www.irbas.academyirmbr.com July 2023

International Review of Basic and Applied Sciences Vol. 11 Issue.3

Statistical Analysis of Selected Macroeconomic Determinants
by Using ARDL Model: United State Case

MAYSOON A. SULTAN
Assistant Professor of Statistics, Department of Mathematics,
Faculty of Science, University of Hafr Al Batin, Saudi Arabia.
Email: maisona@uhb.edu.sa
Tel: +966554267701

Abstract

This paper aims to study the relation between some selected macroeconomic determinants: Inflation
consumer prices in percent, Foreign Direct Investment in Millions of Dollars, Real Disposable Personal
Income Per Capita in Dollars and Dependent variable; the Gross Domestic Product (GDP) in the United
States, by applying statistical analysis to determine the long-run relationship using Auto Regressive
Distributed Lag (ARDL) Model. The ARDL model was performed during 63 years from 1960 to 2022,
Annual data from Federal Reserve Economic Data. The empirical findings confirmed that there is a long-
run relationship between Gross Domestic Product (GDP) and the selected macroeconomic determinants.
The researcher concludes that there is an existence of cointegration between the variables. The error
correction term is negative with an associated coefficient estimate of (-0.006800). This implies that about
0.68% of any movements into disequilibrium are corrected within one period. Moreover, given the very
large t-statistic, namely (-6.626635), we can also conclude that the coefficient is highly significant with P-
value equals (0.0000), which means that the variables have the ability to overcome the problems they suffer
from, and the ability to correct structural imbalances during the long term.

Keywords: Analysis, Macroeconomic, Determinants, ARDL, and United State.

Introduction

Gross Domestic Product is one of most important economic indicators that has a great impact on nature of
the economic activities, and is a tool of evaluating the economic performance.lt helps as well in predicting
some indicators such as inflation and unemployment. (R. Carter Hill, 2015), (S. Dutta, 2022).

Foreign Direct Investment, is the movement of capital aiming primarily at managing the profits of
multinational corporations, the nature of their work, and their objective, by passing the host or receiving
countries. (Kojioma, 2006). However, it is the activity that appears as part of the strategic investment plan
of multinational companies, in response to fluctuations in exchange rates and in light of market conditions.
(Linda,1995). As for the United Nations Trade and Development Organization, it considers it as non-
national foreign investments in a fixed capital in a particular country, i.e. long-term investments that reflect
the investor’s benefit from another country.

Inflation is the rate of increase in prices over a given period of time. Inflation is typically a broad measure,
such as the overall increase in prices or the increase in the cost of living in a country. But it can also be
more narrowly calculated for certain goods, such as food, or for services, such as electricity, for instance.
Whatever the context, inflation represents how much more expensive the relevant set of goods or services
has become over a certain period, most commonly a year. (Ceyda, 2022).
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Revitalizing the countries’ economies and achieving constant and sustainable development will lead to
raising the level of pension and entering into new production projects that increases the production capacity
as well as job opportunities, therefore it will lead to an increase in national income. The best way to
comprehend a country's economy is by looking at its Gross Domestic Product (GDP), as it measures the
country's total output, this includes everything produced by the public and the entire companies in the
country. It helps to follow economic fluctuations, the development of policies on population and
determining economic policies. (S. Dutta, 2022). Most macroeconomic determinants like Inflation, Foreign
Direct Investment and Real Disposable Personal Income are factors that affect on Gross Domestic Product
and play an important role in the country’s economy.

Many empirical papers have investigated the relationship between GDP and various macroeconomic
determinants by using ARDL Model: Khalaf et al. (2023), Analysis of the Impact of Monetary Policy Tools
on the Gross Domestic Product in Iraq for the Period (2005-2020); conclude that there is a joint integration
between the variables of the Model: money supply, exchange rate and interest rate in Iraq. Ewane et al.
(2023), Does External Debt Stocks Have an Asymmetric Effect on Inflation Dynamics in Cameroon? An
Application of Nonlinear ARDL (1980 to 2020) in Cameroon; the results indicate a long-run increasing and
decreasing asymmetry effect of external debts on inflation. Gholizade et al. (2022), The impact of
macroeconomic variables on socio-economic indicators of agricultural section based on government
development programs, the results showed that in the short run, inflation rate with a delay has a significant
and negative effect on employment in the agricultural sector and increases the level of rural unemployment.
The findings suggest that the effects of liquidity and inflation rate in the short run on the GDP are negative
and government spending in the short run has a positive effect on the agricultural price index. In the long
run, the effect of these variables on agricultural inflation is similar to the short term, but with the difference
that the elasticities were larger.

Materials and Methods

The annual data of Gross Domestic Product (GDP - Billions of Dollars), Inflation consumer prices (IFL -
percent), Foreign Direct Investment (INVEST - Millions of Dollars), Real Disposable Personal Income Per
Capita (RIC - Dollars) for the United States were obtained from Federal Reserve Economic Data
(https://fred.stlouisfed.org). The Auto Regressive Distributed Lag (ARDL) model was performed within 63
years from 1960 to 2022 to describe the relation between the dependent variable GDP and the explanatory
variables IFL, INVEST, RIC, as well as determining and estimating the appropriate lag structure of the
ARDL model that describe the estimation in the long run or the cointegration relationship between the
variables. This estimate may not always be defined or sensible, and even if it is, it may be degenerate; that
is, seemingly stable in the short-run, but dissipates in the long-run. So here we apply the Bounds Test to
detect the presence of cointegration. Thus, the estimating of ARDL, can  simultaneously test the
cointegration and estimate the equilibrating relationship. Lastly, if cointegration does exist, we estimate and
conduct inference on the speed adjustment of convergence to equilibrium. (EViews, 2017), (Gujarati,
2009).

ARDL models are linear time series models in which both the dependent and independent variables are
related not only contemporaneously, but across historical (lagged) values as well. If y, is the dependent
variable and x4, x,, ..., x; are k explanatory variables, a general ARDL (p, q1, 93, ---, Xxqx) model is given

by:

ai
Ye=ap+ait+Y_ @y, 1+ 2;21 Zl].lzo BjyXje-i; + €

where €, are the usual innovations, a, is a constant term, and a, ¢;, and f;l; are respectively the
coefficients associated with a linear trend, lags of y, , and lags of the k regressors x;, for j = 1,2,...k
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(Pesaran et al, 1996), (Pesaran et al., 2001).This model is lucrative to identify the relationship between
observed variables in the short term and long-term.

We specify the model of this research in a functional form using

GDP = f (IFL, INVEST, RIC)

Having in mind a defined objective of the research, the following hypotheses are developed:

Null Hypothesis: There is no a long-run relationship between Gross Domestic Product (GDP) and selected
macroeconomic determinants.

Alternative Hypothesis: There is a long-run relationship between Gross Domestic Product (GDP) and

selected macroeconomic determinants. The data were analyzed with Econometrics Views (EViews)
Release 10.

Results & Discussion

Table (1): The GDP Regression Model of Annual Data Collected During 1960 — 2022:

Dependent Variable: GDPA

Method: Least Squares

Sample: 1960 2022

Included observations: 63

\Variable Coefficient ~ Std. Error t-Statistic Prob.
C -9260.911  803.2661 -11.52907 0.0000
IFL -86.49140  67.30890 -1.284992 0.2038
INVEST 0.007806 0.002527 3.089389 0.0031
RIC 0.595024 0.032320 18.41015 0.0000
R-squared 0.962430 Mean dependent var 8213.594
IAdjusted R-squared 0.960520 S.D. dependent var 7039.866
S.E. of regression 1398.800 Akaike info criterion 17.38600
Sum squared resid 1.15E+08 Schwarz criterion 17.52208
Log likelihood -543.6591 Hannan-Quinn criter. 17.43952
F-statistic 503.7990 Durbin-Watson stat 0.393469
Prob(F-statistic) 0.000000

As shown in the above results, the explanatory variables are: Foreign Direct Investment (INVEST), and
Real Income (RIC), are statistically significant at 1%, 5%, 10% levels, while Inflation (IFL) is not
significant to the dependent variable Gross Domestic Product (GDP). The R-squared value is about
(0.962430) but it is more than Durbin-Watson stat (0.393469) which indicates that the model is spurious
and that there is autocorrelation or partial correlation in the data.
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Figure (1): Actual, Fitted, Residual of GDP Regression Model
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Figure (1)

According to the above figure (1), there is a clear difference between fitted and actual model So, we have to

check the Variance Inflation Factors, shown as the following:

Table (2): Variance Inflation Factors:

\Variance Inflation Factors
Sample: 1960 2022
Included observations: 63

Coefficient  Uncentered  Centered
Variable Variance VIF VIF
C 645236.4 20.77535 NA
IFL 4530.488 3.180771 1.113166
INVEST 6.38E-06 5.808171 3.389420
RIC 0.001045 30.62918 3.325108

From the above table (2), Variance Inflation Factors showed that there is no autocorrelation (Centered VIF
less than 5), and based on (Eftimovska and Laurent, 2022) rule that states when two or more independent
variables have a strong correlation with each other, there may be the potential risk of multicollinearity.
Therefore, the selected explanatory variables can be concluded in the estimated model.
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Figure (2): Graph of the Study Series
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The above figure (2) shows that the series are not centered about zero and have trend except the inflation
series. To test the stationary of the series, we apply the unit root test on all the variables to determine the

integrated order.

Figure (2)

Table (3): Unit Root Test: Augmented Dickey-Fuller Test

Augmented Dickey-Fuller Test

Test for Unit Root in Level

Include in - test GDP IFL INVEST RIC
equation
Intercept 5.371091 -2.157293 -2.139987 0.047735
(1.0000) (0.2238) (0.2302) (0.9590)
Trend 1.171769 -3.327233 -4.652459 -2.717009
Intercept (0.9999) (0.0715) (0.0021) (0.2337)
None 11.78671 -0.751141 -1.270722 5.576721
(1.0000) (0.3869) (0.1857) (1.0000)
Test for Unit Root in 1% Difference
Intercept -0.609111 -7.124107 -9.649110 -5.318314
(0.8602) (0.0000) (0.0000) (0.0000)
Trend -5.503916 -7.042000 -2.344136 -5.168611
Intercept (0.0001) (0.0000) (0.4035) (0.0004)
None 0.692991 -7.164667 -9.664031 -3.386247
(0.8626) (0.0000) (0.0000) (0.0010)
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According to Augmented Dickey-Fuller Test, t-statistic of GDP equals (-5.503916) and is statistically
significant at level 5% with p-value equals (0.0001), so we reject the null hypothesis: the GDP series has no
unit root and we conclude that the series is stationary in the 1* difference including the test trend and
intercept. T-statistic of IFL equals (-7.124107) and is statistically significant at level 5% with p-value
equals (0.0000), so we reject the null hypothesis: The Inflation series has no unit root and we conclude that
the series is stationary in thel® difference including the test intercept. T-statistic of INVEST equals (-
4.652459) and is statistically significant at level 5% with p-value equals (0.0021), so we reject the null
hypothesis: The Investment series has no unit root and we conclude that the series is stationary in level,
including the test trend and intercept. T-statistic of RIC equals (-5.318314) and is statistically significant at
level 5% with p-value equals (0.0000), so we reject the null hypothesis: The Real Income series has no unit
root and we conclude that the series is stationary in the1* difference including the test intercept.

The results shown in the above table (3) indicates that all variables are integrated at I(1), except INVEST is
integrated in 1(0). However, after the first difference, variables become stationary at the significance level
of 1% and 5%, which are integrated of order I(d) with d less than 2. Thus, Auto Regressive Distributed Lag
(ARDL) Model is applicable for measuring the long-run relationship between series with different orders of
integration (Pesaran et al., 2001).

Table (4): Auto Regressive Distributed Lag (ARDL) Model:

Dependent Variable: GDPA
Method: ARDL
Sample (adjusted): 1968 2022
Included observations: 55 after adjustments
Maximum dependent lags: 4 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (8 lags, automatic): IFL INVEST RIC
Fixed regressors: C @ TREND
Number of models evalulated: 2916
Selected Model: ARDL(4, 8, 8, 8)
\White-Hinkley (HC1) heteroskedasticity consistent standard errors and
covariance
Variable Coefficient ~ Std. Error  t-Statistic Prob.*
GDPA(-1) 0.443532  0.189491 2.340646 0.0287
GDPA(-2) -0.429749  0.212885  -2.018690  0.0559
GDPA(-3) 0.309714  0.421014 0.735638 0.4697
GDPA(-4) 0.669702  0.389560 1.719125 0.0996
IFL 24.00176  13.42321 1.788079 0.0875
IFL(-1) 3.947350  22.74671 0.173535 0.8638
IFL(-2) 50.27211  20.21763 2.486547 0.0210
IFL(-3) -2.066625  23.39215  -0.088347  0.9304
IFL(-4) 14.29973  24.87914 0.574768 0.5713
IFL(-5) 13.21322  28.32927 0.466416 0.6455
IFL(-6) -50.21584  28.02544  -1.791795  0.0869
IFL(-7) 42.16479  24.58129 1.715320 0.1003
IFL(-8) -24.48635  13.04651  -1.876851  0.0739
INVEST 0.000832  0.000472 1.763568 0.0917
INVEST(-1) -0.000958  0.000535  -1.790123  0.0872
INVEST(-2) 7.88E-07  0.000444 0.001775 0.9986
INVEST(-3) 0.000274  0.000402 0.681921 0.5024
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INVEST(-4) -0.000751  0.000685  -1.096674  0.2846

INVEST(-5) -0.001069  0.000636  -1.679720  0.1072

INVEST(-6) 0.002497  0.000905 2.758729 0.0115

INVEST(-7) 0.001450  0.000864 1.678435 0.1074

INVEST(-8) 0.001438  0.000746 1.927210 0.0670

RIC 0.033786  0.055453 0.609275 0.5486

RIC(-1) 0.132438  0.064266 2.060770 0.0513

RIC(-2) 0.088607  0.093608 0.946582 0.3541

RIC(-3) -0.192126  0.085898  -2.236675  0.0358

RIC(-4) -0.138235  0.100000  -1.382348  0.1807

RIC(-5) -0.065698  0.060495  -1.085999  0.2892

RIC(-6) -0.052649  0.084172 -0.625490  0.5381

RIC(-7) 0.094020  0.079659 1.180273 0.2505

RIC(-8) -0.178227  0.105991 -1.681539  0.1068

C 1859.549  1004.544 1.851137 0.0776

@TREND 175.4064  35.11755 4.994835 0.0001
R-squared 0.999893 Mean dependent var 9309.278
IAdjusted R-squared 0.999738 S.D. dependent var 6875.386
S.E. of regression 111.2922 Akaike info criterion 12.54591
Sum squared resid 272491.1 Schwarz criterion 13.75031
Log likelihood -312.0124  Hannan-Quinn criter. 13.01166
F-statistic 6439.646 Durbin-Watson stat 2.173705

Prob(F-statistic) 0.000000

*Note: p-values and any subsequent tests do not account for model selection.

According the above results shown in table (4), the estimated model is ARDL (4, 8, 8, 8) in restricted linear
trend and unrestricted constant case. R-squared value is equal to (0.999738), interprets more than 99% of
variations in GDP which are explained by the explanatory variables with jointly a significant F-statistic
value equals (0.000000). Durbin-Waston statistic (2.173705) is found to be 2, so there is no first-order
autocorrelation neither positive nor negative. In addition to it, Durbin-Waston statistic it’s more than R-
squared, which emphasize that this model is not spurious.

By using residual diagnostics, we examine the structure of ARDL model selected. Firstly, we apply the
Normality test on the ARDL (4, 8 ,8 ,8) Model.

Figure (3): Normality Test:
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The P-value of Jarque-Bera Normality Test is equal to (0.380810) and is not statistically significant at 5%
level; so we accept the null hypothesis; that the residuals are normally distributed.

Secondly, we apply the Breusch-Godfrey Serial Correlation LM Test on the ARDL (4, 8 ,8 ,8) Model
Table (5): Breusch-Godfrey Serial Correlation LM Test:

Table (5): Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.436898 Prob. F(2,20) 0.6521
Obs*R-squared 2.302351 Prob. Chi-Square(2) 0.3163

The Chi Square P-value of Breusch-Godfrey Serial Correlation LM Test equals (0.3163) and is not
statistically significant at level 5%, so we cannot reject the null hypothesis; that the residuals are not serial
correlation.

Thirdly, we apply the ARCH Heteroskedasticity Test on the ARDL (4, 8,8 ,8) Model

Table (6): Breusch-Pagan-Godfrey Heteroskedasticity Test

Table (6): Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.557012 Prob. F(32,22) 0.9359
Obs*R-squared 24.61661 Prob. Chi-Square(32) 0.8213
Scaled explained SS  3.208600 Prob. Chi-Square(32) 1.0000

The Chi Square P-value of Breusch-Pagan-Godfrey Heteroskedasticity Test equals (0.8213) and is not
statically significant at level 5%, so we cannot reject the null hypothesis; that the residuals are not
heteroskedasticity.

Figure (4): Actual, Fitted, Residual Graph:
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As shown in figure (4), the actual & fitted series are typically identical while on the other hand, GDP has
been forecasted and is passing through 50% confidence interval, so the forecasting of GDP is significant
and the ability of forecasting the model is satisfactory.

Hence, according to residual diagnostics test, we ensure that residuals are normally distributed and are
serially uncorrelated and homoscedastic. We conclude that the ARDL (4, 8, 8, 8) model is stable as shown

clearly in the following:

Table (7): Stability Diagnostics Test: Ramsey RESET Test:

Value df Probability
t-statistic 0.134109 21 0.8946
F-statistic 0.017985 (1,21) 0.8946
F-test summary:
Mean
Sum of Sq. df Squares
Test SSR 233.1725 1 233.1725
Restricted SSR ~ 272491.1 22 12385.96
Unrestricted SSR  272257.9 21 12964.66

Figure (5): Recursive Estimation: CUSUM Test:
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Figure (5)

According to the results shown in table (7) and figure (5), the CUSUM curve is statistically significant at
level 5%, so we conclude that the model is stable. Finally, we apply Long Run Form and Bounds Test to
examine cointegration and estimate the equilibrating relationship according the selected ARDL (4, 8, 8, 8)

model.
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Table (8): ARDL Long Run Form and Bounds Test of GDP

Sample: 1960 2022

Included observations: 55

ARDL Long Run Form and Bounds Test
Dependent Variable: D(GDPA)

Selected Model: ARDL(4, 8, 8, 8)
Case 4: Unrestricted Constant and Restricted Trend

Conditional Error Correction Regression

* p-value incompatible with t-Bounds distribution.

Variable Coefficient  Std. Error t-Statistic Prob.
C 1859.549 927.1010 2.005767 0.0573
@TREND 175.4064  37.66349 4.657199 0.0001
GDPA(-1)* -0.006800  0.056497 -0.120367 0.9053
IFL(-1) 71.13014 17.80773 3.994341 0.0006
INVEST(-1) 0.003714  0.001506 2.466769 0.0219
RIC(-1) -0.278085 0.086768 -3.204913 0.0041
D(GDPA(-1)) -0.549668  0.180819 -3.039878 0.0060
D(GDPA(-2)) -0.979416  0.190919 -5.130003 0.0000
D(GDPA(-3)) -0.669702  0.355350 -1.884629 0.0728
D(IFL) 24.00176 15.45962 1.552545 0.1348
D(IFL(-1)) -43.18103  22.60641 -1.910123 0.0692
D(IFL(-2)) 7.091077 18.46706 0.383985 0.7047
D(IFL(-3)) 5.024451 19.82281 0.253468 0.8023
D(IFL(-4)) 19.32418 16.73285 1.154865 0.2605
D(IFL(-5)) 32.53740  20.40077  1.594911  0.1250
D(IFL(-6)) -17.67844  16.02679 -1.103055 0.2819
D(IFL(-7)) 24.48635 14.69956 1.665788 0.1099
D(INVEST) 0.000832 0.000458 1.818231 0.0827
D(INVEST(-1)) -0.003840  0.001440 -2.666945 0.0141
D(INVEST(-2)) -0.003839  0.001310 -2.931187 0.0077
D(INVEST(-3)) -0.003565 0.001321 -2.698584 0.0131
D(INVEST(-4)) -0.004316  0.001167 -3.698666 0.0013
D(INVEST(-5)) -0.005385  0.000991 -5.436569 0.0000
D(INVEST(-6)) -0.002888  0.001231 -2.346241 0.0284
D(INVEST(-7)) -0.001438 0.000818 -1.758325 0.0926
D(RIC) 0.033786 0.049368 0.684364 0.5009
D(RIC(-1)) 0.444309 0.065721 6.760491 0.0000
D(RIC(-2)) 0.532916 0.101842 5.232775 0.0000
D(RIC(-3)) 0.340790 0.130231 2.616803 0.0157
D(RIC(-4)) 0.202554  0.089600 2.260656 0.0340
D(RIC(-5)) 0.136856 0.089310 1.532370 0.1397
D(RIC(-6)) 0.084208 0.084448 0.997148 0.3295
D(RIC(-7)) 0.178227 0.078380 2.273880 0.0331
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Levels Equation
Case 4: Unrestricted Constant and Restricted Trend

\Variable Coefficient Std. Error  t-Statistic Prob.
IFL 10459.81  89539.59 0.116818 0.9081
INVEST 0.546205 4.518035 0.120894 0.9049
RIC -40.89289 356.4401 -0.114726  0.9097
@TREND 25793.82  221089.7 0.116667 0.9082
EC = GDPA - (10459.8118*IFL + 0.5462*INVEST -40.8929*RIC +
25793.8167*@TREND )
F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(2)
Asymptotic:
n=1000
F-statistic 7.431310 10% 2.97 3.74
k 3 5% 3.38 4.23
2.5% 3.8 4.68
1% 4.3 5.23
Finite
Actual Sample Size 55 Sample: n=55
10% 3.132 3.956
5% 3.692 4.582
1% 4.99 6.018

Table (8) showed that there is a long-run relationship between the study variables, whereas F-statistic in
Bounds Test is (7.431310) which is evidently greater than I(1) critical value bound, that means there is a
statistically significant value at 1%, 5%, 10% level, which indicates that we will reject the null hypothesis
that there is no equilibrating relationship, therefore, we conclude that there is cointegration.

In this particular case, it makes sense to study the speed of adjustment equation. As shown in the following
ARDL (4, 8, 8, 8) Error Correction Regression of GDP.

Table (9): ARDL Error Correction Regression of GDP

IARDL Error Correction Regression

Dependent Variable: D(GDPA)

Selected Model: ARDL(4, 8, 8, 8)

Case 4: Unrestricted Constant and Restricted Trend
Sample: 1960 2022

Included observations: 55

ECM Regression
Case 4: Unrestricted Constant and Restricted Trend
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Variable Coefficient  Std. Error  t-Statistic Prob.
C 2034.955  308.3286 6.599957 0.0000
D(GDPA(-1)) -0.549668  0.161271  -3.408349  0.0025
D(GDPA(-2)) -0.979416  0.150207  -6.520430  0.0000
D(GDPA(-3)) -0.669702  0.288467  -2.321594  0.0299
D(IFL) 24.00176  12.13670 1.977617 0.0606
D(IFL(-1)) -43.18103  16.88214  -2.557794  0.0179
D(IFL(-2)) 7.091077  14.07169 0.503925 0.6193
D(IFL(-3)) 5.024451  13.02378 0.385791 0.7034
D(IFL(-4)) 19.32418  12.67593 1.524479 0.1416
D(IFL(-5)) 32.53740  15.35537 2.118959 0.0456
D(IFL(-6)) -17.67844 1394816  -1.267439  0.2183
D(IFL(-7)) 24.48635  12.16429 2.012970 0.0565
D(INVEST) 0.000832  0.000351 2.369671 0.0270
D(INVEST(-1)) -0.003840  0.000708  -5.424174  0.0000
D(INVEST(-2)) -0.003839  0.000694  -5.532383  0.0000
D(INVEST(-3)) -0.003565  0.000769  -4.633755  0.0001
D(INVEST(-4)) -0.004316  0.000907  -4.758221  0.0001
D(INVEST(-5)) -0.005385  0.000727  -7.410257  0.0000
D(INVEST(-6)) -0.002888  0.001083  -2.667515  0.0141
D(INVEST(-7)) -0.001438  0.000727  -1.977248  0.0607
D(RIC) 0.033786  0.039149 0.863009 0.3974
D(RIC(-1)) 0.444309  0.053594 8.290289 0.0000
D(RIC(-2)) 0.532916  0.090744 5.872713 0.0000
D(RIC(-3)) 0.340790  0.111727 3.050200 0.0059
D(RIC(-4)) 0.202554  0.065675 3.084185 0.0054
D(RIC(-5)) 0.136856  0.058417 2.342762 0.0286
D(RIC(-6)) 0.084208  0.049191 1.711845 0.1010
D(RIC(-7)) 0.178227  0.056062 3.179095 0.0043
CointEq(-1)* -0.006800 0.001026  -6.626635  0.0000
R-squared 0.973193  Mean dependent var 447.3546
IAdjusted R-squared 0.944323  S.D. dependent var 433.8633
S.E. of regression 102.3740  Akaike info criterion 12.40045
Sum squared resid 272491.1  Schwarz criterion 13.45886
Log likelihood -312.0124  Hannan-Quinn criter. 12.80975
F-statistic 33.71020 Durbin-Watson stat 2.173705
Prob(F-statistic) 0.000000

F-Bounds Test

* p-value incompatible with t-Bounds distribution.

Null Hypothesis: No levels relationship

Test Statistic Value Signif. 1(0) (1)
F-statistic 7.431310 10% 2.97 3.74
k 3 5% 3.38 4.23

2.5% 38 4.68

1% 4.3 5.23

ISSN: 2308-7056

Sultan (2023)

12



www.irbas.academyirmbr.com July 2023

International Review of Basic and Applied Sciences Vol. 11 Issue.3

As expected in table (9), the error correction term, here represented as CointEq(-1), is negative with an
associated coefficient estimate of (-0.006800). This implies that about 0.68% of any movements into
disequilibrium are corrected within one period. Moreover, given the very large t-statistic value, namely (-
6.626635), we can also conclude that the coefficient is highly significant with P-value equals (0.0000).

By looking at the fitted graph between the dependent variable and the equilibrating equation shown below,
it will lead us to believe that the relationship is indeed valid.

Figure (6): Fitted Graph Between the Dependent Variable (GDP) & the Equilibrating Equation:
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Figure (6)
Conclusion

The standard test proved the existence of cointegration between the dependent variable Gross Domestic
Product (GDP) and independent variables: Inflation (IFL), Foreign Direct Investment (INVEST), and Real
Income (RIC). The error correction term is negative with an associated coefficient estimate of (-0.006800).
This implies that about 0.68% of any movements into disequilibrium are corrected for within one period.
Moreover, given the very large t-statistic, namely (-6.626635), we can also conclude that the coefficient is
highly significant with P-value equals (0.0000). which means that the variables have the ability to
overcome the problems they suffer from, and the ability to correct structural imbalances during the long
term.

It implies that null hypothesis of the research is rejected and we conclude that there is a long-run
relationship between Gross Domestic Product (GDP) and the selected macroeconomic determinants.
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