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Abstract

The study aimed at explaining the factors that influence foreign direct
investment in Sudan by using methodology of Autoregressive Distributed-
lagged Model (ARDL) during the period (1993-2016) through identifying;
the most important factors that affect foreign direct investment, to what
extent it contributes to national economy, and making use of mathematical
and econometric models to build an econometric model of foreign direct
investment appropriate to economic conditions in Sudan by determining
foreign direct investment as a dependent variable in addition to a set of
independent variables (GDP, exchange rate, inflation rate, external debt).

The study was based on the following hypotheses: There is an effect of each
of GDP, exchange rate, inflation rate, external debt on foreign direct
investment in Sudan. The study adopted the descriptive and econometric
methods to build of the model. Dickey—Fuller test was used to identify to
what extent that variables are static, and it was found that variables were
static at the level and first difference, so boundary test was used through
ARDL method of variables integration over time, and there was a long-term
integration. Therefore, the appropriate model for the estimation was ARDL
model. The study confirmed the following findings:

The findings showed that in short term GDP is the only independent variable
that has an insignificant impact on foreign direct investment, while long-
term findings showed that GDP, exchange rate, inflation rate and external
debt affect foreign direct investment. Foreign investment during previous
years has negative impact on foreign direct investment during the period of
this study. According to the findings, the study recommended the following:
The models should be built when conducting econometric research by using
modern methods which are appropriate to economic reality, according to
economic theories, taking into consideration the time and place element of
economic and social activity nature from one country to another, results of
researches specially economic ones that are conducted at public institutions
should be published, to be practiced really.
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DEB EX FDI GDP INF
1993 | 16.321 0.133 - 31763.404 101.18
1994 | 18.002 0.216 - 43909.63 115.93
1995 | 19.355 0.4 - 10124.349 68.97
1996 | 19.451 1.246 0.4 8406923 130.44
1997 | 19.537 1.577 2.7 10236.136 47.19
1998 | 20.483 1.994 370.7 10998.366 17.01
1999 | 20.546 2.516 370.8 10754.696 16.16
2000 | 20.521 2.571 392.2 13091.199 8.02
2001 | 20.798 2.587 574 15716.489 4.92
2002 | 23.608 2.633 713.2 18134.773 8.3
2003 | 25.71 2.608 1349.2 21368.677 7.7
2004 | 26.784 2.583 1511.1 26609.38 8.46
2005 | 27.006 2.436 1561.7 34197.389 8.5
2006 | 28.457 2.172 1841.8 44490.444 7.2
2007 | 31.873 2.016 1504.4 52844.706 8.2
2008 | 33.542 2.091 1653.1 64797.973 14.3
2009 | 35.687 2.28 1726.3 61125.008 11.2
2010 | 37.805 2.317 2063.7 69334.735 13
2011 | 39.8 2.66 17344 68478.574 18.1
2012 | 42.047 3.564 2311.5 62447.9 35.1
2013 | 44.379 4.742 1687.9 64130.155 37.1
2014 | 43.66 5.712 1251.3 78437.888 36.9
2015 | 45 6.011 1736.8 96983.213 16.9
2016 | 454 6.182 1064.4 112191.863 17.8
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Null Hypothesis: D(FDI) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=4)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic  -5.683448 0.0002
Test critical values: 1% level -3.831511
5% level -3.029970
10% level -2.655194

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 19

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(FDI,2)
Method: Least Squares
Date: 11/07/18 Time: 11:39
Sample (adjusted): 1998 2016
Included observations: 19 after adjustments

Variable Coefficient  Std. Error t-Statistic Prob.
D(FDI(-1)) -1.433159 0.252164 -5.683448 0.0000
C 95.46508 86.03714 1.109580 0.2826

R-squared0.655183
Adjusted R-squared0.634900
S.E. of regression361.3239
Sum squared resid2219434.
Log likelihood-137.8089
F-statistic32.30158
Prob(F-statistic)0.000027

Mean dependent var-35.51053
S.D. dependent var597.9857
Akaike info criterion14.71673

Schwarz criterion14.81614

Hannan-Quinn criter.14.73355

Durbin-Watson stat1.775848
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Null Hypothesis: GDP has a unit root
Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=5)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic  -4.836391 0.0008
Test critical values: 1% level -3.752946
5% level -2.998064
10% level -2.638752

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(GDP)
Method: Least Squares
Date: 11/07/18 Time: 11:43
Sample (adjusted): 1994 2016
Included observations: 23 after adjustments

Variable Coefficient ~ Std. Error t-Statistic Prob.

GDP(-1) -1.053453  0.217818 -4.836391 0.0001

C 430232.3 381968.3 1.126356 0.2727
R-squared0.526928 Mean dependent var3496.890
Adjusted R-squared0.504400 S.D. dependent var2531734.
S.E. of regression1782311. Akaike info criterion31.70766
Sum squared resid6.67E+13 Schwarz criterion31.80640
Log likelihood-362.6381 Hannan-Quinn criter.31.73249
F-statistic23.39067 Durbin-Watson stat2.006430

Prob(F-statistic)0.000088
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Null Hypothesis: D(EX) has a unit root
Exogenous: Constant
Lag Length: 5 (Automatic - based on SIC, maxlag=5)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic  -3.143505 0.0422

Test critical values: 1% level -3.886751
5% level -3.052169
10% level -2.666593

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 17

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(EX,2)
Method: Least Squares
Date: 11/07/18 Time: 11:45
Sample (adjusted): 2000 2016
Included observations: 17 after adjustments

Variable Coefficient ~ Std. Error t-Statistic Prob.
D(EX(-1)) -0.654773  0.208294 -3.143505 0.0104
D(EX(-1),2) 1.263451 0.217222 5.816397 0.0002
D(EX(-2),2) -0.550030  0.290580 -1.892873 0.0876
D(EX(-3),2) 0.888030 0.233467 3.803656 0.0035
D(EX(-4),2) 0.192545 0.193650 0.994296 0.3435
D(EX(-5),2) 0.839403 0.192313 4.364776 0.0014
C 0.125181 0.050896 2.459536 0.0337
R-squared0.821849 Mean dependent var-0.020647
Adjusted R-squared0.714959 S.D. dependent var0.289539
S.E. of regression0.154583 Akaike info criterion-0.603275
Sum squared resid0.238958 Schwarz criterion-0.260187
Log likelihood12.12784 Hannan-Quinn criter.-0.569171
F-statistic7.688706 Durbin-Watson stat2.446386

Prob(F-statistic)0.002735
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Null Hypothesis: D(INF) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=5)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic  -7.277200 0.0000

Test critical values: 1% level -3.769597
5% level -3.004861
10% level -2.642242

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(INF,2)
Method: Least Squares
Date: 11/07/18 Time: 11:47
Sample (adjusted): 1995 2016
Included observations: 22 after adjustments

Variable Coefficient ~ Std. Error t-Statistic Prob.

D(INF(-1)) -1.440275 0.197916 -7.277200 0.0000

C -6.147109  5.151269 -1.193319 0.2467
R-squared0.725868 Mean dependent var-0.629545
Adjusted R-squared0.712162 S.D. dependent var44.54463
S.E. of regression23.89844 Akaike info criterion9.272012
Sum squared resid11422.71 Schwarz criterion9.371197
Log likelihood-99.99213 Hannan-Quinn criter.9.295377
F-statistic52.95763 Durbin-Watson stat1.756463

Prob(F-statistic)0.000000
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Null Hypothesis: D(DEB) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=5)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic  -3.283189 0.0284

Test critical values: 1% level -3.769597
5% level -3.004861
10% level -2.642242

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(DEB,?2)
Method: Least Squares
Date: 11/07/18 Time: 11:49
Sample (adjusted): 1995 2016
Included observations: 22 after adjustments

Variable Coefficient ~ Std. Error t-Statistic Prob.

D(DEB(-1)) -0.712597  0.217044 -3.283189 0.0037

C 0.870707 0.363164 2.397557 0.0264
R-squared0.350213 Mean dependent var-0.058227
Adjusted R-squared0.317724 S.D. dependent var1.292836
S.E. of regression1.067883 Akaike info criterion3.055741
Sum squared resid22.80747 Schwarz criterion3.154927
Log likelihood-31.61315 Hannan-Quinn criter.3.079106
F-statistic10.77933 Durbin-Watson stat1.941689

Prob(F-statistic)0.003717
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ARDL Long Run Form and Bounds Test
Dependent Variable: DLOG(FDI)

Selected Model: ARDL(1, 1, 0, 0, 0)

Case 2: Restricted Constant and No Trend
Date: 11/07/18 Time: 11:52
Sample: 1993 2016
Included observations: 20

Conditional Error Correction Regression

Variable Coefficient Std. Error  t-Statistic Prob.

C 0.935842 1.031847 0.906958  0.3809
LOG(FDI(-1))*  -0.906112 0.059965  -15.11065 0.0000
LOG(GDP(-1))  -0.693140 0.491387 -1.410579 0.1818

LOG(EX)** -0.947073 0.239817  -3.949145 0.0017
LOG(INF)** -0.345810 0.244270  -1.415689 0.1804
LOG(DEB)** 4.260500 1.595375  2.670532  0.0192
DLOG(GDP) -0.042211 0.521261  -0.080978 0.9367

* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z = Z(-1) + D(2).

Levels Equation
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error  t-Statistic Prob.
LOG(GDP) -0.764961 0.539887 -1.416891 0.1800
LOG(EX) -1.045206 0.271009 -3.856725 0.0020
LOG(INF) -0.381642 0.260027 -1.467699 0.1660
LOG(DEB) 4701959 1.698872 2.767696 0.0160
C 1.032811 1.166350  0.885506 0.3920

EC = LOG(FDI) - (-0.7650*LOG(GDP) -1.0452*LOG(EX) -
0.3816*LOG(INF) +
4.7020*LOG(DEB) + 1.0328 )

Null Hypothesis: No levels
F-Bounds Testrelationship

Test Statistic ~ Value  Signif. 1(0) I(1)
Asymptotic:
n=1000

F-statistic 66.53034 10% 2.2 3.09

93



k 4 5% 2.56 3.49
2.5% 2.88 3.87
1% 3.29 4.37
Finite
Sample:
Actual Sample Size 20 n=30
10% 2.525 3.56
5% 3.058 4.223
1% 4.28 5.84
-1
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Breusch-Godfrey Serial Correlation LM Test:

F-statistic0.281873 Prob. F(2,11)0.7597
Obs*R-squared0.975025 Prob. Chi-Square(2)0.6142

Test Equation:
Dependent Variable: RESID
Method: ARDL
Date: 11/07/18 Time: 11:57
Sample: 1997 2016
Included observations: 20
Presample missing value lagged residuals set to zero.

Variable Coefficient  Std. Error t-Statistic Prob.
LOG(FDI(-1)) -0.004852  0.064212 -0.075555 0.9411
LOG(GDP) -0.159162  0.854791 -0.186200 0.8557
LOG(GDP(-1)) 0.004509 0.085655 0.052641 0.9590
LOG(EX) -0.021545  0.258627 -0.083304 0.9351
LOG(INF) -0.049862  0.341756 -0.145900 0.8866
LOG(DEB) 0.467065 2.526668 0.184854 0.8567
C 0.210243 1.309491 0.160554 0.8754
RESID(-1) 0.210356 0.323175 0.650905 0.5285
RESID(-2) 0.090354 0.499711 0.180813 0.8598
R-squared0.048751 Mean dependent var-2.52E-15
Adjusted R-squared-0.643066 S.D. dependent var0.207546
S.E. of regression0.266037 Akaike info criterion0.491799
Sum squared resid0.778532 Schwarz criterion0.939879
Log likelihood4.082008 Hannan-Quinn criter.0.579269
F-statistic0.070468 Durbin-Watson stat1.946287

Prob(F-statistic)0.999551
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Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic0.531739 Prob. F(6,13)0.7750
Obs*R-squared3.941135 Prob. Chi-Square(6)0.6846
Scaled explained SS0.794293 Prob. Chi-Square(6)0.9922

Test Equation:
Dependent Variable: RESID*2
Method: Least Squares
Date: 11/07/18 Time: 11:59
Sample: 1997 2016
Included observations: 20

Variable Coefficient  Std. Error t-Statistic Prob.
C 0.114698 0.182690 0.627825 0.5410
LOG(FDI(-1)) 0.012502 0.010617 1.177531 0.2601
LOG(GDP) 0.014242 0.092290 0.154318 0.8797
LOG(GDP(-1)) 0.002827 0.012784 0.221116 0.8284
LOG(EX) -0.004290  0.042460 -0.101028 0.9211
LOG(INF) 0.005417 0.043248 0.125244 0.9022
LOG(DEB) -0.100518  0.282464 -0.355862 0.7277
R-squared0.197057 Mean dependent var0.040922
Adjusted R-squared-0.173532 S.D. dependent var0.041008
S.E. of regression0.044424 Akaike info criterion-3.120849
Sum squared resid0.025656 Schwarz criterion-2.772343
Log likelihood38.20849 Hannan-Quinn criter.-3.052817
F-statistic0.531739 Durbin-Watson stat1.914901

Prob(F-statistic)0.775001
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Variance Inflation Factors
Date: 11/07/18 Time: 12:05
Sample: 1993 2016
Included observations: 20
Coefficient Uncentered Centered
Variable Variance VIF VIF
LOG(FDI(-1)) 0.003596 51.78944 5.552713
LOG(GDP) 0.271713 9552.669 52.53381
LOG(GDP(-1)) 0.005214 193.1596 3.286968
LOG(EX) 0.057512 22.35314 2.645860
LOG(INF) 0.059668 138.8575 7.344188
LOG(DEB) 2.545222 9476.176 72.01495
C 1.064709 338.2376 NA
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Series: Residuals
Sample 1997 2016
Observations 20

Mean -2.52e-15
Median -0.012929
Maximum 0.343805
Minimum -0.335310
Std. Dev. 0.207546
Skewness 0.256553
Kurtosis 1.954031

Jarque-Bera  1.131107
Probability 0.568046
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ARDL Long Run Form and Bounds Test
Dependent Variable: DLOG(FDI)

Selected Model: ARDL(Z, 1, 0, 0, 0)

Case 2: Restricted Constant and No Trend
Date: 11/07/18 Time: 12:09
Sample: 1993 2016
Included observations: 20
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Forecast: FDIF
Actual: FDI
Forecast sample: 1993 2016
Adjusted sample: 1997 2016
Included observations: 20
Root Mean Squared Error
Mean Absolute Error
Mean Abs. Percent Error
Theil Inequality Coefficient
Bias Proportion
Variance Proportion
Covariance Proportion
Theil U2 Coefficient
Symmetric MAPE

300.7093
232.6059
17.08656
0.106422
0.003782
0.000093
0.996125
0.058507
17.08387

Conditional Error Correction Regression

Variable Coefficient  Std. Error t-Statistic Prob.
() 0.935842 1.031847 0.906958 0.3809
LOG(FDI(-1))* -0.906112 0.059965 -15.11065 0.0000
LOG(GDP(-1)) -0.693140  0.491387 -1.410579 0.1818
LOG(EX)** -0.947073  0.239817 -3.949145 0.0017
LOG(INF)** -0.345810 0.244270 -1.415689 0.1804
LOG(DEB)** 4.260500 1.595375 2.670532 0.0192
DLOG(GDP) -0.042211 0.521261 -0.080978 0.9367

* p-value incompatible with t-Bounds distribution.

** Variable interpreted as Z = Z(-1) + D(2).
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