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About the Journal

A scientific journal published bi-annually by the Arab Planning Institute. The journal publishes
theoretical and field research in economics, in addition to book reports, seminar and

conferences proceedings and events related to the field of economics.
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Goals

» The Journal is specialized with studies related to development issues and economic
policies in Arab countries.

= Increasing knowledge content within policy makers and researchers.

= Creating a constructive scientific dialogue between all stakeholders interested in the

economic policy of the Arab world.




Publication Guidelines

The journal publishes original research and
studies (Arabic and English) that have not
been previously published and were not
submitted publication in other journals or
periodicals.

Studies submitted to the journal may not
exceed 30 pages or 10000 words, including
figures, illustrations, tables, references, and
appendices.

Book and Report reviews must not exceed 10
pages and review recent books/reports that
were published through certified publishers.
Submissions to the journal should be
addressed to the Editor on the following
email address: jodep@api.org.kw taking in
account the following points:

Margins in all directions should be 2.5 cm
Research Tittle should be written
between quotation marks (i.e “Title”)
Title should be in font size 16 Bold and
the title must be accurate and expressive
of the content of the search.

Font size (12 \ Simplified Arabic) for
Arabic texts and (10 \ Time New Roman)
for English texts.

The research shall be accompanied by
two abstracts, in Arabic and English, of
no more than 300 words each. And the.
The research should contain the name of
the researcher (researchers), e-mail
address and current position.

The journal wuses the (American
Psychological Association APA)
reference system.

Six key words relative to the research
must be added under the abstracts in both
Arabic and English.

At least 3 classifications in accordance
with  the = American  Economic
Classifications must be added to the

paper

The peer review process is conducted in two
stages using the blind review method, as
follows:

- Internal blind review to ensure that the

research paper is in line with the journal’s
requirements (the researcher will be
notified within a week)

External blind peer review in which the
research is reviewed to two referees (the
researcher is answered within a month after
the initial review, and in case the research
is accepted by a reviewer and is rejected by
the other. A third reviewer determines the
validity of the research)

All opinions expressed in the research papers
are those of the authors and do not express the
opinion of the journal or the Arab Planning
Institute.
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Optimum Government Size and Economic Growth in Sudan: Using the
(ARDL) approach

Hisham Mohamed Hassan

Abstract

Policies related to the level of government spending are considered one of the most important
economic issues, and aspects that drew particular attention of its impact on economic
growth. This paper aims to determine the size of the government of Sudan, which is reflecting
positively on the optimal allocation of the resources and the level of public spending that
maximizes economic growth. In addition to testing whether there is a long-run relationship
between the size of the government and economic growth in Sudan? The findings show that the
relationship between government size and economic growth in Sudan is nonlinear (Armey)
curve, the ARDL model shows that there is a short and long-run relationship between the size of
the government and economic growth in Sudan. The optimal size of the Sudanese government,
based on the share of public spending, should not exceed 11.17% of GDP, there is co-integration
between economic growth and public spending, and the speed of adjustment toward long run
equilibrium is 61%.
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*0.0000 | -2.916 | -3.718188 | 0.9973 | 2.916 - | 1.083055 I(1) GDPt
*0.0000 | -2.914 | 5.856539 1.000 -2.913 | 2.775091 I(1) Gexp
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ARDL 355 allaa il 1(2) ) Jsaal

Dependent Variable: GDPt

Method: ARDL

Model selection method: Akaike info criterion (AIC)
Dynamic regressors (4 lags, automalic). (GGECGDP)
Number of models evalulated: 20

Selected Model: ARDLI1, 0)

Variable Coefficient Std. Error 1-Statistic Prob.*
GDPH-1) 0387894 0.120688 3214017 0.0022
EXPt 0.181906 0.064557 2817777 0.0067
CointEai-1) -0.612106 0.119305 -5.130616 0.0000
F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Valug Signif. 10) 1)
F-statistic 12.92658 10% 244 328
K 1 5% 3.15 411
2.5% 3.38 492
1% 481 6.02

Breusch-Godfrey Serial Correlation LM Test;

F-siatistic 0.552821 Prob. Fi2,15) 0.5866
Qbs*R-squared 1.304338 Prob. Chi-Squarei2) 0.5209
ARDL zi303 ol i(4) p3) Jgax))

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.042226 Prob. Fi2,16) 09588
Obs*R-squared 0.099761 Prob. Chi-Sguare(2) 09513
Scaled explained 33 0.072496 Prob, Chi-Sauarei2) 0.9644
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The Effectiveness of the Interest Rate Policy in the Egyptian Economy
(1980-2019)

Anwar El Nakeeb
Abstract

The study aims to test the extent of the ability and effectiveness of interest rate policy and its use
as a transmission mechanism for monetary policy to transfer changes from the monetary
economy to the real economy. Multiple regression models were estimated using the least squares
method to know the effect of the interest rate on some macroeconomic variables such as real
investment spending, real GDP, and the real demand for money in the Egyptian economy during
the period (1980-2019). The results of the study concluded that the interest rate as a transmission
mechanism is of weak effectiveness in the Egyptian economy, so the effect of the interest rate on
the real demand for money is statistically insignificant, and the real private investment spending
is not flexible to the interest rate, and the effect of the interest rate on the real GDP is very
weak. Thus, the interest rate is a disrupted transmission mechanism in the Egyptian economy, and
therefore the use of interest rate policy to influence the monetary policy intermediate targets
(especially the monetary aggregates M1, M2, and M3) will be weak, which leads generally to
the weak effectiveness of monetary policy in the real economy. Hence, there is great importance
for activating the interest rate mechanism in the economy.
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Kaldor’s Hypotheses and The Role of Manufacturing Industries in
Economic Growth in the Kingdom of Saudi Arabia

Radi E. Abdulgawad
Ahmed A. El-Rasoul

Abstract

This study aimed to test the applicability of the three Kaldor’s Hypotheses, and to estimate the effect
of the manufacturing sector on economic growth and labor productivity on KSA using time series
annual data for the period (1990-2018). The study based on some of the
analytical econometric methods. It used Unit Root tests for stationary of time series for each of the
following variable, manufacturing output, GDP growth rate as a proxy of economic growth, labor
productivity in manufacturing sector, and finally labor productivity in non-industrial sectors. The
study also used “Johansen” test for Cointegration, Error Correction Model, and “Granger” causality
test. The results showed a long-run relationship between these three variables and the growth of the
manufacturing sector. The direction of causality is being from the manufacturing sector to economic
growth, as well as from the manufacturing sector to the labor productivity in this sector and non-
industrial sectors. The error correction term for the dependent variables of the three Kaldor’s
Hypotheses was found to be negative and statically significant for each variable. The coefficients of
elasticity of the dependent variables in the long run were found greater than in the short run. This
reflected higher relative impact of the growth of manufacturing output on the three dependent
variables. This confirmed that three Kaldor's hypotheses were applicable to Saudi Arabia during the
study period.
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IS Al a8 el Gligine B )3 Cnehl cleliall Gany il 5l
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cleghad) e Alla et ) L (535 4 WS ¢ e liall g Uadl) gaig
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gladll & dighll (saall o mnlll gai Jaeay Jeal) Lalii] gei Jaee G ADkal) 3823 —a
(e 220 (8 ADL) 020 and 5 das cppdall )l (8 Glismadd) oy die o lall
JAabide Luld culldd pladnulig dabide clpdl Glily aladiuly cilulyal)

Gilaglaall Liangloi€iy Ll cileadl) cileUad das bt ) cluhal) e mil <ylal —a
cglai®Y) gaill 8 0y90 ATy AeaaY) Asdll milill & e Laly
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"2018-1990" 55l & Lygradl Aupal) dSlaals Al Jatl) peadla paf Lt

Sai®¥) 5l3s) (b Lk o Liaall g Unil Calaal ASLaal) dasSad Aualia@ ) dalaaad] Cavn
Pl bl cdangand) Jasdadnll

Aal) Lo gl Sl Bl Gaexds apest DA e Aipea) o ) slaBY) aes

bl (g Aegiia degane z ) (o S Gy LaluY) bl SlaB@y) il ad) o
oalally Lladl) Glou) 8 Al e sacls CallSuy

Adasesgl) Slgal) (pe Byl el A8 Lmiiial) L) Lajiss S Whall (ga saliaa) —2
s Plaialy Laully duanally ducly 3l iy illy duclivall ailiiday Jg ) e daslll
e Ll 5ac lll qgiil 3))ally L3l

Abisatl) cleliall b (alal) g Uadll clills JalS (e 538 geadi =

L)l gie Laadll] dyoliva dpali (3akad —

sl e Bl Ty ¢ U paall laloail gaadiy e liall ¢ Usdll Zalyf ad) —

Dlead) hlea okt PA e ellly chigend) e Alaad) o deliall slae) Qi -
illenl) Gyl el i alally il poball ClLalSa) Aty gibagl

AR Fdagl) il lall Calide G JalSlly osbeall duwsi 52b) —¢

Cile Uadll cileds cAugale clyaty 5 a1 AN agial)l DA Gasadl sLaBY) e g
iS5 dayay clelndll sigl duwill Laa¥) o JS 2 Ci¥ead ciaaly cdibiad) dualady)
O Bl Al ) uslai@) (i) iyl 3a g8 L ariieeal) dunglyiSal Culldls
(st (s AR Lol el 3 Gaany Log Algall eagi (5ol gad (g 3y Lo
cela®Y) sl gl bl yaady ALY gl sao angll g e gl el
il se by Lay 925Ua cuns ) ol coabaid¥) ladl 8 2Sa culpad LalSal @l Ja
A bai®Y) Al Jabad acsy e Aaala@y) dnlud)

aaY " heasl) sl (DA e cansill 138 8 dgdns A Al Jslas Lo elld
Ayl b5l (s Jol5 DA G cdaall e 55580 DS ASLaally e Uil sl madls
e Ome g LS ellyy (2018 ~1990) sl & el Joailly (sagand) L@ gail
LA gl
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2018 ~1990" 55l b sasnadl eyl Sl Jally (S3LaBY) paill dasdl) il

A Aanaall 3l agats asdi S Aai) e gena 1 p aalsl) Wliea delical

o Tl aaana¥) o Sl DLl AL dpelia cilaiie ) Asseally Salgal) cAslal)

el Slland) (e 330 ) s gy psgie oo Liaall BLED (6 13g2g coal cle liaa

Slalall Ll Cangs Buas dge z ) 5l sagage Alsl ge (B g 5l zhanl ek

saaiall ael) e oball aagall Jsal) Caeaill gy L Ae giia Jilusgy Byl aladialy Ll
:(2009 ¢saniall aa¥l) A5Y) AN cleladll dale o liall Jaliall Jody

Capady clgadaa 5 a1 ol (e claldll 2 hat) Jedis @ jalaad) Dlisuly geaetl) =i
Aahaiwy) delially

Laade 5 S8 8 igat DA (e i ) e liall 38 amiy dbigail) delial) —
Sans alaie ¥ saldll

enal) Cayeall Aaify slaally dabidal) ajalias d8Uall culalae) acaiy sdae luall cilesdl) 2
Ngiallaay callall 5y

Alaally o linall g Uil olal disa imns I (1)o8) Jsaalls )l i) meiasig
(2018-1990)55all A Lo sead) L yall

(2018-1990) 5l 3 Lagrad) dual) ASlaalls o lall g Uil olaf pdija :(1) by dgsa

) Jara iy | Jagiall o s
dh e | G50 | G5 2

7.84 911.76 | 1390.06 (Al ad—Jb) Ogl) Alaa) Aaall @l
3.07 48389 | 1763.19 (2010=T00% &G Jlaaldl; Osl) Saa¥T Al gl
8.21 52529 | 763.37 (Auls pd — Jby Osaly) o linall g Uall Aol malil) Nlaa)
3.44 297.82 | 950.07 (A8 ol = J) Osl) oGl g B (Ll @3l lea)
7.33 420.76 | 626.68 (Al af — 0L Ol Gelall pé Sle WAl L) g3l
2.56 258.99 | 813.11 (Al lad = J4; Oaly) elall & Clelall Ll 'ua
8.55 104.60 | 141.57 (Al a8 - JL, Gl Ll clelall Ly sl g 'Ld!
3.78 67235 | 176.90 | (A6 Jlaa) — O, Osl) &bisadll clelall LY dadl c.u.m
4.02 2836.31 | 7932.28 (GENL) Al 2xe e
2.16 100.72 | 536.35 (VL) slall g Gl Aladl s k)
2.63 101.80 451.86 ddigaill cleluall ety Adlaadl 230 Jlaa)
4.16 2738.73 | 7395.93 Leliall pé aloUadll Alaad) aae e
6.05 754.35 | 1319.56 (0 Al o lall g Ually Jalad) 4l
5.92 155.48 | 283.141 (Ju @) Lligadl) clelal) ¢ Uads Jalal) Loalis)
317 23.04 76.62 (0L, &) e Call & cle il Jaladl 1ol

Afal) adaga cilpial) Glibed Alaay) Jaladl) cpe Jgaad) Cilily Cuudg cad @ jdaall
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25 “RGDP” 43l el JlaaY) Asdl) sl sk Il (1)ad) JSEN Cpans
Pla “RGDPNI” deliall ye (5aY) cleladlly “RGDPIS” eliall glaill (o JS
-(2018-1990)5 54

Sl gy ol g Uil gl (e U5 laal) (aal) alil) okt (1)) Jei
"(2018-1990) 851 JMA Lo saead) dssjal) ASlaally

2500 == == s RGDP e==+¢==RGDPIS ==t==RGDPNI o

AAahall Glyaate Glily aladiul salac) & jraall
= liwall g Uadll (e IS 8 Jalall L2 Jacssie lalasl Sl (2) 8, SN maagy
Lagruall Lnjal) ASkadlly (ProdMI) dbigaill cule lually (ProdNI) eliall e g (ProdiS)
bl g (DA
Lhgatl) clelinally eliall juby olial) g Uil Laliil bugie yoh 1(2)ad) JS&
"(2018-1990)554 J& duygaud) Loyl ASlaally

3000
= tmm ProdlS  ==m==ProdMl =@« ProdNI /“!-.
2500
ot \
2000 / \ J \ /
~/ / v,

Su of3 o Eiw oE3 o &is of5 o dle off o & of] o @ o) « &
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2 ) o) (2 1) c€ally sl (1) o8y Joaalls s3ls) clilal) auds (Sa
D Epagedl el iSheally gl Jsailly ool gl sis (uSal dunsiy e
tJal saill e a5 2018 ~1990"55l

e Wailly e licall g Unall il asly ) laall bl slaty Lo szalil) ydiga (1)
O (1) 4 Jsaally 53)lsll bl e ey (Labigatll cileliaall @by dpeliall e
%3.07 %7.84 a3 &l duhall 558 DA Jaay) Asall m500 (gpid) saill Jane
Coaill Abgal) cileliall g Uil Sy el e 2l ey dnlall ladl
Dbty Aplall LU %3.78 %8.55 sa gy 3 ¢ saill 138 8 Laalendll 3 Y
&b sai Jaee il Can o liall g Ul gai o Lo @l Sy o cai il e da)
Se %3.44 %821 s &bl ey dplall S e (S eliall ¢ Uil
%7.33 i deliall je cleladll 8 iUl ggind) saill Jane gl s A ciifil
Lilas¥) ANy Lo JS Sadig el e 2l s Alall L %2.56
il bl Slaladl g ol asag (1)ad) JSEN Sy W% 5h0gie (S5ie e
olatl 3ga oy G (Al 38 (DA e liall ¢ Undll s Al SlenL Jlay)
g Cua dadlal) W) A1 kel 3 20095le eliialy cagio IS Bl D ol
(e liall gl m3b & Loy JleaY) o) ol 8 Bsgale Lialiss) oladl elld
20184le dilgs 3 Ju) 5l 2631.09 ) dead ooy 1)) laany 2l

ASled) b Allaall (ggid) saill Jaee o Gald) (1)pd) sanll (e ey :Allaal) ydiga (2)

g il Alaall (gind) saill Jane gl s %402 Jon ) 558 DA 4l

a8 Jae glig izl e %4.16 %2.16 on ducliall e clelailly elial)

bl e gl dhle 4l (o W %263 sa3 Dbl cleliall 8 Al
Aodgaad) Alaadl e €Y1 22al) i gy ASLaalls

= liall g il Jalall dualitY (gl sall Jaes Jacigiar (ley Lo :AalY) pida (3)
Lol gadaly DA @llia o (i 3 pelall e cile Undlly Al sall cile Lually
AaalY (gpind) gaill Jaa il Cun dicliall ye clelailly eliall ¢ Uil Jalal
G el e %5.92 %6.05 sas dbisatll clelially eliall g il dalal)
AN (e iy La 29 Ayl 338 DI dpcliall je cileladllh %3.17 s iy cps
1) e eliall ye g Uaills Jaall dualil Javsia 8 Lagalall (mliad) e Gilud) (2)a8)
oS WS bl clelially eliall g ladll (o IS 8 4tnlil Jaugia ciysd L
Lbsall cleliall b AaliV) acsio cilaladl G LY e Als 25ag J<aI @l

) Aale eluall g Uailly
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i Y Aahall lyie Glalad) gn QY] e Ala agas of cla asBl) g o<y
o) Lol L) alasind DA e V) 3aa Y ey clagiy 580 ADle gag 89 palls
Mgty Led Aunadl olatl 3aas IS Lgingins HLidly Lkl Cilales
L)l dagiag cilpiia GG

Gleliall jon iy O " IS il lidl & cdadll (gl Y pin b

¢ (2018 ~1990) 55l Pa Gpsgrad) Gy yall ASLadl o adailly (slaBV] sadll 8 Abisat
2 DA e alad) ) ol @l

) A Rl Adalaa

InGDP; = ay + a;LnGDPMI; + & (D

A dud,al) ddalea
LnProdMI; = By + f1LnGDPMI,; + &, (2)

A dua @) ddalaa
LnPTOdNIt = Wy + wanGDPMIt + Et (3)

tdua

—_—

s Jay) sl m3lil) :GDP

Adliganll cleluall 5l :GDPMI

bl Gleliall J dalall L2 Jawsie :ProdMI
Apcliall e cileladl) A Jalall Lali) Jasgia :ProdNI
(2018 —1990) auhyall Jae duia)l) 554l ot

L phall Ladll as gy

edabaill Gty Cpagia M Aahall il clgamg B Laaly dabal) CilaY st

Clelially dale eliall glaill gsba@y) jsall Jalail ¢ gbagl) Jdaill zgia s oY)
Dok el Sl sl aadil 5 G Bpagend) dupal) ASLadll B duals Lbigal)
Aleall ¢alisatl) cleliall zb ¢ gelial) mU) i Gl gaagar dlall il @ yaiall
Dbl g g Chmsl) Asgas e sl 138 4n ady Wb elldg ¢ JlaaYl sl il saig
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chaiall sk olatly dadal ddaie Ciydise elhae] o e lag Ley cduhall dae 553l Dla
Gl Cun ¢ bl (GalaBY) Jlail mgie 1 S Auhl) Calaal ey (3a3 8 agans
Ol (B Al page il Gu A LaaY ddbiie dauld cullal e Al
Lrpa ol bl puage clpiiall gaend saill CVaee 5 5 i cughally il
lyariall dejl) Alalall bl gl Lol 3 WS (Exponential Function 4,1 4l
—uu.ﬂ.\é" )L\:\;\j <'ADF c.uj,d\ )S)s —‘_,.’S.\J" )‘.,C\i\ d); e vﬂh} ‘gl\;gj\ d;.e Z\:uLABS\J\
el el dal) Jalsall "Guilasa’ SLasl ehal o ulas¥) o @i e sy PP (g

M “_wa\ o JA\J\ 414}1:. daxj\ ‘;; 5aals q)m d.q\.S.a 45)@ W e Sl

‘_A:: \L;J\ C_JM.I GAJAJ J.wvfj (ECM) aal) C__\M GJ_}A.\ PrLY LoA:’\ 42\..\,\&\ MM
1Al )l Y alaal) yuag

m n
ALnGDP, = B, + B1:ALNGDP,_; + By ALNGDPMI, _,
+ V1EC71t—1 + &1t (4) =0
m n

ALnGDPMI, = aq + Z oy ; ALnGDP_; + Z t,; ALNGDPMI,_;
+y,ECTL  + &5 (5) =t

m

ALnProdMlI; = py + z p1,; ALnProdMI,_; +Z p2,j ALnGDPMI_;
+ V3ECTt 1 + g (6)

m

ALnGDPMI, = &, + Z 8, ; ALnProdMI,_; +Z 8, ALnGDPMI,_,
+ V4ECTt 1 D+ &t (7)

m

ALnProdNI; = p, + Z p1,; ALnProdNI,_;
i=1

+ Z ‘lej ALnGDPMIt —j + )/SECTt 1 + Est (8)
j=0

m n

ALnGDPMI, = C, + Z C1;ALNGDPNI.; + »  C,; ALnGDPMI,
+yECT  y + 86 (9) =t
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Cun Al aiage el o JaY) Alishg JaY) Bad AL olad) (9-4)dilul) caud)
dbigatll cleliall @il (8 JaY) Bacad bl 536 ) (g, 02,5, Ba,j) wlabaall i
Al e liall b Jalad) 1) ((GDP) MaaY! sl il 0 US e (GDPMI)
Jiag canill Je (ProdNl) deliall e cleladll & Ll dabuly (ProdMI)
A b PIAY) doawt gl (S Aoy dialaa dad St (525 ¢ladl) oma 2 (ECy_))
Lned) 2D e ashilly . daghall Ja¥) 8 25l Lgasd e il JaY1 8 clyriall s
ki) bl 5 Ul mast 2 3a0 U) 8 Lel dmnsill 5 3l clgalaly Clysiiall 038 (o
" slS! o Lgiaan Al i) (g Adabal) A dab dlldg gl ' el
LG

¢(2018-1990) s5all &gics Lt Aludes il o Gawladd Ay Ll Cinaicly

oo Baball L) plall dbiae dacl B s jslaas Bae (ge ULl s3a anens 4y

el Jahadnlly aLai@) 8yl (e 8yaleall daatil) adad fyiig (gaganall oyl 28l desiga

si5.20204le 3 Jsll il e paliall S ApalaB¥) sl Clsliaa) ) ALY

2 LS 2010aka) Jaay! laall bl ool 230 aladiuly chysiall L6010 ) Claa

bt dacajd 3 ey La ¢ anhall gl glll 8)5ua (8 Auball Glitie paes pe Jaladll
LAl sy b G Badl) alig Ayl Cilpuria Gy AL

(bl Jlatl) il G
Ayl cfprial Auiajll Jedld) RN Basgl Jda jLas) -1

Unit Root sasgll jas las) of ¢ G (2) a8y Joaadls 535l i) (he ey
G Die e il asead Ll Jedlad) ad o A sl Laball giage @l puaall
daall sl e Ji PP ladlg ADF las) (e JS0 & geenall Zaldadll adll o Cas clalgicea
OSar Ay cBangll jda dgag Ay ) (S Y ail clld ey 905 diginall (g 2ic
SR sale) w5 U (Sl @l il ases of sansll jin apnss A arall b Jsd
chaial dall dadldl old iy ey e Ll oy Ll V) @odll vie clyssal
Ualna gl m Lo sag clgd (9¥) Gl tie 8jfiune LSy Wlsise (8 ASLe ye dul
Aapl) 558 DA (1) JoY) Al o
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Ahal) 8,50 IS duhall cpitia LAY "Baagl) i Clad) milii 1(2) ad) Jgan

) 4adag bl Oy ) 4aday ]
Without Trend and Intercept With Trend and Intercept X
— — — — _Lasy) kil
ABadll Badll il Aal @gall sl
A SN gienal aala RN sl
5825 | -3260 | 3.033"°| 4910 | -4910" | -1.550" Gl
12493 | 3260 | 3.884" | -17.094 | -4.498 | -1.195" PP
4985 | 2130 | s5.664™ | 4762 | 4165 | -0.518™ kil [ p—
6.078 | -2.478 | 589" 9674 | 3692 | 0313" PP
S10st | 5318 | 1.976™ | —10432 | 7515 | —1.022™ ADF
Py vy s vy vy s BE LnProdNI
-12.679 | -5.201 2279™ | 12239 | -6.517 | -1.209
* % * * * %
-4.790 —2.037 | 2.893"| -4770 | -3.786 | -1.520™ ADF LnProdhl
* % * ns * * ns PP
-4.317 -2.020 | 2.701 -3.979 | -3.979 | -1.443

-(E-Views) gl aladiuls dahall clyssias dalall bl (e Cuss 1 jiaal)
Augmented Dickey—Fuller Test augall " g - S Jkas) :ADF
Phillips—Perron Test "¢ g m — (uuld' ,L3i) :PP

Ssina e " %5 dyginall Ggia e (Soina * %1 diginall (Sgiua L& (Sgina **
didal) Jalill sl -2

B Hlad) e sy odlly o piall Jalill “Johansen” Lol e du)all caanial
i astl 'Max-Eigen. Statistic' 431)las 23 53l "Trace Statistic' 5l alasll d5\<aY)
il

EDE " pallS oyl i) JalSll cladl gt Ju (3) oy Jsasll s
(2018-1990) 55l Pla dusgandl s yall ASlaally
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AN " gl oyl e iial) ol LRI il 1(3) A st
(2018-1990) &5l I35 Dosgaaad) Auajall dSlaally

Null Hypothesis(’)
Hi: Rank =r Trace (Atrace) Max (iirazr;\)/alue
Kaldor’s Hypothesis
First Hypothesis (1) 1544266 353196%
Second Hypothesis (1) 2630438 1670436
Third Hypothesis ? 2430233 149.6139.*

(E-Views) malin alasiuly duhall Cystier Lalal) bl (e Gl 1 jaall
%5 Liginall (S5iua 2iS g5ina )
—First Hypothesis: Trace test denoted 2 cointegrating equations, while Max—eigen
value test indicated 1 cointegrating equations.
—Second and Third Hypotheses: Both Trace and Max—eigenvalue tests denoted
2 cointegrating equations.

(gl Y g pall 231 2y Al wmge clpasial) o i) (3)pdy Janll (he sl
pall (m iy e 4l e Ly el V) e saals ite LlS Dl dgap e
Trace Statistic deil lidy 2low (Auh)al) aiage Cysiall (p iade JalSS 39ay a2an Jildl)
s ) a1 say e il gl cudael Cua «Max-Eigen. Statistic dedl f
dgasr QA il il Gy S W asld Sl el sda (g dide JalSS agag
Alg asas e Ll o Lay cdadayd JSI Ayl puage ol piial) degane (@i Lol
) Lo i 4lsr Ao (Shn delds dgag lSa) (g ccbuaiall el Sl dpdad
cdaghall JaV) 8 sl Lgians e clyuiiall a3 bl AlSe) pie Jias Lea ¢Jishall
Basy Tl igai -3
E\A;}L WDle 29a9 Ayl s Q\):\ila;l\ On hndal JalSill 255 e cps of 2 ;
CJ}A.} @9,5:\ IGITEN sd:ajﬂ\ sl &sﬁ Araad olad ‘):\.Aaﬂ\ sl gﬁetﬂ\ ‘):u:mﬂ ‘.?A:\‘)iﬂ\ c._\;aaﬂ\
5 (gl b lpriall A5 Tl P e ¢ sl Bl B A€l o Uadl) mons

ot mai 35as il . ashall a1 8 Asill il ) Yoems Ailead) 53l 8 symdlly
dpasd S 3 Al el Labiall elay) o sl 558 Jsha ladl &y sy "ECMY
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5 Jola sl Al ules s2e aladial (Kar Aele Aary (EDAN " )allS Ciluagd (g
GV zasaill 2 yuladll o3¢l Ggy "HQ (SIC (AIC (FPE (LR' : & Lubiall clay!
A o iy ol Unall Cilasge goane Q81 4l ()5S0 (531 Z3sail) g8 llall (33l53 Juadl (3

.Likelihood Ratio ekl ddlaaY)

" sAlS ilam b lpurial pUay) g Jola sl il g ) (4) ) Jsanlls

Ry kil
DN " pallS’ il il slaY) il ol sl :(4) ) oas
Kaldor’s
Hypothesis | -9 | Legt | LR FPE AIC sc HQ
0 [ 1354 NA ] 0.001 [ -1.15 [ -1.05 | -1.13
First 1 53.05 * * * * *
Hypothesis 0517567 | 1.001 | -5.21 | -4.91 | -5.15
2 5934 ] 1.93 | 2.001 | -4.93 | -4.44 | -4.84
0 [ 1517 ] NA [ o0.001 | -1.32 [ -1.22 | -1.30
Second * * * * *
Hypothesis | L | 09-61 | 92.54° | 5.001 | -6.36 | -6.06 | —6.30
2 | 80.62 | 16.52 | 3.001 | -7.06 | —6.56 | -6.96
0 [17.02] NA [ 0.000 | -1.50 [ -1.40 | -1.48
Third * * * * *
Hypothesis | L | 291 | 78.02" | 1.001 | -5.69 | -5.39 | -5.63
2 6565 ] 411 | 1.003 | -5.56 | -5.07 | -5.47

(E-Views) zaliy aladinls duhall cilyasias daldl) Gllall (e Cuwd 1 )

(*) Indicates lag order selected by the criterion.

—LR: Sequential modified Likelihood Ratio (LR) test statistic (each test at 5% level).
—FPE: Final prediction error. — AIC: Akaike information criterion.
—-S8C: Schwarz information criterion. —-HQ: Hannan-Quinn information criterion.

e ella 5538 Of ey L aledl (4) A8 Jsaadl daiasall dusadll uleall Gy
LD " pgallS! il ke (pe ke IS Al b dudlyal

zisai o 3 elgd IV Gl die Auhall cilyste b 3aa3 e B aeg
omide K1 A5 Wylate elay) 83 Auhyall Ciljusie Ceca (A "ECMY
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EREN " 5ol o il Uadll i 7 39ai ilalen s ilis S (5)ady Joand) cs
P Al Aol Al Badll maaal zised Gyl Dl gasd clladls
(2018 - 1990)s;l)

z3satll i AaDle (and sy EOI allS cilaa il Uadl) mramial 7 3gat o il 1(5) Ay Jgan
(2018 — 1990)sill Pla Auagacal) Ay yal) ASLaally

Kaldor's Hypothesis First Second Third
yp I Hypothesis Hypothesis Hypothesis
Error Correction Term " * .
(Ect—]) -0.3525 -0.2981 -0.1818
Short Run Elasticity 081" 0.329" 0.241
Long Run Elasticity 0.854” 0_671M ()_440M
Normality Test (Jarque- 1.719 3.2857 1.742
Bera) (0.4233) (0.1934) (0-4186)
| 0.599 | 1.317 | 5.435
(0.963) (0.859) (0.246)
LM Test for ) 1.436 ) 4.006 ’ 3.686
Serial Correlation (0.838) (0.405) (0.450)
3 1.185 3 2.124 3 0.918
(0.881) (0.713) (0.922)
White Test for 12 = 31.632 12 - 33.181 %2 - 27.979
Heteroscedasticity (0.3848) (0.3148) (0.5716)
R2 0.748 0.776 0.709
F -Stat 5.157 5.766 4.806

(E-Views) zaliy aladiuls duhall ciias dualadl Gl (o il @ jaeadl
c Sl gl ) el 8V o A8 -

%5 Gginall (s5ina die (gyina () %1 Lsindl (s5ine tic (gyina ()
SV e Ayl Uadl) st aa Aalas o cladl (5)ady Jsaall (e ey
ol maanal dalas o (51 %5 dsinall (ggias die dilias) AN @lds (-0.3525) caly
i L €0.3525 il Jushall da¥1 b 5l dlgine o Jlaa) aall Ul pai Jane
lenonaai o lobaas oy Y sl leal) aall ol dubadll daill 3 cplsil) Dl o
Sl caladl PDla YY) el e i %25.35 a8 ponal o Laily cale DA Ll
2 & JlaaY) sall il sas damal (5l (gginnall slas Joaaill ) casall 558 old
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A" sl Apcm ) Ladll it ds Al iy L Ly i SO lsay 538 Jashall
A3 dsinall (grians e Eflian¥) LN 2 505 (—0.1818) «(-0.2981) sy &
@M\mu\ydmwdﬂw\ d;‘!\ ;LL:A\C_\M@).»U\G_\MLM‘&_\.\.DJ\
Sl Laalsine oo Leliall je cileladll 8 Jaal) duali) sai Jaeas dabigail) cile liall
Sy can il e Lagia IS dle DUa (%18.18 %29 81) sn3 ks dushall JaY) &
Glgin EBE Jons 535 Jishl) Ja¥) 3 A)lsil) Lagiad olas Juaedl) ) casll 55 o8

A A il Chaiy Clgien uad (Mgag Al dpaill Loyl ol

Fleay! aall il e IS il o (@bl (5)6d) Jsaall (e Load g
el i paill e i)yt e Uil 3 Janl) dualifs biatl) cilelicall b Janll dualils
(0.241 0.329 0.281) sn uadll 52l b itly cbasaill le lioall U il 3
il cleliall w5b 3 %10 038 Bt of e Gl Y1 585 il e e (<
Aaalily Abpatl) Glelicall b Jaal) Gaaliily Jaa¥) ol @5l e IS 8 ) gas
o (%2-41 %3.29 %2.81) sais olaW| Guii b ducliall e cileladll i Jaal
0.854) s dishall saall Ao Aigpall Jalae il o (Bl 358 Pla syl
Absail) clelial) mal A gail) b ¢ Uyl @y (e g il e (0.440 <0.671
&b 8 %10 038 1wt o Caos ¢ peadl) JaVU A3lae dishal) Jal1 8 dalill Shysndl e
cleliall b Jdeal) dalily Jaa¥) Jaal) z3U) e IS 53 ) (52 bl cilelical
%6.71 %8.54) saiy slatVl uis & Lelial) pe leladll & Janll Lalily 4sal
U el Syl sl QJ; Al i) Kgig L Jaghall gaall b sl e (%4.40
o e Jﬁns il b 3iad (i€ Ley ASLaally ala®Y) salll e dibisail) cileliall
S Lig yall Ealae ulS s Al Jae 853l by ) 130 Lasaadd) Fanjall ASLadl)
Gla) 8 it ADA aalll e i ciela Cus o lady) 8l SN ) Caecal
~dashlly sradll

Wadll mameai z3ga3 it (aand il 8l bl (5)ad) Jsaall maagy LS

Can cdaalidl) QLA (e 5la By0al) ¥ aleall o hLaaY) Gab 3z dsaill 3l sagas

(LM) Llaal el WS ((Jarque—Bera) jlaal Pl oo sl andall ajgill (goas Jaadl

Gy paedl Gy Jsd N (White) Jlas) el WS ¢ Blsdl G (315 Byl asag axe )

Lol Aflas¥) AN DA (e JSS 8y00al) EDEN Bl Ligine Jaad WS ¢ sl s
%l igiaal (s5in vic dsguand) (F)
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oaibal dud) d8dad) L) =i -4

At S (A (@ueatil) uiially il el G Adals ) G ADAe 35ay LSY
S (6) 235 Jpaad) gy cdumdl ' aiha’ L) Aladial 25 (AN S Gl d e
Dl gl Jemgill 5 1 EDE " 5l il il yakia o Fussedl ' aiba’ ) it
PO Lgloha ellay] 878 aladnuly Al 358

D "5l laap Slpita O Dl jaiha CHLIS) I 1(6) o) s

Pairwise Granger Causality Tests | Sample: 1990 - 2018
Lags: 2
Kaldor's Null Hypothesis Obs F-Statistic | Probabilit
Hypothesis vp ) y
LnGDPMI does not Granger
First Cause LnGDP 7 3-652 0-014
Hypothesis | LnGDP d t G
yp i n oes not Granger 1.840 0.193
Cause LnGDPMI
LnGDPMI does not Granger
Second Cause LnProdMI 7 3.932 0-0482
Hypothesis | LnProdMI does not Granger
Cause LnGDPMI 1.460 0-264
LnGDPMI does not Granger
Third Cause LnProdNI 7 3.764 0-050
Hypothesis | LnProdNI does not Granger
Cause LnGDPMI 0-157 0-349
dosaad) A8ad) olad)

Saa¥l Aadl) bl < dabiganll Gleliall @b
Gleliall b Jead) dualul ettt .
e cleladll 8 ) sy

* ot Jed A < Algatl) cleliall il

Telial)

(E-Views) zaliy aladiul duhall cihasia Zalall @bl e Cuwd 1l
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Unidirectional slasy) dulal L 4le 3sag ¢l (6)ady Jsanl) (e s
Al bl b sanl) cle liall 230 s (e 4 ¢ it glsha cUail 358 2 Causality
Jaal) Gl Jansgia ) Lbigatl clebinall 3l Jaa] Gas o As¥) sl diad) (Jlasy!
bl cleliall b Jlea) go Wads o(&0l) 58 dacad) dbisatll cleliall b
o B S ey (A ealS A ) Lclial) ye cleladll 8 Jaal) Lia ) dacsial
) e 2 g il (0 Lgal) Jeasill (laal) i) pea Lianly DN " 5pllS" il o
Oe JS b chartl) e ani Bbgail) cleliall mil s b il of ey 138 (gag
Aaa ) Jagies dbisatll cleliall & Jaed) Zanli) Jacsgia ¢ Jlaayl ladll w5l gai Jaes
DA Ehaiall sda b clynll s e ggina il Lly cheliall e cle Uil 8 Jeal)
) ged) Fanal) ASLedlly Ayl 35

Gluagilly DAl :Luald

glli il s DA e SO " ol @iluayd Hlad) Sl duhll chagid

DA Lol Lupll Al 8 ola®) gl e Al clelial

Ao gal e Liaall g U (s Bl A Loy gy sl b aaaiel .(2018-1990) 55

ehaly Bl s3g] jbeal) Jlaill dasg ¢ gaill COA " HoalS" Ciluiajd o (gala®BY) sailly

(il sae ) Al cliags clgang i lils dudyall Cilaal (gaanl da DU Luslall cyLasy)
A i) o lpandls (S

ol il gaill Jane iy Gum cUngale Goleail 3as A gnad) Lanjall dSLaall chrgis —1
& \Lall LDa Gia «(%3.07) sai (2018-1990) a5l Dha ksl JaaY) ol
Cuatl) Lbsatll clelial) gl (IS5 L Gsin (%3.44) sl 53 508 Jaes e lical
saiall il 4 sall Jaes aly s L Gsi (%3.78) sab s saill & SV
a5l el (Pla Ggins (%2.56) s dpeliall ye cileUaall

Al gl cile lual) ¢ Uad g Ja) Alish A8e agag el udiall JalSall ol il iy =2

Calail Jalea of gl ¢(0.3525) a3 A1 55allS G il Unil) s dales cialy =3
o diskl da¥) G il dsiee oo Jlal) Asd) @l sai daee sl
Son il s (ssinall slas doaeill S casall 558 o) G L say ¢ (0.3525)
o Ay Agll) " el Al Uadll maal aa dalee cily Ly Llsie 3
sl (gsiaall olad daaadl) 55 old Jully sl e (-0.1818) (—-0.2981)
cleWadl) 8 Jaal) Laliily dbigatll clelivall b Jasl) 2l (0 JS 503 Jane e IS
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L 5.5 Mong Aalil) Lumpdll 3 3.5 Mgs alis dushall ol e docliall e
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cleWadlly Lbisatll cleliall gld & Jael) Gl sola®Y) paill (o IS Al
g_ul.a WITEN cc\:ﬂ:\j;.\l\ aleliall tu:.;s G_ab ‘:;5 M\ g_U:uuﬂ 4.:\:.\_1.«4]\ Pr LE)AY‘
QY sl e sall Dl S clicaydl (0.241 <0.329 <0.281) s
& sl e (0.440 <0.671 <0.854) sasy dishall Ja¥1 8 <y ey ¢ yaal
(oY) DBl N el Caeall oSa g pall CDalas i il ol caghall JaY)
cashally yeadl) sl 8 il p AL aall (ge B Cela Can

sall ) Lbgatll cileliall gUad (e olady) Lnlal du Do 3gay bl cipell -5

i b sy ool sall ) g Abisatll cleliall gl s of ol ¢ salay!

ol e Aaladl Ll (e dae il e Gl Ginls L IV sallS! oY1 duca
.(Tsoku et al., 2017; Keho, 2018; Grullon,2011; 2004

Gle lial) ¢ Uss il gai (e slad) a_,m Lo e 39ag o Ll L) il Sl 6
2o il ANBl " ool ducad ae 3 Le g Uadll 1 8 Jaal) daali) ) duliganl)
(Almosabbah & Almoree,2018; Onakoya 2015; e cdala) cluhall (e
plat¥) dplal du ADle 2525 < LS . Castiglione, 201 1; Marconi et al.,2016)
Geliall ye (aY) lelaall b Jaad) Lali) ) &bisatl cle licall g U 23l gai (g
Anlad) Sl e e m ae Gl L salll BEN oS A GEa3 up L
.(Khan and Siddigi, 2011; Wells and Thirlwall. 2003)!¢w

sall e Glad S5 Abisatl) cleliall &0 gai ) dusad) chlad) mils el ~7

B0 sai (e A oladl dugiea DA e Ldlwe il IV ik salaY)

o W alas aaf oliels @llyy Maa¥) Jadll w5l sei ) disal) cilelical)

Ul Alae il QUK aal e (6 LenY) pea (saaly cilesdlly alud)

D) o) dagine DA a llyg iba e il Lsllly (Y Baplas laaY) sl

s b p Loy (A9 e Uaill b Joall Aanlis) L) Auligal e liall il g (3
claa) Aadl) bl

fh L du ) ey dalul) pilil) sga gig
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208_187 ‘(2)17 ¢ 2 g Sl
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https://www.sidf.gov.sa/ar/AboutSIDF /Pages/AnnualReport.aspx

Aaie slac] cdagiad) D ¢ saseadl el Sl dusga

https://www.sama.gov.sa/ar-
sa/EconomicReports/Pages/AnnualReport.aspx

doanil) ol (dun gaadl Jasdadsilly aLa8y) 5))yg

https://www.mep.gov.sa/ar/development—plans
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Asymmetric impacts of oil prices on inflation in Egypt:
A nonlinear ARDL approach
Ibrahim Mohamed Ali

Abstract

Unlike many studies that have adopted a linear approach to determine the effects of oil price changes
on inflation, the present study applies a nonlinear approach to explore the asymmetric inflationary
effects of positive and negative changes in oil prices. Although the results of linear autoregressive
distributive lag model (ARDL) was inconclusive in detection the existence of co-integration, the
results of the nonlinear ARDL model, which considers the asymmetric relationship between variables,
confirmed the existence of co-integration which means that there is a long-run equilibrium relationship
between inflation, oil prices, GDP, and money supply, in the Egyptian economy during the period
1960-2017. Results also captured short-run and long-run asymmetric impacts of oil price increases
and decreases on inflation. These results impose challenges that minimize the ability of the Central
Bank of Egypt in controlling inflation rates in the short-run because changes in oil prices, which
positively affecting inflation, are determined globally and outside the effective area of domestic
monetary policy.
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Asymmetric impacts of oil prices on inflation in Egypt: A nonlinear ARDL approach

1. Introduction

Oil plays an important role in the global economy, in both importing and
exporting economies alike. It is a necessary input in production, as it represents a
significant component in the export revenues for many countries or in imports bill
for others, which means that any changes in its prices will be reflected, in some
way, in economic growth as well as inflation rates in those economies (Chen et. al.,
2020; Nasir et al., 2018). In this context, an important question arises about the
nature of the impact of changes in oil prices on many of the macroeconomic
indicators, especially the inflation rate, as many studies have assumed symmetric
or linear effect of both the rise and the fall in oil prices on inflation rates, and
therefore, despite the marked fluctuations in oil prices during the previous decades,
the relationship between these two variables has been studied by many researchers
in a linear rather than nonlinear framework (e.g. Alvarez et al., 2011; Cavalcanti &
Jalles, 2013; Wu & Ni, 2011).

The symmetrical hypothesis of the inflationary effects of both positive and
negative changes in oil prices in many studies has made the reliability of the results
of these studies under question by many scholars (e.g. Lacheheb & Sirag, 2019;
Salisu et al., 2017), especially after the advanced developments in econometric
methods by the works of (Schorderet, 2003; Shin et al., 2014), which allow
separation and distinguishing between the effect of positive and negative changes
in one or all of the independent variables in the estimation models. These
developments stimulated many empirical studies to analyze the relationships
between the various economic variables in a non-linear framework that takes into
account the potential asymmetric effects of the independent variable(s) when
formulating the estimation models, especially when the independent variables
include variables characterized by the fluctuation of their values over time like oil
prices (e.g. Baz et al., 2019; Liang et al., 2019; Salisu et al., 2017; Ullah et al.,
2020).

Despite a large number of studies that deal with the asymmetric relationship
of the impact of oil price fluctuations on inflation in many developed and emerging
economies employing both the time-series and panel data techniques, however, this
relationship in the Egyptian economy is almost unexplored in an asymmetric
framework in the empirical literature. This research gap in the Egyptian context
may lead to the inability of monetary policy to capture the various inflationary
effects of oil price changes in the short and long-runs, since assuming that the
relationship between these two variables is linear, may deprive the monetary policy
from important information, if the actual relationship between these two variables
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is asymmetric or nonlinear. This means that monetary policy will receive
misleading signals that may affect its ability to control inflation rates in the Egyptian
economy if the potential asymmetric inflationary effects of oil price fluctuations are
neglected in the econometric techniques employed in estimating the relationship
between these two variables. So, this study contributes to bridging the empirical
research gap of the relationship between inflation and oil prices in the Egyptian
economy by analyzing the asymmetric effects of oil price fluctuations on inflation
rates in Egypt during a relatively long period of time (1960-2017).

There are many reasons why a re-examination of the relationship between
changes in oil prices and inflation in Egypt is an important issue. First, Inflation has
become a major problem in the Egyptian economy in recent years. After long years
of low and moderate inflation rates ranging from 3% to less than 9% during the
1990s and the first half of 2000s, Egypt had suffered heavily from high inflation
rates, influenced by a sharp rise in the world commodity prices; food and energy
(oil prices), during the second half of 2000s (De Gregorio, 2012). Inflation in Egypt
had been responded to these shocks and reached double-digit numbers, moreover,
the consumer price index began to rise as a result of the political instability after
2011. These developments impose more analysis to estimate the inflationary
impacts of oil price changes.

Second, in late 2016 Egypt reached an agreement with the International
Monetary Fund (IMF) to implement economic reform policies which have reflected
in more inflation. According to the data published by the Central Agency for Public
Mobilization and Statistics, the annual headline consumer price index picked up by
29.8 percent in fiscal year 2016/2017, compared with only 14 percent a year earlier.
This sharp rise in inflation rate was attributed to the strictly procedures undertaken
by the government under the economic reform program policies approved by the
IMF, particularly liberalizing the exchange rate of the Egyptian Pound, enforcing
the Value Added Tax (VAT) Law, and rising fuel and electricity prices within the
framework of reforming and restructuring the subsidy system, CBE (2018). These
developments also have an impact on domestic energy prices including oil prices,
and therefore it is necessary to estimate the inflationary impacts oil price changes

in Egypt.

Third, in light of the Egyptian government's policy of gradually reducing the
volume of fuel subsidies as a seriously steps to completely eliminate subsidies and
leaving oil prices automatically determined according to market forces, it is
important to know how this policy affects inflation rates in Egypt, especially, the
trade account data reveal that Egypt has become a net importer country of petroleum
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in the recent years, its total imports of fuel, mineral oils and products amounted 8.78
billion U.S. dollars during the fiscal year 2016/2017 compared with only 4.82
billion dollars for oil exports during the same year, CBE (2018). This means that
Egypt is suffering from a deficit in its oil transactions with the outside world of
about 4 billion dollars. This deficit, which compared with 3.6 billion dollars in the
previous year have inflationary effects in the Egyptian economy.

This study attempts to estimate the relationship between inflation and oil price
changes in an asymmetric framework, which was not previously employed in
empirical studies related to the Egyptian economy. The study applies the nonlinear
autoregressive distributed lags approach (NARDL) developed by (Shin et al., 2014)
as an extension of the well-known and widely used linear ARDL model of Pesaran
et al., (2001). The NARDL model enables us to distinguish between the impact of
the rise and the impact of the fall in oil prices on inflation in Egypt during the period
(1960-2017).

Our findings indicate that the results extracted from the linear ARDL failed to
confirm or reject co-integration among inflation and the independent variables in
the estimated model, which, on the contrary, has been confirmed in the results of
the NARDL model. The NARDL results confirmed also the asymmetrical
relationship between inflation and oil prices in both short and long-runs. So, the
main finding of this study is that it is not accurate to estimate the effect of oil price
changes on inflation in Egypt in a symmetrical (linear) framework assumption, but
it is necessary to do so in an asymmetric framework as a general approach in
formulating the econometric model to analyze the relationship between these two
variables.

The study is organized as follows: section 2 is devoted to a brief survey of the
empirical studies on the relationship between inflation and oil prices, while section
3 focuses on explaining the methodology and data description of the variables used
in the NARDL model. Section 4 curries out the empirical analysis of both ARDL
and NARDL models and discusses the results, while section 5 concludes.

2. Related Literature

The relationship between inflation and changes in oil prices, for both
importers and exporters economies, has witnessed a considerable concern in
economic literature (e.g. Ahmadov et al., 2018; H. Berument & Tasci, 2002;
Bhattacharya & Bhattacharyya, 2001; Cerra, 2019; Chen, 2009; Cheng & Cao,
2019; Choi et al., 2018; Cologni & Manera, 2008; Cunado & De Gracia, 2005;
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Cufiado & de Gracia, 2003; Darby, 1982; Hamilton, 1996; Istiak & Alam, 2019;
Lacheheb & Sirag, 2019; Lardic & Mignon, 2008; Lin & Wu, 2012; Lo6pez-
Villavicencio & Pourroy, 2019; Mirdala, 2014; Nazlioglu et al., 2019; O’Neill et
al., 2008; Roeger, 2005; Wu & Ni, 2011). Oil prices increases have a direct effect
on output and then will influence the inflation rate indirectly (Barsky & Kilian,
2004). When oil price increases, the production costs also increase, and so the
general price level.

Lopez-Villavicencio & Pourroy (2019) applied state-space models to
investigate the pass-through of oil price changes to consumer prices. Their large
sample which contained 49 advanced and emerging economies and covering the
period from 1970 to 2017, included two main groups, inflation targeting countries
(IT) and non-inflation targeting countries (hon-1T). They used a dynamic GMM in
formulating the pass-through relationship that allows for different and asymmetric
responses to positive and negative oil price changes. Moreover, the study employed
time-varying pass-through coefficients within the framework of state-space models.
The results showed asymmetric impacts between positive and negative oil prices
changes on inflation, and the positive oil price shocks had a larger effect than
negative ones, moreover employing inflation targeting policy increases the pass-
through for oil price decreases and therefore reduces the asymmetry.

When a country is a large importer of oil, studying the impacts of global oil
price changes on inflation owns a great concern. In this context, Long & Liang
(2018) studied the pass-through impacts of crude oil price fluctuations on inflation
measured by consumer and producer price indices in China. The study employed a
linear and non-linear autoregressive distributed lag models. Results confirmed the
asymmetric impacts of global oil price changes on inflation. This non-linear
relationship which has been analyzed and confirmed in an augmented Phillips curve
framework showed that, in the long- run, the impacts of the rise in global oil prices
were greater than the impacts of oil prices decline on both indices of inflation. The
same result compatible with other studies like Ibrahim & Chancharoenchai (2014)
for Thailand, and Chou & Lin (2013) for Taiwan. This result implies that an
asymmetric and nonlinear approach is necessary to explore the impacts of oil price
changes on inflation.

For Malaysia, Ibrahim (2015) studied the effects of oil prices on food prices
using a nonlinear autoregressive lag model to test the asymmetry in the long and
short run. His findings supported asymmetric co-integration among oil prices and
food price, the impacts of the oil price increase and food prices was significant in
both, long and short runs, but was absent when oil prices fall in both time terms.
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Also, Choi et al. (2018) studied the effects of oil prices on inflation in a large
unbalanced sample of 72 advanced and developing economies spanning the period
from 1970 to 2015. Results indicated that a 10% increase in global oil prices pushed
domestic inflation by about 0.4%. Moreover, the asymmetry of oil prices pass-
through has been proved, the positive oil price shocks have affected inflation more
than the negative ones.

The impacts of oil price shocks on macroeconomic performance and on
inflation were investigated by Cunado & De Gracia (2005) for six Asian countries.
The study analyzed quarterly data covering the period (1975-2002) and applied an
asymmetric model to examine the nonlinear effects of both the rise and decline of
oil prices on inflation. Results suggested a significant effect of oil prices on both
economic activity and price indexes, although the impact of oil prices was limited
in the short run and more significant when oil price shocks are defined in local
currencies. Moreover, there was evidence of asymmetries in the oil prices—
macroeconomy relationship for some of the Asian countries.

While there are many studies focusing on analyzing the main determinants
of inflation in Egypt, e.g., (Ahmed & Abdelsalam, 2017; El-Sakka & Ghali, 2005;
Giugale & Dinh, 1990; Helmy, Fayed, & Hussien, 2018; Hosny, 2013), there is no
pure study investigated the asymmetric impacts of oil prices fluctuations on
inflation. For example, Iwayemi & Fowowe (2011) estimated vector auto-
regression for Egypt and three exporting countries in Africa over the period 1970
to 2006. The results for Egypt indicated that oil price shocks did not Granger-cause
consumer price index inflation during this period, where Egypt was still a net
exporting country, and only in the short run, the decrease of oil prices, had a
significant impact on GDP deflator. While M. H. Berument, Ceylan, & Dogan
(2010) applied a Structural VAR to estimate the effects of oil prices on some
macroeconomic indicators for the Middle East and North African countries
(MENA). For Egypt, results showed no significant effects of oil price shocks on
economic growth during the period 1952-2005 Belke & Dreger (2015).

3. Data Description and Methodology
3.1 Data

This study uses annual time series data during the period (1960-2017) and
covering the variables of the following function:

Pt = F(OILt, GDPPCt, Mt) (1)
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where P, denotes the logarithm of the consumer price index, OIL represents the
logarithm of oil price in $US dollars, GDPPC refers to the logarithm of real gross
domestic product per capita, and M is the logarithm of real broad money. The
definitions and sources of the variables are reported in Table 1, and t refers to the
time unit (year).

Table (1): Definitions and sources of variables

Variable* Definition Source

P The inflation rate, consumer World Development
price index (2010=100) Indicators (WB, 2019)

OIL Oil price in $US per crude Statistical review of world
barrel of Arabian light for the energy of British Petroleum
period (1972-1986) and Dubai (BP, 2019).
spot price for the period (1987-

2017)

GDPPC Real gross domestic product World Development
per capita (2010=100) in local Indicators (WB, 2019)
currency.

M Real broad money (M2) World Development

(2010=100) in local currency. Indicators (WB, 2019)

*All variables are expressed in natural logarithm.

Table 2 reports the data statistical characteristics such as mean, median,
standard deviation, skewness, kurtosis, and Jarque-Bera statistics for consumer
price index, oil prices, GDP and money supply for the period (1960-2017). It shows
that the differences between the minimum and maximum values of all these
variables are considered big enough, especially for both inflation and oil prices.
Moreover, the standard deviations for these variables, comparing with their means,
indicate considerable variability in each variable as shown in Fig. 1. The skewness
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values are negative and different from zero for all variables except oil prices and
kurtosis is less than 3 for all variables which supports a high probability of potential
asymmetry for these variables during the selected period.

Table (2): Descriptive statistics (1960-2017)2

Std. Skewn Kurto

Var. Mean Median Max. Min. Jarque-Bera

Dev. ess sis
P 9.69 9.96 2950 -3.00 6.85 0.46 2.93 2.06
OIL 2.75 2.96 4.72 0.59 1.32 -0.52 2.13 4.38
GDPP
C 9.76 9.86 1049 891  0.50 -0.19 1.69 4.49
M 24.34 24.80 28.80 20.00 2.78 -0.16 1.62 4.86*

a All variables are expressed in natural logarithm. * denotes to significant at 10% level.

It is also necessary to explore the multicollinearity among the independent
variables of the model. The results of Table 2 indicate that the value of the variance
inflation factor (VIF) is less than 5 in all variables, which means that the model does
not suffer from the problem of multicollinearity.

Table (3): Variance inflation factor test for multicollinearity

Var. VIF UVIF
GDPPC 2.34 0.43
M 1.25 0.80
OIL 3.50 0.29
Mean VIF 2.36

Note: VIF is computed by the author using STATA 15.
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Fig. 1: Time path of variables in natural logarithm (1960-2017)
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3.1 Linear ARDL

Contemporary studies apply several models in estimating the inflationary
impacts of oil price changes, including the augmented Phillips curve model, where
oil price change is adding as an independent variable with the output gap, for
example, Long & Liang (2018). But in formulating the on hand model, the present
study adds oil prices to the main factors that theoretically have a considerable effect
on the inflation rate, such as money supply and gross domestic product. The impacts
of these two factors have been investigated empirically in many studies, for
example, Cukierman (2017), Eggoh & Khan (2014) and El-Shagi & Giesen (2013).
Then the main equation can be formulated as follows:

Pt =ao+a101Lt+azGDPPCt+a3Mt+€t (2)

where a, and €, refer to the constant and error term respectively, all variables are
defined according to Table (1) and are expressed in natural logarithms. The
coefficients a,,a, and a; represent the elasticities of the dependent variable,
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inflation, with respect to the explanatory variables, oil prices, gross domestic
product per capita, and broad money, respectively.

A popular method in testing the long-and short-run relationships between
variables is the autoregressive distributed lag model (ARDL) of Pesaran, Shin, &
Smith (2001) which has many advantages in comparison with the traditional models
for testing co-integration, like Engle & Granger (1987) or Johansen & Juselius
(1990). The most important advantage of the ARDL model is its ability to test the
existence of co-integration between time series that have different degrees of
integration As long as the degree of integration of any variable does not exceed I(1).
More advantages of the ARDL approach for testing co-integration are mentioned
in: (Akalpler & Hove, 2019; Ali, Abdullah, & Azam, 2017). Eq. 2 can be
reformulated in an ARDL model to know the behavior and relationships amongst
variables in both long- and short-run as follows:

k l
APt = Qy + z BiAPt—i + Z )/iAOilt_l'
i=1 i=0

n q
+ Z 61AGDPPCt_l + z (plAMt—L + plPt—l + a101Lt_1

i=0 =0
+ a,GDPPCy_; + azM,_,
+ € 3)

where A refers to the first difference and k, [, n, and q are the optimal lag lengths
selected according to appropriate information criteria. The coefficients: 8;,y;, 8; and
@; represent the short-run relationships, whereas the coefficients: p;, a;, a, and
as represent the behavior of the model in the long run. The existence of a long-run
relationship is checked via the joint F-statistic or Wald statistic by testing the null
hypothesis of no co-integration (Hy: p; = a; = a, = a; = 0) against the
alternative hypothesis of co-integration (H;: p; # a; # a, # a3 # 0). The co-
integration will be confirmed if the F-statistic is greater than the upper bound critical
value tabulated in (Pesaran et al., 2001) and will be denied if it is less than the lower
bound critical value. If the F- statistic is between the upper and lower bounds, then
the relationship between variables will be inconclusive.

Eq. (3) will be estimated after determining the optimal lag length for every
variable of the model, using the Akaike Information Criterion (AIC) and Schwartz
Bayesian Criterion (SBC). If there exists a long-run relationship between the
variables, then the error correction model is estimated according to Eqg. (4).
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k l n l
Alpt = Qy + Z ﬁiAPt—i + Z YiAOilt—i + Z (Sl’AGDPPCt_L‘ + Z (PiAMt—i
i=1 i=0 i=0 i=0
+QECT,_, +¢€, (4)

where @ refers to the coefficient of one lagged error correction term ECT which
represents the adjustment speed of the model to return the long-run equilibrium path
after a shock in the short-run.

3.2 Non-linear ARDL

Although the ARDL model offers many advantages when examining co-integration
between variables, it is still a linear model that does not have the ability to
distinguish the asymmetric effects of increasing or decreasing values of any
independent variable. In this context, Shin, Yu, & Greenwood-Nimmo (2014)
extended ARDL model of Pesaran et al. (2001) to capture the potential nonlinear or
asymmetric short-and long-run relationships among variables. This nonlinear
autoregressive distributed lag model (NARDL) has been utilized in many recent
studies (Cheng & Cao, 2019; Choi et al., 2018; Lacheheb & Sirag, 2019), and can
be formulated as follows:

P = ag + ai OILf + a7 OIL; + a,GDPPC; + asM; + ¢, (5)

where OILf and OIL; are partial sums of positive and negative changes in oil prices
OIL; and computed as follows:

¢
OIL} = Z AOIL}

=1

¢
= Z max (AOIL;,0)
i=1

¢
OIL; = Z AOIL;
i=1
¢

= Z min (AOIL;,0)
i=1
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By replacing both OILf and OIL; instead of Oil in Eq. (3), the NARDL to
estimate the asymmetric effects of oil prices on inflation can be formulated
according to Eq. (8)

AP, = ay + ZrlAPt P+ Zﬁ*AOIL; ;
i=1

+Zw AOIL;_ +ZTAGDPPQ l+2¢ AM,_; +60oPr_;
i=0
+9 01L+ L+ 07 OILt 1+ 0,GDP,_y + 0:M,_,

+ € )

where A refers to the first difference, r;,9;", w;, 7; and ; are the short-run
coefficients, and 6,, 05, 67,6, and 65 are the long-run coefficients and ¢, is the
error term. As in the linear ARDL model, F-statistic is employed to test for
asymmetric co-integration in Eq. (5) by testing the null hypothesis of no asymmetric
co-integration (Hy: 0, = 6 =07 =6, =05 =0) against the alternative
hypothesis of asymmetric co-integration (H;: 68, # 0, # 67 # 0, # 65 # 0).
Wald test is used to test the null hypothesis of long-run asymmetries of positive and
negative oil prices. If we failed to accept the null hypothesis of symmetry (H,: af =

+ -_—
ay), where (af = —Z—l) and (a; = —z—l), then the long-run asymmetry of the
0 0
effects of positive and negative oil prices on inflation will be confirmed, otherwise,
we will accept the long-run symmetry hypothesis.

Asymmetric effects in short-run of positive and negative oil prices on
inflation can also be tested by the Wald test of the null hypothesis of symmetry
(Ho: Yio0F =¥M,w;7) against the alternative (Ho: Yb_o O # X7, w)).
Finally, the positive and negative dynamic multipliers associated with a unit change
of af and a7 can be captured as follows:

h
Pt+1 me = Z aPt+j h
oILY T T +00IL; ’
]:

=0,123.. ©))

>

In Eq. (9), when h — oo, thenm} - af,and m;, — a7, where both aj and
aj are the long-run coefficients that capture the asymmetric effects of oil price
changes on inflation.
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4. Results and discussion
4.1 Unit root tests

The first step in the empirical analysis is focusing on stationarity testing of all
the time series used to determine the integration order of every variable of the
model. This step is necessary to investigate whether the essential precondition of
integration degree is met or not. According to Pesaran et al. (2001), the ARDL
model is not valid if the degree of integration of any variable is greater than one.
The results of traditional unit root tests are tabulated in Table 3, where ADF, PP
tests confirm that the degree of integration is I(1) for all the variables, then we can
generate the ARDL model.

Table (3): Unit root tests

ADF PP
Variables
Level 1st. Diff. Level 1st. Diff.

P -1.911684 -9.198993*** -2.282730 -9.384544***
OIL -1.337490 -6.587149*** -1.350700 -6.612079***
GDP -1.999990 -4.528548*** -1.065330 -4.539560***

M -1.998784 -3.071332** -0.047302 -3.090902**

Notes: ADF and PP denote Augmented Dickey-Fuller and Phillips-Perron respectively. ***;
** and * denote to significance at the 1, 5 and 10% levels respectively. Optimal lags have
chosen using the Schwarz information criterion (SIC).

4.2 Linear ARDL results

Table 3 presents the estimation results of equations (4) and (5), which assume the
linearity of the relationship between variables of the model. Results of linear
ARDL(2, 0, 0, 1) show that it is difficult to confirm or reject the existence of a co-
integration among the variables, as the F-statistic value (2.98) is confined between
the critical values of the upper and lower bounds of Pesaran et al. (2001), therefore,
the decision is inconclusive at 10% level of significance. This result also reveals
that all model's coefficients except the coefficient of money supply are insignificant
in the long-run, which considered not realistic. These results contradict with many
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empirical studies that analyzed the oil changes pass-through and confirmed a
positive and significant effect of oil price changes on the inflation rate in many
developed, developing and emerging economies (e.g. Hammoudeh & Reboredo,
2018; Nusair, 2019; Tiwari et al., 2019). So, this contradiction of the linear ARDL
raises more doubts about the reliability of its results and paves the way to explore
the relationship between the variables in a non-linear framework using the nonlinear

ARDL model.
Table (4): Linear ARDL(2, 0, 0, 1)? results
Variable Coefficient Std. Error t-Statistic P-value
Long-run estimates
OIL -0.27 0.182550 -1.519032 0.1352
GDPPC 0.60 1.305816 0.466988 0.6426
M 0.39%** 0.103828 3.822281 0.0004
C -11.66 10.26978 -1.136322 0.2613
Sort-run estimates
AP_, 0.29%** 0.074709 4.007941 0.0002
AM 0.34%** 0.033020 10.32847 0.0000
ECT_, -0.10*** 0.024868 -4.372047 0.0001
Bound test
F-Statistics 2.98
Diagnostic tests
Adj.R2 0.80
LM test 1.17 [0.5568]
Norm. test 5.16* [0.0755]
Hetero. test 9.84[0.1314]

Notes: @ Model selection method: Akaike information criterion (AIC). ***; ** and *
denote statistical significance at the 1, 5 and 10% levels, respectively. Numbers in

square brackets are P-values.

-18-



Ibrahim Mohamed Ali

Table (5): Bounds test for linear ARDL(2, 0, 0, 1)

Fpss-Statistic Significant level Lower Bound Upper Bound 1(0)
1(1)
1% 4.66 3.65
2.98 5% 3.67 3.79
10% 3.2 2.37

Note: The bounds critical values are taken from Pesaran et al. (2001) with
unrestricted intercept and no trend.

4.3 NARDL results

Results of estimating the Nonlinear ARDL (5, 2, 2, 2, 5) model expressed in
Eq. 8 are reported in Tables 6&7. The results show that there is a co-integration
amongst inflation, oil prices, GDPPC, and money supply in the Egyptian economy
over the period 1960-2017. The value of F-statistic is 4.41 which is greater than the
critical value of the upper bound tabulated in Peseran et al. (2001). The error
correction term ECT is negative and highly significant which implies the existence
of a long-run equilibrium relationship between variables and the system can be
returned to the equilibrium path by 73.2% per year. Moreover, the model doesn’t
suffer from heteroskedasticity or autocorrelation and has a normal distribution. The
stability of the model is confirmed by CUSUM and CUSUM of Squares tests
depicted in Fig. 2. The results of the study are consistent with the results of many
studies, such as Long & Liang (2018), Ibrahim & Chancharoenchai (2014), and
Chou & Lin (2013). Detailed results can be discussed as follows:

= Inthe short-run, the positive and negative changes in oil prices have a significant
impact on inflation, but the positive effect is greater than and more significant
in comparison with the negative effect of oil prices. Results show that a 1%
increase in oil price will push inflation rate up by 0.6%, while a 1% decrease in
oil prices will reduce inflation by just 0.04% in the short run. Agin these results
confirm that, in the short-run, the inflation response to oil prices decrease is
inelastic, while its response to oil prices increase is highly significant, positive,
and more elastic.

= The Wald test of asymmetry confirms the asymmetric impacts of oil price
changes on the inflation rate in Egypt in both the short and long-runs, which
consistent with other studies such as (Chen, Zhu, & Li, 2020; Lacheheb & Sirag,
2019; Salisu et al., 2017)
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Table (6): Nonlinear ARDL (5, 2, 2, 2, 5)2 results

Variable Coefficient Std. t-Statistic P- value
Error
Long-run
estimates
OIL* 0.03 0.027090 1.178119 0.2477
oIL” -0.19*** 0.047636 -4.121737 0.0003
GDPPC -1.07*** 0.244227 -4.413068 0.0001
M 0.43*** 0.025666 16.94033 0.0000
C 3.08 1.869624 1.651821 0.1087
Sort-run estimates
AP_, 0.63*** 0.157811 4.043123 0.0003
AP_, 0.51%** 0.179207 2.895267 0.0069
AP_, 0.16 0.173674 0.970890 0.3391
AP_, 0.56*** 0.165768 3.388171 0.0019
AOIL* 0.60*** 0.189854 3.202724 0.0020
AOILt 0.03* 0.020074 1.982499 0.0563
AOIL™ -0.05** 0.027344 -2.055107 0.0484
AOILZ,; 0.08*** 0.030514 2.869927 0.0073
AGDPPC -0.21 0.232531 -0.913547 0.3680
AGDPPC_, 0.37 0.231483 1.617165 0.1160
AM 0.24%*** 0.061138 3.935243 0.0004
AM_, 0.18* 0.105187 1.796713 0.0821
AM_, 0.34%** 0.111623 3.063316 0.0045
AM_, 0.07 0.100016 0.771254 0.4464
AM_, 0.20** 0.097901 2.137398 0.0406
ECT_, -0.73*** 0.132161 -5.540330 0.0000
Bound test
F-Statistics 4.41%**
Asymmetry test
Wir 16.34***[0.0003]
Wsr 8.38***[ 0.0002]
Diagnostic tests
Adj.R? 0.96
LM test 2.46[0.2910]
Norm test 1.01 [0.604]
Hetero test 28.66[0.1222]

Notes: 2 Model selection method: Akaike information criterion (AIC). ***; ** and * denote
statistical significance at the 1, 5 and 10% levels, respectively. W, and W, are Wald test
for asymmetry in the long-run and short-run respectively. Numbers in square brackets are
P-values.
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Table (7): Bounds test for nonlinear ARDL (5, 2, 2, 2, 5)

Fpss-Statistic Significant level Upper Bound I(1)
1% 4.37
4.41%** 5% 3.49
10% 3.09

Note: The bounds critical values are taken from Pesaran et al. (2001) with unrestrictec

Economic growth proxied by the logarithm of gross domestic product per capita
was highly significant in effecting the inflation rate in the long-run. A 1%
increase in GDPPC leads to reduce the inflation rate by 1.07% in the long run.
This result reveals that real economic growth is the key factor in reducing the
inflation rate in the Egyptian economy in the long run. However, the results
indicate that the effect of economic growth on the inflation rate was not
significant within the short-run. This corresponds to the nature of the markets in
the Egyptian economy, as prices do not respond quickly to increasing economic
growth due to the proliferation of monopolistic practices in the Egyptian market,
which hinder market mechanisms from right and quick adjustments.

The effect of the money supply on inflation is positive and highly significant in
the long term. An increase in the broad money supply (M2) by 1% will result in
an increase of 0.43% per year in the consumer price index. Although most of the
elasticities of the money supply were positive and significant in the short-run,
they were less than the unity, which means that the rate of money growth is not
fully reflected in rising inflation rates in the Egyptian economy in the short term.
This limited effect of money supply growth on inflation in Egypt in the short-
run means that the increase in money supply will not have a considerable effect
on long-term inflation, because the increase in money supply does not go directly
to increase the aggregate demand to purchase goods and services, instead, this
increase goes to take advantage of investment in high-interest deposits that
enable depositors to have a relatively stable income to compensate for their low
real incomes. This may be compatible with the nature of the Egyptian economy,
when money supply is increasing, this increase is mainly directed towards
investment certificates with interest rates reached to 20% in 2018, CBE (2018).
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Fig. (2): CUSUM and CUSUMQ tests for stability of the model
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5. Conclusion and policy implications

This study applies the NARDL methodology to test the nonlinear
relationship between inflation and the change in oil prices in the Egyptian economy
during the period 1960-2017. The study is conducted in a comparative framework
to identify the deficiencies that may result from the application of the linear ARDL
methodology. Results of the co-integration test among the model variables were
quite different in the case of ARDL compared to the NARDL model. While the
linear model was unable to confirm or reject the existence of co-integration among
variables as the F-statistic is less than the critical value of the higher bound and
greater than the critical value of the lower bound, however, results of the NARDL
model confirmed a long-run equilibrium relationship between inflation, oil prices,
GDP, and money supply as the F-statistic is higher than the critical value of the
higher bound at 1% level of significance. This means that analyzing the relationship
between variables in a linear framework may lead to misleading results for the
economic policymakers, then it is necessary to test the co-integration among
variables in a non-linear framework. In other words, the nonlinear relationship
between the variables should be considered as a general case that must be initiated
at the first stage of model formulation, and that the linear relationship is a special
case that is realized only if the asymmetric effect is not proven. Testing asymmetry
confirms the asymmetric impacts of oil price changes on the inflation rate in Egypt
in both the short-run and long-run. While the effect of oil price increase is not
significant in the long run in comparison with the negative effect of oil prices, in
the short-run, the positive and negative changes in oil prices have a significant
impact on inflation, but the positive effect is greater than and more significant in
comparison with the negative effect of oil prices. These results pose challenges that
minimize the ability of the Central Bank of Egypt in controlling inflation rates in
Egypt in the short-run because changes in oil prices are determined globally and
outside the scope of its monetary policy. Even if these prices fall, according to the
NARDL results of this study, these reductions are not reflected in reducing inflation
rates in Egypt.
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Abstract

The aim of this paper is to measure the level and extent of inequality in Sudan during the period 1990-
2011, and to explore the size and the income share of middle class .Various measures of inequality
such as Gini Coefficient , Palma ratio, median of household’s incomes are used , as well as, poverty
head account measures such as the bottom 20% (Rawals poorest class) or alternatively as bottom
40%, to configure the size and the share of the middle class; the analysis used household data collected
by Ministry of Labor Force. It is found that Sudan falls among high Gini and Palma ratio Countries,
and middle class was shrinking in terms of size and share. Using the bottom 40% as cut-off point for
poverty its size is found to be 10%, 14.5% and 12% for 1990, 1996 and 2011, respectively .It is
suggested that the political and economic measures that were undertaken during the period of study
played a major role in arriving at the observed evolution of income distribution and its level of
inequality.
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Income inequality and Middle Class in Sudan: Some Statistical Facts

1. Introduction

Sudan has been considered as one of the highest growing countries in the
period of 1999 to 2011 where its GDP grew to US$ 57.9 billion in 2010, compared
with GDP in 1980’s estimated at US$9.9 billion , a period during which GDP per
capita grew from0.005% to only 0.03% ; and GDP grew further to reached 10.5%
in 2007, but to decline to 5% 2009, as result of international economic crisis; but
the serious decline occurred after the secession of the South of Sudan in 2011, where
more than 70% of oil export revenues went with this secession. The considerable
economic growth after 1999 was due to the oil exploration, not to robust investment,
investment in infrastructure, or the development of social and governance
institutions; even the composition of the economy at the heyday of independence
stagnated further.

The high economic growth was accompanied with serious negative effects;
the growth following the oil boom came with its ailments of an overvalued
exchange rate and the Dutch Disease phenomenon. Growth in the manufacturing
and agriculture sectors lagged and their contribution to GDP was very limited. Also,
the governmental policies adopted during the oil era increased the cost of
production and transaction in non-oil sectors (Ali and Elbadawi , 2004 page 4-6).
With neoliberal stance in economic policy, the Government implemented the
structural adjustment programs emphasizing the role of the private sector as the
driving force of the economy’s growth; hence a considerable number of public
entities were privatized. But far from achieving economic efficiency and enhancing
productivity, which was used as an argument for such policy, it has led to creation
of crony capitalism, due to political favoritism, and resulted in well documented
rise of corruption in the privatized corporation and the wielding of their financial
resources and assets in the hands of the political protégées who were appointed as
managers (the case of the Cotton Corporation is an example).

Also privatization exacerbated inequality, and led to increases in size of
unemployment; for instance in 15 privatized companies work force cuts ranged
between 20% and 60% (Mustafa, 2018). And since the public sector employees,
historically constituted important segments of the middle class, this cut-off in
employment either as consequence of privatization, or as direct outcome of
severance in public entities and the civil service, had a direct impact on the middle
class size and stability.
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The period of the oil boom growth spell depicted bad financial performance
indicators: inflation rate exceeded two digits, oscillated between 11.5% and 33.5%
and substantial budget deficit, due to the high military expenditure, and the country
is classified as highly indebted poor country with foreign debts exceeding 50 billion
dollars. Other social indicators were showing bad signs as well; head account
poverty reached 47%. The picture becomes so bleak if the public expenditure for
the social sector (education, health and water) is considered; since in the successive
government budgets it has not exceeded 10% and lagged far behind neighboring
and other similar African countries ((Mustafa, 2018, pages 63, 68).

The highly intensive capital nature of oil and mineral investment meant that
only ‘enclaves’ of the economy can benefit and, in particular, not much in terms of
job creation in the productive sectors of the economy can be realized. Sudan
population reached about 35 million with growth rate of 2.8%, and with an
unemployment rate of 20.7%. With a population structure having high percentage
of young people the toll of the high unemployment rate falls on young segment of
the population. According to the international labor organization (2007), the
unemployment among Sudanese youth is 41.25%, the highest in the world, for
females it is 43.25%, and 36.64% for males (Nour, 2011, page 28).

The problem this paper attempts to deal with is the change in shape of
income distribution, the decrease of middle income groups and how the share of
middle class, has been redistributed between lower and upper classes. The
underlying hypothesis is that the share of income and the size of middle class have
shrunk over the period of study in Sudan during the previous government regime.

The importance of the study arises from the fact studies analyzing
inequality in Sudan using national household survey data are meagre, and the few
available were based in limited surveys and their scope has not dealt specifically
with the middle class and the impact of economic policies and inequality in their
formation and development. For example, Nur (2009) carried out an analysis of
household income inequality decomposition of a limited household survey in four
selected states in the North Sudan. Eissa (2009) carried out macro study and sectoral
assessment and simulation of poverty, economic growth and income inequality in
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Sudan, based on primary, stratified and multistage data collected from 2714 heads
of households, as well as secondary data obtained from national and international
institutions. None of these studies had attempted a quantification of middle class
size and changes therein. Moreover using Palma ratio as a measure of inequality
provides an opportunity to compare between the heterogeneous tails of distribution,
as well as to verify the stability of middle income group by analyzing individual
earnings using the available household income surveys.

The rest of the paper runs as fallows; section Il deals with definition and
identification of middle class, Section IlI gives account of methodology and data;
and section IV confined to results and discussion and finally the conclusion wraps

up.
Middle class definition and identification: Theoretical underpinnings

Middle class consensus or concept is subject of interest to the philosophers,
social scientists, economists, historians and politicians, who believe that middle
class has an important role to play in economic development, and democratic
transformation, in different countries, all over the world. Country with large middle
class can grow more faster, because the existence of middle class will facilitates the
creation of employment and productivity growth; middle class values are central to
human capital, saving and capital accumulation. Last not least the demand of middle
class for high quality and durable goods will stimulate production and marketing,
and then the income levels of most of society members will increase (Banerjee and
Duflo, pages 3-4).

Despite the fact that the concept of class is ambiguous and that of middle class in
particular, two important economic thinkers, Karl Marx and Thorstein Veblen
attempted to discriminate between different classes within societies. Veblen
invented the term “Leisure class” to those earned their income being government
leaders, priests, athletes or soldiers, and accumulate wealth only for power and
reputation. Marx’s two main classes are proletariat who gaining their living from
their labor force, and the bourgeoisie due to the ownership of means of production
obtaining income by exploiting the proletariat (Eisenhauer, 2008, page107).
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Moreover, the existence of middle class in society as crucial for
development differences, middle class is essential to minimize society polarization
and social conflict, and hence reduce inequality , and democracy will flourishing in
such less polarized countries. On the contrary polarized country with unstable
government will enable elite to hinder democratic transformation, and human
capital accumulation; hence poor will be politically discriminated against, and will
be at risk of economic hazards (Easterly, 2001, Pages 318 and 330).

Before defining and identifying middle class, some differences between
poor (who live one or less two dollars) and middle class. The main differences are
as following: the poor devotes all their income to food; poor as wage earners may
work with no specific working skills, also without health, social insurance and
benefits after retirement, in contrast to middle class who are relatively highly skilled
, secured and hold well-paying job; middle class has substantial better access to
formal sources of credit and much bank loans; also middle class spend much of their
income on durable goods , live in large houses with better amenities, and most
likely have saving account, and spend much of it on health and education , being
healthy and better educated, the middle class’s children will be able to realize their
most talent potentiality and get better jobs in the future( Banerjee and Duflo, 2008,
pages 10-18).

In spite of different definitions that invariably include various socio-
economic characteristics in the definition of middle class , such as standard of living
, level of education , family size , ownership of property and pattern of occupation
. to give a complete classification of middle class economic definition , a good
economic criterion is required that allows us to estimate the size of middle class in
one country in single year , to figure out the change of its size over time ; which
will enable us to compare middle class between different nations.

Middle class definitions proliferates in economic literature such as what
Solow refer to “middle 60% which falls between two brackets , the bottom 20% ,
which includes those vulnerable to poverty , and top 20% (Atkinson and Brandolini
2011, page 8).

Palma ratio as simple measure of inequality , which defined as the share of
top 10% divided by the share bottom 40%, emphasized the stylized fact that
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reflecting the stability share middle class50 % of population (decile 5-decile 9) by
the forces of centripetal capture the half of gross national income(Cobham, and
Summer 2013, page 6).

Based on a number of household surveys conducted recently, different
income range employed to estimated middle class, for instance the range 2-4 dollars
is used to gauge middle class in poor countries, while 6-10 dollars is used as
measure of middle class in developed countries (Banerjee and Duflo, 2008, page 5).

World bank in 2007 defined middle class using certain per capita thresholds
ranging between 4000$ -17000$ . European Union used other cut-of points to
determine the middle class size, determined lower bound as 75% of the median ,
and 125% of the median as upper bound, another method and that used in this paper
is median and head count poverty measure( A Atkinson and Brandolini 2011, page
8, Rashdan 2014, page 46).

To wrap up, middle class and the increase of its size is important for
demanding government policies that are conducive for growth based on wealth
creation , with enhancement of inclusive economic participation of most of society
members , and hence promotes self-sustaining and transformative —politically and
economically growth pattern (Birdsall, 2007, page3).

2. Methodology and Data

This study employs descriptive analytical statistics such as averages ()
standard deviation (s) and median, to measure inequality. However, relative
inequality measures, like Gini Coefficient (G) and Palma ratio (P) satisfy the
properties required of a good measure, and therefore are going to be used to detect
the levels of inequality in household income. These are then used, in conjunction
with relative poverty measures, such as poorest 20%or 40% | population to identify
the size of middle class and its stability.
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Gini coefficient is measure of dispersion, a Gini coefficient of zero value
expresses perfect equality while that which equal 1 represents perfect inequality;
here only one individual acquired the whole income. Gini index defined
mathematically based on Lorenz curve(figurel), is the relation of area that lies
between the 45° line and the Lorenz curve marked as A of figurel with the total

area marked as A+B ,that is Gini index can be expressed as:-

Figure (1) Lorenz curve:
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Though different measures of inequality such as Theil’s entropy index T, Theil’s
second measure L, the coefficient of variation(C.V), Palma, and the Gini coefficient
satisfy these properties (1) Pigou Dalton transfer sensitivity ;.(2) Symmetry: (3)
Mean independence (4) Population homogeneity. (5) Decomposability. Gini is
widely used than other measures. Gini coefficient can be expressed as (Admas and
Alderman, 1992pages6-7).
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G= niu cov(y, ) (1.

Where

n: is number of observations

y: total income

U: is mean

r: ranks for the source of income

2. The Palma ratio

Palma(2006) is a measure of income concentration based on the
observation of Gabriel Palma that the middle 50% (deciles 4 to 9) incline to acquire
50% of gross national income (GNI) so the remaining half of the GNI may be more
flexibly distributed between the richest 10% and the extremely poorest 40%. Palma
claimed that there are two conflicting forces at work in income distributions: one
centrifugal leading to an increased heterogeneity in the shares of the richest 10%
and the poorest 40%, and the second is centripetal leading to homogeneity in the
income share appropriated by the middle 50%. Generally speaking Palma ratio is
an easy understood measure to common people than the Gini and other measures of
inequality; it is a single number which gives considerable information about
comparative income inequality (Cobham & Sumner 2013, page 6).

The Palma ratio can be rewritten as following:

Bottom 40 % share + top 10% share +middle 50% share = 1 (2.1)

Palma claimed centripetal force that leads the middle 50% to capture 50% of GNI
so the above identity can be reduced to:

Bottom 40%share +top 10% share = % (2.2)
We can substitute the above equation in the Palma identity

P= Top 10%share = % - Bottom 40 %share = 1-2 Bottom 40% share  (2.3)
Bottom 40%share Bottom 40% share 2 Bottom 40% share

-36-



Omer Eltayeb Omer
Nour Eldin Maglad

Or equally:

P= Top 10% share =  Top 10% share = 2 Top 10% share (2.4)
Bottom 40% share % - Top 10% share 1-2 Top 10% share

This provides two formulas for the derivation of Palma ratio from either bottom
40 percent share, or the top 10 percent share (Cobham and Sumner, 2013 page 6-
28).

3. Measurements of the middle class

Middle class is the most dynamic class and increase of its size is an
indicator of social welfare and prosperity of society. In Middle East and North
Africa (MENA) in six countries between 1990 and 2005 particularly, Egypt and
Tunisia, who have achieved substantial economic growth, the size of middle class
increased from 75.5 % to 78.7 %( Rashdan,2014).

Apparently for the Sudan the picture is seemingly totally opposed to the
situation in the aforementioned two countries. To measure the size of the middle
class there are various thresholds as indicated before. One such threshold which can
be chosen is the population position between the national poverty line and the
median. But, because of problem of identifying standardized national poverty line
for the period of study it is proposed that the bottom 20% or bottom 40% can be
selected as threshold instead of poverty line, though this may underestimate the
incidence of poverty which according to the official rate in 2009, is calculated as
47%.Thus, middle class size (MCS) can be expressed in a two ways:

MCS % = N of median observations- N of Bottom 20% (3.1)
Total size observations

Or

MCS % = N of median observations- N of Bottom 40% (3.2)

Total size observations
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Data

The data source of this study is three Labor Force Household Surveys,
collected by the Ministry of Manpower for the years 1990, 1996 and 2011. The
coverage of the three surveys is limited to Northern 16 states which in this study are
regrouped into six regions. The South was excluded due to the long persistence civil
war. To eliminate the effects of money value changes during the period of the study
income is expressed in the prices of 1990 taken as baseline year, and the
corresponding Consumer Price Index (CPI) is used in adjusting money values in
1996 and 2011.

Table (1) shows descriptive statistics of the data series such as minimum
and maximum values, , the mean, the median, the standard deviation and the
coefficient of variation (CV=e/1), of total household income, for the total samples
of 1990, 1996 and 2011 ,and also for Khartoum and mode of living. The least
minimum is (=9SDG) in 1990, the highest maximum is (=22001050 SDG) in 2011
measured in 1990 prices. The upshot in mean income in 2011 can be attributed to
spell of growth aftermath of oil exploration in the end of nineties. Paradoxically the
higher range in 2011 attentively implies the concentration of income in the upper
income percentile. This conclusion can be confirmed by CV: 2.5, 3.8 and 2.2 for
the three successive years. Also CV is higher in rural areas compared to urban areas
for the years1996 and 2011. For Khartoum a lower value of C.V of 0.44 shown
in2011, and even lower compared to the value for urban areas of 1.62; perhaps
reflecting the increased urbanization of the centre and the last decade’s movements
of people from rural areas towards Khartoum.
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N Minimum  Maximum Mean Median  Standard Coefficient
Deviation  of variation
Sudan
1990 7276 9 1295999 2695 12000 6849.8 2.54
1996 3288 34 7165401 8841 30709 33859.7 3.83
2011 11182 42 22001050 10754 7494 23939.3 2.23
Urban
1996 1040 512 7165041.4 181083.2 61418 545968 3.02
2011 3043 167 555108 11051 9992 17883.1 1.62
Rural
1996 2248 40 6323680 53396.4 20473 181867 34
2011 8139 58.3 30532391.2 14941 6661 389179.4  26.1
Khartoum
1996 539 682 7165401.4 281052 86667 753248 2.7
2011 748 278 183186 15632 113380 6923 0.44

Source: Own calculation based on labor household surveys for1990, 1996 and 2011 see

Mustafa (2018, pages 7,140,141).

3. Results and Discussion

Table (2) presents the share of the bottom 40%, middle 50% and the top 10%, for
the three years of the study; the bottom is not exceeding 9% for each year. For the
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top 10%, share is not less than52% for the period of the study. Contrary to Palma
emphasis that the middle income share is 50% of national income, the table shows
that the percentage share of middle 50% does not reach 40%.

Table (2) the Income Share of Bottom 40%, Middle 50% and Top 10%

Bottom 40% C.V  Middle 50% CV  Top1l0% CV

Sudan

1990 8.4 0.44 39.2 0.44 52.4 1.35
1996 4.6 0.61 31 0.55 64.4 1.65
2011 8.94 0.42 36.42 0.33 54.6 13
Urban

1996 5.17 0.55 30.13 0.52 64.7 1.17
2011 6.06 0.39 32.67 0.32 61.27 0.99
Rural

1996 6.17 0.60 40.03 0.48 53.8 1.8
2011 10.78 0.43 53.12 0.33 36.1 3.74
Khartoum

1996 5.67 0.51 47.22 105 47.09 0.51
2011 14.59 0.44 54.92 0.38 30.49 0.56

Source: Own calculation based on labor household surveys for1990, 1996 and 2011
See Mustafa (2018, pages 7,140,141).
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Figure (2) visualizes the income shares of bottom 40%, middle 50% and
the top 10% .The share of the middle class for the three years is even less than 40%
and not equal to 50% as Palma postulated. Its share is stable in the three years the
coefficient of variation (CV=6 /) is calculated 0.44, 0.55 and 0.33, respectively.
Though the share of this class increased in 2011 by 5 points from its 1996 level but
it did not reach its share level of 1990.

For the two top 10% and bottom 40%, the income share of the latter is
increased and then decreased by 10 points from 1990 level and it is stable (CV not
more than 0.61) for the three years in that order. It is observed that the share of the
bottom 40% and the middle 50% was oscillating within the range, with the
exception of rural sector and Khartoum where an evident increase is calculated
between 2011-1996. But their shares were stable (C.V s less than one).

The share of the top 10%, for the total income was increased in 1996 and
decreased nearly to its share of 1990, where for the mode of living and Khartoum
has obviously decreased. Notably the share of top 10% during the period of the
study was not stable, particularly for total income and for rural sector in 2011,
where C.V was not less 13, and this confirming the position by Stiglitz that
“normally or usually” quarter of the top 10% or 1% capturing the larger portion of
income (Stiglitz, 2013). The only exception for this proposition is share of 10% in
Khartoum which was stable since its C.V is not more than 0.56 for 2011-1996.

Figure (2): The Income Share of the Bottom 40%, Middle Class50%and Top 10%

(a) For the country in the three years 1990, 1996 and 2011
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(b) Rural —urban for 1996-2011
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Table (3) shows Palma and Gini measures for Sudan.

The highest Palma ratio, and as expected a highest Gini is demonstrated for year
1996 equal to 14.1 and a 70 for G and P, respectively. For comparison by mode of
living the findings revealed that the highest Palma ratio is (=12.51) in urban sector
in 1996 followed by ratio (=10.11) in rural sector in 2011. Equally the Gini indexes
are highest 0.72 and 0.67 in the same sequence. Largely a Palma ratio results are
consistent with Gini coefficients as presented in the table; the highest Palma ratio
means a highest Gini and more unequal distribution. The quartiles developed by
Palma (2006&2011) as lower and high bounds in 1990 were (Palma<1.33) and
(Palma>3.39), respectively; for 2010 Palma lower quartile bound is (Palma<1. 39)
and high bound is (Palma>2.95). Obviously the findings for Khartoum and by mode
of living (urban and rural) are excessively exceeding the Palma quartiles and
equally indicating high Gini coefficients.
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Table (3): Palma and Gini for Sudan, Khartoum and by Mode of living

Palma Ratio Gini index

Sudan 1990 6.21 0.61
1996 141 0.7

2011 6.12 0.61

Urban 1996 12.51 0.72

2011 3.34 0.64

Rural 1996 8.72 0.46

2011 10.11 0.67

Khartoum 1996 8.28 0.69

2011 2.09 0.41

Source: Own calculation based on labor household surveys for1990, 1996 and 2011

See Mustafa (2018, pages 7,140,141).

Generally, Sudan in terms of Gini coefficient and Palma ratio is amongst more
unequal countries as illustrated in table (4).
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Table (4) comparison of Gini and Palma for different countries

Country and periods Gini Palma The grade of the country
Jamaica (2002) 0.66 14.67 first Gini/ first Palma
South Africa(2008) 0.63 7.05 Third Gini/ second Palma
Namibia (2003) 0.64 6.67 Second Gini/ third Palma
Honduras (2009) 0.54 5.21 Fifth Gini/ fifth Palma
Bolivia(2008) 0.54 4.85 Fifth Gini /Sixth Palma
Sudan (2011) 0.61 6.12 Fourth Gini / fourth Palma

Source: Sudan is own calculation; other countries quoted from Cobham and Sumner, 2013,
also see Mustafa (2018, pages 7 140,141).

Table (5) presents the estimation of middle class size by using the median and
poverty line defined as poorest bottom of population (Rashdan, 2014 page 44).

Due to problems surrounding the determination of proper national poverty
line during the period of study due to change of the currency from Pound to Dinar
1n 1990s and reversal to the pound by 2011, and high inflation rates, the bottom 20
is employed as cut -off (Rawals poorest class), equivalent to poverty line. The size
of middle class is equal to the difference between corresponding observations of the
median and headcount of poor (bottom 20%) divided by the total observations. The
table shows that the middle class size for the country as whole in the period of study
, by mode of living, is not exceeding 35% .(Mustafa 2018).

If we go further and attempt to approximate the reality, which showed as
official poverty incidence in 2009 of 47%, the bottom 40% as head count of poverty
may be a candidate, which implies a middle class size of 10%, 14.5% and 12% for
the 1990, 1996 and 2011, respectively. For the rural sector the size of the middle
class is 7% and 12.33% for 1996 and 2011, while for the urban sector the size of
the middle class is estimated as 10.3% and 11%, for 1996 and 2011, respectively.
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Table (5) Estimation of the Middle Class Size

yEars Total Bottom20% Bottoma0% IMedian IMiddle class size
observations observations  observations Observations 1 2
15990 7276 1571 2910 3540 28% 10%
15996 3288 BE5 1315 1793 34% 14.5%
2011 11182 2342 4473 5770 31% 12%
Urban
1996 1040 235 416 531 28 5% 11.1%
2011 3043 616 1217 1592 32.1% 12.3%
Rural
1996 2248 450 2499 1157 32.5% 11.5%
2011 8139 1834 3256 4208 30.3% 13%
Khartoum
15996 539 109 216 253 27% 7%
2011 748 151 259 369 29% 9.4%
Note:

1- Middle class size according to bottom 20%

2- Middle class size according to bottom 40%
Source: Own calculation based on labor household surveys for1990, 1996 and 2011
See Mustafa (2018, pages 7,140,141).

Conclusion

This study employed measures of inequality such as Gini coefficient, Palma
ratio, median and relative poverty measures. The data used is the ones collected by
Ministry of labor force for three years in1990, 1996and 2011, to detect inequality
levels and to configure the middle class size. The findings of this study firstly
indicated that Sudan household income highly unequal, with Gini ratio 0.61
.Secondly the shares of middle class in the three years 1990, 1996 and 2011 are less
than 40%, and the Palma ratio for the Sudan is higher compared with some other
countries, implying that the top 10% appropriated more income at expense of both
bottom 40% and middle50%. When bottom 20% (the Rawls poorest class) is used
as cut-off poverty measure the study found that middle class did not exceed 31%
for each of the three years of the study. When the poverty head account moved to
bottom 40% the middle class size deteriorated furthermore, and did not exceed 12%
for the three years.
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To ponder the reasons for such results: Firstly, it is suggested that
privatization of public companies and the drastic reduction of the employed labor
force, mostly arising from political motives to consolidate of the ruling regime
(Tamkin) in the public entities, whether in the production or services sectors, such
as the employees in the education and health sectors, is one factor contributing to
the shrinking size of middle class, since employees of public sector (( civil servants
, teachers , doctors , engineers, lawyers , judges , employees in railways and air
transport , the military staff. Etc., who came under the axe of Tamkin)), have
historically been an important constituent of the middle class in Sudan. Secondly,
unemployment was particularly high for new entrants to the labor market who
graduated from institutions of high education. On the other hand, rural areas
witnessed a deteriorating state of living standards in conflict war ridden areas which
lost large areas in production, and livelihood and led to out migration and
displacement of thousands to urban areas. As a result incomes are reduced and
absolute poverty levels increased, and more of those who were ranked as part of the
middle class joined the ranks of the poor.

As policies implication it is suggested that: government have to reform the
markets, in particular labor market, through better laws and incentives that enables
it to function flexibly, creating amble equal employment opportunities in public
sector improves efficiency by increasing productivity and rooting out corruption
and self-interest practices and curbing patronage allowances and bonuses bestowed
on the civil service . The private sector has to be encouraged by the proper fiscal
and monetary policies that encourage the private sector investment in productive
(agriculture and manufacturing) enterprises and which create opportunities for job
seekers.

Social protection programs must be designed and government has to
increase the minimum wage, and to draft laws and regulations to guarantee the
minimum wage in private sector for the unskilled. Here one have to consider some
trade —off s, For example, to give high wages and social protection to the working
people, will be in conflict with creating more employment opportunities, or by
creating more jobs in the urban sector will increase unemployment of the urban
populace as a result of the influx of rural people into the towns. Here rural
development programs including full package of inputs, technology transfer , credit
, extensions services are pertinent though initially will contribute to increase
income inequality in agricultural and livestock income source, probably will lead
to reduction of urban unemployment. To solve the trade-offs, social costs benefits
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analysis must be conducted, since an approximate answer of right question is better
than an elegant answer to wrong questions. Moreover, if the poorest people have
been properly identified then they have to be targeted with social security
interventions.
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Appendix (1)

Table (6): for the Mean and Standard Deviation for Bottom 40%, Middle 50%
and Top 10%

Bottom T |5} [ ] Top |J. ]
40% Middle 10%
50%

Sudan
1590 84 5788 2521 352 20521 G098 52.4 134371  1B1567
1596 46 9525 524 31 55285 30224 b44 559265 939065
2011 204 3575 1516 36.42 10811 3567 464  B0OSO3 1048594
Urban
1596 5.17 23840 12785 30.13 109027 57117 647 1171773 1368296
2011 6.056 5374 2004 3267 14552 4626 1.27 54591 52894
Rural
1596 6.17 7106 4285 4003 36347 17505 538 24105 4389838
2011 10,78 3199 1378 5312 G455 3131 361  R946d 1229488
Khartoum
1596 5.65 37278 18061 4722 242829 255852 4709 3417619 1752120
2011 1459 5591 2450 5492 16984 6474 30.49 56495 31763

Note: 4 & & as defined in the text
Source: Own calculation based on labor household surveys for1990, 1996 and 2011

See Mustafa (2018, pages 7 140,141).
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