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Abstract

Forests have an extremely important place in the ecosystem in terms of providing social and
environmental balances. Fire is the greatest danger to forests. Therefore, estimating fire formation and
its behavioral characteristics is very important to deal with this issue. Every year, large areas of forests
in the Zagros region in western Iran are burned and destroyed. The extent and distribution of fires, the
mountainous terrain, and the difficulty of crossing the predominantly forested areas of the Zagros
Mountain Range have hampered managers’ abilities to obtain quantitatively reliable information about
the burned areas, levels of damage, as well as their statistics and factual information. Utilizing
appropriate and available satellite data and images can provide useful information about pre- and post-
forest fire conditions. The aim of this study was to estimate fire affected areas and be aware of the
efficiency and capability of Landsat satellite data and NBR and dNBR indices in identifying,
evaluating, and mapping the burned forests of Zagros region. For this purpose, after preparing the
required images, the fires that occurred in June 2016 in the forests of Zagros were investigated by
using remote sensing techniques and the necessary processing. The results showed that NBR and
dNBR indices provided good information about the impact of fire and its changes. 13685 hectares of
Zagros forests were burned in this fire in 2016.
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Introduction

Due to the location of Iran in the dry belt of the Earth and the high pressure area of the subtropical
region, weather conditions are perfect for the occurrence of unexpected events. According to the
surveys, our country is among the 10 most accident-prone countries in the world. One of these
incidents that happen abundantly in Iran is the phenomenon of fire in forests and pastures. Forests are
an important part of the Earth's ecosystem. They are a great resource for various purposes, including a
genetic reservoir, water reservoir, carbon source, and a source of energy storage in nature. They play
an essential role in improving the environment and keeping it in balance. At the same time, they are an
important natural resource for proper development in the social economy; yet, this huge resource has
been endangered by fires. Every year, thousands of hectares of forests are burned in different regions.
Forest fire with natural or human origin has direct or indirect harmful and destructive effects on
human life. In addition to the destruction of the environment and its pollution, it causes the destruction
of wood reserves, livestock, agricultural and grazing lands, buildings, and human lives and property,
besides having many economic, social, and psychological consequences.

Methodology

In this research, Landsat 8 Satellite images were used, which were obtained from the USGS
(United States Geological Survey) website. Landsat 8 is the 8" satellite of this series. The most
important role of Landsat program is monitoring and ensuring that the resources necessary for human
livelihood, such as food, water, and forests will continue to exist. Landsat 8 satellite images were used
by the OLI sensor to extract the land use map and the TIRS sensor was used to extract the surface
temperature of the ground and fire-affected areas. In this study, the fires that occurred in Kermanshah,
Ilam, and Kurdistan provinces were selected from among the fires in the forests and pastures of Zagros
in June 2019. The fire in Kermanshah Province started on Thursday, June 8, 2019, and because it was
not constrained in time, it spread to the borders of llam and Kurdistan provinces on June 9, 2019. The
data used were case-by-case with descriptive information due to the extent of fires during this time
period and limited access to satellite images. First, the areas with fires were identified and then,
Landsat 8 Satellite images were prepared on a case-by-case basis before and after these two fires.

Discussions

According to the main objective of the study --determination of fire-affected areas -- after
separation and identification of fire areas through the used indicators, classification and separation of
the burnt areas from other areas were done. In this regard, the basic pixel method and the maximum
likelihood algorithm were used for classification. The 3 classes of fire-affected areas, residential areas,
and other land uses were used in the classification process. Using the results obtained from the
classification map (Fig. 6), the extent of the fire areas in the study area was estimated to be 13,685
hectares.

Conclusions

The changes after the fire and burn severity were analyzed using the NBR index. As a general
conclusion, it could be said that according to the accuracy of the classification results in distinguishing
the burned areas from other areas with high confidence, the power and capability of Landsat Satellite
images and NBR and dNBR indices in separating and distinguishing the burned forest areas could be
emphasized. Based on the results of the fire intensity maps obtained from this study, it could be
claimed that the spatial and spectral resolutions of Landsat images could be a good enough for
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preparing correct statistics and information about fire areas, especially for preparing a map of burned
areas in the Zagros forests of Iran. According to the results obtained from the maps of ground surface
temperatures related to before and after the fire, which indicated an increase of 9°C in the studied area,
and by extracting the fire-affected areas by using the NBR and dNBR indices and simultaneously
performing fire classification via the supervised method (maximum likelihood algorithm), as well as
aligning these areas, it was possible to estimate the size of the areas affected by fire in the study area
(13,685 hectares) with high confidence.
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Figure (2) flowchart of the research steps (source: authors, 1400)
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Figure (3) Earth surface temperature map before the fire (right side) and after the fire (left side)
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Figure (4) NBR index map before the fire (right side) and after the fire (left side)
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Figure (5) dNBR index map of the studied area
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Figure (6) classified map of the fire affected areas
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