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Abstract

This paper examines the application of data science to wildfire investigations. It looks at the various techniques and technologies that are
used for wildfire investigations and the potential benefits of using data science in this field. The paper also compares the current methods
used to investigate wildfires with those that could be used if data science were applied. It concludes that data science could improve the
accuracy of wildfire investigations, and could also help to identify potential causes of the fires more quickly. Additionally, the use of data

science could help to reduce the cost of investigations, as well as providing new insights into the causes of the fires.
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INTRODUCTION

Wildfires are a natural phenomenon in many parts of the
world, but they can cause significant damage to the
environment and to people’s lives. Data science can be used
to investigate the causes of wildfires and to provide insights
into how they can be prevented or managed. This
comparative study will look at how data science is being used
to investigate wildfires, and the challenges that research
teams are facing in applying this technology.

Data Sources

Data science can be used to analyse different types of data,
including remote sensing data, weather data, and fire
behaviour data. Remote sensing data can be used to detect
and track the location of fires, and to measure the intensity of
the fire. Weather data can be used to determine the conditions
which may have contributed to the ignition of the fire, such as
wind speed and direction, temperature, and humidity. Fire
behaviour data can be used to understand how the fire is
spreading, and what factors are influencing its growth.

Data Analysis

Data science techniques can be used to analyse the data
sources mentioned above in order to gain insights into the
causes of wildfires. Machine learning algorithms can be used
to detect patterns in the data and to identify relationships
between different variables. Statistical techniques can be
used to analyse the data and to identify correlations between
the differentvariables. Data science can be a powerful tool for
investigating wildfires, but there are still challenges that need
to be addressed in order to make it more effective.
Researchers need to be aware of the limitations of the data
they are analysing, and they need to be able to manage and
analyse the large amounts of data that are collected. With
advances in data science technology, however, it is becoming
increasingly possible to gain valuable insights into the causes
of wildfires.

Challenges

One of the major challenges of using data science for
wildfire investigations is dealing with the large amount of
data that is collected. Managing and analysing the data can be
difficult, and it can be time consuming to extract insights
from the data. Additionally, the data may be incomplete or
inaccurate, which can make it difficult to draw accurate
conclusions from the analysis.

BACKGROUND

Data science has been increasingly applied to the study of
wildland fires in recent years. This application has been used
to better understand the causes of fires, predict fire behaviour,
and develop effective strategies for fire management [18].
Data science has become an important tool in wildfire
investigation and management due to its ability to process
large amounts of data quickly and accurately.

Data Science in Wildfire Investigations

Data science can be used to analyse data from a variety of
sources, including weather data, fire histories, vegetation
conditions, and human behaviour. This analysis can provide
insight into the causes and behaviour of fires, as well as help
develop strategies for managing them [10]. Data science can
be used to predict fire behaviour by analysing historical data,
such as weather conditions and vegetation types, and by
creating models that can simulate fire behaviour. This data
can also be used to develop strategies for controlling and
extinguishing fires.

Data science can also be used to identify potential sources
of ignition, such as lightning strikes and human activities. By
analysing data from the fire, itself, investigators can look for
patterns and correlations that can help identify the cause of
the fire. Additionally, data science can be used to identify and
analyse potential risks associated with a fire, such as the
potential spread of the fire and the potential for human
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injuries or fatalities.

Data science can also be used to monitor the progress of a
fire. By analysing data from the fire itself, investigators can
determine the fire’s direction, rate of spread, and intensity.
This data can then be used to develop strategies for
containment and extinguishment.

Benefits of Data Science in Wildfire Investigations
Data science can provide many benefits to wildfire

investigations. It can help identify potential causes of fires
and analyse potential risks associated with them [11]. Data
science can also be used to monitor the progress of a fire,
develop strategies for containment and extinguishment, and
predict fire behaviour. Additionally, data science can provide
insight into the overall effects of a fire. This information can
be used to develop strategies for preventing future fires.

Figure 1: processing of Data Science in Wildfire Investigations
(Source: made by the author)

Data science can also be used to improve communication
between stakeholders, such as fire departments, landowners,
and the public. By analysing data from the fire, stakeholders
can better understand the situation and develop strategies for
responding to the fire. This can help ensure that resources are
allocated efficiently and that the most effective strategies are
employed.

Overall, data science can provide a valuable tool for
wildfire investigation and management. By analysing data
from the fire, investigators can gain valuable insight into the
causes and behaviour of the fire, as well as develop strategies
for managing and responding to it. This can help ensure that
resources are allocated efficiently and that the most effective
strategies are employed.

OVERVIEW OF DATA SCIENCE

Data science is a growing field of study that is focused on
the scientific investigation of data. It is an interdisciplinary
field that combines mathematics, computing, statistics,
machine learning, and other disciplines to analyse and
interpret large datasets [17]. Data science is used to extract
actionable insights and provide meaningful information and
knowledge from data. Data Science is used to solve a wide
variety of problems, from predicting customer behaviour to
predicting natural disasters.

Overview of Wildfire Investigations

Wildfire investigations are important in understanding the
causes of wildfires and the potential impacts of fires on the

environment [16]. Wildfire investigation is a complex
process that involves the collection and analysis of evidence
from the scene of the fire. This evidence can include physical
evidence such as burned objects and remains, as well as other
data such as weather conditions, fuel types, and more.
Wildfire investigators use data science techniques to analyse
and interpret this evidence to help determine the cause of the
fire and its potential impacts.

Comparison

Data science is a powerful tool for wildfire investigations.
Data science techniques such as machine learning can be
used to analyse large datasets to identify patterns and
correlations between factors such as weather conditions, fuel
types, and more [12]. This analysis can help investigators to
better understand the causes and potential impacts of
wildfires. Additionally, data science techniques can be used
to develop predictive models that can help predict the
likelihood of future wildfires and the potential impacts of
those fires.

Data science is a powerful tool for wildfire investigations.
Data science techniques can be used to analyse large datasets,
identify patterns and correlations, and develop predictive
models to help better understand the causes and potential
impacts of wildfires.

DATA SCIENCE AND FIRE INVESTIGATION

Data science has been used in many industries to better
understand a wide range of phenomena. In recent years, the
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application of data science to wildfire investigations has been
increasingly utilized, offering a powerful tool to gain insights
into the causes and dynamics of wildfires.

Data science can be applied to wildfire investigations in a
variety of ways. One of the most common applications is the
use of satellite imagery to identify the origin and spread of a
fire. By using satellite imagery, investigators can quickly
identify the location of a fire and its path of spread over time
[13]. This data can then be used to identify potential causes of
the fire, such as lightning strikes or human negligence.

Another application of data science to wildfire
investigations is the use of machine learning algorithms.
These algorithms can be used to analyse large amounts of
data and identify patterns in the data that suggest possible
causes of the fire. For example, machine learning algorithms
can be used to identify potential ignition points, areas of high
flammability, and other characteristics that could have
contributed to the spread of the fire.

Finally, data science can be used to create predictive
models that can help investigators anticipate future fire
behaviour [1]. By analysing historical data and using
machine learning algorithms, predictive models can be
created that can help anticipate the spread of a fire over a
certain area and identify areas of high risk. This data can then
be used to better prepare for future fires and plan for
mitigation strategies.

Different effects of wild life investigation with Data
Science

Advantages Disadvantages
e Reduces flame ¢ Difficult to proof as real
reflections time
e False Alarm e Human interaction not
considered

Table 1: Different effects of wild life investigation with
Data Science
(Source: made by the author)

Overall, data science has become an important tool for
wildfire investigation. By utilizing satellite imagery, machine
learning algorithms, and predictive models, investigators can
gain valuable insights into the cause and dynamics of
wildfires [14]. This information can then be used to better
prepare for future fires and plan for mitigation strategies.

Data Science is an increasingly popular field of study that
has been used to solve many different types of problems. As
the world faces an increasing number of natural disasters,
such as wildfires, the application of data science to wildfire
investigations has grown in importance. Data science can be
used to analyse data about the behaviour of wildfires, such as
the spread of the fire over time and the intensity of the fire, to
better understand the cause and effects of the wildfire. Data
science can also be used to develop predictive models that
can be used to anticipate the behaviour of fires and make
informed decisions about how to manage them.

Data science provides a great opportunity for fire
investigators to better understand the dynamics of wildfires.
By utilizing data science techniques, such as machine

learning and predictive analytics, fire investigators can gain a
better understanding of the behaviour of a wildfire and
develop informed strategies for managing them. Data science
can also be used to analyse historical data about wildfires to
better understand their patterns and develop better responses
to them in the future. Data science can also be used to identify
areas that are at risk of future fires and help plan for them.

Data science can also be used to improve the accuracy of
fire investigations by analysing data collected during the
investigation. By using machine learning and predictive
analytics, investigators can identify patterns in the data that
may indicate the cause of the fire and develop strategies for
preventing similar fires in the future [15]. Data science can
also be used to monitor the spread of wildfires and provide
real-time updates to help firefighting crews make informed
decisions.

Data science is a powerful tool for fire investigators and
can help them better understand the dynamics of wildfires
and develop better strategies for managing them. Data
science can be used to analyse data collected during
investigations, develop predictive models, and monitor the
spread of fires [2]. Data science can also be used to identify
areas that are at risk of future fires and help plan for them. By
utilizing data science techniques, fire investigators can gain a
better understanding of the behaviour of a wildfire and devise
more effective strategies for managing them.

Fire Investigation Overview

Wildfires are an increasingly serious problem throughout
the world, both for the potential destruction of property and
the potential for injury and loss of life. As a result, there is a
growing demand for accurate and timely investigation into
the cause of wildfires. Data science can be used to help
investigators better understand the causes of wildfires and to
more quickly and accurately identify the origin of a fire.

Data science can be used to analyze data from a variety of
sources, such as satellite imagery, weather data, eyewitness
accounts, and fire incident reports. By analyzing and
combining these data, investigators can gain a more complete
picture of the circumstances that led to the fire. This data can
be used to determine the likely cause of a fire, such as
whether it was due to a natural event, a human-caused event,
or a combination of the two.

Data science can also be used to develop predictive models
to identify areas of high risk for future fires. By combining
weather data, topography, land-use data, and other types of
data, models can be developed to identify areas of high risk
for future fires [16]. This information can be used to inform
fire prevention and mitigation efforts, as well as to help guide
firefighting efforts.

In addition, data science can be used to improve wildfire
investigation techniques. By wusing machine learning
algorithms, investigators can quickly and accurately analyze
large amounts of data and identify patterns or trends that may
be related to the cause of a fire. This can help investigators
identify the origin of a fire more quickly and accurately, as
well as identify potential points of ignition or areas of high
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risk.

Overall, data science is a powerful tool that can be used to
improve wildfire investigation techniques. By combining
data from a variety of sources and using predictive models,
data science can help investigators more quickly and
accurately identify the cause of a fire and areas of high risk
for future fires. This can help to reduce the potential for
destruction, injury, and loss of life from wildfires.

Case Studies

In the past few years, data science has been increasingly
applied to wildfire investigations. Data science offers a
powerful tool for understanding the causes of wildfires, and it

can be used to identify potential areas of risk and guide
decision-making [17]. This paper will explore the application
of data science to wildfire investigations, as well as the
advantages and disadvantages of using it in this context.

Data science can provide valuable insights into the causes
of wildfires. By analyzing data from a variety of sources,
such as satellite imagery, meteorological observations, and
historical records, scientists can develop models that can help
identify areas of risk and forecast future fire behaviour. Data
science can also be used to evaluate the effectiveness of
existing fire prevention and management strategies.
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However, data science is not without its drawbacks.
Accurate data is essential for accurate predictions, and data
may not always be available or reliable. Additionally, data
science models are not always able to account for all of the
complexities of a wildfire situation. Finally, data science is
only as accurate as the data it is based on, which can be
limited or incomplete.

Overall, the application of data science to wildfire
investigations can be a powerful tool for understanding the
causes of wildfires and identifying areas of risk [9]. However,
it is important to consider the potential limitations of data
science in this context, and to ensure that accurate, reliable
data is used in any predictive models.

Case Study 1

Data Science has been applied to many areas of
investigation, including in wildfire investigations. Wildfires
are a major threat to public safety and property, and
understanding their causes and effects is an important part of
prevention and response [18]. Data Science can help
investigators gain insights into the dynamics of the wildfire,
and can be used to identify the most likely causes.

This study will compare the application of Data Science to
wildfire investigations in two different countries, the United
States and Canada. The study will examine the different
approaches used in each country, their respective strengths

of Smoke and Ambient air

ur et al.2019, p.110 [9])
and weaknesses, and their efficacy in identifying the causes
of wildfires.

In the United States, data science techniques have been
used to analyse the data collected from satellite imagery,
remote sensing devices, and other sources to construct
models of the fire’s progression and intensity. These models
can be used to identify potential ignition points, as well as to
analyse the impact of different fuel types, terrain, and
weather conditions on the fire’s behaviour.

In Canada, data science tools have been used to investigate
the causes of wildfires by analysing large datasets of fire
history and wildfire characteristics. These datasets can be
used to evaluate the influence of various factors, such as
weather, vegetation, topography, and climate change, on fire
ignition and spread [19]. By combining these datasets with
other sources of information, such as reports from fire
responders and investigations conducted by the Canadian
Wildfire Service, investigators are able to identify the most
likely causes of a given wildfire.

The strengths of using data science in wildfire
investigations lie in its ability to provide a comprehensive
analysis of the data, as well as its scalability. It can also
provide valuable insights into the cause and progression of a
wildfire, which can be used to inform prevention and
response strategies. The weaknesses of using data science in
wildfire investigations include the fact that it relies on



https://technoaretepublication.org/Data-Science-and-Analytics/index.php
https://technoaretepublication.org/Data-Science-and-Analytics/index.php

Echnoaretez®

e-ISSN: 2583-1127

Technoarete Transactions on Advances in Data Science and Analytics

Vol-1, Issue-2, August 2022

existing datasets and models, which may be incomplete or
inaccurate, and the potential for bias in the data.

Data science can be an effective tool in wildfire
investigations, but its effectiveness depends on the accuracy
of the datasets and models used, as well as the skill of the data
scientist. By combining datasets and models from different
sources, and analysing them with data science techniques,
investigators can gain deeper insights into the causes and
progression of a wildfire.

Case Study 2

Data science is an interdisciplinary field of study that
utilizes mathematics, statistics, computing, and other
methods to extract knowledge from data. It has been applied
to many areas of research, including wildfire investigations
[8]. This paper will provide a comparative study of how data
science is used in wildfire investigations, including how it is
used to identify the cause of a fire, how it can be used to
improve wildfire management, and the ethical implications
of using data science in wildfire investigations.

Data science can be used to identify the cause of a fire. The
ability to accurately identify the cause of a fire is a critical
part of wildfire investigations and can help determine the
necessary response and prevention measures. Data science
can be used to analyse data from sensors, cameras, and other
sources to identify patterns that may provide clues to the
cause of the fire. For example, data science can be used to
evaluate the burn patterns of a fire to determine if it was
caused by an intentional act or accidental event [20].
Additionally, data science can be used to analyse weather
patterns to estimate the likelihood of a fire starting and the
potential for it to spread.

Data science can also be used to improve wildfire
management. Data science can be used to analyse data from
sensors, cameras, and other sources to identify areas that are
at risk of wildfire and to identify the best strategies for
prevention and response. This can help firefighters develop
effective strategies for preventing and managing wildfires.
Additionally, data science can be used to analyse the effects
of climate change on wildfire risk and to develop strategies to
address the increasing risk of wildfires.

Characteristics Measured Sensing
variables techniques
Smoke Particularities Optical,
ionisation,
Visual
surveillance
Flames Light Visual
surveillance
Heat Temperature  or | Linear and
rate of rise point
Combustion Gases Carbon
products Monoxide
Sensors

Table 2: Characteristics of different sensing techniques
(Source: made by the author)

Finally, the use of data science in wildfire investigations
can also have ethical implications. Data science can be used
to identify patterns and trends that may not be apparent to the
human eye, which could lead to the misidentification of the
cause of a fire [7]. Additionally, data science can be used to
identify demographic patterns that may be associated with
the risk of a fire, which could lead to discrimination and bias
in the management of wildfire prevention and response
efforts. It is important to consider these ethical implications
when using data science in wildfire investigations and to
ensure that appropriate measures are taken to prevent any
potential harm.

Data science is a powerful tool that can be used to identify
the cause of a fire, improve wildfire management, and
address ethical considerations [1]. It is an invaluable tool for
wildfire investigations and can be used to extract knowledge
from data to help identify patterns and trends that may be
critical for identifying the cause of a fire, preventing
wildfires, and managing them effectively.

CHALLENGES AND OPPORTUNITIES

Wildfires have become increasingly problematic in recent
years, as their frequency and intensity continue to rise due to
climate change. Data science has been applied to wildfire
investigations in order to provide a better understanding of
the causes and impacts of these disasters. This paper will
compare the challenges and opportunities associated with the
application of data science to wildfire investigations.

The main challenge of using data science to investigate
wildfires is the complexity and amount of data that must be
considered. Wildfires are a multifaceted phenomenon, with
many different variables contributing to their cause and
effects. Data science requires a large amount of data in order
to accurately assess the factors contributing to a wildfire, and
this data can be difficult to obtain due to the remote nature of
wildfires [11]. Additionally, data must be collected from a
variety of sources, including satellite imagery, ground-based
observations, and weather data, making the task of obtaining
complete and accurate data even more difficult.

The opportunities associated with the application of data
science to wildfire investigations include a better
understanding of the causes and effects of wildfires, as well
as improved disaster response and prevention strategies. Data
science can be used to identify patterns in wildfire activity
and better understand the underlying drivers of these
disasters. This can help researchers identify wvulnerable
populations and areas more likely to experience wildfire
activity. It can also be used to improve firefighting strategies,
as well as to model possible scenarios and outcomes of
wildfire activity.

Overall, the application of data science to wildfire
investigations can provide a number of benefits, but it is not
without its challenges [6]. The complexity of data associated
with these disasters, as well as the difficulty in obtaining
complete and accurate data make it difficult to generate
meaningful insights. However, with the right tools and
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resources, it is possible to leverage data science to improve
our understanding of wildfires and develop better strategies
for responding to and preventing them.

Challenges

Wildfire investigations are a complex process that involves
examining the evidence, analyzing data, and formulating a
hypothesis. Data science has been applied to wildfire
investigations with the intent of creating more efficient and
accurate results [19]. However, there are several challenges
that must be addressed in order to ensure the successful
application of data science to wildfire investigations.

i Data Collection: Collecting data related to wildfires
requires access to a variety of sources, which can be
difficult to obtain. Additionally, the data must be of
sufficient quality, accuracy, and detail to provide
meaningful insights.

ii. Data Analysis: Analysing data related to wildfires is
complicated and requires specialized knowledge
and experience [5]. Additionally, the analysis must
be conducted in a way that accounts for the

variability of the data and the complexity of the
wildfire environment.

iii. Hypothesis Formation: Formulating a hypothesis
from the data requires a thorough understanding of
the data and the context in which it was collected.
Additionally, the hypothesis must be able to be
tested and validated in order to draw meaningful
conclusions.

iv. Data Visualization: Data visualization is an
important component of data science and can be
used to identify patterns and trends in the data [12].
However, visualizing complex data related to
wildfires can be difficult due to the complexity of
the data and the need to accurately display the data
in a way that is meaningful and easy to interpret.

Overall, the application of data science to wildfire

investigations has the potential to improve the accuracy and
efficiency of the investigations. However, there are several
challenges that must be addressed in order to ensure its
successful application.

Data Source

selecting and cleaning

Target Data

Transformation

Transformed Data

Data Mining

Evaluation

Patterns and Rules

Figure 3: processing of evaluation of Data
(Source: made by the author)

Opportunities

Data science provides numerous opportunities to aid in
wildfire investigations. Data science can be used to analyse
large amounts of data to detect patterns and trends, enabling
investigators to quickly and accurately identify the causes of
a fire. Data science can also be used to develop predictive
models that can help anticipate when and where a wildfire is
likely to occur [3]. Data science can also be leveraged to
develop better strategies for containing, suppressing, and
fighting wildfires.

The application of data science to wildfire investigations
presents a number of challenges. The first challenge is the

availability of data. Wildfires are complex events that occur
naturally, making it difficult to acquire accurate and complete
data. Additionally, a large amount of data is required to build
reliable models and make accurate predictions. This data
must also be of a high quality, which is not always easy to
obtain or maintain [18]. There are also a number of legal and
ethical considerations related to the use of data science in
wildfire investigations [5]. Finally, data science techniques
are not fool proof and can lead to incorrect conclusions if not
used properly.

Data science has been applied to fire investigations in
various ways, such as using satellite and aerial imagery to
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identify potential fire sources, using machine learning
algorithms to analyse satellite data to identify trends in fire
behaviour, and using predictive models to forecast the spread
of fire. However, the application of data science to wildfire
investigations has been largely limited to the analysis of
existing datasets and data sources.

The potential opportunities for data science in wildfire
investigations are vast. For example, data scientists could
develop algorithms to identify patterns in fires that could lead
to improved fire management strategies. They could utilize
predictive analytics to forecast the spread of fire [13]. They
could also utilize machine learning algorithms to identify
potential hotspots for future fires. Additionally, data science
could be used to identify potential sources of ignition, such as
lightning strikes, in order to improve fire prevention
strategies.

Data science could also be used to develop more accurate
models for estimating fire damage and for predicting the
impacts of fire on vegetation and ecosystems. By combining
data from a variety of sources, data scientists could develop
more accurate models for predicting the behaviour of a fire,
including its spread and the intensity of its impacts.

Finally, data science could be used to develop more
effective approaches to fire risk assessment. By combining
data from a variety of sources, such as weather, topography,
and vegetation data, data scientists could develop more
accurate models for predicting the potential impacts of fire on
agiven area.

The application of data science to wildfire investigations
could have a significant impact on the effectiveness of fire
management strategies [17]. By utilizing predictive analytics,
machine learning algorithms, and more accurate models for
predicting fire behaviour, data scientists could develop better
strategies for preventing, managing, and mitigating the
impacts of wildfire.

CONCLUSION

The application of data science to wildfire investigations is
an increasingly important and useful tool for researchers, fire
managers, and other stakeholders. Data science techniques
can help to better understand the causes and effects of
wildfires, as well as to explore potential solutions to the
problem. By combining data from multiple sources, data
science can provide insights into the dynamics of wildfires,
the relationship between different parameters, and the impact
on ecosystems and communities. Data science can also be
used to identify and quantify risk factors and to identify areas
that are particularly vulnerable to wildfire. Finally, data
science can be used to develop algorithms and models that
can help to predict fire behaviour, predict wildfire spread, and
develop strategies for suppressing and managing wildfires.

The application of data science to wildfire investigations is
a promising field that can provide valuable insights into the
causes and effects of wildfires. By analysing data from
multiple sources, it is possible to gain a better understanding
of the factors that contribute to wildfires and the impacts they

have on the environment. Data science can be used to
determine the most effective strategies for responding to and
preventing future wildfires. Additionally, data science can be
used to identify patterns in fire behaviour that can help
inform policy and management decisions. Data science is a
powerful tool that can help us better understand and manage
the risks associated with wildfires.

Overall, data science can provide invaluable insights into
wildfire investigations and can help to inform decisions and
actions taken to mitigate the effects of wildfires. In the future,
data science is likely to become even more important in
wildfire investigations, as data sources and technology
continue to improve.
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