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Abstract

Energy policies, particularly subsidies on energy carriers, are often employed as costly
instruments for economic and social support in oil-export-dependent economies. This study
investigates the nonlinear and threshold effects of energy subsidies on economic complexity
in eight OPEC member countries from 2000 to 2023, emphasizing the moderating role of
Economic Policy Uncertainty (EPU). Utilizing a Panel Smooth Transition Regression
(PSTR) model, which captures smooth transitions between different regimes, we identify
an optimal subsidy threshold of approximately 0.96 units, confirming an inverted U-shaped
relationship. The estimated coefficients reveal a dual policy pattern: on one hand, energy
subsidies (beyond the threshold) and EPU exert significant negative effects on economic
complexity. On the other hand, energy sector productivity (coefficient:0.036), financial
development (coefficient:0.394), and information and communication technolog
(coefficient: 0.140) in the baseline regime show significant positive coefficients, acting as
enhancers of economic complexity.These findings underscore the necessity of a policy
shift from untargeted energy subsidies toward stabilizing the macroeconomic environment,

improving energy efficiency, and strengthening financial and digital institutions to foster a
more complex and diversified economic structure in OPEC countries.

Keywords: Energy Subsidy, Economic Complexity, Economic Policy Uncertainty
(EPU), PSTR Model, OPEC

JEL Classification: C24 E52 .G12


https://www.journaldfrc.ir/
mailto:mohsen.rajiasadabdi@iau.ac.ir
mailto:Jkshirazi@iaushiraz.ac.ir
mailto:ebrahimi46@iau.ac.ir
https://orcid.org/0000-0001-8344-0025
https://orcid.org/0000-0002-9147-4441
https://orcid.org/0000-0002-4141-0589
https://orcid.org/0000-0002-0986-509X

Vol. 7, No. 3, Issue. 27, Autumn 2026 Journal of Program and Development Reaserch / 166

Extended Abstract
Introduction

Economic complexity, which reflects a nation's productive capabilities and knowledge
base, is a critical determinant of sustainable development and resilience against
commodity price shocks. For member countries of the Organization of the Petroleum
Exporting Countries (OPEC), characterized by high dependence on oil revenues,
transitioning towards a more complex economic structure is a paramount strategic
objective. In this context, energy subsidies (a prevalent policy tool in these economies
)present a paradoxical challenge. While designed to provide social support and industrial
competitiveness, theoretical and empirical evidence suggests that persistent and
untargeted energy subsidies can distort price signals, encourage inefficient energy
consumption, and ultimately hinder the development of sophisticated, non-resource
sectors. This study posits that this relationship is not linear but is subject to a threshold
effect, wherein the impact of subsidies turns from potentially benign to detrimental
beyond an optimal level. Furthermore, the pervasive Economic Policy Uncertainty
(EPU) in these economies is hypothesized to act as a significant moderating factor,
potentially exacerbating the negative consequences of subsidy policies. This research
aims to empirically investigate these nonlinear dynamics and the moderating role of EPU,
addressing a notable gap in the literature focused on OPEC countries.

Methods

We employ an advanced nonlinear econometric framework, the Panel Smooth Transition
Regression (PSTR) model, on a balanced panel dataset encompassing eight OPEC
countries (Iran, Algeria, Kuwait, Libya, Nigeria, Saudi Arabia, United Arab Emirates,
and Venezuela) over the period 2000-2023. The PSTR model is uniquely suited for this
analysis as it allows regression coefficients to change smoothly as a function of a
threshold variable, here specified as the level of energy subsidies (EF). The dependent
variable is the Economic Complexity Index (ECI). Key explanatory variables include the
constructed Economic Policy Uncertainty (EPU) index (derived via Principal Component
Analysis on monetary and fiscal policy variables), energy sector productivity
(PRO), financial development (FD), and Information and Communication Technology
(ICT) development, among other controls. The model specification tests for the existence
of a single optimal threshold, estimating coefficients for low-subsidy and high-subsidy
regimes separately, while integrating EPU both as a direct determinant and a moderator
of other relationships.

Results

The empirical analysis yields three core findings. First, the linearity hypothesis is strongly
rejected, confirming the necessity of a nonlinear approach. The PSTR model identifies a
statistically significant optimal threshold for energy subsidies at 0.964 units. This
confirms an inverted U-shaped relationship between subsidies and economic complexity.
Second, the results reveal a dual-regime pattern. In the low-subsidy regime (below the
threshold), factors such as energy productivity, financial development, and ICT exhibit
strong positive effects on complexity. In the high-subsidy regime (above the threshold),
the negative marginal effect of subsidies intensifies, and, crucially, the positive impact of
financial development and ICT is significantly attenuated. This indicates that excessive
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subsidies not only directly harm complexity but also cripple the effectiveness of other
vital development drivers. Third, EPU exerts a direct, negative, and statistically
significant effect on complexity in both regimes. Its persistent negative coefficient in the
high-subsidy regime suggests it acts as a moderator that reinforces the detrimental
ecosystem created by inefficient subsidies, likely by steering investment away from long-
term, complex activities.

Conclusion

This study provides robust evidence that the relationship between energy subsidies and
economic complexity in OPEC countries is fundamentally nonlinear and threshold-
dependent. Policymakers must recognize that subsidy levels beyond the identified
optimal point (~0.96 units) initiate a counterproductive "high-subsidy regime" that
undermines the very foundations of economic diversification. The findings underscore an
urgent need for a dual-policy shift: (1) A transition from blanket energy subsidies to
a targeted, smart subsidy framework that respects the identified quantitative limit and
reallocates savings towards investments in energy efficiency, human capital, and direct
social transfers; and (2) A concerted effort to enhance macroeconomic stability and policy
predictability to reduce EPU, thereby creating an environment where investments in
complex, productive sectors can flourish. The integrated application of these measures is
essential for OPEC economies to successfully navigate a path towards higher economic
complexity and reduced vulnerability to oil market volatilities.
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Orthonormal Loadings
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N IR TAX G
M 1.000000
IR 0.500500 1.000000
TAX 0.644274 0.788457 1.000000
G -0.715569 -0.921545 -0.860885 1.000000

U Ol aio

b ey 3,05 g ,S 1358 (sl lino (Y Liond (Kot 03 0 0Li5 (V) gl
(o3t Gl Capahad pie a3l Lol (slaailie Julos by, ) Lo peice sl alS
D9l o0 el
Sy 0>V Ly g sl s ) 55550 4o (gl oy e Am3 o (L3 (V) S
o 0 Sl oy i Olgieds ddlse cpl doiyd dgd o 6550 adlse pl lawgs edld dcgenre
PCA gy 4 (6obad] Cuvluw Cuslad pae 1S5 (aslis Jde pasd doms 1Y Jods

Eigenvalues: (Sum = 4, Average = 1)

Number Value Difference Proportion Value Cumulative
1 3.233975 2.706256 0.8085 3.233975
2 0.527720 0.325370 0.1319 3.761695
3 0.202349 0.166394 0.0506 3.964045
4 0.035955 0.0090 4.000000
Eigenvectors (loadings)
Variable PC1 PC2 PC3 PC4
M 0.434627 0.848401 -0.189454 0.235420
IR 0.502621 -0.506836 -0.423262 0.557977
TAX 0.512378 -0.098674 0.848081 0.092150
G -0.544004 0.116604 0.256350 0.790410
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Factor Loading 3l ool b ()lgs_so |y cwli] (sloadlge ¢ oo sulive (sl puiiio oy bL3))
(g Cyguo ol 4 Olgs e |, Factor Score 51 oslil b  awlel (slaadlso 51 (s34l 55 9
PC1=0.43M +0.50 IR + 0.51 TAX -0.54 G
6dlasdl Cuoliw Cuzlad pas jaslis (¢l PCL ol addgo Jas S cuild by (lg o0 &S
Cols Cualad pie (55 el o1, o el 5l Sopm (g Caleg o Sl B8 g0y
ol 123 Joda Oygods (g3ladl

(sobatd] Conlws Coalad pie (oS5 (sl ) b puiie (od Comal 1Y S

o yuxito (poand Ciro] yuxio o
M 60.85

IR 13.19

TAX 9.06

G 16.19

g Slowlowe tade

P9y 2 ie Sl piie SSE ) JS (a8l lipl (s Cueal (Y) oo Joa
KB vz Gl el slagszy wloly amd o Glis ey polic (guyS)
Oloyd 3l oolazwl b leasl )5 .3y (solamdl Cunluw Cualad pae Sy asli 1) 00 oy oy
dlaidl Cunlow Cualad pas &y bosye Sy s li Make Principal Component Analysis
Cd Cuoud Glwgs (65803l 5] s daldl 13 048 o odliiwl 5udns oled Jdo 40 g 35 0 gyl
Dol o 4Dy Kl pls

Y Olog slaJaen sl 39390 Slodl b gllae gl pls i Cand (Jlog dnlo (51,
Slraady 5 3505 (3w Jlo ARMA (sla Jao 3l odlaiwl b 1) gl pl8 s Cansd b Tl o
FaSiz Sl (olid by 5l polate cpl Ul 35 paseie Sl Pl b Ciaid sy 99290
Sl i oo millas Kol pls s Cuasd (g5l o 3l dlols domis g Cawl o o0l

Prob z-Statistic Std. Error Coefficient Variable
0.0000 85.03441 0.011936 1.014930 AR(1)
0.0000 -7.273665 0.037883 -0.275550 MA(1)
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Heteroskedasticity Test: ARCH

0.0364 Prob. F(1,80) 2.214044 F-statistic

0.0363 Prob. Chi-Square(1) 2.218810 Obs*R-squared

s g 3 oy il el 395 ign ) o odclcansy Jloinl oy 425
a3l oy by ol 3 Sl IS 5 g il 5003y o) pls
T (Ogudn bawgs 0 43l VEGARCH)Y Jdo 51 gl pls s o (Slogs (109 Cannd s (),
Oyl D590 5 GARCH g ARCH jisgy ;3 i (SlaCudgioms 3l (S g oo odlawl (144)Y)
St Ologs 85y 2 Ol Sy b S 5 e S S &S e s el o] 009
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1. Exponential GARCH
2. Nelson, 1991

3. Asymmetric Model
4. Verbeek, 2005
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ey 5 Cawl Cudo (sSoi 5l pis bie (sSei il 45 Amd o

Sy P8 5 Caagd (5l EGARCH oo 11 Jgi

Dependent Variable: OIL
Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
LOG(GARCH) = C(3) + C(4)*ABS(RESID(-1)/@SQRT(GARCH(-1))) + C(5)
*RESID(-1)/@SQRT(GARCH(-1)) + C(6)*LOG(GARCH(-1))

Prob z-Statistic Std. Error Coefficient Variable
0.0000 85.03441 0.011936 1.014930 AR(1)
0.0000 -7.273665 0.037883 -0.275550 MA(1)

Variance Equation
0.0000 -4.829211 0.302531 -1.460988 C(3)
0.0007 -3.398404 0.164041 -0.557479 C(4)
0.3914 0.857123 0.138461 0.118678 C(5)
0.0000 -4.903725 0.171831 -0.842610 C(6)

5 0ol (6l g Gl ot dpnlee Sl pls s Cuasd 51 ol Glwgs (Sl e dls o oyl 1
Make slosd | Ceuslisn sslate ool (sl 5 maloicon it & o | el ol (Lol Jas
@ daldl ) b o yale )0 Jliwe yuiio SO Cygods |y Glwsd oyl 903, eolaiwl variance garch
S5 o ogef plas ) 15 5 lie ) 13 90 ASlag 3485 (sl etz A (e
52 0 cos) 25l i sl allo Lol (sl sl Cutanl el e S Bl
Dyl 0 Cygo ((LLC)

b yuiio (sl oy Ay O1gojl @l 1Y Joio

_ Seu LSLQ)Q“S
Sylais] codle LLC W-stat bl e
ol duuwleo a)m JLo.ol éla.w

ECI -4.71593 0.0000 1(0)
EF -7.93854 0.0000 1(0)
EPU -5.22046 0.0000 1(0)
FD -1.91734 0.0276 1(0)
GC -2.42323 0.0077 1(0)
GDPPER -5.03503 0.0000 1(0)
HDI -3.33784 0.0004 1(0)
ICT -12.9282 0.0000 1(0)
OoP -12.1847 0.0000 1(0)
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PRO -2.24797 0.0123 1(0)
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