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Abstract

Geotourism is a form of nature tourism that focuses specifically on landscape and geology. It promotes tourism
to geosites and conservation of geographic diversity and understanding of geosciences through appreciation
and learning. The main goal of this research is to evaluate the vulnerability of geotourist attractions in the
tourist destinations of Urmia County. According to the nature and purpose, this research is applied and its
approach is qualitative. The strategy used in this research is logical reasoning in order to formulate the proposed
research model. The archival method was used to collect primary data. The analysis of the theoretical texts in
the current research was done qualitatively according to the nature of the data. Two methods of fuzzy hierarchy
and Shannon entropy have been used to weight the indicators. According to experts, the research model has
been validated using the path analysis technique. 30 experts in this field weighed the indicators. 19 human
factors and 7 natural factors were identified as threats to Geotourism attractions. The results showed that by
using the Shannon entropy method, among the natural factors, the Geotouris weight belongs to the threat of
land subsidence with a weight of 0.342, followed by landslides, massive debris flows, rockfalls with a weight
of 0.308 among the human factors of climate change with a weight of 0.067. Urban development with a weight
of 0.065 and recreation with a weight of 0.064 are in the first to third ranks. In the fuzzy hierarchical method
among the natural factors of land subsidence with a weight of 0.058. Soil erosion with a weight of 0.055 ranks
second among human factors, climate change with a weight of 0.067, urban development with a weight of
0.065, and recreation with a weight of 0.064 have the first to third ranks.
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Introduction

Geotourism represents a specialized branch of nature-based tourism that specifically emphasizes landscape
and geological features, promoting visits to geosites while fostering conservation of geographic diversity and
enhancing understanding of earth sciences through appreciation and learning. As a socio-cultural and economic
phenomenon, tourism plays a vital role in sustainable development, particularly for countries possessing rich
natural, historical, and cultural resources. Over the past quarter-century, earth scientists have developed
geotourism as a new category of tourism focused on conscious engagement with inanimate nature. The primary
goal of geotourism is to provide interpretive facilities and services enabling tourists to gain knowledge and
understanding of a site's geology and geomorphology beyond surface-level appreciation. While geotourism
offers significant potential for education, environmental conservation, and local community engagement, the
increasing number of visitors to geosites, especially in mountainous, volcanic, and desert regions, can lead to
gradual degradation of these valuable resources, damage to fragile ecosystems, and disruption of natural
equilibrium. Urmia County, situated in northwestern Iran, possesses exceptional geotourism potential due to
its diverse geomorphological features including mountains, lakes, springs, caves, and varied geological
formations spanning sedimentary, metamorphic, and igneous deposits from different geological periods.
Despite these valuable capacities, limited research has been conducted on identifying threats and assessing
vulnerability of geotourism attractions in this region. The increasing presence of tourists, inappropriate
infrastructure development, human activities such as geosite destruction for resource extraction or civil
development, alongside natural hazards including erosion, earthquakes, and tectonic instabilities, have created
serious threats to these attractions. This situation necessitates systematic assessment of current conditions and
analysis of threatening factors. The main research problem is the absence of comprehensive evaluation of
geotourism attraction vulnerability in Urmia County against human and natural threats. This research gap exists
while sustainable tourism development in the region requires precise planning based on realistic understanding
of geosite vulnerability. The research addresses two fundamental questions: identifying the most important
human threats to geotourism attractions in Urmia County, and determining the most significant natural threats

affecting these attractions.

Methodology

Based on its nature and purpose, this applied research employed a qualitative approach using logical reasoning
strategy to develop the proposed research model. Primary data collection utilized archival methods, and
theoretical text analysis was conducted qualitatively according to data characteristics. The research identified
indicators through comprehensive literature review and background studies. Nineteen human threat indicators
and seven natural threat indicators were identified for evaluation. Thirty experts and specialists in geotourism,
environmental management, and earth sciences participated in indicator weighting. The expert panel included
university faculty members (8 individuals), natural resources department staff (15 individuals), and
environmental protection agency personnel (7 individuals), with educational backgrounds including doctorate
(14 individuals), master's degree (15 individuals), and bachelor's degree (1 individual). Work experience

distribution included over 15 years (15 individuals), 10-15 years (10 individuals), and under 10 years (5
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individuals). Indicator weighting employed two complementary methods: Shannon entropy and fuzzy analytic
hierarchy process. Shannon entropy calculations determined weights based on data dispersion and expert
judgments, while fuzzy hierarchical analysis utilized triangular fuzzy numbers for pairwise comparisons,
converting verbal expressions to numerical values. The research model was validated using path analysis
technique based on expert consensus. Multiple goodness-of-fit indices assessed overall model fit, including
Chi-square/df ratio, RMSEA, RMR, NFI, AGFI, GFI, CFI, and NNFI. Model measurement evaluated both

absolute and relative fit indices to ensure comprehensive validation of the conceptual framework.

Results and Discussion

Shannon entropy results revealed that among natural factors, land subsidence received the highest weight
(0.342), followed by landslides, debris flows, and rockfalls (0.308). Among human factors, climate change
ranked first (0.067), followed by urban development (0.065) and recreation (0.064). Volcanic eruptions and
severe storms received the lowest weights due to geological inactivity in the region and lower occurrence
probability at higher latitudes. Land subsidence emerged as a critical threat primarily caused by excessive
groundwater extraction, particularly significant in the Urmia Plain. The fuzzy hierarchical method similarly
identified land subsidence (0.058) and soil erosion (0.055) as primary natural threats, while climate change
(0.067), urban development (0.065), and recreation (0.064) maintained the top ranks among human factors.
Vandalism (0.061), land subsidence and livestock farming (0.058 each), and waste disposal (0.057) also
demonstrated high importance. The weighting pattern confirmed that human, managerial, and environmental
threats have greater significance in geosite conservation compared to sudden natural hazards. Model validation
confirmed excellent fit with empirical data: Chi-square/df ratio (1.845) fell below the acceptable threshold of
3; RMSEA (0.068) and RMR (0.075) remained below 0.10; and all comparative fit indices exceeded 0.90
(NFI=0.92, AGFI=0.93, GF1=0.96, CFI=0.97, NNFI=0.98). Path analysis demonstrated that vulnerability
results from the interactive chain among threats, natural conditions, and human activities, with human factors
playing a particularly prominent role (coefficients of 0.73 and -0.76). The negative coefficient (-0.64) regarding
natural components indicated that natural characteristics and processes also influence attraction quality and

integrity.

Conclusion

The research successfully developed and validated a comprehensive vulnerability assessment model for
geotourism attractions in Urmia County. Findings conclusively demonstrated that human-induced threats,
particularly climate change, unplanned urban development, and uncontrolled recreational activities, pose more
significant risks to geotourism attractions than natural hazards. Land subsidence emerged as the most critical
natural threat, primarily driven by anthropogenic groundwater extraction. The convergence of results from
both Shannon entropy and fuzzy hierarchical methods underscores the urgent need for integrated management
approaches addressing multiple threat categories simultaneously. The validated model provides a practical
framework for prioritizing conservation efforts, managing visitor capacity, controlling urban development,

regulating land use, and enhancing public awareness. Recommendations include implementing adaptive
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management strategies that respond to changing conditions, strengthening legal protections for vulnerable
geosites, promoting responsible geotourism practices through education and interpretation, developing
comprehensive monitoring programs for early threat detection, establishing visitor capacity limits to prevent
overcrowding, controlling agricultural and livestock activities in sensitive areas, and creating collaborative
governance structures involving local communities, government agencies, and academic institutions. These
measures are essential for ensuring the long-term sustainability of Urmia County's geotourism resources,
contributing to regional sustainable development, preserving valuable geological heritage for future
generations, and enhancing the region's potential as a premier geotourism destination in Iran. Future research
should focus on site-specific vulnerability assessments, development of early warning systems for critical

threats, and evaluation of management intervention effectiveness.
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