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Abstract

This study aimed to construct and test a structural model explaining how distributed and data-driven governance influence

spatial resilience in territorial planning through the mediating roles of transparency and spatial justice. A total of 235 experts in

spatial planning and governance participated through purposive sampling. Data were gathered using a validated researcher-

made questionnaire and analyzed via structural equation modeling. Reliability and wvalidity indices were above the

recommended thresholds (Cronbach’s o > 0.70). The final model demonstrated a good fit (RMSEA = 0.056). Results revealed

that distributed governance (fp=0.31) and data-driven governance (= 0.28) both exert significant positive direct effects on

spatial resilience. Transparency (B =0.26) and spatial justice (f=0.29) also had direct and substantial impacts. Indirect effects

were confirmed for distributed governance via transparency (B=0.11) and for data-driven governance via spatial justice

(B=0.10). These findings emphasize that reinforcing spatial resilience requires mechanisms promoting open data, institutional

transparency, and equitable territorial resource allocation, providing an integrative framework for smart and fair territorial

governance in Iran.
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» Structural Modeling of the Effects of Distributed and Data-Driven Governance on Spatial

Resilience in Territorial Planning: The Mediating Role of Transparency and Spatial Justice

Extended Abstract

Introduction

Contemporary spatial planning and territorial development face unprecedented systemic challenges, including rapid
environmental degradation, acute climate-induced vulnerabilities, socio-spatial disparities, and socio-technological
disruptions. Traditional top-down, centralized decision-making paradigms have proven increasingly inadequate in addressing
these complex socio-ecological challenges. In nations like Iran, over-centralized administrative regimes and historical
dependencies on oil revenues have exacerbated regional imbalances, fragmented territorial management, created institutional
silos, and produced spatial vulnerabilities across ecological, economic, and social domains.

To overcome these structural impasses, contemporary spatial literature increasingly advocates for transitioning from
monolithic state management toward distributed governance (decentralized, collaborative, and multi-level stakeholder
networks) and data-driven governance (decision-making grounded in spatial data infrastructures, analytics, and empirical
geospatial intelligence). However, how these innovative institutional and informational paradigms translate into enhanced
spatial resilience—defined as a territory’s capacity to absorb disruptions, self-organize, and adapt sustainably—remains an
critical area of inquiry. Crucially, institutional power redistribution and analytical capabilities do not automatically ensure
territorial resilience unless mediated by institutional transparency (open data, public accountability, and process clarity) and
spatial justice (fair distribution of resources, services, hazards, and developmental opportunities across space).

This research develops an empirical structural model evaluating the direct and indirect pathways through which distributed
and data-driven governance influence spatial resilience within Iran’s spatial planning framework, positioning transparency and
spatial justice as core intervening constructs.

Methodology

This study employed an applied, descriptive-analytical quantitative research design utilizing Structural Equation Modeling
(SEM).

e Population and Sampling: The target population comprised specialized experts, senior practitioners, and academic
scholars in spatial planning, territorial governance, and geospatial data administration across key Iranian institutions,
including the Plan and Budget Organization, the National Center for Spatial Planning, the National Cartographic
Center, and leading research institutions. A purposeful sampling method was implemented, yielding a verified sample
size of N=235 experts (meeting the recommended threshold of 5 to 10 observations per observed indicator). The
sample demographics reflected high professional competency: 68% male, 32% female, with an average age of 41.2
years and a mean professional tenure of 12.8 years in territorial planning.

e Measurement Instrument: A structured, multi-stage, researcher-developed questionnaire containing 45
measurement items rated on a 5-point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree) was utilized across
five latent constructs:

1. Distributed Governance (10 items: horizontal coordination, inter-institutional synergy, civic engagement,
multi-level decentralization).
2. Data-Driven Governance (9 items: spatial data infrastructure, evidence-based analytics, real-time spatial

monitoring).
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3. Transparency (8 items: institutional access to information, open spatial databases, procedural clarity).

4. Spatial Justice (9 items: equitable service distribution, elimination of spatial marginalization, environmental
justice).

5. Spatial Resilience (9 items: institutional, environmental, infrastructural, and socio-economic adaptive
capacity).

e Validation and Data Analysis: Content and face validity were verified by a panel of 10 senior planning experts.
Construct validity and dimensionality were evaluated using Confirmatory Factor Analysis (CFA). Reliability was
verified using Cronbach’s alpha (a>0.70 across all constructs) and composite reliability (CR). Structural
relationships, direct path coefficients, indirect mediation mechanisms, and model goodness-of-fit were estimated
using maximum likelihood SEM in AMOS/LISREL.

Results

Measurement model evaluation validated the psychometric properties of the instruments, establishing satisfactory convergent
validity (Average Variance Extracted, AVE>0.50) and discriminant validity. The structural model demonstrated an excellent
fit to empirical data, evidenced by robust goodness-of-fit indices:

o x2/df<3.00

¢ Root Mean Square Error of Approximation (RMSEA=0.056)

e Comparative Fit Index (CFI1>0.90)

e  Goodness-of-Fit Index (GF1>0.90)

Key structural path findings include:

1. Direct Effects: Both distributed governance ($=0.31,p<0.001) and data-driven governance (p=0.28,p<0.001)
demonstrated positive, statistically significant direct effects on spatial resilience. Furthermore, transparency
(B=0.26,p<0.001) and spatial justice (f=0.29,p<0.001) exerted significant direct positive impacts on spatial resilience.

2. Mediating Mechanisms (Indirect Effects):

o Distributed governance exhibited a statistically significant indirect effect on spatial resilience through the
mediating mechanism of institutional transparency (f=0.11,p<0.01).

o Data-driven governance exerted a significant indirect effect on spatial resilience mediated via spatial justice
(p=0.10,p<0.01).

3. Explanatory Capacity: The combined structural paths—incorporating the direct institutional drivers and the
mediating pathways of transparency and equity—accounted for approximately 30% of the total variance observed in
spatial resilience.

Discussion and Conclusion

The empirical findings substantiate the premise that spatial resilience cannot be achieved solely through conventional
technocratic interventions, physical engineering, or top-down zoning mandates. Instead, spatial resilience is inherently a
systemic product of dynamic institutional architecture, data-driven intelligence, and socio-spatial equity.

The significant direct effect of distributed governance confirms that decentralizing spatial decision-making authority—shifting
from hierarchical state control to multi-level governance networks—substantially elevates local responsiveness and systemic
agility during crises. Concurrently, data-driven governance provides the real-time empirical precision required for early-

warning territorial hazard mapping and dynamic resource allocation.

pr




1P+ J (g9 0 slodi ¢p g8 © 598 WS g o>
Crucially, the identification of transparency and spatial justice as significant mediating constructs delivers vital theoretical and
»practical insights:

o Institutional decentralization requires transparency as a prerequisite; absent open spatial datasets, clear administrative
processes, and inter-agency information symmetry, distributed governance risks degrading into regional rent-seeking
or uncoordinated institutional friction.

o Data-driven spatial management effectively reinforces spatial resilience only when guided by normative
commitments to spatial justice. Geospatial analytics, Al, and big data must be intentionally deployed to redress
historical regional marginalization, bridge spatial inequalities, and ensure fair geographic distribution of
environmental goods and public infrastructure.

In conclusion, territorial planners and policymakers in Iran must modernize spatial planning by integrating modern geospatial
intelligence platforms with decentralized, transparent administrative frameworks. Transitioning toward data-supported,
participatory spatial planning that prioritizes spatial justice is indispensable for safeguarding regional sustainability and
cultivating long-term territorial resilience against multi-dimensional socio-ecological shocks.
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