¥ Ve’ ] ¢ .
FYTY-FYYX i Sig 80 (sbl—w (FFYY-YOY- ¢ ey

| o3lym! (39my LS (gLl CilaTUas ols doliliad ||

| Y0 | OA Bylomoo & || Y0 Joooow |

e 31 83508 0ol SO 93 (50lyd (il 5 (oo Cumms (S ilike b, (olind Juloi
1-¥) (> Aabld  elAc] Ao

A

Ol 33 0395 Gl 5> (Sonnitiiil (s Bgivs (5515 (A (2o
FY-vy RO Lowws 3y giwal (5440 c(53LToL Jiadllgyl

e Ola2l 53 (SUARN Ay 51 & P 0385 52 (Sl L Bgubins (5pnS Sy Syl (g2
Vo115 Sjamd 31 8L

e By b S5 g Syi SCSIL (Sil5g3 oo 1 ylyal (S RS 4 (599 SIK
- QS ep0ld eyl yo ¢ & s M| % LS5 jamolS -///
WY-1FP 0nS 30ld 3l g0 s ] ot ( SLS 3R TS ¢ SIS

Z

ol aL\a::.El 33 U w SlpdS p AT L salasdl
VEY-IAY &dUlgp0e B3Lo 59300 i Sho donl (5yla

JAY-YIY
YIY-YYA

YYa-Y#A



Wi JSS lgizes -

b AF S Yo 5] Lt 1l oy cloallis -

ool e (slaylxo Ly 5allas 5 Yodo Word duslsys VY B Mitra o1 Ly ooty osls allie -
e Jlusy) Lasal,

4-‘&0 ‘:ﬁk)mtﬂu) —Y

1390 el 5 gty allds Lt L

laal oy 5 s b 900 Cinyas Jolis o s -

52855 LB b sy )b 5 (615 92l 5 9090 ki e -

Jl25 5 9l0)S gtd 9 iy 9o SLapite B4 (g 35 (mlid by, -
Laooly

]y g Jaloxs g dyos L asdly a3l -

(S8 AT § Shge -

(‘eg)J Ciygo 4O) me}*—’ 9 me‘\).)l.} -

APA by & (utlSl 5 8 golio oy d -

gl Ao Ly o115 U fostuss (cdgy 5 (o590l (53 5 Bolgms 5] (glaodls -
sSgysIl glis

s LU o WojlgadSL olyen uw.\K;l BASs -

e e 3 gl -

L) Sl 3 el S0lgsls: p5)  paiitmoysl L it <o yoloail lbas 5| e
(Olbio b dxins byl

(asbob) e oy 53 gl -

gl e Jgl By oLl ey an allie oLL o eolitl 9)50 polio cigd






& gl
Olug) @S sdla) clallas

aolicm] wlwl o law oo oK1 (g3lil calo b
Jle 2bjy ,: \T’ﬂA +Y/+Q Cgao uols Sl i
Cowl b5 LBl 45 ) CasS & 3890 I FAQ

i o1 oy lcws WV KT
u“?d‘-")’ 9 OR1S e (0 panS
Cawld Anlas

‘5&! o
] gs;‘-\iwlw 733 S poe

Ol pls gmmzeS’ 9 b2 596!

¢

Q)

g oo,
w;&':ac_'f- (s
- 95 ‘_k:; oy
wole i ¢

JOURNALS.MSRT.IR

Ilsstdy a9 e
iy 07 S oitol
(5908 g g Jy lellbl

MAPFA.MSRT.IR




ole dolilas

Oyl (5852518 (gLl wladlbao

L e g ol slosl pgle 5 oolazil pgle 5uSasls olail 0g)S &yi5

Slatlaie dawgs Slasil als ezl g)San b

VA5 oloydl sy Laasl jle]

YYYV-vove: ol sbls

YYYY-FYYX: Sogysdl sbls

YYVAY 20yl 59500 8 louis

sy bl (syglid g lintins cpgle g ol @y jlitel upys ogmanse 31 pole 42y (Sl 4y
ol tdrgsy cale dolilad &5 Y/ YVYVS oylais 4 VY RNY/YY & 50 dul>

Ui e g1 8RS 1 il

G
k BY NC

el sl g 3l )3 ke oyt oley b g allie @ s slisal 2 by 01 ()t 03litl .55y 5 0ipitiie g olsS o lie ol
Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/
by-nc/4.0/).

sl U o 55 0188315 o (351 185 O 1¥00 sl o] kg 4 Blate cttws e Ll 5> (20)

https:/aes.basu.ac.ir/:dspis oL Slis


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

lef (€ OA
i i (@)
WV N

[y XSO . .1l Journal of Applicd Economics Studics, Iran (AESI)

Oly=! 3y, eg.:l.«.o.::ﬁ‘ Oladlhe gode dolilaad
Vol QA dylois VO Jlo

YYYY-YOVe: ol> <Ll

TYVY-FYYX: Sogpsl bl

l;,,..o‘_;l.c* o&asls :)‘L,,Zo‘ ;,oLo

slahaie uwgs ol ale yazeil: gy Kan b
035 5 Sl e s stume e

oolad cpuudoxe 100500

LS5 Jeelowsl i 2l e

LSM‘-{:.-‘ &'J,QJ; wLﬁb)KD L;l;>‘.> gl
PV B

s Woydsen 59 2l

o bl i

Email: aesi@basu.ac.ir :ay,a5 (S 9pS Can

/https://aes.basu.ac.ir :colwesg

cogles ((53Sye laid b i e g2 o8l copibg) (shenl daged Ello cldod 1y oyl
oaly ele elyis yxbo  dagh

sAV=TVFVFOO : il




1y sl gl 5o d.\_J)a Slpb g (daeo sy (b8 Jolite bLs)l olad ol
1-f9 (SSEM) oliad ()loj i c¥dlas Juoo 3 g3yl

Mé\ablé ‘gohclw

Fr-vy lyl 50 g5 &)l 5> (Saniish slo Fguno s3ll Juds by
ool s 3l il (s o soLTolis Jiailly!

ol 53 sobasdlaiy g 55 & 55 epyel y2 (Srundiil (sla Bydio S Sod ISl (e
Va-115 DSGE oo §1 bl L

29 (23] BL

cdlay L S8 Sy (sla S (KB Julow ylyal (SSb pUis 53 (g9log SIS
NY-185 R
o..\.‘.‘..‘;‘.So.ob OL‘?)A ¢ u:’JJ'MJ.’»,w ‘@L:S)-.’S“ ﬁ.a.blg ‘(.5"1"’*“:’ EVE

YFY-IAY olye!l 3Bl 53 (6yli5 Lo it pr 1S L o3Lasll Sizey 3 (Bly ))& 5 53
oblgyas Bolo s oo sonl g)lgil puall oS80 Blns maye

JAY-TAY g 55151 s 2 35503 b slyal 30 (g0l ol s Mo oings yeil Julo
bél}wubm 43..\.&,0 cd-\o}l Lo)-\-ob‘ aéj)j )lj).@rd

TIF-YYA Ol 39 5058 cvgS ceand @il 1 5o Jolge
Pilsale iz dals o _Bolocas yallis
YYA-YSA locgbadpie o bl S Julod 10lyel contio bl il (glagoylus (295

EMoy8 5,8l Miadigh (B S dews codjdasts Chugy gSiwly gylus yalb



pyre-om

8yle—% o=l ¢lygld

$0y>9y :&le‘ib&ulb

olysszle oKl

(Kinp oo Sl pole olSitngs
Slaidl 68>

(523 oyt @l aalsslee il
Ui e g2 oK1

Ll otsls

Slaidl g8y

L sl g ol8.0505

Soy>9y 411‘;44] b&{;}.}‘.}

g sl 018,515

Ao gyl o5l

3ygizo oSty

ol JolEitils

Owa&u‘d

gymlss ol&isls

Lt sl 08,8515

alysle sty yLuzsls

bl ol Jlos dws oit1s
olesS yiab s oltils
Slblb dodle o8ty

olysile s &ails

Olghw Jle 590 goses
Soy>9y dillu.,u‘ bmb

Slonl ylpan dupd 0515 Hbobiw!

el s>

2Bl ape
&Pl e de
252bblyie

e ols>

ol 4

Sy Jrelossl
Sl
elS el g0 doms
Cuw 9 Fand> ulm)‘d.uw
) [ERIPYKESVE Y
oleds s

O3 dgee

> 540
Slino e

(3l Ao

S933 )bred

ole Ole) 2
lsl s sadie oy
O s




“0'

gjj/"{)(/ﬁ/d) -y 1:/

OPEN a ACCESS

Applied Economics Studies, Iran (AESI)

P. ISSN:2322-2530 & E. ISSN: 2322-472X - Journal Homepage: https://aes.basu.ac.ir/

Scientific Journal of Department of Economics, Faculty of Economic and Social Sciences, @
Bu-Ali Sina University, Hamadan, Iran. Owner & Publisher: Bu-Ali Sina University.

(€ Copyright © 2026 The Authors. Published by Bu-Ali Sina University. Q.

This work is licensed under a Creative Commons Attribution-NonCommercial *
4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses Bu-AliSin
of the work are permitted, provided the original work is properly cited. University

Spatial Analysis of the Interrelationship between Environmental
Efficiency and Income Inequality in Iranian Provinces: An
Application of the Simultaneous Spatial Equation Model (SSEM)

Somayeh Azami'®, Fatemeh Hosseini’®

Type of Article: Research
4 https://doi.org/10.22084/aes.2026.32565.3902
Received: 2026.05.12; Revized: 2026.05.26; Accepted: 2026.07.05
Pp: 9-41

Abstract

Today, increasing greenhouse gas emissions and economic inequalities are key challenges
facing policymakers. Understanding the dynamic relationship between these two challenges
is important for achieving sustainable development goals. The aim of this study is to
investigate the interrelationship between carbon efficiency and income inequality in Iranian
provinces. For this purpose, the Simultaneous Spatial Equation Model (SSEM) is used. The
SSEM allows the interrelationship between carbon efficiency and income inequality to be
analyzed by considering the influence of provinces on one another and spatial spillover
effects. First, the total factor carbon efficiency (TFCEE) of Iranian provinces is calculated
for the period 2007-2018 using Data Envelopment Analysis (DEA). The results of the
cointegration test indicate that there is a long-run relationship between the model variables
in the carbon efficiency and income inequality equations. Additionally, the results of the
Moran test confirm the spatial correlation in carbon efficiency and income inequality. The
estimation of spatial simultaneous equations using the GS2SLS method shows that there
is a reciprocal relationship between carbon efficiency and income inequality in middle-
and low-income provinces. Reducing income inequality in low-income provinces (with
an emphasis on the political economy perspective) and increasing income inequality in
middle-income provinces (with an emphasis on consumption theory) lead to significant
improvements in carbon efficiency. Improving carbon efficiency in middle- and low-income
provinces leads to a significant reduction in income inequality. Policies aimed at improving
carbon efficiency and increasing employment in middle- and low-income provinces, as
well as industrialization across all income groups, can help reduce income inequality. To
achieve sustainable development goals, such as improving income distribution and carbon
efficiency, it is recommended that policymaking be adapted to the local conditions of the
provinces, taking into account the interrelationships of these goals.
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1. Introduction

Given the growing threats to sustainable development, increasing income inequality and
environmental degradation have attracted more attention than ever in scientific research
and policy discourses. Environmental pollution can be linked to the distribution of income
and power between the rich and the poor. This assumption raises the question of whether
reducing income inequalities can increase carbon emission efficiency. On the other hand,
income gaps have long been a major concern in socio-economic development. Many
sources attribute this inequality to institutional fragmentation, unequal access to public
goods, labor market dualism, and regional development imbalances. While these studies
provide important insights, they tend to focus on traditional socio-economic and policy
variables and rarely consider the role of environmental or energy-related factors in shaping
income distribution. Therefore, understanding the mechanism by which energy efficiency
affects income inequality is also crucial. Consequently, understanding the dynamic
relationship between inequality and greenhouse gas emissions is important for achieving
sustainable development goals. Iran is not only facing an energy imbalance crisis but also
ranks seventh among the top 10 countries with the highest carbon dioxide emissions
globally. Various development programs have been developed, formulated, and
implemented in Iran several times, but the results indicate that inequality still exists at the
provincial level and the desired outcomes have not been achieved. Poverty remains higher
in certain regions of Iran compared to others, and people lack sufficient access to essential
facilities for development and income enhancement. The aim of this study is to investigate
the interrelationship between carbon efficiency and income inequality in the provinces of
Iran. This study is one of the few studies that simultaneously examine the effect of carbon
efficiency on income inequality and the effect of income inequality on carbon efficiency.
Understanding the dynamic relationship between carbon efficiency and income inequality
not only provides new evidence on the determinants of carbon efficiency and income
inequality but also helps policymakers formulate specific policies to reduce income
inequality and increase carbon efficiency. In addition, analyzing the results by province

provides more information for policymaking that accords with local conditions.

2. Materials and Methods

To show the interrelationship between carbon efficiency and income inequality, a Spatial
Simultaneous Equation Model (SSEM) that takes into account the influence of neighboring
provinces on each other is used. In the SSEM, it is possible to analyze the correlation and

relationship between carbon efficiency and income inequality by considering the influence
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of provinces on one another and spatial spillover effects. To achieve this goal, first, the

total factor carbon efficiency (TFCEE) of Iranian provinces is calculated using the Data
Envelopment Analysis (DEA) method. Then, the equations of total factor carbon efficiency
and income inequality are estimated by considering the interactions between them, using

the GS2SLS method for three provincial groups (high-, middle-, and low-income).

3. Data
The statistical population in this study comprises the provinces of Iran, which were studied
during the period 2006-2018. Data related to the provinces were collected from the

Statistical Center of Iran.

4. Discussion

The results of the cointegration test indicate that there is a long-run relationship between
the model variables in the carbon efficiency and income inequality equations. Additionally,
the results of the Moran test confirm the spatial correlation in carbon efficiency and income
inequality. The estimation of the SSEM using the GS2SLS method shows that reducing
income inequality significantly leads to an improvement in carbon efficiency in low-
income provinces. Increasing income inequality significantly leads to an improvement in
carbon efficiency in the middle-income provinces group. Improving carbon efficiency in
middle- and low-income provinces significantly leads to a reduction in income inequality.
This is mainly due to the positive correlation between energy efficiency and social
efficiency. Therefore, the analysis shows that there is a reciprocal relationship between
carbon efficiency and income inequality in middle- and low-income provinces. In high-
income provinces, carbon efficiency has a significant effect on income inequality, whereas

income inequality has no significant effect on carbon efficiency.

5. Conclusion

To formulate appropriate policies, it is recommended that policymakers adapt their
strategies to local conditions to simultaneously reduce income inequality and increase
carbon efficiency. Strengthening income redistribution and social security systems in low-
income provinces will help increase carbon efficiency. It is recommended that income
redistribution policies in middle-income provinces be accompanied by complementary
policies to increase carbon efficiency, such as economic growth policies and improvements
to the industrial structure. Policies focused on improving carbon efficiency, increasing

employment, and driving industrialization can help reduce income inequality in middle-
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and low-income provinces. Industrialization leads to a reduction in income inequality in all

groups, but it is recommended that this strategy be adopted in high-income provinces
alongside complementary policies to improve carbon efficiency. Policies aimed at
increasing employment among middle- and low-income populations lead to improved

carbon efficiency.
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Tab. 4: Statistical Summary of the Data
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Tab. 5: Total Factor Carbon Efficiency (TFCEE) of Iranian Provinces
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Tab. 6: Statistical Description of Total Factor Carbon Efficiency (TFCEE) of Iranian
Provinces
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Tab. 7: Pesaran's Cross-Sectional Dependence Test
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Tab. 8: Im-Pesaran-Shin Unit Root Test
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Tab. 9: Cointegration Test
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Tab. 10: Moran's Autocorrelation Test
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Tab. 11: Model Selection Test
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Tab. 12: Spatial Estimation of Carbon Efficiency Equation Using GS2SLS Method
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Abstract

This study investigates the role of pension fund imbalances in the persistence of inflation in
the Iranian economy using quarterly data covering the period from 1991 to 2025. First, the
stationarity properties of the variables were examined using unit root tests. Subsequently,
the Johansen cointegration test confirmed the existence of a long-run equilibrium
relationship among the variables. To analyze both the short-run and long-run dynamics and
identify causal relationships, the Granger causality test, the Vector Error Correction Model
(VECM), and forecast error variance decomposition were employed. The empirical findings
reveal the existence of a stable long-run equilibrium relationship among the variables,
indicating that pension fund imbalances exert a positive and statistically significant effect
on inflation persistence in Iran. The estimated VECM further confirms the presence of a
long-run adjustment mechanism, suggesting that short-run deviations from the equilibrium
path are gradually corrected over time. The results of the Granger causality analysis show
that the exchange rate, liquidity, government transfers to pension funds, and oil revenues
possess significant predictive power for inflation, whereas gross domestic product (GDP)
plays a relatively limited role in explaining short-run inflation dynamics. Furthermore, the
forecast error variance decomposition indicates that the exchange rate, money supply, and
government transfers to pension funds are the primary sources of inflation fluctuations. In
contrast, oil revenues and GDP contribute only indirectly and to a relatively limited extent
to explaining inflation variability.
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1. Introduction

Inflation is one of the most persistent macroeconomic challenges facing developing
economies, as it undermines purchasing power, increases poverty and income inequality,
discourages investment, and weakens long-term economic growth. In Iran, inflation has
remained chronically high over the past five decades, with a marked acceleration in recent
years. Since 2018, the economy has experienced inflation rates consistently exceeding 40
percent, reflecting deep-rooted structural imbalances and persistent macroeconomic
instability. Alongside rising inflation, Iran has faced growing fiscal deficits and increasing
pressure on public finances, raising concerns about the sustainability of fiscal policy and
its inflationary consequences.

While inflation in Iran has traditionally been attributed to factors such as rapid monetary

expansion, exchange rate depreciation, and external economic shocks, the role of fiscal
structural imbalances has received comparatively less attention. One of the most critical
yet underexplored sources of fiscal pressure is the growing financial imbalance of public
pension funds. Demographic changes, low retirement ages, expanding benefit obligations,
and persistent governance inefficiencies have led many pension funds to rely increasingly
on government financial support. As government transfers to these funds continue to
expand, they place substantial pressure on the public budget and may contribute to inflation
through deficit financing, monetary expansion, and inflation expectations.
Despite the growing importance of pension fund imbalances, previous studies have largely
focused on the aggregate relationship between budget deficits and inflation, paying limited
attention to the specific contribution of pension-related fiscal pressures. Given the
increasing share of pension expenditures in government spending and their potential
macroeconomic implications, understanding whether pension fund imbalances contribute
to inflation persistence has become an important policy issue. Against this background, this
study examines the role of pension fund imbalances in sustaining inflation in Iran and
investigates the dynamic transmission mechanisms through which these fiscal pressures
influence long-run inflation dynamics.

2. Materials and Methods

The empirical analysis follows a multistep econometric procedure designed to examine
both the long-run equilibrium relationship and the short-run dynamics among the variables.
First, the stationarity properties of the quarterly series are examined using the HEGY
seasonal unit root test, which is appropriate for quarterly data and allows for the
identification of both seasonal and non-seasonal unit roots. Establishing the order of
integration is essential to avoid spurious regression results. After confirming that the
variables are integrated of the same order, the Johansen cointegration test is employed to
determine whether a stable long-run equilibrium relationship exists among the endogenous
variables. Evidence of cointegration justifies estimating a Vector Error Correction Model
(VECM), which simultaneously captures the long-run equilibrium relationship and short-
run adjustments toward equilibrium. The optimal lag length of the underlying VAR system
is determined using conventional information criteria, including the Akaike Information
Criterion (AIC) and the Schwarz Criterion (SC). To investigate the direction of causality,
Granger causality tests are conducted within the VECM framework. This specification
enables the identification of both short-run causal effects through the lagged differenced
terms and long-run causality through the statistical significance of the error-correction
term. Finally, Forecast Error Variance Decomposition (FEVD) is performed to evaluate the
relative importance of each variable in explaining inflation fluctuations over different
forecasting horizons. FEVD provides additional evidence on the transmission of
macroeconomic shocks and the contribution of pension fund imbalances, monetary
expansion, exchange rate movements, and other macroeconomic factors to inflation
persistence in Iran. The sanctions dummy is treated as an exogenous variable throughout
the estimation process. Accordingly, it is excluded from the cointegration vector and the
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endogenous system but is incorporated into the short-run component of the VECM to
control for the effects of major external shocks on domestic macroeconomic conditions.

3. Data

This study employs quarterly time-series data spanning the period from 1991Q1 to 2025Q4
to investigate the impact of pension fund imbalances on inflation dynamics in Iran. The
dependent variable is the Consumer Price Index (CPI), while the main explanatory variable
is government transfers to public pension funds (AID), which serves as a proxy for pension
fund financial imbalances. To control for other macroeconomic determinants of inflation,
the model includes Broad Money (LIQ), the free-market exchange rate (EXCH), real gross
domestic product (GDP), and government oil revenues (OIL _INC). All variables enter the
model in natural logarithms to reduce heteroscedasticity and allow the estimated
coefficients to be interpreted as elasticities.

Quarterly observations are available for all variables except government transfers to pension funds
(AID), which are reported annually by the Plan and Budget Organization of Iran. To construct a
quarterly series, the annual observations were temporally disaggregated using the Chow-Lin
procedure. This method estimates high-frequency observations by exploiting the statistical
relationship between the low-frequency target variable and a related quarterly indicator while
preserving the annual totals. Quarterly government current expenditures were selected as the indicator
variable because transfers to pension funds constitute a major component of current government
expenditures and are expected to follow a similar seasonal pattern. Consequently, the generated
quarterly series remains fully consistent with the original annual data. To account for external political
and economic shocks, a sanctions dummy variable (SANCTION) is included as an exogenous
variable. It takes the value of one during periods of intensified international sanctions against Iran
and zero otherwise. Since sanctions originate outside the domestic economic system, they are treated
as exogenous and are incorporated only into the short-run dynamics of the model.

4. Discussion

The long-run estimation results indicate that the exchange rate, liquidity, and government
transfers to pension funds exert positive and statistically significant effects on inflation in
Iran, whereas gross domestic product (GDP) and oil revenues have significant negative
effects. Furthermore, the forecast error variance decomposition (FEVD) results reveal that
inflation dynamics are predominantly driven by its own shocks in the short run, with 100%
of inflation fluctuations explained by self-generated shocks in the first period. This finding
highlights the dominant role of inflation persistence and inflation expectations in shaping
short-term price dynamics. Over time, however, the contribution of inflation’s own shocks
gradually declines to approximately 47% in the long run, indicating that fundamental
macroeconomic variables increasingly account for inflation variability. Nevertheless, the
relatively large long-run share of inflation’s own shocks suggests that inflation expectations
remain a persistent determinant of price dynamics, emphasizing the importance of
managing expectations alongside monetary and fiscal policies.

Among external factors, the exchange rate represents the most influential short-run
determinant of inflation. Exchange rate shocks are transmitted rapidly to domestic prices
during the initial periods before stabilizing at a relatively constant level, reflecting the
importance of imported inflation and the role of exchange rate volatility in generating price
instability. In contrast, the impact of government transfers to pension funds emerges with
a time lag and gradually becomes one of the major contributors to inflation, indicating that
fiscal policies, expanding government obligations, budget deficits, and their associated
monetary consequences generate sustained inflationary pressures over time. Moreover,
liquidity constitutes the most important long-run determinant of inflation, surpassing the
exchange rate in explaining inflation fluctuations. This suggests that the cumulative effects
of monetary expansion gradually become the primary source of persistent inflation.
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By comparison, GDP plays only a marginal role in explaining inflation dynamics and
serves mainly as a complementary long-run factor. Although oil revenues contribute more
to inflation variability than GDP, their effects appear to operate primarily through indirect
channels, including the government budget, liquidity growth, and exchange rate
movements, rather than exerting a direct influence on the general price level. Overall, the
findings suggest that inflation persistence in Iran results from the interaction between
inflation inertia and monetary, exchange rate, and fiscal factors. Therefore, achieving
sustainable price stability requires a coordinated policy framework encompassing prudent
monetary and fiscal policies, effective liquidity management, exchange rate stabilization,
and credible measures to anchor inflation expectations.

5. Conclusion

This study examined the role of pension fund financial imbalances in explaining inflation
persistence in Iran using quarterly data over the period 1991-2025 within a Vector Error
Correction Model (VECM) framework. The empirical evidence confirms the existence of
a stable long-run relationship among inflation, government transfers to pension funds,
money supply, the exchange rate, real GDP, and oil revenues. The findings demonstrate
that pension fund imbalances constitute a statistically significant and economically
meaningful determinant of long-run inflation. The analysis further reveals that exchange
rate shocks are the primary source of short-run inflation fluctuations, whereas monetary
expansion becomes the dominant contributor over longer horizons. Although government
transfers to pension funds have only a limited immediate effect, their contribution increases
steadily over time, indicating that persistent fiscal pressures gradually translate into
inflation through budget deficits, liquidity creation, and inflation expectations.

These findings highlight that inflation persistence in Iran reflects deep structural
weaknesses rather than temporary macroeconomic shocks. From a policy perspective, the
results imply that achieving durable price stability requires a comprehensive policy
framework that extends beyond conventional monetary tightening. Structural reforms
aimed at restoring the financial sustainability of pension funds—including gradual
increases in the retirement age, adjustments to contribution rates, improved governance,
and higher investment efficiency—should be integrated into broader fiscal reform
strategies. At the same time, strengthening fiscal discipline, reducing monetary financing
of government deficits, enhancing central bank independence, and improving exchange
rate stability are essential for containing inflationary pressures. Policies that promote
productive investment and diversify fiscal revenues away from oil dependence can further
reinforce macroeconomic stability.
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Tab. 1: Description and Sources of Research Model Variables
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Tab. 2: Unit Root Test Results for the Research Variables

A &l maw o903 o bl Ay £9 Joe o

sy &dy) > -avo e SYY by Ay,
AID

(shad dnlg hiy ) S pas -e¥a IS\ Lad 1oy Ly,

oly ddy) gl -aa4 LEYTY s A,
CPI

s aly Ay dgg pac IREE YYXVY 25 1oy Ay,

ly Aoy gl -AvY AR sl Ay,

EXCH

shad Jolg Ay dgng pac vieee Yo A)- 5 soly Ay

dolg &y gl)l +FEA —Y.YAY b ady,
GDP

shad doly A 392 -0 DAYA bt soly Ay,
oly ddy) gl < AM -0 by Ay, LIQ




ol 2 ol s i td D Ll’,, K o 53l b ﬁ

kb aslg L2y g3 . V5V (RaYS skt asly L2y

Soly diy)y (il - X¥o —YX¥5 b e ay,
OIL_INC

kb a5y L2y 353 <5 DAY sk asly iy

ol g 3y50 4dlhe 40 Sl Ay ) dg2g

bt ol Ay sl g cslopite ola 4 sl HEGY b soly 4k, cygeil uls
Sy 5 slaelyd 5 (S0 (B> (B A glopiiie gl pogdle Aitin UL gdaws 13 9 039
e Wl o b g byt soly (sladits) Glojon jpis oS bl jlagd e 10T 55 b sy Aty
5 VAR Gjlate (sl Jte )3 Canyl (sl blitl 5 L3S Sailolon Ly, lolid 85l slassl 4
d5ye Shab Jolis Jlosl b5l lab (sl (sladilie ( Suilolon oigejl plosl 5l iy 096 VECM
Pl Sy s & pliws 5 had doly laaly) Sl cage Jad ol Wgdie Sl sl
ol e Ng o baas b yuaie dedils sladigy 4 bgype SledMbl oS Jb s il Juad slag,lubl
0925l sy sls mad (5930 39l ey (Saililon g3l ol (ouns slagygesl solo cal> o
Lo 5l ole g B s slaodly (slise s ity sllas uib)ly 4355 5 T STy @l 25 cule
sl 5l (26 b5 695y 3l g putme glel Jaisl Waaygls 5 Juols ol b 29 0 plol Lab sy
Bl gae (Jual

ke ipges 4y 31am5 cymend Y0

2 3yS o )8 )by sld el Jao 0yl slive &S VAR Juo sl disge Ay (8 slojbone gl
Sloi | (slite (lmaiy alises (sl yluxo do ST a3 o 55 iy ls] golts el ok 1) (¥) Jgis
1038 B yme Alpg By iy |y pylaz Ay 93 1 ST e g (aleiin)d Cund ol bl i8S oo
b 5 ST Jlane 5 038 o 0l pylay 485 (539381 15 1y e (33l loline g0 LR (9031 &8 Ll 1
Coles ploz &by sl ) (o )lal anled les o Qb ) 4y (yan i sla by bis » 4T
Ol g 039 VLo JolS' &8 2 Sy Jolao p)lo diBg daodls (Jad Cunle 4 429 b onl pg 3l S (0
s (193] k5 4 5T Ll 3lo oo w3 1) jitio o slagSl 5 (6,35 Wl gl JolS” olSia
J3o 2ygl (sl alne Ay s pyla Ay (oS 5)90 S by g fSIST Jlno  pleicusyd
A olsus]

S sbao,lol wlw!y Juio ding 48 Sl cped gulS Y Jgun
Tab. 3: Results of Optimal Lag Length Selection Based on Information Criteria
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Tab. 4: Results of Johansen Cointegration Test for the Research Variables
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Tab. 5: Long-Run Relationship (Cointegrating Equation)
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Tab. 6: Estimation Results of the Inflation Equation in the Vector Error Correction Model
(Only Significant Coefficients)
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Tab. 7: Results of the Granger Causality and Block Exogeneity Tests (Dependent Variable:
Consumer Price Index)
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Fig. 1: Stability Test of the Estimated Model
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Tab. 8: Results of Autocorrelation and Heteroskedasticity Tests
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Tab. 9: Results of the Variance Inflation Factor (VIF) Test for Examining Multicollinearity
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Tab. 10: Contribution of Shocks to Inflation Variance with a 95% Confidence Interval

OIL_INC GDP LIQ AID EXCH CPI t;.‘;

Yoo,on 3
LYY E Ly N == RS 2=-—AL co¥ kA <Ay avy 100 £ AMAA Y
¥ E Y N - A i A Y A E Y Rad==RY I A== Ard ¥
NNA==F A 31 oy E . 1Y £ sva S¥a £y YEA EAvan [ YA E oA I




ol 2 ol s i td D Ll’,, K o 53l b H

C5F Eoaxy S = Y V.05 £ava VYS EAYEE | vsY EavAs | va¥ &£ vay A
ShE oS- R ) Vv Eay. (P2 ==\ N (B2 ==\ P FYY T FVAY y.
A== AN W ELsr y..y £ VAA0 AYY EVEVY LYY EAYAY | OFYA T FVY WY
<A Y- AT E v Y.¥S £ VAAY R =R A% YA vAs | FSO PV i
<M Loy AP E LA YXY £ VAQ- VA5 £OFAY | Y5 AYAY | FYA £ ¥sa¥ \§
<a¥ oy LNEEe Y¥Y £ AA. v..4 £ \FAA YAYE \WAY ¥as £ f5a) A
1Y £ oy M Een Y.o0 £ YA YYYEAFA | VXY EAYAY | a0y EFsA Y-

ol )3 11 1l yguo ol o s yito s 3 il lg 40355 53 sl 00d dwlite O yrlcigs S5 wlalp 7 A0 luebl alols 4SS
21 )13 CPI colesyd 9 (Suad v )l & Gadiuo 4y gy S8 ¢ LB (alBL wos uwr ¢ S

Cguxe pyg5 Sllug 3o (21 Jole (n Fate )l £ ©aeobsS 53 pib)ly &joS @ls ol
8y9d ) g 4Bl i8] pgd 5193 13 VAN A CanS Bygd 4D Mo yd yho | e (pl phew 45 (Gy0bds 995 o
‘JBU"‘ lJ wlﬁwﬂ (P9E C.sz LY d))] Lgl.{bdy.: &y Jl&ul ZA..Jb)uL.w «S Sy o0 Z\\D.A L pPow
BAY s> casily 5 o (slooygd 13 9 48,5 )15 (gl bams B3ga0me 13 5l &5 e epgws By93 | g
Sl Baee 5w o Cal )] [ Slo o ) sy g0 7 VWA 4 i Bygd 53 &S (ligSay S o lwogs /Y
Lhe (ol gl bl o pol sl s (oo )3 (w9 39500 0l ol (slvoye3 )3 )58 5 3
e Opimed Cal Sl3)lg &y dtnly lasladl 3 (Sh)ly pyg whe B 9 e 4 ) £ Jlil 4 las
ale e 1 (S olizmes 5l GacSad o aad oo U (s lapate b anolio 3 5 £5 VL
S Slgzen (Y+V+) o Ken 4

Sl o GoolisS (0 (Sl (sl Gadio 4 cdgd sl SaS aad o lis uil)ly 450 puls
TN & s B9 53 yiite ol oo § 29b 0 SET (A2 BB (Bl Kg) dnd oz 890 3l (Sl b
5y90 ) g 4l debdl 55 (cdm (sla 58] 13 g, () ey o0 AVFE A oD Bygd 43 o LYY 4 plia Bygd
Sloj diBy b cdgd Jbo slacslus 5148 amd o Hlis jeie gl b o (il 7 VFA dg0s 4wl
o3 hhe 4l (pl gdie fas prgf BABIRLSS Jolse (et S| (S 4 Cdeatdy 3 g 0nd s
S}l slb 3okt Jlidyee bt el 5 gy Jlo cligs Uil o] eluly & ol Jlo Al
@l 29d pxie (o098 slaylid 4 (Soad A3y 9 o> (el gy (68 GRIE B )bl Sl oo
Slsen (Vo70) ohlSan o JlglST g (V-YY) (g5l g copomiad 1547 lugs (slaaily b iman pol>
2,

Too Nl it ol ot sl anidly 53 )58 BALS sl o (ke (S (Joi @l elosl
B VA 83ga0m0 )3 (Sl whow cgdmr (sla 33l 10 oy oo VA Dgdn d widid Bygd )3 g AVSA 4y ouiid
Jole o pintee ododils > (S amd o LS gols ol ey oo VAR &) nianns Byg3 53 g od o5 /A
oadosnliio (5oSl cusl it 5o 5yl 85 5 ol e > 5 el Glnl SlaBl )5 95 BuimdES g g
sl )lizs Lisio o atee 4 (Sloj Bygd i I e g 0 ALl slaidl (> guyw5a Joo @l oS canl ] wje



VAl ©) )/JJ”// b/u’ NEZEPNTY | )5
e o oo e ST O 33 355 SIS 53 (Sl @b g0

Ohen g gy 9 (V) o)l 5 658 Slalllan g Jou ()lade &y)las L Bl (pl X590 0 5 (o0)98
oy oll slatdl 3 )55 pglts ol Jalgs I (So (S postane A3 483 00 (L5 5 Canl 3l (VF4Y)
292

Buadgnsy ol lajsite ey 1) (I8 (a8 (JB1 GAIBL g ams oo (L5 i)y &35 gl
S 5psbar oo GRIBI (2 s g L g 0 ST po3 893 13 70000 ) iyl s )13 55
a3 o s GDP 3gure jlws whow wdwoy oo 4oV 390> 4wl Bygd )3 g /o F) 4 omd Bygd )
Sltin b dulio 3 o] 265 5 5,105 g8 liligi g2 goinne 50 ol sl i 250 slacSd
5 395 Sliets ol o] il pite ol I3 W) g2l b el Fdund Sl 55 5 o I
oSS i GDP (ol plo and zus s |y acedd Gl 5l aisy caedily 3 Slgi o sbaidl J§ ds e
OhBen g )l aaidl L aons ploaiiS (o’ (Lol Jole G TS (o Wl p)g5 (obign 53 028 o
el g (YoV1) (S0 5 (55559 9 (VF-Y)

100

80

I CPI [ EXCH [ AID
I L'Q [ GDP [l OIL_INCOME

Ol SLaiBI 1 43 0595 (il ,lg &g 300 1Y S
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Abstract

The financial crisis of pension funds in recent years has not only affected the country’s
social security system but has also disrupted the country’s economic order, with a major
share of the government budget deficit related to retirees’ compensation. Subsequently,
these effects spill over into macroeconomic variables. Therefore, the main purpose of this
study is to investigate the effects of pension fund shocks on key macroeconomic variables,
including inflation, the exchange rate, and economic growth, based on the DSGE model
by incorporating the pension fund sector. The results from calibration and the Bayesian
method, utilizing quarterly data of the Iranian economy during the period 1380-1400,
confirm the structural problem of pension funds and their persistent imbalance. The results
of the impulse response functions (IRFs) indicate that a shock to the pension fund, through
pressure on the government budget, leads to an expansion of the monetary base and
subsequently causes inflation, which becomes permanent in the long run. In addition, the
impact of this shock causes an increase in the nominal exchange rate and subsequently a
decrease in the real exchange rate, thereby weakening competitiveness. The pension fund
shock increases production in the short run due to the demand effect; however, after one
period, a reduction in private sector investment—stemming from the crowding-out effect
and an insecure investment environment resulting from inflation and high exchange rates—
causes production growth to decrease, and this negative trend continues for several periods.
Overall, the research findings explicitly confirm that the pension fund crisis has become a
structural macroeconomic constraint that directly threatens price stability, causes exchange
rate volatility, and leads to unstable growth in Iran. Accordingly, alongside parametric
reforms (such as adjustments to the retirement age and premiums), implementing immediate
structural reforms in the pension system—including moving toward a fully funded system,
enhancing financial transparency, and improving fund asset management—is proposed as
an undeniable necessity for Iran’s economy to escape the vicious cycle of stagflation.
Keywords: Pension Funds, Inflation, Exchange Rate, Output Growth, DSGE Model.
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Pension funds, in addition to their social function as one of the largest financial

1. Introduction

intermediaries, play a decisive role in mobilizing savings, allocating capital and directing
it to productive assets, strengthening investment, and fostering economic growth (Morena
&amp; Grima, 2022; Asofea et al., 2023). However, in the event of fiscal imbalances and
structural deficits, pension funds become a potential source of macroeconomic instability,
as these imbalances typically lead to the transfer of the financial burden to the government
budget and affect monetary, foreign exchange, and financial channels (IMF, 2018).

More precisely, pension funds play a dual role in the economy. While on the one hand,
their resources, such as various assets and collected insurance premiums, can be a factor in
the growth of production and financial markets, on the other hand, their inefficient
performance and the consequent structural budget deficits can spill over into other
macroeconomic variables by creating pressure on the government budget (Tudor et al.,
2025).

The problem of pension fund imbalances in Iran is very severe, and therefore, it is
inevitable to explain the mechanism of transmission of pension fund shocks to
macroeconomic performance and to provide appropriate solutions to control it. The
structure of the pension funds follows a DB-PAYG model. In this model, due to the
country’s demographic structure and the low support ratio (the ratio of employed to retired
individuals), pension funds are actually facing an operating deficit, which has led to their
increasing dependence on government budget assistance (IMF, 2018; World Bank, 2022;
Adabi &amp; Hosseini, 2024). In addition to demographic and structural factors, inefficient
asset management and low investment returns have caused the share of investment income
in financing pensions to be insignificant. These issues, along with the government’s
ambiguous financial relationship with pension funds, have exacerbated the imbalance of
pension funds in Iran, and the financing of this imbalance has spilled over into other
macroeconomic variables.

Therefore, the question that arises is how pension fund shocks affect key economic
variables such as inflation, the exchange rate, and economic growth. For this purpose, the
dynamic stochastic general equilibrium (DSGE) approach is used for the period 1380—1400
in order to help policymakers analyze and predict the future situation correctly and provide
appropriate solutions accordingly. In fact, the main innovation of this study is the
introduction of the pension fund as a separate sector and the explanation of its interaction
channels with the government, the central bank, and the foreign sector.

2.Materials and Methods

The research model is a small-scale New Keynesian Dynamic Stochastic General
Equilibrium (DSGE) model for an oil-exporting economy. The model consists of five main
components: 1) households, 2) final and intermediate production firms, 3) the pension fund
sector, 4) the government and the central bank, and 5) the external sector (oil and trade).
The household component in this study is designed based on the integration of the standard
framework of New Keynesian DSGE models with the literature on overlapping generations
models. In other words, households are divided into two groups: working households (who
pay insurance premiums) and retired households (who receive pensions), and consequently,
each group of households has a separate utility function. Another innovation of the research
model is that the pension fund is considered as a separate sector, such that its income is
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provided by employees’ insurance premiums, investment income, and government
transfers, and its expenditure consists of pension payments to retirees. The pension fund
deficit shock follows an autoregressive process. In total, there are 5 shocks in the presented

model, including the pension fund deficit shock (ef ef ), the monetary policy shock (),
the government expenditure shock (sgq ), the oil revenue shock (e£%) and the government
transfer payment shock ().

3. Data

To estimate the model parameters, seasonal data of the Iranian economy for the period
1380:1 to 1400:4 have been used. The variables used include GDP growth, the inflation
rate (consumer price index), the nominal exchange rate (market average), and variables
related to the funds’ budget (such as the ratio of government assistance to funds relative to
output and the deficit gap). In this study, a combined approach (calibration and Bayesian
estimation) has been used to estimate the model parameters. In the calibration method, the
model parameters have been quantified based on international literature, Iranian domestic
data, and previous empirical studies. The Bayesian estimation method has been used to
estimate the coefficients of the shock processes. Also, to ensure the convergence of the
parameters in the Bayesian method, the Markov Chain Monte Carlo (MCMC) diagnostic
test of Brooks and Gelman (1998) has been used, and the results indicate the successful
convergence of the MCMC chains and the reliability of the Bayesian estimation results.

4. Discussion

The results of the research on the response of key variables (inflation, exchange rate,
production) to the pension fund deficit shock in the form of impulse response functions
(IRFs) show that in the first step, due to the occurrence of the pension fund deficit shock,
the government budget deficit in the post-shock state increases compared to the steady-
state deficit, and this gap continues to persist. This reveals a kind of vicious feedback loop
between the pension fund deficit and the government budget deficit. In the next step, the
financing of the pension fund deficit through the government budget causes a budget deficit
and an increase in the monetary base, which leads to persistent inflation.

Regarding the impact of the fund shock on production, the results showed that in the
short run, increasing pensions for retirees increases their consumption and ultimately has a
weak and fleeting positive effect on real production. However, after one period, the trend
is completely reversed and production decreases. This is because the unstable environment
caused by high inflation and exchange rate fluctuations, along with uncertainty, leads to a
significant decrease in real investment and production.

After an unexpected pension fund shock, there will be an immediate and lasting increase
in the nominal exchange rate (due to inflationary pressure and a decrease in foreign
exchange reserves). On the other hand, because the increase in domestic inflation (the main
channel of the shock) is greater than the increase in the nominal exchange rate, the real
exchange rate decreases. In fact, the domestic inflationary effect caused by the shock is not
fully compensated by the increase in the exchange rate, which means that domestic goods
become more expensive than foreign goods, and as a result, export competitiveness
decreases.
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According to the results of this study, it can be seen that the pension fund crisis in Iran is
not simply a social or sectoral challenge. With its deep and serious impact on the
government budget deficit, inflation, and the exchange rate, it is considered a significant

5. Conclusion

macroeconomic challenge, such that it can be identified as one of the causes of stagflation
in the Iranian economy. Therefore, implementing comprehensive reforms of the country’s
pension system across legal, structural, and parametric dimensions will be an important
step in preventing the macroeconomy from falling into the trap of record inflation and
economic instability.

According to the research findings, it is suggested that, first, policymakers should
explicitly consider the macroeconomic effects of fund shocks when designing their
programs, and any decision regarding wages, pensions, or insurance premiums should be
accompanied by a careful assessment of its inflationary, recessionary, and budgetary
consequences. In the next step, they should fundamentally consider structural reforms of
pension funds instead of focusing on short-term solutions such as funding from the
government budget. In this regard, it is necessary to first establish a multi-tier social
security system model in accordance with international standards, such as those of the
World Bank and the International Labor Organization. Moreover, the pension fund model
should transition to a fully funded system so that the role of investment income in financing
pensioners becomes more prominent. In addition, parametric reforms such as changing the
retirement age, the insurance premium rate, and the pension determination formula should
be considered.

Furthermore, pension funds should strengthen their productive investment and asset
management in accordance with the investment management standards of internationally
recognized reports, and improve the composition of their asset portfolios; the majority of
their investment resources should be directed towards highly liquid and low-risk assets.
Also, one of the initial steps for the independent management of funds is ensuring the
transparency of their financial statements and updating the statistical information system
based on actuarial science.
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Graph 3: Trends in the Government Budget and Government Transfers to Pension Funds,
2005-2021 (Iranian Parliament Research Center (2024), the Central Bank of Iran)
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Graph 5: Trend in the Replacement Rate of the Civil Servants Pension Fund (Statistical
Yearbook of the Civil Servants Pension Fund, 2021).
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Graph 6: Trend in Government Debt to the Social Security Organization, 2016-2021
(Thousand Billion Tomans), (Iranian Parliament Research Center, 2024).
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Tab. 1: Transmission Mechanisms of Pension Fund Imbalance Shocks to Inflation, Exchange
Rate, and Economic Growth
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Tab. 2: Steady-State Values of the Key Variables in the DSGE Model

. w b lade w b lade
. sl .. sl
. (SS) sy o (SS), 2t
Q‘Fdww C 5 QGJ,:&JM T'r' oy
o Y Wi & Gykuo Y
PV 3\ KU V] PRUWILAR i
FL R AT el i Y Sty Conn Defecit .
R Y G
4 g3 )b Coms G A (B9\we (s S Comd|  Defecit v
KWWY Y KWt Y

(s sl :35La)

D90 @) (V) Jgio B > ol sbatil Iy DSGE e (sl siel)ly ygmmsl S’ ol

DSGE Jao sl pol )b oygmwl pd 52 Jous
Tab. 3: Calibration of the DSGE Model Parameters
Syl 9 (Pr 5 (sl piol )b

oS e
>l dled LUl sl g by &b
W)
Cgod > By £ 5 b3 &5 om Al
DSGE lysl )5 Jsane jsbody 5 o (% —1) \
3 o B ‘ (Ve oV) V558ly 5 ol
o B A Sl By £ cdawgs Jbyd (slaygiS )
13 g g0 428,5 Jla3 )3 7Y dgus aiVL_w
g dnlss B =097
. i
e P9 2SSy bl 4 g pgwpe lodl
) o Y ol dawg oy slayg i8S 3 0594 o8l (Vo)) Yoo 904 50,8
9 Spae .
Db oo )5 Jlaid ¥ g Vb b 5
célp
A, ggpm ddye Cumwlus &Sl B3 L
S9y kS ol bogio b g S o8 s o8y 3jeswd )
(o} /o (Y+\A) JB&
BY SYL lade) cowl sa b Glsasl Vo sae
(Cawl 208 Comoluwe Baimd LS
a /¥ ]
KWV IR 03,8 35l /KO L /YD o1y oy VFeY oy 5 ks

1 Smets & Wouters
2 Fernandez-Villaverde



sl 215 (s3baBl SolxSlao doliLiad d,'/:{’ {/5/ 1 22 s

S Mgl 2 Jglie (g )lade Ve YL Sl ¢ 55
ayloyes oS el o
Slo g (Sl b oS s ol
‘ 9 350 e Jold) do i chaogie psboas ) )
dow (5> Ep T Y. 62‘.4»}] u...ol.; Ol.n)'l.w dows U""‘ﬁs
cCawl 3aznd Z¥e 33 ol 53 (Lo yd,ls
Capu oeli Qlojlms (Spaie Jgord 4 4295 s
& (5 yoms o dgi bawgio yebdy Sy (6 peimme (sloinl | ool olojlu VLo (bl 355
3 jodasd ¢ S o 8l yd |y 398 Sjesmd oy )3l /£ Voo elanl
(=5%k)
g lagskioo Jl oacdyizio bl 3T Lol
Sl . 22 3l bogio ooty 31 (gl Jlu 5> (St | el lojlo ¥l (olal 3155
O i ) e 20 09 dtuniizl FO Jels Voo Ve o sloan]
(Je!
S8 ot 5 s> dadgy an bgpye Lol a5l ol
4 cdgd r et (SSaS pAl Gllw )3 4508 Ay
Tt : .
i Gge A ooy s el o gy gl Gy ady | elen] el Glojl dews ople
t
GDP PRPVINES RN [P W 351 74 S PR O PSS
|
Sil e Ja o b el )b &b
& oy Sl asly 5l G STy suiad o Lis
. O Vo (WYa¥) o Ls'ss
osc) )5 pag=5 Alow Jdsan) col pyo 4y 5555
(55 (cle! 2 WL
S S SRS YL ol SLy s )l .
Jss 51y Gl Lol yd &y Cand o
mSly e
P YL )5 il 5 galy ldlas 4 a2 gl
wo s | Py 1o » (WYA) LS5
a8 by adgs ol a9 g ol
Mg
a0 Jdvay g 13 wldlas 590, 5l lae
sibolgon " 55y Sl oS o 5oe g Slinebl (¥+-0) "Lilly 53,9839
p. .
R EF P oyt &3 2 SLSL el 3l ol WAY LS g
A8 bl
o) oo b o pSolee ad Slblug 4 gl
2 8 TLll AT as8,S a5y V0 4iiS das )3 GDP &3y b slo Sles
Y
GDP ol 00

1 Woodford & Walsh




|

Comlus P L,_M.; 5 g doloyw J S &y baiad L
o, | D (¥-+0) " by 5
wlopw ol (ol Jde) cl lpl Slaidl o9,

(aios slaassly zisle)

Slalllas g oyl 305 (slmodls ¢ Mol o closl oluly oS (sl ol 54a5 oo alan Mo (¥) Jsi> 3illao
Cawl cpl o (2,8 (Vo0 V) «€Gy0lg» g Ciiow dalllae yulily iges lgisay (hilodd  23)l0d0 yuiiny (250
Siloaige slp ol dye byd ol g Cal ZY (s 0y00 253 bausgio dnwgs Jbo ) slajgidS )5 o8
om0 25294 gl A 1l 01 S L5 IRV Jolas (B) (83 o35 eyt g e
ol oads Sl Jdo (55100 5 (30e o] Ken SllasMe Jdoas

d9dsn gl sloyedyg) silwding bypd jl &5 Bpas g il ple Ay (ogad )y B
.. c . : e a s ¢.0 WM
S amye Ui |y (§52)5 Sy copd pogSan b Gpme niile S O yully (PLycy = )
los 9 (410 oo L) st )5 Sy )l 39800 453 (Vo)1) €o3593g=5456,8» ddllas 3illae
S Rl b ggdge (pl 39 les ¥ oo 6 Spgoinl 13 8 ploj Jsbo )3 Spae silujlgen 4
L agalye 53 (> Lajlgls (alyd iz )3 oS cond JB5lo b 25 9 (5] 550 oS5 5 ol Sl
P G Ay Sipl s drgil g Cwl I G956 Ao esSne (RIS Sl P S dlayy o LS
A5lg5 od 5 At HIS Aol &y Hlal e 3l Jad slacus 8 355 oy 1,5, Lol il o ialS condia
25 Sladllas (olns gl p B3game 13 +/SY S 09y dsye iiS aimd gals |y 365 18 clels  Solw &

Szl byl ey do g5l 48" cawl S5 LB (0 = 0.8) 000 £ (sl lgad do)d sl dn g joguad )
9 PN Oypod (MF g (o) S b 4 Gl ) el 8500 E55 i @ 655 e L bl ol
byt 5 e 52 B 8,93 800 9 (9 830U O yial)ly gy yobs 8428 13 (aBlgys 2,5 oo 90 )]
s930 (b 3 g (ol 1) oy 5 Sl (350 SOL Sepl 4 dogl o)l 3N 5+ e ol )
Om & dogl &S Cuol oad 48,8 sy oA Jolee 9 ) 4 005 copd pl I WS o Jlasl 0y50 i
5ylaliwl ok BaclE ululys oyl pogMe )by Slosren jaiS sl il b ol )3 dgw 5 (gygtwd
90 14 fcunl ons Ol V.0 Joles caslllan oyl jo a8 3L Y 5l 55,5 0 Sb pye olb (ol
s JolS b o 508, b 5sShe el

23 o g ) 635 Jlgdl Sllugs o SlS slo ol (st putedd (39031 9 (2 im y91 2

2 S (gloyially 9o ol cper 0yl gy S Sod cloanl B calps syl 538 psbar b

1 Gali & Monacelli



sl 215 (s3baBl SolxSlao doliLiad d,'/:{’ {/5/ 1 22 s

sl colps 4 bgye gols Wgs e odliiwl (IRFs) S ol wSe plgs g zols Julow j» isw o)

sl 05 1) (£) Jgd 5> Sad

DSGE Juso Soui slawiylyd 510 (AR) sl piol,ly 5,91 gl :£ Joun
Tab. 4: Estimated Autoregressive (AR) Parameters of Shock Processes in the DSGE Model
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Tab. 5: Results of estimated coefficients of standard deviation of shocks in the DSGE model
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Graph 7: Prior and Posterior Distributions of the Estimated Parameters (Source: Research
Findings)
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Graph 8: Brooks—Gelman Multivariate Diagnostic Test (Source: Research Findings)
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Graph 9: Impulse Response Function of the Government Budget Deficit to a Pension Fund
Deficit Shock (Source: Research Findings).
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Graph 10: Response of Monetary Variables and Inflation (Source: Research Findings).
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Graph 12: Impulse Response Functions of Foreign Sector (Real and Nominal Exchange Rates).
(Source: Research Findings).
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Abstract

Iran’s banking system, characterized by structural duality between large state-owned banks
and smaller private institutions, experiences persistent profitability gaps that threaten
financial stability and efficient resource allocation. Traditional regression methods are
unable to identify the heterogeneous effects of determinants across different profitability
levels. This study aims to analyze the profitability gap using quantile regression to examine
the differential impacts of bank-specific and macroeconomic variables throughout the
profitability distribution. This research is crucial for developing targeted policies that address
the specific challenges faced by banks at different performance levels. Main Question: How
do determinants of bank profitability vary across different quantiles of the profitability
distribution? Main Hypothesis: The effects of bank-specific and macroeconomic variables
on profitability are heterogeneous and asymmetric across different quantiles. This research
employs a quantile regression approach on data from 20 Iranian banks from 2011 to
2023, examining the differential impacts of variables including bank size, loan portfolio,
deposits, non-performing loans, and macroeconomic indicators. Results show significant
heterogeneity: non-performing loans strongly affect low-profit banks, while liquidity
growth significantly impacts high-profit banks. Symmetry and slope equality tests confirm
distributional asymmetry. The findings emphasize the necessity of developing tiered
regulatory frameworks appropriate to banks’ positions in the profitability distribution.
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Iran’s banking system has undergone significant structural transformations since the

1. Introduction

Islamic Revolution, evolving into a dual structure consisting of large state-owned banks
and smaller private institutions. This structural duality has led to significant performance
inequalities, where potential profitability gaps undermine financial stability and economic
development. Although previous research has identified various determinants of bank
profitability, most studies rely on mean regression methods that assume homogeneous
effects across the entire profitability distribution. This approach neglects the potential
heterogeneity in how different factors affect banks at various performance levels.

The necessity of this research stems from several important considerations. First, Iran’s
banking system faces unique challenges, including economic sanctions, fluctuating oil
revenues, and structural reforms, making context-specific analysis essential. Second, the
implementation of the Interest-Free Banking Law has created distinctive operational
characteristics that differentiate Iranian banks from conventional systems. Third, existing
literature primarily focuses on average effects, potentially overlooking important
distributional variations that could inform more effective policy interventions.

The main research question addresses how determinants of bank profitability vary across
different quantiles of the profitability distribution. The main hypothesis states that the
effects of bank-specific and macroeconomic variables on profitability show significant

heterogeneity and asymmetry throughout the distributional spectrum.

2. Materials and Methods
This study uses comprehensive data from 20 Iranian banks during 2011-2023, resulting in
an unbalanced panel of 202 observations. The sample includes both state-owned and
private banks, ensuring representative coverage of the banking system’s dual structure.
The methodological framework utilizes a quantile regression approach that offers
several advantages over conventional methods. Unlike ordinary least squares that estimate
conditional mean functions, quantile regression provides a complete description of the
conditional distribution, making it particularly suitable for analyzing heterogeneous effects.
This method is also resistant to outliers and does not require strict distributional
assumptions.
The model specification includes both bank-specific and macroeconomic variables.
Bank-specific factors include size, loan-to-asset ratio, deposit-to-asset ratio, non-

performing loans ratio, and cost efficiency indicators. Macroeconomic variables include



GDP growth, liquidity growth, inflation rate, and market concentration measured by the

Herfindahl-Hirschman Index.

The estimation method uses simultancous quantile regression with bootstrap standard
errors for robust inference. The analysis examines multiple different quantiles for
comprehensive coverage of distributional heterogeneity. Additionally, formal symmetry
tests and slope equality tests are conducted to validate the observed heterogeneity.
Qup(TlXie) = a; + P1(T)Sizey + B3(v)Loany + P4y (v)Deposity + Ps(t)NPLy,
+ Bs(T)Costy + p7(v)HHIy + Pg(T)GDPy + Po(T)M2y;
+ [, (t)LARGE;; + €;¢

3. Discussion and Results

Empirical results reveal significant heterogeneity in how determinants affect bank
profitability across different quantiles. For banks in lower profitability quantiles, non-
performing loans emerge as the most significant constraint. This indicates that credit risk
management is particularly crucial for struggling banks. Similarly, deposit ratios show
stronger negative effects in lower quantiles, indicating potential funding cost pressures for
less profitable institutions.

Conversely, for high-performing banks, macroeconomic factors show greater
importance. Liquidity growth has significant effects, indicating that prosperous banks are
better able to capitalize on monetary expansion. Bank size shows a complex pattern,
indicating that medium-sized banks face specific scale-related challenges.

The market concentration variable reveals an interesting pattern. This suggests that both
very strong and very weak banks benefit from market concentration, while medium-
performing institutions face competitive pressures.

Formal hypothesis testing confirms these patterns. Symmetry tests reject the null
hypothesis of distributional symmetry. Similarly, slope equality tests provide strong
evidence against parameter homogeneity, validating the quantile regression approach.

The findings align with several theoretical perspectives. The differential impact of non-
performing loans supports the bad management hypothesis for struggling banks, while the
importance of macroeconomic factors for high performers reflects their superior risk
management capabilities. The complex size effects are consistent with theories suggesting

both scale economies and diseconomies in banking.
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4. Conclusion

This study provides compelling evidence for the heterogeneous nature of profitability
determinants in Iran’s banking system. The findings challenge the conventional one-size-
fits-all approach to banking regulation and supervision. Instead, they support differentiated
policies that consider banks’ relative positions in the profitability distribution.

For low-profit banks, policy interventions should prioritize credit risk management and
non-performing loan resolution. Enhanced supervision, improved underwriting standards,
and effective recovery mechanisms are particularly crucial for these institutions. For high-
performing banks, policies should focus on maintaining macroeconomic stability and
creating an environment conducive to leveraging monetary expansions.

This research contributes to the literature in several ways. Methodologically, it
demonstrates the value of quantile regression in capturing distributional heterogeneity in
banking performance. Theoretically, it provides insights into how different theoretical
perspectives apply to various segments of the banking system. Practically, it offers
actionable guidance for regulators and bank managers.

Future research could extend this analysis by incorporating additional variables such as
digital transformation indicators, corporate governance measures, and external shock
indicators. Longitudinal analysis tracking individual banks’ movement across different

quantiles could also provide valuable insights into performance dynamics.
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Tab. 4: Results of Slope Equality Test for ROE
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Tab. 6: Fisher Panel Unit Root Test
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Tab. 7: Quantile Regression Results for Return on Assets (ROA)
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Legend: * p-value <.05; ** p-value <.01; *** p-value<.001
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Tab. 8: Quantile Regression Results for Return on Equity (ROE)
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Legend: * p-value <.05; ** p-value <.01; *** p-value<.001
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Fig. 1: Quantile Regression Plots
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Abstract

Since a more diversified and exclusive production structure is associated with a high level of
industrialization, variables that affect the share of industry in GDP also affect the economic
complexity and production capacities of countries. One of these variables is the exchange
rate. Changes in the exchange rate, by increasing the cost of imported inputs, reduce the
diversity of exports in the short term and have a negative effect on economic complexity.
In this study, the effect of the real exchange rate on economic complexity with an emphasis
on structural changes in the Iranian economy is examined using the Bayesian averaging
method during the period 1974-1979. Accordingly, first, the structural change index in the
Iranian economy is extracted using the principal components method and eleven economic,
social, and political variables. Then, using this variable and other variables such as GDP
per capita, government final consumption expenditure, degree of trade openness, natural
resource rent, financial depth, population density, and education, the analysis is carried out.
According to the model results, the economic complexity index is affected by three key
variables: the intensity of structural change, the real exchange rate, and GDP per capita.
The effect of structural change on economic complexity is negative and very weak. This
factor can be related to the lack of attention to highly complex and high-tech export sectors
in the industrialization process, which indicates dependence on limited and low-diversity
goods. In other words, weak structural change or specific structural changes can prevent the
promotion of economic complexity. In contrast, the real exchange rate has a positive effect,
albeit with high uncertainty, on economic complexity, which is consistent with another
research. This factor can indicate the moderating role of competitiveness in promoting the
export structure.
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1. Introduction
Since a more diversified and less monopolized production structure is associated with a
higher level of industrialization, the variables that affect the share of industry in gross
domestic product (GDP) also influence economic complexity and the productive capacities
of countries. One of these variables is the exchange rate. Exchange rate fluctuations, by
increasing the cost of imported inputs, reduce export diversification in the short run and
have a negative impact on economic complexity. In this study, the effect of the real
exchange rate on economic complexity, with an emphasis on structural changes in Iran’s
economy, is examined over the period 1974-2023 using Bayesian Model Averaging
(BMA). First, the structural change index of Iran’s economy is extracted using the Principal
Component Analysis (PCA) method and eleven economic, social, and political variables.
Then, using this index along with other variables—GDP per capita, government final
consumption expenditure, trade openness, natural resource rents, financial depth,
population density, and education—the analysis is conducted.
In contrast, the real exchange rate has a positive effect—albeit with high uncertainty—on
economic complexity, which is consistent with other studies. This reflects the role of
competitiveness adjustment in improving export structures. GDP per capita shows a
relatively strong positive effect, indicating a direct relationship between the level of
economic development and economic complexity. The interaction model performs best
among all models. In this model, structural change maintains a negative and persistent
effect, while the interaction effect of the exchange rate and structural change on economic
complexity is positive, whereas the exchange rate alone plays a limited role. Financial
development has a relatively strong positive effect on economic complexity, indicating its
complementary role. Natural resource rents show a weak negative effect, and finally,
government consumption expenditure has a very weak negative effect, suggesting a limited
role for the government in economic complexity.

2. Methodology

The aim of this article is to examine the effect of the real exchange rate on economic
complexity with an emphasis on structural change in Iran’s economy. Based on the existing
literature and following the models of Kuznets et al. (2014), the structural change index is
extracted. To examine the effect of real exchange rates on economic complexity, it is
necessary to calculate the structural change variable. Studies in the field of structural
change have used various methods to calculate this index, including the Lillian Index (LI)
(1982), the Dietridge Index (2009), the Modified Lillian Index (MLI), the ESC Effective
Structural Change Index in Cardiveau (2017), the research method of Teixeira and Quiros
(2016), and the method presented by McMillan and Roderick (2011). A review of these
methods shows that in some of them, one or a limited number of variables are entered as
structural change indicators in an equation (Sirquin, 1986 & Pender, 2003). In some other
studies, a large number of macroeconomic variables are considered individually in separate
equations (Branson ef al., 1998 & Chenery & Lillian 1975). In short, most studies have
been limited to analyzing labor mobility and productivity convergence between economic
sectors to calculate structural change. This study, using the 2014 Kolbor study, attempts to
fill this gap by providing a multidimensional index. In relation to why this method is used,
it is worth mentioning that structural change includes several aspects of important changes
in the economy.



One of the main attractions of Bayesian model averaging techniques is that they provide
a coherent way to infer the regression parameters of interest by explicitly considering the
uncertainty arising from the estimation and model selection steps (De Luca & Magnus
2011). The introduction of uncertainty is often in the context of including explanatory

variables in the model, choosing dependent forms, or choosing the lag length of dynamic
responses. As shown by Magnus & Durbin (1999) and Danilov & Magnus (2004), the
model selection process is important and likely has non-negligible effects on the statistical
properties of the estimators. The basic idea of Bayesian model averaging is that, despite
the existence of many plausible models, inference based on a single model is not correct
and one should average over all models.

3. Main Findings

It is recommended to avoid excessive reliance on single-product exports and to pursue
targeted diversification of the export structure. Exchange rate policies should aim at
maintaining real competitiveness rather than merely stabilizing the nominal exchange rate.
In line with other results, investment in productive infrastructure and improvement of
domestic productivity can provide an effective path toward increasing economic
complexity and reducing dependence on primary exports. Therefore, sustainable export
development requires synergy among industrial, exchange rate, and development policies.
Low production productivity exposes society to problems such as higher production costs,
lack of competitiveness in global markets, and declining product quality. Enhancing
national productivity requires appropriate policy implementation. Governments should
design policies that incentivize firms to produce more complex products. Public investment
in infrastructure projects such as education, energy, airports, and highways can improve
economic diversification. Thus, the findings emphasize the necessity of considering
economic complexity in exchange rate policymaking.

4. Conclusion

According to the model results, the economic complexity index is affected by three key
variables: the intensity of structural change, the real exchange rate, and GDP per capita.
According to the results, structural change has been associated with a decrease in economic
complexity. Most importantly, GDP per capita, with a positive and relatively strong effect,
shows a direct link between the level of economic development and economic complexity.
The real exchange rate, as a key indicator in open economies, plays an important role in
shaping comparative advantages, sectoral resource allocation, and export structure. By
affecting relative profitability across sectors, it can influence growth patterns, the
complexity of the economic structure, and the pace of structural change. Since the collapse
of the Bretton Woods fixed exchange rate system and the adoption of floating exchange
rates in 1973, the effects of exchange rates on international trade volumes have been widely
studied theoretically and empirically.

To conduct this research, the structural change index of Iran’s economy was first
constructed based on the studies of Kalmbor, Kuznets, and Chenery using the Principal
Component Analysis method and eleven economic, social, and political variables,
including: the share of agriculture, industry and mining, and services in GDP; the share of
these sectors in employment; the ratio of total exports to GDP; the ratio of total imports to
GDP; urbanization rate; mortality rate; and birth rate.
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Using the first principal component as the structural change index and other variables—
GDP per capita, government final consumption expenditure, trade openness, natural
resource rents, financial depth, population density, and education—the analysis was
conducted using Bayesian Model Averaging. Model 7, chosen as the best Bayesian
structure based on posterior probability (PMP), shows that the Economic Complexity Index
(ECI) is influenced by three key variables: export specialization intensity, the real exchange
rate, and GDP. The results indicate that increased export concentration is associated with

lower economic complexity, reflecting dependence on limited and low-diversity products.
In contrast, the real exchange rate has a positive effect, highlighting its role in enhancing
competitiveness. Most importantly, GDP has a relatively strong positive effect, indicating
a direct link between economic development and export complexity, such that countries
with higher productive capacity are better able to produce complex products.
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Tab. 7: Rotated Component Matrix

adlyo

) A
SAGRI - Ivyy —[O¥¥
SIN —-/yov LRL
SRVC NISN EAAYs
SLAGRI —+ /AR < /¥YA
SLIN - IvsY — /0.y
SLRVC e —./yvy
SXPRT < [-0) MY
SIM —+/A¥- AL
UR <A —/YA-
BR —+[a¥¥ AN
DR —+/AY <J¥Yay

(o5 Sl sisle)

a8l yid > sladdlie a5 o s Ly yile pl g oo 03l lis aadlie o Ly yile (A) Jod> 5o
ol oas bais glol Ml § din Lol sloadlye | s oS5

Wadlze Jodd (g yilo A Jgaa
Tab. 8: Component Transformation Matrix

4dlho \ Y
) —+/AbO IR
Y IR - [Aod

(oo Slslo 1351)

Ul Sy 551 E5 P il £
9 L;.\La:é] E9 cw)m d)?t-é beLo L;lbﬁi‘;o )‘l Lgbl..aﬁl L;m L;lo.b-l Lglsbd/o;o gL»L.w d‘)—.’
Sl Do puo ¢ M LBl gl yuxio o}l Jolge | mawg b Olodl (] 0445 so odliinl Clyplo g4
ol ol Llod 5§J1 5 oS .))].) Ls»l.lbﬁm ):l.w u..f)S L u.iwu L;.)La...‘il uf.h?w/u gyeo ).6)41 .))91){
sl 38 155 251 2 Bt o ((Prmdgs sl it Cilise (slacaS ) Jdo cillisn (slago pa oyl b
325 Jhe 3L (YoVY) €lgssh> g €pgh> g (Vo)) € wlisbY» sile o yo0 Slalllas ¢ (o ko clodl wluly
ol 0as odlawl Buiod oyl 4o

1 Varimax



ol 2 ol s i td D Ll’,, K o 53l b H

ECI= f(eci, rer, fi, X)) (¥)

aer sdly 5yl & Jold Jitue (slo puiio g )yl (eolail Sumey S Li €CT diuly puite ¢ Jdo 3l 5

)‘ g0 )d ol 0D ul?u;‘ d‘m «_:LJ.)‘ (.)"L‘A)’ L&:).a.u.o )JL» )‘ (_g)l.))gX 9 (fl) ‘_g)blw )...uu ua.‘>l.w
Gl odlamsl Suoy asls .ol ons oolitul oolaml Suouy p ave B 8 Joa e can
5 g 59iS o &S SV guaze y3 45 sl sl 5 i g bl o Ll 6 Sejlul ¢l
S Slle b 55 4 bgipe CleMbl S 5 b 598 S o3kl (S Lo (5 S (o0 plo

9 o0 dawlrs it Y guass ol Mg 4 B as e )ygiS dlaws m o Y game (6,51, ¢ yguS
Cazo 0515 ((oolaidl dawgl maw (6,50jl0l gly (gHlre laisds ailpw A3 QB g e dw
dolllas 1 43Sy bi9el eite 3 )T g9 slp g emen U3l 5 ) (59, B3l (gl (g )lme iy
slasl (suS sl 2sls | (S (GDP) By (el ale .casl oads eslazul (V- o V) o, Kan o '« ponsla®
Jsb )3 )9S Sy oadasye alos Sleds o LY S (6,¥o L) by oj)) ges Jeols 45 canl oIS
o o (£ 5:50310] gl padld il oo U515 LAl agr o (Lo Yoans) asein Sloj 5L S
9 Sipld Wolo oy p sl )l (392 b ke (Emen Db e Cgune nyedS (oladl dawg g
dalllas 5l ol slacd oy g (P9oE sl syl ke yu Jdos (gl o ool ¢J9> slods s
3 b @lie cdly puite 5 (VoY0) T€ple p ddlla 1T Jle duwsgs asli g (V-7 ) oo 5 T€p55
Sz pw il Ep 8 ilwdse 9 bpsio oo gly ol onds olaiol (VYY) €Ll 5 «LILY dallas

(VoY e65) ol o ookl ® o5 (6105 6l gy 3l (g3Ladl

3 e 50 (300 (Sl 1 Jgua
Tab. 9: Research variables in the Bayesian model
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Abstract

The impact of fiscal illusion on economic well-being is significant because it causes
perceptual errors in evaluating real income and expenditures, influencing financial decision-
making and economic policies that ultimately lead to fluctuations and changes in economic
well-being. Therefore, given this importance, the primary objective of the present study is
to examine the effect of fiscal illusion on economic well-being in the context of government
size during the period from 1978 to 2023. To this end, economic well-being and fiscal illusion
were first measured using a composite index based on four dimensions and the multiple
indicators-multiple causes (MIMIC) method. Then, considering the potential asymmetric
effect of fiscal illusion on economic well-being, coefficient estimation was performed using
the nonlinear autoregressive distributed lag (NARDL) approach. The results indicate that
an increase in government size reduces the positive impact of positive shocks and the
negative impact of negative shocks of fiscal illusion on economic well-being, meaning that
government size plays a moderating role in this relationship. Additionally, the positive effect
of fiscal illusion during positive shocks on economic well-being is significantly stronger
than its negative effects during negative shocks. Among control variables, per capita income
and economic growth had positive effects on economic well-being, while inflation had a
negative effect. Another finding reveals that economic well-being significantly declined
during the years 2017 to 2023.
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1. Introduction

Since the collapse of the Berlin Wall in 1989, many transitional societies have witnessed

significant improvements in their welfare levels. Consequently, welfare enhancement has
become a major concern for policymakers, who strive to demonstrate their commitment to
public well-being. In Iran, following the 1979 Revolution, people demanded better living
standards, social justice, and general welfare. However, in the early post-revolution years,
these aspirations were not fully realised. Numerous factors influence a country’s economic
well-being. Empirical studies (e.g., Sowa & Edpri, 2007; Nan & Zhang, 2018; Wu & Liu,
2023) show that government and public expenditure play a significant role in economic
and social welfare. Thus, government spending can be regarded as one of the most critical
determinants of economic well-being. The undeniable roles of governments in resource
allocation, economic stabilization, production of public goods, and income redistribution
are well-established in economics. Increasing government intervention in fiscal matters has
led to rising revenues and expenditures. In Iran, the expansion of public sector activities
has made it difficult for the government to secure resources for its duties. Consequently,
budget deficits and financing methods have become a challenge. Identifying the causes of
public expenditure growth is a central theme in public sector economics. Among various
theories, the fiscal illusion hypothesis has received considerable attention (Maddah &
Jeyhoon-Tabar, 2018).

Fiscal illusion refers to a systematic misperception by taxpayers of the actual tax burden
and the cost of public goods. It arises from complex tax structures, indirect taxes, or debt
financing, leading taxpayers to underestimate the true cost of government. This illusion can
distort individual financial decisions and aggregate policy outcomes, ultimately affecting
economic well-being. While traditional research has focused on fiscal illusion’s impact on
budget deficits or government size, its direct and indirect effects on economic welfare
remain underexplored — especially in developing countries like Iran.

Moreover, most earlier studies assume a linear and symmetric relationship between
fiscal illusion and welfare, ignoring potential asymmetries. The role of government size as
a moderating variable in this relationship has also been largely overlooked. Given these
gaps, the present study aims to: (i) compute a fiscal illusion index for Iran over the period
1978-2023 using the Multiple Indicators-Multiple Causes (MIMIC) approach; (ii) examine
the asymmetric impact of fiscal illusion on economic well-being; and (iii) analyse how
government size moderates this relationship. To achieve these goals, we employ a
Nonlinear Autoregressive Distributed Lag (NARDL) model, which captures both short-run
and long-run asymmetries. The findings are expected to provide valuable insights for fiscal
policy design in resource-dependent economies like Iran.

3. Discussion

The empirical results reveal several important findings. First, fiscal illusion exerts an
asymmetric effect on economic well-being in Iran. Positive shocks to fiscal illusion have a
significantly larger positive impact (0.054) than the negative impact of negative shocks
(0.017). This supports behavioral economics theories suggesting that cognitive errors such
as fiscal illusion generate stronger psychological and economic responses when they
temporarily boost consumption and economic confidence than when they reduce them. The
stronger effect of positive shocks implies that during periods when taxpayers underestimate
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the true tax burden, perceived wealth increases, stimulating consumption and short-run
welfare, albeit often at the cost of future fiscal imbalances.

Second, government size plays a clear moderating role. An increase in government size
reduces both the positive effect of positive fiscal illusion shocks and the negative effect of
negative shocks on economic well-being. This means that a larger government (higher
expenditure-to-GDP ratio) dampens welfare fluctuations induced by fiscal illusion. In other
words, the public sector acts as a stabilizer: it limits the illusory welfare gains during
positive shocks but also cushions the welfare losses during negative shocks. Consequently,
government expansion can be viewed as a negative factor when fiscal illusion is rising
(since it reduces undeserved welfare gains) but as a positive factor when fiscal illusion is
falling (since it protects against welfare declines). The moderating role is consistent with
earlier findings (e.g., Afonso & Furceri, 2010; Kunawotor et al., 2025) that larger
governments can smooth economic fluctuations through automatic stabilizers and
counter-cyclical policies.

Third, among control variables, per capita income and economic growth positively
affect economic well-being, while inflation has a negative effect — in line with standard
economic theory. The dummy variable for 2017-2023 (post-JCPOA sanctions
intensification) shows a significant 24% decline in economic well-being, highlighting the
severe welfare cost of heightened international sanctions. Finally, the error correction term
(—0.37) confirms that about 37% of any deviation from long-run equilibrium is corrected
within one period, validating the existence of a stable long-run relationship.

These findings have important policy implications. Policymakers should avoid
excessive government expansion that might erode productive efficiency, but maintain a
balanced government size that can mitigate the adverse welfare effects of fiscal illusion.
Given the asymmetric nature of the effects, regulatory policies should be designed to
manage positive shocks (which have broader welfare implications) while simultaneously
cushioning negative shocks. Controlling inflation and fostering sustainable per capita
income growth remain essential for improving economic well-being in Iran.

4. Conclusion

This study examined the asymmetric effect of fiscal illusion on economic well-being in
Iran, emphasising the moderating role of government size over the period 1978-2023.
Using a composite index for well-being, a MIMIC-based measure of fiscal illusion, and a
NARDL modelling framework, the analysis yielded several key conclusions.

Fiscal illusion has a significant but asymmetric impact on economic well-being: positive
shocks to fiscal illusion increase well-being more than three times as strongly as negative
shocks decrease it. Government size moderates this relationship — a larger government
reduces both the positive effect of positive shocks and the negative effect of negative
shocks, thereby stabilizing welfare fluctuations. Among control variables, per capita
income and economic growth enhance well-being, while inflation erodes it. The
post-JCPOA sanctions period (2017-2023) caused a substantial 24% decline in economic
well-being.

These results underscore the importance of designing fiscal policies that account for
behavioral biases and the stabilising function of government size. Policymakers should
avoid both excessive government expansion (which may waste resources) and excessively
small government (which may leave the economy vulnerable to illusion-driven volatility).
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Instead, an optimal government size that balances efficiency with stability is recommended.

Controlling inflation and sustaining real income growth remain essential for long-term
welfare improvement.

The study has limitations. First, the MIMIC estimation of fiscal illusion relies on
available proxies; alternative indicators might yield different results. Second, the analysis
focuses on Iran, limiting generalizability to other resource-dependent or developing
economies. Third, the dummy variable for sanctions captures only the post-JCPOA period,
future research could incorporate time-varying sanction intensity measures. Further studies
could explore cross-country comparisons, micro-level survey experiments on fiscal
illusion, or the role of institutional quality in shaping the illusion-welfare nexus.
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Graph. 1: The trend of fiscal illusion in the Iranian economy (Source: research findings).
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Tab. 1: Average of the research variables across sub-Eeriods
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Tab. 2: Results of the unit root tests
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Graph. 2: Time-series decomposition of fiscal illusion (Source: research findings).
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Abstract

Livestock products are of particular importance due to their role in protein provision and
value addition within the agricultural sector. Given the substantial share of red meat in
household food expenditure, investigating the determinants of its price fluctuations can
enhance decision-making within the product’s supply chain. This study examines the factors
influencing red meat price fluctuations in Iran from 2017 to 2024, employing monthly data
within a Structural Vector Autoregression (SVAR) framework. The red meat price serves
as the dependent variable, with independent variables including barley price, red meat
supply, imported meat volume, urban and rural household income, chicken meat price (as
a substitute), and the exchange rate. The results from impulse response functions indicate
that red meat prices respond positively to shocks in price expectations and barley prices.
While increased imports reduce prices in the short run, this effect reverses in the long
run. Forecast error variance decomposition reveals that price expectations, the exchange
rate, and imported meat account for 87.33%, 6.95%, and 2.02% of the red meat price
variance, respectively. Since domestic prices are significantly influenced by expectations
and input costs, policies targeting these variables are likely to be more effective than
import-centric strategies. Given the importance of long-term stability, the application of
supportive, monetary, and trade policies is recommended to mitigate short-run supply and
import shocks while safeguarding domestic production capacity against long-term decline.
Consequently, to improve public access to red meat, policy should prioritize enhancing
domestic production, financed through savings from reduced import expenditures.
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1. Introduction

Livestock and poultry products play a vital role in protein supply and value creation in the
agricultural sector. In recent years, however, red meat prices in Iran have risen sharply,
positioning the country among the world’s most expensive markets and limiting access for
low-income households. This trend is reflected in declining per capita consumption and a
shrinking share of red meat in household food budgets. Factors such as exchange rate
volatility, production costs, and inefficiencies in the market distribution chain are identified
as primary drivers of significant price fluctuations both globally and in Iran (Pang ef al.,
2023; Alizadeh et al., 2019; Heydari, 2022; Cheraghi &amp; Gholipoor, 2010; Pishbahar
et al., 2015; Heydari &amp; Haj Seyed Javadi, 2024; Vajdi Hokmabad et al, 2018;
Shokoohi &amp; Tarazkar, 2022; Ortez et al., 2024; Zhou et al., 2025; Wu &amp; Xu,
2021). According to Iran’s Statistical Center, the price of barley—a critical feedstock for
cattle and sheep—increased 27.07-fold between 2017 and 2024. To help control volatile
price movements and support both producers and consumers, this research aims to identify
and quantify the impact of various factors on red meat prices in Iran. It further seeks to
propose appropriate policies, considering the specific supply and demand conditions in this

sector, to manage sharp price changes and maintain equilibrium in Iran’s red meat market.

2. Methodology

This study employs a Structural Vector Autoregression (SVAR) model to analyze the
determinants of red meat prices in Iran. The SVAR framework extends the standard VAR
model by incorporating structural equations, allowing for a more precise identification of
relationships among variables such as supply, demand, production costs, and substitute
prices (Pang et al., 2023). The dependent variable is the price of red meat. Independent
variables include the barley price, red meat supply, volume of imported meat, urban
household income, rural household income, chicken meat price (as a substitute), and the
exchange rate. Prices of livestock products were seasonally adjusted to improve model
accuracy, and all data were log-transformed to reduce heterogeneity. Data were sourced
from the Statistical Yearbooks of the Statistical Center of Iran, reports from the Ministry
of Agriculture Jihad, and the Central Bank of Iran. EViews software was used to conduct
stationarity tests, cointegration analysis, and optimal lag selection. The model’s results
were interpreted using impulse response functions and forecast error variance
decomposition to assess the short- and long-term effects of each variable on red meat

prices.



3. Findings and Discussion

The impulse response analysis indicates that a one-unit positive shock to price expectations
in the initial period leads to a 0.038 percent increase in red meat prices. This effect
gradually attenuates from the fifth period onward and vanishes in the long run. Shocks to
red meat supply generate oscillating positive and negative price responses from the first
short-run period through the sixth medium-run period, after which their impact diminishes.
The time lag between production decisions and final market supply results in gradual price
adjustments that become more pronounced over longer horizons. Regarding input costs, a
one-unit shock to barley prices raises red meat prices by 0.03 percent in the short run;
however, this effect dissipates after the fourth period. Shocks to rural and urban household
incomes lead to short-run reductions in red meat prices of 0.002 percent and 0.006 percent
per unit increase, respectively, with effects fading after the third period. Import shocks
exert a strong negative effect on domestic prices from the first to the third periods: a one-
unit increase in imports reduces prices by 0.006 percent. This effect declines progressively,
converging to zero by the sixth period. Exchange rate shocks increase red meat prices by
0.011 percent in the second short-run period, weakening thereafter and disappearing after
the sixth period. Similarly, a shock to chicken meat prices reduces red meat prices by 0.004
percent in the third short-run period, with the effect fading from the seventh period onward.
Forecast error variance decomposition reveals that price expectations account for the
largest share of red meat price fluctuations, reaching 87.33 percent by the tenth period. The
exchange rate is the second most influential factor, contributing 6.95 percent to the forecast
variance, followed by red meat imports at 2.02 percent. Other variables—urban household
income, chicken meat price, red meat supply, barley price, and rural household income—

contribute 1.40, 1.28, 0.53, 0.44, and 0.04 percent, respectively.

4. Conclusion

The impulse response analysis shows that, in the short run, positive shocks to price
expectations and the exchange rate increase red meat prices. In the long run, however, these
effects diminish due to production expansion, expectation adjustments, and supportive
policy measures. Import shocks depress prices in the short term but exert upward pressure
in the long term, highlighting the critical need to support domestic production. Income
shocks and changes in poultry meat prices also exhibit asymmetric short- and long-run
effects on red meat prices, operating through demand, substitution, and uncertainty
channels. Moreover, the dynamics of supply shocks suggest that the red meat market can

absorb temporary disturbances and gradually return to long-run supply—demand
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equilibrium. Variance decomposition confirms that price expectations, exchange rate
movements, and meat imports account for the predominant share of red meat price
volatility. Overall, findings from both analytical approaches indicate that short-term,
reactive policy interventions have limited efficacy in stabilizing the red meat market.
Effective management of price volatility, therefore, requires a structural, long-term policy
framework. Within such a framework, managing inflation expectations through greater
market transparency, alongside stabilizing exchange rate and trade policies, can reduce
uncertainty and moderate price swings. Furthermore, strengthening domestic production
via targeted support for livestock producers—such as direct subsidies, improved input
access through long-term foreign contracts, and enhanced financial and insurance
instruments—coupled with strategic reserves and countercyclical trade policies, can
mitigate short-run supply and import shocks while preventing the erosion of domestic
productive capacity over the long term. Ultimately, effective coordination among
production, trade, and foreign exchange policies, complemented by livelihood support
programs for low-income households, is essential for achieving sustainable price stability

and enhancing long-term food security in Iran.
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Tab. 1: Results of Unit Root Tests and Descriptive Statistics
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Abstract

In recent decades, Iran’s industry has faced an unstable and highly uncertain trajectory under
the influence of structural, institutional, and environmental factors. Persistent dependence
on energy-based sectors, policy instability, weak institutional coordination, limitations in
technological development, and pressures arising from international sanctions have made
this sector vulnerable to external shocks and rendered its future outlook ambiguous. Under
such conditions, scenario planning can serve as an effective tool for identifying possible
future pathways, analyzing driving forces and uncertainties, and providing a framework for
strategic decision-making. The purpose of this study is to develop consistent scenarios for
the future structure of Iran’s industry by combining qualitative data with the Fuzzy Delphi
method. To this end, semi-structured interviews were conducted with industry experts, and
the data were analyzed through coding and an examination of relationships among codes,
followed by two rounds of Fuzzy Delphi in which key factors were evaluated and prioritized
in terms of importance and influence. The findings indicate that four factors—institutional
capacity, the intensity or relaxation of international restrictions, the trajectory of technological
transformation, and the stability of macroeconomic policies—play the most significant role
in shaping the future of Iran’s industry. Moreover, the implementation gap was identified
as a fundamental uncertainty that can either facilitate or hinder the realization of different
scenarios. Based on the combination of driving forces and uncertainties, a set of consistent
scenarios was developed, offering a clear picture of alternative futures. The results show that
future-oriented approaches not only enable the depiction of possible futures but also reveal
the gap between policy objectives and implementation outcomes, highlighting their particular
importance for policymakers and industrial managers. By presenting a national framework
for scenario planning, this study provides a foundation for forward-looking industrial policy
and the management of technological transformation in Iran.
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1. Introduction

Iran’s industrial sector has historically been regarded as a cornerstone of national
development; yet, its trajectory has been marked by persistent instability and uncertainty.
Structural dependence on energy-based industries has created vulnerabilities, while
institutional weaknesses and policy volatility have constrained sustainable growth (Khalili,
Falahati & Soheili, 2023). International sanctions have further exacerbated these
challenges, limiting access to global markets, advanced technologies, and foreign
investment (Laudati & Pesaran, 2021). The cumulative effect of these pressures has been
an industrial system that struggles to adapt to shocks and remains exposed to external
disruptions.

Recent Iranian studies emphasize the importance of foresight and scenario planning in
addressing such challenges. Abtahi Nasiri et al. (2023) explored business intelligence
foresight in the tourism industry, demonstrating how anticipatory approaches can guide
strategic decision-making in sectors vulnerable to global competition. Similarly, Kazemian
et al. (2020) examined scenario planning in the food packaging industry, highlighting the
role of foresight in identifying technological and market uncertainties. These works
underscore the growing relevance of foresight methodologies across Iranian industries.
Globally, scenario planning has been recognized as a strategic tool for navigating
uncertainty and complexity. Ramirez and Wilkinson (2016) argue that scenario planning
reframes strategic thinking by enabling organizations to explore multiple plausible futures
rather than relying on linear forecasts. Derbyshire and Wright (2016) further emphasize the
importance of integrating historical context and intuitive logics into scenario development.
In the context of Iran, where industrial development is shaped by both domestic constraints
and international pressures, scenario planning offers a structured approach to anticipate
alternative futures and design adaptive strategies.

2. Materials and Methods

This research employed a qualitative design, integrating semi-structured interviews with
industry experts and the Fuzzy Delphi method to capture both depth of insight and
structured consensus. Qualitative Interviews: Eighteen semi-structured interviews were
conducted with experts from academia, industry, and policy-making institutions. The
interviews focused on identifying key drivers of industrial change, sources of uncertainty,
and institutional challenges. Data were coded and analyzed using thematic analysis to
uncover recurring patterns and relationships among drivers (Ahmadi ef al., 2020).

Fuzzy Delphi Method: To refine and prioritize the findings, five experts participated in
two rounds of Fuzzy Delphi. Linguistic variables such as “high importance” or “low
influence” were converted into triangular fuzzy numbers to manage ambiguity in expert
judgments (Hsiao & Chen, 2023). This process allowed for the aggregation of expert
opinions and the ranking of drivers and uncertainties based on perceived importance and
influence. The Fuzzy Delphi method has been widely applied in Iranian foresight studies,
including supply chain foresight in the oil industry (Mahmoudi Sharif et al., 2021) and
strategic foresight in the automotive sector (Aminafshar et al., 2024).

3. Data
The interviews revealed recurring themes such as institutional capacity, technological
transformation, policy stability, and external pressures. These themes reflect broader
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concerns identified in the Iranian foresight literature. For instance, Ghasemian et al. (2022)
examined the future of crude oil exports under scenario planning, emphasizing the impact
of international restrictions. Similarly, Qoli Motlagh et al. (2020) explored scenarios for
the medical equipment industry, highlighting technological innovation as a critical driver

of resilience.
The Fuzzy Delphi rounds refined these insights, producing ranked lists of drivers and
uncertainties. Four dominant drivers emerged:
e Institutional capacity: the ability of governance structures to coordinate and
implement industrial policies.
e International restrictions: sanctions and trade barriers that shape access to
global markets and technologies.
e Technological trajectory: the pace and direction of technological transformation
within Iranian industries.
e Macroeconomic policy stability: the consistency of fiscal and monetary policies
that underpin industrial confidence.
The implementation gap was identified as a critical uncertainty, reflecting the discrepancy
between policy formulation and execution (Rajabzadeh & Barzegar, 2023). This gap has
been noted in multiple Iranian studies, including foresight in the oil supply chain (Ahmadi
et al., 2020) and industrial governance analyses (Khalili et al., 2023).

4. Discussion

Institutional capacity is pivotal, as effective governance and coordination can mitigate
vulnerabilities and enhance resilience. Lashgari et al. (2024) emphasize the role of human
resource sustainability in the steel industry, linking institutional learning to industrial
resilience. Weak institutional capacity, by contrast, perpetuates inefficiencies and
undermines policy implementation.

International restrictions remain decisive, shaping access to markets and technologies.
Ghasemian et al. (2022) demonstrated how sanctions influence the future of crude oil
exports, while Laudati & Pesaran (2021) showed the severe effects of sanctions on Iran’s
exchange rate, inflation, and employment, thereby weakening industrial development.
These findings underscore the need for adaptive strategies that can mitigate external
shocks.

Technological transformation represents both a challenge and an opportunity. Qoli
Motlagh et al. (2020) showed that technological innovation in medical equipment can drive
industrial resilience, while Alves et al. (2023) argue that Industry 5.0 emphasizes human-
centered approaches to technological change. For Iran, strategic investment in technology
is essential to overcome structural dependence on energy-based industries and to foster
diversification.

Policy stability is essential for long-term planning. Akhgar ef al. (2023) demonstrated
how economic policy uncertainty influences corporate risk-taking, while Rajabzadeh and
Barzegar (2023) highlighted the moderating role of managerial capacity in mitigating
uncertainty’s effects. Volatility in macroeconomic policies undermines industrial
confidence and deters investment, reinforcing the importance of stable governance.

The implementation gap reflects challenges noted in Mahmoudi Sharif et al. (2021),
who analyzed foresight in Iran’s oil supply chain. This gap can either enable or obstruct
scenario realization, depending on institutional effectiveness and political will. The
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international literature also supports these findings: Oriol et al. (2024) emphasize
uncertainties in climate adaptation, while Zhang & Li (2024) highlights technological
change as a driver of industrial resilience.

5. Conclusion

This study demonstrates the utility of scenario planning in addressing complex
uncertainties within Iran’s industrial sector. By integrating qualitative analysis with the
Fuzzy Delphi method, the research identified key drivers and uncertainties and developed
consistent scenarios for the future. The results reveal that institutional capacity,
international restrictions, technological trajectory, and policy stability are critical
determinants of industrial outcomes, while the implementation gap represents a
fundamental uncertainty.

The scenarios provide policymakers and industrial managers with a framework for
anticipating alternative futures and designing strategies that enhance resilience and
adaptability. This conclusion aligns with Aminafshar et al. (2024), who showed that
strategic foresight improves supply chain performance in Iran’s automotive industry, and
Naderi & Khosravi (2024), who emphasized foresight’s role in expanding SME exports.
By presenting a national framework for scenario planning, this study contributes to both
Iranian and global literature on industrial foresight. It provides a foundation for forward-
looking industrial policy and technological management in Iran, consistent with Alaedini
& Razavi (2018) on industrial policy challenges and Haraguchi ef al. (2019) on drivers of
successful industrialization. Ultimately, the research underscores that scenario planning is
not merely a tool for envisioning futures but a strategic instrument for navigating
uncertainty and fostering resilience in national industries.
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Tab. 2: Sample semantic coding and verbal statements and interviews
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