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Abstract:

In recent years, Algeria has undergone significant shifts in its development
approach, recognizing that addressing economic challenges is no longer
feasible without considering environmental and social aspects. This shift
reflects an increasing awareness that the traditional focus on economic growth
alone, without sustainability considerations, is insufficient. This study aimed to
analyze the impact of economic balance and labor productivity in various
sectors on the path of sustainable economic development in Algeria between
1990 and 2023. The Autoregressive Distributed Lag (ARDL) model was used
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to analyze data from industry, agriculture, construction, and services sectors,
focusing on the Sustainable Economic Development Index (SEDI) as the
dependent variable. The study included variables like labor productivity and
the Herfindahl-Hirschman Index (HHI) to measure sectoral economic balance
as independent variables, along with control variables to improve model
accuracy. The findings revealed that enhancing labor productivity, particularly
in the industrial and services sectors, plays a key role in driving sustainable
economic development in Algeria. Moreover, achieving economic balance
among sectors is essential for ensuring inclusive and sustainable growth.
However, improving labor productivity in less efficient sectors like agriculture
and construction remains a major challenge. Based on these results, there is an
urgent need to diversify the economy by directing investments toward non-oil
sectors. Additionally, improving training and education programs is crucial to
boosting workforce productivity, contributing to sustainable economic growth
and reducing dependency on hydrocarbon exports.

Keywords: Algeria, Autoregressive Distributed Lag Model, Economic
Equilibrium, Work Productivity, Sustainable Economic Development.

Résumé:

Ces derniéres années, I'Algérie a connu des transformations majeures dans son
approche de développement, reconnaissant que relever les défis économiques
n'est plus possible sans prendre en compte les aspects environnementaux et
sociaux. Ce changement refléte une prise de conscience croissante que le seul
accent traditionnel mis sur la croissance economique, sans tenir compte de la
durabilité, n'est plus suffisant. Cette étude vise a analyser I'impact de I'équilibre
économique et de la productivité du travail dans divers secteurs sur le chemin
du développement économique durable en Algérie de 1990 a 2023. Le modeéle
Autoregressif a Retards Distribués (ARDL) a été utilisé pour analyser les
données provenant des secteurs de l'industrie, de [l'agriculture, de Ia
construction et des services, en se concentrant sur l'indice de développement
économique durable (SEDI) comme variable dépendante. L'étude a inclus des
variables telles que la productivité du travail et I'indice Herfindahl-Hirschman
(HHI) pour mesurer I'équilibre économique sectoriel comme variables
indépendantes, ainsi que des variables de contr6le pour améliorer la précision
du modele. Les résultats ont montré que I'amélioration de la productivité du
travail, en particulier dans les secteurs de I'industrie et des services, joue un role
clé dans la promotion du développement économique durable en Algérie. En
outre, la réalisation d'un equilibre économique entre les secteurs est essentielle
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pour assurer une croissance durable et inclusive. Cependant, I'amelioration de
la productivité du travail dans des secteurs moins performants comme
I'agriculture et la construction reste un défi majeur. En conséquence, la
nécessité de diversifier I'économie en orientant les investissements vers les
secteurs non pétroliers est cruciale. Par ailleurs, I'amélioration des programmes
de formation et d'éducation est essentielle pour accroitre la productivité de la
main-d'ceuvre, contribuant ainsi a la croissance économique durable et a la
réduction de la dépendance

Mots-clés: Algérie, Equilibre Economique, Productivité du Travail, Modéle a
Retard Autorégressif Distribué (ARDL), Développement Economique
Durable.
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Autocorrelation Matrix Heatmap

1.00
SEDI 0 0.077 0.23 0.21 -0.38 | -0.45 0.015
0.75
HHIE e 0.1 -0.33 | -0.45 | 0.46 | -0.51 -0.22
IndProdGrowth - 0.077 0.1 -0.15 012 | -0.11 | -0.11 | -0.17 |-0.0084| 0.34 - 0.50
ConstrProdGrowth - 023 | -033 [ -0.15 0.16 0.3 0.3 |-0.0029| -0.12 | 0.14
-0.25
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’ -—-0.25
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5 © £ £ £ £ § & g = —1.00
w T E = = = —2 c [ a
0 o o < I © i £ ©
Q U] Q ] = g 3 s
e} o ©° he] -_— 7] —_= o
< <4 < [ ° = X
S £ £ 3 s §F =
g 3 7 3 "5
s ” ]
o =

Stata 17 a2, oz e sl Python 13.2.2 plasaat, (I slas] e @ jiaall

Sekng aalisl) Sl B e dies 5k Lidany (38) i) 3 Ll absins UL
oand Leany WG
3595 00 i e HHI (0.71) 00 Wte Lutg) W) gl ) « SEDI 250 4 s

e¥axss SEDI o Tl Bl L3 o3l 01 Lol alas e dalizndl &slas dyd)

169



(2023-1990) 717 L sl sbai ) (2 ol o) 3 S 152 (oS 17 20 e i 2001 S22
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et B et s sl a0 Say

slas¥l of df iy & ((0.78-) Al e b Blsyl gl Liaf Ol s S50
Sl 55l olebuall 0 ops (Ko bLaY) s L T Allas Vuae agss @olasl Ojlsn e &)
oo Lk Byl el Ol pn iy 350 O LS 5 )l aslas¥) lelbdl) (3 58T Jus 03
SVane 3 il (S ez 15 (3l Ol dety ) sLasVI O ] st 1 ((58.0-) w3uad
o)

3 ool 2l 58 me Womle Tl Lyl 55 ciebiall gl 3 fanll 2l sod) 2l
ol e 3 Sl Sl 6 olelad) o OF ) peie 1 (0.33-) sl pllas
el ezl of J) sty 43 1 ((0.30) wxead) e Tilg) Bolsy) gl sl glas (3 Jooal) 2 5]
e [ timo Slbls)l glay sl plas (3 faall Arls) o6 . el oiad Sl e il

L HHI (-0.58) SEDI (-0.45) xe L8 Lbo Wl LD (uieiad) § 2ol U
S Ma L0l s Jlidpes agey 23l Al Lo Ly oseadl oVdes slipl OF 4] piy
Ll s 3l Olper sl i wieial oVukne o pldis (5308l 56 324 Cndll o o
Bolas) demy wne Lilg) LU Bily 334 ) wlslas¥ OF ) ey & HHI SEDI o Lolgl
Aped) bl 250asY) Olpad) o asa) lbols, Y1 jae Sls Of 2550 o5 le ISy il
el O Jldie g el oVuas Gy big)) Ly (SEDI) aslasy)

dpa 1 JesDhnd! gyl sl L)t g A0

Unit Root Test axl Sl )izl el s 1 (11) Joud-

Variable ADF Z(t) ADF P- PP PP Z(t) PP P- Stability
Value Z(rho) Value

SEDI -0.973 0.7631 -1.976 -0.764 0.8295 8 yhins b

HHI -1.884 0.3395 -8.463 -2.174 0.2157 8 ys pb

IndProdGrowth -2.978 0.0371 -38.149 -6.718 0.0000 I

ConstrProdGrowth -3.325 0.0138 -28.839 -4.459 0.0002 B s

AgriProdGrowth -4.045 0.0012 -40.627 -6.667 0.0000 8 s
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ServProdGrowth -3.498 0.008 -30.211 -4.842 0.0000 8 s

Inflation -2.316 0.1669 -5.218 -1.707 0.4276 8 s pb
TradeBalance -2.067 0.2582 -7.891 -2.049 0.2656 8 yhins pb
Unemployment -0.997 0.7544 -2.012 -0.936 0.7764 8 itans p
of GDPNatExp -2.011 0.2816 -7.529 -2.035 0.2716 8 yhins pb

Stata 17 a2, ez s 15y LIl slas) e 1 ydaalld

(PP) 9= ks (ADF) 5l - Sos jlest wils 0F 5 (1) gt DY e
ekl izl e SH dezay eyl Sl dtell oSl Azl (3 Ol ] s
Bitns yuind Aadind) OB (0,05 o BT o813 e oyl VIS (3 p-value S aes s as))
Al ALl (3 Sl e g pde ) i W il o e (5528 Y

wodl Jann csliall plad 3 Jondl 2 Y gl o) Joe olpadl OF LS By
ol Jubna Bl o5 3 foall &Y (sl ol Jubn ol g 3 fenll 2l 55
b=V OIS 5l e 2l aaagll aludld) (3 Bl gy b plad 3 Leall a8y (oudl
S Jo gt Y ) el sda OF g e Ll YIS 3 0.05 e BT p b8 ils e
) pe Sl eda 3l ] e i)

Jies Jlipn age aalized) apalasV) dedl 25e 13 dltadl) (o2 il (aid) s
(NatExp) J& =Wl L) p 2 sl Y el el Jins o g)lndl Ol asadl
Bzl gl d Lo ol )LV 373 0.05 e Al P o cilS e (Bily Bl jelas |
Jsd s SUE oda LpusT o LV ST 3 0.05 e AT P o S e il

U3 el LSl izl o2 ARDL #2356 bgs asl 08 ey (V) Ledgp 4 dendl LSl

) (3 W)
JoV Bl dms Bl LSl 2yl il el it 2 (12) Jgudr!
Variable ADF Z(t) ADFP-  PPZ(rho) PPZ(t) PPP- Stability
Value Value
ASEDI -3.493 0.0082  -26012  -4.532 0.0002 5 s
AHHI -5.073 0.0000  -28.675  -5.26 0.0000 A
Alnflation -5.359 0.0000  -28.64 -5.796 0.0000 5 s
ATradeBalance  -4.364 0.0003  -29.337  -5.351 0.0000 5 s
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AUnemployment  -3.279 0.0158 -22.803 -4.093 0.0010 8 s
AofGDPNatExp  -5.313 0.0000 -27.897 -5.606 0.0000 8 tanns
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Order of Integration

SEDI 1(1)
HHI 1(1)
IndProdGrowth 1(0)
ConstrProdGrowth 1(0)
AgriProdGrowth 1(0)
ServProdGrowth 1(0)
Inflation 1(1)
TradeBalance 1(1)
Unemployment 1(1)
of GDPNatExp 1(1)
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PG
Ayl 3ged I el ol sl s (14) Jgid
Lag LL LR df p FPE AIC SBIC

0 -787.554 5.8e+10 53.1702  53.6373
1 873472 233.97* 100 0.000  -1.2e-08* -562.31* -548.30*
2 : : 100 : 4.2e-08* :

3  8617.74 : 100 : : -554.516  -540.504
4 8582.67 409.76 100 0.000 7.7e+07  46.1782  51.3159

Stata 17 a2, bz s 15y LIl i) e 1 ydaall

B> ks 3l OF gl ((14) Jodt & ailesll clla) oljh 20lh) ilad) J) ol e
Log Likelihood Ratio of i il (3 .cobmyal) aiy @)lis Ggomls 3051 pz 1 e
ot 3erg A i & 0.000 oo P aed w0 233.97 s 1 eyl 225 1o(LR)
& 1ol iy 0F 5556 wos LROJ W 2l oda L0 cllaY) oy %l Ziedl & (Syinn
Adlam Y aes W o e LiadY)

- & e 23 1 OF | Final Prediction Error (FPE) ne «s27 2t
5l e JoV 5,0 2hged) i el Yl e oyl 0ds O g L2 ] cllaY) s aiee-08 1.2
€-4.2 Uaf azisie tad Jonew 2 sl s die FPE OF () )l dlin 07 a2 e 380
bzl Coall o o Byl oda die Bl Y1 el e (3T Lol 92y ade 0T Y] (08
el a3 s FPE e

iry> dis ded B = ¢« Akaike Information Criterion (AIC)S a.dy
T35 el o O3l bl g5 iyl ods OF s Ju aedll ol .562.315- e 1oty
By Blie 3:liS” BT 29 (554.516- 2.3 AIC Jones 3 clla)l 25 e ¢ Bl (3 L as,
Tty

it of a4 « Schwarz Bayesian Information Criterion (SBIC) a.sy L
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k 51.3159 i Lol i o SBIC 0f ud 4 sla) domys dis i)l 331y dblo)
Ay diadl G e Wb cd Byl ol OF e g

iflax plae sde Jotly 1 o 23edld ) sty s OF ey (iled) U2 I35

roiYga Tl s e 30l OF ] s il o .(HQ SC (AIC (LR (Logl)

Grange J iw Las Zw :(15) Jgid

Chi2 P-Value  df il ol
7.0167  0.008 1 ASEDI .., ¥ IndProdGrowth
0.76838  0.381 1 ASEDI.... YConstrProdGrowth
2.4226  0.120 1 ASEDI...... YAgriProdGrowth
0.07221  0.788 1 ASEDI...... YServProdGrowth
0.09131  0.763 1 ASEDI_..., YAHHI
0.1387  0.710 1 ASEDI...... YAInflation
41152 0.042 1 ASEDI...., YATradeBalance
3.7771  0.052 1 ASEDI...., YAUnemployment
0.99731  0.318 1 ASEDI...... YAofGDPNatExp

Stata 17 12, bz s sy LIl i) e ydaall

BalasVl ded) o550y alindl Slpadl o Granger duw jles) 2ot (15) Joud) okl

oS (3 Bl Fims Slpate 3 Slpadl SO Lo it Granger [l plisnd o L dslizall
e ds Je ASEDI 3 il

v Lsias A BV 309 U 25 P-Value = 0.008 3 Chi2 = 7.0167 .3

Syne Sty i asliall gl (3 Joall 5l o O gn 1a . ASEDI ,IndProdGrowth

e bl pldll oL gl s s S el ) @ aaled) BslasY) dedl) Jsge e
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Bl o) 230V dedl a5 (3 g g3 Olaaks (ylndl) Ol ety olial) pllad OF ) 1is i
BaladV) el g0 Jo dgme Sl gt ol SU W eadl ) e s
el Al (3 iz

sy (ADF) woslt b S5 (gliasl plasaal samg) jdor st s e Wooy
ilS am OF G 3] L (Jgdl) ezl amys (3 Calid bpanall aaell LeSlldl oF ) (PP) 045y
A RV I RU RS (R ES PR ICPR RS- SVAP Y TRV (1) RTSWUNEES S RCHPFEY
J(1)dsV Gd) s 5t ol Sy onndl s 5t pb Sl Jam il

LS Y b oda (3 Lol s die e Ol OF man (@l sda e 2L
& i) bos ol 3| ¢ Engle-Granger,f Johansen jlzs o Spadl LSl ollas) 3ok
w53 U (Bound Test) seadk) mgrn jlasl cadey gimn ¥ I(1) LoV amydl e ol
(Cointegration) Sz oSS @9le 3509 Lot ol [LsY) 4» Pesaran et al (2001)
(oS o 2l alal e ) (3 Redsnll Sl ees (6 oY L ARDL 2356 (3 oladd o
IS5 g el A1 3 et pE ke sy B Bpke B allas dy (1) T 51 (0) 1
Yilmaz and Ozgam, 2023, ) (ARDL) glaldl gl W1 bl e Laidd 2515 lpad) jam
(p. 216

(Bound Test) spud mgie Ll mils :(16) Jgud-!
Significance Level  (0) F I(1) F 1(0) t (1)t  F-value t-value

10% 2.262 3.740 -2.447  -4.283 24333  -8.137
5% 2.755 4.472 -2.849  -4812 24333 -8.137
1% 4.015 6.331 -3.690 -5.932 24333 -8.137

Stata 17 a2, bz s sy LIl i) e 1 ydaall
G Radsand) Sl Gy S JalSS 8e sy ] 5 (16) Joadl sgud) jlas) il

010) 28 Slgs ai dis W 2hgb B 39y pim ol D o) B 20y F L dsedl
13 Slstne die B ) e w8 Jol (24.333) 0t F s cils e (Y015 905
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OF d el JolS s sezy . glall sl e mld) il Sler s & oales alizdl o paald
il e ool sl e 55 oseadl Janey Jlidps J55e oo il ol 3 iy

Sy Ry lay Jysho)
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g CS}&;}\ & sdaall BalasV) BN Al 43 s W& ¢ ishlly nodll cull e ol paadl
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Ryl z3gd il it Jg¥ g 4

5583 szl b @l ARDL 2308 plascal aulyll 2358 padn o 2l oda (3
3l s9adl jlast mgre JeARDL ey . oS 45 i W 5080 o aad 0555 0F Clbaxy Y
s el 1 Wy aegl) oY) iy ) Y 23K oy et U (Bounds Test)
oYl o ] BLEYL I 5eill Sladl 18y 2l Lead B @ s 2l oSl

sl Olprne o S LSS 35mg e aSW LT 3s S ARDL  jlas ) puscny
Z3sdl SVlalan pin oo M) 0dn 39y ST b (3 Y1 dhsh 455155 Ve 39y n ol
sl Jo Jgamll . oY) 5peas U ot Tok) emas 358 a5 @ ¢ sl el
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bl Jaadt (3

Byl 239 s wils (17) Joudr!

Dependent Variable: ASEDI
Method: ARDL
Sample: 1992 thru 2023
Number of obs= 32
Model selection method: Akaike info criterion (AIC)
Maximum dependent lags: 1 (Automatic selection)
Selected Model: ARDL (1,0,0,0,1,0,1,1,1,0)
Variable Coefficient Std. Error t- P-Value 95% Confidence
Statistic Interval
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L1. ASEDI 0.8688774  0.1067834 -8.14  0.000 0.6435761,1.0941781
LR
AHHI -0,0509131  0.6268471 -0,08  0.048 -1.2793123, 1.1774942
IndProdGrowth 0.0033556  0.0005936 5.65 0.000 0.0021032, 0.0046081
ConstrProdGrowth 0.0020689  0.0013092 1.55 0.030 0.001344, 0.0058237
AgriProdGrowth 0.0013896  0.0008662 1.60 0.627 -0.0004379, 0.0032171
ServProdGrowth 0.0033062  0.0009313 3.55 0.017 0.0013414, 0.0052711
Alnflation -0.0000867  0.0027376 -0.03  0.975 -0.0058625, 0.0052689
ATradeBalance 0.0153818  0.0031908 4.82 0.000 0.0091499, 0.0216137
AUnemployment -0.0224989  0.0072475 -3.10  0.006 -0.0377897, -0.008208
ANatExpofGDP 0.0099463  0.0041071 2.42 0.027 0.0019113, 0.0186114
SR
D1.IndProdGrowth 0.0016091  0.0003362 4.79 0.000 0.0009532, 0.0022746
D1.ConstrProdGrowth ~ -0.0017019  0.0007812 -2.18  0.044 -0.0033041, -0.0001754
D1.AgriProdGrowth 0.0016293  0.0004825 3.38 0.284 0.0007474, 0.0026113
D1.ServProdGrowth 0.0023062  0.0006313 3.65 0.017 0.0014834, 0.0052711
D1.AUnemployment -0.0101702  0.0048253 -2.11  0.050 -0.0196014, -0.0007845
cons -0.0257506  0.0132502 -1.94  0.069 -0.0517061, 0.0022048

R-squared =0.8380

Adjusted R-squared=0.7717
Root MSE=0.0450
Log-Likelihood=63.945744

Stata 17 a2, ooz L sl Il slas) e yieall

:(Long-Run Period— Y1 aksb 374)1) z3gal) 23531 Wslas
SEDI, =y, + SEDI;_4 + B;AHHI; + f,AIndProdGrowth,
+ [f3AConstrProdGrowth, + f,AAgriProdGrowth,
+ BsAServProdGrowth, + LgAInflation ;

+ B,TradeBalance; + fgAUnemployment,
+ BoANatExp, + &

:(Short-Run Period— =31 88 354)1) &5 5eil) 23931 Wslas
ASEDI; = a + B1AHHI; + B,AIndProdGrowth;
+ f3AConstrProdGrowth, + f,AAgriProdGrowth,
+ fsAServProdGrowth, + eAInflation ;

+ B,TradeBalance; + fgAUnemployment,
+ B9ANatExp, + &

(16)

(17)
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Bt o3 (3 Bl Bgs oy Bl lelbd)l (3 2yl s3byy alas¥ Ojlsdl Ofy capesl
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3sed a5l Aslal
ASEDI; = —0,0255 + 0,8689 X SEDI;_;y — 0,05091 X HHI, (18)
+ 0,0034 x IndProdGrowth; + 0,0021
X ConstrProdGrowth, + 0,0014
X AgriProdGrowth; + 0,0033 X ServProdGrowth,
— 0,000086 x Inflation ; + 0,0154

X TradeBalance; — 0,0225 X Unemployment;
+ 0,0099 X NatExp;
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Durbin—Watson L1 wils :(18) Jgud!

Statistic Value
Durbin-Watson d-statistic ( 15, 32) 2.479743

.Stata 17 Eoege Q\:-J.; le& Il JUQJ’ Slae] o :).‘\..GL\
USn or 3l Y 3aad) OF m Mg (2 o 5 B8l Y Rad SIS el Bl o 3
2 eagp 29 2.479743 » Durbin-Watson agla>) cisg,all A 3.3l b,V
el yam Mg b 313 Bl e gla Y m3sadl OF an s L eV U 2 S g ST,
Loy 3gadl OF ] M jezy Dgmede Sy ol pe Gandl lpan e s ¥ 1001 OY 04
sl VI Jeds B3 gy Vgt Sty ol Y

Sl L) s ol L) s (19) Jgus

Breusch—Pagan/Cook—Weisberg test for heteroskedasticity

Variable Value
Assumption Normal error terms
chi2(1) 0.30
Prob > chi2 0.5844

Stata 17 a2, oz Lo sl Il slas) e yiall

pde dl x25 (19) Jsadt 3 Breusch—Pagan/Cook—Weisberg jLas! s

eV aady 0.30 U X2 astaxY) aed 23l 3 Adleiall el Y1 s (3 AUSCan 34
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et slos Y L5 U pas g daall ds il s O Slas)

Z3sed) Bl o el DL las) s (20) Jgud
Breusch—Godfrey LM test for autocorrelation

Statistic Value
lags(p) 1
chi2 7.340
Prob > chi2 0.067

Stata 17 1.2, bz s 1sby LIl i) e 1 yiaal
o ST 29 <0.067 i "Chi-Square” astex| dlas 20 of (19) Jid) gl
carey . Had) koS Lo 3gmg pde e a8 ) pddll s i WLy (D05 mgall (ssime
(8 S ekl LY A e gls ¥ ARDL 346 31, 0f (S S&

Zised) lsd a1 wsd) 1(40) JSCad

15
1

10
1

Density

T T T T
-1 -.05 0 .05
ardl: residuals

Stata 17 a2, ol 2 @il
O s S5 ) ) D5 e mased Bl s s (40) JSad & S
sl OF ) iy 12 <0.055 0.05- o Bl 2 S35 o Gaall Jsm 355055 0ol Jame O
A ek 3gad) ol s adsl Vs hn sl e dal) el e Ay g ond) Bk 21t
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B ¢ nekll i) e wsd) il (s g B3 ST e (S e 0 Jo S 0l
&y « Shapiro-Wilk,f Jarque-Bera jlast oo asla~| ohlas sl 4l o 055

Variable
Residuals

Variable
Residuals
Joint test

Variable
Residuals

Sl Banal) Shlas) il :(21) Jgus

Summary of Residuals

Obs Mean Std. Dev
32 4.15e-10 0.0333276
Min -0.092783
Max 0.0676826
Skewness and Kurtosis Tests for Normality
Obs Pr(Skewness) Pr(Kurtosis)
32 0.3401 0.2608
Adj Chi2(2) 2.36
Prob > Chi2 0.3078
Shapiro-Wilk W Test for Normal Data
Obs W \
32 0.97576 0.809

.Stata 17 Eoege Q\:-J.; ‘-SLD Il JUQJ’ slas) o :).\..al.\

(2T) Jgd acall sl o i) Agliam Y jolaadd by Bl jlasl s asils ¢
o1 gmg (0-10415 Ll iy o tlamde 32 s @ Slodl aside ) 2l
Mo Laisas O g)lall OBLAYN OF LS. )l Jeo S afletall sl OF ) i & i)l

- Bl a5 ol LB gl Je ) caas of s e (0.0333276 4 e

i 3t ol 3l 0 ) s 1 (0.0676826 s s el 0.092783

idlz) 2o Jemwd ¢ « (Skewness and Kurtosis)skalidly sVl Ll sles Lo

phe om Ut 0.05 o ;ST et WS (0.2608 e abid) Ll 203y 0.34071 we Il
dad Jael mlalidly clodl) Spald LtV ekl misd) e 1S LA sgmg e BT s 35
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CUSUM of Squares s CUSUM > :(41) S0

Recursive cusum plot of residuals o CUSUM squared

with 95% confidence bands around the null ‘ ‘
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Variable Obs Mean Std. dev. Min Max
SEDI 34 .4514886 .2814311 .0896131 .9200637

HHI 34 .3971803 .0383103 .3062941 .4557623
IndProdGro~h 34 9.166372 31.70594 -37.06434 161.6502
ConstrProd~h 34 -.7532248 15.01525 -28.65581 33.67015
AgriProdGr~h 34  -.2184333 22.73288 -32.99816 58.71087
ServProdGr~h 34 11.25317 16.14195 -12.33994 64.801
Inflation 34 8.602353 8.898763 .34 31.67
TradeBalance 34 7.067059 14.6273 -20.13 40.52
Unemployment 34 17.89176 7.488069 9.82 31.84
ofGDPNatExp 34 95.03352 10.22629 74.38702 112.7876
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SEDI HHI IndPro~h Constr~h AgriPr~h ServPr~h Inflat~n

SEDI 1.0000
HHI 0.7091* 1.0000
IndProdGro~h 0.0769 0.1011 1.0000
ConstrProd~h 0.2325 0.0730 -0.3275 1.0000
AgriProdGr~h 0.2008 0.0438 -0.1472 0.1168 1.0000
ServProdGr~h -0.3833* -0.4595* -0.1556 ©0.1616 ©.1583 1.0000
Inflation -0.4499* -0.5802* -0.1127 0.2973 ©0.1020 ©0.5767* 1.0000
TradeBalance 0.2813 0.3388* 0.2892 -0.1666 -0.0029 -0.1226 -0.2299
Unemployment -0.9123* -0.7829* -0.0054 -0.1876 -0.1535 0.4199* 0.4520*
ofGDPNatExp 0.0154 -0.2185 -0.3185 0.3409* 0.1388 0.0572 0.2708

TradeB~e Unempl~t ofGDPN~p

TradeBalance 1.0000
Unemployment -0.1422 1.0000
ofGDPNatExp -0.8931* -0.1144 1.0000
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. dfuller HHI, lags(1)

unit root Augmented Dickey-Fuller test for unit root

Variable: SEDI Number of obs = 32 Variable: HHI Number of obs = 32
Number of lags = 1 Number of lags = 1
HO: Random walk without drift, d = @ HO: Random walk without drift, d = @
Dickey-Fuller Dickey-Fuller
Test critical value —— Test critical value
statistic 1% 5% 10% statistic 1% 5% 10%
Z(t) -0.973 -3.702 -2.980 -2.622 Z(t) -1.884 -3.702 -2.980 -2.622

MacKinnon approximate p-value for Z(t) = 0.7631.

. dfuller IndProdGrowth, lags(1)

Augmented Dickey-Fuller test for unit root

MacKinnon approximate p-value for Z(t) = 0.3395.

Augmented Dickey-Fuller test for unit root

Variable: IndProdGrowth Number of obs = 32 Variable: ConstrProdGrowth Number of obs = 32
Number of lags = 1 Number of lags = 1
HO: Random walk without drift, d = @ HO: Random walk without drift, d = @
Dickey-Fuller Dickey-Fuller
Test critical value —— Test critical value
statistic 1% 5% 10% statistic 1% 5% 10%
Z(t) -2.978 -3.702 -2.980 -2.622 Z(t) -3.325 -3.702 -2.980 -2.622

MacKinnon approximate p-value for Z(t) = 0.0370.

Augmented Dickey-Fuller test for unit root

Variable: AgriProdGrowth Number of obs = 32
Number of lags = 1
HO: Random walk without drift, d = @
Dickey-Fuller
Test —— critical value
statistic 1% 5% 10%
Z(t) -4.045 -3.702 -2.980 -2.622
MacKinnon approximate p-value for Z(t) = 0.0012.
. dfuller ServProdGrowth, lags(1)
Augmented Dickey-Fuller test for unit root
Variable: ServProdGrowth Number of obs = 32
Number of lags = 1
HO: Random walk without drift, d = @
Dickey-Fuller
Test ———— critical value
statistic 1% 5% 10%
Z(t) -3.498 -3.702 -2.980 -2.622

MacKinnon approximate p-value for Z(t) = 0.0080.

243

MacKinnon approximate p-value for Z(t) = 0.0138.



TWia6

. dfuller Inflation, lags(1)

Augmented Dickey-Fuller

test for unit root

Variable: Inflation Number of obs = 32
Number of lags = 1
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -2.316 -3.702 -2.980 -2.622
MacKinnon approximate p-value for Z(t) = 0.1669.
. dfuller TradeBalance, lags(1)
Augmented Dickey-Fuller test for unit root
Variable: TradeBalance Number of obs = 32
Number of lags = 1
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -2.067 -3.702 -2.980 -2.622
MacKinnon approximate p-value for Z(t) = 0.2582.
. dfuller Unemployment, lags(1)
Augmented Dickey-Fuller test for unit root
Variable: Unemployment Number of obs = 32
Number of lags = 1
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -0.997 -3.702 -2.980 -2.622
MacKinnon approximate p-value for Z(t) = 0.7544.
. dfuller ofGDPNatExp, lags(1)
Augmented Dickey-Fuller test for unit root
Variable: ofGDPNatExp Number of obs = 32
Number of lags = 1
HO: Random walk without drift, d = 0
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(t) -2.011 -3.702 -2.980 -2.622

MacKinnon approximate p-

value for Z(t) = 0.2816.

Stata 17 a2, ol 2 0yl
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Number of obs

Phillips-Perron test for unit root
Variable: HHI

HO: Random walk without drift, d = @

Newey-West lags = 3

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(rho) -8.463 -17.744 -12.756 -10.360
Z(t) -2.174 -3.696 -2.978 -2.620
MacKinnon approximate p-value for Z(t) = 0.2157.
. pperron IndProdGrowth
Phillips-Perron test for unit root Number of obs = 33

Variable: IndProdGrowth

HO: Random walk without drift, d = @

Newey-West lags = 3

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(rho) -38.149 -17.744 -12.756 -10.360
Z(t) -6.718 -3.696 -2.978 -2.620
MacKinnon approximate p-value for Z(t) = 0.0000.
. pperron ConstrProdGrowth
Phillips-Perron test for unit root Number of obs = 33

Variable: ConstrProdGrowth

HO: Random walk without drift, d = @

Newey-West lags = 3

Dickey-Fuller

. pperron AgriProdGrowth

Phillips-Perron test for unit root
Variable: AgriProdGrowth

HO: Random walk without drift, d = @

Number of obs = 33
Newey-West lags = 3

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(rho) -40.627 -17.744 -12.756 -10.360
Z(t) -6.667 -3.696 -2.978 -2.620
MacKinnon approximate p-value for Z(t) = ©.0000.
. pperron ServProdGrowth
Phillips-Perron test for unit root Number of obs = 33

Variable: ServProdGrowth

HO: Random walk without drift, d = ©

Newey-West lags = 3

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(rho) -30.211 -17.744 -12.756 -10.360
Z(t) -4.842 -3.696 -2.978 -2.620
MacKinnon approximate p-value for Z(t) = ©.0000.
. pperron Inflation
Phillips-Perron test for unit root Number of obs = 33

Variable: Inflation

HO: Random walk without drift, d = @

Newey-West lags = 3

Test critical value .
statistic 1% 5% 10% bickey-Fuller
isti ‘s
° 5 Test critical value
tatistic 1% % 10%
Z(rho) -28.839 -17.744 -12.756 -10.360 statis > @
Z(t) -4.459 -3.696 -2.978 -2.620
Z(rho) -5.218 -17.744 -12.756 -10.360
MacKinnon approximate p-value for Z(t) = ©.0002. z(%) -1.767 -3.696 -2.978 -2.620
. pperron Unemployment MacKinnon approximate p-value for Z(t) = 0.4276.
Phillips-Perron test for unit root Number of obs = 33
Variable: Unemployment Newey-West lags = 3 *
. pperron TradeBalance
H@: Random walk without drift, d = @
b Phillips-Perron test for unit root Number of obs = 33
ickey-Fuller
Test critical value —————— Variable: TradeBalance Newey-West lags = 3
statistic 1% 5% 10%
HO: Random walk without drift, d = ©
Z(rho) -2.012 -17.744 -12.756 -10.360
z(t) -0.936 -3.696 -2.978 -2.620
Dickey-Fuller
MacKinnon approximate p-value for Z(t) = 0.7760. Test critical value
. statistic 1% 5% 10%
. pperron ofGDPNatExp
Z(rho) -7.891 -17.744 -12.756 -10.360
Phillips-Perron test for unit root Number of obs = 33
Variable: ofGDPNatExp Newey-West lags = 3 Z(t) -2.049 -3.696 -2.978 -2.620
He: Random walk without drift, d = @ MacKinnon approximate p-value for Z(t) = 0.2656.
Dickey-Fuller
Test critical value ———
statistic 1% 5% 10%
Z(rho) -7.529 -17.744 -12.756 -10.360
z(t) -2.035 -3.696 -2.978 -2.620

Stata 17 a2, ol 2 0 el

MacKinnon approximate p-value for Z(t) = 0.2716.
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. gen D_SEDI = D.SEDI
(1 missing value generated)

. gen D_HHI = D.HHI
(1 missing value generated)

. gen D_Inflation = D.Inflation
(1 missing value generated)

. gen D_TradeBalance = D.TradeBalance
(1 missing value generated)

. gen D _Unemployment = D.Unemployment
(1 missing value generated)

. gen D_ofGDPNatExp = D.ofGDPNatExp
(1 missing value generated)

Stata 17 a2, oz il
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. dfuller D_TradeBalance, lags(1)
Augmented Dickey-Fuller test for unit root

Variable: D_TradeBalance

Number of obs = 31

Number of lags = 1

HO: Random walk without drift, d = @

. pperron D_HHI

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(t) -4.364 -3.709 -2.983 -2.623

MacKinnon approximate p-value for Z(t) = 0.0003.

. dfuller D_Unemployment, lags(1)

Augmented Dickey-Fuller test for unit root

Variable: D_Unemployment

Number of obs = 31
Number of lags = 1

Phillips-Perron test for unit root Number of obs = 32
Variable: D_HHI Newey-West lags = 3
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(rho) -28.675 -17.676 -12.724 -10.340
Z(t) -5.260 -3.702 -2.980 -2.622
MacKinnon approximate p-value for Z(t) = ©.0000.
. pperron D_Inflation
Phillips-Perron test for unit root Number of obs = 32

Variable: D_Inflation

HO: Random walk without drift, d = @

Newey-West lags = 3

HO: Random walk without drift, d = @

Dickey-Fuller

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(t) -3.279 -3.709 -2.983 -2.623

MacKinnon approximate p-value for Z(t) = 0.0158.

. dfuller D_ofGDPNatExp, lags(1)

Augmented Dickey-Fuller test for unit root

Variable: D_ofGDPNatExp

Number of obs = 31

Test critical value
statistic 1% 5% 10%
Z(rho) -28.640 -17.676 -12.724 -10.340
Z(t) -5.796 -3.702 -2.980 -2.622
MacKinnon approximate p-value for Z(t) = ©.0000.
. pperron D_TradeBalance
Phillips-Perron test for unit root Number of obs = 32

Variable: D_TradeBalance

HO: Random walk without drift, d = @

Newey-West lags = 3

Number of lags = 1

HO: Random walk without drift, d = @

Dickey-Fuller

Dickey-Fuller

Test critical value
statistic 1% 5% 10%
Z(t) -5.313 -3.709 -2.983 -2.623

MacKinnon approximate p-value for Z(t) = 0.0000.

. pperron D_SEDI

Phillips-Perron test for unit root

Number of obs = 32

Variable: D_SEDI Newey-West lags = 3
HO: Random walk without drift, d = @
Dickey-Fuller
Test critical value
statistic 1% 5% 10%
Z(rho) -26.012 -17.676 -12.724 -10.340
Z(t) -4.532 -3.702 -2.980 -2.622

MacKinnon approximate p-value for Z(t) = 0.0002.

Test critical value
statistic 1% 5% 10%
Z(rho) -29.337 -17.676 -12.724 -10.340
Z(t) -5.351 -3.702 -2.980 -2.622
MacKinnon approximate p-value for Z(t) = ©.0000.
. pperron D_Unemployment
Phillips-Perron test for unit root Number of obs = 32

Variable: D_Unemployment

HO: Random walk without drift, d = @

Dickey-Fuller

Newey-West lags = 3

Test —— critical value
statistic 1% 5% 10%
Z(rho) -22.803 -17.676 -12.724 -10.340
Z(t) -4.093 -3.702 -2.980 -2.622

MacKinnon approximate p-value for Z(t) = ©.0010.

Stata 17 a2, ol 2 0yl
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Lag LR df p FPE AIC SBIC
@ | -787.554 5.8e+10 53.1702 53.6373
1 8734.72 233.97* 100 0.000 -1.2e-08*  -562.31%  -548.30%
2 . 100 4.2e-08* . .
3 8617.74 . 100 . -554.516  -540.504
4 8582.67 409.76 100 0.000 7.7e+07 46.1782 51.3159

* optimal lag

Endogenous: SEDI HHI IndProdGrowth ConstrProdGrowth AgriProdGrowth
ServProdGrowth Inflation TradeBalance Unemployment ofGDPNatExp

Exogenous: _cons

Stata 17 a2, ol 2 @yl

Pesaran, Shin, and Smith (2001) bounds test

Bounds J sgud mee sl = 1(17) gl

HO: no level relationship F = 24.333

Case 3 t = -8.137
Finite sample (9 variables, 32 observations, 4 short-run coefficients)

Kripfganz and Schneider (2020) critical values and approximate p-values

10% 5% 1% p-value

I(e) I(1) I(e) I(1) 1(e) I(1) 1(0) I(1)

F 2.262 3.740 2.755 4.472 4.015 6.331 0.000 0.000

t -2.447  -4.283 -2.849  -4.812 -3.690  -5.932 0.000 0.000

do not reject HO if

either F or t are closer to zero than critical values for I(@) variables

(if either p-value
reject HO if

> desired level for I(@) variables)

both F and t are more extreme than critical values for I(1) variables

(if both

p-values < desired level for I(1l) variables)

decision: no rejection (.a), inconclusive (.), or rejection (.r) at levels:

| 10%

5%

1%

decision | .r

CStata 17 &z, ol 2 1 el
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Granger causality Wald tests

Equation Excluded chi2 df Prob > chi2
d_SEDI IndProdGrowth | 7.e167 1 e.e08
d_SEDI  ConstrProdGrowth | .76838 1 e.381
d_SEDI AgriProdGrowth | 2.4226 1 e.120
d_SEDI ServProdGrowth | .7221 1 e.788
d_SEDI d_HHI | 09131 1 e.763
d_SEDI d_Inflation .1387 1 e.710
d_SEDI d_TradeBalance | 4.1152 1 e.e42
d_SEDI d_Unemployment | 3.7771 1 e.e52
d_SEDI d_ofGDPNatExp | .99731 1 e.318
d_SEDI ALL | 11.563 9 0.239
IndProdGrowth d_SEDI | 3.5837 1 e.e58
IndProdGrowth  ConstrProdGrowth | .1051 1 e.918
IndProdGrowth AgriProdGrowth | .82671 1 e.363
IndProdGrowth ServProdGrowth | .60084 1 e.977
IndProdGrowth d_HHI | .e5801 1 e.s810
IndProdGrowth d_Inflation | .02618 1 e.871
IndProdGrowth d_TradeBalance 9.932 1 e.002
IndProdGrowth d_Unemployment | 1.1743 1 e.279
IndProdGrowth d_ofGDPNatExp | 2.2773 1 e.131
IndProdGrowth ALL | 19.931 9 e.018
ConstrProdGrowth d_SEDI | 1.4243 1 e.233
ConstrProdGrowth IndProdGrowth | .63711 1 e.425
ConstrProdGrowth AgriProdGrowth | 1.6005 1 e.317
ConstrProdGrowth ServProdGrowth | .20611 1 e.650
ConstrProdGrowth d_HHT | 1.3701 1 e.242
ConstrProdGrowth d_Inflation | .92143 1 0.337
ConstrProdGrowth d_TradeBalance | 4.6195 1 e.032
ConstrProdGrowth d_Unemployment | 3.0029 1 e.e83
ConstrProdGrowth d_ofGDPNatExp | 6.1638 1 e.e13
ConstrProdGrowth ALL | 18.133 9 e.034
AgriProdGrowth d_SEDI | 4.4407 1 e.035
AgriProdGrowth IndProdGrowth 1.622 1 e.203
AgriProdGrowth — ConstrProdGrowth | 1.7534 1 e.185
AgriProdGrowth ServProdGrowth | .00024 1 e.988
AgriProdGrowth d_HHI | .24603 1 e.620
AgriProdGrowth d_Inflation | 1.5635 1 e.211
AgriProdGrowth d_TradeBalance | 3.0817 1 e.e79
AgriProdGrowth d_Unemployment | .00506 1 e.943
AgriProdGrowth d_ofGDPNatExp | .41421 1 e.520
AgriProdGrowth ALL | 13.022 9 e.162
ServProdGrowth d_SEDI | .21748 1 e.641
ServProdGrowth IndProdGrowth | .31811 1 e.573
ServProdGrowth — ConstrProdGrowth | .47136 1 e.492
ServProdGrowth AgriProdGrowth | 4.1196 1 e.ed2
ServProdGrowth d_HHI | 2.8766 1 e.e9
ServProdGrowth d_Inflation | 3.5778 1 0.059
ServProdGrowth d_TradeBalance | 1.9452 1 e.163
h d_ 1 .15503 1 0.694
ServProdGrowth d_ofGDPNatExp | 2.0966 1 e.148
ServProdGrowth ALL | 19.891 9 0.019
d_HHI d_SEDI | .20764 1 0.649
d_HHI IndProdGrowth | .03787 1 e.846
d_HHI  ConstrProdGrowth | 7.4553 1 e.006
d_HHT AgriProdGrowth | .80415 1 e.370
d_HHI ServProdGrowth | 2.5958 1 e.107
d_HHI d_Inflation | .0ges4 1 0.776
d_HHT d_TradeBalance | 3.3647 1 0.067
d_HHI d_Unemployment | .01023 1 0.919
d_HHT d_ofGDPNatExp | 9.6501 1 e.002
d_HHI ALL | 21.258 9 e.012
d_Inflation d_SEDI | .34962 1 e.554
d_Inflation IndProdGrowth | .57345 1 e.449
d_Inflation ConstrProdGrowth | .82374 1 e.364
d_Inflation AgriProdGrowth | 7.6593 1 .08
d_Inflation ServProdGrowth | 27.097 1 e.000
d_Inflation d_HHT | 2.7439 1 e.e98
d_Inflation d_TradeBalance | .64203 1 e.423
d_Inflation d_Unemployment | 5.1484 1 e.023
d_Inflation d_ofGDPNatExp | .70336 1 0.402
d_Inflation ALL | 44.593 9 0.000
d_TradeBalance d_SEDI | 7.6176 1 0.006
d_TradeBalance IndProdGrowth | .29424 1 e.588
d_TradeBalance  ConstrProdGrowth | .22273 1 0.637
d_TradeBalance AgriProdrowth | .73715 1 e.391
d_TradeBalance ServProdGrowth | .11859 1 e.731
d_TradeBalance d_HHI | .19593 1 0.658
d_TradeBalance d_Inflation | .36689 1 e.545
d_TradeBalance d_Unemployment | .16779 1 0.682
d_TradeBalance d_ofGDPNatExp 1.169 1 e.280
d_TradeBalance ALL | 10.741 9 0.294
d_Unemployment d_SEDI | .0e705 1 0.933
d_Unemployment IndProdGrowth | 1.3697 1 e.242
d_Unemployment  ConstrProdGrowth | .7381 1 0.78
d_Unemployment AgriProdGrowth | .01276 1 e.910
d_Unemployment ServProdGrowth | 3.6079 1 e.058
d_Unemployment d_HHI | 9.8887 1 e.002
d_Unemployment d_Inflation | .52779 1 e.468
d_Unemployment d_TradeBalance | .43359 1 e.510
d_Unemployment d_ofGDPNatExp | 1.8203 1 e.177
d_Unemployment ALL | 13.288 9 e.150
d_ofGDPNatExp d_SEDI 7.929 1 e.e05
d_ofGDPNatExp IndProdGrowth | .06434 1 e.800
d_ofGDPNatExp ~ ConstrProdGrowth | .06063 1 0.806
d_ofGDPNatExp AgriProdGrowth | 2.8726 1 e.e9
d_ofGDPNatExp ServProdGrowth | .0396 1 e.950
d_ofGDPNatExp d_HHI | 2.7976 1 .09
d_ofGDPNatExp d_Inflation .0929 1 e.761
d_ofGDPNatExp d_TradeBalance | 6.3405 1 e.e12
d_ofGDPNatExp d_Unemployment | .10717 1 e.743
d_ofGDPNatExp ALL | 15.277 9 0.084
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ARDL (1,0,0,0,1,0,1,1,1,0) regression

Sample:1992 thru 2023
Number of obs =32
R-squared =0.8380
Adj R-squared =0.7717
Root MSE =0.0450
Log Likelihood = 63.945744
D.d_SEDI  Coefficient  Std. Error t P> |t [95% Conf. Interval]
ADJ
d_SEDI
L1. .8688774 .1067834 -8.14 0.000 .6435761,1.0941781
LR
d_HHI -.0509131 .6268471 -0,08 0.048 -1.2793123, 1.1774942
d_Inflation -.0000867 .0027376 -0.03 0.975 -.0058625, .0052689
d_TradeBalance .0153818 .0031908 4.82 0.000 .0091499, .0216137
d_Unemployment -.0224989 .0072475 -3.10 0.006 -.0377897, -.008208
d_NatExpofGDP .0099463 .0041071 2.42 0.027 .0019113, .0186114
IndProdGrowth .0033556 .0005936 5.65 0.000 .0021032, .0046081
ConstrProdGrowth .0020689 .0013012 1.55 0.030 .001344, .0058237
AgriProdGrowth .0013896 .0008662 1.60 0.627 -.0043795, .00322171
ServProdGrowth .0033062 .0009313 3.55 0.017 .0013414, .0052711
SR
d_Unemployment
D1. -.0101702 .0048253 -2.11 0.050 -.0196014, -.0007845
IndProdGrowth
D1. .0016091 .0003362 4.79 0.000 .0009532, .0022746
ConstrProdGrowth
D1. -.0017019 .0007812 -2.18 0.044 -.0033041, -.0001754
AgriProdGrowth
D1. .0016293 .0004825 3.38 0.284 .0007474, .0026113
ServProdGrowth
D1. .0023062 .0006313 3.65 0.017 .00014834, .0052711
_cons -.0257506 .0132502 -1.94 0.069 -.0517061, .0022048
Stata 17 a2, ol 2 1 ydeal
ARDL £54¢ puis zts :(20) @l
. estat bgodfrey
Breusch-Godfrey LM test for autocorrelation
lags(p) chi2 df Prob > chi2
1 7.340 1 0.0067
. estat hettest
Breusch-Pagan/Cook-Weisberg test for heteroskedasticity HO: no serial correlation
Assumption: Normal error terms
Variable: Fitted values of D.d_SEDI . estat dwatson

Durbin-Watson d-statistic( 15, 32) = 2.479743
HO: Constant variance

Stata 17 a2, oz il

chi2(1)

0.30

Prob > chi2 0.5844
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. summarize residuals

Variable | Obs Mean Std. dev. Min Max

residuals | 32 4.15e-10 .0333276 -.092783 .0676826
. sktest residuals

Skewness and kurtosis tests for normality

Joint test
Variable | Obs  Pr(skewness) Pr(kurtosis)  Adj chi2(2) Prob>chi2
residuals | 32 0.3401 0.2608 2.36 0.3078
. swilk residuals
Shapiro-Wilk W test for normal data
Variable | Obs W Vv z Prob>z
residuals | 32 0.97576 0.809 -0.441 0.67028
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