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Abstract

Background and objectives: In recent decades, intentional and unintentional forest fires have
posed a serious threat to natural resources. These fires not only lead to direct human and financial
losses but also contribute to the destruction of ecosystems, soil degradation, and loss of
biodiversity. Additionally, they disrupt the balance of watersheds by reducing vegetation cover,
increasing the risk of soil erosion, altering hydrological cycles, and ultimately affecting water
quality and availability. Understanding fire-prone areas and their contributing factors is essential
for effective fire management, risk reduction, and the development of preventive strategies. Fire
risk mapping serves as a valuable tool for identifying critical areas and implementing targeted
mitigation measures.

Methodology: Fire risk mapping is an effective tool for identifying critical areas and mitigating
fire hazards. This study evaluates the efficiency of the Geographic Information System (GIS),
Analytical Hierarchy Process (AHP), and Frequency Ratio (FR) methods in mapping fire-prone
areas in Astara, a city in western Gilan province covering 42,000 hectares. Astara is part of the
Hyrcanian forests and has a humid climate with an average annual rainfall of 650 mm and a mean
temperature of 13.1°C. In this study, the AHP method assigned weights to fire risk criteria based
on expert surveys, while the FR method used the distribution of 70% of observed fire incidents.
The obtained weights were applied to the study criteria to generate weighted maps. These maps
were then integrated to produce a fire susceptibility map, categorizing fire risk into five classes,
from very low to very high. To validate the results, 30% of recorded fire incidents and the ROC
curve were used. The validation data were not included in the modeling phase.

Results: In the AHP method, the consistency index (Cl) was below 0.1, indicating reliable
parameter selection. Model validation showed that the AHP method had an area under the curve
(AUC) of 0.826, while the FR method achieved an AUC of 0.894. These results suggest that the
FR model is more accurate for mapping fire-prone areas in Astara. The lower accuracy of the
AHP model is likely due to potential errors in the pairwise comparison of criteria.

Among the evaluated factors, proximity to villages (weight: 0.436) and roads (weight: 0.314)
were the most influential in fire occurrence. In contrast, population density had the least impact
(weight: 0.062).

Conclusion: In Astara, fires are concentrated in the northern and southeastern regions,
particularly in watersheds No. 1, 4, and 7. The fire susceptibility map indicates that 1.82% of the
study area is highly fire-prone, while 22.9% has moderate sensitivity. With proper management,
fires in these areas can be controlled effectively. High-risk basins have a dense village distribution
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with short distances to roads, making them more susceptible to fires. Therefore, promoting public
participation and equipping villagers with fire extinguishers can help prevent rapid fire spread.
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Figure 1. Location of the study area
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Figure 2. Map of the effective factors studied in the occurrence of fire a) Slope, b) Direction, c) Height, d)
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Table 1. The weight of different factors affecting the occurrence of fire in the study area

. Sub- Weight  Weight . Sub- Weight Weight
Variable variable Classes ( AHgP) (Flg) Variable variable Classes ( AI-;gP) (Flg)
30 0.085 0.74 0-12 0.016 0.00
120 0.226 1.02 12-25 0.053 1.02
Population 210 0.363 0.71 Slope 25-45 0.427 0.78
(0.062) 620 0.314 1.61 (0.082) 45-100 0.294 1.19
1055 0.012 0.4 100< 0.21 3.42
0-500 0.376 0.32 Flat 0.005 0.86
Human Village 501-1000 0.264 0.27 Topography North 0.051 1.07
Risk Distance 1001-2000  0.228 1.01 (0.119) Aspect East 0.324 0.89
(0.591) (0.436) 2001-3000  0.121 1.73 (0.55) South 0.546 1.16
3000< 0.011 1.6 West 0.074 1.09
Road 0-500 0.427 1.17 0> 0.075 1.57
Distance 501-1000 0.208 0.86 0-100 0.093 2.15
(0.314) 1001-2000 0.184 0.53 Elevation 101-200 0.358 0.51
2000< 0.181 0.46 (0.368) 201-500 0.393 0.75
Agricultural 0-500 0.526 1.24 501-1000 0.081 0.54
land 0-1 0.351 0.00
Distance 1001-2000 0.145 0.23 TWI 1-4 0.24 0.16
(0.188) 2000< 0.032 0.14 (0.105) 4-8 0.169 0.90
Shrubs 0.201 0.8 8-12 0.131 3.85
Density 0.346 0.34 12-14 0.109 1.00
Land Middle 0.295 0.33 1001- 0.551 1.57
cover Landuse Irrigation 0.001 0.00 Rainfall 1201- 0.324 0.94
(0.228) (0.875) Dry 0.008 0.56 (0.242) 1401- 0.125 0.65
Water 0.00 0.73 12 0.211 0.65
Range 0.145 6.06 Temperature 14 0.323 0.94
Residential 0.00 0.00 Climate (0.308) 15 0.466 1.57
Sandy land 0.004 0.62 (0.062) 77-79 0.451 0.36
NDVI Low 0.2> 5.23 Humidity 80-81 0.298 0.16
(0.143) Middle 0.2-0.5 1.28 (0.112) 81< 0.251 0.1
High 0.5-0.75 0.8 0-1.5 0.126 0.13
Wind 15-2 0.302 0.15
(0.233) 2< 0.572 0.23
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