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Abstract

The industrial sector is considered one of the most important economic
sectors as it is a catalyst for growth, due to its association with the sectors of
agriculture, energy, human resources and trade, and it is considered the most
capable of using technology and modern technology. Accordingly, this study
came to estimate and test the short and long-term relationship between
industrial production growth, economic growth and agricultural production
growth. The practical importance of studying such models and their
application to the Sudanese economy, which helps in formulating policies,
plans and programs for the development of the industrial and agricultural
sector. The study assumes the existence of a causal relationship between the
growth of industrial production and the growth of agricultural production and
economic growth during the period 1985-2019, using the econometrics
approach through the application of causality tests and the error correction
model, where it was found that any imbalance is corrected by 1.09 within a
year. The results of the causality test showed that there is no causal
relationship between industrial growth and economic growth, which

contradicts the Kaldor’s First Law, and the existence of a unidirectional causal

relationship in the short term moving from the growth of agricultural
production to industrial growth. Also there is a one-way causal relationship in
the short and long term that moves from economic growth to growth in
agricultural production. The study recommends increasing interest in the
industrial sector, manufacturing industries and the agricultural sectors.
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a8 50 lassY e Al JSUEW (galdly g o 3 gadll ) yaate G (g4l

tUadl) gl g dgal il il i gy (5-4) ad) Jgaa

Lllaiay) dagd T a ¢ bl il | clalaal) < arciall
0.59 0.55 0.33 0.18 calal
0.00 12.98 0.017 0.22 D(Arg_,)
0.00 9.98 0.023 0.23 D(In_,)
0.00 -6.9 0.16 ~1.09 | e Uadll momiat Julas

(E-views) zali s oladiul (3) a8 Blawe Al pall clily (e ulall dlae) @ jaadll
R*=0.91 R =10.89 F = 94.09 prob(f-statistic) = 0.00 DW = 1.97
ol WS 7 paill LS (S il ilis DA (e

D(EGi) = 0.18 + 0.23D(In,_,) + 0.22D(Agr, ,) — 1.09¢;_,
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1Uadl) gl 7 3 gl i
O ine lae 0.89 aiad cialy Cun Joeadl) sl Jelas Gl IS (e gl 3 gl iy jouaitl) 5 08l)
Gany M sl e %89 4ied Lo s Jyhall g spaadll a1 8 Ay el ¢ il 8l
G Lead e gAY G end) e diad) %11 s (eobadl sall) b il
25 1.97 4l g DW las) dlias) dad i gl GlIS ¢ 3 pliall ial) 8 Aliadl) g o3 gl
LA el Y1 Al (e 3 galll 1A D Ay jleeall dadll (e i
iz Las (-1.09) @aly s (0.00) A sieall s 2lall 5 LEY1 < Tadll sl dalee < ekl
aiy 4ld ) aall (8 Ayl gl iad e jpalll da¥) G gala®Y) sall daee (& e ) ()
(16) 48 ke ole DA Pla Glaiy) 138 e %1095k Lo prunaad
thad Al G paiie O Aad) Al Lad) 44

Ay s (EG) abaidyl salll & s (IN) oliall 2L gas ol S JgY) 52l o8 laay
ALY aaell A b jLasY(Granger Causality) suadll JaV1 3 sedl s G Hlad) aladiuly
13} Lo & el ¢ ol al JelSidll z3satll j-Toda-Yamamoto G Hlid) s el piall BDlELL
Aldy ol Z ) sa sa s Gl jite Guylall Cilial g (Jyshall JaY) 4031 55 ADle elllia (IS
aal e i Al cagde Alsail cleliall pllad slaey s Gl Jaall cilobam] 8 el
tfasall b eliall & Uadll il Sa
pgalaifY) gaill s eliall saill G Al AR 730 — 1

EG; = a;In._; + Z B;EG,_ +uy, _____ (M

In, = ZGInH+Z<SEGU+u2t @

i=1

3
M:

n

Agre = ) aigro + ) BEG U (3)
i=1 =1
n
BGe = ) agr + ) BiEG+u,__ (4)
i=1 =1
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ol ) sais elicall sail G Al AU #3505 =3

n n
In, = Z 6,In,_, + Z 5 Agr, , + us, (5)
i=1 =
n n

Agr, = Z 6;In,_;, + Z SAgr,_ +tu,___ (6)
i=1 =1

Al &l it

saill (e 4n A Al dgag LES) S zasall 138 g igalal)) el Alalea JgY) g3 gadl
(1) Aabadl 3 LS cgalai@y) sl ) oliall

saill (po An dp ADle dsay JLEA] b pleall g cliall gall Aabae 1 JAY g3 gadl)
(2) Aalad) LS eliall gaill ) galaidy)

0 4aT A Ao s LUEA) A zOsadl 1 iy fel 3l Y] gt Alslee s g3 gaid
(3) Al 3 LS ¢ el 3l ) gt ) saleay] sl

sai (e An A ADe aeay LA S pieall Taa A rgalai@Y) gaill Aalae tpal ) gz gadl)
(4) Aolad) 3 LS cgalaidy) sl ) ol 3l z L)

53 (e 4nT e ADMe dpmy SLEA) A dgadl 3 iy e liall gl Albles toualdl) £ gald
(5) Al 3 LS ¢ eliall pall ) el 30 £yl

(0 4a s ADle 3pmy JUA) A rdsadl 1 iyt el 3 YT et Alble touiladd) 3 gald
(6) Akl 3 LS ¢ el 3) ) pai ) eliall ail

el el ) sy poliall Y] saiy oAbl sadl s i A i) (L
s Ay it o it LS L]y i) s S 5 Al i gha
) 5 s ety ALY ala i jmes Auedl LAY ohyaY Al Ada3) 5adl yod 3
i 2my o 665 siandll 8 il A pall G e o ey cgisadl i O il oSl sl
Al 5 mill ams s BN 3 ghal ela) (Sas el S ) el 55
Al Hlady Al
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e 30 3 gadl) mass 144

DL Al @l padl) Hlia) dpea @y cApuliall dgie 3l 5 sadll 3ail VAR #3540 aladi) o
O 25 Golall @l s Caua 5¢(AIC) ((SC) ((JHQ ulaad da (8 s VRA lid) s g gl
(17) pdy Blae Al LS el oY uliadl 5o 4y ) < gad Aay Y Gl padall elay)

T T SNV IEY| ki 244

sailly olial gaill g jmall) Ja¥) A i Lnw L) il iy (6-4) a8, Jo>

(S g UN) sy s abaidy)

Pairwise Granger Causality teste

Sample: 1985-2019

Lags: 4

Null Hypothesis Obs F-Statistic | Prob Direction of
Causality

IN does not Granger Cause AGR 31 0.799 0.53 IN#AGR

AGR does not Granger Cause IN 3.117 0.03 |AGR-= IN

EG does not Granger Cause AGR | 31 2.8 0.051 |EG- AGR

AGR does not Granger Cause EG 1.8 0.16 | AGR#EG

EG does not Granger Cause IN 31 2.15 0.11 EG#IN

IN does not Granger Cause EG 0.87 0.49 IN#EG

(E-Views) zali y oladiuls (3) o8 Blas A jall Sl (e galall dae) @ jaadll

ZEY s e 4 pall gad) 8 dus ADle lls o) adl s A Hlid) O Can
G siue oo JI 25 (0.03) F aflasy ddlaal) dedll caly dua (eliall sall Y ol
Allaayl dedll cialy Cua ol 30 ZEY) B el Y peluall sl o5 05 A sied)
saill o 4l aal g olad) (8 A ADe sa i Lee %5 Asinall (55 e S1 a5 (0.53)
e liall il U el 3l
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Oo 423 il gadl 8 asl g elad) i) G A0 llla o Al Hlas) ol G f Gl
JY 525 (0.051) F dilaay ddlasyl dedll caly dus el )3l 01 sa ) (galiai)) sail
Cus paill gad) 8 galaBY) saill ¥ el Sl B s ol P10 Aysind) 5 sine (10
Glg pandl A b Jod i Lee %5 Ayginall (5 sime o S a5 (0.16) Allaay) Al caaly
(gl sl i Y ol 30 Z W) gal ) e gt

Gl & galai®y) sl oy ¥ eliall 21 s ) Jadl e A L) &l Gl G f
O %5 Ayl s e S as (0.49) F aglasy dllaay) Al sl Cus il
F aslosy Llaay) Laill sl ¢un o paill el 3 geliall saill oy Y sl sail
Jas pe o pat Al aoall A i Jod e Leac%5 A giad) 5 gine 0 €1 a5 (0.11)
O3 e by 185« pall) gadl b galaBy) sailly eliall ZUY) sa Gn A A
(18) s Gale .sabiail)l saill J5Y1 528
:Toda-Yamamoto 4w jlid) 54

zisall o Toda-Yamamoto dgus jloa) callay yghall Ja¥l 8 dpandl < 5las) o sa s
&) el o=l Z B sais e liall ZUY) gaiy gabaBY) gaill (e adl o dadY JalSidl
& ey Ao @l paaie o )l JalSil) lad) g o il (S las) s Ade & ghaa
S ol ga) 25 3y . Legin A8 olad) A yaay dnandl LAY ol jaY dsulid duie ) 5 sadll aaal
o5 Lavie allyy o Lasdl dnalidl de 3l ssaill aaad s il ol zisa il J8 Gl oSl
Toda- duuw lod) ay el )l sshadll ol ja) 0Sa 1A G WS ol s jlaa) ¢l )

.Yamamoto
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sl om Qashd Ja¥) 4 Toda-Yamamoto dnww Lid) milii gl (7-4) ab, Jsa
1S U sady g alai®Y) saill g oliall

Sample: 1985-2019

Lags: 4

Hypothesis DF Chi-sq Prob Direction of
Causality

Dependent Variable AGR

Excluded IN 4 2.64 0.62 IN#AGR

Excluded EG 4 9.19 0.05 EG—>AGR

Dependent Variable IN

Excluded AGR 4 4.50 0.34 AGR# IN

Excluded EG 4 1.97 0.74 EG# IN

Dependent Variable EG

Excluded AGR 4 6.68 0.15 AGR# EG

Excluded IN 4 3.52 0.48 IN# EG

(E-Views) zmali s alasiuly (3) a8 Blae Al pall Slily (e e lall daef @ jaadll

sl 8 G ADle dllla (Jyshll JaYl 8 Toda-Yamamoto i i) il G
Chi=— dilaay ddlaal) dedll crly Cua (ol )3l WY1 sa ) gobaii)) gl (o 425 (sl
& o Z Y sed iy Sheliall gaill o5 %10 Ay ginall (5 sl 0 JI 25 (0.05) sq
Conin gl A %S Ay sinall (5 sne G 5S) a5 (0.62) Adlaal dedl il Cua Jyshall sadll
Adlaayl dagll Gl dua (eliall gl Vel 30 ZWY e o Al lia) il
sall ¥ galaBY) salll o) 5 %5 A sinadl 5 sine (e 3S1 a5 (0.34) Chi-sq dglasy
i G i . %5 A sinall (5 sins (0 ST a5 (0.74) Adlaay) dedl il s el
Apban ddlaall Aedl Caly dun (el saill oy ¥ ool )3 2 Y1 e () Al il
gobai®Y) sl sy ¥ eliall salll o) 5 BS54 sinadl 5 sime o S a5 (0.15) Chi-sq
Gsie oo S a5 (0.48) Chi-sq iglasy idlaay) dedl cialy Cus cumdl cadl
ZWY) e On dn ADle dgag pae o pal Ay adell A i Jed S Lee %5 4 siadll
(19) &, Gale . gabaidyl saill Jo¥1 528 o0l pa (g slaty 138 5 cgaliai@)) sailly cliall
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sl 1-6—4

) sais obiall sailly ol saill 3 dladll g o5 giall 8 Al jall O e & R — ]
b Aa all (e AlalSiae Ll Gl iny s ¢ 2l

wad e uaill JaV) 8 oY) sal) Jare il ) o) of Uadll sl dalee < jedil -2
e P (%109) Jlaie sl el (gaall Ay ) il

Aglae dagil) oy sabaiByl sailly eliall saill G Adlaaa) AVS @l 45k 4Dl a6 -3
A Hall Gl 8l

sl sailly el 3l F ) el Adlan) AV I3 A 9o ADle 2a 5 4

G gl eliall salls ol sall Gn malll gadl 3 e a A L) DA e -5
csaill 5allS JYY 0 5ilE pa (i slaty 138 5 ¢ paalll el 8 Lagin A ADle 35a 5 pae il
anii el 30 Z U1 iy eliall saill o el gad) 3 asd g elad ) L ADe 35 5 —4
sl saill ) el )3l Z ) sai o

S0 Z WY gais galaBY) gaill Gu sralll gaall b oaalg slad ) s ADle g -5
SUS B R PR PRSI RUPPIC:

& oaolly 1y galai®Y) sailly cluall saill o dishll sadl A ABle g Y -6
cgalai®Y) gaill gallS dpm 8

cS o ) saiy eliall gaill (il ol b A BDle a5 Y -7

(shaiBY gaill s ol Z LYY s n doshll aall 8 aaly olad) 3 dpn ADe 25 -8
(o Z Y st ) oY) sl (pe 4n
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gl 13 3 ABlee Gl Jecs Alpail cleliall plady dcliall plaiy slaayl -1
LAY clelhdl

Al gatll cilelically Loges elicall sall uiad b seall osal dlliy el 30 g Uil slaay) -2
siad Al g Iaant Al sail clelialls bogae pelivall g Ul Gy 4iw dapy Giasy s clagead
Yy il cleluall e ades ) del 3l zEl cliad del )l claad) e
aed 3l Glasall g

Lo licall g Uaill 3 jias dpaliatd) ilubiw A5 -3

LWL ) aa g Agle (Y Jadl) b i Sh LA g Aslivall Aa) g8 Y cilal) DDA e g
A gLl Al clgd ABLeal) 52 sieaall alud) Adlia (pe Bl deliall cilatial dleall g -1
LR 8 i Apobea] Al gy Aslaall ilaiiall Budliall il e 358 (a3 i
L= lal &&aﬂ\ =
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il a1l Aol ded
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el s e livall gailly ol sal S e ol e inall Sl e a3l el a) —1
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(22007) A mall X 5e 500 (g

il sl Jla ase sliallae via dea 5o BN £ el okl Sl ¢ o seda (e sa —4
(s2015) <=l
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Sleadl Ao lball oy KU 5l Aaals o AAIAN Zadal) o )3 gead) SaiBY) caial Lyl Cldic capll =9
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(% g A Sl
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-12.23 3.57 0.45 1963.6 623.5 1090.5 6396.6 1985
16.48 -5.71 -7.4 2287.2 587.9 1009.8 6742.9 1986
9.54 20.5 17.54 2505.3 708.4 1186.9 7701.8 1987
-12.5 3.05 1.19 2192.3 730 1201 7676.3 1988
32.84 0.07 -1.34 2912.2 730.5 1184.9 8361.9 1989
-20.22 -11.35 -.18 2323.4 647.6 1182.8 7904.5 1990
-1.34 3.72 18.07 2292.2 671.7 1396.5 8498.2 1991
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44.58 36.6 6.99 4281.1 1087.2 1609.2 11312.4 | 1996
9.7 1.5 3.15 4695.6 1103.5 1659.9 11997.6 | 1997
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-5.37 19.05 21.67 6689.2 2625.0 6574.5 22916.1 | 2007
4.96 0.11 -1.23 7021.0 2628.0 6493.5 23424.4 | 2008
-3.28 19.33 9.77 6791.0 3135.9 7127.8 24868.6 | 2009
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9.56 -.57 -1.6 9360.9 4240.2 6412.7 31640.7 | 2014
0.22 10.21 6.57 9381.9 4673.2 6833.8 32809.8 | 2015
-2.18 8.17 6.54 9177.3 5055.0 7280.5 34085.9 | 2016
7.87 3.42 2.75 9899.7 5227.8 7481.0 35679.1 | 2017

4 2.82 2.78 10295.7 5375.0 7688.8 36684.3 | 2018

1.2 0.43 0.8 10419.3 5398.2 7750.1 37151.4 | 2019
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IN EG AGR
Mean 6.238571 5.034286 5.128571
Median 4.490000 5.700000 4.960000
Maximum 31.61000 14.20000 44.58000
Minimum -17.52000 -6.300000 -20.22000
Std. Dev. 10.13934 4.054188 12.02348
Skewness 0.487151 -0.715900 1.018400
Kurtosis 3.418195 4.605584 5.555744
Jarque-Bera 1.639387 6.749094 15.57556
Probability 0.440567 0.034234 0.000415
Sum 218.3500 176.2000 179.5000
Sum Sq. Dev. 3495.413 558.8389 4915.180
Observations 35 35 35

Covariance Analysis: Ordinary

Sample: 1985 2019
Included observations: 35

Covariance
Correlation AGR EG IN
AGR 140.4337
1.000000
EG 30.28191 15.96682
0.639497 1.000000
IN -11.17571 20.18148 99.86895
-0.094368 0.505392 1.000000

tgdlaiy) gall) padal ) EEOU Hieh — S jLad) (5) b Gale

Null Hypothesis: EG has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -7.634739 0.0000
Test critical values: 1% level -3.639407
5% level -2.951125
10% level -2.614300

*MacKinnon (1996) one-sided p-values.
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Augmented Dickey-Fuller Test Equation
Dependent Variable: D(EG)

Method: Least Squares

Date: 06/22/20 Time: 06:17

Sample (adjusted): 1986 2019

Included observations: 34 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
EG(-1) -1.171890 0.153494 -7.634739 0.0000
C 6.251871 1.000381 6.249489 0.0000
R-squared 0.645583 Mean dependent var 0.223529
Adjusted R-squared 0.634508 S.D. dependent var 5.924426
S.E. of regression 3.581668 Akaike info criterion 5.446556
Sum squared resid 410.5069 Schwarz criterion 5.536342
Log likelihood -90.59146 Hannan-Quinn criter. 5.477176
F-statistic 58.28923 Durbin-Watson stat 2.104855
Prob(F-statistic) 0.000000

Siall salll pial ) E Jigh— S0 L) (6) by Gale

Null Hypothesis: IN has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.019027 0.0434
Test critical values: 1% level -3.646342
5% level -2.954021
10% level -2.615817
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(IN)
Method: Least Squares
Date: 06/25/20 Time: 19:13
Sample (adjusted): 1987 2019
Included observations: 33 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
IN(-1) -0.726444 0.240622 -3.019027 0.0051
D(IN(-1)) -0.301700 0.168714 -1.788234 0.0838
C 5.048906 2.335759 2.161570 0.0388
R-squared 0.573812 Mean dependent var 0.248485
Adjusted R-squared 0.545399 S.D. dependent var 14.69935
S.E. of regression 9.910906 Akaike info criterion 7.511657
Sum squared resid 2946.782 Schwarz criterion 7.647703
Log likelihood -120.9423 Hannan-Quinn criter. 7.557432
F-statistic 20.19570 Durbin-Watson stat 1.834938

Prob(F-statistic) 0.000003
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Null Hypothesis: AGR has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=8)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -7.936487 0.0000
Test critical values: 1% level -3.639407
5% level -2.951125
10% level -2.614300
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(AGR)
Method: Least Squares
Date: 06/22/20 Time: 06:24
Sample (adjusted): 1986 2019
Included observations: 34 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
AGR(-1) -1.295482 0.163231 -7.936487 0.0000
C 7.188661 2.138251 3.361935 0.0020
R-squared 0.663115 Mean dependent var 0.395000
Adjusted R-squared 0.652587 S.D. dependent var 19.38415
S.E. of regression 11.42536 Akaike info criterion 7.766570
Sum squared resid 4177.241 Schwarz criterion 7.856356
Log likelihood -130.0317 Hannan-Quinn criter. 7.797189
F-statistic 62.98783 Durbin-Watson stat 2.101500

Prob(F-statistic) 0.000000
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Null Hypothesis: EG has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*
Phillips-Perron test statistic -7.710151 0.0000
Test critical values: 1% level -4.252879
5% level -3.548490
10% level -3.207094
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 11.69962
HAC corrected variance (Bartlett kernel) 10.72704
Phillips-Perron Test Equation
Dependent Variable: D(EG)
Method: Least Squares
Date: 06/25/20 Time: 18:48
Sample (adjusted): 1986 2019
Included observations: 34 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
EG(-1) -1.166041 0.153628 -7.590036 0.0000
C 7.313617 1.462279 5.001519 0.0000
@TREND("1985") -0.062391 0.062665 -0.995629 0.3271
R-squared 0.656565 Mean dependent var 0.223529
Adjusted R-squared 0.634408 S.D. dependent var 5.924426
S.E. of regression 3.582156 Akaike info criterion 5.473904
Sum squared resid 397.7870 Schwarz criterion 5.608583
Log likelihood -90.05637 Hannan-Quinn criter. 5.519833
F-statistic 29.63231 Durbin-Watson stat 2.182449

Prob(F-statistic) 0.000000
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Null Hypothesis: IN has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*
Phillips-Perron test statistic -5.707483 0.0002
Test critical values: 1% level -4.252879
5% level -3.548490
10% level -3.207094
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 100.9461
HAC corrected variance (Bartlett kernel) 127.7716
Phillips-Perron Test Equation
Dependent Variable: D(IN)
Method: Least Squares
Date: 06/25/20 Time: 18:57
Sample (adjusted): 1986 2019
Included observations: 34 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
IN(-1) -1.010430 0.178846 -5.649728 0.0000
C 8.111167 3.895456 2.082212 0.0457
@TREND("1985") -0.093463 0.184030 -0.507871 0.6151
R-squared 0.508139 Mean dependent var 0.010294
Adjusted R-squared 0.476406 S.D. dependent var 14.54140
S.E. of regression 10.52212 Akaike info criterion 7.628934
Sum squared resid 3432.168 Schwarz criterion 7.763613
Log likelihood -126.6919 Hannan-Quinn criter. 7.674864
F-statistic 16.01298 Durbin-Watson stat 1.987768

Prob(F-statistic) 0.000017
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Null Hypothesis: AGR has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*
Phillips-Perron test statistic -8.476715 0.0000
Test critical values: 1% level -4.252879
5% level -3.548490
10% level -3.207094
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 118.5562
HAC corrected variance (Bartlett kernel) 88.84790
Phillips-Perron Test Equation
Dependent Variable: D(AGR)
Method: Least Squares
Date: 06/25/20 Time: 19:03
Sample (adjusted): 1986 2019
Included observations: 34 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
AGR(-1) -1.306103 0.163220 -8.002112 0.0000
C 10.95186 4.139866 2.645463 0.0127
@TREND("1985") -0.211858 0.199710 -1.060827 0.2970
R-squared 0.674916 Mean dependent var 0.395000
Adjusted R-squared 0.653943 S.D. dependent var 19.38415
S.E. of regression 11.40304 Akaike info criterion 7.789735
Sum squared resid 4030.912 Schwarz criterion 7.924414
Log likelihood -129.4255 Hannan-Quinn criter. 7.835664
F-statistic 32.17996 Durbin-Watson stat 2.162083

Prob(F-statistic) 0.000000
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Dependent Variable: EG
Method: Least Squares

Date: 06/27/20 Time: 07:34

Sample: 1985 2019

Included observations: 35

g igalll il mili (11) A8, (3laa

Variable Coefficient Std. Error t-Statistic Prob.

C 2.411348 0.467482 5.158156 0.0000

IN 0.228242 0.036763 6.208414 0.0000

AGR 0.233795 0.031002 7.541196 0.0000

R-squared 0.731894 Mean dependent var 5.034286

Adjusted R-squared 0.715137 S.D. dependent var 4.054188

S.E. of regression 2.163824 Akaike info criterion 4.463448

Sum squared resid 149.8283 Schwarz criterion 4.596763

Log likelihood -75.11033 Hannan-Quinn criter. 4.509468

F-statistic 43.67779 Durbin-Watson stat 1.927003
Prob(F-statistic) 0.000000

okl cdid) jLasyBreusch-Pagan Lad) ailii (12) a8 (gale

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.820062 Prob. F(2,32) 0.4494
Obs*R-squared 1.706426 Prob. Chi-Square(2) 0.4260
Scaled explained SS 2.316551 Prob. Chi-Square(2) 0.3140
Test Equation:
Dependent Variable: RESID*2
Method: Least Squares
Date: 07/04/20 Time: 15:29
Sample: 1985 2019
Included observations: 35
Variable Coefficient Std. Error t-Statistic Prob.
C 3.905832 1.700140 2.297359 0.0283
IN 0.129202 0.133701 0.966352 0.3411
AGR -0.084051 0.112749 -0.745467 0.4614
R-squared 0.048755 Mean dependent var 4.280808
Adjusted R-squared -0.010698 S.D. dependent var 7.827636
S.E. of regression 7.869394 Akaike info criterion 7.045656
Sum squared resid 1981.676 Schwarz criterion 7.178971
Log likelihood -120.2990 Hannan-Quinn criter. 7.091676
F-statistic 0.820062 Durbin-Watson stat 1.640275
Prob(F-statistic) 0.449447

82



1 sall AN Bl jy) Lasy Breusch-Godfrey jLid) ailii (13) a8, (4ale

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 0.322602 Prob. F(2,30) 0.7267
Obs*R-squared 0.736889 Prob. Chi-Square(2) 0.6918
Test Equation:
Dependent Variable: RESID
Method: Least Squares
Date: 07/04/20 Time: 15:31
Sample: 1985 2019
Included observations: 35
Presample missing value lagged residuals set to zero.
Variable Coefficient Std. Error t-Statistic Prob.
C 0.061847 0.486425 0.127147 0.8997
IN -0.007993 0.040097 -0.199333 0.8433
AGR 0.000459 0.031832 0.014412 0.9886
RESID(-1) -0.102746 0.183519 -0.559865 0.5797
RESID(-2) -0.123409 0.197470 -0.624953 0.5367
R-squared 0.021054 Mean dependent var 2.79E-16
Adjusted R-squared -0.109472 S.D. dependent var 2.099218
S.E. of regression 2.211137 Akaike info criterion 4.556454
Sum squared resid 146.6738 Schwarz criterion 4.778647
Log likelihood -74.73795 Hannan-Quinn criter. 4.633155
F-statistic 0.161301 Durbin-Watson stat 1.799754
Prob(F-statistic) 0.956256
topbil) Al Julaa Lid) milii (14) a8 gala
Variance Inflation Factors
Date: 07/04/20 Time: 15:25
Sample: 1985 2019
Included observations: 35
Coefficient Uncentered Centered
Variable Variance VIF VIF
C 0.218540 1.633634 NA
IN 0.001352 1.402195 1.008985
AGR 0.000961 1.197961 1.008985
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Forecast: EGF
Actual: EG

Included observations: 35
Root Mean Squared Error
Mean Absolute Error
Mean Abs. Percent Error
Theil Inequality Coefficient
Bias Proportion
Variance Proportion
Covariance Proportion

T T T T T T

T T T T T T T T

T T T T T T

T T T T

T T

Theil U2 Coefficient

Forecast sample: 1985 2019

2.069011
1.525579
28.89867
0.165354
0.000000
0.077872
0.922128
0.165167
32.47115

1985 1990 1995 2000 2005 2010 2015 .
Symmetric MAPE
—_ EGF ____. +2S.E
Uadl) masua’ gl (16) a8, (3ala
Dependent Variable: D(EG)
Method: Least Squares
Date: 07/07/20 Time: 07:21
Sample (adjusted): 1986 2019
Included observations: 34 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
C 0.182045 0.330457 0.550888 0.5858
D(IN-1) 0.233397 0.023369 9.987527 0.0000
D(AGR-1) 0.227566 0.017530 12.98180 0.0000
ET(-1) -1.097130 0.158908 -6.904189 0.0000
R-squared 0.903927 Mean dependent var 0.223529
Adjusted R-squared 0.894320 S.D. dependent var 5.924426
S.E. of regression 1.925944  Akaike info criterion 4.258840
Sum squared resid 111.2778 Schwarz criterion 4.438412
Log likelihood -68.40029 Hannan-Quinn criter. 4.320080
F-statistic 94.08736 Durbin-Watson stat 1.972230
Prob(F-statistic) 0.000000
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VAR Lag Order Selection Criteria
Endogenous variables: AGR EG IN
Exogenous variables: C

Date: 06/28/20 Time: 12:11
Sample: 1985 2019

Included observations: 30

Lag LogL LR FPE AIC SC HQ
0 -281.5232 NA* 34705.60* 18.96821* 19.10833* 19.01304*
1 -277.8076 6.440392 49596.07 19.32051 19.88099 19.49981
2 -271.0400 10.37696 58804.51 19.46933 20.45017 19.78311
3 -263.3142 10.30111 67513.88 19.55428 20.95548 20.00253
4 -253.1218 11.55140 69224.73 19.47478 21.29634 20.05752
5 -246.0073 6.640151 94429.51 19.60049 21.84240 20.31770

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion

A J2) & it o (S ga) Lneald) JaY) B Agned) JLA) il (18) a8 3lae

Pairwise Granger Causality Tests
Date: 06/28/20 Time: 15:03
Sample: 1985 2019

Lags: 4

Null Hypothesis: Obs F-Statistic Prob.
IN does not Granger Cause AGR 31 0.79944 0.5385
AGR does not Granger Cause IN 3.11700 0.0357
EG does not Granger Cause AGR 31 2.80010 0.0510
AGR does not Granger Cause EG 1.80466 0.1639
EG does not Granger Cause IN 31 2.14509 0.1092
IN does not Granger Cause EG 0.86811 0.4986
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VAR Granger Causality/Block Exogeneity Wald Tests
Date: 06/28/20 Time: 15:11

Sample: 1985 2019

Included observations: 31

Dependent variable: AGR

Excluded Chi-sq df Prob.
IN 2.640155 4 0.6197
EG 9.195329 4 0.0564
All 13.14823 8 0.1069

Dependent variable: IN

Excluded Chi-sq df Prob.
AGR 4504841 4 0.3420
EG 1.966542 4 0.7419
All 13.28211 8 0.1025

Dependent variable: EG

Excluded Chi-sq df Prob.
AGR 6.683199 4 0.1536
IN 3.518514 4 0.4751
All 10.57917 8 0.2267
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