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Abstract

This study investigates the impact of information and communication technology (ICT) and human capital
on the transformation of Iran's export structure over the period 1995-2023. Export concentration is
measured using the normalized Herfindahl-Hirschman Index (HHI), with lower values indicating greater
diversification. A composite ICT index that captures the multidimensional nature of digital development is
constructed via principal component analysis (PCA). The long-run relationships—controlling for trade
openness (in log form), industrial value added, and natural resource rents—are estimated using the
dynamic ordinary least squares (DOLS) method. The empirical results indicate that ICT development has
a statistically significant negative effect on export concentration, thereby reducing reliance on a narrow
range of export products. Human capital, however, emerges as the most powerful driver of structural
change in exports and plays a crucial complementary role in amplifying the diversification gains from ICT.
Trade openness and industrial value added also exert negative and significant, albeit smaller, effects on
export concentration. In contrast, natural resource rents significantly increase export concentration,
providing strong evidence consistent with the resource curse hypothesis. The findings underscore that
transitioning from a resource-dependent to a diversified export structure requires simultaneous investment
in digital infrastructure and human capital development to achieve sustainable economic resilience and
improved export performance.
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Introduction

A long-standing structural weakness of the Iranian economy is its high export concentration.
Heavy reliance on a narrow range of commaodities—particularly natural-resource-based exports—
has significantly increased vulnerability to external shocks and severely constrained sustainable
economic growth. In this context, export diversification is widely regarded as a key policy strategy
for strengthening economic resilience and improving overall export performance. In recent years,
information and communication technologies (ICT) have emerged as major drivers of economic
growth and international trade, enabling countries to access global markets at lower cost and with
greater speed. This development is particularly significant for economies that face deep-rooted
structural constraints in their export sectors. At the same time, human capital—defined by the
education, skills, and knowledge embodied in the workforce—plays a pivotal and decisive role in
the process of export diversification. In developing countries, and especially in resource-dependent
economies, human capital helps reduce reliance on raw-material and commodity exports by
strengthening innovation capabilities, facilitating technology absorption and localization, enhancing
product quality, and raising the overall economic complexity of the economy. Against this backdrop,
the present study examines whether the development and diffusion of ICT and improvements in
human capital have contributed to a reduction in Iran’s export concentration.

Methodology

Several econometric techniques are employed in this study, including Principal Component
Analysis (PCA), the Frisch—-Waugh—Lovell (FWL) theorem, unit root and cointegration tests, and
Dynamic Ordinary Least Squares (DOLS).

First, given the multidimensional nature of digital development, PCA is applied to construct a
composite ICT index. Four standardized indicators—internet users, mobile subscriptions, fixed
telephone lines, and fixed broadband subscriptions—are combined, and the first principal
component, which captures the dominant commaon digital factor, is retained as the overall ICT index.
Second, owing to the high collinearity between ICT and education, the FWL theorem is employed.
Education is regressed on ICT (including an intercept), and the resulting residual (EDU_RESID) is
retained. This residual captures the independent effect of human capital after removing its shared
variation with digital development.

Before estimating the long-run relationship, the stationarity of the variables is tested using ADF,
PP, and KPSS unit root tests. Once the order of integration is determined, the Engle—Granger
cointegration test confirms the existence of a long-run equilibrium relationship. Given that the
variables are integrated of order one, I(1), and cointegrated, the long-run coefficients are estimated
via DOLS. To mitigate potential endogeneity and serial correlation, one lead and one lag of the first-
differenced explanatory variables are included. The empirical model is specified as follows:

CONC=ty+o; (PCA_ICT )+a,LTRADE,+a;MVA,+a,EDU_RESID +asLTNRR +¢, (1)

Results and Discussion

The composite ICT index was constructed via PCA by combining four variables: internet
penetration rate, mobile phone penetration rate, fixed broadband subscriptions, and fixed telephone
usage. The first principal component accounts for 86.76% of the total variance, indicating the
presence of a dominant common digital factor. To address the high collinearity between ICT and
education, the Frisch-Waugh-Lovell (FWL) method was applied to extract the residual component
of education (EDU_RESID), which represents the independent effect of human capital net of its
correlation with ICT.
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After confirming cointegration, the long-run relationship was estimated using DOLS. The results
are presented in Table 1.

Table 1. Long-run determinants of export concentration in Iran

Variable Coefficient t-Statistic Prob.
EDU_RESID -2.56 -6.25 0.001
PCA_ICT -0.55 -15.00 0.000
LTRADE -0.40 -4.38 0.007
MVA -0.03 -8.49 0.000
LTNRR 0.29 6.08 0.001

The results indicate that ICT development exerts a statistically significant negative effect on
export concentration, thereby promoting diversification. The net education component
(EDU_RESID) exerts an even stronger negative effect, highlighting the central role of human capital
in structural export transformation. This finding implies that an educated workforce provides a
suitable foundation for the production and export of knowledge-based and skill-intensive goods, and
that even with access to ICT tools, human capital remains a determining and dominant factor in
export diversification. Trade openness (LTRADE) and industrial value added (MVA) also
contribute negatively and significantly to export concentration, although their effects are smaller in
magnitude. In contrast, the logarithm of natural resource rents (LTNRR) significantly increases
export concentration, providing strong evidence consistent with the resource curse hypothesis in
Iran’s economy.

Conclusion

This study investigates the long-run relationship between ICT, human capital, and export
concentration in lIran over the period 1995-2023. The results show that ICT development
significantly reduces export concentration and enhances diversification. The net education
component exerts a stronger negative effect on export concentration, underscoring the critical role
of human capital in structural transformation. This finding suggests that an educated workforce can
provide a robust foundation for the production and export of knowledge- and skill-intensive goods,
and that even in the presence of ICT tools, education remains the decisive and dominant factor in
diversifying exports. Trade openness and industrial value added also contribute to diversification,
while natural resource rents increase concentration, confirming the continued relevance of the
resource curse in Iran’s economy.

Overall, achieving sustainable export diversification in Iran requires coordinated policies that
strengthen digital infrastructure, enhance human capital, and reduce structural dependence on
resource revenues.
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