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The Two Tales of Al: A Global Assessment of the
Environmental Impacts of Artificial Intelligence from a
Multidimensional Policy Perspective
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Despite the rapid global expansion of artificial intelligence (Al), its environmental impacts
across socio-economic contexts remain underexplored. This study evaluates the relationship
between Al intensity and environmental performance across 56 countries (2013-2023), using panel
econometric methods including MMQR, system GMM, and dynamic threshold modeling. The
results reveal that Al activities, especially in high-intensity regimes, are significantly associated
with increased CO2 emissions and environmental degradation, confirming the presence of a
Digital Rebound Effect. This study identifies a critical threshold beyond which Al's environmental
footprint intensifies, particularly in upper-middle-income economies, while lower-middle-income
countries experience a technological leapfrogging paradox, where adoption outpaces regulatory
capacity. However, stringent environmental policies, a diversified energy mix, and strong digital
infrastructure were found to be mitigating these adverse effects. Our findings demonstrate that
Al's environmental role is conditional on national policy and productive capabilities. We argue for
integrated environmental-digital governance to ensure Al advances sustainability rather than
exacerbates ecological risks.

Artificial Intelligence, Environmental Impact, Carbon Emissions, Environmental Policy,
Digital Rebound Effect.
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) dhozoxb) dud! Olludls Robustness Check &bkl do)d o) dushill duojl) Jusdld!
(il s1Vly ellaoll sSUL dhas bl dhdill oy oy 3

2ilaill dlavlga

Syl gaog: slbaol) elSII Ol yite gryad 8] oo Golamsl Fuld g dazses dulyill 0o
sl s SI1 op 883l § 83540 ole¥l g dLo OIS 5,21 Ol e Ll J] e dledd] gaaz § syl
s Ol yieie lghosy pud ) OsSb] Julod o deyeuk] GBSl puseias a3 Buimedly il eloVl
et Oluledly dygdlally dosladyl Colgml) diall Olysall e 73] Olod) adl lia 32k
oyshig eliaoll sSUI zlos] Blew ot iadl oY1 § 83541 dpwlead Clgzdly dind Jls

Lol HBYN g3l Lusy oo bl g3lets Blay w8 (soladyl goldll paddl §hb (] dewdl L
Jsl g elly GSLI Heterogeneity (uilod] pus blady olodVl 45L5 dull HBYI #3Ls
13V soll e el sl dslee plaly . dgomd

(1) wld Uslze

CO2; = a+ B, Alintensity; + B,Policy; + B;Economic, + B, Digital;
+ BsEnergy; + BgPoliticaly + W, + A + €&

Lozl S it Ji& o & ediogd] dnl) Y1 J) At iy Jswll dolsdl dnldl HBY) J] pi s Com

o «solad¥l s1sVL ol )l &yjaldly ol cOluleadly Sy Leldaa¥l 531 5T oS b 13] lasYs
13V ool e (1) bl Dslre ] dslid] s9as Cands dBlall g 3g

:(2) ol Uslze

CO2; = a+ P, ALIntensity; + y, Policy; + ¢, (ALIntensity; x Policy;)+ p; + A

+ &t

L (Jiblby ! Y & elholl 53 be Jus § did) dwled) Jaguwgll oWl (|)1 Jigs
eldy byl ud 8,5V Cilgedl Calisd Interaction Terms Jelds dgus Geudds zdle &%
13V gl e
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:(3) Wl Uslze

CO2; = a+ B, Al Intensity; + 0, Digital;,
+ ¢, (AL Intensity; x Digitaly) + [, + A + &

:(4) Wl Uslze

CO2y = a+ y,Policy; + 6; Economic, + ¢, (Policy; x Economicy) + i, + A

+ €t

:(5) wld dslze

CO2; = a+ Y, Energy, + y, Policy; + ¢,(Energy; x Policy) + [, + A + &

sl Ordinary Least Squares, OLS Lislusl g all Oley,bl Jie doadsd) suzdl @5,k )553
oSl 5lass¥l ol 5 .Conditional Means dub s2Jl Silhwsibl e 246 Ol a5 Aol )BY g3l
ulojwﬂ &’)5-*—” Sy die ud B audl] Ol psid LHGT )\1.5.3 S s ol pos bl s (:5)'.2” day
dnal Lol 03n eSS g3l dalisk] OlaSUl e i s 0525 deaST 3B OBl
uzl.ou 950 ULC 42me| ub&uﬁ” Old ngJl @ J.Abg)l )Js_\ a3 w (w‘ C)waJJl é dols
Quantile oSl jlassl @ilb i s ) Blols dassabl Sbleayl OIs Jsl & loyh oe
G &l OBL) e Jaled] aie lgd ©58p0 dows 29 ddylarl) il dowlus J3l Regression
L Heavy Tails Glas] "dLa5 Jgud" 925y W a3
SVl &g ya9 po3ell s @S 5ol Ll i aze 93l s phay aSUl slumsdl ¢354 O U3 (e 0239
ISl Jasall i dsgg SNt 8ol dusepl OlSlg i ey Al &3, Oyl s go (aSl
laleall B g3ga ST 15 e Jgasd) guets 3] Panels deinyl dushail] L) Julos § lowls o0kl
deahal) OULI s stand gl GaSIl HlassYl Qolud 3l dd by oSl HlussYl z354 s3kass
dlaze daSUs (351 dudly diluass .Moment Conditions 93l by doasd s (e dike3)]
13V gl e 083,801 waST BB SBlsesY T 08 dubs il deaSII Al (s sl (S (TE (0,1)
:(6) Y dslze

Q:(CO2;|Xit> 1y, A ) = a(T) + B, (1) Al Intensity ,, + B, (1) Policy ,,

+ B, (1) Economic y + B, (1) Digital ;,
+ B5 (1) Energy , + B¢ (1) Political i + p;(T) + A(T)

51 Babina et al.

52  Ibrahim Alnafrah & S. Mouselli, "From Petrodollars to Green Power: Fiscal Stability and Green Transition in
GCC Economies," Journal of Environmental Management, vol. 370 (2024).
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slme (2555 UM e Dbl pojsll boo b ids -] Jome diaSIl Lol ko JS pracy Caser
1S SO ol

(7) ol Dslze

N T
min 3D p(CO2y — Qu(CO2y[Xis iy W)

i=1 t=1

:3%9 Check Function ga=all 15 pT(u) Jié Cusug
p(w) = u(t —1juco})

S lesl 53k 3ikds T deaSl wis [a(T), By(D), -y Bo(D)] SMelell doxia B(T) Jids
zed) s 28805 .(0.755 0.505 T = 0.25 Jie) dalise OlaS e Juatio g8 e poil] diy sl
0525 4T 6 Sblesl @393 ne dnlite of it OISE Guod Slousdl CS1S b 13] addall
3G Tterative Algorithm &) ,S5 do) gz <=|.x.é:.ul.3 PINeN <=9ng| by & J_¢> it ddes Geuats
At 503l doledl Jolgslly i 63,401 ulexl] pusg (Fixed Effects dul] &gl oo S8 Glewesd! 3

plal) dosmll pojell dipb Ll Uib oyl dhyhy oSl Slussd] by J) BLo)s
dhas,l) dessd) OS] dodlel System Generalized Method of Moments, System GMM
Bastudl pojll by ged UM (o Llidos HAAL) lia 3=y Endogeneity ddslull Olxsally
L <First Differences Jo¥l &g,4)l O¥oles dolsdl s & Levels lbgiwe § OVolsbl (e
Ml Jie Endogenous Regressors dus|wl 8 wabl Olpsabl e Lics 33 G Ol rovay

P Eolady) Ol sl oo lopss dslulwd)

oo Jodls (Unobserved Heterogeneity Lol y& (il pusd Jled)) hall M (o
slhw Al Olyiis 3929 b & losw Vs oyl dushill bl Suoluall gdled] o0
OMalzal) BB giges disto Ol pads 8y plail) dewsbl pgj=ll a3 016 Lagged Dependent Variables
Hansen J-Test uila slas) eUd § g Diagnostic Tests duaceid] OhlasYl opsiul W85
Arellano-Bond Ws-g3dy )] 5Lasly Over-Identifying Restrictions (=l Ggd Lo 598 slasy
b Bludl j3m9 .zd9ed desde o (o (3aowl) Serial Correlation Ml b3y Test
L @bl ddao plall dessbl poy=ll diy by pojsll dis yhay S"Ai” )IV\D.B/S”’@@.S oo dualseiud]
LS i) (30 56 585 T g ¥ 093,531 apuST QB bl § 8y3al) SIS o ey

.Omitted Variable Bias d8gdod| Ol yseik) jumc 91 Reverse Causality

53 Manuel Arellano & Olympia Bover, "Another Look at the Instrumental Variable Estimation of Error-
Components Models," Journal of Econometrics, vol. 68, no. 1 (1995), pp. 29-51; Richard Blundell & Stephen Bond,
"Initial Conditions and Moment Restrictions in Dynamic Panel Data Models," Journal of Econometrics, vol. 87, no. 1
(1998), pp. 115-143.
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d1=a3all 33Laill .1

sSUL dag b dais¥ ol J] (3) Jsasd) § 4o9,=bl Baseline Models duso bl g3lod] gl pis
o939 -Jedol] Jome Joul e 993,501 Sl § dlas] DY 13 Bloo] 185 Susd el
Ll 059 09sh3 LT (18 «elilao¥l S dygoatl SLSY! o 021 e &b gkl ol
Ol 09,579 g gl udd aus dug 20 Olulyd go dowtdl 0de 3udy .dit A QRS
083,50 wwST 36 o b 284 oo 5ST s Transformer C¥gaxb) g3lé (o doly 2394 )3
OIS Copadl Oldes J] Gll IS 5235 (021581 Layas Jlsh Ol puas Oblesl sl Lo gl
Shhe Cuomuol a8y 6551 35350l o Buazsbl Al a8 OlSiidly dBlal CaiS)l Vgl
Ol Obled) o] oo Suliie das o dodue slhodl 84 Gldes i3 I SBL)

Sl Greenhouse Gases dedull

Jslus dalasly Lt CSlpall dobus dutedl duleud! Olsol OF psled] Lalad (s oo (] es
3529 09,8 Obles) e wdl § Logale 531 &uss (Emissions Trading Systems, ETS &Blzo)
50555 & duaddantl NSy Bgwd) e AW GWYI ddeld) dasla)l dislud] Lo o)) DoY) s
,ab3 3] Cus e Blude dsS Lissls of & % Decarbonization (g ,5J) d13ls dd) 88U
dag bl dazsbl CYSbly OLSwloW] dsgi bwe dslasyl i¥s wass GWY sds of Lo,es
(3 Jsdl Aok Oluleud] dlowiul § 555 9291 oor L Olwsdl § ddslll Olpsakly
Bedios § el (S OUIe] (e gl blus il Llodl Sloa¥l g il g b o)l
S OT a5 3 e ol Slubyll lsl (e Ll 0d s ials dgum G ) 8

iy dysais OBl § daSs A gl U] $0% 26 slilaoY)
gyl by guled] 5lazaly diad)lly g3ladyl bladl BLS 3oL of Ll gdgadl CadSos
Sesls plole Loghogs gelead] SLELNI a3yl Jgodl ] Sole ol o @5 052,801 Oblag]
28 955 e Ol 98 pas Yl S dswslinl Ole § ol U] gBlid] ok 55 cgadlly HIS
SlolaiVly dal) Slslaiyl @ luw Yo «$r9imY) 0535)l e dusmbl dslaid¥l Ll dgaia
28 3] ALl Olas¥l § B plazaly Bios b &JSa] s ssall b bluds Pslsll s aszsll

54  Strubell, Ganesh & McCallum.
55 Jones.

56  Organisation for Economic Co-operation and Development (OECD), Pricing Greenhouse Gas Emissions:
Turning Climate Targets into Climate Action (Paris: OECD Publishing, 2022); R. Stavins, "Market-Based Environmental
Policies: What Can We Learn from U.S. Experience (and Related Research)?" in: J. Freeman & C. D. Kolstad (eds.),
Moving to Markets in Environmental Regulation: Lessons from Twenty Years of Experience (Oxford: Oxford University
Press, 2006).

57  Rolnick et al.; Vinues et al,, p. 233.

58 Daron Acemoglu et al., "The Environment and Directed Technical Change," American Economic Review, vol. 102,
no. 1 (2012), pp. 131-166; Klaus Gugler, Florian Sziics & Thomas Wiedenhofer, "Environmental Policies and Directed
Technological Change," Journal of Environmental Economics and Management, vol. 124, no. 1 (2024).
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ol sliy] J] alazadl Sbles Gl & «gulead) 5lyaLadly diad))l Jis daoid] 55& Julge $055
el uts3S oo dudyds laabl AL Bz Dol s o 99 «Blasdl ddle Ol S
(3) Jgu=dl
03281 deuST G dumer bl 3Ll

Pooled Random Fixed TWFE
Al Intensity 0.374%** 0.109*** 0.108*** 0.103***
(0.037) (0.022) (0.022) (0.023)
Policy —0.159* —0.038 —0.088 —0.116*
(0.063) (0.050) (0.050) (0.050)
Economic 0.241** 0.351*%** 0.464*** 0.430**
(0.051) (0.082) (0.125) (0.137)
Digital 0.342*** 0.217%** 0.150*** 0.151**
(0.059) (0.044) (0.045) (0.054)
Energy 2.2820** 2.596*** 2.7184** 2.7367**
(0.041) (0.057) (0.073) (0.081)
Political Stability 1.173%%* 0.659*** 0.282* 0.304**
(0.108) (0.105) (0.119) (0.118)
Constant 6.476*** 6.590***
(0.055) (0.126)
R? 0.898 0.795 0.768 0.694
Adj. R? 0.897 0.793 0.743 0.654
Obs. 594 594 594 594
Country FE No No Yes Yes
Year FE No No No Yes
Lagrange Multiplier Test 2126%**
Hausman Test 43.454**

Bad) Olsbl goey LslaoYl sSUIBUS (o ISy (5,80 & e OUbI) 991,51 weaST G5 CBles! s @bl el
oaill e plead] pas bacal Al O pasiudy ot GsShl Judos e Buatus O30 s 8yle Covariates
ol Sgus o9

p < 0.1, **p < 0.05, **p < 0.01*
Ayl ssts e OB G lymaesds uid sz bl olasY)

a3 ) Ol O ged . olhoYl Sy died s g g8kl SLamd¥l § d85lae J] golull oda s
Al Blally ASU O] Jis 090,81 Al] eed Gl gSe oelihoy) sS4l dalnsly
posie mo 3 Gurs . OBledYl glisy) § paud dlodl gilagds Ol Bl 3,85L1 bl
gludly chwgod] Glllato glinyly «Ngzad) 5oL 50 BeliSl awlSia (2325 Cam aB ) Sl 3
Byl Jsls dabaily Ll Colpall el o o)) oy b ] Blols delYl Bl
ilolew b1 (] dolodl ] pdo OBlesYl § &d)lly Lslhall s8I 3T apes s bajme O

Sy Blagral 31

Baszel sl Ol ekl A, L) dlazodd) NS derdlmoy L] ilogs L1l gl dilte e 3asalls
doroualb) & ylmb) cUas Yl ladl ods Culads dieyl] dumhaib] SULl) S aalisadl g 3lodl o3 Oluds
S P9y 5o b Uiss plail) dowsbl pgsmll &y ybog SCC JSh LY g Liuthl Olyaibls PCSE
Byome elibaol 8L dhagi, bl daisY) s 3] «dJsY) pili) dooal) g 3ladl g5l 3339 .(4) Jgaedl
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dalzse Oliolge ne @8l 0o lyatul $585 033,50 deaST G Sblas) 30L3) dslas] DY 13
dsisye dig 4815 e sshiy dJlod) dikpay (slhol) S ¢ o) ABLI dexsdl

dslas] Y5 15 O @I ded! dulead! e OF dSolipll g3led) 1g35,31 Il ladl 50 oes
=928 AWl Olpik) ey OLSasludll oo wis dolasyl a¥s wddy (sulud) g3sadll §
dl a5 08 (OblesYl Jslus dedasly 09,50 COlpo Jie A8l did) Oluled! O Jgoatll i
dhidl g pudl yshtll OISy Sudsll duuhl e Goun didlsie ne il of Yl dlghll dlelal)
o eSluolead) diloxial § Jizma 5bLS (8 insl] ] (28855 . sllaoYl s SAL degdull dyslaidyl
48l &Ygocll Systemic Effect - SiVs duled! o (0 deslge pus (e

(4) Jgusdl
doonal) ESL&JI

PCSE sCC System GMM
CO2,, 0.21%%*
(0.06)
Al_Intensity 0.37%%* 0.370* 0.12*
(0.09) (0.08) (0.06)
Policy —0.16 —0.16 0.01
(0.20) 0.21) (0.06)
Economic 0.24* 0.24* 0.56*
(0.13) (0.13) (0.26)
Digital 0.34* 0.34* 0.07
(0.14) (0.15) (0.08)
Energy 2.28%%% 2.28%%¢ 2,544
(0.11) (0.11) (0.34)
Political 1174+ 117+ 0.11
(0.31) (0.28) (0.13)
Constant 6.484%% 6.48***
(0.17) (0.16)
Num. obs. 594
Autocorrelation test (2) 0.34
Sargan —Hansen test (P-value) 0.92
Wald Test Coefficients: chisq 941.94
Correcting heteroscedasticity Yes
Wald test (P-value) 0.00
Country FE Yes
Year FE Yes

Ayl Sotun o OlS & lymnss 5z oIl op &l &slel] ellas Yl :OllasMe

p < 0.1, **p < 0.05, **p < 0.01*

B oouad Ladat) 4! dulodl Olsal O oolie Slodll § gusl BB doval] sda (uSads
Olads dedlel dslS ,\:: LN IRY Blally moadl Jio Lelhd Ssumey 4l Obledl jolab
ST 0 lls e M P slihol) S Jio st dmy g dugale ys Olelhall 8l
dewszd) o )l 8oy Jis Sl p Olgd § Blate 0s5o Lo IS GBlesdl § ellaoyl
Algorithmic &)l Olauzstll 83ambl Mgl LT wlss of @l bl delsi] mwsly cdulowl

Al deadar) Y1 3l gls 285 U8 lg=eazg Nudging

59  Gugler, Sziics & Wiedenhofer.
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L,.a.u.th Lo.)ys L«xw_9 ‘uy)gl ublx.ul .3 U.cl.«b.»o}” SV )JS] EINETH) uLJBU @A&l \o.gs QJSS\,J_9
A ) d8lewd] Jolgsdl jasyg u.chkuoﬁ” sSUL dag, bl Olpsahl o Jelad) sgus ged NS o
Crucial ML? JA&A Jole )99 @Jy Ml uLwWI ul (5) ngl @ d.»og_,x.U @.)Lu.ll u:.,.u.iag
adol dog e s . 083,5) duwS] 36 Glblesly eldaoll «5U) o 8Msl § Moderating Factor
WblesYl § dslas] AYs 13 Gl 1556 ellholl sS31 Ol ey duied) Oluled) g delal] ol
oo 02l Sblastl gaelal Hlubl puSe e 856 dalpo Y1 dutu) Sledat] o U] o b
JEl) 05,50 e St donrda b b Jb x5 Bilismyg oelhodl sSUL dhas,bl dhasll
8101 g eliao¥l 51 auzgi 8ale] (S Log)giSally dols] dund) ulably daesdatsl] L1815
"aZ skl Lol Rl psghe me e Budyy Oslil) lislas 055 Of e Yy 038U A3Y
OBLadly Olulead! Sy JSis 580 Ol o (o8 ¢4 Directed Technological Change
4asS Olylue gl31 U] LeldaoYl 83U Ol Jué dugasd) 5319591 03 395 (o9 . deucwsl]

" andl ShlasYl e 58T B gl 3:lSU1 Solylas] lyaSos d3Ual I3z

(5) Jgudl
030591 dauST BB Olbiles) - dasws!l gdload] - Jolddl g3k

Al & Al & Al & Al &

Policy Digital Economic Energy
Al_Intensity —0.19*** —0.15%** —0.08* 0.16%**

(0.04) (0.04) (0.04) (0.03)
Policy —0.36***

(0.10)
AI_Intensity*Policy —0.09%*

(0.03)
Digital —0.30***

(0.08)
AI_Intensity*Digital —0.12***
(0.02)
Economic —1.66***
(0.21)
Al_Intensity*Economic —0.15%**
(0.02)
Energy 2.60%**
(0.07)
Al_Intensity*Energy —0.03
(0.02)

R? 0.11 0.14 0.21 0.75
Adj. R? 0.02 0.05 0.13 0.73
Obs 594 594 594 594
Country FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Al Sstun o O & lgmensd S,z polsdl oo dill &bl elasl :Ollasde

p < 0.1, **p < 0.05, **p < 0.01*

U.C-LJQJOSH S W| w‘ OR L.QJ.QDUJ‘ é |)5J 609) w).'l 91.05” UL’B""‘*‘U ul @L.JI ).gbAg
45D Oy (UL 8yloY doudio dalaslg d8Uall 3 0)5346 dindy daod o e JQS| I3kexs) U3 oS=9

60  Acemoglu et al,, pp. 131-166.
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ISboxs) J8T5 a2l 5l Slaasdl s G488 Slslaidl § gods Lowis doluial 58T 0580 O oS slibhol
ellaoll Sl jehas oy Jeldd] (2585 I3 o andll g . P sy SISl Geliall gl s
doad O i o dlas] dYs OIS doley) B oo )samYl 05360 e Suazsll Bl dolasly
Coslink] o el Bty Soukmita it BBl ysLae s wois Louis g 31553 elibaodl sISL doigy S
3She Jei3y slholl sBUl g3l o)l Oliles G Bl Dlgzal BLS olen OlasYl Lyl )
(s lihall Sl dobail ¢y dzslil) Blall s bl 8338 Praly Gl e g3l sy LI
Alazoed) BeliSU) CulSlo r oo 1252 33035 el 9l (315 (190, SUI (S 88U g 3 5385 Lowis

diliall ypaa .2

sV 53e s (il sIsW Yot Lliie Goaazel prasil) LyibilBs Lizdls Dl oo 3ol (o a3h
by el jsaud dsdl golol Gebite 553 Ul (50,80 dewST B bl B sy .l
A3 e Jadag Al § dd) phadll Doy &) dona Sl 830t B)g0 il sl 55
Ul 35 BT (e Cdsally dtad] ebad] Oladsg (Blshly Sausdl ¢ gidlly celsg)l Bosz o polis
COlS e 3] slast ] a5kl 1igs Dl Gugs Pdaddl Jbloell (py=ily mall G palls olbls

izl Ygad 5T must Gunlie plasiul wie 486 b5 Leldaoyl SU] &Y da) B!
Lilas] DYs 15 Lo 151 Susd elilao¥l 531 daish OF (6) Jsaed] § dog,mll golull a3
09,8 4T 6 Oblesl J] Suall diladl pbl S 33my9 ol sasall Gidl o181 &
din &l OIS sszsr gy (Jldl oylus (385 (slhall SSUI O] AW dusydll esays

.Environmental Externalities dclew

Lokl Slsall Ealils wylshl I¥gal glasy) dasdd 950,51 Oblsesl Joloy Lo J) LBV 0da azés
28 48U olo] alos] jahafd dtd) duleud) Olpie el s 509 SLLAYT wlzss «SBLII ST
SlasY 430 e LW dsluluad! LB OL Logs Le il IV S350 Oloys & cdlas] DYs 63
ool s8I dhisY 2l zwstlly lie wis dlelid) dindl Oloysdl § dugals Sl
;la‘yu Yl $rsaoYl 5535l glhad Al golad¥l bladl BES Jolss (Jibly . goladyl bladly

0508 A8 sl giloty dadyll dygudl Olusall 1S5 L (il

61  Ibrahim Alnafrah, "Evaluating Efficiency of Green Innovations and Renewables for Sustainability Goals,"
Renewable and Sustainable Energy Reviews, vol. 209 (2025).

62 Loic Lannelongue, James Grealey & Michael Inouye, "Green Algorithms: Quantifying the Carbon Footprint of
Computation," Advanced Science, vol. 8, no. 12 (2021).

63 Samuel Block et al., Environmental Performance Index (New Haven, CT: Yale Center for Environmental Law &
Policy, 2024).

64  Vinuesa et al,, p. 233.
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(6) Jgu=d!

el ISV 5t = bl wleY pSls

Pooled Random Fixed TWFE
Al Intensity —0.981* —0.092 —0.018 —0.116*
(0.088)
Policy 1.576* 0.648** 0.146 0.099
(0.199)
Economic —1.040* —1.524 % —0.820 —2.142*
(0.338)
Digital 3416* 1.839** 0.988* 0.494*
(0.176)
Energy —1.507* —2.005%** —3.032* —2.431*
(0.232)
Political Stability 4.722* 2.616*** 0.066 0.165
(0.424)
Constant 51.891* 52.357%**
(0.534)
R? 0.812 0.434 0.989 0.990
Adj. R? 0.810 0.428 0.988 0.989
Obs. 594 594 594 594
Country FE No No Yes Yes
Year FE No No No Yes

Ayl Sstun o OLS & gmenzd 2 oolsdl oo dill &bl elas Yl :Ollasde

p < 0.1, **p < 0.05, **p < 0.01*

Cdadyl (ne S 09,8 J.M.S| QB e duwasbl z3led) o Calisy dwd )l 90 Ol CaWI e
sVl L,Mm 11§ Bl s AV d2ad))) Sligtuns O s dond «Blesd) 85l 3 Bl dind,l
a3Uall BsiS @8)5 ) doyll o1 s OV o S W8 . dletona §blos s LT ne ols
iSe 3 daad,l dogaybl dmaall elld S5 ddad] Cluad) i) mewsis ASHI Oladdl e
ol pams dusa o 3o i dualitul Jslo 5S4 dud CBg)l 3 B ALLI OByl 455 o
4.03,)) &8,lat) o] ICT-Environment Paradox &¥las¥ly Oilegleh! LiegliSs glhd) didl 48;lee
islas] DY g3 xb aiS) (glou] olosl 15 Shele IS suleud] Y1 saba5 . Digital Paradox
0555 48 Bkl aSaod) 0L o5 3l o] 03 g pte n o)) s ol Y1 e &

J2Y1 dyshs dSuleze dolatal Olubw duizd) GBS o oS5 b ols &Y s

duongi] Bolink] ol dondite dyolamdl duwld Oliolse Loasiul =,k gdsed] me Bluls
Susd elholl 51 dhisl of gl uS555 .(7) Jgazd! § 3, LS izl Dk Glewds dlazd

65 1. Alnafrah & Z. Belyaeva, "The Nonlinear Road to Happiness: Making Sense of ESGD Impacts on Well-Being,"
Structural Change and Economic Dynamics, vol. 70 (2024), pp. 365-381; C. Gossart, "Rebound Effects and ICT:
A Review of the Literature,” in: L. M. Hilty & B. Aebischer (eds.), ICT Innovations for Sustainability (Cham: Springer
International Publishing, 2015), pp. 435-448.
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eh3] disze S350, OB O U] pdo Le ool Olaolse @ dusy do J] e galid] oz

Aalisd) do-ded) Lol

(7) Jguzdl
dowmalbl z 3l

PCSE.EPI SCC.EPI System GMM

EPI,, 0.57%%*
(0.03)

Al Intensity —0.98** —0.98** —0.17**

(0.30) (0.30) (0.06)
Policy 1.58* 1.58* 0.17

(0.77) (0.76) (0.19)
Economic 1.04 1.04 0.86

(0.66) (0.71) (0.55)
Digital 3.42%%% 34204 0.54***

(0.60) (0.63) (0.15)
Energy —L1.51** —1.51** —L16***

(0.46) (0.46) (0.31)
Political 4.72%%% 4.72%%% 0.25

(1.29) (1.25) (0.40)
Constant 51.89*** 51.89***

(0.62) (0.60)
Autocorrelation test (2) 0.46
Sargan —-Hansen test (P-value) 0.93
Wald Test Coefficients: chisq 626.38
Correcting heteroscedasticity Yes
Wald test (P-value) 0.00
Country FE Yes
Year FE Yes

Aol Sstun o Olb & lymass 5z oolsdl o ditdl &bl ellasYl :Olasde

p < 0.1, **p < 0.05, **p < 0.01*

Jeladll sgum zlyol gdsail) Al deluall Links (meybl 092,51 apST B 235¢ & LSy
ellaoll sSUI gu 48Nl § ducdy)l dysaid) 3l Conditional Effects 4 i ,6Y) Glasiny
§rile ddl duld) Olsol 1555 Loste 45T (8) Jsdodl § digymbl latl ghids il ooVl
s il Olousdl & Aolas] DY 15 Giloo) 1351 ellaoyl SV dasdl Susd Gluwsd! §
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(8) Jguzd!
il sl 50 — dblugll g3l - Jelidl 3L

Al & Al & Al & Al &
Policy Digital Economic Energy
Al Intensity 0.60*** 0.35%%* 0.35%% 0.17
(0.09) (0.08) (0.09) (0.09)
Policy 0.57**
(0.20)
Al Intensity*Policy 0.17*
(0.07)
Digital 1.39***
(0.17)
Al Intensity*Digital 0.01
(0.04)
Economic 1.8300¢
(0.48)
Al 0.09*
Intensity*Economic (0.05)
Energy —3.15%%
(0.24)
Al Intensity*Energy —0.14*
(0.07)
R? 0.10 0.18 0.10 0.31
Adj. R? 0.08 0.12 0.09 0.24
Obs 594 594 594 594
Country FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Aol Sgrun o OUS & lymenzs S,z oolsdl oo diadl dylmll lasl :Ollasde

p < 0.1, **p < 0.05, **p < 0.01*

dl xis soladyl bladlly ded))l e Jss elbaoYl sSUI o dulewdl delad] HBT G (Jikls
Bedos § g L «soladVl Couod] dlasy gusVl dad )l il JASS e Byl & sVl O
Slatll xe duwosiy Complementarities 4ol HBY) ol JSicis i doluiul ST ol
9l lsbl 515y Digital Twins duedll @35l d S Bl OlSes b e ) Buogll diad)l

Pieliall Ollesdl § el sSUL degdabl Olipusd]

66  Philippe Aghion et al., "Carbon Taxes, Path Dependency, and Directed Technical Change: Evidence from the
Auto Industry," Journal of Political Economy, vol. 124, no. 1 (2016), pp. 1-51.

67 International Energy Agency (IEA), Digitalisation ¢ Energy (Paris: 2017), accessed on 6/6/2026, at:
https://bit.ly/43hZBPn
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ellaoYl s8I IS ooy Y 09,80 daiS Oleladll Jels & J] o 3] solsVly jouz s3585Y
NEN gyl Gludsy Path Dependence jluell dusdl] oo (i) R $ gweS ] oug
Technological Fixes disg)oS Gl o] S5 kwgT)JI W 339 .09, U] 381ee Camod

D8 dondass i)y ddSea OVses (95 (e 485 42

ddys OB pame 9 dusew ALl Lokl Sliolshl G Labous Il OB OIS Lo 135] was
Granger Panel dowl dmhill OUL) § dogud) jous 56 L] L,.Lb OBI=Il ode olos] yusiy
BLS o dolas] Y5 OI3 ol 5L duww dBMe 3929 (5) JSiJlg (9) Jguadl s .Causality
SSIU1 B8LS 3503 O wuds I sl DU (oS5 050,81 Sy eliaal s dhis]
Seasd] olsll 23l Coyad) @I Blall e 2SI Cllall (Obleodl glisy) ] 6355 sl
dewloxd ,bly 8elSW lsn ) dorlodl Gaasd] odsitl] digy ;S daad] uS535 . Plo iy Blad)) duls
Cees ) Narrative Reviews &5 pud] Slesly bl &S Syl LS (el B Sy § G2,

CEBlesYl g pladl Busge Slgal J]

(9) Jsuzd!
0925591 dauST 36 - duioy)l dumhaibl OULS & duesud] 5L

Panel causality test - CO,.

Null Hypothesis Z-bar-Stat. Prob. Conclusion
AI_Intensity = CO, 4.89 0.000%** Bidirectional
CO, = Al Intensity 3.87 0.001***

Policy = CO, 523 0.000** Unidirectional
CO2= Policy 0.86 0.782

Economic = CO, 10.17 0.000*%* Bidirectional
CO, = Economic 2.67 0.001***

Digital » CO, 1.96 0.050* Unidirectional
CO, = Digital —0.942 0.346

Energy = CO, 2.811 0.005*** Unidirectional
CO, = Energy —0.110 0.912

Political = CO, 5.48 0.000*** Unidirectional
CO, = Political 0.486 0.953

Dumitrescu-Hurlin in)ygo- g5 sisagd dumxgio plasiiwls diioy)] dushabl SUL! § duud) yo0,8 Ol u.a.«l; :OlasYe
09,8 40aST 3B GBlesly dzyall Slysl) oy dew BYs dzg3 Y ipasd] duo)8
p < 0.1, *p < 0.05, **p < 0.01*
o plaseialy dasd) B olesl ) 5Lads

68  Strubell, Ganesh & McCallum.
69  Dhar, pp. 423-425.
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- slholl sSUl dassl jios J) SBLesYl 83b5 9355 Caum - guSdl dsnad) 0lel nd (JIALI &9
(el oyl e «slihall sSUL degdue sl § Hleziad] 925 @y iadl ssaall o3l o )
plaw] O 1552 lahosy Aol oda clilsy 3o uBy ASUI G uusdy datatl] Dlualls

T3l Obasll dodlee § GelihoYl <53

solass doluled! LI wuss uo 4] dbg e 03 Feedback Loop dszel,)l ddsdl dils o) e
dosulodl Ollesdl d3ISS slazel (] se5 Green Al pasVl ellholl sSUI 85,08 .d3la)
L8l .(71)(;,:—%@3” sBU) Sgon § it Stwlel 333lkse 053,501 551y Computational Cost
50 jlees d8lall § Olysds 3iss O 6Sg pasYl elilaoll s5U) Olexsliul O degil] Oleel, Ll
z935k il sol oo disludl SlodYl e Skl ode Guy TPelYb duatl] 095 (e 2kl &

Reciprocal Causality 3Lkl doead] SS53 w525 s d3Lo] mo TV eliha) <IS3U

70  Rolnick et al.
71  Roy Schwartz et al,, "Green AL" Communications of the ACM, vol. 63, no. 12 (2020), pp. 54-63.

72 Riccardo Verdecchia, Joao M. Sallou & Luis Cruz, "A Systematic Review of Green AL" WIREs Data Mining and
Knowledge Discovery, vol. 13, no. 4 (2023), article e1507.

73  Dhar, pp. 423-425; Rolnick et al;; Strubell, Ganesh & McCallum.
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L35 dow d529 0 LLYl B LSS 3 (09,8 wuST B Oblesly slhsyl
() 1Y) e § L 385 eliao¥) s SIU1 OLads @ lenad)] 3503 O iy Le colzadl
5L degdun Jslo e bl jdoy L) OLashl jsa05 O guw (ouSlebl olesYl @5
=S HSM Biame dited] O] lyd Joss dmaly ddss 4T J) pei b (sl

ool 83 Jlxe &

(10) Jgusdl
il oY S50 - doeyll dushaibl SUL o denad) s

Null Hypothesis Z-bar-Stat. Prob. Conclusion
Al_Intensity = EPI 2.635 0.001+** Bidirectional
EPI = AI_Intensity 6.315 0.000***

Policy = EPI 3.434 0.001*** Unidirectional
EPIs Policy 0.871 0.547

Economic = EPI 4.711 0.000*%* Bidirectional
EPI = Economic 2.658 0.008***

Digital = EPI 2.888 0.004*** Bidirectional
EPI » Digital 5.279 0.000***

Energy = EPI 1.168 0.243 Unidirectional
EPI = Energy 5.383 0.000***

Political = EPI 4.597 0.000*** Unidirectional
EPI = Political 0.846 0.176

a9 s fuosd dmia plsitals ety demhll GULI § dussad) sy 8 las] 3 1 lasNe
U PN RS 3 PPRUPRES [ R-ESRUNRUAPESIN ORI IWONR: GRS RN - A
p < 0.1, **p < 0.05, **p < 0.01*
bl plasiiuly desad olos) J] nsT a8s

Eco-innovation Inducement il KLY jdod 8,58 ologVl A5 dwlowl ode uSEg
d3LS glasylg eslggll 809> you3 4.«.1.«.0‘ 0= - Environmental Stress il slgadl duy Cus
a3 dnd) deSomdl @ sloinally oSl S 95 - gound) g ol OlaBS sl (952 ,S))
431l elhall S degeul J&.: os il Olgdl Glelasiwl WS JEL Joww As=d
2Ll 3359 ety G ol plusiil Grusd e JYI elstll Ol slss Jus o § Ll D)

Mgl dadl adass § gll) Jblxe euds doudl

74  Organisation for Economic Co-operation and Development (OECD), Training Supply for the Green and Al
Transitions: Equipping Workers with the Right Skills (Paris: OECD Publishing, 2024).
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75 Adam B. Jaffe, Richard G. Newell & Robert N. Stavins, "Environmental Policy and Technological Change,"
Environmental and Resource Economics, vol. 22 (2002), pp. 41-70; Astrid Kander, Paolo Malanima & Paul Warde,
Power to the People: Energy in Europe over the Last Five Centuries (Princeton: Princeton University Press, 2014).
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dud Hlasly piudy W Ohlas) plascul ddasdl 4053 Cuady u89 .Endogenously Qs
Skl pladl o dwimy Isle 3929 1S5 Le Likelihood Ratio Test, LRT (p < 0.01) ySe!

.Regime-Dependent Behaviour

Ladsal) Lebha¥l sSUI BLS b Olgud! o olaldl & & J] (1) Jgasdl § bl niss
0905 deaST 3B Oblesl & pesale plassly elhaol S BLS § Glob3ll s )3 (0.476 =)
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76  Federal Ministry of Education and Research (BMBF), Artificial Intelligence Strategy of the German Federal
Government (Berlin: Federal Ministry of Education and Research, 2020); European Commission, "Decision (EU)
2022/2481 of the European Parliament and of the Council of 14 December 2022 Establishing the Digital Decade Policy
Programme 2030," (Brussels: 2022), accessed on 6/6/2026, at: https://bit.ly/4tzi4lj

77  Organisation for Economic Co-operation and Development (OECD), Latin American Economic Outlook 2021:
Working Together for a Better Recovery (Paris: OECD Publishing, 2021); World Bank, Harnessing Artificial Intelligence
for Development in the Post-COVID-19 Era: A Review of National Al Strategies and Policies (Washington, DC: World
Bank, 2021).

78  Stefan Kremer, A. Bick & Dominik Nautz, "Inflation and Growth: New Evidence from a Dynamic Panel
Threshold Analysis," Empirical Economics, vol. 44 (2013), pp. 861-878.
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(11) Jgusd
Olbilrsly elholl 53 &BUS § duoyll duhil] ULl Saoly Wl dastl g3sé 56
090,591 deusST 36

Parameter/Statistic Estimate Std. 95 % Confidence p-value
Error Interval

Threshold Estimate 0.48 [0.46, 0.48]

Linearity Tests

Wald Test 19.91 0.006***

Fisher Test 1362.61 < 0.001%**

Likelihood Ratio Test 20.29 0.005%**
(LRT)

Regime 1 (Al intensity < 0.48)

Betal (Al intensity —7.17 243 [-12.84, —3.34] 0.003***
effect)

Regime 2 (Al intensity > 0.48)

Beta2 (Al intensity 0.10 0.031 [0.03, 0.15] 0.001***
effect)

p < 0.1, **p < 0.05, **p < 0.01*

2839 il 51V 33s s Dynamic Threshold Analysis Selall dasdl Julos Laib (Jibbs
a5 858 me 1.301 &3 8,34l Threshold dasll dad Of (] (12) Jsuzdl & ddg,mll gl
[1.59 0.63] SUadl (o> @39 dik) § 95 Ggtuw dis Al OIS WS dswly Confidence Interval
(s Blas] led ds Lo cdilasyl GllasYl zas o EblE Las) L) pusll dud,d Cudd] adg
Aadly GelhoYl <8531 ( 483l § Regime-switching Behaviour alad) hus Jslw s9=-g)
ST slloll sSUI BBLS 0555 o Regime 1 JgY) plladl] (28 .85 ST haé s gilull 2asSs
29 el sV § egale iy Gellholl SSUBLS § Sl by 1.30 $slud sl e
53 ddells Ao oJoiSll liudatll absl (elilaoV <A duslil 5T .Skl Gl § @l J) ells
9l Cus Regime 2 GUI plad] § Lol .dau) 81 sy UL woyg dgiad] daSsodl
plascial (2SS O Gisy e dlas] DY 639 ek ST J) 3V Jgoeid dasl] ellaoY) s SU1 d8LS
gl Ui dolss JI &S 5355 989 il sIoYI iy 93 doniiie deed) OBl § oYl S
G dadl OhlasYl ged asd of D1Vl BTy (slhadl 53U dosedl dad) § Bla)l Iyl
Aoaizl) duad )l pladl Jo1s Bugtus 359

Ll iz 53259 «092,50) wewST B 354 § ooy Ul Bladll pus go gl ol Gylaisg
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B 3Ll lie 095 ey desgailly dted) deSgoel) dasls Hbl 35299 (03,01 jshll dleye s
dl ol 0S5y e wsale b Lzslssul 19l JI pellaodl s § Ol sslas o5
Aol Blusly o8 padil] gy elsy JolSite (lulew euaas



>
2026 Wb - gilwll alaall - 13 a2l ‘h&;

Issue 13 - Volume 07 - Summer 2026
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Parameter/Statistic Estimate Std. 95 % Confidence p-value
Error Interval

Threshold Estimate 1.30 [0.63, 1.59]

Linearity Tests

Wald Test 30.47 < 0.001***

Fisher Test 2084.99 < 0.001%**

Likelihood Ratio Test 31.36 < 0.001%**
(LRT)

Regime 1 (Al intensity < 1.30)

Betal (AI intensity 0.94 0.19 [0.54, 1.32] < 0.001*%%*
effect)

Gamma (Additional —0.74 0.21 [-1.14, —0.23] <0.001***
regressor)

Regime 2 (Al intensity > 1.30)

Beta2 (Al intensity —0.12 0.06 [-0.24, —0.01] 0.0348**
effect)

p < 0.1, **p < 0.05, **p < 0.01*

Ol skly ellaodl sSUL dhg, bl dasill oy BVl Grapll slazadl sue eadiy S J] d8L5)s
Multiple &5asib) dJSsa)) Jholsall Bai-Perron (s,u-gb slas| plasul 3] § 4l Bylas )
& oasie Structural Breaks dysu Jolsd 5929 J] sLasl i 5LsT e §s .77 Breakpoint Test
-2013) laasiss U Bia) 8yadll CULII G 13gumme Jhay diudas 06 cdlyshall daojll Judlaad) Slew
Jedls s a1 ] Jolsdl) $51b 06 (i 11) Gaus duro3)l 85401 pad ] 13k55 (2023
B95S pwond dedile 4y Cactus I uSII Il Qe ] 5ladlls AL déMe Coucd bl ditej
Panel Data dce3l dushaill OULL LSl Jolsall Hlast &US o Yus Lizh (19-0dsS) dotud]
g L) Spnadll dishill OULU @33 o9 09,515 O3 oysb g Structural Break Test
2l Oyabls 2020 ale § o Jold d5z9 Lyusl w8y Vboums gujlss wis Jolsall Hlus]
slholl sSUI d3LS oy 48l § Regime Shift aladll § JWsl Sgue e ddlas] dYs 15 s

[(B-statistic = 6.19, p = 0.03) 52,5 duST 3B Oblsesly

laass Log (2019-2013) doslodl L b 4) Ladie so0 e g3gadl) 538 (astl] oo Li3hs
Jl dite OMalsl] Selo 3] us))) Olpsll @ ple il J] gl wads .(2023-2020)

79  Achim Zeileis et al., "Testing and Dating of Structural Changes in Practice," Computational Statistics & Data
Analysis, vol. 44, no. 1-2 (2003), pp. 109-123.

80 Johannes Ditzen, Yiannis Karavias & Joakim Westerlund, "Multiple Structural Breaks in Interactive Effects Panel
Data Models," Journal of Applied Econometrics, vol. 40, no. 1 (2025), pp. 74-88.
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(-0 Jsadls

s

\

Aol § dgaid) Jgill gz (85 due) dighis GUly oo ALl Bl Glelul e &
Blewdl o Stz 0585 b W Loyt LBMles Lisladyl Slbyladl b 531 eabl e
dodl=ly dwoid] Jolpog LoladYl - deloo¥l Sl BOMisb aliss W3y «Context-dependent
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Variable Location Scale Q1o Q25 Q50 Qs Q90
Al Intensity 0374 —0.0138 0394 0386 0.375% 0362 0.350%
(0.037) (0.021) (0.042) (0.037) (0.037) (0.046) (0.058)
Policy —0.159 —0.106"* —0.00229 —0.0664 —0.150** —0.251% —0.337%
(0.077) (0.038) (0.075) (0.066) (0.067) (0.083) (0.104)
Economic 02414 0.0239 0206 0220 0,239 02624 0.281%
(0.054) (0.031) (0.060) (0.053) (0.053) (0.066) (0.084)
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(0.065) (0.037) (0.073) (0.064) (0.065) (0.080) (0.101)
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(0.045) (0.026) (0.050) (0.044) (0.045) (0.055) (0.069)
Constant 6.476*** 0.958**% 5.062*** 5.642%** 6.400*** 7.3134* 8.089***
(0.055) (0.032) (0.073) (0.055) (0.085) (0.083) (0.089)
Observations 594 594 594 594 594 594 594
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Variable Location Scale Q1o Q25 Q50 Q75 Q90
Al Intensity —0.981%** 0.0477 —1.056* —1.023%% —0.981%* —0.935% —0.904***
(0.150) (0.081) (0.197) (0.166) (0.150) (0.168) (0.198)
Policy 1.576%%* —0.0910 17197 1.656%* 1,576 1.490% 1.420%%%
(0.257) (0.138) (0.337) (0.284) (0.257) (0.288) (0.339)
Economic 1,040 —0.322%% 1.548 1.324%%% 10414 07345 0.520%
(0.214) (0.115) (0.282) (0237) (0.216) (0.240) (0.283)
Digital 3.416%% —0.582+* 43342 3.930%% 3.419% 2.864%* 24774
(0.232) (0.125) (0.308) (0.257) (0.237) (0.260) (0307)
Political Stability 4722+ 1301 2671 3.574% 4715 5955+ 6.820*
(0.419) (0.226) (0.559) (0.464) (0.433) (0.471) (0.554)
Energy 1507 0.100 1.665%* 1.596 1.508% 14124 1.346
(0.166) (0.089) (0.218) (0.184) (0.166) (0.186) (0219)
Constant 51.89" 38120 45.88"% 48.53 51.87%% 55.50%% 58,04
(0.200) (0.108) (0.365) (0.231) (0.332) (0.244) (0.289)
Observations 594 594 594 594 594 594 594
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p < 0.1, **p < 0.05, **p < 0.01*
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Variable
ETS_Coverage overall 0.6448 0.5779 0 2 N =594
between 0.5756 0 2 n =54
within 0.091 -0.1734 1.463 T=11
Tax_Coverage overall 0.3754 0.5215 0 2 N =594
between 0.4913 0 2 n =54
Variable Dim Mean SD Min Max Observations
within 0.1861 -0.5337 1.1936 T=11
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CO, overall 6.8505
between
within
ICT Index overall 0.7097
between
within

Overall_Digital
overall 0.7358

Index
between
within
Skills_Index overall 0.653
between
within

Energy_Intensity = overall = 1.2598
between
within

Fossil_Fuels_Capita | overall | 28596.52
between
within

Fossil_Fuels Share @ overall = 78.2308
between
within

GDP_Per_Capita overall | 41715.71
between
within

Enrollment_Tertiary overall = 67.8599

between

4.1247

4.0885

0.7613

0.1817

0.1586

0.0911

0.1644

0.1635

0.0276

0.1771

0.1763

0.0283

0.4506

0.4436

0.0977

17937.6

17892.1

2651.215

16.2901

16.2015

2.7026

24075.9

24002.97

3636.172

23.0979

22.6801

0.9358

1.1793

2.5229

0.1123

0.3558

0.3702

0.3168

0.3705

0.6141

0.2483

0.2912

0.5784

0.5186

0.5797

0.8247

3288.601

4086.624

12820.76

25.6027

28.9927

65.5978

5732.242

7396.927

8690.996

18.0946

19.79

*o

i\

22.4809
21.0881
11.0266
1
0.9359

0.9644

0.9929
0.81
1
1
0.7292
2.8999
2.4385
1.8408
95154.88
87920.73
43272.34
99.9961
99.9271
88.5058
137947.3
133634.2
73493.44
150.2018

134.4997
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within 5.2725 | 39.5445 85.6614 T=11

Manufacturing

overall 14.8072 5.7596 3.5315 37.1468 N =594
Value_Added

between 5.671 4.7572 | 30.7207 n =54
within 1.2471 3.133 21.2333 T=11
Urban_Population = overall | 73.6096 13.7719  32.003 @ 98.189 N =594
between 13.8476 @ 34.0912 @ 97.9962 n =54
within 1.069 67.6228 @ 79.1798 T=11
ai_patent overall 3.8207 14.0019 @ -0.0925 | 174.0652 N =594
between 9.6306 0.01 59.8682 n=>54
within 10.2405 | -54.8687 118.0177 T=11
ai_investment overall 1.68E+09 9.66E+09 0 1.51E+11 N =594
between 7.62E+09 0 5.57E+10 n =54
within 6.02E+09 -4.6E+10 9.68E+10 T=11
ai_article overall  3683.832 9318.918 21 106251 N =594
between 8230.45 @ 58.6364 @ 50666 n=>54
within 4499.363 | -22420.2 | 59268.83 T=11
ai_article_per overall = 81.7303 @ 77.2185 @ 0.5192 452.5628 N =594
between 66.1852 = 3.0502 | 277.6953 n =54
within 40.695 @ -39.5307 256.5978 T=11
ai_strategy overall | 0.3586 0.48 0 1 N =594
between 0.1554 0 0.6364 n =54

within 0.4546 | -0.2778 @ 1.2677 T=11
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Breakpoint
Test Type re;e;):m Test Statistic | p-value Interpretation
Karavias, Narayan & Rejects no-break

2020 6.19 0.03 .

Westerlund (2021) F-test hypothesis at 5%

Bai & Perron supremum Below 5% critical value
2020 3.53

F test (8.22)
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