l Q; Geography and Territorial Spatial Arrangement Q

University of Association of Geography
Sistan and Baluchestan and Planning

= Print ISSN: 2345 - 2277 Online ISSN: 2783 - 5278 of Border Areas of Iran

Modeling Socio-Behavioral Factors Influencing the Adoption of Green Roofs
in Ardabil City

Balal Pourshargh?, Kiomars Sefidi?, Roghayeh Jahdi 3 Mojtaba Sookhtanlou*

1. MSc. in Forest Science and Engineering, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili, Ardabil, Iran.

E-mail: ballalpourshargh@gmail.com
2. Professor, Department of Forest Science and Engineering, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, Ardabil, Iran.

E-mail: kiomarssefidi@uma.ac.ir
3. Associate Professors, Department of Forest Science and Engineering, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran.

< E-mail: roghayeh.jahdi@uma.ac.ir

4. Associate Professor, Department of Water Engineering and Agricultural Management, Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili, Ardabil, Iran.

E-mail: m.sookhtanlo@uma.ac.ir

How to Cite: Pourshargh, B; Sefidi, K; Jahdi, R; & Sookhtanlou, M. (2026). Modeling Socio-Behavioral
Factors Influencing the Adoption of Green Roofs in Ardabil City. Geography and Territorial Spatial

Arrangement, 16 (60), 195-198.
YOXE http://dx.doi.org/ 10.22111/gaij.2026.55783.3359

Article type:
Research Article

Received:

14/06/2026

Received in revised form:
12/07/2026

Accepted:

28/07/2026

Publisher online:

01/08/2026

..................

Geography
and
Territorial Spatial Arrangement

\ Print  ISSN: 2345 - 2277

Online ISSN: 2783 - 5278

Keywords:

Sustainable development,
Social acceptance, urban
planning, Ardabil, Green
infrastructure.

ABSTRACT

This study aimed to investigate the psychological, social, and economic factors influencing
citizens’ willingness to adopt green roofs in the city of Ardabil, Iran. The statistical
population comprised 353 residents, and data were collected in 2025 using a structured
questionnaire. The data were analyzed using Structural Equation Modeling based on Partial
Least Squares (PLS-SEM). The results of the correlation analysis indicated that several
demographic variables, including age, dependence on agricultural income, and distance
from the nearest urban green space, had significant relationships with the intention to adopt
green roofs. Moreover, all examined psychological and economic constructs, including
perceived individual and social usefulness, subjective norms, attitudes toward green roofs,
perceived ease of use, and socioeconomic status, demonstrated positive and significant
correlations with citizens’ behavioral intentions. The structural model results revealed that
attitude toward green roofs and behavioral intention were the strongest predictors of actual
adoption behavior, whereas other constructs primarily exerted their influence indirectly
through these two variables. The model fit indices confirmed the adequacy of the proposed
framework, with SRMR values below 0.08 and NFI values above 0.90, indicating an
acceptable model fit and supporting the validity of the theoretical structure. Overall, the
findings suggest that the adoption of green roofs is influenced less by individual
demographic characteristics and more by cognitive, social, and economic perceptions.
Finally, the results indicate that in Ardabil and other cities with comparable socio-urban
contexts, the development of green roofs can be facilitated through strengthening public
attitudes, increasing awareness, and providing economic incentives within the framework
of sustainable urban policy.
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Extended Abstract

Introduction

Rapid urbanization and the continuous expansion of built-up areas have significantly reduced urban green
spaces and intensified environmental challenges such as the urban heat island effect, increased stormwater
runoff, air pollution, biodiversity loss, and excessive energy consumption. Consequently, the concept of green
infrastructure has become an essential component of sustainable urban development worldwide. Among
various green infrastructure strategies, green roofs have received considerable attention because they utilize
underused rooftop spaces while simultaneously providing multiple ecological, environmental, economic, and
social benefits.

Green roofs contribute to reducing building energy consumption through improved thermal insulation,
mitigating urban heat islands, improving air quality, retaining stormwater, enhancing urban biodiversity,
increasing aesthetic values, and improving citizens' physical and psychological well-being. Despite these well-
documented environmental and technical benefits, the successful implementation of green roof programs
largely depends on public acceptance and willingness to adopt this technology. Therefore, understanding the
behavioral mechanisms underlying citizens' acceptance of green roofs has become a priority for urban planners
and environmental policymakers.

Previous studies have mainly focused on the engineering performance and environmental effectiveness of green
roofs, whereas comparatively fewer investigations have addressed the social and behavioral determinants
influencing their adoption. Public awareness, perceived environmental benefits, economic concerns, social
norms, and behavioral intentions are among the factors that may influence citizens' decisions regarding green
roof implementation.

The present study was developed to investigate the socio-behavioral determinants affecting citizens' acceptance
of green roofs in Ardabil City, Iran. The conceptual framework integrates the Theory of Planned Behavior
(TPB) proposed by Ajzen and the Diffusion of Innovations Theory developed by Rogers. The model assumes
that perceived individual usefulness, perceived social usefulness, perceived ease of use, subjective norms,
attitudes toward green roofs, and socio-economic conditions influence citizens' behavioral intentions, which
subsequently determine their actual acceptance behavior.

The primary objective of this research was to identify the most influential factors shaping citizens' willingness
to adopt green roofs and to provide scientific evidence that can support sustainable urban planning and
environmental policy formulation.

Study Area

The study was conducted in Ardabil City, the capital of Ardabil Province in northwestern Iran. The statistical
population consisted of adult residents of Ardabil City who had lived in the city for at least five years. This
criterion ensured that respondents possessed sufficient familiarity with local environmental conditions and
urban development issues. Their long-term residential experience enabled them to provide informed opinions
regarding the implementation and acceptance of green roof systems within the urban environment.

Material and Methods

This research is an applied study conducted using a descriptive-analytical approach. The theoretical framework
was established by integrating the Theory of Planned Behavior and the Diffusion of Innovations Theory to
explain the behavioral mechanisms underlying citizens' acceptance of green roofs.

The sample size was determined using Cochran's formula and consisted of 353 respondents selected through
proportionate stratified random sampling from different districts of Ardabil City. This sampling strategy
ensured adequate representation of the city's socio-demographic diversity.

Data were collected using a structured questionnaire consisting of two main sections. The first section included
demographic information such as gender, age, education level, occupation, household income, and housing
ownership. The second section measured the latent constructs incorporated into the conceptual framework,
including perceived individual usefulness, perceived social usefulness, subjective norms, perceived ease of use,
socio-economic conditions, attitudes toward green roofs, behavioral intention, and actual acceptance behavior.
All questionnaire items were evaluated using a five-point Likert scale ranging from strong disagreement to
strong agreement.

Content validity was evaluated by specialists in environmental sciences, urban planning, and green
infrastructure. Reliability analysis indicated satisfactory internal consistency for all constructs, with Cronbach's
alpha coefficients exceeding the acceptable threshold of 0.70.
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Statistical analyses were conducted using SPSS and SmartPLS software. Descriptive statistics were first
employed to summarize respondents' socio-demographic characteristics. Pearson correlation analysis was then
performed to examine bivariate relationships among variables. Finally, Partial Least Squares Structural
Equation Modeling (PLS-SEM) was applied to evaluate the proposed conceptual model and test the research
hypotheses.

Measurement model assessment included Composite Reliability (CR), Average Variance Extracted (AVE),
Cronbach's alpha, Fornell-Larcker criterion, Heterotrait-Monotrait Ratio (HTMT), and outer loadings to
evaluate construct reliability and validity. Structural model evaluation involved path coefficient estimation,
coefficient of determination (R?), predictive relevance (Q?), and goodness-of-fit indices including SRMR, NFI,
d_ULS,and d_G.

Result and Discussion

Descriptive analysis showed that the sample adequately represented the socio-demographic characteristics of
Ardabil residents, covering diverse education levels, occupations, income groups, and ages.

Correlation results indicated that age, agricultural income dependence, and proximity to green spaces were
significantly related to willingness to adopt green roofs, while gender, income, and education had weaker
effects. This suggests that socio-demographic factors alone are insufficient to explain adoption behavior.

In contrast, psychological constructs showed strong positive relationships with behavioral intention. Perceived
usefulness, subjective norms, and social usefulness were the most influential factors, consistent with the Theory
of Planned Behavior (Ajzen, 1991).

Structural Equation Modeling confirmed that attitude was the strongest predictor of behavioral intention, which
in turn most strongly influenced actual acceptance. Perceived usefulness, socio-economic conditions, and ease
of use affected acceptance mainly indirectly through attitude, supporting the Diffusion of Innovations Theory
(Rogers, 2003).

The measurement model showed good reliability and validity, with CR and AVE above recommended levels
and acceptable discriminant validity (Fornell-Larcker and HTMT). Model fit indices (SRMR < 0.08, NFI >
0.90) confirmed robustness.

Overall, results suggest that awareness alone is not enough to promote green roof adoption. Financial
incentives, supportive policies, and public engagement are also necessary. Similar findings have been reported
by Kalantari et al. (2016), highlighting the importance of perceptions and environmental awareness in adoption
behavior.

Conclusion

This study investigated the socio-behavioral determinants influencing public acceptance of green roofs in
Ardabil City using an integrated conceptual framework combining the Theory of Planned Behavior and the
Diffusion of Innovations Theory. The results indicate that citizens' acceptance of green roofs depends primarily
on psychological and social variables rather than demographic characteristics. Among all examined factors,
attitude toward green roofs emerged as the strongest determinant of behavioral intention, while behavioral
intention represented the principal predictor of actual acceptance behavior.

Perceived individual usefulness, perceived social usefulness, subjective norms, perceived ease of use, and
socio-economic conditions all contributed significantly to shaping positive attitudes toward green roofs. These
findings highlight the importance of simultaneously addressing environmental awareness, social support, and
financial considerations when promoting green infrastructure projects.

The research demonstrates that successful implementation of green roof programs requires a multidisciplinary
approach combining environmental education, public engagement, governmental incentives, financial
assistance, and urban planning policies. Municipal authorities should develop comprehensive strategies that
improve citizens' understanding of ecosystem services while reducing economic barriers associated with green
roof installation.

Overall, the findings provide valuable empirical evidence for urban planners, environmental managers, and
policymakers seeking to expand green infrastructure within Iranian cities. The proposed conceptual model can
also serve as a useful framework for future investigations examining public acceptance of sustainable urban
technologies under similar socio-economic and environmental conditions.

Key words: Sustainable development, Social acceptance, urban planning, Ardabil, Green infrastructure.
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