001  0.01572  3.84147  0.9001 

 Trace & Max-eigenvalue test indicates 3 co-integrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values 

Source: Extracted from E-views, version 9.0 

 

After the unit root tests and lag order selection criteria, the study proceeded to test for the existence of any co-

integration among the model equation. The Johansen and Jesulius (1992) co-integration approach was employed to 

determine whether there is a co-integrating relationship between Economic Growth (GDP), Exchange Rate, Export, 

and Import.  This method utilized both the trace and maximum Eigen statistic in determining the significance or 

otherwise of the co-integrated series as suggested by the unit root results. Evidence from the trace and maximum 

Eigen statistic as shown above indicated three co-integrating equations for both statistics (P-values <5% significance 

level). The existence of a co-integrated series from the result above thus implies the existence of possible long-term 

equilibrium relationships among the variables over time. 

 

Table 4: Normalized Co-Integrating Coefficients 

Variables Coefficients T-statistics 

Log likelihood  

= -620.5843 

ER 

 

-97.72226  

 

(27.5615) 

EXPORT 
           -6.866917  

 
(2.70863) 

IMPORT 
-2.779241  

 
(1.94804) 

Standard error in parenthesis ( ) 

Source: Extracted from E-views, version 9.0 

 

   
Table 5 above, reveals a significant long run relationship between Exchange Rate, Export, Import and Economic 

growth in Nigeria. Specifically, percentage-point increase in Exchange Rate (ER), Export (EXP), Import (IMP) tend 

to 97.72226, 6.866917 and 2.779241 decremented change in Nigerian economic growth holding other factors at 

constant. By indication, this showed that the degree of the responsiveness of economic growth to changes in ER, 

EXP and IMP are negatively inclined within the scope of the research study. 
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Table 5: Long Run Estimates 

 lnGDPt-1 lnERt-1 lnEXPt-1 lnIMPt-1  C 

ECTt-1 1.0000 -1.552691 -0.338553 -0.630494  6.599081 

Standard Errors  (0.14980) (0.11867) (0.12682)   

T-statistics  [-10.3649] [-2.85296] [-4.97165]   

The co-integrating equation and long run model is specified as 

    (25) 

Substituting the model coefficients, we have 

 

 The long run estimates as shown in table 6 reveals that a percentage-point increase in Exchange Rate, Export, and 

Import are associated with to 1.552691, 0.338553, and 0.630494 decremented change in Gross Domestic Product on 

average ceteris paribus in the next one year.  

Table 6: Vector Error Correction Estimates 

Error 

Correction:  (ln(GDP)  (ln(ER))  (ln(EXP)) (ln(IMP)) C 

      
CointEq1 -0.299592  0.424935 -0.506169  0.513125  0.066674 

S.E  (0.18943)  (0.25471)  (0.46703)  (0.58693)  (0.04455) 

T-statistics [-1.58155] [ 1.66834] [-1.08380] [ 0.87426] [ 1.49646] 

R-square = 0.476838 Adj. R-squared = 0.275622  AIC = -2.512157 

Source: Extracted from E-views, version 9.0 

    

 
 0.066674  

The long run coefficients form allows for the determination of the short run adjustment process towards the long run 

equilibrium state in the system known as the error correction modeling as written in equation. The result of the error 

correction term in table 7 suggests that the previous premium deviation from long run equilibrium in ln(GDP) is 

corrected as an adjusted speed of 30%. That is, a percentage change in ln(ER) is associated with 42% decrease in 

GDP on average ceterus paribus in the short run. While, a percentage change in ln(EXP) is associated with 51% 

increase in GDP on average ceterus paribus in the short run. Hence, a percentage change in ln(IMP) is associated 

with 42% decrease in GDP on average ceterus paribus in the short run. This however implies that, Economic growth 

has the inertial of adjusting back to a state when acted upon by external forces.  
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Table 7: Pairwise Granger Causality Tests   

    
     Null Hypothesis: Obs F-Statistic Prob.  

    
     ER does not Granger Cause GDP  20  7.79839 0.0125 

 GDP does not Granger Cause ER  3.25323 0.0890 

    
     EXPORT does not Granger Cause GDP  20  0.45025 0.5112 

 GDP does not Granger Cause EXPORT  2.91943 0.1057 

    
     IMPORT does not Granger Cause GDP  20  1.02817 0.3248 

 GDP does not Granger Cause IMPORT  0.48875 0.4939 

    
     EXPORT does not Granger Cause ER  20  0.00091 0.9763 

 ER does not Granger Cause EXPORT  16.1126 0.0009 

    
     IMPORT does not Granger Cause ER  20  1.30310 0.2695 

 ER does not Granger Cause IMPORT  0.40399 0.5335 

    
     IMPORT does not Granger Cause EXPORT  20  12.7346 0.0024 

 EXPORT does not Granger Cause IMPORT  0.03408 0.8557 

    
    

Source: Extracted from E-views, version 9.0 

 

To determine the direction of causality between the variables, causality test was performed on the variables as indicated 

in table 8. A causality test states that if the probability value of the estimate is higher than 5% (0.05) level of 

significance, we accept the null hypothesis, and vice versa. The result of the granger causality test showed that 

exchange rate (ER) does not granger causes gross domestic product (GDP) while gross domestic product (GDP) 

granger causes exchange rate (ER) showing that there is a uni-directional relationship between ER and GDP. 

Consequently, export (EXP) and gross domestic product (GDP) granger cause each other showing that there is a bi-

directional relationship between EXP and GDP. The result also showed import (IMP) and gross domestic product 

(GDP) granger cause each other as well showing that there is a bi-directional relationship between IMP and GDP. 

Furthermore, export (EXP) granger causes exchange rate (ER) while exchange rate (ER) does not granger causes export 

(EXP) showing that there is a uni-directional relationship between EXP and ER. However, import (IMP) and exchange 

rate (ER) granger cause each other showing that there is a bi-directional relationship between IMP and ER. Hence, 

import (IMP) does not granger causes export (EXP) while export (EXP) granger causes import (IMP) showing that 

there is a uni-directional relationship between IMP and EXP.  
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Adequacy Test 

Table 8: VEC Residual Normality Tests 

Component Jarque-Bera 

Degree 

of 

freedom Prob. 

    
    1  0.880827 2  0.6438 

2  0.067849 2  0.9666 

3  0.879002 2  0.6444 

4  0.484733 2  0.7848 

    
    Joint  2.312411 8  0.9699 

    
Source: Extracted from E-views, version 9.0 

 

Apparently in table 9, we failed to reject the normality test of Vector Error Correction residual since the joint 

Jarque-Bera of 2.312411 with 8 degrees of freedom and P-value 0.9699 > 0.05 level of significance. 

Table 9:   VEC Residual Heteroskedasticity Tests: No Cross Terms (only levels and squares) 

   Joint test:  

   
   Chi-sq Degree of freedom Prob. 

      
 110.2700 100 0.2268 

   
Source: Extracted from E-views, version 9.0 

 

Heteroscedasticity check of no cross terms in the VEC residual can be depicted from table 10 above. This indicates 

the residual term are homoscedastic  

since the Chi-square of 110.2700 with P-value 0.2268 > 0.05 significance value. Joint homoscedasticity of the 

residual showed that the residual of the fitted VEC model has zero mean and constant variance.  

Conclusion and Recommendations. 

The empirical investigation of this study showed the relationship between the Economic growth and its export, 

import and exchange rate which covered the period of 1999 to 2019. The study also proved that foreign trade 

generally is and will remain one of the most effective and essential tools for economic growth in Nigeria. Based on 

the findings, it shows that the country is more import-oriented than exports while there is a high volatility in our 

exchange rate which could be sickening in the future. Policy recommendation from the government could change 

that adverse effect by enabling an atmosphere for quality promotion of trade, enhancing more indigenous citizen to 

produce more and more exportable commodities, granting soft loans to intending producers, also granting the local 

producers tax evasion for the first 5 years as a boost. Government should also lower export tariffs and increase 

import tariffs so as to encourage more exports and reduce the overdependence on import goods because export is 

found to have a far positive effect on economic growth of Nigeria. On a final note, the Nigerian government should 

invigorate domestic investment through the intensification of gross capital formation as it surely boosts the 

economic growth of the nation. 
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