Journal of Environmental Research
Vol. 13, No. 26, Autumn & Winter 2023

Journal Homepage: www.iraneiap.ir
Print ISSN: 2008-9597 Online ISSN 2008-9590

Investigation of Fire in Rangelands and Forests of Mazandaran Using Landsat Document Type
Ima Research Paper
ges
Received
L 2021/12/13
Sara Foroutan **, Niloufar Islamzadeh?
Accepted
1 PhD Student of Environmental Technologies, Environmental Sciences Research Institute, 2023/04/15

Shahid Beheshti University, Iran
2. PhD of Land use Planning, Faculty of Environmental Sciences, Gorgan University, Iran

DOI: 10.22034/eiap.2023.170004

Abstract

Forest and rangeland fires are a crisis and a challenge in the world. Mapping fire areas and predicting them
for the future is very important in natural resource planning and management. Satellite imagery plays an
important role in monitoring and studying forest and rangeland fires. In this paper, the study of forest and
rangeland fires in Mazandaran by NBR method was performed along with statistical data of temperature,
wind and relative humidity using Landsat images. Then, NDVI index was used to study vegetation condition.
The results showed that there is coordination between the results of NBR method, statistical data and NDVI.
The fire more than 500 hectares of vegetation belongs to Savadkuh, Behshahr, Noor and Tonekabon areas. In
order to expedite future decisions, the fire condition of forests and rangelands of Mazandaran for the next 10
years was predicted and mapped. The results of this study can be useful alongside fieldwork.
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Introduction

Fire is one of the factors of disturbance in the ecosystem, which causes economic losses and negative effects
on carbon sequestration (Montagné-Huck and Brunette, 2020; Pellegrini et al., 2019). Climate change may
affect this (Seidl et al., 2018). Iran is an accident-prone country where forest fires are considered a major
crisis and thousands of hectares of vegetation are set on fire every year. The causes of fire may be human or
atmospheric. For about 30 years, efforts have been made to study forest fires with satellite images
(Farajzadeh et al., 2015). Forests cover 35% of the land surface and they play an important role in nature and
human life. Every year, hundreds of fires occur in the country and it preys on thousands of hectares of trees
and plants. Due to the location of Iran in the dry belt of the earth and the high-pressure area of the
subtropical region, the necessary weather conditions for the occurrence of forest and pasture fires are
available. Fire causes harmful effects such as destruction of the natural cycle, warming of the earth, loss of
vegetation, drying of the soil in the region, etc. As a result, it is very important to predict and prevent the
spread of fire for this purpose, it is necessary to identify the fire in the areas and study the results several
studies have been conducted by researchers in the field of fire detection and monitoring using satellite
images (Azari & Mohammadzadeh, 2016).

The purpose of this research is to investigate and study fires in the forests and pastures of Mazandaran using
Landsat images and using the NBR (Normalized Burn Ratio) technique. Also, in order to speed up future
planning, management and decision-making, the situation of fires in the forests and pastures of Mazandaran
for the next 10 years was predicted and mapped. The results of this study can be useful in the field work.

Methodology
The area studied in this research includes Mazandaran province. In this study, the OLI images of the Landsat
satellite in 2018 were used, Table (1). These images were downloaded from www.USGS.gov.

Table (1): Characteristics of the satellite image used in this study
Date Satellite Image Path Image Row
June 2018 Landsat 8 163 34

The statistical data related to the temperature, humidity and location of the fire in 2018 were collected from
the Department of Meteorology and Natural Resources of Mazandaran. Then, according to the dates of fires
in the forests and pastures of Mazandaran, Landsat images related to the desired date before and after the fire
were downloaded. With the NBR method, the fire at the desired time and place was checked using the near
infrared and short wave infrared bands and with the formula of equation (1) (Key and Benson, 2005).
Equation (1): (NIR-SWIR4) / (NIR+SWIR)

And the final NBR map for fire areas was obtained. In order to verify more, the NDVI (Normalized
difference vegetation index) technique was used to study the vegetation cover before and after the fire on the
desired date in the study area (Tucker, 1979). Then its results were compared with the results of the NBR
method. Next, the fire probability layer for the next 10 years was prepared with the help of the burned spots
data (which was prepared from Mazandaran Meteorology and Environment Department) and the MCE
(Multi Criteria Evaluation) multi-criteria estimation method. The criteria used included slope, direction,
height, humidity and NDVI.

Results and Discussion

The final NBR map was obtained with the help of near-infrared and short-wave infrared bands for fire areas
larger than 500 hectares. Next, the NDVI index of the region was obtained in order to validate the work.
Vegetation density map or NDVI was prepared using Landsat images. In this picture, as the values increase,
the density increases.

The results of the two methods were consistent. Also, the statistical data related to the fire in the area
belonging to the date studied in this research also confirms the results. Next, the fire probability layer is
presented in Figure (1).
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Figure (1): Fire probability map in the study area

The method used in this study It is much faster and cheaper than field operations and it can also be updated.
The results of this study showed that the vegetation fire that is significant and larger than 500 hectares in
Mazandaran in 2018 belongs to Savadkuh, Behshahr, Noor and Tonkabon areas. In the vegetation cover of
Tonekabon and Noor, fire is more intense than in the other two areas. These findings are consistent with the
results of the study by Farajzadeh et al. (2015) which was conducted using the global fire detection
algorithm. Considering that Iran is a semi-arid country Every year, hundreds of fires occur in forests and
pastures and causes a lot of damage to habitats, habitats and species, Therefore, fire studies are necessary
especially in Mazandaran province. In the present study, in addition to man-made fires, in 2018, the intensity
of fires has increased in the studied area due to the increase in surface temperature. Landsat images were
used in this study. Researchers such as Azari and Mohammadzadeh (2016), Sobhani and Amini (2018), Kant
et al. (2016) and Mishra (2017) have reported the successful use of Landsat images in vegetation fire studies.
Areas that have the possibility of fire in 2028 In addition to the 2018 fire spots, it includes other areas of
Mazandaran vegetation. Maffei and Menenti (2019) also predicted future fire probability for vegetation with
satellite images and the result has been declared satisfactory.

In case of forest fires, operational activities become important and methods of timely detection of fires in
these areas using suitable satellite images as decision support systems help managers to choose the best
extinguishing method and prevent the spread of fire. In most cases, fire is detected when which requires
spending a lot of money and time to control it. But since the effects of the fire are significant and the
restoration and reconstruction of work resources is time-consuming and difficult. It is necessary to make
extensive efforts to detect fire in time using suitable satellite images (Porshakuri et al., 2012).

Conclusion

Forests are one of the most important ecosystems on earth. Their performance plays an essential role in the
balance of ecological relationships. One of the most important factors affecting the structure and function of
forest ecosystems is fire. They cause ecological disturbances and disorder in natural cycles. What is certain is
that access to current data from forest areas and pastures is considered the most important pillar of planning
and management of natural resources which needs to be updated after any change, including fire which
seems to be impossible without the use of remote sensing techniques. Remote sensing techniques can be used
in all three aspects of crisis management, i.e. forecasting, monitoring and damage assessment. The process of
identifying hot spots or fires in natural resources is carried out with the help of satellite images in order to
quickly warn the relevant officials and consequently speed up the fire extinguishing operation. In short,
investigation and study of fires in forests and pastures is done quickly and free of charge using Landsat
images and NBR technique. Forecasting the fire situation of forests and pastures also helps to speed up
planning, management and future decisions. The results of this study can be useful in the field work.
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