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ABSTRACT: Forest fires are contributing significantly to the acceleration of deforestation. Monitoring and mapping
these fires are crucial, and remote sensing technology has proven effective for this purpose. This research employs
remote sensing methods to evaluate the severity of a forest fire in Kampung Balai Besar, Dungun. The incident, covering
a 23-hectare area, occurred on 15 June 2021. Initial data processing utilized Sentinel-2 satellite images from 14 June 2021
(pre-fire) and 19 June 2021 (post-fire). The extent and severity of the fire were assessed using the Normalized Burn Ratio
(NBR) index derived from satellite images. Different levels of burn severity were classified based on the extracted NBR,
and classes of the calculated index value were generated accordingly. The severity level and intensity of the burn were
analyzed using the Difference Normalized Burn Ratio (ANBR) index. This spectral index aided in assessing the severity
of the forest fire in Kampung Balai Besar. The findings revealed that 13.9% of the area experienced low severity burns,
47.2% had moderate to high severity burns, and 38.9% exhibited high severity burns. In summary, areas with moderate
to high and high severity burns showed more significant damage, while unburned areas displayed higher vegetation
productivity. The study successfully identified the burned area in Kampung Balai Besar, providing valuable information
for early decision-making and effective forest management planning.

KEYWORDS: Forest fire; normalized burn ratio; severity burns index

1 Introduction

Forests are essential for maintaining environmental balance. Natural forest provides a habitat for wild
animals and plants and is a crucial indicator of a region’s ecological health [1]. Forests should be preserved to
maintain the natural ecosystem’s equilibrium. High temperatures and prolonged periods of drought, strong
winds, soil configuration, and highly flammable plants are all elements that contribute to the greater danger
of fire. Forest fires affect approximately 350 million hectares of land yearly because of human activity and
natural phenomena [2]. On the other hand, an uncontrollable fire can quickly spread across a broad area and
present a risk to society and the environment. The growing frequency and severity of forest fires in recent
decades have prompted local governments and fire management authorities to advocate for reliable, rapid,
and cost-effective fire mapping systems [3].

Furthermore, these fires have become one of the primary factors speeding up the deforestation process,
which in turn devastates the natural habitat of the forest and amplifies the impact of environmental disasters,
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such as flooding. Forest fires also change the topography, degrade the soil, and affect the air quality in the
surrounding area [4], further disrupting the delicate balance of ecosystems. As forests are the guardians of the
earth’s natural ecological equilibrium, their destruction exacerbates environmental instability. Unfortunately,
forest fires are often discovered after they have spread across a large area, making control and extinguishment
difficult but not impossible at times [5]. Forest fires release carbon dioxide (CO,) into the atmosphere, leading
to catastrophic losses and irreversible environmental and atmospheric damage. The problem with forest fires
is that such incidents frequently occur in isolated, abandoned, unmanaged areas that are densely forested,
with trees, dry or burned wood, leaves, and other fuel sources.

Additionally, these components contribute to a highly flammable environment, facilitating fire ignition
and providing ample fuel for their spread. The situation is further worsened by environmental factors. Given
these conditions, it is vital to preserve forests, not only for their resources but also to maintain the balance of
the natural ecosystem. The rising frequency of fires in these vulnerable areas underscores the importance of
proactive forest management and conservation efforts to reduce fire hazards and protect ecosystem stability.
Therefore, to effectively manage these risks, accurate mapping and monitoring of forest fires are essential.

Since the development of imaging technology that uses infrared (IR) radiation [3] for mapping
burned areas, several in-situ and aerial methods have been introduced to improve fire detection and
monitoring. Nevertheless, the inconsistency in data acquisition and mapping methodologies across different
agencies presents a challenge, making it difficult to examine performance in regional, continental, or global
regions [3]. Satellite remote sensing, as opposed to ground-based, airborne approaches, may deliver large-
scale and cost-effective satellite remote sensing in short revisit times, making it more ideal for establishing a
systematic and worldwide fire mapping system [3]. In addition, remote sensing and geographic information
system (GIS) research have sparked studies that produce forest fire risk maps in many regions in recent years,
according to substantial developments in remote sensing and GIS research [1]. This is due to the fact that
GIS provides a variety of tools for incorporating spatial data from a variety of factors that affect forest fires.
In general, various factors influence the occurrence and spread of forest fires, including climate, vegetation,
topographical features, and human activity [1].

Building on this, the study focuses on assessing the severity level of the forest fire in Kampung Balai
Besar, Dungun, using remote sensing techniques. Specifically, the objectives of this study are to estimate
the Normalized Burn Ratio (NBR) index for both the pre-fire and post-fire events, and to analyze the burn
severity levels of the forest fire in Kampung Balai Besar, Dungun, Terengganu. This study utilized remote
sensing data, with the results assisting in early decision-making and effective forest management planning.
While this approach will significantly reduce costs, workforce requirements, and time needed for plantation
monitoring, it will still have a significant impact on improving forest management.

2 Literature Review

Forests are a priceless natural resource, particularly for flora and fauna. Cengal, meranti, belian, and teak
are all valuable timbers sourced from the forest. For the furniture sector, these woods are precious. Our lives
would be incomplete without the presence of the forest. Rainwater catchment areas can be found in the forest.
The forest also provides a habitat to various types of vegetation and wildlife. Because extinction of flora and
fauna is linked to forests, the forest has the potential to save them. In this way, the ecology is kept in balance
indirectly. On the other hand, forests play a part in reducing global warming. However, human activities
are the leading cause of forest fires. Nevertheless, forest fires can also be dangerous regarding vegetation
structures, topographical aspects, and climatic changes [6].

Many factors and influences can contribute to forest fires, with human activity being one of the primary
sources. Typically, fires are intentionally ignited to prepare the soil for future cultivation by clearing and
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neutralizing it. Additionally, passing motorists and pedestrians could leave campfires or cigarettes burning
in the bush as potential sources of ignition that can burn gasoline [7]. Fire emissions significantly impact
atmospheric composition, which has a direct effect on global climate as well as human health and security [8].
Dry weather, or weather that is not accompanied by rain, is the most common cause of forest fires. Most
forest fires started by humans are unintentional. The use of flames to clear the soil, which can occasionally
be controlled, is one of the essential human actions that can trigger forest fires.

Moreover, fire severity has several consequences for the soil in a fire-prone ecosystem. There is a
possibility that the low severity has little or no adverse effect on the ground. Still, high combustion levels
cause significant loss of organic matter, development of hydrophobicity due to depth, deterioration of soil
structure, and soil loss. Soil erosion is probably the most severe ecological threat in the first year after a fire in
a heavily burned area, with severe damage in areas such as the Iberian Peninsula, where the risk of potential
erosion is very high [9]. Therefore, an early assessment of fire severity is essential to address possible post-
fire management strategies aimed at protecting vegetation communities and soil. In West African savannas,
frequent fires significantly impact vegetation structure, biodiversity, and carbon balance [10].

In the early decades, forest fire detection monitoring was mainly from fire lookout towers where
humans made observations and only required simple technologies. However, this method is less effective
due to its vulnerability to human error and exhaustion [11]. Besides, time has become a restrictive issue in
analyzing post-fire consequences on vegetation, as well as being more expensive and labor-intensive since
the early 1970s [12]. Satellite remote sensing is an essential technological source for gathering post-fire data to
overcome such issues and the limited accessibility to the damaged areas. Traditional methods of determining
fire severity include costly and time-consuming field surveys, which can be supplemented by satellite remote
sensing to overcome these shortcomings [13]. Furthermore, satellite remote sensing technology enables
advanced performance and new operational applications for security and risk management. In particular,
the Copernicus program and Sentinel mission have been specially developed to support risk monitoring and
provide free advanced satellite data (such as Sentinel-2) that can adequately support forest fire monitoring
from risk assessment to damage quantification [14].

The twin satellites Sentinel-2A and Sentinel-2B make up the Sentinel-2 constellation with a large swath
and high resolution [15]. Sentinel-2A was launched on 23 June 2015, and the first images were obtained a few
days later. On 07 March 2017, Sentinel-2B was found. The Sentinel-2 satellites have multispectral imaging
instruments (MSI) onboard that can record 13 wide-swath bands [16]. These advanced imaging capabilities
make the Sentinel-2 satellites particularly valuable in monitoring environmental disturbances such as fire,
which significantly impacts. Fires are an essential ecological process in many forest areas, and changes in their
size and severity have a substantial impact on forest structure and wildlife habitats [17]. Therefore, assessing
the severity of a fire is very important for explaining and measuring the impact of a fire on vegetation, wildlife
habitats, and soil. Estimating the severity of burns based on remote sensing is a powerful tool and needs to
be validated in correlation with field data to be helpful.

Determining burned and unburned regions is one of the most crucial stages in forest fire monitoring.
The Normalized Burn Ratio (NBR) is defined to highlight areas that have burned and provide a measure of
burn severity using satellite imagery data [18]. The formula for NBR is similar to the Normalized Difference
Vegetation Index (NDVI); however, it uses both near-infrared (NIR) and short-wave infrared (SWIR)
wavelengths instead of just one [19]. The descriptions of vegetation characteristics in the red-edge spectral
domain, along with the radiometric response in the SWIR spectral domain, which are widely recognized
as effective for identifying burned areas, offer significant benefits to the current Burned Area Index for
Sentinel-2 (BAIS2) system. This satellite’s spectrum properties make it a valuable tool for forest fire moni-
toring with a high potential for differentiating burn severity levels in a fire. Recent research [18,20-22] have
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shown that the Sentinel-2 spectral indices based on red-edge wavelengths near red, primarily related to
variations in chlorophyll content, and red-edge wavelengths near NIR, mostly associated with variations in
leaf structure, are the most appropriate for differentiating burn severity. Additionally, it has already been
shown that using narrow band NIR rather than broadband NIR to calculate spectral indices for post-fire
does not result in appreciable variations [23].

Besides, NBR is a useful indicator for determining the scope and severity of fires by using the Difference
Normalized Burn Ratio (ANBR) formula. The dNBR is calculated from the difference between the pre-fire
NBR and post-fire NBR obtained from the images, and it may then be used to determine the burn severity.
A higher ANBR value indicates more severe damage, while negative ANBR values could indicate regrowth
after a fire. Data imaging of pre-fire typically shows low mid-infrared and varying high NIR band values.
However, data imaging after a fire reveals very low mid-infrared band values and very high NIR band values.
Understanding the spatial pattern of fire severity through mapping can provide valuable insights into the
ecological effects of fires.

Mapping of fire severity areas is essential to support fire management in terms of environmental damage,
planning strategies and monitoring the restoration of plants [13]. The MSI sensor on Sentinel-2 satellites
provides more spectral information, allowing for the development of new indices for forest fire mapping,
such as Burned Area Index (BAI) and Normalized Burn Ratio (NBR). These indices have been used on several
forest fire cases, for example, in Turkey [8], Italy [13], the Iberian Peninsula [23] and Indonesia [24], showing
good performance of the index. The indices are often used with satellite data to analyze and monitor the
effects of forest fires, focusing on areas affected by burns. Consequently, this study presents the NBR index,
derived from Sentinel-2 spectral bands, to detect burned areas at a 20 m spatial resolution and conducts
post-fire mapping for fire severity analysis.

3 Materials and Methods

The research methodology has been designed to align with the study’s objectives, starting with the
data collection phase. The study utilized Sentinel-2 images as a crucial dataset. The next phase focuses on
data processing, beginning with the pre-processing of satellite imagery data. This involves digital image
processing by using software such as ERDAS and GIS. Key steps in digital image processing include geometric
correction, radiometric correction, image subset creation, and noise reduction. This processing stage is
essential for effectively accessing, interpreting, and analyzing the data. Subsequently, the images are used to
estimate the Normalized Burn Ratio for analyzing fire severity levels (Fig. 1).

3.1 Area of Study

The study focuses on a forest fire event that occurred in Kampung Balai Besar Forest. This forested region
lies within the district of Dungun, Terengganu, Malaysia. The study aims to assess the extent of damage of
the fire incident on 15 June 2021, affecting a total area of 36 hectares. The use of remote sensing techniques,
particularly the NBR index, aids in mapping and analyzing the extent of the burned area within the forest
of Kampung Balai Besar. The study area is also classified as a peat swamp forest, a unique ecosystem with
specific environmental conditions, often featuring waterlogged, acidic, and nutrient-poor soils. Due to these
conditions, peat swamp forests are highly susceptible to fires, which were particularly prevalent during the
study period. Accordingly, this study can assist the forestry department in planning and conserving the forest
(Fig. 2).
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3.2 Normalized Burn Ratio Index

Two burn indices in respect to the remote sensing index were used in order to identify forest fire regions.
The NBR index is used to determine the extent of the burning and to classify its severity within the forest
region. The NBR is responsive to changes of forest after a fire, particularly in the NIR and SWIR bands. The
NBR index is also used to identify the affected green spaces for this reason. The burn index formula utilized
in this study is shown in the equations [25]. The specific formulas were covered in the band math section.

NBR = (B8 — B12)/(B8 + B12) 1)
dNBR = (Pre — fire NBR) — (Post — fire NBR) (2)

where NBR = Normalized Burn Ratio, B8 = Band NIR, B12 = Band SWIR, dNBR = Differential Normalized
Burn Ratio.

3.3 Classification of Burn Severity

In order to determine the fire forest severity in Kampung Balai Besar, Dungun Terengganu, the initial
analysis employs the NBR method. NBR is used to identify burned areas and provide a measure of burn
severity using satellite imagery data. Sentinel-2 imagery was first converted to GeoTIFF format using the
European Space Agency-Sentinel Application Platform (ESA-SNAP) to facilitate further analysis in a GIS
software environment. Following this, the data were categorized according to the NBR classes outlined
in Table 1.

Table 1: Burn severity classes based on dNBR value [25]

Severity level dNBR range value
Unburned -0.100 to —0.990
Low Severity 0.100 to 0.269

Moderate—low severity 0.270 to 0.439
Moderate—high severity 0.440 to 0.659
High severity 0.660 to 1.300

Healthy vegetation is indicated by a high NBR value, whereas recently burned areas and bare land are
indicated by low values. Values near to 0 are typically assigned to non-burnt. However, the United States
Geological Survey (USGS) has proposed a classification table to interpret the burn severity [26].

The spatial analyst tool (reclassify) was employed to categorize the range of burn severity. By categorizing
the index into their categories of fire degrees, NBR is used to assess the severity of the burns. However, a
differential formula (ANBR) is then applied to compare which index performs better in detecting burned
areas. The total burned area of each classification is determined. This study analyzes five categories of burn
severity for ANBR: unburned, low severity, moderate-low severity, moderate-high severity and high severity.
The burn index values were divided into those classes to identify the best division for the index’s value.

4 Results and Discussions

The assessment of burned areas is pivotal in understanding the impact of forest fires, and the NBR index
serves as a crucial tool for this purpose within the remote sensing environment. As the most commonly
employed index for fire-related observations, the NBR index provides valuable insights into the severity and
extent of forest fires in Kampung Balai Besar, Dungun, Terengganu.
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4.1 Burn Ratio Estimation Using NBR Index

NBR is the most common index that is actively used for fire-related observation using a remote sensing
approach. Based on Fig. 3, the image on the left side of the map is a Sentinel-2 image based on the before
incident date using a false-colour composite RGB. Meanwhile, on the right side of the map, it shows the
image after the incident date. Otherwise, Fig. 4 indicates the results of the NBR index for pre-fire (left) and
post-fire images (right). The bright white colour indicates that the area was unburned, while the dark pixel
colour on the post-fire image shows that the burned area has been detected.

Pre-fire Post-fire

Figure 3: (left) Composite RGB of pre-fire (right) Composite RGB of post-fire

Pre-fire Post-fire

Figure 4: (left) Normalized burn ratio of pre-fire (right) Normalized burn ratio of post-fire

The NBR index utilizes values from the near-infrared (NIR) and short-wave infrared (SWIR) bands
by calculating their difference and ratio. This index ranges from -1 to +1. Referring to Table 2, the NBR
index classifies the extent of burn severity into five categories: unburned, low severity burn, moderate-low
severity burn, moderate-high severity burn, and high-severity burn. It shows the area statistics of pre-NBR
and post-NBR in Kampung Balai Besar, Dungun, Terengganu, on 14 June 2021 and 19 June 2021, respectively.
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Table 2: The difference between pre-NBR and post-NBR in Kampung Balai Besar

Num. Class names Pre-fire NBR area Post-fire NBR area Different Change

Hectare % Hectare % Hectare %

1 Unburned 22 62.9 29.7 83 7.7 61

2 Low severity 11 314 3.9 10.8 =71 -20.6

3 Moderate-low severity 1 2.9 1.2 33 0.2 0.4

4 Moderate-high severity 1 2.9 0.5 1.4 -0.5 -15

5 High severity 0 0 0.4 1.1 0.4 1.1

Total 36 100 36 100

Based on the area statistics of pre-fire and post-fire, NBR values across different fire severity classes, the
results are summarized in Table 2. The results of 14 June 2021, only four classes of NBR index for the pre-fire
were classified from five categories. High severity areas were absent in the pre-fire image, indicating no prior
severe fire impacts. However, it was found that the unburned areas recorded at 22 hectares with 62.9% of
the total area, followed by low severity burn comprising 31.4% (11 hectares) of the study area. In comparison,
moderate-low and moderate-high severity areas each covered 2.9% (1 hectare) of the total area.

Besides, the area statistic of post-fire NBR (19 June 2021) highlights the distribution of unburned areas
that recorded 29.7 hectares with 83% of the total area. Nevertheless, it was found that the low severity burn
areas affected 3.9 hectares with 10.8% of the study area, followed by moderate-low severity and moderate-
high severity at 1.2 hectares with 3.3% and 0.5 hectares with 1.4%, respectively. Also, the high severity areas
made up 0.4 hectares (1.1%) of the area, reflecting fire impacts from the previous.

The detection of burned area from pre-fire on 14 June 2021 and post-fire on 19 June 2021 revealed
that the unburned areas experienced a substantial increase from 62.9% to 83% of the total area, indicating
minimal fire impact in these areas. Meanwhile, low severity areas showed a significant decrease from 31.4%
t010.8%, reflecting a moderate level of vegetation damage and recovery potential. The moderate-low severity
and moderate-high severity zones both showed a slight decrease in NBR from 2.9% to 3.3% and 2.90 %
to 1.4%, respectively, which might indicate that the fires caused some vegetation loss, but the damage was
not extensive. The high severity class, though minimal in area (having no pre-fire NBR), increased to 0.4
hectares (1.1%) post-fire. This is a net increase of 0.4 hectares (1.1%), which could indicate the establishment
of burn scars.

This study assesses the map of burned areas and fire severity using the NBR index. Typically, satellite
images taken both before (14 June 2021) and after (19 June 2021) a forest fire are used to calculate the
NBR. Fig. 5 provides details on the forest conditions before and after the fire. The red colours represent the
burning forest, the yellow colours represent the moderately burning forest and the green colours represent
unburned forests. The higher NBR value shows burned areas, while the lower value indicates unburned
areas. The results of the areas classified as moderate-low severity, moderate-high severity, and high severity
category exhibit minimal damage on the pre-fire map. In contrast, the moderate-low, moderate-high, and
high severity categories show varying degrees of damage on the post-fire map. The unburned and low severity
categories, however, indicate high vegetation productivity in both the pre-fire and post-fire maps.
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Figure 5: (left) Normalized Burn Ratio classification map of pre-fire; (right) Normalized Burn Ratio classification map
of post-fire

4.2 Analysis of Burn Severity Level

The Difference Normalized Burn Ratio (ANBR) was used to assess the fire severity levels in Kampung
Balai Besar, Dungun, Terengganu. Table 3 presents the area statistics of burn severity across five classes,
detailing the area affected by each severity level and their respective percentage of the total area. The five
classes are defined by dNBR value range: Unburned from —0.100 to 0.99, Low Severity from 0.100 to 0.269,
Moderate-Low Severity from 0.270 to 0.439, Moderate-High Severity from 0.440 to 0.659, and High Severity
from 0.660 to 1.300.

Table 3: Area statistics of burn severity in Kampung Balai Besar, Dungun, Terengganu

Class Normalized burn ratio index Area (ha) Percentage (%)

1 Unburned 24 68.6
2 Low severity burn 7 20
3 Moderate-low severity burn 3 8.6
4 Moderate-high severity burn - -
5 High severity burn 1 2.6
Total 35 100

From the results, 68.6% (24 hectares) of the Kampung Balai Besar forest area is categorized as an
unburned category. This indicates that a significant proportion of the region remains unaffected by the fire.
Areas with low severity burn cover 7 hectares, representing 20% of the total area. These areas experienced
a mild fire impact, with limited vegetation damage. Meanwhile, a total of 3 hectares (8.6%) of the area was
classified under moderate-low severity burn. This category reflects areas where the fire caused moderate
damage. However, there were no areas recorded as moderate-high severity burn category, but only 1 hectare
(2.6%) of the total area falls under the high severity burn category. These areas experienced the most
intense damage.
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Based on the map illustrated in Fig. 6, the results provide a comprehensive overview of the spatial
distribution of burn severity in the region. The unburned category indicates unaffected areas from fire;
meanwhile, the area of the low severity burns, moderate-low severity, and high severity burn shows minor
damage in this study. The green area represents unburned, while the light green area represents low severity
burn, the yellow and the orange area represent moderate-low severity burn and moderate-high severity
burn, respectively. Besides, the red area represents the high severity burn category. As a final point, the area
of intense severity burns corresponds to the moderate-high severity category, while the increased severity
burns category shows only minor damage. In contrast, the area of the unburned category reflects higher
vegetation productivity.
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Figure 6: Map of burn severity in forest Kampung Balai Besar

5 Conclusions

The focus of this research is to assess the severity of forest fires in Kampung Balai Besar, Dungun, using
remote sensing methods. Remote sensing is mainly used to assess burn severity due to its efficiency and
simplicity. The detection of the burned area using the NBR index revealed that a small area was classified
under high severity burns for 1 hectare across 36 hectares of the total area, while the majority of the region
remained unburned, with 24 hectares.

In this study, the Sentinel-2 data was used, where the pre-fire satellite imagery was extracted on 14
June 2021 and the post-fire satellite imagery on 19 June 2021. Sentinel-2’s enhanced radiometric accuracy
and geographical resolution allow a more accurate evaluation of fire intensity and stronger linkages between
forest fires [27]. The NBR index, which utilized NIR and SWIR bands, proved to be an effective tool for
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identifying burned areas and assessing fire severity. SWIR identifies changes in the dryness of the land, while
NIR highlights changes in canopy cover and the brightness of leaf burn. Following a fire, the NIR reflectance
sharply declines due to the loss of vegetation, whereas the SWIR reflectance rises due to the elimination of
the water-retaining plant [28]. The use of NBR for fire severity mapping allowed for a detailed analysis of the
fire impact.

In conclusion, this study successfully assessed the burn severity of forest fires in Kampung Balai Besar,
Dungun, through the application of remote sensing techniques. By estimating the Normalized Burn Ratio
(NBR) index for both pre-fire and post-fire conditions, the study provides valuable insights into the burn
severity levels in the affected area. The findings demonstrate that remote sensing is a powerful tool for mon-
itoring forest fires, enabling more efficient and cost-effective decision-making processes. Furthermore, this
approach contributes to improved forest management strategies by reducing the need for extensive fieldwork
while still offering a comprehensive understanding of fire impacts. Ultimately, the study underscores the
potential of remote sensing technology in enhancing the effectiveness of forest management and disaster
response efforts, making it an essential tool for future forest monitoring and conservation initiatives.
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