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Context and Purpose Nature-based tourism serves as a fundamental pillar of
sustainable development, playing a significant role in environmental conservation
and the empowerment of local communities. Design/methodology/approach:
This study employs an integrated spatial-fuzzy approach to assess natural
recreation potential in Zanjan Province. Using the Recreation Opportunity
Spectrum (ROS) framework, the research systematically incorporates physical,
social, and management criteria. Spatial data layers, including land cover,
distance from roads, rivers, human settlements, and protected areas, were
processed in a Geographic Information System (GIS) environment. By integrating
multi-criteria decision analysis and fuzzy logic functions, the inherent
uncertainties of qualitative criteria were modeled, resulting in a final map
classifying natural recreation potential into five categories. Findings: Findings
reveal an uneven spatial distribution: zones with high and very high potential are
primarily concentrated in the northern part of the province (Tarom, Mahneshan,
and Zanjan counties), adjacent to forested highlands, permanent rivers, and
protected areas. In contrast, central and southern regions mostly fall into low to
moderate potential categories. Conclusion: Spatially-explicit and differentiated
management strategies are "active conservation and managed recreation" for
high-potential zones, "balanced development and ecological restoration" for
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moderate zones, and "focus on alternative land functions with no investment in
nature-based recreation” for low-potential zones. Originality/value: This study
provides an operational framework for spatial planning and sustainable
management of nature-based tourism.
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Extended Abstract

1. Introduction

Nature-based tourism serves as a
fundamental  pillar of  sustainable
development, playing a crucial role in
environmental conservation and
community empowerment. While this
sector has experienced significant growth
due to increasing demand for authentic
natural experiences, unregulated
development often leads to ecosystem
degradation. Zanjan Province, with its
diverse topography, rich vegetation cover,
and protected areas, represents a
promising region for sustainable tourism
development. However, the absence of
comprehensive studies has limited the
realization of its full potential. This
research aims to assess nature-based
tourism potential through the innovative
integration of spatial analysis, fuzzy logic,
and the Recreation Opportunity Spectrum
(ROS) framework, ultimately proposing
sustainable management strategies for
identified zones.

2. Research Methodology

This applied research employed a
descriptive-analytical approach utilizing
spatial datasets from credible sources,
including land cover maps, road networks,
settlements, rivers, and protected areas.
The methodology organized effective
criteria into two primary indices:
Recreation  Potential Index  (RPI),
incorporating landscape naturalness,
proximity to protected areas, and distance
from water resources; and
Remoteness/Accessibility Index (RAI),
based on proximity to roads and human
settlements. The research applied fuzzy
membership functions (0-1) to standardize
data and address qualitative uncertainties,
with expert-derived weights assigned (0.7
for recreation potential, 0.3 for

accessibility). Integration of fuzzy layers
used the algebraic sum operator, with final
output classified into five capability
categories. This spatial-fuzzy framework
within the ROS context enabled
simultaneous quantitative-qualitative
analysis with flexible boundary definition.

3. Research Findings

The spatial-fuzzy analysis revealed
markedly uneven distribution of tourism
capability across Zanjan Province. High
and very high potential zones concentrate
predominantly in northern regions,
particularly Tarom, Mahneshan, and
Zanjan counties, characterized by forested
highlands and perennial rivers. Central
and southern areas, dominated by
agricultural lands and dense settlements,
demonstrated low to moderate capability.
This pattern establishes a direct
correlation between ecological quality and
tourism potential. Comparative analysis
confirmed that the spatial-fuzzy model
within ROS provides more flexible zoning
boundaries  and superior  spatial
differentiation compared to conventional
approaches. The prioritized weighting of
recreation potential facilitated
identification of high-value natural areas
despite accessibility limitations.

The study's principal innovation lies in
developing a spatial decision-making
model that clarifies qualitative
uncertainties while enabling direct
application in tourism planning. Based on
a "conservation-with-use" philosophy, the
model facilitates tailored Management
Strategies for distinct Management Zones:
active  conservation and managed
recreation for high/very high potential
areas; balanced development with
ecological restoration for moderate zones;
and passive conservation with alternative
land-use focus for low /very low capability
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areas. Significant overlap between high-
potential zones and existing protected
areas underscores the necessity for
precise management and continuous
ecological monitoring.

4. Conclusion

The integration of spatial analysis and
fuzzy logic within the ROS framework has
successfully provided a precise, nuanced
understanding of nature-based tourism
potential in Zanjan Province. While the
province possesses substantial tourism
potential, its uneven  distribution
necessitates differentiated management
approaches. The proposed Management
Strategies establish clear pathways for
sustainable development, emphasizing
active conservation in sensitive areas
while promoting balanced tourism
expansion in suitable zones. The spatial-
fuzzy model demonstrates scalability
beyond provincial applications, offering a
robust foundation for comprehensive
tourism planning, priority investment
identification, and evidence-based
policymaking. This research underscores
that the future of nature-based tourism in

Iran depends on sophisticated
understanding  of  spatial-ecological
capacities and adoption of advanced
analytical tools for sustainable resource
management.
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