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1. Introduction

The digital economy plays a vital role in reshaping economic and social structures
and promoting urban green growth. Through advanced technologies and online
markets, it enhances productivity and reduces resource use—an urgent need for
Iranian metropolises facing environmental pressures. Digitalization lowers
information costs, fosters green innovations, and improves the quality of economic
growth while supporting environmental targets. As main centers of energy
consumption and emissions, cities demand innovative solutions, and the digital
economy, through spatial spillovers, can spread green benefits to surrounding
regions. Yet, challenges such as inadequate digital infrastructure and limited skilled
labor hinder its full potential. This study explores the digital economy’s effect on
urban green growth across six Iranian metropolises, using empirical data to provide
insights for policymakers seeking to advance sustainable digital transformation
strategies.

Research Questions
How and through what pathways does the digital economy influence urban green
growth in Iran?
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2. Literature Review

Empirical evidence increasingly recognizes the digital economy as a major driver of
green growth and sustainable urban transformation. Liang and Cao (2025),
analyzing 278 Chinese cities (2012-2023), show that digitalization promotes low-
carbon urban development by optimizing industrial structures and improving
resource allocation. Likewise, Bai and Xin (2025) find that digital expansion in 279
cities enhances green growth through higher energy efficiency and reduced
emissions, while Liu, Pang, and Liu (2024), using panel data from 252 cities (2011-
2019), confirm its positive effect on green total factor productivity via technological
innovation and human capital upgrading.

At a broader scale, Hao et al. (2023) demonstrate that digital transformation in 30
Chinese provinces (2013-2019) accelerates green economic growth by advancing
industrial upgrading and fostering innovation. Collectively, these studies verify that
the integration of digital and green economies can significantly boost environmental
productivity and sustainable competitiveness.

In Iran, despite limited research, emerging evidence indicates similar patterns, as
digitalization supports energy efficiency and emission reduction while lowering
transaction costs. Yet, uneven digital infrastructure and regional disparities hinder
progress. Consequently, developing comprehensive city-level indicators for
evaluating Iran’s digital economy remains a key research and policy priority.

3. Methodology

This study uses the SBM (Slacks-Based Measure) model in data envelopment
analysis to measure the efficiency of urban green growth. The SBM model was
selected because of its ability to simultaneously calculate desirable outputs
(economic production) and undesirable outputs (pollution) and also to consider
deficiencies in inputs and outputs (Tone, 2004; Zhu, Liang, & Liu., 2020). Six
Iranian metropolises (Tehran, Karaj, Isfahan, Mashhad, Tabriz, Shiraz) were
selected as decision-making units during the period 2019-2023. Inputs included
labor, capital, and energy, and outputs included real GDP and greenhouse gas
emissions. MAXDEA Pro 8.5 and STATA 17 software were used to calculate
efficiency. This method comprehensively evaluates the efficiency of metropolises
and provides solutions for optimizing resource consumption and reducing pollution.

4. Results

Based on the SBM model, Tehran ranks first (p*=1.00) as the benchmark for digital
development, followed by Mashhad (p*=0.95) and Isfahan (p*=0.85), while Karaj
records the lowest efficiency (p*=0.65). Spillover analysis highlights Tehran’s
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significant role, with 0.5% direct and 0.2% indirect effects on neighboring GDPs.
Digital economy indicators also confirm Tehran’s leading position (0.89), followed
by Mashhad (0.72) and Isfahan (0.65).

Cobb-Douglas analysis reveals stronger capital, output, and labor performance in
Tehran, while Tabriz ranks lowest. The contrast between Tehran’s positive total
factor productivity (TFP) and Mashhad’s negative TFP suggests structural labor
imbalances. Regression results identify the digital economy as the strongest driver of
green growth (=0.42), whereas industrial structure negatively affects it (=—0.25).
Urbanization and environmental regulations show positive contributions. Overall,
Tehran should focus on green transport and renewable energy, while other cities
require improved infrastructure and resource management.

5. Discussion and Conclusion

This study examines the influence of the digital economy on urban green growth in
Iranian metropolises. Findings show that digitalization promotes green growth by
improving resource efficiency and fostering green technological innovation, though
its effects vary across cities. The experience of Mashhad and Isfahan indicates the
importance of combining digital strategies with green policies, while Tehran’s
weaker performance reveals the limits of digitalization without structural reform. To
avoid the “digital productivity paradox,” the study recommends advancing green
digital programs, supporting innovation funds, and enhancing regional governance.
Implementing digital green cities and urban living labs can further align digital
progress with sustainable urban transformation in Iran.

Keywords: Digital Economy, Green Urban Growth, Sustainable Urban Growth,
Spillover Effects, Green Innovation, Smart Cities
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