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Abstract

Background and Aim: Population aging constitutes a major dimension of social change with profound implications for
welfare institutions. In Khuzestan Province, the ongoing demographic transition toward an aging population, alongside an
increasing number of retirees and a declining number of insurers, has generated serious challenges for the financial
sustainability of social security pension funds. This study aims to examine the short- and long-term effects of population
aging on the financial sustainability of these funds. The main aim is to analyze the role of demographic and economic
variables in shaping pension fund resources and to provide empirical evidence to inform policy-making.

Data and Method: This research employs the Autoregressive Distributed Lag (ARDL) econometric model to investigate the
relationships between variables. The data include annual statistics on employment rates, the proportion of the elderly
population, and the average age of the population in Khuzestan, collected from official sources for the period 2010-2020.

Findings: The findings reveal that an increase in the share of the elderly population and a decline in the ratio of employed
individuals to retirees have a negative and statistically significant impact on the financial sustainability of pension funds. The
average population age also exhibits a significant negative effect, indicating the aging of the labor force and its diminishing
contribution capacity. Furthermore, the negative and statistically significant error correction term confirms the existence of a
long-term equilibrium relationship and an appropriate speed of adjustment toward equilibrium.

Conclusion: Addressing the consequences of aging requires coherent and integrated policy responses across health,
employment, education, and social welfare domains. Sustained cross-sectoral coordination is essential for ensuring both
institutional stability and social sustainability in aging societies.

Keywords: Population aging; Social Security Pension Fund; Financial sustainability; ARDL model, Khuzestan Province.

Key Message: Shifts in the age structure of the population, declining employment—particularly among younger cohorts—
and the accelerating aging process in Khuzestan Province threaten the financial sustainability of pension funds. These
conditions highlight the need for comprehensive and socially informed policy interventions.
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Extended Abstract
Introduction

Over recent decades, global life expectancy has increased substantially, leading to a
pronounced shift in population age structures toward aging. According to United Nations
projections, by 2050 the global population aged 60 years and older will be more than four
times its size in 2000. Iran is also entering an advanced stage of population aging: the number
of older adults is projected to exceed 10 million by 2030 and reach approximately 22 million
by 2050. Declining fertility rates and rising longevity constitute the two primary drivers of
this demographic transition. Together, these trends have reduced the ratio of the working-age
population to retirees, thereby placing considerable financial pressure on pension systems.

Iran’s pay-as-you-go pension scheme is particularly vulnerable to these demographic
changes and faces significant challenges to its long-term sustainability. Within this context,
Khuzestan Province represents a suitable case for examining the effects of population aging
on pension funds. The province’s large population size, distinctive economic structure,
relatively high unemployment rate, and substantial proportion of retirees intensify the
financial pressures associated with demographic aging. Although pension funds are
administered at the national level, regional variations in demographic and economic
conditions can generate uneven financial burdens across provinces.

The present study employs demographic and economic analyses to investigate the impact
of population aging on the financial sustainability of pension funds in Khuzestan Province. In
addition, it seeks to provide policy-relevant insights by proposing both parametric reforms—
such as adjustments to existing rules and parameters—and structural reforms aimed at more
fundamental changes to the pension system.

Methods and Data

This study adopts an analytical-comparative approach based on secondary data obtained
from national and provincial statistical yearbooks, population census reports, and records of
the Social Security Organization of Iran for the period 2009-2020. The analysis encompasses
all insured workers and pensioners in Khuzestan Province.

The financial sustainability of pension funds is operationalized as the ratio of total
resources to total expenditures. This indicator is examined in relation to key demographic and
labor market variables, including the proportions of the elderly population, the working-age
population, and the insured population. To capture both short- term dynamics and long- term
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relationships between population aging and financial sustainability, an Autoregressive
Distributed Lag (ARDL) modeling framework is employed.

Findings

The results of the descriptive statistics indicate that the variables under study exhibit
relatively low dispersion, with limited variation around their respective means. Pension fund
sustainability shows a relatively high mean and a small standard deviation, suggesting a
distinct distribution with a slight downward trend over the study period. The share of the
population aged 15-65 displays an approximately symmetric distribution, reflecting relative
stability. In contrast, both the share of employed contributors and the share of the elderly
population exhibit positive skewness, indicating a tendency toward higher values. Skewness
coefficients greater than one further suggest a high concentration of observations around the
mean. Overall, the distributions of the variables are generally more peaked than a normal
distribution, pointing to relative stability in the underlying data.

The results of the ARDL estimations demonstrate that all examined demographic variables
exert a statistically significant influence on the financial sustainability of the Social Security
Pension Fund in Khuzestan Province.

In the short-term model, the share of the elderly population (LPA) has a negative and
statistically significant effect on financial sustainability. As the proportion of elderly
individuals increases, pension fund expenditures rise, thereby weakening the ratio of
resources to expenditures. Similarly, the average age of the population (LAGE) exhibits a
negative and significant effect, indicating that population aging reduces the financial capacity
of the fund. In contrast, the share of employed contributors has a positive and statistically
significant effect, implying that higher employment levels and contribution rates enhance
pension fund sustainability. The autoregressive coefficient (LSPS (-1) = 0.56) is positive and
significant, confirming the dynamic stability of the model and the gradual adjustment of
variables toward equilibrium. Moreover, the model demonstrates strong explanatory power
(R? = 0.84), and diagnostic tests indicate the absence of serial correlation in the residuals.

The long-term models are consistent with the short-term findings. Both the share of the
elderly population and the average population age maintain negative and statistically
significant effects on financial sustainability, while the share of employed contributors
continues to exert a positive and significant influence. The error correction term (ECM =
-1.17) is negative and statistically significant, confirming the existence of a long-term
equilibrium relationship and a relatively high speed of adjustment toward equilibrium.
However, the magnitude of the coefficient suggests that the adjustment process occurs in an
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oscillatory manner. Finally, the CUSUM and CUSUMQ tests confirm the structural stability of
the model over the study period.

Conclusion and Discussion

The primary aim of this study was to examine the short- and long-term effects of population
aging on the financial sustainability of social security pension funds in Khuzestan Province.
The findings clearly demonstrate that population aging exerts a direct, statistically significant,
and weakening effect on the financial sustainability of pension funds in the province. The
ARDL model estimations indicate that key demographic variables—specifically, an increase in
the share of the elderly population and a decline in the proportion of the active population, as
reflected in rising average age—have a negative impact on pension fund sustainability in both
the short and long run. Notably, the magnitude of these effects is considerably stronger in the
short term.

These results suggest that demographic shocks, particularly rapid increases in the elderly
population, lead to an immediate rise in pension expenditures as the number of retirees
grows relative to the number of employed contributors. This imbalance places substantial
pressure on pension fund resources in the short term, while its adverse consequences persist
over the long term. From a theoretical standpoint, the findings are consistent with
Samuelson’s (1958) consumer credit model, which highlights the intergenerational dynamics
underlying pay-as-you-go systems, as well as with the analyses of Barr and Diamond (2008)
regarding the structural vulnerability of PAYG pension schemes to demographic change.

In light of these findings, the study underscores the necessity of designing and
implementing comprehensive, multidimensional policy responses at both national and
provincial levels. Such policies should address demographic aging not only through
parametric adjustments within the pension system but also through broader interventions in
employment, labor force participation, and social welfare. Coordinated and forward-looking
policy measures are essential to mitigate the adverse effects of population aging and to ensure
the long-term financial sustainability and social legitimacy of pension funds.
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