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Abstract 

This paper examines the impact of external debt stock on economic growth in Nigeria from 1980 

to 2019 the study employs a VECM MODEL of a VAR MODEL as well as GRANGER 

CAUSALITY TEST, among the variables used in the model external debt stock was not directly 

used as a variable in the model rather an indicator variable called debt overhang variable was 

used and be measured as a ratio between external debt stock and gross domestic product as well 

as an indicator variable term crowding out effect variable which was measured as a ratio 

between foreign debt service payment and export for goods and services, other variables used in 

the model include investment, exchange rate, gross domestic product and dummy variable which 

is used to examine the influence of debt relief on investment and economic growth if any. The 

result of the model has been satisfactorily with residual diagnostic test satisfactorily, the long 

run relationship was closely examined in which the error term established a presence of 

cointigration but the estimation of VECM have not indicate any reconciliation of short run and 

long run disequilibrium, meaning there is no short run explanation on the influence of the 

variables of interest, the paper null hypothesis were accepted especially through lung run 

causality test using pairwise granger causality test.  thus, the paper has concluded that external 

debt through its indicators such as debt overhang can impact on investment but fail to show any 

positive impact on economic growth and therefore recommends that debt stock should not be 

allowed to growth beyond management level this is supported evidently with debt relief of the 

year 2005.      

Keywords: VECM, EXTERNAL DEBT, DEBT OVERHANG, CROWDING OUT EFFECT 

AND LGDP.  

Introduction 

Nigerian economy had a brilliant growth following the oil boom of the early 70s. the country‟s 

external debt profile experienced a dynamic change after the late 1978 oil glut, a phenomenon 

that led the country to witnessed a low economic growth and a low per capita income , with low 

domestic savings to meet the developmental need for the country,  pressure was then exerted on 

government finances and it becomes necessary to borrow for financing development project, 
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When government want to finance huge capital project whose gestation period is long, domestic 

resources are usually not the best option, as they are usually inadequate and short term in nature. 

Most of such project are financed through external resource secured through borrowing. External 

borrowing therefore constitutes a major source of financing government expenditure not only for 

Nigeria, but globally (Adepoju Salau and Obayelu- 2007). Gyong (2014) upholds the position of 

Igbi (2010) that the Nigerian government persistently had budget deficits and so needed 

domestic and external financing The persistent deficits arose because the economy was heavily 

dependent on oil revenue which was very volatile.  

Foreign debt obtainable from multilateral institutions like IMF and world bank; Paris club, 

London Club, and host of others, is a veritable source of government revenue in Nigeria. This 

could be buttress by the fact that Nigeria‟s debt stock as a percentage of the federally collected 

revenue is 17.5%, 17.4% and 14.2% for the years 1981, 2003 and 2013 respectively. The debt 

stock as a percentage of GDP stand at 2.47%, 17.73% for 1981 and 2003 respectively (CBN 

2014) this unequivocally, exposes the fact that external debt plays key role in financing 

government expenditure in Nigeria and has significant implications on the country‟s economic 

growth. The Nigeria‟s public debt becomes serious issue in recent times especially earlier to the 

period of the debt forgiveness because of its magnitude and the amount which was required to 

service such debt and its attendant effects on the growth of the economy. In 2005, Nigeria 

external debt was US$ 34 billion (an equivalent of #2.7 trillion) of which about $28 billion or 

85% was owed to the Paris club of fifteen creditor nations (Emmanuel 2012). Although the 

government successfully negotiated debt forgiveness and exist from Paris club and Landon club 

of creditors resulting in the fall of external debt from #2.7 trillion in 2005 to less than #451.46 

billion in 2006, there was a spike in the external debt to #1.03 trillion in 2011 and #2.111 trillion 

in 2015 as well as at June 2016 external debt stock stood at $41.162 billion after three years 

when the borrowing plan would have been fully executed.  

Empirical evidence has suggested that high external debt burden impacts negatively on economic 

growth, Iyoha [2003] confirmed that an excessively high stock of external debt depresses 

investment and lowers the rate of economic growth. 
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Statement of Problem 

Over $32 billion were used to service the huge accumulated foreign debt between 1985 and 2001 

(DMO,2006) as such Nigeria government has articulated strategies to bring about debt reduction 

so that the high debt stock and associated crushing debt service burden would not impacted too 

negatively on economic growth.  Appropriate strategies to reduce the debt overhang which has 

been with the country since 1980s becomes a focus of the policies of all past government. This 

calls for the need to properly examine a reduction of the debt overhang and „crowding out‟ effect 

of external debt on economic growth after government has sought the forgiveness of the 

country‟s external debt in the year 2005. Issues surrounding Nigeria‟s external debt raise the 

following questions for consideration: What are the implications of the changing structure and 

component of Nigeria‟s external debt on economic growth? What lesson exist on external debt as 

regard to debt overhang and crowding out effect for Nigeria after its debt relief in the year 2005? 

What are the factors that determine the raising external debt after the debt relief?  What can be 

done to ameliorate the contributions of Nigeria external debt to economic growth.  

The main objective of the study is to determine whether external debt relief has significant 

relationship with economic growth and investment in Nigeria; Other specific objectives include 

to. Examine the effect of external debt stock on investment and economic growth, Analyze the 

existence of debt overhang and crowding out effect over the period of the study and Assess the 

impact of macroeconomic exogenous factors such as exchange rate and investment on external 

debt after 2005 debt relief. 

The hypothesis that remain with this paper are: External debt stock does not affect investment 

and economic growth after the debt relief in Nigeria, Debt overhang and debt crowding out effect 

does not exist after the debt relief in the year 2006 and macroeconomic exogenous factors such 

as exchange rate and investment does not affect raising external debt after 2005 debt relief. 

Literature review  

External debt used interchangeable with foreign debts are debt incurred when the government of 

the country borrow from foreign banks, government and international institutions like IMF, 

world bank, Paris Club of creditors, London club of creditor etc. Economic growth refers to a 

long term rise in a country‟s capacity to supply increasingly diverse economic goods to its 
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populations. This growing capacity is based on advancing technology, the institutional and 

ideological adjustment that it demands. It refers to increasing real output or real per capita output 

of economy. Economic growth in a nutshell is the rate of change in output realized by an 

economy over time. 

The Krugman‟s (1988) debt overhang hypothesis may best be suitable as a foundation for this 

study the hypothesis basically indicates that the accumulated debt act as a tax on future output, 

discouraging productive investment plan of the private sector and adjustment effect on the part of 

government. The hypothesis belongs to the group of moral hazard interpretation of the current 

debt crisis it provides disincentive for adjustment, to illustrate the debtor‟s decision on to invest 

or to consume we use two period model. The economy inherits a given stock of debt in the first 

period which must be service in the second period the decision in first period is to consume or 

invest the latter yielding a return in the second period which serves to pay back the debt and to 

consume. This decision is presumed to be biased towards consumption in the presence of debt 

overhang.  the debt overhang may act as a tax on the debtor‟s consumption in the second period, 

this is because for over indebted countries debt service does not depend on scheduled interest 

and amortization anymore, but is linked to their economic performance via arrears and 

involuntary lending. If a debtor is only servicing part of his debt, reduced consumption in first 

period is not offset by higher consumption in the future because the creditor would reap all or 

most of the benefits of that adjustment effort. 

Consequently, it does not pay to invest the country will instead consume its resources in first 

period and will then default upon its debt. Hence the conclusion that debt relief would increase 

the incentive of a debtor country to make an adjustment effort (to invest), because it would leave 

a larger share of the benefits from investment to the debtor, debt would be in the interest of both 

debtor and creditor since now at least part of the debt is repaid. 

Empirically, Sophia (2012) set forth to provide an in-depth understanding of the economics of 

the debt in Nigeria. This study aims at analysis the effectiveness of external debt on economic 

growth of 1981 – 2010. the broad object of this work is specified to evaluate the impact of 

external debt stock and debt serving on economic growth. In all, the model was to show the 

growth relationship between the dependent variables-inflation rate, exchange rate, interest rate, 

government expenditure, external debt stock and external debt service and the dependent 
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variable – gross domestic product (GDP). The engle and granger cointegration and ordinary least 

square (OLS) were employed in the cause of this studies. The augmented dickey fuller test 

(ADF) shows that the variables are stationary and reliable for forecasting. The choice of OLS is 

most appropriate for the study in terms of goodness of fit and significance of regression 

coefficients. The result of the analyses showed that rising external debt stock inhibits the pace of 

economic growth of Nigeria by increasing the cost of its servicing beyond the debt sustainability 

limit while external debt servicing was found not impair economic growth.  

Kasidi said (2013) investigated the impact of external debt on economic growth of Tanzania for 

the period of 1990 – 2010. The study used time series data on external debt and economic 

performance. It is assumed that external debt helps developing country to meet developing 

needs. While debt service seeks development by restoring credibility to existing and new 

creditors. The study revealed that there is significant impact of the external debt and debt service 

on GDP growth. The total external debt stock has a positive effect of about 0.36939 and debt 

service payment has a negative effect of about 28.517. long run relationship the co-integration 

test shows that there is no long run relationship of the external debt and GDP. Conclusively. 

Study calls for further research to identify the impact of external debt on foreign direct 

investment and the impact of external debt on domestic revenues.  

Ayadi and Ayadi (2008), investigates the impact of the huge external debt, with its servicing 

requirements, on economic growth of Nigeria and south African economies. The external debt of 

Nigeria and south Africa are analyzed in a new context utilizing traditional, but innovative, 

model and economic techniques. The neoclassical growth model, which incorporate external 

sector, debt indicator, and some macroeconomic variable, is employed in this study to explore a 

linear, as well as non-linear effect of debt on growth and investment. Both ordinary least square 

(OLS) and generalized least square (GLS) are employed in analysis. Among other test results, 

the negative impact of debt (and its servicing requirements) on growth is confirmed in Nigeria 

and south Africa. However, south Africa performs better than Nigeria in the growth of external 

loans to promote growth. In addition, external debt contributes positively growth up to a point 

after which its contribution becomes negative Nigeria (reflecting the presence of non-linearity 

effect).  
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Gyong (2014) examined the impact of external debt on economic growth in Nigeria for period 

1980 to 2011, with emphasis on some selected sectors. Using error correction model (ECM) on 

variable closely tied to external debt and GDP, the study reveals that in the short run total 

external debt and total debt service negatively affected economic performance, and that total 

external debt has a negative impact on per capital income. Findings at the disaggregated level, 

indicate that debt has a positive impact on agriculture, industry, and infrastructure. It concludes 

that increasing external borrowing would reduce the pace of economic activities in Nigeria.  

Abdullahi Aliero and Abdullahi 2013) analyses the relationship between external debt and 

economic growth in Nigeria, using time series data for period 1970 – 2009. The study applies a 

number of econometric technique such as: unit root test, cointegration test granger causality test. 

Result from this study show that all the variables are stationary at first differenced and integrated 

of order 1(1) which allows for Johansen cointegration test and the result of the test depicts a long 

lung run relationship between real GDP and external debt as well as government expenditure. 

Thus, the null hypothesis that there is no significant long run relationship rejected and alternative 

is accepted. However, the granger causality test result showed that, there is no short run 

relationship between external debt and economic growth in Nigeria. This study concludes that 

the non-existence of long run relationship between external debt and economic growth in Nigeria 

indicate that increase in external debt result to decrease in GDP.  

These previous studies have revealed inconclusive result even though they have centered on 

single theme and objective that is the impact of external debt on economic performance, the 

result is still mix, that have suggested the need for further study to the topic. Furthermore, out of 

the concluded studies only few attempt to check the granger causality, in addition most of the 

studies in this subject have failed to test different indicators as variables to measuring the impact 

of external debt such as debt overhang and debt crowding out effect as alternative measure of 

external debt, to examine its impacts on economic growth and finally only few studies have 

examined the effect of Nigerian 2005 debt relief on economic growth and investment. Hence this 

call the present paper to identify with these alternative variables as measure of external debt as 

well as to use debt relief as a dummy variable to find out its effect on economic growth, and 

hence the need for the paper objectives as made mentioned above.      
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Methodology 

The vector autoregression (VAR) framework which is made up of six variables: real Gross 

Domestic Product (GDP), investment (capital stock), Exchange rate (EXR), Debt overhang 

variable measured as (EDS/GDP), and Crowding out effect variable measured as (FDS/X) and 

Debt relief (DUMMY) will be estimated.   

The Model;  

      ((  )
   

    
 (   )

    

 
             )           …………        (1)  

Where; 

DO (EDS/GDP) = Debt Overhang, 

EDS = External Debt Stock, 

 LGDP= Gross Domestic Product, 

COE (FDSP/X) = Crowding Out Effect,  

FDSP = Foreign Debt Service Payment 

X = Export of Goods and Service,  

INVT = Investment,  

EXR = Exchange Rate  

DUM = Debt Relief (Dummy Variable),  

Recall that the VAR model can be frame in the form below, 

                                                                                                   .3 

The estimation techniques, this study follows the procedure of Krugman‟s (1988) to employ a 

Vector Error Correction Model (VECM), a VECM is estimated based on unit root and 

cointegration tests, normality, autocorrelations, heteroscedasticity, model specification tests to 

best suit the specifications.  
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If the series are cointegrated, it means, there is a long run or equilibrium relationship between 

them. Then the study will employ Error Correction Model - ECM (and in a VAR framework, 

VECM) - to corrects for the disequilibrium. Granger representation states that if two variables   

and   are cointregrated, the relationship between the two can be expressed as ECM (in a VAR 

framework – VECM) as 

                                                                                        ….     

Such that, 

                                                                                        ….. 

Where:     

    (         )   for            is the matrix product     with   and   being of 

dimension (   ) and of rank r. And that matrix   is called a cointegration vector and   is 

sometimes called the loading matrix. The factorization       only identifies the space spanned 

by the cointegrating relations, to obtain unique values of   and   requires further restrictions on 

the model. The above VECM equation (.2) can be estimated by maximum likelihood (ML) 

taking the rank restriction for        into account.   

Results   

The study makes use of Augmented Dickey- Fuller unit root procedure to test for non-

stationarity of the underlying time series. The ADF test shows the null hypothesis of unit root 

against the alternative of stationarity of the series. It shows the results of the ADF test including 

intercept trend and intercept in the regression. The results show that all the variables contain unit 

root. However, Stationarity is achieved after first differencing of the variables. Hence, the study 

conclude that all the variables are integrated of order I(I), an indication of possible long run 

relationship among the variables. 

                                           Table 1: ADF UNIT ROOT TEST 

Variables ADF Statistics (Computed) 5% Critical Value Remark 

          Levels 

t-stat 

 

critical-value 

        1
st
diff 

t-stat 

   

criticavalue 

 

COE  -3.0684 -3.552973 -3.6202** -3.540328  

DO    -2.5490 -3.529758 -5.7623** -3.533083  
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DUMMY 

EXR 

GDP 

INVT 

-2.0438 

-0.7835 

-2.4424              

-3,0951 

-3.533083 

-3.529758 

-3.533083 

-3.529758 

-6.1210** 

-6.7625** 

-4.7101** 

-5.7455** 

-3.533083 

-3.533083 

-3.536601 

-3.533083 

 

     Source: Computed by authors using E-views   and **implies 5% significant levels 

 

To test the hypothesis regarding the number of co-integrating vectors, the Johansen co-

integration procedure performs two tests-Trace (λtrace) and Max-eigenvalue (λmax). Both Trace 

test and Max-Eigen value statistics indicate one co-integrating equation at 5% level of 

significance. Based on this, we can reject the null hypothesis (Ho) which says that there are no 

co-integrating vectors and conclude that the variables under consideration are bound together by 

long-run equilibrium relationship under the assumption of no deterministic trend (Table 2). 

Table 2: Johansen Cointegration Test  

Null Hypothesis Trace Statistic  

Critical Value at 

5% Null Hypothesis 

Maximum Eigen 

Statistic 

Critical Value at 

5% 

r=0* 110.28 95.75 r=0* 41.54 40.07 

r≤1 68.74 69.81 r≤1 24.97 33.87 

r≤2 43.76 47.85 r≤2 21.37 27.58 

r≤3 22.39 29.79 r≤3 15.16 21.13 

r≤4 7.23 15.49 r≤4 6.63 14.26 

r≤5 0.59 3.84 r≤5 0.59 3.84 

 

In order to restrict the long-run behavior of the endogenous variables to converge to their co-

integrating relationships while allowing for short-run adjustment dynamics, we estimate the 

Error Correction Model (ECM). An Error Correction Model is designed for use with non-

stationary series that are known to be co-integrated.  (see appendix). 

The negative and significant coefficient of the error correction term (ECM) reveals which of the 

variables adjust to correct imbalance in the dependent variables whilst the variable coefficients 

show the short-run effects of the changes in the explanatory variables on the dependent variable. 

The results confirm that both GDP and INVESTMENT in Nigeria has an automatic mechanism, 
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and deviations from equilibrium are corrected in the short run. The speed of adjustment of about 

-0.12 for economic growth (GDP) and -0.44 for investment (INVET) indicates that when GDP or 

investment is above or below its equilibrium level, it adjusts by 12% or 44% within the first year. 

Therefore, the pace of adjustment toward the equilibrium is fast in case of any shock to GDP, the 

relationship between economic growth and external debt is depicted in table (3) (see appendix). 

For instance, economic growth (LGDP) as dependent variable is statistically insignificant 

especially with the explanatory variables such as debt overhang, crowding out effect, investment 

coefficients and exchange rate coefficient is statistically significant at 5% level.  At the other 

end, when INVESTMENT (INVET) is the dependent variable, crowding out effect (COE) is 

statistically significant. The variable debt overhang is negative and insignificant. The negative 

coefficient implies that the presence of debt overhang is negatively correlated with the amount of 

economic growth, which is expected.  

From the table (3), it was observed that the model was of good fit and appropriate for the 

analysis. The result obtained from the dynamic model indicates that the overall coefficient of 

determination (R2) shows that 27.66 and 40.02 percent variations of (LGDP) and (INVET) are 

explained by the variables in the equation.  The adjusted R-squared for the independent variables 

shows that having removed the influence of the explanatory variables, the dependent variable is 

still explained by -13.22 percent for (LGDP) and 0.66 for (INVET) of the model. The 

insignificant value of the F-Stat further confirmed the unfitness of the model. The Durbin 

Watson Statistics was close to 2.0, for (LGDP) was an indication that there was no serial 

correlation in the model and hence, the assumption of linearity is not violated. 

Other diagnostic checks were also carried out to see if there is a problem in the residuals from 

the estimation of a model, which is an indication that the model is not efficient, such that 

parameter estimates from such model may be biased. Results from various tests such as, the 

Breusch-Pagan-Godfrey serial correlation LM test, the Breusch-Pagan-Godfrey 

heteroskedasticity and autoregressive conditional heteroskedasticity(ARCH) tests in this study 

are presented. see appendix 

Our results show that the residual from the error correction model is normally distributed 

because the P-value of the series was insignificant. The null hypothesis of no serial correlation as 

confirmed by Serial Correlation LM Test cannot be rejected since the test statistics are also not 

significant. The tests also confirm the absence of heteroskedasticity using both the Breusch-
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Pagan-Godfrey heteroskedasticity and ARCH tests, hence indicating that the model is well 

behaved. 

Granger Causality Test 

Granger-Causality test helps determine the pattern of relation between the explanatory variables 

in the model. This relation can occur in one way or two ways. The relation between external debt 

and economic growth has a one-way relation, which is depicted in Table 4.  

Table 3. Granger causality test 

Pairwise Granger Causality Tests 

Date: 12/21/2020   Time: 09:27 

Sample: 1980 2019  

Lags: 2   
    
     Null Hypothesis: Obs F-Statistic Prob.  
    
     DO does not Granger Cause COE  38  0.71290 0.4976 

 COE does not Granger Cause DO  9.49950 0.0006 
    
     DUMMY does not Granger Cause COE  38  0.37522 0.6900 

 COE does not Granger Cause DUMMY  0.28575 0.7533 
    
     EXR does not Granger Cause COE  38  0.67479 0.5161 

 COE does not Granger Cause EXR  0.04087 0.9600 
    
     GDP does not Granger Cause COE  38  0.65603 0.5255 

 COE does not Granger Cause GDP  0.38064 0.6864 
    
     INVESTMENT does not Granger Cause COE  38  4.53785 0.0182 

 COE does not Granger Cause INVESTMENT  2.04128 0.1459 
    
     DUMMY does not Granger Cause DO  38  0.36119 0.6996 

 DO does not Granger Cause DUMMY  0.97431 0.3880 
    
     EXR does not Granger Cause DO  38  1.42493 0.2549 

 DO does not Granger Cause EXR  0.04895 0.9523 
    
     GDP does not Granger Cause DO  38  0.44829 0.6426 

 DO does not Granger Cause GDP  0.29092 0.7495 
    
     INVESTMENT does not Granger Cause DO  38  2.36589 0.1096 

 DO does not Granger Cause INVESTMENT  2.73010 0.0799 
    
     EXR does not Granger Cause DUMMY  38  1.77519 0.1853 

 DUMMY does not Granger Cause EXR  0.43837 0.6488 
    
     GDP does not Granger Cause DUMMY  38  1.06696 0.3556 

 DUMMY does not Granger Cause GDP  3.11014 0.0579 
    
     INVESTMENT does not Granger Cause 

DUMMY  38  0.56254 0.5751 
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 DUMMY does not Granger Cause INVESTMENT  1.97925 0.1542 
    
     GDP does not Granger Cause EXR  38  6.54577 0.0040 

 EXR does not Granger Cause GDP  3.39709 0.0455 
    
     INVESTMENT does not Granger Cause EXR  38  0.07620 0.9268 

 EXR does not Granger Cause INVESTMENT  10.7863 0.0002 
    
     INVESTMENT does not Granger Cause GDP  38  0.67423 0.5164 

 GDP does not Granger Cause INVESTMENT  3.28017 0.0502 
    
    
 
 
 
 
 

   
 

 

    
 
 

This study has evaluated the causal relationship between external debt and economic growth in 

Nigeria using both output and investment equation, the research questions as hypothesized were 

with the following results. The null hypothesis that External debt stock does not affect 

investment and economic growth after the debt relief in Nigeria, was found as debt overhang 

strongly granger courses investment and debt overhang does not granger courses economic 

growth was accepted. Additionally, the null hypothesis whether crowding out investment effect 

does not granger courses investment and economic growth was as well accepted.  Secondly the 

second hypotheses as to whether debt overhang as well as crowding out effects in investment 

exist after 2005 debt relief, the result have suggested nonexistence of this economic events.  And 

lastly the hypotheses that exchange rate does not granger courses economic growth was rejected 

and on whether investment does not granger courses economic growth the paper have accepted 

that.   

Discussion 

The results obtained from the estimation of the model on economic growth and investment has 

indicates that external debt indicators are in line with previous empirical studies that external 

debt through its measures such as debt overhang were found significance on both, economic 

growth and investment model and crowding out effects on investment was found to be 

insignificant and also positive this tally with the causality result found from the granger causality 

test. And this has contradicted the result found by Iyaho (2003) findings that this variable was 

negative and significant in influencing economic growth and investment even though this has 

supported the kasidi (2013) results as well has tally with present findings that external debt stock 

was negative with investment and moreover it has negative relationship with economic growth 

and therefore depicts to be insignificant in affecting Nigerian economic growth. Secondly it was 
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discovered that debt relief has significant impact on economic growth but with no direct impact 

with investment or found to be insignificant. 

 

Conclusion and Recommendations 

In conclusion this paper has explored the relationship between external debt and economic 

growth in Nigeria using a VAR framework. The results from the analysis showed that all the 

external debt indicators (debt overhang and crowding out effect) have no causal relation with 

growth of the Nigerian economy as well as public investment. Only that the effect of debt relief 

has been pronounced in affecting the Nigerian economy with no direct effect on investment, 

lagged values of GDP were found to be significant in determining the growth pattern in Nigeria. 

This could be traced to the debt relief granted to the country by its in debtors, this finding have 

been consistent with literature.  Furthermore, the paper recommends as follows:  that debt stock 

should not be allowed to growth beyond management level this is supported evidently with debt 

relief of the year 2005.      
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Appendix 

Date: 01/19/07   Time: 13:07     

     

Sample (adjusted): 1982 2019     

Included observations: 38 after adjustments    

Trend assumption: Linear deterministic trend    

Series: COE DO DUMMY EXR GDP INVESTMENT     

Lags interval (in first differences): 1 to 1    

       

Unrestricted Cointegration Rank Test (Trace)    
       
       Hypothesized  Trace 0.05    

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**   
       
       None *  0.664889  110.2842  95.75366  0.0034   

At most 1  0.481723  68.73905  69.81889  0.0607   

At most 2  0.430189  43.76373  47.85613  0.1150   

At most 3  0.328978  22.39059  29.79707  0.2773   

At most 4  0.160172  7.230383  15.49471  0.5510   

At most 5  0.015592  0.597175  3.841466  0.4397   
       
        Trace test indicates 1 cointegrating eqn(s) at the 0.05 level   

 * denotes rejection of the hypothesis at the 0.05 level   

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

       

       

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)   
       
       Hypothesized  Max-Eigen 0.05    

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**   
       
       None *  0.664889  41.54513  40.07757  0.0339   

At most 1  0.481723  24.97532  33.87687  0.3867   

At most 2  0.430189  21.37314  27.58434  0.2543   

At most 3  0.328978  15.16021  21.13162  0.2778   

At most 4  0.160172  6.633208  14.26460  0.5334   

At most 5  0.015592  0.597175  3.841466  0.4397   
       
        Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level   

 * denotes rejection of the hypothesis at the 0.05 level   

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

       
 
 

Dependent Variable: D(GDP)   

Method: Least Squares (Gauss-Newton / Marquardt steps) 

Date: 01/31/07   Time: 11:33   

Sample (adjusted): 1983 2019   

Included observations: 37 after adjustments  

D(GDP) = C(1)*( GDP(-1) - 204.110931892*DO(-1) - 187.910529979 

        *DUMMY(-1) + 3091.491554*COE(-1) - 2.11860584371*EXR(-1) + 

        45.7731145552*INVESTMENT(-1) - 595.624581446 ) + C(2)*D(GDP( 

        -1)) + C(3)*D(GDP(-2)) + C(4)*D(DO(-1)) + C(5)*D(DO(-2)) + C(6) 

        *D(DUMMY(-1)) + C(7)*D(DUMMY(-2)) + C(8)*D(COE(-1)) + C(9) 

        *D(COE(-2)) + C(10)*D(EXR(-1)) + C(11)*D(EXR(-2)) + C(12) 

        *D(INVESTMENT(-1)) + C(13)*D(INVESTMENT(-2)) + C(14) 
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      Coefficient Std. Error t-Statistic Prob.   
     
     C(1) -0.126158 0.068761 -1.834737 0.0795 

C(2) 0.224063 0.278608 0.804223 0.4295 

C(3) 0.119482 0.288259 0.414495 0.6824 

C(4) 6.789593 62.60723 0.108447 0.9146 

C(5) 20.07275 60.01226 0.334477 0.7411 

C(6) 4.324215 49.89037 0.086674 0.9317 

C(7) 55.38487 50.50739 1.096570 0.2842 

C(8) -30.50223 385.1750 -0.079191 0.9376 

C(9) 372.9553 330.5498 1.128288 0.2708 

C(10) -0.126963 0.455089 -0.278984 0.7828 

C(11) -0.154005 0.449547 -0.342578 0.7350 

C(12) -0.646025 3.919810 -0.164810 0.8705 

C(13) -3.486653 4.343416 -0.802744 0.4303 

C(14) 9.127087 12.12635 0.752666 0.4593 
     
     R-squared 0.276605     Mean dependent var 11.59243 

Adjusted R-squared -0.132270     S.D. dependent var 44.36537 

S.E. of regression 47.20838     Akaike info criterion 10.82835 

Sum squared resid 51258.53     Schwarz criterion 11.43789 

Log likelihood -186.3245     Hannan-Quinn criter. 11.04324 

F-statistic 0.676502     Durbin-Watson stat 1.917991 

Prob(F-statistic) 0.765249    
     
     

 
 
 

Dependent Variable: D(INVESTMENT)  

Method: Least Squares (Gauss-Newton / Marquardt steps) 

Date: 01/26/07   Time: 10:46   
   
   

   

Sample (adjusted): 1983 2019   

   
Included observations: 37 after adjustments  

D(INVESTMENT) = C(1)*( INVESTMENT(-1) - 4.45918819104*DO(-1) + 

        67.5394624997*COE(-1) + 0.0218468856602*GDP(-1) - 

        4.1052598628*DUMMY(-1) - 0.0462849396267*EXR(-1) - 

 

        13.0125421273 ) + C(2)*D(INVESTMENT(-1)) + C(3)*D(INVESTMENT( 

        -2)) + C(4)*D(DO(-1)) + C(5)*D(DO(-2)) + C(6)*D(COE(-1)) + C(7) 

        *D(COE(-2)) + C(8)*D(GDP(-1)) + C(9)*D(GDP(-2)) + C(10)*D(DUMMY( 

        -1)) + C(11)*D(DUMMY(-2)) + C(12)*D(EXR(-1)) + C(13)*D(EXR(-2)) + 

        C(14)    
     
      Coefficient Std. Error t-Statistic Prob.   
     
     C(1) -0.440229 0.175039 -2.515034 0.0193 

C(2) 0.188549 0.217996 0.864918 0.3960 

C(3) -0.042528 0.241554 -0.176061 0.8618 

C(4) -0.113829 3.481831 -0.032692 0.9742 

C(5) -0.134702 3.337515 -0.040360 0.9682 

C(6) 4.897327 21.42108 0.228622 0.8212 

C(7) 34.29407 18.38316 1.865516 0.0749 
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Dependent Variable: GDP   

Method: Least Squares   

Date: 01/30/07   Time: 08:53   

Sample: 1980 2019   

Included observations: 40   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 250.0751 63.99318 3.907840 0.0004 

COE -374.4268 172.1846 -2.174566 0.0367 

DO -122.2439 42.12699 -2.901795 0.0065 

DUMMY 225.3874 34.87690 6.462368 0.0000 

EXR 0.370959 0.183059 2.026440 0.0506 

INVESTMENT -8.640712 3.810994 -2.267312 0.0298 
     
     R-squared 0.884158     Mean dependent var 186.7893 

Adjusted R-squared 0.867123     S.D. dependent var 172.6942 

S.E. of regression 62.95108     Akaike info criterion 11.26007 

Sum squared resid 134736.5     Schwarz criterion 11.51341 

Log likelihood -219.2015     Hannan-Quinn criter. 11.35167 

F-statistic 51.90077     Durbin-Watson stat 0.900361 

Prob(F-statistic) 0.000000    
     
     

 
 

Dependent Variable: INVESTMENT  

Method: Least Squares   

Date: 01/30/07   Time: 08:58   

Sample: 1980 2019   

Included observations: 40   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 17.13787 1.342014 12.77026 0.0000 

COE -23.83885 6.533958 -3.648455 0.0009 

DO -5.603072 1.723854 -3.250317 0.0026 

DUMMY 2.114724 2.153267 0.982100 0.3330 

EXR 0.021036 0.007284 2.888009 0.0067 

GDP -0.015200 0.006704 -2.267312 0.0298 
     
     

C(8) 0.008327 0.015494 0.537399 0.5962 

C(9) -0.009683 0.016031 -0.604024 0.5517 

C(10) 0.087670 2.774597 0.031597 0.9751 

C(11) -4.097720 2.808912 -1.458828 0.1581 

C(12) -0.041421 0.025309 -1.636605 0.1153 

C(13) -0.023930 0.025001 -0.957143 0.3484 

C(14) 1.077848 0.674393 1.598248 0.1236 
     
     R-squared 0.403319     Mean dependent var 0.378378 

Adjusted R-squared 0.066065     S.D. dependent var 2.716714 

S.E. of regression 2.625442     Akaike info criterion 5.049708 

Sum squared resid 158.5377     Schwarz criterion 5.659245 

Log likelihood -79.41960     Hannan-Quinn criter. 5.264598 

F-statistic 1.195890     Durbin-Watson stat 1.955779 

Prob(F-statistic) 0.341671    
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R-squared 0.685102     Mean dependent var 14.36550 

Adjusted R-squared 0.638793     S.D. dependent var 4.393115 

S.E. of regression 2.640284     Akaike info criterion 4.917131 

Sum squared resid 237.0173     Schwarz criterion 5.170463 

Log likelihood -92.34262     Hannan-Quinn criter. 5.008728 

F-statistic 14.79427     Durbin-Watson stat 1.220175 

Prob(F-statistic) 0.000000    
     
     

 

 

Heteroskedasticity Test: Breusch-Pagan-Godfrey 
     
     F-statistic 1.257143     Prob. F(5,34) 0.3048 

Obs*R-squared 6.241135     Prob. Chi-Square(5) 0.2835 

Scaled explained SS 5.660080     Prob. Chi-Square(5) 0.3407 
     
          

Test Equation:    

Dependent Variable: RESID^2   

Method: Least Squares   

Date: 01/30/07   Time: 09:04   

Sample: 1980 2019   

Included observations: 40   
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 4.286592 4.755066 0.901479 0.3737 

COE 15.10919 23.15133 0.652627 0.5184 

DO -0.447320 6.108014 -0.073235 0.9420 

DUMMY -2.133396 7.629524 -0.279624 0.7815 

EXR 0.063026 0.025808 2.442071 0.0200 

GDP -0.022059 0.023754 -0.928637 0.3596 
     
     R-squared 0.156028     Mean dependent var 5.925434 

Adjusted R-squared 0.031915     S.D. dependent var 9.508092 

S.E. of regression 9.355137     Akaike info criterion 7.447209 

Sum squared resid 2975.632     Schwarz criterion 7.700541 

Log likelihood -142.9442     Hannan-Quinn criter. 7.538806 

F-statistic 1.257143     Durbin-Watson stat 1.608467 

Prob(F-statistic) 0.304829    
     
     

 
Heteroskedasticity Test: ARCH   

     
     F-statistic 0.659946     Prob. F(1,37) 0.4218 

Obs*R-squared 0.683428     Prob. Chi-Square(1) 0.4084 
     
          

Test Equation:    

Dependent Variable: RESID^2   

Method: Least Squares   

Date: 01/30/07   Time: 09:05   

Sample (adjusted): 1981 2019   

Included observations: 39 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
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     C 4.850163 1.805203 2.686769 0.0107 

RESID^2(-1) 0.154427 0.190094 0.812370 0.4218 
     
     R-squared 0.017524     Mean dependent var 5.639823 

Adjusted R-squared -0.009030     S.D. dependent var 9.456958 

S.E. of regression 9.499558     Akaike info criterion 7.390288 

Sum squared resid 3338.940     Schwarz criterion 7.475599 

Log likelihood -142.1106     Hannan-Quinn criter. 7.420897 

F-statistic 0.659946     Durbin-Watson stat 1.579362 

Prob(F-statistic) 0.421775    
     
     

 
Breusch-Godfrey Serial Correlation LM Test:  

     
     F-statistic 3.751478     Prob. F(2,32) 0.0344 

Obs*R-squared 7.597362     Prob. Chi-Square(2) 0.0224 
     
          

Test Equation:    

Dependent Variable: RESID   

Method: Least Squares   

Date: 01/30/07   Time: 09:06   

Sample: 1980 2019   

Included observations: 40   

Presample missing value lagged residuals set to zero. 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -0.250692 1.250315 -0.200503 0.8424 

COE 3.017600 6.267924 0.481435 0.6335 

DO 0.124182 1.602338 0.077501 0.9387 

DUMMY 0.194181 2.011115 0.096554 0.9237 

EXR 0.001717 0.006796 0.252704 0.8021 

GDP -0.000676 0.006282 -0.107588 0.9150 

RESID(-1) 0.445748 0.185171 2.407232 0.0220 

RESID(-2) -0.379580 0.194435 -1.952216 0.0597 
     
     R-squared 0.189934     Mean dependent var -8.88E-16 

Adjusted R-squared 0.012732     S.D. dependent var 2.465232 

S.E. of regression 2.449488     Akaike info criterion 4.806491 

Sum squared resid 191.9997     Schwarz criterion 5.144267 

Log likelihood -88.12983     Hannan-Quinn criter. 4.928620 

F-statistic 1.071851     Durbin-Watson stat 1.947060 

Prob(F-statistic) 0.403687    
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Series: Residuals
Sample 1980 2019
Observations 40

Mean      -8.88e-16
Median  -0.450635
Maximum  6.346413
Minimum -4.233486
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Skewness   0.735550
Kurtosis   3.510447
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Probability  0.132579

 


