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The Impact of Technological Change on Supporting Economic Growth
Through the Knowledge Spillover Effect Hypothesis:
Empirical Evidence from Algeria During the Period 1990-2023
Abstract:

This study analyzed the impact of technological change on economic growth from the
perspective of the knowledge spillover hypothesis by examining how two key technology
transfer channels-foreign direct investment and imports-affected Algeria's economic growth
during 1990-2023. The research employed the Autoregressive Distributed Lag (ARDL) model
to measure short and long-term effects, the Breitung-Candelon methodology for causality
testing, and dynamic simulation to forecast economic growth responses to changes in
technology transfer channels.

Results revealed a statistically significant inverse relationship between technology transfer
variables and economic growth in the short term, which transformed into a positive and
statistically significant relationship in the long term. Causality tests showed a unidirectional
causal relationship from technology transfer through foreign direct investment to economic
growth in the short and medium terms, evolving into a bidirectional relationship in the long
term. Meanwhile, technology transfer through imports exhibited a unidirectional causal
relationship from economic growth in the short term, with no relationship in the medium term,
before developing into a bidirectional relationship in the long term.

Dynamic simulation results confirmed economic growth's response to changes in
technology transfer channels, with asymmetric effects where positive shocks had greater impact
than negative ones. These findings provide strong empirical evidence for the importance of
adopting integrated economic policies that enhance trade openness and improve the foreign
investment climate, while developing the absorptive capacity of the Algerian economy to
maximize benefits from knowledge and technology spillovers.

Keywords: Technological Change, Economic Growth, Foreign Direct Investment, Imports,
Autoregressive Distributed Lag Model (ARDL).

Jel classification codes : 033, 047, F21, F10, C32
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"-William J. Baumol & Alan S. Blinder, Macroeconomics: Principles and Policy, South-Western, Cengage Learning, Eleventh Edition, Mason (Ohio), United

States, 2011, P: 129.

2.N. Gregory Mankiw, Principles of Macroeconomics, South-Western, Cengage Learning, Sixith Edition, Mason (Ohio), United States, 2012, P: 205.
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T\ 34\ /4
Pmax = 12 (m) = Pmax = 12 (W) = Bnax =9
Agall pa Ty csllan¥l sl ¥ sl Py
:PP 9 ADF su>gll i g_SJL.d_é-‘ &"LI_» ‘JLI_” Jouzx! A9
(PPSADF ) Zyualasll 5uimsl jir i) 2305 1(03) oy Jgusae!

Augmented Dickey-Fuller (1979)

Variables ADF-stat Critical Value P-value Observation
RGDP -4.187573 -3.557759 0.0122%* 1(1)
GFCF -3.901450 -3.557759 0.0237** 1(1)

LAP -4.459594 -4.284580 0.0066* 1(0)
IHC -5.112362 -4.394309 0.0021* 1(0)
FAP -4.529182 -4.262735 0.0052* 1(0)
MAP -4.632249 -4.273277 0.0042* 1(1)

Phillips & Perron (1988)

Variables PP-stat Critical Value P-value Observation
RGDP -4.187573 -3.557759 0.0122** 1)
GFCF -3.824924 -3.557759 0.0281** 1(1)

LAP -4.307683 -4.262735 0.0090* 1(0)
IHC -5.455739 -4.4284580 0.0006* 1(2)
FAP -4.525298 -4.262735 0.0053* 1(0)
MAP -4.658653 4279277 0.0039* 1(1)

*, ®x KR significant at 1%, 5%, 10%, level of significant respectively.

Model specification: trend and intercept.

Eviews 13 meliyy (e slexe¥l 2l slue| (ot yuuall

'-G. William Schwert, Effects of model specification on tests for unit roots in macroeconomic data, Journal of monetary economics, North-Holland,

1987, Vol: 20, No: 01, P: 88.
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JW el e 8kl (IHC) Ui § <39 PPy ADF(g x| il oty coyluas 1asdls (03) o8y Jootd| IO 00
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Yo 1agian Syiua dis Olnylell e Lz gJouall Jlanil oye
Skl w5l (e %40 s> Jiay sl clBgymell g lhad e Lulul lasbaid] 385, M, oo L5l oof Lasg
Slpsball @l (%970 paluwy Ay Al Llad! Gl e Jes Uould Aslall Zlall (10 %60 (e STy JLoz¥!
Blgwdll § Laaall Hlad 9 Sldas oo Aol Ll Slaad e Bapl) Lldbun slgi>] Jlais] oo Uil 2351501
Lhdial Az dpumdd Axllo pé Busgll Hda e cadSU Audadl hlasdl ey 0l a1 s 5l Adgul
Sl J] 35 a1y JSea AdT 39299 ¢ Phillips & Perron ;Las- | liSs Augmented Dickey- Fuller ;Las €« el
U Ly O uSally (oo @) daddl (ayill A 0k By Hda 39290 (alall puall (5,8 Jaid g HLas¥l
Zivot& Lzl § Jiailly 4dSea ol pad se2sd 5Lae¥l geay 36 Q) Busgdl e lhlas usl e slaied) e

DLy e @l sss JWI Jeazlly Andrews (1992) unit root Test

laslyadl Alzes <(2020-1990) 57831 S (ARDL) 73905 aludeinly duulsd Bl @ 50 3l (3 (obatd¥) goddl de JUI solatdl S c0r9,5 T g 0 olel] '
3990 (07 :3uall 07 tulsel 2022 ¢ l5ad) caliadl e dlings dams Zasls « puolall Lslazs¥|
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18 o 01 tauadl 09 :ul=ll 2016 315!

Al paland ¥l byl dlxa ( (2022-1980) (6551 sl SLatd¥l g e g pdeadl JUI uly 3 sladiandl AT Ausolid dnlys ccnliigely cna¥l dammas Do alig
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Zivot& Andrews (1992) unit root Test 3ussll yiz 5Las| 7505 :(04) 08y Jouzd!

Variables K Z&A- stat Critical Value Break date Observation
RGDP 0 -5.299%* -5.08 2006 1(1)
GFCF 0 -5.737* -5.57 1998 1(1)

LAP 0 -5.780* -5.57 2006 1(1)
IHC 0 -5.635* -5.57 2011 1(1)
FAP 0 -6.167* -5.57 1996 1(0)
MAP 0 -6.507* -5.57 2002 1(1)
*, ** Ak significant at 1%, 5%, 10% level of significant respectively.
K— Number of lags.

Trend specification: trend and intercept.
Break specification: trend and intercept.

STATA 17 obiyy e slexe¥l adlall sluel ot ygal

Zivot& 4l sl Sy onay wsly i) susgll e Hlasl @t o g1 (04) @3, Joall I e
(FAP) § Jiaillg uslg sats lacle @ Jo¥) 3,all wie ol yazul ol il Kol zas| (Andrews (1992) unit root Test
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dis yatue Gl Sl =l @l e bl (RGDP) sl o com «Jodl Gyall 3 8yatun (98 ilpaall 3L Wi
Yo Ligian Sotun dic Slpaall 3Ly (%5 Ligias Seius

bl (RGDP) mlall pazll of gl Zivot& Andrews (1992) unit root Testsuasgll iz sl gl (e 2l
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<i¥l 5o Auto Regressive Distributed Lag Model (ARDL)a&e 5Ll elayyl ol et 1N Hlams¥l 73503 olé ol
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AalSie 23l Juodladl Slyiie 0585 ol bosldn ¥ 7z 393 4isS ((ARDL) dejpll sl ol el I Hlass¥) 7 35
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s 2020-2000 & Aol 1 el 3 AU | Aol sl @do polidl §odas :acioll slas¥l ol Al FIAN 5l ames¥ 3y day AN Lol Aieia « oo (32 Ol -
57100 <01 toatall 11 lall 2023 3l Bl « uyld o Rael (paislly sLiazs V|
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Bai & Perron (2003) Multiple breakpoint test ;L5 75l :(05) o8y Jguzd!

Estimation of break points

Number of obs = 34
SSR = 0,00
Trimming = 0,20

# Index Date [ 95% Conf. Interval]

1 6 1994 1993 1995

2 12 2000 1999 2001

3 20 2018 2017 2019

STATA17 e slexe¥l AUt slue| oo 2 yduall
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SleBlasl J) 1 ssare 6,38 Alaaill oo guilly sl Loaidl 7] oo il Auas olases doe s Aplae Jgoes Alaas
oaay o bty L JSA3 03 Sleall s Ol Cobaadl Sotue e Ll Z ¥l (aas ol e el Aelaie

ezl as sl 7 dgail) Buliall Glall Aalall ISl

Eolsal) @ dueng clmate I alasial @i (Aulia il e Gila z3seill O pe STl iay 17 3 gl purds-LlS
e JS e cLiey Loy U goland Ayl Az ol pineS el Loyl 3 eSieild LS ) cnbogall el Lpd s &)
e Bole @3 U3 e danay big Tedgall & 3 (1) Aegdlly Asaall cdn @I ol @ (0) dagall dsT (g
(393 J4ad (2.1.3.3.2.3) z3gerll myums @3y ¢ JI Sy Aalyudl Slpiie o slasdll SIAS a9 @3 s oz S5l

reldd e JUT JSCadl

-2000 3R IS Hsald Alelond Buolys Lo i1 sedl Boliiun! Jisws Lodgs ynIll) &yl 1 g0binid ¥l guill o oOlll § all bigaill 5 oS> alyy -
el pgles doylmtll glally Bslazs ¥l aglall 4 Auslazsdl pglall cud (S gis sLatdl:paimis olsiSs 83kt Jui Cildlate s Zautde A9 bl 2022
157 140 2023 «iliadl cAaladl g dle b daals

1990 5l I A lill Joudl (any o iylie 5l 3§ end) gl (3 (g3Laid ¥l guidl o (53Laid ¥l bkl | 3 Buled Aubelond Banlys ¢ ulss Ampts 2
el ple g Bylaill aglally 2yslatd ¥l o sladl A 23 Laid Wl o glall ound o (Sing i sLatdl paiased olygiS Bold (i Slillate (s Zouie dg,L1.2019
17540 2021 (il aladl gile oL daale

@oLatd ¥l ol Alms 2018-2014 54411 JH5 Adulons Aol 1550 32l sbiaid ¥ (de Jadill slasd sll oluwlSinil «olos Il dee Holall dseg 35e o il -
52:40 02 3uall (04 :ulzell 2020 ¢ ilidl eyl dand Aanle 2g¥slally

60




$3LatdY gaill 53503 3 93l Anl ygu) ouludll Juloes ]
301 @ A yaell LAY Y b L |

Schwarz Criteria (top 20 models)
Model1541: ARDL(2,1,2,3,2,3)

5.3 ) , . Model1537: ARDL[2,1,3.3,3,3)
[ I+ + + ¥ Model513: ARDL(3.1,3,3,3,3)
+ v Model517: ARDL(3,1,3,3,2,3)
Model1285: ARDL(2,2,3.3,2,3)
Model1281: ARDL(2,2,3.3,3,3)
i . Model1025: ARDL(2,3,3,3,3,3)
v ¥ Model257: ARDL(3,2,3,2,3,3)
¥ Model261: ARDL(3,2,3,2,2,3)
Model1029: ARDL(2,3,3.3,2,3)
Modell: ARDL{3,3,3,3,3.3)
Model5: ARDL(3,3,3,3,2,3)
Model129: ARDL(3,3,1,3,3,3)
Model141: ARDL(3,3,1,3,0,3)
Model77: ARDL(3,3,2,3,0,3)
-5.8 Model145: ARDL(3,3,1,2,3,3)
Model147: ARDL(3,3,1,2,3,1)
Model1553: ARDL(2,1,3,2,3,3)
Model13: ARDL(3,3,3,3,0,3)
Model137: ARDL(3,3,1,3,1,3)
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Model1541
Model1537
Model512
Model517
Model1285
Model1281
Model1025
Model257
Model261
Model1022
Modell
Model5
Model129
Model141
Model77
Model145
Model147
Model1553
Model13
Model137

Eviews 13zabiy (e sleae¥l Aall slue] (0 2 jugall
(ARDL) &ejsll slaydl ol iald 1A Hlami¥l 7 39 535 eiiss colagdll il et Jadll 7z 390l 5Ll aay
QU IS § (yad ol sling <M 3eds IS Ayl il it o ANt Jeoxs (oo 7 gl | ey g
(ARDL) 7 3503 y3ua5 gsilas :(17) oy JSAJ

Variable Coefficient Std. Error t-Statistic Prob. =
RGDP(-1) -0.168745 0.183735 -0.918415 0.3853
RGDP(-2) -1.097197 0191672 -5.724360 0.0004

LAF 0.808315 0.243045 3.3257T7T 0.0104

LAP({-1) 0713610 0.276490 2580962 0.0326

GFCF 0.211499 0.058868 3.592790 0.0071
GFCF(-1) 0280620 0.0832804 3.348520 0.0101
GFCF(-2) -0.027557 0.091841 -0.300049 07718
GFCF(-3) -0.154505 0.057806 -2.672826 0.0282
IHC -2.029423 0.965801 -2.101285 0.0688

IHC(-1) 1.970363 1.393699 1.413765 0.1951

IHC(-2) -0.601937 1.277525 0471174 0.6501

IHC (-3} 1.930931 0.735129 2.626657 0.0303

FAP 0.001392 0.000353 3.945106 0.0043
FAP(-1) 0.001321 0.000401 3.291985 0.0110
FAP(-2) 0.001689 0.000447 3TT79473 0.0054

MAP 0077951 0.04877F7 1.598127 0.1487

MAP(-1) -0.188515 0.052672 -3.579021 0.0072

MAP({-2) 0079879 0.066723 1.197175 0.2655

MAP({-3) 0.254258 0.052994 4 797860 0.0014

DUMNMY 1994 0.0932839 0.039134 2.397890 0.0433
DUMMY 2000 0.039379 0.012996 3.030036 0.0163
DUMMYZ2018 -0.053578 0.015040 -3.562396 0.0074
C 27.55637 3.847552 7162054 0.0001
R-squared 0.999815 Mean dependent var 2569838
Adjusted R-squared 0999306 S.D. dependent var 0.287727
S E. of regression 0007582 Akaike info criterion -5 796773
Sum squared resid 0000460 Schwarz criterion -5.732847
Log likelihood 128.3500 Hannan-CQuinn criter. -5_449960
F-statistic 1963 450 Durbin-VWatson stat 2 549159
Prob{F-statistic) 0000000

Eviews 13 maliy (e slexe¥l AdUall sl (0 2 yusall

JS5 (ARDL) de5oll dgiasll Silgzmall 1AM lazei¥l 73905 aluseieols Gusoled Bualys 5l 3l 3 elpdall ol i) 2SS « oo gom il 300 Butia -
398 1,2 (02 tauall (15 1lxl] 2021« iliall 8,8y ¢ puinis darma Aasle ciylsly LpoLazsl il Al (2017-1988 A4l
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laxe o3 ll5 J) Z8LYL %1 Syiue die Lgian LT a5 Leo 0.00000. ;a5 2llais | 2agd pa <1963.450, 5,uall
danslo gag R = 0.999815 Lumtll Jolao osd iy 5% 5% T (Sgina i Luginn z 39oill § 8yl lolal
Jlea¥! el bl e sall RGDP bl paall 3 Aiolod! culpatdl (0%99.98 s oz 90il] e s 593
& Ampae p 31 Jalse Layuds %0.02 8L Leudd) Wi z3gaidl 3 doyall Aaiadl olpsal) oyuds Sigds]l
.z 390l
oo adie | pas OF @r90all 00 oa gz 3seild Lsbasl Axllall way iz gl 4odboe wiljlas ! -Lal,
Leag (negs J whlas¥ sin cudis Euo (s laSy 4o (Gia di=s G ol Las|
st @ Aally 3lad! Ay 2ualad) alhlas! @l W) Jodadl o o) aadung duolidl @lylasyl 1

ol il pae sy caudall assnll SLasly (I Lol
3ol A Bzl 2oLl Bl Sl yLas | il (06) oy Jouzed!

Tests Stat-Value Prob
Breusch-Godfrey serial corrélation LM test F-Statistic 0.619957 06116
Null hypothesis: no serial correlation at up to 2 lags Obs*R.Square 3.155690 0.3682
Normality test (Jarque bera) . TRy
Null hypothesis: Residual are normally Distributed
F-Statistic 0.872754 0.6266
Breusch-Pagan-Godfrey Obs*R-Square 21.88255 0.4669
Het kedasticity Test
cteroskedasticlly Tes Scaled explained SS 2331372 1.0000
Null hypothesis: Heteroskedasticity
F-Statistic 0.069538 0.7939
ARCH
Obs*R-Square 0.074320 0.7851

Eviews 13zebiy (e slexe¥l &dlall slue| (ot yuuall
Blas e st 11 Lol SLast IV (ped « @lodl Bunbuns Lalazll ,Las¥ w5l (06) o3y Jotnll oo
0.619957 sBreusch-Godfrey sclasl Lol Jlos¥) dayd oyud Cus (1A Lol ACin (o Blodl alulis
gLl oalall auall (5,8 Joud 1) 3,8l 398y ol pa¥l (Lilas] Suatall Lgiall cibgiun S dic Ligine pd (29
RETRNPRTCTRE (T (IR0
Com conbiall il pue Ui o Blod! Al BLilas pie sl bl pudlas aue SLasl s (e
Baezall Ligiall Slbgnud) K e dgian e (29 2.693825 4 Jarque Bera scbasby Lolid) Jlais¥l daud ojud

(sl airld el Aludis (ol bty (0o LaN auadl (558 Joud ) 6050 i) ¥l (Lislia
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Aod Cyud Coo bl uiles pue oo Akl BLlas pue muadl ubadl uilxs aue Hlasl M (w9
S wie glgias se Leag (Jlsddl (Je 0.069538 9 0.872754 5 ARCH 3 Breusch-Pagan-Godfrey &:Lasl JLox>Y!
Qo Ay (s bty 0N poall (558 J5ud 1) 6352 6! 1o¥1 cLisbias] Buatall Lgaall ibigrudl
igaty 4y« Gilgdoadl asdl (asbas alaill Ll SLAL) (oo JUs 7350l 0 giiiad Gus Le S5 ha9
Aewlall sl
SLas € ahlasdl (ang alall Coy cdwliog z3gedl IS Shatal oo uSTll iz 3geidl JSea Hlydiwl jlasl 2
Jsazlly (CUSUM OF Squaresy CUSUM (g5Lasls cz3gaidd (oU,)) cipumsrlly dalazll Ramsey RESET Test
:CUSUM OF Squares g CUSUM (gL il oo JSCadlg (Ramsey RESET Test [las | milis musge JW

Ramsey RESET Test ;s &3l :(07) ody Jguzt!

Value Prob
t-statistic 0.782236 0.4597
F-statistic 0.611894 0.4597

Eviews 13zabiy (e sleae¥l Aall slue] oo 2 il
Cyd Eo> odlydl oo gt ¢ g (1o Gl ¥ uall 7 39l ol Ramsey RESET Test ,Las| JM5 (e crey
g8 G s (lblas| Buetall Lgiall culigrud ) wie Ligine e (290.4597 5 F-statistic g t-statistic e (S 2lo>!
(ool o gtll s g oy Glan ¥ 2 3gaill Ol A lall puall 2,9
.CUSUM OF Squares g CUSUM (g,Lis| milis :(18) o, JCad!
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CUSUM OF 9 CUSUM (gl gl ylas e o2ty ety 7 3gaidl 0 (18) @y JSAT! M5 (pe LasDls
965 Ligian Saiun die nzpml cpasdl o olady ozl o Squares
Sass Aalall UL pians ol 7 3gail) ol Zlndl] (Sas ez 3gart] Aodall blasl S5 os duleg
Jishally mll skl § 4ilpiie o A8Mal uods Aules 3 dule slaze¥l
el slpially mlill ikl o Ll JalSal las! w agidl Lol alasialy clisll oKl sl 3
292 JWl Jgazdls Bound Test sgull jLas | alasiuwls «(ARDL) dejgll slhadl ol el 1A Hlams¥l 7 3g00) Ladg

F-Bound Test )Ll 5l :(08) 08y Jguzd!

Test Statistic Value
F-statistic 12.961844
Signif 10) T
10% 2.508 3.763
5% 3.037 4.443
1% 4257 6.040

Null Hypothesis: No levels relationship

Eviews 13zaliy e alae¥l Adlall slae] (o 2 yusall

aie LM &yl @uall Boas (£ "12.961844” 4 a8 gl F &aid o) J) (08) @3, Joudl da
Ot J2¥1 Asgls 343555 A8Me urg3 ¥ Sl A Al puall s )8 a8y ) 605 Len cLiilias] Buazall Lgaall ligius
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Sladie Gt A3le3 e 3929 (09) 8y Jgudl (§ Amss sl T-Bound Test jLas| mlis aS55 «(gy51 iz (a9
Logally 3395 W1 &yl @uald AW udl (o ST 29"7.422947 " goxi T 8eliasY Aallall Ayl cyud Eis cAaalyll
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T-Bount Test ;L5 7515 :(09) 08y Jguzd!

Test Statistic Value
t-statistic -7.422947
Signif 10) 1(1)
10% -2570 -3.860
5% -2.860 4190
1% -3.430 -4.790

Null Hypothesis: No levels relationship
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Variable* Coefficient Std. Error t-statistic Prob
LAP 0.671652 0.122078 5.501805 0.0000
GFCF 0.136834 0.044844 3.051358 0.0052
IHC 0.560444 0.119610 4.685613 0.0001
FAP 0.001943 0.000282 6.886287 0.0000
MAP 0.098667 0.038456 2.565697 0.0164
EC =RGDP— (0.671652*LAP+ 0.136834*GFCF + 0.560444*IHC+ 0.001943*FAP + 0.098667*MAP)
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Variable Coefficient Std. Error t-statistic Prob
COINTEQ* -0.851717 0.107278 -7.939346 0.0000
D (RGDP (1)) 1.097197 0.110290 9.948287 0.0000
D(LAP) 0.808315 0.094500 8.553580 0.0000
D(GFCF) 0.211499 0.040175 5.264469 0.0002
D (GFCF (1)) 0.182062 0.040571 4487514 0.0006
D (GFCF (-2)) 0.154505 0.038302 4.033849 0.0014
D(IHC) -2.029423 0.500152 -4.057612 0.0014
D (IHC (-1)) -1.328994 0.508896 -2.611525 0.0215
D (IHC (-2)) -1.930931 0.548506 -3.520349 0.0038
D(FAP) 0.001392 0.000192 7.235968 0.0000
D (FAP (-1)) -0.001689 0.000219 -7.701099 0.0000
D(MAP) 0.077951 0.027939 2.790051 0.0153
D (MAP (-1)) -0.334138 0.044609 -7.490390 0.0000
D (MAP (-2)) -0.254258 0.034428 -7.385263 0.0000
DUMMY1994 0.093839 0.013762 6.818501 0.0000
DUMMY2000 0.039379 0.007304 5.391718 0.0001
DUMMY2018 -0.053578 0.008399 -6.378768 0.0000
C 27.55637 2.448595 11.25395 0.0000
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2023-1990 5l IS Aleall 3539 gl JUWI Lol Mg saill Jumns Jlaz ¥l el bl Slilbas] can Joiz :(01) o, Gl

Years RGDP GFCF LAP goidl Jiaa
1990 91497 228 539,41 26769938 141,14 13,633.25 0.80
1991 90399 261 261,55 24 304 056 901,15 12,963.84 1.20
1992 92 026 450 045,65 22288 201769,74 12,790.77 1.80
1993 90 093 893 897,41 20936116 718,47 12,131.44 2.10
1994 89283 051958,11 21858311678,23 11,637.84 0.90
1995 92675803 281,11 22041 200975,26 11,721.68 3.80
1996 96 475 509 798,06 21245990 813,54 11,832.90 410
1997 97 536 740 346,88 20423 029817,98 11,657.58 1.10
1998 102 511117 624,64 24686 310 754,20 11,936.49 5.10
1999 105791474 981,50 24177 986 384,98 11,983.71 3.20
2000 109 811551 032,21 25490908 939,18 12,108.67 3.80
2001 113105897 562,18 27096 836 201,41 12,153.39 3.00
2002 119213616 030,54 29400067 278,53 12,504.61 5.40
2003 126 962501 072,53 30840670575,18 13,018.21 6.50
2004 132675813 620,79 33523808915,22 13,300.26 4.50
2005 139 840 307 556,31 36172189819,52 13,722.85 5.40
2006 143 895676 475,45 38668070917,07 13,822.76 2.90
2007 148 356 442 446,18 42 573546 079,69 13,953.64 3.10
2008 152 065 353 507,34 47767 518 701,41 13,994.43 2.50
2009 153890137 749,43 53929528 613,90 13,857.51 1.20
2010 161276 864 361,40 58189961 374,39 14,120.74 4.80
2011 166 115170 292,24 59295 570 640,51 14,336.35 3.00
2012 170101934 379,26 64 691467 568,79 14,499.93 2.40
2013 174524584 673,12 70319 625 247,28 14,733.51 2.60
2014 181 680 092 644,71 76296 793 393,30 15,224.84 4.10
2015 187 493 855 609,35 80264 226 649,75 15,552.45 3.20
2016 194 806 115 978,11 82511624 995,94 15,981.13 3.90
2017 197 728207 717,78 83831810995,88 16,000.55 1.50
2018 200 496 402 625,83 85592 279026,79 16,021.31 1.40
2019 202 300 870 249,46 85078725 352,63 15,970.68 0.90
2020 192185826 736,99 78953057 127,24 15,953.11 5.00
2021 199 488 888 152,99 79 268 869 355,75 16,188.11 3.80
2022 206 670488 126,50 81329 859 959,00 15,872.89 3.60
2023 215143978 139,69 89 381516 094,94 16,330.67 410
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I Slslsll s Jooi :(04) o8y 3l JW el slibas e Jodz 1(03) o3, =kl obetiedl libias] (o Joaz :(02) o3, 3=l
2023-1990 sl 2023-1990 a1 s &ydudl 2023-1990 3 all S5 ,aLdl guad!
Years IMP Years IHC Years RFDI
1990 18876 719 928,12 1990 1.51 1990 58,98
1991 15 497 786 802,97 1991 155 1991 158,19
1992 16 210 685 304,94 1992 1.59 1992 57,51
1993 15 124 569 046,08 1993 163 1993 0,00
1994 16047 167 667,96 :ZZ: 1: 12:: Z’ZZ
1995 16368 111 935,58 prows s — 55’4 —
1996 14191152 189,44 pps p — 526’38
1997 14531 740 258,05 1998 o — 1 291’ —
1998 15592 557 646,13 7999 Tos '
1999 15857 630 883,16 5000 189 1999 635,09
2000 17 062 810 830,28 2001 190 2000 56118
2001 18973 845 643,27 2002 1.92 2001 2118,83
2002 23375777 832,51 2003 1.93 2002 2063,89
2003 24567 942 501,97 2004 1.95 2003 1102,34
2004 27 638 935 314,71 2005 1.96 2004 1277,48
2005 29407 827 174,85 2006 1.98 2005 1497,08
2006 28966 709 767,23 2007 199 2006 2207,23
2008 2.01
2007 3241374822955 2007 1815,89
2009 2.02
2008 37 405 465 456,89 o0 o 2008 221880
2009 4219336503537 011 08 2009 281946
2010 44092 066 461,95 2012 Y 2010 2087,34
2011 42063 831 404,71 2013 215 20Mm 1963,72
2012 47 868 640 138,56 2014 2.19 2012 112256
2013 52559 766 872,13 2015 222 2013 1289,36
2014 56 974 787 289,39 2016 2.26 2014 114585
2015 6062117367591 2017 2.30 2015 585,00
2016 58923 78081299 2018 234 2016 1763,09
2017 54740192 375.26 2019 2.38 2017 128292
2018 52 660 065 065,01 2020 242 2018 1520,05
2019 51148 608 763,97 2021 24 2019 144516
2020 44872740 643,02 2022 2 2020 1328,85
2023 2.51
2021 44943 893 363,58 2021 931,93
2022 41361098 689,58 3550 bl Buacls e slexe¥l AUl slel (e £ ysal 2022 23356
2023 46 808 557 884,12 aitlly paill misings 2023 1056,49
bl Bueld (e sleael Adlall slae| (o 1yl bl aeld e sleze¥l AdUall slue] oot yuall
Bzl @Yl Aty Byleeill Baseill @a¥l yai5e
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Dependent Variable: RGDP
Method: Least Squares
Date: 03/28/25 Time: 13:22
Sample: 1990 2023
Included observations: 34

Dependent Variable: RGDP
Method: Least Squares
Date: 03/28/25 Time: 13:23
Sample: 1990 2023
Included observations: 34

Variable Coefficient  Std. Error  t-Statistic  Prob. Variable Coefficient  Std. Eror  t-Statistic ~ Prob.
@TREND 1.156744 0116602 9920428  0.0000 C 2065772 0052265 4909187  0.0000
Dependent Variable: LAP Dependent Variable: LAP
Method: Least Squares Method: Least Squares
Date: 03/28/25 Time: 13:11 Date: 03/28/25 Time: 1257
Sample: 1990 2023 Sample: 1990 2023
Included observations: 34 Included observations: 34
Variable Coefficient ~ Std. Error  t-Statistic ~ Prob. Variable Coefficient ~ Std. Eror  t-Statistic  Prob.
@TREND 0429493  0.043373 9902378  0.0000 C 9530014 0019743 4827569  0.0000
Dependent Variable: GFCF Dependent Variable: GFCF
Method: Least Squares Method: Least Squares
Date: 03/28/25 Time: 13:12 Date: 03/28/26 Time: 13:14
Sample: 1990 2023 Sample: 1990 2023
Included observations: 34 Included observations: 34
Variable Coefficient  Std. Error  t-Statistic  Prob. Vaniable Coefficient  Std. Error  t-Stafistic  Prob.
@TREND 1108739 0109423 1014172 0.0000 C 2447711 0093541 2616718 0.0000
Dependent Variable: IHC Dependent Variable: HC
Method: Least Squares Method: Least Squares
Date: 03/28/25 Time: 13:16 Date: 03/28i25 Time: 13:15
Sample: 1990 2023 Sample: 1990 2023
Included observations: 34 Included observations: 34
Variable Coefficient  Std. Error  t-Statistic  Prob. Variable Coefficient  Std. Error  t-Statistic  Prob.
@TREND 0.034483 0002135 1615391  0.0000 C 0688904 0024001  28.70286  0.0000
Dependent Variable: FAP Dependent Variable: FAP
Method: Least Squares WMethod: Least Squares
Date: 03/28/25 Time: 13:17 Date: 03/28/25 Time: 13:18
Sample: 1990 2023 Sample: 1990 2023
Included observations: 34 Included observations: 34
Variable Coefficient  Std. Error  t-Statistic  Prob. Variable Coefficient  Std. Error  t-Stafistic  Prob.
@TREND 0.694346 0085548  8.116472  0.0000 C 1458280 1279171 1140019  0.0000
Dependent Variable: MAP Dependent Variable: MAP
Method: Least Squares Method: Least Squares
Date: 03/28/25 Time: 13:21 Date: 02/28/25 Time: 13:19
Sample: 1990 202_3 Sample: 1990 2023
Included observations: 34 Included observations: 34
Variable Coefficient ~ Std. Error  t-Stafistic  Prob. Variable Coefficient ~ Std. Eror  t-Statistic  Prob.
@TREND 1521586 0151527 1004170  0.0000 c 3364511 0106737 3152158  0.0000
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MNull Hypothesis: D(RGDP) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 {Automatic - based on SIC, maxlag=9)

Mull Hypothesis: RGDP has a unit root
Exogenous: Constant, Linear Trend

Lag Length: 0 {Automatic - based on SIC, maxlag=9)

t-Statistic Prob.* t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -4.187573 0.0122 Augmented Dickey Fuller test statistic 1.621749  0.7624
Test critical values: 1% level -4.273277 Test critical values: 1% level -4.262735
5% level -3.5657759 5% level -3.552973
10% level -3.212361 10% level -3.209642
*MackKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Mull Hypothesis: D(RGDP) has a unit root MNull Hypothesis: RGDP has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel Bandwidth: 4 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.* Ad. t-Stat Prob.*
Phillips-Perron test statistic -4.187573 0.0122 Phillips-Perron test statistic -2.111738 0.5206
Test critical values: 1% level -4.273277 Test critical values: 1% level -4 262735
5% level -3.557759 5% level -3.552973
10% level -3.212361 10% level -3.200642
*MacKinnon (1996) one-sided p-values. *MacKinnon {1996) one-sided p-values.
Null Hypothesis: LAP has a unit root MNull Hypothesis: LAP has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West autommatic) using Bartlett kernel Lag Length: 2 (Automatic - based on SIC, maxlag=9)
Adj. t-Stat Prob.* t-Statistic Prob.*
Phillips-Perron test statistic _4 307683 0.0090 Augmented Dickey-Fuller test statistic -4.459594 0.0066
Test critical values: 1% level -4 262735 Test critical values: 1% level -4.284580
5% level -3.552973 5% level -3.562882
10% level -3.209642 10% level -3.215267
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Full Hypothesis. D(GFCF) has a unit root Null Hypothesis: GFGF has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend
Lag Length- 0 (Automatic - based on SIC, maxlag=9) Lag Length: 1 {(Automatic - based on SIC, maxlag=9)
t-Statistic Prob.* t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.901450 0.0237 Augmented Dickey-Fuller test statistic -2.272910 0.4358
Test critical values: 1% level -4 273277 Test critical values: 1% level -4 273277
5% level -3.557759 5% level -3.557759
10% level -3.212361 10% level -3.212381
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Null Hypothesis: D(GFCF) has a unit root Null Hypothesis: GFCF has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend )
Bandwidth- 1 (Newey-West automatic) using Bartlett kernel Bandwidth- 4 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.* Adj. t-Stat Prob.*
Phillips-Perron test statistic 3824924  0.0281 Phillips-Perron test statistic 2857109 01886
Test critical values: 1% level -4 273277 Test critical values: 1% level -4.262735
5% level -3.557759 5% level -3.562973
10% level -3.212361 10% level -3.209642
*MacKinnon (1996) one-sided p-values. "MacKinnon (1996) ane-sided p-values.
Null Hypothesis: IHC has a unit root Null Hypothesis: IHC has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, I__|nearTrend
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel Lag Length: 9 (Automatic - based on SIC, maxlag=9)
Adj. t-Stat Prob.* t-Statistic Prob.*
Phillips-Perron test statistic -2 577244 0.2922 Augmented Dickey-Fuller test statistic -5.112362  0.0021
Test critical values: 1% level -4.262735 Test critical values: 1% level -4.394309
5% level -3.652973 5% level -3.612199
10% level -3.209642 10% level -3.243079

*MacKinnon (1996) one-sided p-values.
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Null Hypothesis: D(IHC) has a unit root Null Hypothesis: D(IHC,2) has a unit root
Exogenous: Constant, Linear Trend ) Exogenous: Constant, Linear Trend
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel Bandwidth: 0 {(Newey-West automatic) using Bartlett kernel
Ad]. t-Stat Prob.* Adj. t-Stat Prob.*
Phillips-Perron test statistic -1.714818 07212 Phillips-Perron test statistic -5 455739 00006
Test critical values: 1% level -4 273277 Test critical values: 1% level -4 284580
5% level -3.557759 5% level -3 562882
10% level -3.212361 10% level -3.215267
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
MNull Hypothesis: FAP has a unit root Null Hypothesis: FAP has @ unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel Lag Length: 0 (Automatic - based on SIC, maxlag=0)
Adj. t-Stat Prob.* t-Statistic Prob.*
Phillips-Perron test statistic -4 525208 0.0053 Augmented Dickey-Fuller test statistic -4 529182  0.0052
Test critical values: 1% level -4 262735 Test critical values® 1% level -4 262735
5% level -3.552973 5% level -3.652973
10% level -3.200642 10% level -3.209642
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Mull Hypathesis: D{MAP) has a unit root Null Hypothesis: MAP has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=9) Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.* t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -4.632249  0.0042 Augmented Dickey-Fuller test statistic 1837601 0.6634
Test critical values: 1% level 4273277 Test critical values: 1% level -4 962735
5% level -3.557759 5% level -3.552073
10% level -3.212361 10% level -3.200642
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
Null Hypothesis: D(MAP) has a unit root Null Hypothesis: MAP has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend _ _
Bandwidth: 3 {(Newey-West automatic) using Bartlett kernel Bandwidth: 4 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.* Ad). t-Stat Prob.*
Phillips-Perron test statistic -4.658653 0.0039 Phillips-Perron test statistic -2.255819  0.4450
Test critical values: 1% level -4.273277 Test critical values: 1% level -4.262735
5% level -3.557759 5% level -3.562973
10% level -3.212361 10% level -3.209642

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

*MacKinnon (1996) one-sided p-values.
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Critical values: 1%: -5.57 5%:

Zivot-Andrews unit root test for dLAP

-5.88 1o%:

[Allowing for break in both intercept and trend
Lag selection via BIC: lags of D.dLAP included = @

Minimum t-statistic -5.78@ at 2086 (obs 17)

-4.82

Zivot-Andrews unit root test for dRGDP

Allowing for break in both intercept and trend

Lag selection via BIC: lags of D.dRGDP included = @
Minimum t-statistic -5.299 at 2806 (obs 17)

Critical values: 1%: -5.57 5%: -5.08 1@%: -4.82
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Zivot-Andrews unit root test for dIHC
Allowing for break in both intercept and trend
Lag selection via BIC: lags of D.dIHC included = @

Minimum t-statistic -5.635 at 2811 (obs 22)

Zivot-Andrews unit root test for dGFCF

Allowing for break in both intercept and trend

Lag selection via BIC: lags of D.dGFCF included = @

Minimum t-statistic -5.737 at 1998 (obs 9)

Critical values:

: -5.57 5%: -5.08 1lex: -4.82

Critical values: 1%: -5.57 5%: -5.88 1@%: -4.82

Zivot-Andrews unit root test for FAP

Allowing for break in both intercept and trend
Lag selection via BIC: lags of D.FAP included = @
Minimum t-statistic -6.167 at 1996 (obs 7)

Critical values: 1%: -5.57 5%: -5.88 1@%: -4.82
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Breusch-Godfrey Serial Correlation LM Test:
Mull hypothesis: Mo serial correlation at up to 2 lags

F-statistic
Obs*R-squared

5956372
12.74399

Frob. F(2,18)
Prob. Chi-Sqguare(2)

0.0103
0.0017
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-0.03

0 0.01

-0.02 -0.01 0.0

Series: Residuals
Sample 1992 2023

Observations 32

Mean -1.32e-17
Median 0.000818
Maximum 0.013855
Minimum -0.031183
Std. Dev. 0.009343
Skewness -0.932601
Kurtosis 5.144493
Jarque-Bera 10.77043
Probability 0.004584
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.Bai & Perron (2003) Multiple breakpoint test jLus| il 150 :(10) G2l

Estimation of break points

Mumber of obs = 34
SSR = a.ee
Trimming = e.2e

# Index Date [95% Con¥f. Interwvall

1 1 1994 1993 1995

2 iz 2009 1999 228l

3 20 2218 2017 2219
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0.010

0.005 0.000 0.005

0010

Series: Residuals
Sample 1993 2023

Observations 31

Mean 5.27e-15
Median 6.04e-14

Maximum 0011077
Minimum  -0.008813
Std.Dev.  0.003915
Skewness  0.402074

Kurtosis 4.199536

Jarque-Bera  2.693825
Probabiity ~ 0.260042

Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 3 lags

F-statistic 0619957  Prob. F(3,17) 06116
Obs*R-squared 3155690  Prob. Chi-Square(3) 0.3682
Heteroskedasticity Test: Breusch-Pagan-Godfrey

Null hypothesis: Homoskedasticity

F-statistic 0.872754  Prob. F(22,8) 0.6266
Obs*R-squared 2188255 Prob. Chi-Square(22) 0.4669
Scaled explained S5 2331372 Prob. Chi-Square(22) 1.0000
Heteroskedastictty Test ARCH

F-statistic 0069538 Prob. F(1.28) 0.7939
Obs"R-squared 0074320 Prob. Chi-Square(1) 0.7851
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Ramsey RESET Test

Equation: UNTITLED

O mitted Wariables: Squares of fitted values

Specification: RGDP RGDP({-1) RGDFP({-2) LAP LAP(-1) GFCF GFCF(
-1y GFCF({(-2) GFCF(-3) IHC IHC{-1) IHC{(-2) IHC({-3) FAFP FAP{-1)
FAaP({-2) MAP MAP({-1) MAP{-2) MAP({-3) DUMMNMY 1994
DUMMY 2000 DUMMYZ2018 C

Walue df Probability
t-statistic 0. T7T82236 T 0. 4597
F-statistic 0611894 {1, ) 0. 4597
Likelinood ratio 2. 597858 1 O 1070
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— Cointegrating Specification

Deterministics: Unrest. constant (Case 3)

CE = RGDP(-1) - (087 1&8527LAP(-1) + 0. 138834 SFCH(-1) + 0. 550444

=HC-1) + 0001943 FAP{-1) + 0098667 AP (-11)

— Cointegrating Coefficients

Wariable * Coefficient Std. Error -Statistic Frob_
LA (-1} .G TF 1652 Q0122078 S5 501305 (o elalele]
SFEFCF(-1) O 136834 Lo e ks e 2051358 o052
IHCZ(-1% O 560444 o1 19510 4 G8565613 oo lololy
FAP({-1) OO0 1943 o000 282 5_8865287 (s elelale]
P (-1 ) 00936567 0038456 2 5656597 oO_0154

MNMote: * Coaefficients derived from the CEC regression.
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Bounds Test
Mull hypothesis: Mo levels relationship
Mumber of cointegrating variables: 5
Trend type: Unrest. constant (Case 3)
Sample size: 31
Test Statistic Value
F-statistic 12961844
t-statistic -7.422947
Bounds Critical Values
10% 5% 1%
Sample .. (1) | 100} (1) | 1(0) 101)
F-Statistic
30 3.858 3125 4 608 4 537 6.370
35 3.763 3.037 4.443 4.257 G040
Asymptotic 3.350 2.620 3.790 3.410 4.680
t-Statistic
Asymptotic -3.860 | -2.860 -4190 | -3.430 -4.790
* (0} and I{1) are respectively the stationary and non-stationary bounds.
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Dependent Vanable: D(RGDP)
Method: ARDL

Date: 03/30/25 Time: 15:10
Sample: 1993 2023

Included observations: 31
Dependent lags: 3 (Automatic)

Automatic-lag linear regressors (3 max. lags): LAP GFCF IHC FAP MAP
Static regressors: DUMMY 1994 DUMMY2000 DUMMY 2018

Deterministics: Unrestricted constant and no trend (Case 3)
Model selection method: Schwarz criterion (SIC)

Number of models evaluated: 3072
Selected model: ARDL(2,1,3,3,2,3)

Variable Coefficient Std. Error t-Statistic Prob.
COINTEQ™ -0.851717 0.107278 -7.939346 0.0000
D(RGDP(-1)) 1.097197 0.110290 9948287 0.0000
D(LAP) 0.808315 0.094500 8553580 0.0000
D(GFCF) 0.211499 0.040175 5264469 0.0002
D(GFCF(-1)) 0.182062 0.040571 4. 487514 0.0006
D(GFCF(-2)) 0.154505 0.038302 4.033849 0.0014
D(IHC) -2.029423 0.500152 -4 057612 0.0014
D(HC(-1)) -1.328994 0.508896 -2611525 0.0215
D(HC(-2)) -1.930931 0.548506 -3.520349 0.0038
D(FAP) 0.001392 0.000192 7.235968 0.0000
D(FAP(-1)) -0.001689 0.000219 -7.701099 0.0000
D(MAP) 0.077951 0.027939 2. 790051 00153
D(MAP(-1)) -0.334138 0.044609 -7.490390 0.0000
D(MAP(-2)) -0.254258 0.034428 -7.385263 0.0000
DUMMY 1994 0.093839 0.013762 6.818501 0.0000
DUMMY2000 0.039379 0.007304 5391718 0.0001
DUMMY2018 -0.053578 0.008399 -6.378768 0.0000
C 27.55637 2448595 11.25395 0.0000
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