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Using Autoregressive Integrated Moving Average Models (ARIMA) to predict
the GDP rates in Sudan from 2023 - 2030. (A standard study in the period
from 1969 - 2022)
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Abstract:

The study analyzed the behavior of the Gross Domestic Product (GDP) in Sudan during the period
1969-2022 (a period of fifty-two years) using the Box-Jenkins methodology for forecasting via
Autoregressive Moving Average Models (ARIMA) to arrive at GDP rates up to the year 2030. The
problem addressed in this study was the difficulty in identifying the behavior of Sudan's GDP
during the study period. The problem was formulated as follows: Can the Box-Jenkins
methodology be used to analyze the time series of Sudan's GDP during the study period? This
study aimed to develop an econometric model for predicting Sudan's GDP growth rates up to
2030. The study was based on several assumptions, most notably that the current and future value
of Sudan's GDP depends on the aforementioned time lag (autoregressive model). The study
reached several conclusions, the most important of which are: The study demonstrated the ability
of Box-Jenkins models to predict the behavior of GDP in Sudan as a single variable, and
recommended several key points, including: paying attention to modern analytical methods and
developing effective production policies to improve GDP conditions in Sudan.
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(¥l pudle) 02022 21969 sxd1 I3 Olagudt & JLa¥) st sl by

ol GPP ol GPP ol GPP

1969 110110.7 1987 135171.2 | 2005 4.604500
1970 192660.5 | 1988 139382.7 | 2006 140313800
1971 421818.0 | 1989 160645.8 | 2007 178717800
1972 948448.0 | 1990 1866899 | 2008 19714600
1973 1881289.0 | 1991 2434128 | 2009 22933200
1974 4049739.4 | 1992 3428033 | 2010 28314500
1975 1047813.7 | 1993 4758277 | 2011 35497900
1976 1613737.1 | 1994 582967 | 2012 41853000

1 Gerber, Susan B, spss guide to the new statistical analysis of data. New York

1997
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| 1977 | 2193591.0| 1995 | 6935140 2013 | 58663000 |

1978 2705881.4 | 1996 | 8239380 2014 66445700
1979 3366270.9 | 1997 | 135171.2| 2015 77739000
1980 4065855.8 | 1998 4055353 | 2016 93642600
1981 4775611.1 | 1999 7065870 | 2017 | 120800100
1982 5573378.4 | 2000 1165980 | 2018 | 203367500

1983 6872138.5 | 2001 1596100 | 2019 31644.6
1984 8570712.9 | 2002 2579300 | 2020 51497.2
1985 9829190.4 | 2003 2579300 | 2021 141594.5
1986 | 11983726.6 | 2004 3466700 | 2022 268583.4
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Null Hypothesis: D(LGDP) has a unit root
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Exogenous: Constant, Linear Trend

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

Prob.* t-Statistic

0.0000 -10.13591 Augmented Dickey-Fuller test statistic

-4.144584 1% level Test critical values:
-3.498692 5% level
-3.178578 10% level

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

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LGDP,2)
Method: Least Squares
Date: 01/17/26 Time: 06:51
Sample (adjusted): 3 54

Included observations: 52 after adjustments

Coefficie
Prob.  t-Statistic Std. Error nt Variable

0.0000 -10.13591 0.143061 1.450057 D(LGDP(-1))
0.4662 0.734468 0.624641 0.458779 C

0.5431 -0.612416 0.019979 0.012235 @TREND("1")

0.115298 Mean dependent var 0.678375R -squared

Adjusted R~
3.701863 S.D. dependent var 0.665247squared
Akaike info
4.417147 criterion 2.141817S.E. of regression

4.529719 Schwarz criterion ~ 224.7816Sum squared resid
Hannan-Quinn -
4.460305 criter. 111.8458 Log likelihood
1.854942 Durbin-Watson stat 51.67567 F-statistic
0.000000Prob(F-statistic)

L Bl iy : (2) o3y Al k1.2
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Date: 01/17/26 Time: 07:58
Sample: 1 54

Included observations: 53

Q- PA Partial  Autocorrelat
Prob Stat C AC Correlation ion

7.66 0.37 0.37

0006 15 0 0 1 ‘== | e
7.710.120.03

0021 19 4 02 *. | .|. |
7.840.09 0.04

0049 05 5 73 *. | .|. |
7.850.030.01

0097 99 8 84 . |. |  .|. |
9.030.17 0.13

0.108 36 8 95 * . |  *. |
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9.36 0.06 0.07

0.154 04 6 36 *|. | N
9.720.110.07

0205 37 4 67 *|. | Kl
9.720.120.00

0285 75 0 88 *|. | N
9.860.030.04

0362 46 3 59 .|. | L
10.00.02 0.05

0.437 37 3 010 .|. | N
10.30.110.06

0503 12 1 311 . |* | L
10.90.04 0.09

0537 03 1 112 . |. | A
12.00.100.12

0522 74 9 713 . |* | SE
12.50.03 0.08

0559 90 1 314 .|. | A
12.60.02 0.02

0.629 56 5 915 . |. | N
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el dwdeld W 300l ks 2 (3) o3 - L3
Fisel e Shles) fes ¢ ARIMA(L T, 1) LY Ga,d) alidr (3 o8l 2300l s as

2023 i e W1 JS b gl 358 LaslS wgaall Olsge s 0 ARMA e ol
: 2030 —

:ART MA(1,1,1) G0 jud¥l #3458 i
25V 890l (01 2) Z3sad) dslas pais ¢
YT = 004 + 044 yT—l + 100 uT_1

SE = (0.03) (0.15) (1118.8)
D.W =2.0

F - (6.16)

Prob (f) = 0.0012

prob = (0.0001) (0.0010)

R? = 0.62
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(4) @3 dgur
ARIMA(1,1,1) z3gé s

ependent Variable: D(LGDP)
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 01/17/26 Time: 08:20

Sample: 2 54

Included observations: 53

Failure to improve objective (non-zero gradients) after 13

iterations

Coefticient covariance computed using outer product of

gradients

Prob.  t-Statistic Std. Error

0.2275 1.222175 0.038476
0.0053 2.919101 0.152471
0.9993 4.160894 1118.837
0.9701 0.037721 98.22578

Coefficie

nt Variable
0.047025 C
0.445077 AR(1)

1.000000 MA(1)
3705221  SIGMASQ

0.128423 Mean dependent var

2.280876 S.D. dependent var
Akaike info

4.356321 criterion

4.505022 Schwarz criterion
Hannan-Quinn

4.413504 criter.

2.045872 Durbin-Watson stat

0.274089 R -squared
Adjusted R~
0.629645squared

2.001921S.E. of regression
196.3767 Sum squared resid
111.4425Log likelihood
6.167130F-statistic
0.001217Prob(F-statistic)

45

1.00

Inverted AR
Roots
Inverted MA
Roots
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(3 )3 dgr

ARIMA (1,1,1) 315l 5331 gl bLsy¥iy gl bisyy)

Date: 01/17/26 'Time: 09:47

Included observations: 53

Sample: 1 54

Q-statistic probabilities adjusted for 2 ARMA terms

Prob Q-Stat PAC AC

Partial

Correlation

Autocorrelation

0.1748 0.056 0.056

1.8051 0.166 0.169
0.149 2.0827 0.089 0.069
0.298 2.4191 0.058 0.075
0.447 2.6599 0.085 0.063
0.545 3.0783 0.047 0.082
0.683 3.1110 0.002 0.023
0.787 3.1688 0.016 0.030
0.822 3.6222 0.091 0.083
0.842 4.1662 0.087 0.090
0.861 4.6866 0.081 0.087
0.902 4.8386 0.094 0.046
0.916 5.3040 0.026 0.080

0.902 6.2752 0.109 0.114

0.890 7.2250 0.149 0.111

0.766 9.9431 0.186 0.186

0.700 11.718 0.166 0.148

0.679 12.908 0.065 0.120

0.700 13.524 0.072 0.085
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0.680 14.735 0.102 0.117 20 *| . | Al
0.728 14.913 0.060 0.044 21 .| . | .

0.655 16.963 0.108 0.148 22 *| . | Al
0.647 18.028 0.124 0.105 23 *| . | N
0.57520.136 0.225 0.145 24 . |** | N

PVl KA s e e = (s Ll Al ARIMA 2350 01 et l L) S
(4) o3 S
ARIMA(1,1,1) 7348 05K jlas!

Inverse Roots of AR/MA Polynomial(s)
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1.0 -

> AR roots 0.0 = -
= MA roots
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-1.5 ‘
1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

el 3l SBy I Il ) sl cady MA(L) AR(1) z35adl o8 0 Dol Kl s
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- Series: Residuals
10 Sample 2 54
Observations 53
8 Mean 0.038131
] Median 0.348911
64 Maximum 5.604462
Minimum -5.834526
4 — Std. Dev. 1.942934
Skewness -0.412700
2 | Kurtosis 4.714471
o | | 1| | varque-Bera  7.995703
6 5 4 s o 46 1 5 3 4 & & |Probability 0018355
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Forecast: GDPF
Actual: GDP
Forecast sample: 1 54
Included observations: 54
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

40869852
37264266
3822.219
0.451769
0.000020
NA
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0.930000
122.8709
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Residual
Plot Residual Fitted  Actual Obs
0.43557 0.12388 0.55944 2
5.60446 0.63482 6.23928 3
1.95620 -1.95354 0.00265 4
1.61657 -1.60750 0.00906 5
-0.78428 -1.51631-2.30060 6
2.40497 -0.11370 2.29127 7
-2.74609 -1.37020-4.11629 8
9

| |

| |

| I

| |

| |

| |

| : |

| | 3.16027 0.95368 4.11395
| | |2.33883-1.25825-3.59707 10
| | 10.42461 0.64298 0.21838 11
| | 10.32908 0.51790 0.18882 12
| | 0.45665 0.44337 0.90003 13
| | 2.13920 0.05796 2.19716 14
| | 1.04236 -1.03264 0.00972 15
| | |1.34133-1.01986-2.36119 16
| 10.13701 0.27402 0.13701 17
| 10.02159 0.21978 0.19819 18
| | |4.50659 0.02183 -4.48476 19
| o 1233912 2.36981 0.03068 20
| 2.13330 2.27528 0.14198 21
| | 0.27201 2.18082 2.45283 22
| | |0.57426 0.83957 0.26531 23
| | 10.35706 0.69946 0.34240 24
| 10.19681 0.52470 0.32790 25
B |2.41956 0.32005 -2.09951 26
| 1*. 0.99144 1.48478 2.47623 27
| 0.01777 0.15456 0.17232 28
B |4.12635 0.01621 -4.11014 29
| 1*. 1.12783 2.27342 3.40125 30
| 0.12323 0.43201 0.55524 31
| |1.92432 0.12260 -1.80171 32
T 10.79393 1.10794 0.31400 33
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| | -0.46165 0.94161 0.47995 34
| | -0.68528 0.68528 0.00000 35
| | -0.40082 0.69651 0.29569 36
| | 1.83472 0.57739 2.41211 37
| | 1.62903 -0.69017 0.93886 38
| | 1.05783 -1.15110-0.09327 39
| | -0.45385-1.06569-1.51955 40
| | 0.34891 -0.19769 0.15123 41
| | 0.45685 -0.24606 0.21079 42
| . | 0.55148 -0.32538 0.22610 43
| A L | 0.57679 -0.41210 0.16469 44
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

*
*
|
| *
| =
| =
|
.
"

| *

| *. 0.79996 -0.46232 0.33765 45
0.73173 -0.60715 0.12458 46
0.79117 -0.63419 0.15697 47
0.86431 -0.67818 0.18613 48
0.80298 -0.73856 0.06441 49
0.73377 -0.73302 0.00075 50
0.67380 -0.69370-0.01990 51
0.11914 -0.06482-0.08396 52
-0.83452-0.62105-6.45557 53
1.58850 4.96643 6.55493 54

| =
| ™.
| ™.
| =
| =
"
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(8 )3 doar
ARIMA- (1,1,1) alususl duall J513 520
Year RESIDUAL Fore cast Act. Value
2020 0.11914 0.06482 0.08396
2021 0.83452 5.62105 6.45557
2022 1.58850 4.96643 6.55493
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