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Every year, wildfires burn large areas in the Hyrcanian forests, of
northern Iran. However, there is no information about the increasing
fire activities and losses of forests and pastures, especially in the
protected areas that are protected due to their known natural,
ecological, or cultural values. This study aims to know the fire regime
and assess fire risk in protected areas in Guilan province (256488
hectar). Fire ignitions and frequency/frequency of burned areas from
1992 to 2022 were identified. Then fire behavior modeling was done
to simulate burn probability and fire intensity (i.e. conditional flame
length) using the FlamMap modeling system based on fire weather
information, topography maps, local fuel models, and historical fire
data. By combining maps of simulated burn probability and
conditional flame length, a fire hazard map was prepared in the
protected areas. According to the obtained results, 8% of the number
of historical fires in the period occurred in the protected areas,
although most of these fires have very small sizes and limited burned
areas (including 0.1% of the burned areas in the province). Frequent
fires (fire frequency more than 1) cover 60% of the protected areas,
and 11% of these areas are highly likely to ignite. The changes in the
burn probability and fire intensity reflect the diversity of fire activity
in the protected areas, especially in the south-central parts, which
catch the highest values of burn probability (more than 1) and
conditional flame length (more than 3 meters). Finally, the fire hazard
mapping showed that 77.7% and 4.8% of the protected areas are
classified as very low and low fire hazards, respectively. On the other
hand, 12.4% and 5.2% of these areas were placed in high and very
high hazard classes, respectively. The quantitative results of this
research provide scientific criteria for identifying high-priority areas
in protected areas where management efforts can help reverse the
increasing fire risk of protected forests.
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Introduction

Fire regime refers to fire patterns that occur over long periods and the immediate effects of
fire in the ecosystems occurs (Krebs et al., 2010), which is a function of the frequency of fire
occurrence, fire intensity, and the fuel amount. Understanding past and present fire regimes
is very important in predicting future changes and understanding fire behavior over time and
space (Wang et al., 2022). Along with understanding the fire regime in an area, determining
and evaluating the main concepts of fire such as fire hazard, fire risk, and fire danger are the
main components of fire management. In order to facilitate this understanding and
assessment of fire risk to promote effective fire management, we identify the fire regime and
fire risk mapping in the past three decades in the protected areas of Guilan province. The
main goals of this research include: 1) What is the spatial distribution of fires and fire
recurrence in the study area? 2) What is the ignition probability in protected areas? and 3)
how is the distribution of fire hazard map classes in the study area? The results of this
research describe the current fire regime and the fire risk assessment approach based on
modeling presented can be extended to other protected areas prone to fire in the country.

Material and Methods

This study was conducted in the protected areas (20 regions with a total area of 256,488
hectar) of Guilan province (14,044 km?) in northern Iran (Figure 2). We used the fires that
occurred between 1992 and 2022 in the study area. Fire simulation inputs (topography,
weather, fuels, and historical fire activity) were collected. The method used to prepare these
data was presented in a previous study (Jahdi and Al-Haj Khalaf, 2024). Using historical fire
data, two component maps of the fire regime (fire frequency and ignition probability) were
prepared using GIS tools. Then, using all input data, 10,000 fires were simulated for each
pixel of the study area using the FlamMap model, and two output maps of burn probability
and conditional flame length were obtained. Burn probability values were scaled between 0
and 100. Conditional flame length values were shown with 6 classes of fire intensity (less
than 0.5, 0.5-1, 1-2, 2-3, 3-4, and more than 4 meter). Finally, a fire hazard map was created
by combining burn probability and conditional flame length maps. Pixels with higher burn
probability and conditional flame length values have more potential to cause damage and are
therefore more dangerous. Fire hazard map values were rescaled (linear rescaling) on a scale
of 0-100 with 100 being the most hazardous conditions in the study area. Finally, fire hazard
classes were defined as follows: very low (less than 0.01), low (0.01-0.1), moderate (0.1-1),
high (1-10), and very high (more than 10) (Erni et al., 2024).

Results and Discussion

During the study period, Guilan province experienced 2249 fires, and a total area of 25,564
was burned. About 70 % of these fires have been burned with a fire size of less than 10 ha.
About 8% of these fires occurred in the protected areas of the province, and these fires
account for only 0.1% of the burned areas in the province. This case indicates the smallness
of the fires and also the faster containment of the fire spread in these protected areas
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compared to unprotected areas. This result is consistent with the study of Nelson and
Chomitz (2011).

Based on the modeled maps of fire frequency in the whole province, about 40% of burnable
areas have experienced fires one or more times. Furthermore, in the protected areas, 60% of
these areas have experienced fires one or more times. Fires in areas with a frequent fire
regime can lead to high-consequence events (McEvoy et al., 2021). In the whole province,
14% have an ignition probability less than 0.01, 60% have an ignition probability of 0.01-
0.3, and 26% have an ignition probability greater than 0.3 (Figure 6). Furthermore, in the
protected areas, 21% have an ignition probability less than 0.01, 68% have an ignition
probability of 0.01-0.3, and 11% have an ignition probability greater than 0.3. These areas
with high ignition probability should be considered for fuel treatment and management.

The changes in burn probability and conditional flame length values reflect the diversity of
fire activity in the protected areas (Figure 7), especially in the south-central parts. The highest
burn probability (more than 1) was observed in the south-central parts of Rudbar County.
The highest conditional flame length (more than 3 meters) have been observed in these parts.
In these areas, due to the Foehn winds and the severe decrease in air humidity, some of the
forests located in the mountainous areas are prone to fire. Based on the fire hazard map

(Figure 8), more than 80% of protected areas were classified as very low and low hazard.
Therefore, the rest of the protected areas (less than 20%) are classified as high and very high
hazard.

Conclusion

The fire regime in the protected areas in the last three decades showed that about 60% of
these areas have experienced fires one or more times and 80% of these areas have an ignition
probability of more than 0.1. These areas with frequent fires and high ignition probabilities
should be considered for fuel management and treatment. In addition, based on the maps of
burn probability and conditional flame length simulated, the fire hazard map showed that
18% of the protected areas have high and very high hazards. This work provides the
necessary tools to identify fire critical points in the protected areas, which should be
considered in their protection and management plans.
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