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Uncertainty in public health and safety indicators, as an important dimension of
health system instability, can have wide-ranging consequences for macroeconomic
performance. This study constructs an uncertainty index for Iran’s public health and
safety indicators and examines its nonlinear impact on economic growth over the
period 1989-2024. First, uncertainty was estimated using GARCH-family models
for six key indicators: fertility rate, HIV prevalence, tuberculosis incidence, diabetes
prevalence, undernourishment prevalence, and road traffic mortality. A composite
uncertainty index was then developed using standardized averaging. In the next
stage, the Logistic Smooth Transition Regression (LSTR1) model was employed,
with the uncertainty index serving as the threshold variable, to investigate the
nonlinear relationship between health uncertainty and economic growth. The
findings indicate that the relationship between health uncertainty and economic
growth in Iran is regime-dependent. The estimated uncertainty threshold is 0.211,
where the low-uncertainty regime mainly corresponds to the 2010s and 2020s, while
the high-uncertainty regime is associated with the 1980s through the 2000s. The
negative elasticity of uncertainty in the low regime (-0.451) is nearly twice as large
as in the high regime (-0.228), suggesting that under relatively stable conditions,
additional uncertainty imposes a stronger marginal effect on growth. Institutional
quality, labor force participation, and physical capital investment exert positive and
statistically significant effects in both regimes, whereas government consumption is
significant only in the low-uncertainty regime. The results also confirm the negative
effect of effective population growth on per capita output across both regimes.
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Extended Abstract

Introduction
Uncertainty in public health and safety indicators, as a major dimension of health system instability, can significantly
influence macroeconomic performance. Because health constitutes a fundamental component of human capital,
fluctuations and unpredictability in indicators such as fertility rates, disease prevalence, malnutrition, and road fatalities
not only complicate health-sector planning but also affect economic growth through their influence on labor
productivity, healthcare expenditures, and investment decisions.
This study aims to construct an uncertainty index for public health and safety indicators in Iran and to analyze its
nonlinear effect on economic growth during the period 1989-2024. Specifically, the study seeks to:

1. Estimate conditional volatility in six key health indicators using GARCH-family models;

2. Construct a composite uncertainty index through standardized averaging; and

3. Examine the threshold effects and regime-dependent behavior of health uncertainty on GDP growth using

smooth transition regression techniques.

Method

The study adopts a two-stage econometric framework.
Stage One: Construction of the Health Uncertainty Index
In the first stage, uncertainty (conditional volatility) was extracted from six major public health and safety indicators:
fertility rate, HIV prevalence, tuberculosis incidence, diabetes prevalence, undernourishment prevalence, and road
traffic mortality. Data for these variables were obtained from the World Bank and Iran’s Ministry of Health covering
the period 1989-2024.
After testing for stationarity using the Augmented Dickey—Fuller (ADF) test, ARIMA models were specified for each
series to separate predictable movements from unexpected shocks. The existence of conditional heteroskedasticity was
confirmed through ARCH-LM tests. Subsequently, optimal GARCH specifications were selected based on Akaike and
Schwarz information criteria in order to estimate conditional variances according to the following specification:
he = w+ Tael; + YBihe;
The estimated volatility series were normalized using min—max transformation. Reverse scaling was applied where
necessary to maintain directional consistency among indicators. Finally, a composite public health and safety
uncertainty index (PHSU) was constructed through the simple average of the six normalized series, following the
methodology of Baker et al. (2016).
Stage Two: Nonlinear Growth Estimation
In the second stage, the Logistic Smooth Transition Regression (LSTR1) model was employed to examine the
nonlinear impact of health uncertainty on economic growth. The theoretical framework was based on the augmented
Solow growth model proposed by Mankiw, Romer, and Weil (1992):
log (GDP,) = Cons + A;log (PHSU,) + A;log (1Q,) + Aslog (L,) + A4log (GC;) + Aslog (GCF,) + Aglog (n; +
0.05) + &, + pp +uy

where:
e  GDP represents gross domestic product (constant 2015 USD);
e PHSU denotes the public health and safety uncertainty index;
e 1Q refers to institutional quality, constructed from indicators of corruption control, rule of law, bureaucratic
quality, government stability, and investment profile obtained from ICRG and normalized between 0 and 1;
e L is labor force participation;
e GC denotes government consumption expenditure as a share of GDP;
e  GCF represents gross fixed capital formation (constant 2015 USD);
e (n+0.05) captures effective population growth, including technological progress.
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Following the methodology of Terasvirta (1994), linearity was tested against smoaoth transition alternatives using the
health uncertainty index as the transition variable. The null hypothesis of linearity was rejected (F-statistic = 5.67, p =
0.001), and sequential specification tests favored the logistic transition function (LSTR1) over the exponential
alternative (ESTR).
The model was estimated using nonlinear least squares, with the transition function specified as:

G(PHSU;y,¢) = [1 +exp (—y(PHSU; — )]t
where ymeasures the speed of transition between regimes and crepresents the threshold parameter.
Diagnostic tests, including LM autocorrelation, ARCH heteroskedasticity, Jarque—Bera normality, and Ramsey
RESET specification tests, were conducted to verify the adequacy of the model.

Results

The GARCH estimation results reveal significant conditional heteroskedasticity across all six health indicators,
although the persistence of volatility differs substantially among variables. Diabetes prevalence and undernourishment
exhibit high volatility persistence, indicating that shocks to these structural health variables tend to have long-lasting
effects. By contrast, road traffic mortality demonstrates only ARCH effects without significant GARCH persistence,
implying that fluctuations are largely temporary and event-driven.

The estimated public health uncertainty index (PHSU) declined from approximately 0.60 in 1989 to nearly 0.12 in
2024, reflecting a substantial reduction in health-system uncertainty over the study period. Nevertheless, intermittent
increases were observed during episodes of economic sanctions and major health policy transitions.

The LSTR1 estimation confirms a significant nonlinear relationship between health uncertainty and economic growth.
The estimated threshold value is 0.211 (p < 0.01), while the transition speed parameter is 15.82, indicating relatively
rapid switching between regimes.

Based on the estimated threshold, the sample period can be divided into three regimes:
e Low-uncertainty regime (PHSU < 0.211): 2014-2024

e Transitional regime (0.15 < PHSU < 0.25): 2005-2006 and 2009-2013
e High-uncertainty regime (PHSU > 0.211): 1989-2004 and 2007-2008

The model demonstrates strong explanatory power, with an R%value of 0.986 and favorable information criteria (AIC
=-4.41, BIC =-4.02). Diagnostic tests confirm the absence of autocorrelation and heteroskedasticity, as well as normal
residual distribution and correct functional specification.

Regime-Dependent Effects of Health Uncertainty

The results show that the impact of health uncertainty on economic growth is strongly regime-dependent. In the low-
uncertainty regime, the elasticity of health uncertainty is estimated at -0.451 (p < 0.01), which is substantially larger
in magnitude than the elasticity observed in the high-uncertainty regime (-0.228, p < 0.05).

This seemingly counterintuitive result may be explained by behavioral adaptation and economic habituation. In
environments characterized by persistently high uncertainty, economic agents gradually adjust their expectations and
decision-making processes, reducing the marginal impact of additional uncertainty shocks. However, this lower
sensitivity should not be interpreted as evidence that uncertainty is harmless. Instead, persistently high baseline
uncertainty imposes a continuous structural burden on economic growth.
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Institutional Quality and Other Macroeconomic Variables

Institutional quality exerts a positive and statistically significant effect on economic growth in both regimes, with
elasticities of 0.386 and 0.342, respectively. These findings are consistent with institutional theories emphasizing the
importance of stable and inclusive institutions for long-term economic performance.

Labor force participation also exhibits positive and stable elasticities across regimes (0.672 and 0.628), reflecting the
dominant role of labor as a production factor within the Iranian economy.

Similarly, physical capital investment contributes positively to growth in both regimes, although the estimated
elasticity declines under high uncertainty conditions. This finding supports the argument that uncertainty discourages
irreversible investment decisions.

Government consumption is statistically significant only in the low-uncertainty regime. Under high uncertainty,
government spending loses effectiveness, possibly because of inefficient resource allocation, corruption, or crowding-
out effects.

The effective population growth variable (n+0.05)has a negative and statistically significant effect in both regimes,
consistent with the Solow growth framework, which predicts that population growth without proportional productivity
improvements reduces per capita income.

Historical Interpretation of Regimes

The temporal distribution of the estimated regimes corresponds closely with major historical and economic
developments in Iran. The high-uncertainty regime coincides with the post-war reconstruction era, repeated sanctions
episodes, and periods of exchange-rate instability. The transitional regime aligns with health-sector reforms and
gradual institutional stabilization. Finally, the low-uncertainty regime reflects sustained improvements in health
indicators, expanded healthcare coverage, and more predictable health policy implementation.

Overall, the findings support several theoretical perspectives, including Knight’s distinction between risk and
uncertainty, Bloom’s uncertainty-shock framework, and Terdsvirta’s smooth transition methodology. The results also
reinforce the role of institutional quality in mitigating the adverse macroeconomic effects of uncertainty.

Conclusion

This study demonstrates that uncertainty in public health and safety indicators exerts a significant and nonlinear effect
on economic growth in Iran. The estimated threshold analysis identifies 0.211 as the critical level separating low- and
high-uncertainty regimes, with markedly different growth responses across regimes.

A key finding is that the negative elasticity of uncertainty is nearly twice as large in the low-uncertainty regime as in
the high-uncertainty regime. This implies that preserving stability is crucial, since even moderate increases in
uncertainty can generate disproportionately large economic costs once the system has achieved relative stability.

Several policy implications emerge from the analysis:

1. Maintaining uncertainty below the threshold level should become a central policy objective. This
requires stable health-sector financing, predictable pharmaceutical and insurance policies, and stronger
resilience in healthcare infrastructure.

2. Institutional quality reforms should accompany health-sector stabilization efforts. Anti-corruption

measures, stronger rule of law, and improvements in bureaucratic efficiency can mitigate the adverse effects
of uncertainty on economic performance.
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3. Government expenditure should prioritize productive and countercyclical investments rather than
consumption-based spending during periods of instability. Investments in health infrastructure and
targeted social support are likely to produce more effective outcomes than discretionary fiscal expansion.

4. Policymakers should adopt regime-specific strategies. In the current low-uncertainty regime, early warning
systems, transparent communication, and rapid-response mechanisms are especially important because
marginal increases in uncertainty can produce amplified growth effects.

5. Productivity-enhancing policies remain essential. Improvements in public health should be complemented
by investments in education, technology adoption, and capital deepening in order to offset the negative effects
of population growth on per capita income.

This study contributes to the literature by constructing the first composite uncertainty index for Iran’s public health
and safety system and by providing empirical evidence of regime-dependent growth effects. Nevertheless, certain
limitations remain, including the use of annual data and the focus on aggregate indicators. Future research may extend
the analysis to subnational levels, sectoral dimensions, and international comparisons in order to better understand the
channels through which health-system stability influences macroeconomic performance.
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