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Introduction

Wildfires have long been one of the most significant factors altering tropical and subtropical
ecosystems, with climate playing a crucial role in the occurrence and spread of fires in forests and
grasslands. Forest and grassland fires pose serious risks, particularly to human populations living near
these areas, and lead to environmental degradation, loss of valuable plant and animal species, and air
pollution. Wildfires are a natural disaster that modern societies, especially those in arid and water-
scarce regions with limited vegetation, frequently face. Protecting forests and grasslands in these areas
is of utmost importance. Iran is among the countries where thousands of hectares of forests and
grasslands are lost annually due to wildfires. Drought is a key factor contributing to the occurrence of
wildfires. To assess drought trends in the country, climatic data are used to identify fire-prone areas
and develop mitigation strategies.

Various methods have been employed to evaluate wildfire risk, including the empirical Francisella
coefficient, the Morgan index, the Keetch-Byram Drought Index (KBDI), hierarchical analysis, the
Nesterov index, and remote sensing technologies. Among these, the KBDI is a widely used method for
assessing wildfire risk. This index estimates the moisture deficit in the upper soil layer (up to 8 inches
or 20.3 cm) and indicates the flammability of organic materials above the soil. The required
parameters for the KBDI include daily maximum temperature, daily precipitation, and average annual
precipitation. The index ranges from 0 (no moisture deficit, low fire risk) to 800 (severe drought, high
fire risk). The KBDI offers several advantages, such as not requiring field data and relying on easily
measurable parameters (temperature and precipitation), making it a practical tool for wildfire risk
assessment.

The KBDI is calculated daily, which reduces errors in its application. Studies in the southeastern
regions of South Carolina have shown that climatic variables, including human activities, wind speed,
and the duration of dry periods, must be considered when using the KBDI to identify fire-prone areas.
The index exhibits a strong positive correlation with high temperatures and is not influenced by the
absence of rainfall in a region. It is widely used for drought monitoring in national weather forecasts
and wildfire prevention, particularly in areas with non-irrigated crops.

Research in meteorology and forestry has demonstrated a strong link between wildfires and
climatic conditions since the 1920s. Studies in northern and eastern China using the KBDI, Nesterov
index, and the MacArthur Forest Fire Danger Index (FFDI) have shown that wildfires have increased
over the past 50 years due to rising temperatures and declining humidity and rainfall. Similarly, in
northern England, wildfire frequency has increased over the past 27 years, with wet winters not
necessarily reducing the risk of spring fires.

The KBDI uses temperature, evapotranspiration, and rainfall to identify fire-prone areas. A 20-year
study in Hawaii revealed a direct correlation between KBDI values and the frequency of wildfires,
indicating that higher KBDI values correspond to increased fire incidents. In the Alps, studies using
the Nesterov index, FWI, and Baumgartner index have shown that rising temperatures and changing
precipitation patterns significantly contribute to increased wildfire risk.

In Iran, the SLEUTH model has been used to predict fire-prone areas and fire spread patterns in the
Hyrcanian forests, highlighting the importance of integrating climatic conditions with wildfire
prediction systems to reduce daily fire-related damages. Recent studies using CMIP5 data and
statistical downscaling methods have predicted future drought conditions in the Barito Basin of
Kalimantan, Indonesia, using the KBDI. The results indicate that by 2050, approximately 50% of the
basin will face moderate drought risk, with 2% at high risk, underscoring the strong correlation
between drought and wildfire occurrence.

The present study aims to evaluate the performance of the KBDI in estimating drought and
identifying fire-prone areas in East Azerbaijan Province, Iran. Using 30 years of climatic data from six
stations, the study maps and analyzes dry and fire-prone areas in the region. The primary innovation of
this research lies in its use of long-term climatic data and detailed regional-scale soil moisture
analysis, offering valuable insights for natural resource management and wildfire risk reduction.
Additionally, the study compares the KBDI with other wildfire prediction methods, proposing a new
tool for identifying fire-prone areas in arid and semi-arid regions.
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Method

Study Area

The study was conducted in East Azerbaijan Province, located in the northwest of the Iranian Plateau,
with an area of 45,490 square kilometers (Figure 1). Geographically, the province lies between 45°7'
to 48°20' east longitude and 36°45' to 39°26' north latitude. It is the tenth largest province in Iran in
terms of area. Topographically, East Azerbaijan is a mountainous region, with approximately 40% of
its area covered by mountains, 28.2% by hills, and 31.8% by flatlands (plains and intermontane
valleys). The climate of East Azerbaijan is generally cold and dry, but due to its diverse topography, it
experiences a variety of microclimates. The province is influenced by cold northern and Siberian
winds, as well as humid winds from the Black Sea, the Mediterranean, and the Atlantic Ocean. The
region is classified as semi-arid, with an average annual precipitation ranging from 250 to 300 mm.

Data Collection

The study was conducted at six meteorological stations in East Azerbaijan Province: Tabriz, Sarab,
Jolfa, Ahar, Mianeh, and Maragheh. The required data, including daily maximum temperature, daily
precipitation, and average annual precipitation, were obtained from the Regional Meteorological
Administration for the period 1987-2017.

Calculation of the Keetch-Byram Drought Index (KBDI)

The KBDI was calculated to assess drought conditions and wildfire potential. The index estimates the
moisture deficit in the upper soil layer (up to 8 inches or 20.3 cm) and ranges from 0 (no moisture
deficit, low fire risk) to 800 (severe drought, high fire risk). The calculation of the KBDI requires the
following parameters: daily maximum temperature, daily precipitation, and average annual
precipitation. The starting point for KBDI calculation is critical. The upper soil layer must be saturated
at the beginning of the calculation. If the calculation starts from zero, it is necessary to determine the
date when the soil was last saturated, which may require backtracking through historical precipitation
data. In mountainous regions with significant snowfall, the calculation should begin after the snow has
melted and the soil is saturated. The KBDI was calculated using the formulas in the main text. The
KBDI was calculated daily for a 30-year period (1987-2017) using both manual calculations and
specialized software. The results from both methods were consistent. Annual graphs were plotted, and
wildfire risk maps were generated using ArcGIS software.

Spatial Analysis

To create spatial distribution maps of the studied variables, the Inverse Distance Weighting (IDW)
method was used in ArcGIS. This method was chosen for its simplicity and accuracy, especially when
data points are scattered. In IDW, the value of an unknown point is estimated using a linear
combination of measured values, weighted inversely by their distance from the point. This approach
assigns greater influence to nearby points, enhancing the accuracy of the generated maps.

Ethical Considerations
This study used publicly available meteorological data and did not involve human or animal subjects.
Therefore, no institutional review board approval or informed consent was required.

Results

Evaluation of Wildfire Risk Using the Keetch-Byram Drought Index (KBDI)

In this study, the wildfire risk in forests and rangelands of East Azerbaijan Province was assessed
using the Keetch-Byram Drought Index (KBDI). The results are presented through 30-year average
graphs and maps.

Comparison of KBDI Values Across Stations
The analysis of annual KBDI values from 1987 to 2017 revealed significant variations among the six
meteorological stations.



Journal of Ecohydrology, Volume 12, Issue 1, 2025 660

Ahar Station: The lowest drought intensity and wildfire potential were observed at Ahar Station. In
2010, the maximum drought intensity and wildfire potential reached 136.41, while the minimum value
was 1.25 in 1987 (Figure 2).

Jolfa Station: Jolfa exhibited the highest drought intensity and wildfire potential among all stations.
The maximum value of 329.83 was recorded in 1998, while the minimum value was 0.083 in 1987.
The longest drought period at Jolfa lasted 8 years (1996-2003) (Figure 3).

Maragheh Station: In 2010, Maragheh experienced its highest drought intensity and wildfire
potential (244.91), while the lowest value (66.08) occurred in 1998. The longest drought period at this
station lasted 5 years (1998-2002) (Figure 4).

Mianeh Station: The highest drought intensity at Mianeh was 321.66 in 2009, while the lowest value
was 68.08 in 1987. The longest drought period lasted 6 years (1997-2002) (Figure 5).

Sarab Station: Sarab recorded its highest drought intensity (166.5) in 1990, while the lowest value
was 2.66 in 1987. The longest drought period lasted 3 years (1998-2000) (Figure 6).

Tabriz Station: Tabriz experienced its highest drought intensity (266.75) in 1990, while the lowest
value was 77.66 in 2009. The longest drought period lasted 3 years (1989-1991) (Figure 7).

Intensity and Duration of Drought

Table 2 summarizes the intensity, duration, and frequency of drought periods across the stations. The
most severe and prolonged drought occurred at Jolfa in 1998, while Ahar experienced the least severe
and shortest drought periods.

Spatial Zoning of Drought Intensity and Duration
Using ArcGIS, spatial zoning maps were created to illustrate the intensity and duration of drought over
the 30-year study period.

Drought Intensity in 1998: Figure 8 shows the spatial distribution of drought intensity in 1998. Jolfa
exhibited the highest drought intensity and wildfire potential, followed by Mianeh. Maragheh and
Tabriz also showed high drought intensity, while Sarab and Ahar had moderate and low intensities,
respectively.

Drought Duration in 1998: Figure 9 illustrates the spatial distribution of drought duration in 1998.
Jolfa and Mianeh had the longest drought periods, while Tabriz and Ahar experienced shorter
durations.

Conclusions

The study evaluated wildfire risk in East Azerbaijan Province using the Keetch-Byram Drought Index
(KBDI). The results indicate significant spatial and temporal variations in drought intensity and
wildfire potential across the six meteorological stations.

Jolfa and Mianeh: These stations exhibited the highest drought intensity and wildfire potential due to
low annual precipitation and high temperatures. The prolonged drought periods in these regions
further increase the risk of wildfires.

Maragheh and Tabriz: These stations also showed high drought intensity and wildfire potential,
though to a lesser extent compared to Jolfa and Mianeh.

Sarab and Ahar: These stations had moderate and low drought intensity, respectively, attributed to
higher annual precipitation and lower temperatures.

The findings highlight the critical role of climatic factors, such as temperature and precipitation, in
influencing drought intensity and wildfire potential. The KBDI proved to be an effective tool for
assessing drought conditions and identifying fire-prone areas, particularly in semi-arid and arid
regions like East Azerbaijan Province.

Theoretical and Practical Implications
The study underscores the importance of integrating KBDI-based assessments into wildfire
management strategies. By identifying high-risk areas, policymakers and resource managers can
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implement targeted measures to mitigate wildfire risks, such as improving early warning systems,
enhancing firefighting capabilities, and promoting sustainable land management practices.

Limitations and Future Research
While the KBDI provides valuable insights, its accuracy can be further improved by incorporating
additional climatic and environmental variables. Future studies should explore the integration of KBDI
with other drought indices (e.g., SPI, RDI) and advanced modeling techniques to enhance predictive
accuracy. Additionally, investigating the impact of climate change on drought patterns and wildfire
risks in the region is recommended.

Broader Significance

The findings of this study contribute to the broader understanding of drought and wildfire dynamics in
semi-arid regions. They also provide a framework for similar assessments in other regions facing
comparable climatic challenges. By leveraging tools like the KBDI, stakeholders can better prepare for
and respond to the growing threat of wildfires in a changing climate.
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