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Abstract

This study investigates the moderating role of digital economy infrastructure in the relationship
between human development and the urban—rural income gap in Iran. Given the spatial and
regional nature of provincial data and the presence of spillover effects across provinces, a
spatial econometric approach is employed. To this end, data from 31 Iranian provinces over the
period 2011-2024 (14 years) are analyzed using the Spatial Durbin Model (SDM). The findings
reveal that: (1) human development has a significant negative relationship with the urban—rural
income gap (—0.325); (2) digital economy infrastructure directly reduces the income gap
(—0.184); (3) more importantly, the interaction effect between human development and the
digital economy is positive and statistically significant (0.142), indicating the moderating role
of the digital economy. This finding implies that, in provinces with stronger digital
infrastructure, the observed gap-reducing effect of human development is weakened, suggesting
a substitution effect rather than a complementary effect; and (4) spatial spillover effects are
significant, indicating that improvements in human development and digital infrastructure in
one province also contribute to reducing the income gap in neighboring provinces. Based on
these findings, the study recommends balanced investment in human development and digital
infrastructure, greater attention to regional spillover effects, and the design of complementary
spatial policies.
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Introduction

Income inequality between urban and rural areas represents a fundamental challenge to Iran’s
economic development. According to the Statistical Center of Iran, the ratio of urban to rural per
capita income has exceeded 2.5 in some years. Over the past decade, Iran has experienced two
significant developments: improvements in human development indicators and the rapid expansion
of digital economy infrastructure. The key question is whether these trends have reduced or widened
the urban—rural income gap and whether digital economy infrastructure can moderate the
relationship between human development and income inequality.

The theoretical literature on the relationship between human development and income inequality
yields mixed results. The Kuznets curve theory predicts that inequality initially increases and
subsequently decreases as development progresses, whereas Sen’s capability approach argues that
human development directly reduces inequality. The role of digital technologies in income
inequality is similarly twofold: some studies emphasize the digital divide and the potential for
digitalization to exacerbate inequality, whereas others highlight digital empowerment and its
potential to reduce inequality.

Previous studies have paid relatively limited attention to the spatial dimension of this
phenomenon. Iranian provinces exhibit substantial spatial heterogeneity due to geographical,
cultural, and economic differences, while spillover effects between neighboring provinces may play
a role in either widening or narrowing the income gap. New economic geography emphasizes that
economic phenomena are not randomly distributed across space but instead tend to form spatial
clusters. Three major mechanisms of spatial spillovers between provinces can be identified: trade
spillovers, migration spillovers, and digital spillovers.

The theoretical core of this study is the moderating role of digital infrastructure in the relationship
between human development and the income gap. Two theoretical scenarios are conceivable: a
complementary effect, in which the digital economy enhances the effectiveness of investments in
education and health, and a substitution effect, in which the digital economy can replace some of
the functions of traditional human development. Based on this framework, four hypotheses are
formulated: (1) human development has a negative effect on the income gap; (2) digital economy
infrastructure has a negative effect on the income gap; (3) the interaction effect between human
development and the digital economy on the income gap is significant; and (4) spatial spillover
effects are significant.

Methodology

The study covers 31 provinces of Iran over the period 2011-2024 (14 years). The dependent
variable is the urban—rural income gap, measured as the ratio of urban to rural household income.
The main independent variable is the Human Development Index (HDI), comprising life expectancy,
education, and per capita income. The moderating variable is the Digital Economy Infrastructure
Index (DIG), constructed using Principal Component Analysis (PCA) based on five components:
internet penetration, fixed broadband, e-government, smartphone penetration, and the value of e-
commerce transactions. The control variables include the unemployment rate, government
investment, industrial value added, the urbanization rate, population concentration, and inflation.

Moran’s I statistic is calculated to examine spatial autocorrelation. The results are positive and
statistically significant for all years, with an average value of approximately 0.39, indicating a
clustered spatial distribution of the income gap and supporting the use of spatial econometric
models. Spatial K-means clustering with a contiguity constraint identifies four distinct clusters:
developed urban—digital provinces (6 provinces), industrial-developing provinces (7 provinces),
traditional—rural provinces with a moderate income gap (9 provinces), and deprived provinces with
a severe income gap (9 provinces).

The spatial LM tests indicate that the model should include the spatial lag of the dependent
variable, while the Hausman test supports the use of provincial fixed effects. Accordingly, the
Spatial Durbin Model (SDM) with provincial and year fixed effects is selected as the main model.
The SDM incorporates both the spatial lag of the dependent variable and spatial lags of the
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independent variables. Estimation is performed using Maximum Likelihood Estimation (MLE), and
the direct and indirect (spillover) effects are calculated using the effects matrix.

Results and Discussion

The SDM estimation results show that the coefficient of human development is negative and
statistically significant (—0.325), confirming Hypothesis 1 that increased human development
significantly reduces the income gap. The coefficient of digital economy infrastructure is also
negative and statistically significant (—0.184), confirming Hypothesis 2 that improvements in digital
infrastructure contribute to reducing the income gap.

The most important finding is the positive and statistically significant interaction coefficient
between human development and the digital economy (0.142), indicating a substitution effect rather
than a complementary effect. In other words, in provinces with stronger digital infrastructure, the
gap-reducing effect of human development is weakened. To illustrate this result more clearly, the
net effect of human development on the income gap is calculated at different levels of digital
infrastructure. In provinces with low levels of DIG, the gap-reducing effect is strong (—0.467),
whereas in provinces with high levels of DIG, the effect is very weak (—0.041).

The spatial autocorrelation coefficient indicates strong spatial dependence. The spillover effects
of human development (—0.162) and digital infrastructure (—0.112) are negative and statistically
significant, indicating that improvements in these variables in neighboring provinces contribute to
reducing the income gap in the target province. The decomposition of effects shows that the total
effect of human development (—0.480) is approximately 34% greater than the direct effect (—0.318),
highlighting the considerable importance of spatial spillovers.

Among the control variables, the urbanization rate and population concentration are statistically
significant. Provinces with higher levels of urbanization have smaller income gaps, as rural areas in
these provinces have effectively become more urbanized. By contrast, provinces in which the
population is concentrated in one or two major cities exhibit larger income gaps, as remote rural
areas remain deprived of access to services.

Conclusion

This study investigates the moderating role of digital economy infrastructure in the relationship
between human development and the urban—rural income gap in Iran. The findings show that both
human development and digital economy infrastructure have direct negative effects on the income
gap. The most important finding is the positive and statistically significant moderating effect,
indicating the presence of a substitution effect across Iranian provinces. In provinces with stronger
digital infrastructure, the gap-reducing effect of human development is weakened. This finding is
consistent with studies conducted in developing countries, and factors such as the growth of online
education platforms, the development of rural e-commerce, and the expansion of digital financial
services help explain this substitution effect. The high degree of spatial autocorrelation in the income
gap indicates that income inequality in Iran is spatially clustered.

Based on the findings, policy recommendations at the national level include balanced investment
in human development and the digital economy, with priority given to education and health in rural
areas; the use of the digital economy as a compensatory policy in provinces with low levels of human
development; targeted digital development in rural areas, particularly through online education and
agricultural e-commerce; and reform of the rural ICT financing system.

At the regional level, based on the spatial clustering results, the establishment of a regional digital
hub and investment in high-speed rural internet are recommended for the deprived southeastern
cluster. For the central cluster, the transfer of digital policy packages from leading provinces to
peripheral provinces is recommended. For provinces characterized by a High—Low spatial pattern,
strengthening digital infrastructure for rural tourism is recommended.
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