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Abstract:

The study aimed at identifying the determinants of economic growth in
Sudan by using Auto-Regressive Distributed Lag model ARDL during
the period (1992-2016). The problem of the study was represented in the
following question: What are the most important interpreting
determinants of economic growth in Sudan? The study hypothesized that
there is a direct relationship between each of foreign investment,
economic openness, and human capital on economic growth. The study
also hypothesized that there is an inverse relationship between each of the
war in Darfur, South Sudan secession and economic growth in Sudan.
The descriptive, historical, and statistical methods were adopted by using
the econometric method (Auto-Regressive Distributed Lag ARDL)
model. The most important findings are: There is a direct relationship
between each of foreign direct investment, human capital and economic
openness, on economic growth in long time term. Therefore, the study
recommended the following: There is necessity for openness to external
economy and transaction with technologically advanced countries in
order to transfer and localize modern technology and utilize it internally
in Sudan. New accommaodations should be created and job opportunities
should be provided so as to employ qualified and trained human
resources. Higher education students should be provided with foreign

scholarship in order to keep pace with modern scientific developments.
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%2.5 2.96 4.18

%1 3.41 4.68

EVIEWS.V10 G—Au_)-) alasiuly Al all CJ}A.} Jalas CA‘J e Canlill alae) e Hdadll
BOUND LY & gunall daiill o 2a5 o3lef (2-4) Jsaally dibean¥) il e Tely
Bound TEST LY 4a all 4l e HS1 25 (32.07647)s s F 05 TEST

89



O dati JaY) Al sla A80e el o e A¥s jiiaieda g 9] Adilasl) (s siue e Ja
. (gdha.ﬁ‘)!\ }qﬂ\) c_ﬂﬂ\ edall )¢5 yudall Gl pzial)

b altiaeall alaiBy) gaill Laal) ciasaal) dul i ARDL  zlisad aladdia (LG
G gudd)

ARDL gigai s gl

ghai®y) saill Faall Glaaaall A ol ARDL zisai i g5 ; (3-4)ay Jsaa
22016 — 1992 (5 5_sdll JMUA 5 3l JUA (o sl 3 alxiiaal)

Long Run Coefficients (Long Run Elasticity)

LA ginall | Ry gina | (T) dad | 4 jlinallelUady) 3_)34l) allaall Gl juaial)
Zasaill | alledll T.| STD.Error | COEFFICIENT Variables
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0.780| 0.285 0.857| 0.244 C
0.000 | -7.898 0.049 -0.394 | LOG(ECG(-1))
0.000 [0.0006 | 4.635|  5.64E-07 2.61E-06 FDI(-1)
0.0001| 5.894 0.102 0.603 | LOG(OPW(-1))
0.0061| 3.320 0.043 0.145 | LOG(HUC)**
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ECM Regression
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0.0206 | 2.665 0.038 0.1032 | DLOG(OPW)
0.0006 4.594 0.167 0.771 DSSS
0.0000 | -16.512 0.023 -0.394 | COINEq(-1)*

EVIEWS.10 gebis a3l Al jall 23 3a Qi @l 5 g conlll ae] (o emal

Jee DA e zigadll B Dediall @ paiall shial) @i yaad a3 ) ddaleal)
- ((2,1,1,0,1,0) wliblal) cdls g (Schwara(SC))JJ) s&

AECG) = 0.244+0.291*Alog (ECG t-1) +1.49E-06*AFDI+ 0.103*log
(opw t-1)+ 0.771*ASSS -0.394 — -0.394*log(ECG t-1) +2.61E-06FDI
+0.603*log(opw t-1) +0.145*log(Huc) + 0.438*SSS + 0.310*DRW

Lilaal) g AuabaiBy) 5 Apull] jpulaall Uad g Aol jal) o il o slay

[l adil) /1

Al ol (g 8 dillae (53 A8 jme I i) el BB (e Gl Caagy
i aladie) Jd Gl e oy lla g Al (5l Cadtialy calins il g deadidll
SA A e ¢ Aol i ge zasaill b dpuld JSLie dga g aae e Sk o @yl
D ot ookl JSUia (e 23 gl

1 el Y Al /o
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. Heteroskedasticity Test ¢xbill CidUii) Adia JLad) /i

(4-4) &) Jsaall

BEOTIT Y Ao Alaiay) dadl)

Pagan F-Statistic 1.173 | Prob.F(10,12) 0.390

Godfry Obs*R- 11.371 | Prob chi- 0.329
squared Square(10)

(Eviews .V10) zeabi s aladiuls dl jall 73 sai Jilad a8l 5 (e Calill dlae) (e : jaadll

o2 il 5 %5 e ST s AdlaaY) adll o aad oMol (4-4) Jsaadl ml5 A (e
o) DA Al (e Pl zasail) Gf e AV s

: LM TEST _Lid) aladialy B gall 513N Jalsi Y AlSia LR /o

(5-4) A, J9ad

LM TEST F-Statistic 0.824 | Prob. F(9,3) 0.640
OBS*R- 16.377 | Prob.  Chi- 0.0594
squared Square(9)

(Eviews .V10) gt s alasiuly 4l jall 73 sad Jalad a8l 5 (e Gl dlae ) (a1 jaadl)

%5 o S LM TEST _lidy Allaia¥) asll i asi odlel (5-4) Jsaal) gl PA o
L Tl )Y Al e Al zasaill B s o) e AV i sl Uil

s agall) & Adiieial) il psiiall Cp damiall o) Jalii Y AlSia /

a5 el 73 gail) 8 Alisall < pial) (o ad Lol ) S dsa g ade da b e gEall
saa ) aduaill Jalaa dad ) ) LS 4l Cun (VIF) adcaill Jalzs 4 e alaic V)
(5) @1 G55 A adiail) Jales pl yhaiy e Bale s Alitusall <l puiiall (g  Jadd) ol Y
Jalre a5 385 ¢ Aliiall il jpsiall G ad Jalii ) ASe 3 ga gl (lSad) Ll e
b mase s LS Ol gud) 8 aldival gaill Apaal) cilansnall (b 73 g O ppiial adiiadl)
P N PRENT
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(6-4) 85 sl

VIF s sl &l yuzial)
0.0032 |  d&ludis il & sl OG(ECG(-1))
0.0041 | G5l & 5l OG(ECG(-2))

1.88E-13 bl a1 LY FD
bl 8 jaluall s L)
2.23E-13 FDI(-1)4aL

0.00493 L=l ~UsYILOG(OPW)

& LBl UYL OG(OPW(-1))

0.004285 aalud) asdd)
0.001916 il Judl (el LOG(HUC)
0.051911 Mgl @ gia Juadi|SSS
3l g () guall 1 i Jlads]

0.0559 SSS(-1)4alull
0.0120 o)l «,aDRW
0.7352 il aaNC

( Eviews .V10) g=<b_n alaaiub Al yal) GS}A_'\ Jalas &l e Gaalll dlae) (a1 juadll

8 Asiaal) il el aaead 5 00 Ji VIF 4ad () 1 (6-4) @by Jsandl & gl i

Normality Test (bl g sill Gl dl<iia /2
Jarque — Bera Test JLia)

(7-4) ad, J sl

Jarque-Bera Jlis) ded Prob
3.3329 0.1889

( Eviews .V10) gl aladinls 4 jall o3 ga3 Jilas a8l 5 (0 Cialill dlae ) (a1 2l
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sda Jullis %5 e ST a5 (0.1889) sks Jarque-Bera Jliay dlaiay) Al
st e b dbia g ) @)l as @i dsadl) (A sl o e Jly

s ol o 3 galll 3 ke ani g gail) allaa 4 ) i) Ll
s @ salll allaa 4 )y / ¥ o)
3 yall 73 sl Al ) i) (520 o CRESH Y o) ray sl o 23 saill 30 api J8
Oe 135 Taae EVIEWS V.10 zeebisel dmaydl Zajall a5y ¢ il 3 dalasiin
ﬁdﬁf\ﬂé\)ﬂ\ ‘éj\)ﬂ\ e Ola Hlaial) edal.muy.n‘h»\)ﬂ\ oda @LJ\J&L&Y\ <l s
. CUSUM of Squares z3 sl allaal  iial)
s oag Al ddlua
B ie alladll ; asal) (2 b

Blae e allall s Jaad) Gl Al
G DA S (S Sum agesy ) TN s & 1Al das) 400 )8 dlas) 40
)AL Bac g ¢ (G30Y) 0 sL) alleadl jluse adass giy (ea¥) 0500 Jind 5 e cpaa
s (Lea¥) sl iyl s eV uasdl G (GBLJY) OslL) JLia) jlue ad #8513) &
i A axall iy i s Lild L i) ol Jawl) aadl 5 e W) aall e lay
. zonaa Sl 53 e 73 saill allae
Or ) Joad) (g ja) i o gas Wild JEuY) 5 e W) ol HLESY) Sl sl o) ira
L g asaill allae 4y ) i) asxe I
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CUSUM of Square Test ks

(1-4) Js

1.6

1.2 |

0.8 |

0.4 |

0.0

-0.4

2013 2014 2015 2016

| —__ CUSUM of Squares - 5% Significance |

( Eviews .V10) gebi_n aladinls 4l jall &3 gad Jalat a81 5 (0 Galidl dlae ) (e 1 jadll

Btk alladll () 223 CUSUM of Squares Jlia) J3a (e cllxs

5l o 73 gadl) 5 ke ans / Ll

Ading 52l 5 U (5 sbuail) ane Jalae Lo alasiin) Wiy il e 73 saill 3 0a LAY
DAY Gl e

ol I GE G Jalae Q13 Al il e 3 saill 55080 65 a2l (a8

an) gl il G Jelae G cilS 13 ddpraa 5asill e 3 gaill 3 3e 0 652 Jaaall (2 3
. sl
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L (s gl poe Jalaa JLA) Aails

(8-4) a2, Jyad

Test Value Theil inequality coefficient
0.043

(Eviews .V10) gebi_n plasiuls Al jall 73 gai Jalad a8l g e Gali) dlae ] e jaadll

i les (0.043) (5 skt WA (5 sbil) pae Jalas e Gl ey ohe | JSAN 23l SO (e
}uﬂ\ézcd}d\a‘)m'é}éé\

: @Abaﬁ'i\ Sl (jéu e.-,\:&ﬂ\ /2

ail) 2 ) Gany ) el (ol g Aolia@y) Dy kil (e sadiual) uleall (e ey
o3 5 W i 3 jall Cilaleall il L) e Badse bzl ) ) Ay kil el G i)
,AalatiBy) dpalill e Gl pasl) Dl (52 Ao aSall 223005 Baasall Cilial yidY)

(9-4) & Jsaal

B anill 3 ga | 5084l allaall Variables <l yaidl
Coefficient
Long Run Coefficients
A8y 4, lail) e 38 55 C
0.244
AoalaBY 4 platll aa (38 sY -0.394 LOG(ECG(-1))
Al 4yl ae 38 51 2.61E-06 FDI(-1)
ALy 4, Hlail) ae (38 53 0.603 LOG(OPW(-1))
Al 4 jhaill w381 53 0.145 LOG(HC)**
Lalaiiy) 4l e 3815y 0.438 SSS(-1)
by 4yl e 381 5y 0.310 DRW**

Short Run Coefficients

Al 4 plaill w38 53 0.291 DLOG(ECG)-1)
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dpalaidy) 4y Hhill ae (38 5% | 1.49E-06 DFDI
Apalai®Y) 4, Hlaill a8 55 0.103 DLOG(OPW)
Al 4 phaill w8 53 0.771 DSSS
ALY Ay Hhall ae 8 55 -0.394 COINEq(-1)*

(Eviews .V10) gl alasiuly 4l jall # sei Jidat 18l 5 (e Gl dlae ] (a1 Hauadll
1Y) @bl Jsanll (e iy
ALY 4 Hlaill aa (38 gL ga Ao ga B LA) (63 (0.244) WUl Al caly /]

(0.291) paill da¥ (2 (g2la®BY) saill) (aliiall i) el Jalae e il /2
el 5 A8Lall 3 g5l & oaliaBY) saill (pu Aga yla A8De dsa g i Les dum a5 L) 13 8
alre dagd s LaS ¢ Apalai®y) 4y el pe (38 535 dais a5 Adladl 5yl b galaiY|
L) i dad a5 (-0.394) Jiskll da¥) (8 (b saill) (aliall alill yuial
Lokall Jile yel g g 4o A8l Jall el g dA8udl 5 yiil) & gaill o 48300 o Al
bl )il axe g A gud) SLaBY] 8 AIGE cllil) ) elld a5 3ol

il Laiy (1.49E-06) iady ymadll Ja¥) 8 pdlall ia¥) L) juaie Jalaa 4 /3
238 5 dua 50 3 L) (53 LaaDIS 5 (2.61E-06) Jashall da¥) & iV i) Jalas 4o
& gbai®y) gaill g pilaall iAW) LY G dad yla A8Ble 2 ga g el Ao gall 3 LAY)
ALY 4 Hhaill () ) e c3laly 135 ey shall 5 padl) (aal

(0.603) i shall JaV) 85(0.103) ly jumdll Ja¥) 3 (g2baBBY) ~UaiV) Jalaa dad /4
CU&JY\ O :\_J.J)Ja EP IS deag ‘;uu 2_1;}43\ '5)\.&‘}“ b.AA) 13 :\.t;}A SJL&;\ LﬁJ LAA)\S}
cAlaiBY) 4 plaill aa (38 gh 138 5 (gaLa®BY) gaill 5 (gLai8Y)

O 23 LS sl iy Law B 5 B 5L5) <13 (0.145) iy 5 ) QL) l ) Jalae e /5
Al Ay plaill aa (38) gl 138 5 ¢ Sall 5 galaBY) gaill o)) (g pdall JU

Jighll Ja¥) A5 (0.771) @aly juadll Ja¥) B Ol gl @ gia Juadi) Jalase 4ad /6

LY A il e 855 Y Al o3 5 A g 5 L) (53 Lan SIS 5(0.438)

(3 35 ¢ GBI sl e (ol A3 o gind) Jumit) o et Al 030
e 5 05 3 sl 138 (S (ool st 2n 5 el (o) pdmill Jana g )
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23 5 A 508 5L) I3 (o8 5 (0.310) sty skl o) (8 5513 (8 o al) dalea B /7
o gl e amy g oall e Cageall G Gl aa yge Apalai®y) Ay Hlaill 4l dagl)
AL pall Adall 4 yaall (A Cpacary 95 shaiall

Gl i) O e Al 028 5 Al L) i3 (<0.394) Uadll s dalas 4 caly /8
. % 394wty dxpaai 4y Jy shll aall b 4 ) sl A8 e

 uaa¥) jlmal) (385 ol / 3

: T-Statistic g saill 4 jall 4 sirall (lan¥) apdlll gilds /]

s pas il delua

Ho :B0 =0: aadl (a4

Hi: B #0 : Jaadl o &)

LAl Bas @

51%) Aglan ) AVl (6 sia (s ST T JLiaY Allaia V) Lagll CuilS 13) aaall (a5 Jais
Alan) Ao S A8 @l Cad) 4 gine g Aaleall () ing panll G238 D5 ¢ (%5
. (@m\ “.,. S‘J ).... S‘ ..~.~ S‘ o:‘e

%1) Aiban ¥ AVl (5 sie o S8 T LidY dllain Yl Lol cuilS 13 adell (2 4 b 5
I3 ABle lllia) A sine Aadaall () iag bl (a8l a5 aaall im s o5 ¢ (%5

(10-4) aé J sl

ol gl | alled) 4 gins (T) 4adt i ypaciall
%35 e z3 gaill Prob| T-Statistic Variables
Long Run Coefficients

S ina & 0.780 0.285 C

$ $ixa 0.000 -7.898 | LOG(ECG(-1))*

§ yire 0.0006 4.635 FDI(-1)
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S e 0.0001 5.894 | LOG(OPW(-1))

§ yra 0.0061 3.320 | LOG(HUC)**

§ yira 0.0414 2.283 SSS(-1)

§ yaa 0.0151 2.833 DW**
Short Run Coefficients

§ sre 0.0007 4.498 | DLOG(ECG)-1)

§ yira 0.0048 3.446 DFDI

S ina e 0.167 1.470 | DLOG(OPW)
§ yira 0.0054 3.386 DSSS

§ yira 0.0000 -16.512 | COINEq(-1)*

(Eviews .V10) gty alasiuly il jall & gad st a8l 5 (e Caalill dlae) (a1 jacadll

s g lgadll 4 pira /o

(11-4) a8, J g2l

Adjusted R-Squares

F-Statistic

Prob (F-Statistic)

0.979

105.277

0.0000

(Eviews .V10) gebin alasinls 4 all # sad Jalad a8l 5 e Gl dlae) (a0 il

:Adjusted R-Squared zigalll (a:dgidas /1
Jazall paaill dalee Jus 73 gaill 4 paedil) 5508l Wbl Jasall daadill Jalae axdi
Gl il (e %98 Aaniy Al ginna 73 gaill & ezl 4y il il o e (0.979)
¢ L) 4y jpuadill ol yyiciall L eill An s ((s0baBY) gaill) alill puaiall L& Gaaas il
i 038 5 3 gaill  dnanmall ual) (A giall) (5 AY) i) S e 8 le %2 AUl

CJ}AJ\&&}J'&AP‘;Q‘UYJ

: F-STATISTIC 3 saill 43080 4, ginall /2

e s dlasy) AV (5 sias o B (25 0.0000 ssbs F LAY Allaia ) dadl

2 saill A Ay gl o DIV it o2 5 0] A sinall (5 siose
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¢ clada ) Bl / GE) Eagal)

gaill g pleall =Y LA ¢y La dgiliaa)) AN cld o jla d3Me aa 8 PO, da Al
,gal.mﬁ\.!\

s (1A9E-06) &l 38 juadll JaV) (8 ¥ HLeiial) Jalae ol Jelaill gilis <yl
Gn sk ABe agay oy Lee s ge 3LEI 13 LaadlS 5 (2.61E-06) Jashll JaY)
Je dpbas) AV I3 A8l oda 5 lagudl A galaBY) gaill g pdlaall i) LdiuY)
Al 4l ae 5 5510 5 951 A sinall (5 sia

sailly el Jlall uly oo Aabian) AN @) Lok ABe aa g ¢ Al dua il
g alai®y)

331 13 (0.145) ads 8 Jyshall Ja¥) 8 s ) Jlall Gl ) Jalra o el zilis < je il
Ol sall (8 Al gaill) 5 5 ) Jlall (il ) G 430k ABDe 25y Ao o Laa A e
%1 %M\&MM@M\UYQQ\JM\c&jcd\:ﬁdba"ﬁy‘@)lnﬂ\@éa\jﬂg\&}
sailly galaBY) FUAN) Cp dilaaa) AN Q) ok ABe a0 ¢ ABIGY 4 A

.Lfdhaﬁ\ﬂ

JaV) 5(0.103) ids 8 il Ja¥) & alai®V] Al Jalee ol il il & el
210 (s sivall dic (g gina il Al Gl (815 dun 505 )L5) 13 585 (0.603) S shall

dsay e o Lae dan ga 58] 13 (0.603) &l Jashall Ja¥1 b sala®®y) ~LaY) Laiy
138 5 Glagad) 8 Jyshall Jal) 8 alaB®Yl saill 5 (sLaBY) FLEY) (G A 5e 48D
o1 A sizall (5 sl vie dlian) AV I3 A8 38 ol LaS ¢ Apalai®) 4y el ae (38 51
salll g Ol gl Gigia Jlali] (s duilbuaan) AV @l duwse 43N aa g 5 Aagl ) dua i)
. gdbaﬁ\z\

B9 (0.771) il B jpadll Ja¥) L JuaiiV) Jelea dad o i) il < jelal Can
kil e (581 58 Angiill o2 5 dn ge 5LE) 1D LaadS5 (0.438) ashall dal) &l
diliaa) AVo G A8l 038 g (1o guall 8 adiazall) Y dra g ) )l 2 gy g Aol

205 5 sisall dicd, gina g
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sailly o8l B cuall Cn dpilias) AN Gl Luuse ABe aa g 1 dwaldld) 4 Al
g alai®y)

3L 13 (0.310) &l 8 Jyshall Ja¥) 8l 8 yad) Jalea b ol iy < yeil
4 sinall (5 gicea die Ailian) AV Culd LSl 5 Aol 4y ydaill dalla dagiill s34 5 dus ga
alal) 430 el anime e )53l o e ipeall Y JSEN 1 Al edai s %5
skl e 2l e ) A gall
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: C._‘\um iﬁj‘

i a8 a5 5 5w — Cenld JUER) DDA e il aaiall () sS (g i 22y /]
el ) &8 ¥ GoAl s (s sl die Lgs Sl daig ¢ oY) 3A 5 (5 shuall die & paiall
(el e O puaiall JalSS e 383l ARDL 4aagic e Bound Test 2saadl jlas)
Al Jae (J AL ¢ @l il G JaV) ALy sda 435 65 ABe 3 ga g ) Jasa sl a3 G
e e s (Slug @ jidiall JalSill dpala ad Al jall 73 sad sl @iy 5 Undl) s
8yl 8 olaB¥) gaill g oabaBY) saill (o 43 sk ABDle 2 ga s Jalaill il it /2
bl i) i) (e IS oalbaB®Y) saill (A0 sk A8 3 g g Al all il /3
a8 sl b cally o sudl o sia Juai] 5 bl Jlall Gl ) 5 (gabai8Y) iy
aBY) paill 5 aBY) gaill (p LpuSe A 2 ga s ) Al Hall Clia 6 S ¢ o shall
Jashll daY) A el il 4

$LaBY) saill 5 saiBV] gaill (h ddlias) AVY G A 3 ga 5 ) Al all ilia 63 /4
Juadi] 5 5 pdall JUall Ll 5 gabaiBl) ~liaay) s pSliall ia) laiiud) s A8l 3 yidll b
Y05 4 sira (5 sise die Jyshall Ja¥) (8 sl i

Y] saill 5 s aBY) gaill (G dilian) AV CIZABe 3 ga g I Al ol Cilia 53 /5
e Gl guall G i Jladil 5 (5 8 Jlall Gl ) s %01 4 sine (5 siuse ie A8 3 il 4
el Ja¥) (895 A siaa (5 siuse

G Gl gl (8 alaBY) saill dadai e ARDL 7330 e Jalaill il il /6
JLEA) 2l O S ¢ 3 saill 353835 e (0.98) danall yaaill Jalaa jlid) dagis cul
sl b alaB®Y) gailly sl e ARDL zalei yiie e <y 38 (0.043) Jib

102



s ilua gil) Lot
£ Uiy aLaia Y15 ¢ i A1) ) sl i pobin o 1 ane s il o))l joliall i /]

b Lon A Audliall i (ealidl g Aymaal) Aleall duls 5 45805 41 5 Fyeill ol el dalyud)

Osb sy Ji Jal (e L 193055 ) gdaiall J sall s Jalill 5 o LAY SLai8Y) e ALy /2
C Ol sl 8 1A Lgia Baldin) 5 Zaall L o i<l

Gab oo suadl) il st g ASH Slaid) Gl ph e Al 8] 3i8sS e Jarll /3
LAl AL S o pan Rumgriall Aol laland) b Al
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s Al a3 Clua g8

(O sl 8 Aalxiunall Apasill L i 5 48N 20 3l /]

oMl A alvivall aliaiBy) gaill s i 5 20l 5l aSad) /2

Ay BY) Jall 8 sabaiy) paill Aaall chlaaaall gl Ciladl i /3
(O1asmd) Al Al 50 Aalxienall Apatill (G o ) 509 s il Jlall Ll /4
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Years ECG FDI OoPW HUC SSS DRW
1992 | 22095.07 40184 19.7 126211 0 0
1993 | 272711.8 85748 11.5 5421 0 0
1994 | 163064.1 23683.3 14.6 117822 0 0
1995 | 44810.71 41339 14.8 131050 0 0
1996 | 15081.08 | 10215.17 23.2 14586 0 0
1997 | 12733.64 | 15929.31 17.9 160464 0 0
1998 | 18630.07 | 20272.01 21.9 192656 0 0
1999 | 15043.95 4424.5 24.7 196041 0 0
2000 | 7947.282 3887.6 9.5 4569 0 0
2001 | 4946.519 6768.5 4.2 247604 0 0
2002 | 5194.121 10426.4 31.4 238862 0 1
2003 | 14112.70 9880.1 32 211087 0 1
2004 | 32483.03 13069.6 4.1 259264 0 1
2005 | 22204.55 21185.6 30.3 307724 0 1
2006 | 31273.55 25275.9 315 152366 0 1
2007 | 47161.44 27235.4 45 32568 0 1
2008 | 78405.46 27900.2 44 145269 0 1
2009 | 103713.5 28584.7 13.026 170586 0 1
2010 | 46112.43 34803.9 37 32569 0 1
2011 | 116883.6 | 186556.3 7.23 163258 1 1
2012 | 120735.1 59558.9 22.5 152669 1 1
2013 | 215949.2 | 342803.3 4.36 198567 1 1
2014 | 137591.9 58134.2 19 223669 1 1
2015 | 212464.0 578569 5.6 169857 1 1
2016 | 439325.1 548596 7.9 425684 1 1
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Null Hypothesis: D(ECG) has a unit root
Exogenous: Constant

Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -5.282565 0.0003
Test critical values: 1% level -3.752946

5% level -2.998064

10% level -2.638752
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 4.68E+09
HAC corrected variance (Bartlett kernel) 5.50E+09
Phillips-Perron Test Equation
Dependent Variable: D(ECG,?2)
Method: Least Squares
Date: 12/02/18 Time: 21:25
Sample (adjusted): 1994 2016
Included observations: 23 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
D(ECG(-1)) -1.101930 0.206796 -5.328588 0.0000
C 8087.725 15026.43 0.538233 0.5961
R-squared 0.574846 Mean dependent var -1032.852
Adjusted R-squared 0.554600 S.D. dependent var 107277.6
S.E. of regression 71595.18 Akaike info criterion 25.27838
Sum squared resid 1.08E+11 Schwarz criterion 25.37712
Log likelihood -288.7014 Hannan-Quinn criter. 25.30322
F-statistic 28.39385 Durbin-Watson stat 1.093694

Prob(F-statistic) 0.000028
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Null Hypothesis: D(FDI) has a unit root
Exogenous: Constant

Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -9.525165 0.0000
Test critical values: 1% level -3.752946

5% level -2.998064

10% level -2.638752
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1.12E+10
HAC corrected variance (Bartlett kernel) 1.46E+10
Phillips-Perron Test Equation
Dependent Variable: D(FDI,2)
Method: Least Squares
Date: 12/02/18 Time: 21:25
Sample (adjusted): 1994 2016
Included observations: 23 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
D(FDI(-1)) -1.673593 0.161952 -10.33388 0.0000
C 35891.33 23370.31 1.535766 0.1395
R-squared 0.835667 Mean dependent var -3284.217
Adjusted R-squared 0.827841 S.D. dependent var 266546.9
S.E. of regression 110595.6 Akaike info criterion 26.14809
Sum squared resid 2.57E+11 Schwarz criterion 26.24683
Log likelihood -298.7030 Hannan-Quinn criter. 26.17292
F-statistic 106.7891 Durbin-Watson stat 1.438518

Prob(F-statistic) 0.000000
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Null Hypothesis: HUC has a unit root
Exogenous: Constant
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -3.047613 0.0446
Test critical values: 1% level -3.737853

5% level -2.991878

10% level -2.635542
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 9.29E+09
HAC corrected variance (Bartlett kernel) 8.98E+09
Phillips-Perron Test Equation
Dependent Variable: D(HUC)
Method: Least Squares
Date: 12/02/18 Time: 21:26
Sample (adjusted): 1993 2016
Included observations: 24 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
HUC(-1) -0.776946 0.251186 -3.093109 0.0053
C 130791.9 43421.59 3.012140 0.0064
R-squared 0.303077 Mean dependent var 12478.04
Adjusted R-squared 0.271399 S.D. dependent var 117944.3
S.E. of regression 100675.1 Akaike info criterion 25.95684
Sum squared resid 2.23E+11 Schwarz criterion 26.05501
Log likelihood -309.4821 Hannan-Quinn criter. 25.98288
F-statistic 9.567326 Durbin-Watson stat 1.665528

Prob(F-statistic) 0.005310
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Null Hypothesis: OPW has a unit root
Exogenous: Constant
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -4.115562 0.0042
Test critical values: 1% level -3.737853

5% level -2.991878

10% level -2.635542
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 147.9649
HAC corrected variance (Bartlett kernel) 162.3481
Phillips-Perron Test Equation
Dependent Variable: D(OPW)
Method: Least Squares
Date: 12/02/18 Time: 21:27
Sample (adjusted): 1993 2016
Included observations: 24 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
OPW(-1) -0.880051 0.216259 -4.069431 0.0005
C 17.43995 5.112945 3.410941 0.0025
R-squared 0.429465 Mean dependent var -0.491667
Adjusted R-squared 0.403531 S.D. dependent var 16.45052
S.E. of regression 12.70497 Akaike info criterion 8.001519
Sum squared resid 3551.158 Schwarz criterion 8.099690
Log likelihood -94.01823 Hannan-Quinn criter. 8.027564
F-statistic 16.56027 Durbin-Watson stat 1.999163

Prob(F-statistic) 0.000509
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Null Hypothesis: D(DRW) has a unit root

Exogenous: Constant

Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -4.795854 0.0009
Test critical values: 1% level -3.752946

5% level -2.998064

10% level -2.638752
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 0.041502
HAC corrected variance (Bartlett kernel) 0.041322
Phillips-Perron Test Equation
Dependent Variable: D(DRW,2)
Method: Least Squares
Date: 12/02/18 Time: 21:28
Sample (adjusted): 1994 2016
Included observations: 23 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
D(DRW(-1)) -1.045455 0.217992 -4.795832 0.0001
C 0.045455 0.045455 1.000000 0.3287
R-squared 0.522727 Mean dependent var 0.000000
Adjusted R-squared 0.500000 S.D. dependent var 0.301511
S.E. of regression 0.213201 Akaike info criterion -0.170224
Sum squared resid 0.954545 Schwarz criterion -0.071485
Log likelihood 3.957577 Hannan-Quinn criter. -0.145392
F-statistic 23.00000 Durbin-Watson stat 2.004329
Prob(F-statistic) 0.000097
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Null Hypothesis: D(SSS) has a unit root
Exogenous: Constant
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -4.795854 0.0009
Test critical values: 1% level -3.752946

5% level -2.998064

10% level -2.638752
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 0.041502
HAC corrected variance (Bartlett kernel) 0.041322
Phillips-Perron Test Equation
Dependent Variable: D(SSS,2)
Method: Least Squares
Date: 12/02/18 Time: 21:28
Sample (adjusted): 1994 2016
Included observations: 23 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
D(SSS(-1)) -1.045455 0.217992 -4.795832 0.0001
C 0.045455 0.045455 1.000000 0.3287
R-squared 0.522727 Mean dependent var 0.000000
Adjusted R-squared 0.500000 S.D. dependent var 0.301511
S.E. of regression 0.213201 Akaike info criterion -0.170224
Sum squared resid 0.954545 Schwarz criterion -0.071485
Log likelihood 3.957577 Hannan-Quinn criter. -0.145392
F-statistic 23.00000 Durbin-Watson stat 2.004329

Prob(F-statistic) 0.000097
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Estimation Output (8) b sl

Dependent Variable: LOG(ECG)

Method: ARDL

Date: 12/04/18 Time: 09:28

Sample (adjusted): 1994 2016

Included observations: 23 after adjustments

Maximum dependent lags: 2 (Automatic selection)

Model selection method: Schwarz criterion (SIC)

Dynamic regressors (1 lag, automatic): FDI LOG(OPW) LOG(HUC) SSS
DRW

Fixed regressors: C

Number of models evalulated: 64

Selected Model: ARDL(2, 1, 1,0, 1, 0)

Variable Coefficient  Std. Error t-Statistic Prob.*
LOG(ECG(-1)) 0.897144 0.056686 15.82661 0.0000
LOG(ECG(-2)) -0.291255 0.064745 -4.498520 0.0007
FDI 1.49E-06 4.33E-07 3.446489 0.0048
FDI(-1) 1.12E-06 4.72E-07 2.375042 0.0351
LOG(OPW) 0.103280 0.070250 1.470178 0.1672
LOG(OPW(-1)) 0.499934 0.065462 7.637022 0.0000
LOG(HUC) 0.145317 0.043767 3.320234 0.0061
SSS 0.771495 0.227841 3.386114 0.0054
SSS(-1) -0.333451 0.236492 -1.409989 0.1839
DRW 0.310717 0.109667 2.833276 0.0151

C 0.244926 0.857482 0.285634 0.7800
R-squared 0.988730 Mean dependent var 10.63672
Adjusted R-squared 0.979338 S.D. dependent var 1.263376
S.E. of regression 0.181600 Akaike info criterion -0.268086
Sum squared resid 0.395743 Schwarz criterion 0.274977
Log likelihood 14.08299 Hannan-Quinn criter. -0.131507
F-statistic 105.2770 Durbin-Watson stat 2.488887
Prob(F-statistic) 0.000000

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

selection.
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Long Run Form and Bounds Test

ARDL Long Run Form and Bounds Test
Dependent Variable: DLOG(ECG)

Selected Model: ARDL(2, 1, 1,0, 1, 0)
Case 3: Unrestricted Constant and No Trend
Date: 12/02/18 Time: 21:44

Sample: 1992 2016

Included observations: 23

Conditional Error Correction Regression

Variable Coefficient  Std. Error t-Statistic Prob.

C 0.244926 0.857482 0.285634 0.7800
LOG(ECG(-1))* -0.394112 0.049897 -7.898484 0.0000
FDI(-1) 2.61E-06 5.64E-07 4.635779 0.0006
LOG(OPW(-1)) 0.603214 0.102336 5.894415 0.0001
LOG(HUC)** 0.145317 0.043767 3.320234 0.0061
SSS(-1) 0.438044 0.191802 2.283833 0.0414
DRW** 0.310717 0.109667 2.833276 0.0151
DLOG(ECG(-1)) 0.291255 0.064745 4.498520 0.0007
D(FDI) 1.49E-06 4.33E-07 3.446489 0.0048
DLOG(OPW) 0.103280 0.070250 1.470178 0.1672
D(SSS) 0.771495 0.227841 3.386114 0.0054

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

Levels Equation

Case 3: Unrestricted Constant and No Trend

Variable Coefficient  Std. Error t-Statistic Prob.

FDI 6.63E-06 1.42E-06 4.674810 0.0005
LOG(OPW) 1.530565 0.290897 5.261539 0.0002
LOG(HUC) 0.368719 0.131663 2.800484 0.0160
SSS 1.111472 0.456094 2.436937 0.0313
DRW 0.788399 0.320100 2.462976 0.0299

EC = LOG(ECG) - (0.0000*FDI + 1.5306*LOG(OPW) + 0.3687*LOG(HUC) +
1.1115*SSS + 0.7884*DRW )
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F-Bounds Test

Null Hypothesis: No levels relationship

Test Statistic Value Signif. 1(0) 1(2)
Asymptotic:
n=1000
F-statistic 32.07647 10% 2.26 3.35
k 5 5% 2.62 3.79
2.5% 2.96 4.18
1% 3.41 4.68
Finite Sample:
Actual Sample Size 23 n=35
10% 2.508 3.763
5% 3.037 4.443
1% 4.257 6.04
Finite Sample:
n=30
10% 2.578 3.858
5% 3.125 4.608
1% 4.537 6.37
t-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(1)
t-statistic -7.898484 10% -2.57 -3.86
5% -2.86 -4.19
2.5% -3.13 -4.46
1% -3.43 -4.79
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ARDL Error Correction Regression
Dependent Variable: DLOG(ECG)

Selected Model: ARDL(2, 1, 1,0, 1, 0)
Case 3: Unrestricted Constant and No Trend
Date: 12/02/18 Time: 21:45

Sample: 1992 2016

Included observations: 23

ECM Regression
Case 3: Unrestricted Constant and No Trend

Variable Coefficient  Std. Error t-Statistic Prob.

C 0.244926 0.038272 6.399674 0.0000
DLOG(ECG(-1)) 0.291255 0.042951 6.781034 0.0000
D(FDI) 1.49E-06 2.76E-07 5.409503 0.0002
DLOG(OPW) 0.103280 0.038746 2.665564 0.0206
D(SSS) 0.771495 0.167917 4.594511 0.0006
CointEq(-1)* -0.394112 0.023868 -16.51212 0.0000
R-squared 0.957008 Mean dependent var 0.020731
Adjusted R-squared 0.944363 S.D. dependent var 0.646843
S.E. of regression 0.152575 Akaike info criterion -0.702868
Sum squared resid 0.395743 Schwarz criterion -0.406653
Log likelihood 14.08299 Hannan-Quinn criter. -0.628371
F-statistic 75.68367 Durbin-Watson stat 2.488887
Prob(F-statistic) 0.000000

* p-value incompatible with t-Bounds distribution.

F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(2)
F-statistic 32.07647 10% 2.26 3.35
k 5 5% 2.62 3.79
2.5% 2.96 4.18
1% 341 4.68
t-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(2)
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t-statistic -16.51212 10% -2.57 -3.86

5% -2.86 -4.19

2.5% -3.13 -4.46

1% -3.43 -4.79
Oebiil) JSLiia

Breusch-Pagan-Godfrey Jbis) alasinly cplall ol are 4G jlad) @ (11) @8 ald)

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 1.173576 Prob. F(10,12) 0.3907
Obs*R-squared 11.37198 Prob. Chi-Square(10) 0.3293
Scaled explained SS 5.909364 Prob. Chi-Square(10) 0.8228

Test Equation:

Dependent Variable: RESID"2
Method: Least Squares

Date: 12/02/18 Time: 21:46
Sample: 1994 2016

Included observations: 23

Variable Coefficient  Std. Error t-Statistic Prob.

C 0.007867 0.156268 0.050344 0.9607
LOG(ECG(-1)) 0.002406 0.010330 0.232856 0.8198
LOG(ECG(-2)) -0.015921 0.011799 -1.349332 0.2021
FDI 7.71E-08 7.89E-08 0.976605 0.3480
FDI(-1) -4.51E-08 8.60E-08 -0.524702 0.6093
LOG(OPW) 0.026649 0.012802 2.081572 0.0595
LOG(OPW(-1)) 0.010404 0.011930 0.872088 0.4003
LOG(HUC) 0.006346 0.007976 0.795682 0.4417
SSS 0.032712 0.041522 0.787823 0.4461
SSS(-1) 0.009153 0.043098 0.212367 0.8354
DRW -0.061809 0.019986 -3.092665 0.0093
R-squared 0.494434 Mean dependent var 0.017206
Adjusted R-squared 0.073129 S.D. dependent var 0.034376
S.E. of regression 0.033095 Akaike info criterion -3.672938
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Sum squared resid 0.013143 Schwarz criterion -3.129876

Log likelihood 53.23879 Hannan-Quinn criter. -3.536360
F-statistic 1.173576 Durbin-Watson stat 1.961896
Prob(F-statistic) 0.390725

LM _lis) aladialy S dals )Y) AlShae jLad) 1(12)ad) Galal)

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.824319 Prob. F(9,3) 0.6402
Obs*R-squared 16.37740 Prob. Chi-Square(9) 0.0594

Test Equation:

Dependent Variable: RESID

Method: ARDL

Date: 12/02/18 Time: 21:51

Sample: 1994 2016

Included observations: 23

Presample missing value lagged residuals set to zero.

Variable Coefficient  Std. Error t-Statistic Prob.

LOG(ECG(-1)) 0.047455 0.107070 0.443212 0.6876
LOG(ECG(-2)) 0.035050 0.090014 0.389379 0.7230
FDI -4.21E-07 6.37E-07 -0.661186 0.5557
FDI(-1) 7.71E-08 8.28E-07 0.093108 0.9317
LOG(OPW) 0.258640 0.326721 0.791623 0.4864
LOG(OPW(-1)) 0.243914 0.366130 0.666195 0.5529
LOG(HUC) 0.116489 0.183993 0.633116 0.5716
SSS -0.206610 0.374806 -0.551246 0.6199
SSS(-1) 0.512542 0.537724 0.953169 0.4108
DRW -0.252084 0.184850 -1.363717 0.2660
C -3.500737 4.387225 -0.797939 0.4832
RESID(-1) -1.202622 1.128173 -1.065991 0.3646
RESID(-2) -0.689922 1.047923 -0.658371 0.5573
RESID(-3) -0.426408 1.056328 -0.403670 0.7135
RESID(-4) 0.590862 1.543407 0.382830 0.7274
RESID(-5) -0.584754 0.595490 -0.981970 0.3985
RESID(-6) 0.408198 1.445375 0.282417 0.7960
RESID(-7) 0.897983 1.970456 0.455723 0.6796
RESID(-8) -0.003964 1.256072 -0.003156 0.9977
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RESID(-9) 0.704570 1.282511 0.549367 0.6210

R-squared 0.712061 Mean dependent var 2.20E-15

Adjusted R-squared -1.111553 S.D. dependent var 0.134121

S.E. of regression 0.194893 Akaike info criterion -0.730484
Sum squared resid 0.113950 Schwarz criterion 0.256903

Log likelihood 28.40056 Hannan-Quinn criter. -0.482159
F-statistic 0.390467 Durbin-Watson stat 2.642543

Prob(F-statistic) 0.914712

bl Bl ¥ AlSia jlis) 1(13) A Galall

Variance Inflation Factors
Date: 12/02/18 Time: 21:53
Sample: 1992 2016

Included observations: 23

Coefficient Uncentered Centered

Variable Variance VIF VIF

LOG(ECG(-1)) 0.003213 255.7839 3.223646
LOG(ECG(-2)) 0.004192 327.2756 3.878557
FDI 1.88E-13 4.569849 3.479707
FDI(-1) 2.23E-13 3.443328 2.656590
LOG(OPW) 0.004935 28.30357 1.956244
LOG(OPW(-1)) 0.004285 24.79689 1.647893
LOG(HUC) 0.001916 185.6539 1.426677
SSS 0.051911 9.444575 6.980773
SSS(-1) 0.055928 8.479500 6.636131
DRW 0.012027 5.470312 1.902717
C 0.735275 512.7970 NA
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9
Series: Residuals
81 Sample 1994 2016
7 Observations 23
6 Mean 2.20e-15
5 | Median -1.35e-14
Maximum 0.332610
4 Minimum -0.368855
3 Std. Dev. 0.134121
7 Skewness -0.207959
2 | Kurtosis 4.817930
14 Jarque-Bera  3.332946
0 Probability 0.188912
0.4 0.3 0.2 0.1 0.0 0.1 0.2 0.3 0.4
CUSUM of Square Test _kia) :(15)a8)) Galall
1.6
1.2
0.8
0.4
0.0
-0.4
2013 2014 2015 2016

— CUSUM of Squares

5% Significance

3l o zasaill 5 ke jlis] 1(16) a8 galdl
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Forecast: ECGF

2,000,000
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800,000 |
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Actual: ECG
Forecastsample: 1992 2016

Adjusted sample: 1994 2016
Included observations: 23
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

11434.32
7308.803
11.26621
0.043449
0.000572
0.206507
0.792921
0.240083
11.27625




	جامعة السودان للعلوم والتكنلوجيا
	البسملة
	الشكر والاهداء
	البــاب الاول غلاف
	1
	الفصل الثاني غلاف
	2
	الفصل الثالث غلاف
	3
	الفصل الرابع غلاف
	4



