Identification and prioritization of threats impacting biodiversity in

Tandoureh national park using the fuzzy Delphi-TOPSIS method

Golnaz Zeinalpour® | Mir Mehrdad MirsanjariZ=®(® | Alireza lldoromi®!® | Iman Saeedi*!*)

1. Department of Environmental Science and Engineering, Faculty of Natural Resources and Environment, Malayer University,
Malayer, Iran. E-mail: golnazzeinalpour@yahoo.com

2. Corresponding Author, Department of Environmental Science and Engineering, Faculty of Natural Resources and
Environment, Malayer University, Malayer, Iran. E-mail: mmmirsanjari@malayerou.ac.ir

3. Department of Environmental Science and Engineering, Faculty of Natural Resources and Environment, Malayer University,
Malayer, Iran. E-mail: ildoromi@gmail.com

4. Department of Environmental Science and Engineering, Faculty of Natural Resources and Environment, Malayer University,

Malayer, Iran. E-mail: isaeedi@malayeru.ac.ir

Article Info

ABSTRACT

Avrticle type:

Research Article

Article history:

Received 13 September 2025
Received in revised form 06
January 2026

Accepted 09 January 2026

Keywords:
Biodiversity,

Fuzzy delphi,
Tandoureh,
TOPSIS,
Threatening factors.

Biodiversity is the precious heritage of the earth, every species that is lost is part of the
puzzle of life that is destroyed forever. The process of losing species richness around the
world has accelerated greatly in recent years. Maintaining the balance of the earth and its
survival for future generations is one of the most important tasks of today's generation.
Determining a network of protected areas across the globe and protecting and preserving
their biodiversity is one of the most important measures in order to continue the survival
of the earth. Tandoureh Protected Area, as one of the most important wildlife habitats in
Iran, is affected by various environmental and human factors that threaten its biodiversity.
In the present study, in order to identify these factors, the consensus of environmental
experts was used in the form of a questionnaire technique and the fuzzy Delphi method,
and the TOPSIS method was used for prioritization. In the fuzzy Delphi method, 20
threatening factors were introduced in the form of a questionnaire and individuals were
asked to add suggested items. 14 factors out of 20 threatening factors to biodiversity were
identified by the experts as the most important threats to the region. The prioritization of
the impact of these factors under several stages was determined by the TOPSIS method.
Finally, the fire factor with a proximity coefficient of 0.7121 was identified as the most
important factor, and the wildlife road accidents factor with a proximity coefficient of
zero was identified as the least important factor affecting the biodiversity of the Tandoore
Protected Area.
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Introduction

This study aims to identify and prioritize the major threats to biodiversity in Tandoureh National Park
using an integrated multi- criteria decision- making framework that combines the Fuzzy Delphi Method
and TOPSIS. Despite the ecological importance of the park, no previous research has systematically
assessed and ranked its biodiversity threats, making this study a significant contribution to conservation
planning in the region. Protected areas worldwide face growing pressures from both anthropogenic and
natural factors. Tandoureh National Park, located in northeastern Iran, is no exception, and its
biodiversity is threatened by various human activities and environmental stressors. The lack of a
structured, science- based assessment of these threats motivated the authors to develop a rigorous
framework to identify and rank the most influential risk factors.

Material and Methods

The research was conducted in two major phases:

1. Identification and Screening of Threat Factors (Fuzzy Delphi)

An initial list of 20 threat factors was compiled based on literature review, field observations, and expert
interviews. A panel of experts evaluated these factors through a semi- open questionnaire designed
using triangular fuzzy numbers (I, m, u) to handle uncertainty in expert judgment.

Crisp values were calculated for each factor, and a threshold value of 3 was used to filter out
low- importance items. As a result:

-14 factors were retained as significant threats.

- Factors such as land- use change, invasive species, and flooding were eliminated due to low crisp
scores.

2. Prioritization of Final Threats (TOPSIS with Shannon Entropy Weights)

For the 14 retained factors, the TOPSIS method was employed to establish their relative importance
based on three evaluation criteria:

- Severity of impact

- Probability of occurrence

- Environmental sensitivity of the receiving ecosystem

Criterion weights were derived using the Shannon entropy method, ensuring objective weight
assignment based on data variability. The TOPSIS procedure included normalization, weighted
normalization, determination of positive and negative ideal solutions, calculation of Euclidean distances,
and computation of the closeness coefficient (CL) for final ranking.

Results

The results revealed distinct differences in the significance of various threats:

- Fire was identified as the most critical threat, obtaining the highest closeness coefficient (CL = 0.7121).
Both intentional and accidental fires were emphasized as major risks due to dry vegetation, seasonal

winds, and human negligence or conflict.

- Insufficient numbers of rangers/guards, wildlife diseases, and poaching also emerged as high- priority

threats, with notable crisp scores in the Fuzzy Delphi phase (e.g., 4.08 for insufficient guards; 4.02 for

wildlife disease).

- Wildlife road accidents ranked lowest, receiving a closeness coefficient of zero, indicating minimal

influence among the considered threats.

The analysis underscores that the park’s major biodiversity pressures arise from a combination of

human-driven issues (poaching, management deficiencies, accidental fires) and environmental factors

(drought, wildlife diseases).

Discussion

The study concludes that effective biodiversity management in Tandoureh National Park must prioritize:
- Fire prevention and control strategies

- Strengthening ranger and enforcement capacity

- Disease monitoring programs for wildlife

- Adaptive measures to address drought and ecosystem vulnerability
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This study, by integrating Fuzzy Delphi and TOPSIS, provides a systematic, repeatable, and data-driven
framework for threat assessment in protected areas. This methodological approach can be generalized
to other national parks and protected landscapes to support informed, evidence-based management
decisions.
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Table 2- Descriptive information of fuzzy Delphi analysis
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Table 3. Results from screening criteria using the fuzzy Delphi method
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Table 5. Normalized matrix
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Table 6. Threatening factors, probability of occurrence, severity of impact, and sensitivity of the receiving

environment

53 1.3y bayeo Conwlus e £989 Jloia! (Sons) bS5 Jolgs
-0.258 -0.0871 -0.3321 JESETE
-0.1838 -0.1945 -0.0729 iyl shools léslas
-0.258 -0.3321 -0.0871 dilato )3 llagses dgreS
-0.258 -0.1945 -0.1945 SIS gl coles pas
-0.1838 -0.1945 -0.1945 ol IS 29se8
-0.3182 -0.0871 -0.3321 S35 (b blon
-0.258 -0.3321 -0.3321 i gl sl lan
-0.3182 -0.3321 -0.2718 s
-0.1838 -0.1945 -0.1945 colie S b pie
-0.3182 -0.2877 -0.2718 ol oblS Say,
-0.3644 -0.2877 -0.3321 dhgle g g yolitods aLS Liibey alad
-0.3182 -0.3321 -0.2718 Eas i 5 (5ot (559 5]
-0.258 -0.3321 -0.2718 ailaio 3 o)l (slael, sl
-0.258 -0.1945 -0.3321 e iy )3 g W53l
0.2667 0.2415 0.2492 Ej
0.733 0.7584 0.7507 Dj= 1-Ej
0.3269 0.3383 0.3348 W

Table 7. Weighted scale-free matrix
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Table 8. Weighted Normal Matrix
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Table 9. Positive and negative ideal solution matrix
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Table 10. Distance of threatening factors from the positive ideal solution
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Table 12. Coefficient of proximity of each option to the best possible option
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Table 13. Prioritization of threats
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