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Abstract

Wildfires are powerful natural forces capable of causing extensive damage to large areas of
lands and induce a high societal cost in both humanitarian, economic and environmental terms.
As such there is a strong incentive to track and predict wildfires’ development and spread.
Traditionally heavy desktop clients are required to run the simulation-software required
to perform wildfire spread predictions, which limits their use and versatility. Conversely,
web-based clients are lightweight and versatile by design. By moving the processing of the
simulation to a server the bulk of the workload is removed from the client.

This project aims to produce a server-client framework for simulating wildfires, visualising the
result and handling the fire data for use in the workflow of wildfire suppression and analysis.
Both the parameters sent to the server and the simulation result returned to the client. It
utilises a combination of HTTPS-requests and websockets-technology to communicate data
and information between the client and server in real-time through the Django framework.
The fire simulation is based upon the Canadian empirical fire-model Prometheus. The
implementation of the algorithm were adopted in the programming language python and
optimized for the Swedish climate to be easily deployed in a web-application to be used by
Swedish organisations. The web-application was accessible though mobile and stationary
devices where the framework calculated and visualised the progression of the wildfire in real-
time.

The wildfire progression model of the application was compared to the wildfires Enskogen and
Ängra, close to the town of Kårböle during the summer of 2018. The accuracy assessment
of the fire progression model found that the simulated wildfire progression tend to contain
the observed fire and prone to overestimate the wildfires progression. The application
was evaluated though a questionnaire which was answered by a sample group composed of
persons working with wildfires or wildfire related fields. The sample group were satisfied
by the application and broadly found that the application could be implemented into their
workflow.

Much work remain to operationalise the application, such as integration of municipal data
sources and other databases containing resources, risk-objects, buildings, power-lines. In spite
of this Fire-engineers in emergency services state a possibility for use of the application as is,
if the simulations are deemed accurate enough and provide a better basis for decision making
and measures. This underlines the need of an application such as this in the field, and with
further functionalities and integration’s with data-systems.

Keywords
Prometheus, wildfire progression, real-time, python, Django, google earth engine, Mapbox GL
JS, web-application
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Sammanfattning

Skogsbränder är kraftfulla naturfenomen kapabla att åstakomma omfattande skada över stora
ytor och medföra omfattande kostnader för sammhället både humanitärt, ekonomiskt och
miljömässigt. Det finns därför ett starkt incitament att övervaka och förutspå skogsbränders
utveckling och spridning. Traditionellt används kraftfulla skrivbordsklienter för att köra
den simulerings-mjukvara som förutspår skogsbränder, vilket begränsar användningsområdet
för simuleringar. Webbklienter är naturligt mobila och lättanvända. Genom att flytta
bearbetningen till en server överförs majoriteten av arbetet från klienten.

Det här projektet utvecklar ett server-klient baserat ramverk för att simulera skogsbränder,
visualisera resultatet och hantera data för användning i skogsbrandsbekämpnings och -
analys arbetsflöde. Både parametrarna som skickas till servern och simuleringsresultatet
som returneras till klienten. Ramverket använder en kombination av HTTPS-kommunikation
och websocket-teknologi för att kommunicera data mellan klienten och server i real-time
genom Django-ramverket. Brandmodellen på den Kanadensiska empiriska brandmodellen
Prometheus som är implementerad i programmeringsspråket Python. Det är optimerat
för det svenska klimated för att enkelt kunnas fältsättas i en webbapplikation för svenska
myndigheter. Webb-applikationen är tillgänglig genom mobila och stationära enheter där
ramverket beräknar och visualiserar förutspådd fortspridning av skogsbrand i realtid.

Skogsbrands moduleringsmodellen av applikationen är jämförd med skogsbränderna i
Enskogen och Ängra närastaden Kårböle under sommaren 2018. Noggrannhetsbedömningen
av modellen påvisar att den simulerade branden tenderar att innehålla den egentliga elden
men är benägen att överskatta eldspridningen. Applikationen utvärderades även genom
ett formulär om applikationens funktionallitet som skickades till en provgrupp av personer
som arbetar med skogsbränder eller annat relevant område. Provgruppen var nöjd med
applikationen och såg ett anvädningsområde för applikationen i sitt arbetsflöde.

Mycket arbete återstår för att göra applikationen fältduglig genom integration avmyndigheters
datatjänster och andra databaser som innehåller riskobjekt, byggnader, kraftledningar e.g.
Trots detta ansågs brandingejörer inom räddningstjänster en möjlighet att använda verktygen
i dess nuvarande tillstånd om simuleringsresultatet anses korrekt nog för att fungera som
underlag för beslut. Detta understryker behovet av en liknande applikation, med vidare
funktionalitet och integration med data-system.

Nyckelord
Prometheus, skogsbrands simulering, realtid, python, Django, google earth engine, Mapbox
GL JS, webbapplikation
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Chapter 1

Introduction

1.1 Background

Wildfires are undesirable and uncontrolled, rapidly changing powerful natural forces capable

of layingwaste to large areas of land and induce large societal costs. During the last fewdecades,

forest fuel moisture has declined. subsequently, the number of wildfires in most of the global

ecoregions has increased (Ellis et al., 2021). There are a number of factors that can be the cause

of igniting a wildfire. Both natural and man-made causes can be directly liable for wildfires.

However, Pausas and Keeley (2021) argue that there are four primary drivers; ignitions, fuel,

drought and fire weather.

There is a strong incentive to keep track and predict the wildfires’ development and spread,

based on the fact that wildfires can be a liability and an economical and environmental cost

for the society if left unchecked (commission, 2020). Consequently it’s almost impossible with

today’s technology to fully predict where future wildfires will appear from all possible sources

(Time 2017).

To predict, prepare for, and counteract these events, great efforts are made in modelling of

wildfires with varied success. This is a n ongoing process but progress has been made in some

areas, such as in Canada with the Prometheus model Tymstra et al. (2010) and the Australian

Vesta Mk 2 (CSIRO, 2021). Sweden still has not adopted an official fire progression model that

works well for its climate and vegetation.

1



CHAPTER 1. INTRODUCTION

1.2 Problem

A wildfire progression model optimised for the Swedish climate haven’t been developed.

Neither have a tool been developed for visualising and analysing wildfire progression data

within Sweden.

The research about wildfire progression modelling is still ongoing and old models are

continuously revised. These models are bound by desktop clients and not as accessible or the

ease of use may be impacted for the users by the specific knowledge needed to use these clients

optimally. In contrast, a web based client design is known for its ease of access and ease of

use.

1.3 Research objectives

The aim of this thesis is to investigate a methodology to visualise fire progression in an

application for use in the workflow of wildfire suppression and analysis.

This application will apply a web-based, user-centred design to simplify the workflow to

predict and help organise wildfire prevention efforts. More specifically, it is to identify the

most suitable data handling, processing methodology and visualisation technique for wild-fire

modelling in a web-application.

Traditionally, heavy desktop clients are designed for in-depth analysis while web-based clients

are lightweight and versatile functionality. One of the greatest advantages of a web-based client

over a desktop client is that it can be reached externally from any device that has access to the

internet.

A wildfire processing framework light enough to be utilised using a web-based approach but

powerful enough to be useful to planning officials in the field and on a moment’s notice.

This tool will visualise geographically based data to help authorities or people in charge of fire

spread risk and evacuation management. The tool will present data about future scenarios

of fire progression, it’s fire spread speed, and also clearly visualise important resources such

as settlements, infrastructure, and other valuable resources that may be in danger of getting

destroyed by a wildfire.

2



CHAPTER 1. INTRODUCTION

1.4 Scope and Limitations

There aremany functionalitieswhichmay be desirable to include in awildfire spread prediction

application. For example the amount of CO2 released, how many cubic metres of valuable

vegetation got destroyed and might get destroyed, the number of affected people (and farm

animals) within a predicted risk zone, where close water sources are, and where fire and

evacuation facilities are situated within the region, to inform the user of potential costs

associated with wildfires. Each of these could be a project in their own right and will not be

in the scope of this project.

The fire progression modeling used within this project focuses on how wildfires behave on

different fire fuels based of vegetation and soil. Hence a urban environment were not taken

into considerationwithin themodel andwould not give accuracy result within the environment

(Tymstra et al., 2010).

Another factor that would limit the scope of the project would be the quality of the data used.

For example, the data availability, data not being locally created, and the temporal resolution

is at six hours for some of the data used within this project.

1.5 Study area

Because of the difference in vegetation, not only in the trees but the underbrush as well, fire fuel

are different between regions. The fire fuel classes created for use in Canada are not compatible

with the vegetation existing in Sweden. Even within Sweden, which stretches through several

climate zones, vegetation can be diverse enough to require specific fire fuel classes. Fire fuel

classes are required to be made for each region with unique climate and vegetation, and the

data is usually coordinated on a national level. This application will be using the fire fuel map

created by Metria (2021) for Sweden and this is therefore the study area.

1.6 Outline

In chapter 2, the theoretical background of the project will be discussed. Firstly, some

background on the wildfires used to test the model accuracy will be presented. Afterwards,

different wildfire models and their use in Sweden will be discussed before the fire model

Prometheus and its components are explained. Subsequently, technologies used in the project

will be presented followed by the data description.

Chapter 3 presents the general developmentmethodology framework alongwith the qualitative

3



CHAPTER 1. INTRODUCTION

research approach for evaluating the result of the study.

In chapter 4 the application and the results of the research objectives will be presented. Both

the application and it’s functionalities along with the fire model algorithm and the evaluation

results.

Chapter 5 reviews of the project as a whole. The results obtained and choices made are

discussed. Future work and improvements are presented and argued.

4



Chapter 2

Theoretical Background and Previous
Work

2.1 Fire spread model types

To combat wildfires it is essential to be able to observe and predict the properties of ongoing

fires. Decision Makers need to know the direction, speed, actual shape, height of flames of the

fire front and how they evolve with time. To obtain this information there are a number of

different modelling-approaches which are used (Rossi et al., 2009).

Conventionally there are three classifications of fire behaviourmodels. Physical, Semi-physical

and Empirical, with various terminology to describe them. Simply put, empirical models use

statistics to explainwildfires andmake use of no physicalmechanisms of the fire. Semi-physical

models are based on small scale fires and use dimensional analysis to fit the model to larger

scales. Physical models are based on the fundamental physical and chemical processes which

affect the characteristics and properties of fire spread.

2.1.1 Physical models

Themain advantage of physical models is their ability to be scaled. For amodel to be classed as

physical it must utilise the chemistry of combustion to attempt prediction of the future extent

and properties of a fire. According to Burman et al. (2016) they use variables such as flame

height, temperature and wind to perform the analysis and as such are more capable than other

models to capture the non-linear characteristics of a fire.

Burman et al goes on to say the propagation of fire is a very complex combination of chemical,

5



CHAPTER 2. THEORETICAL BACKGROUND AND PREVIOUS WORK

physical and environmental factors and there are still limits to our understanding of the topic.

Because of this physical models cannot with full certainty simulate wildfires. Through field

burning these models can be trained and validated. This can be performed to a limited extent

due to some of the factors these models utilise are difficult to replicate, such as flame height

and other factors which are difficult to measure. Furthermore, because of the advanced factors

used suchmodels usually are computation heavy and require the user to have knowledge about

fires and their properties.

Physical models depends on several physical and chemical processes that occurs during a

wildfire, a few of these process are not fully understood. The data used in physical models

must also be in great details for the models to give an accurate simulation. As a result, most

physical models have some empirical aspects included in the model. There are however a few

“complete” physical models such as FireStar, Fireles and Firetec which use physically based

methods Morvan, 2010, Dupuy, Valette, and Morvan, 2010.

2.1.2 Semi-Physical

Also known as semi-empirical, these models utilise simplified sub-models and parameters

that can be calibrated. Because of this they resemble empirical models in their simplicity and

computational efficiency. Their main strength however is the scalability as they apply relevant

fire properties in the calculations (Balbi et al., 2009). The weakness is the need for statistics

from test fires to validate the models. The most widely used of this type of models is the

Rothermel model (Rothermel, 1972) which is implemented in fire models such as FARSITE

(Finney, 1998) and BEHAVE (Andrews, 1986), but other models like Wagner (1977) also

exist.

2.1.3 Empirical

Empirical or statistical models do not attempt to involve physiological principles but instead

use statistical descriptions obtained from observed fires. Generally this type of model is more

computationally efficient, but is only correctly adapted for the scenarios it was validated with

(Balbi et al., 2009). Because of this they can only be used meticulously outside of their

originally intended conditions. Within the conditions the model is tested they prove to give

accurate results (Burman et al., 2016). Examples of empirical models areMcArthur (1966) and

McArthur (1967) model for grass- and forest fires, the Forest Fire Behaviour Prediction system

(FBP) (Canada, 1992) which is utilised in the Canadian Prometheus framework.

6



CHAPTER 2. THEORETICAL BACKGROUND AND PREVIOUS WORK

2.2 Fire spread models

Evidently there aremanydifferent firemodel types and approaches to fire behaviour simulation

systems. Eachwith their own strengths andweaknesses. Each of these systems are constructed

and tested to function optimally in different regions of the world based on local vegetation

and climate patterns Krasovskii et al., 2016. Because of this, different models and where they

were designed to be used have an impact on their feasibility of use in Swedish climate. The

Swedish Defence Research Agency (FOI:2016) in cooperation with the Swedish University

of Agricultural Sciences investigated a number of models for use in Sweden, of which they

proposed: FARSITE, Prometheus, and Wildfire Analyst which uses BehavePlus. The wildfire

climate impacts and Adaptation Model (FLAM), published 2016, is a model calibrated and

validated for European climate which the Swedish Defence Research Agency didn’t investigate

because the model was no yet published when the the investing was ongoing.

2.2.1 FARSITE

The semi-Physical Farsite (Fire Area Simulator) is a two-dimensional deterministic fire growth

model for spatial and temporal simulation of wildfires in conditions of heterogeneous terrain,

fuels and weather (Papadopoulos and Pavlidou, 2011). It’s widely used by emergency-services

and fire fighting organisations in the United States (Finney, 1998). It applies the Huygens’

wave propagation principle to simulate the spread of fire and includes several sub-models to

more accurately mimic fire behaviour. Surface fire-, crown fire spread, fire acceleration, fuel

moisture and spotting from torching trees. Papadopoulos Papadopoulos and Pavlidou (2011)

states that FARSITE has selected by many US federal land management agencies as the best

model for predicting fire growth.

2.2.2 BehavePlus

BehavePlus is the successor of Behave which were developed in 1977 and got updated to

BehavePlus in 2002. BehavePlus is a semi-Physical mode using the models developed by

Rothermel (1972) to estimate the fire spread as the basis for characterizing surface fire

behavior. The conditions are constant within the model where several calculations with

different conditions can be performed and the results are analyzed through tables and graphs

to analyze the progression and behaviour. The model has become increasingly more difficult

to expand and a redesign of the system were purposed to make it easier to expand in the future

and to incorporate new research results (Andrews, 2013).

7



CHAPTER 2. THEORETICAL BACKGROUND AND PREVIOUS WORK

2.2.3 Prometheus

Prometheus is an empirical wildfire growth simulation model developed for Canada. The

development of Prometheus started 1999, and the development of the model is still ongoing

where new versions with optimization and added functionally has been implemented. The goal

of Prometheus was to develop a state-of-the-art, deterministic fire growth simulation model

based on the FireWeather Index (FWI) system, Fire behaviour prediction (FBP) Systemand the

wave propagation equations developed by Richards (1990). The application would then allow

for operation and strategic assessment of wildfire spread behaviour, based on a combination

of fire science, mathematics, and computer software engineering (Tymstra et al., 2010).

2.2.4 FLAM

FLAM were developed by International Institute for Applied Systems Analysis (IIASA). The

model is able to predict the impact wildfire has on the climate, fuel availability, and population.

Mechanistic fire modeling algorithm is used to model the fire which also uses Fine Fuel

Moisture Code (FFMC) output from the FWI systemwhich Prometheus also utilise. FLAMuses

daily climate data for wind, temperature, relative humidity,and precipitation for predicting the

wildfire growth with a 0.25-arc degree spatial resolution. Europe and Indonesia has been some

of the focused areas the FLAM model has been optimized and validated for, where the model

was compared against datasets from Global Fire Emissions Database (GFED) and European

Forest Fire Information System (EFFIS). FLAM model was not a candidate for our project

because the model don’t operate on a open source licensing (Krasovskiy, 2021).

2.2.5 Sweden and its Approach to wildfire Spread Models:
Interview

At the planing stages of the project two interviews was conducted. One interview with The

Swedish Civil Contingencies Agency (MSB) and a second one with county administration of

Jönköping. The interviews purpose was to get insight in the current situation of tools, data

used in Sweden for simulation of wildfire progression, to verify if there is a potential need for

a wildfire progression visualisation web-application.

MSB provide fire behaviour and environmental fire danger rating data for county

administrations and municipals to base wildfire fighting strategies on. Our interview with a

fire engineer at MSB reveled that attempts at gathering necessary data for an accurate fire

progression model has been attempted but so far the result’s has not been sufficient enough

for achieving a good enough model and new research and attempts are needed to reach their

8



CHAPTER 2. THEORETICAL BACKGROUND AND PREVIOUS WORK

desired criteria.

The interview with the county administration of Jönköping reveled that they had at the

beginning of 2022, started a project about analysingwildfires within Sweden, where the project

was founded by the state of Sweden. The project aimed to create an application where they

could analyse behaviour of wildfires and the potential wildfire spread progression, where the

Prometheus progressionmodel would be adopted asmodel fitted to the Swedish climate.

Because Prometheus is optimised for Canadian climate (which is similar to Swedish climate),

is a empirical model and therefore computationally efficient, along with the accessibility of

documentation and structure of the sub-models used, Fire Weather Index and Fire behaviour

prediction made the model a preferred option to use in a fire simulation web-application. The

selection of the same model by FOI and SLU (Swedish University of Agricultural Sciences) as

optimal for adoption in Swedish climate and by MSB for use in Swedish applications validate

this choice.

2.2.6 Fire Weather Index system

One of the major systems which Prometheus incorporates in its model is the Fire weather

index system. Fire Weather Index system is a fire impact model based on daily meteorological

observation to estimate fire danger. Where daily midday observations of temperature, relative

humidity, wind speed, and 24-hour accumulated precipitation was implemented into the FWI

system which were constructed by a set of codes and indexes, see table 2.2.1. The calculations

within FWI were based on logarithmic drying rates. The weather don’t resets each day but is

affected by the previous days weather condition. Because of this phenomena the functions are

cumulative and takes this into consideration by using the previous day results in the next days

calculation. This in turn mean that the the FWI system has a windup time for giving a desired

result, about three days (Lawson and Armitage, 2008).

The codes and indexes numerically rates the general wildfire hazard and wildfire intensity

potential in an area in a unit less index For example, Initial Spread Index (ISI) product

integrates wind-speed and FFMC to estimate a wildfire spread potential. While FWI is the final

product by combiningDuffMoisture Code (DMC)withDrought Code (DC) to get Buildup Index

(BUI). Lastly, a combination of ISI and BUI were made to create FWI which provides a relative

measures about general wildfire intensity potential (Lawson and Armitage, 2008).
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Output data from the FWI system
FFMC uses temperature, relative humidity, wind, and rain to
determine the moisture content of litter and other crude fine
fuels. In other words a rating of the relative ease of ignition and
the flammability of fine fuel.
DMC uses temperature, relative humidity, and rain to determine
the average moisture content of loosely compacted organic soil,
which is a good indication of the fuel consumption in the
aforementioned category.
DC uses temperature, and rain to determine average moisture
content of compacted organic soil. This code is a useful indicator
of seasonal drought effects on forest fuels and the amount of
smouldering in deep duff layers and large logs.
ISI is a numeric rating of the expected rate of fire spread, which
combines the effects of wind and FFMC on rate of spread without
the influence of variable quantities of fuel.
BUI is a numeric rating of the total amount of fuel available for
combustion, which combines DMC and DC.

Table 2.2.1: Table containing information about the outputs from the FWI system

2.2.7 Fire Behaviour Prediction system

The Fire Behaviour Prediction System is one of the major systems within Prometheus and

is used to predict the physical characteristics of a wildfire at many points around the

fire perimeter, which makes quantitative estimation of fire front propagation, fire spared,

perimeter growth rate, fire area, fire intensity, fire behaviour, fuel consumption, and fire

description. The model uses a wave propagation equations approach to simulate the complex

geometry of a progression wildfire over a long period of time in a heterogeneous environment.

The model is based on the observation of the behaviour from 400 experimental, wild, and

prescribed fires in Canada (Canada, 1992).

The FBP system is constructed to process 14 primary inputs; these 14 inputs have been grouped

into 4 categories in table 2.2.2. The resulting output from the system consists of 4 primary

and 11 secondary outputs, description of these outputs can be found in table 2.2.3 and 2.2.4

(Canada, 1992).

Themodels in the FBP system is constructed of several exponential functions andmodeled after

data from prescribed wildfires in Canada. Each function is based of the ISI data from the FWI

system. The ISI data were integrated into several exponential functions where each function

weremodeled independently and will have different constant values depending on how the fire

fuel class behaves. This means if different fire flue classes have the same ISI value it will result

in different values for fire spreed for the different fire fuel classes (Canada, 1992).
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FBP Input categories
Category Data Description of data
Fuels FBP system fuel

type
This category
contains information about how
flammable the vegetation is

Weather FFMC, ISI, BUI,
Wind speed and
direction

This category contains
information about the weather
situation and fuel weight

Topography Slope and slope
direction

Slope data is important
information for estimating the
fire progress rate

Foliar moisture
content

Elevation,
lat./long.

Data needed to estimate the
initiation of crowning and the
crown fire spread rate

Type
and duration of
prediction

Elapsed
time, point or
line ignition.

Information about the ongoing
fire

Table 2.2.2: Table containing information about the input data from the FBP system

FBP Primary Outputs
Output Description of output
Rate of spread Rate of spread of the forward movement of the

fire front per time units
Fuel consumption This component predicts the amount of forest

floor , surface woody fuel, and crown foliage to
be consumed

Head fire intensity The rate of heat energy released per unit time per
unit length of fire front

Fire description Descriptor of the fire is a surface or crown heavy,
which is based on the fraction of crown burned.

Table 2.2.3: Table containing information about the primary output data from the FBP
system
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FBP Secondary outputs
Output category Description of output
Head, flank & back fire
spread direction

In what direction different
components of the fire are growing

Flank & back fire rate of
spread

This output estimates the fire spread
rate of both flank and back fire

Flank & back fire
intensities

The rate of heat energy released per
unit time per unit length of fire front

Elliptical direction of
calculation

The predicted direction of thewild fire

Rate of perimeter
growth

Growth of fire based on area of fire
and the head, flank, and back fire rate
of spread

Length-to-breadth ratio Ratio between the length and width of
predicted elliptical fire

Table 2.2.4: Table containing information about the secondary output data from the
FBP system

2.3 Technologies

To handle, process and visualise data, several technologies were used on the front-end and

back-end, and for communication between the two.

2.3.1 Google Earth Engine

During the past few decades remote sensing has acquired massive amounts of datasets. To

process and use the data for analysis historically powerful desktop applications, software and

hardware has been required. Furthermore, cloud computing platforms allow efficient storing,

access and processing of datasets on servers. Many such platforms exist such as Amazon Web

services.

is a python based cloud computing platform which allows storage and processing of large

amounts of data. It has a large archive of data from a number of different satellite systems

such as Landsat-8 and the Terra and Aqua instrument MODIS, but also GIS based vector data

sets of weather, DEM, demographic data and more. The outsourcing of the processing to the

cloud servers allows computation of large datasets without powerful computers and software.

This allows resource-poor researchers to perform powerful analysis (Mutanga and Kumar,

2019).

Furthermore, the transfer of processing from client to cloud, combined with an API to utilise

functions and data in custom python scripts, and visualise the result in 3rd-party tools, allows
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for construction of powerful web applications utilising the service. Currently, however, ’s terms

only allow for use in development, research and educational environments, with the possibility

of evaluation for commercial or operational use. Sustained production use of without a

commercial license is not allowed.

2.3.2 Mapbox GL JS

Mapbox GL JS is a client-side Javascript library for building map-applications for the web.

It is specifically designed to work fast with vector data and as such has seen wide use in the

industry.

2.3.3 Django

Connecting the front-end client and the back-end processing server as well as web processing,

Django was utilised. It’s a high-level all-in-one python web framework allowing for quick and

scale-able creation of web applications. It’s a self-contained package handling dynamic web

page construction, user authentication, RSS feeds and more.

2.4 Previous work

The research field regarding analysing and management of wildfire is in large an extensive

area with notable contributions. For example, Monederoa, Ramirezb, and Cardila (2019) has

developed and evaluated an application called Wildfire analyst pocket for analysing wildfire

and model the wildfire progression utilizing the BehavePlus fire progression model system.

Finlandhas developed a system for fire growth simulation using Prometheus, lead byArbonaut.

Sweden are also considering using Prometheus in their development of an GIS system for

fire management called BrandGIS. Research has also been done regarding forest management

planners, where traditionally forestmanagement planners don’t take into consideration several

different factors which might effect the future fire loss of timber within a forest. A Forest

management planners was developed by Acuna et al. (2010) where the different factor were

accounted for in the methodology.

2.4.1 Wildfire analyst pocket: A mobile app for wildland fire
prediction

Wildfire analyst pocket is an application used for analysing a ongoing wildfire and model

the wildfire progression progression, to be used by fire fighter and developed by Monederoa,
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Ramirezb, and Cardila (2019). Where the application focus were on the USA. This application

shows punctual fire characteristics and estimated progression real-time based on user specified

input data in an 3D map interface, were the user can change parameters and observe how the

wildfire behaviour changes deepening on the input changes from the user. The application

purpose is to perform calculations in the field based on observed conditions providing the

critical information necessary for decision making. The wildfire progression modeling within

the application uses an empirical fire propagationmodel system, called BehavePlus, which uses

well-known fire spreadmodels, developed by theUS Forest ServiceMissoula Fire Sciences Lab.

The application is meant be used on different devises, both desktop and mobile.

The application can be divided into four diff rent sections, where the first section is about

the ”Map viewer”. In this section the result will be able to specify the geographic location,

visualised on a 3D map and where the user can modify the parameters. The second section

would be the ”Result” section where statics, characteristics, and behaviour parameters of the

wildfire would be displayed. The third section called ”Chart” will have dynamic charts where

the user can analyse the result and how it would change by modifying the inputs. The last

section ”Parameters” is where the uses can modify the application, specifically information

about the site and incident. The authors acknowledge, that even though the application has a

good robustness and works well in homogeneous conditions, the application should be used

by experts that can operate and analyse the result properly. The necessary data used for

calculations in the modeling within the application were filled in by the user, the application

itself don’t provide the data (Monederoa, Ramirezb, and Cardila, 2019).

2.4.2 Arbonaut.com - MAST-project

MAST-project was the development of a LiDAR technology for fire risk management tool by

Meteorological Institute Metsäkeskus, Arbonaut and North Karelia rescue service which was

published in 2021. This fire risk management tool is part of Arbonauts GIS platform where

the tool utilise detailed LiDAR data bout the vegetation, Metsäkeskus’ open forest data and

efficient wind model data, meteorological, and topological data to simulate wildfire spread by

the hour with 16m resolution. Themodel used within the tool is an optimization of Prometheus

model for the Finnish climate where detailed LiDAR has been incorporated for identifications

of canopy gaps which improves the accuracy of the fire progression. The optimized wildfire

growth model will be tested and evaluated by North Karelia Rescue Service (pelastusopisto,

2020).
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2.4.3 BrandGIS

March 2022 the county administrations of Sweden began a project to develop methodology,

a product and collaboration for GIS-support for wildfire management Lundqvist, 2022. This

in cooperation with MSB, Lantmäteriet (the Swedish mapping cadastral and land registration

authority), Swedish Forest Agency, SLU, and the municipalities. The final goal of the project

is to create clear support data for cooperation and a common methodology for surveying

and visualising an event via a standardised data model, symbology and layout in integration

between different GIS-platforms and clients.

Project leaderLundqvist (2022) explains that BrandGIS is one of the most important products

being developed as part of the project. It is a map production-tool which functions in

different GIS-systems with and without internet-connection. As part of this program is tools

for simulating wildfires using ground and meteorological data such as fire-fuel, topography,

weather (wind, precipitation, air & ground moisture), and temperature. This tool is integrated

in BrandGIS but can also be used on it’s own. This tool is still very much under development at

the time of writing and final model calibration and integration has not been performed.

2.4.4 Integrated spatial fire and forest management planning

Traditionally forestmanagement planners don’t take into consideration several different factor

which might effect the future fire loss of timber within a forest. Acuna et al. (2010) developed

a forest management planners where different factor such as harvesting and silvicultural

activities were accounted for in the methodology. The iterative methodology were based on

fire occurrence, suppression, and spread models, a fire protection value model that identifies

crucial stands, the harvesting of which can have a significant influence on the spread of fires

across the landscape, and a spatially explicit timber harvest scheduling model.

The forest management planning system can be divided into three parts. The first part is a

fire ignition, suppression, and spread model which is an empirical model based of prescribe

historic wildfires. The model uses weather, fire fuel, and topological height to simulate where

firesmight occur and expand. The second part is a heuristic procedure for estimating stand fire

protection values where analyzing factor the reduces wildfire spread and speed. for example

harvesting a stand might decrease the mobility of an wildfire. The last section is a spatial

harvest scheduling model which is an mixed integer programming model that specifies when

and where to harvest cut blocks to maximize the present net worth of the timber harvested.

Acuna et al. (2010) found that their developed forest management planning tool based on their

methodology could increase the net present value up to 8.1% compared with traditional forest

management planning systems.
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Study Area and Data Description

3.1 Study Area: Ljusdals-Komplexet

In this project a wildfire progression model will be implemented into an web-application and

to be able to assess the models accuracy data about observed wildfire progression need be

used as comparison against the predicted wildfire progression. A cluster of wildfires, called

Ljusdals-Komplexet, which appeared simultaneously in Ljusdal municipality circling the town

of Kårböle during the summer of 2018. These clusters of wildfires can be seen in figure

3.1.1. The three wildfires were ignited by lightning strikes at different time instances within

45 minutes from the first to last lighting strike on the afternoon of 2018-07-14. The wildfire

Ängra was the first to be lit on fire, followed by Enskogen, and lastly, Nötberget. The distance

were relatively small between the ignition points of thewildfires, around 5 to 11 km (Granström,

2020).

During the wildfires at Kårböle there were localised precipitating occurring sporadically

affecting the wildfires spread rate. Specifically the wildfire at Enskogen was effected by the

localised precipitation, which did not start spreading at full speed until one day later when

the vegetation had dried up. Enskogen wildfire was mostly unnoticed at the beginning, and

the efforts to control the wildfire failed and focus got shifted to protect the residential areas

instead. This meant that Enskogen wildfire was mostly unhindered in its natural wildfire

spread (Granström, 2020).

Both Nötberget and Ängra had more complex wildfire spread development. They both started

spreading shortly after getting ignited by the lighting strike, they also received effort at

controlling its wildfire spread early on and continuously over its life span. In the case for

Nötberget they almost got the wildfire extinguished at the beginning of the wildfire spared,
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Figure 3.1.1: The perimeters of the wildfires, at 2018-08-02, surrounding the town of
Kårböle.

but the wildfire got reignited and starter to spread once again. Effort was concentrated on

the north east flank of the wildfire, which successfully restricted its spread in the north east

direction. Helicopters were also used to control the wildfires progression with water at several

places. At wildfire Ängra the helicopter tried to extinguish the south fire flank but failed due to

the ground-unit not getting to the south flank site in time to help control the flank fire. The

fire spread developed in a manner where the efforts at hindering its spread was futile and

the ground-units shifted its focus to protecting residential areas while the helicopter kept on

pouring water on the wildfire at different places (Granström, 2020).

3.2 Data Description

3.2.1 Data for Modelling

Data used for the wild fire progression model within the application was collected from open-

data sources, either from the Google Earth Engine Data Catalog or Metria. The data from

Metria was integrated into the Google Earth Engine data catalogue system for easier access

by the algorithm. Information about the data used can be seen in tables 3.2.1 to 3.2.5
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Table 3.2.1: The GFS is a coupled model, composed of an atmosphere model, an ocean
model, a land/soil model, and a sea ice model which work together to provide an
accurate picture of weather conditions. The GFS dataset consists of selected model
outputs as gridded forecast variables. The 384-hour forecasts, with 3-hour forecast
interval. Data with a forecast of zero hours, the current forecast for the moment, was
used.

Global Forecast System (GFS), 384-Hour Predicted Atmosphere
Dataset
Dataset provider National Centers for Environmental Prediction

(NCEP)
Data used Wind-

speed, wind direction (composed of u and v direction,
at ten meters above ground), relative humidity (at two
meters above ground), air temperature (at two meters
above ground)

Dataset availability 2015-07-01 to 2022-06-01
Resolution 27830 meters
Temporal resolution six hours
Terms of use Data, information, and products, regardless of the

method of delivery, are not subject to copyright and
carry no restrictions on their subsequent use by the
public. Once obtained, they may be put to any
lawful use. The forgoing data is in the public domain
and is being provided without restriction on use and
distribution

URL https://developers.google.com/earth-
engine/datasets/catalog/NOAAGFS0P2

Data collected from Google Earth Engine Data Catalog

Table 3.2.2: This dataset classify the forest and open land vegetation with an height
above five meters on how its behaves in case of wildfire, based on the National Ground
Cover Data (NMD)

Brandbränsleklassificering (BBK), the Wild Fire Fuel
Classification Dataset
Dataset provider Metria
Data used Fire fuel classification for forested and open land
Resolution 10 meters
Dataset created at Forested land 2020, open land 2021
Terms of use This dataset is available to use with no charge
URL https://msb-bbk.metria.se/
Data collected from MSBWEB map service
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Table 3.2.3: NCEP CFSV2 is a fully coupled model representing the interaction
between the Earth’s atmosphere, oceans, land, and sea ice.

CFSV2: NCEP Climate Forecast System Version 2 Dataset
Dataset provider National Centers for Environmental Prediction

(NCEP)
Data used Rain precipitation (six hour average)
Dataset availability 1979-01-01 to 2022-06-01
Resolution 22264 meters
Temporal resolution six hours
Terms of use Data, information, and products, regardless of the

method of delivery, are not subject to copyright and
carry no restrictions on their subsequent use by the
public. Once obtained, they may be put to any
lawful use. The forgoing data is in the public domain
and is being provided without restriction on use and
distribution

URL https://developers.google.com/earth-
engine/datasets/catalog/NOAACFSV 2FOR6H

Data collected from Google Earth Engine Data Catalog

Table 3.2.4: Advanced Land Observation Satellite (ALOS) digital surface model
(DSM) dataset is based on the DSM dataset (5-meter mesh version) of the World 3D
Topographic Data.

ALOS DSM: Global 30m Dataset
Dataset provider JAXA (Japan Aerospace Exploration Agency) Earth

Observation Research Center
Data used DSM (elevation height above sea level in meters)
Resolution Horizontal resolution of approximately 30 meters
Dataset created at January 2021
Terms of use This dataset is available to use with no charge. Further

conditions can be found at Terms of use for ALOS
Global Digital Surface Model

URL https://developers.google.com/earth-
engine/datasets/catalog/JAXAALOSAW3D30V 32

Data collected from Google Earth Engine Data Catalog
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Table 3.2.5: FIRMS dataset contains the LANCE fire detection product in rasterized
form. Produced by the standardMODISMOD14/MYD14 Fire and Thermal Anomalies
product. Each active fire location represents the centroid of a 1km pixel that is flagged
by the algorithm as containing one or more fires within the pixel. The data are not
considered to be of science quality.

FIRMS: Fire Information for Resource Management System
Dataset provider NASA’s Land, Atmosphere Near real-time Capability

for EOS (LANCE)
Data used T21
Dataset availability 2000-11-01 to 2022-06-01
Resolution 1000 meters
Temporal resolution near real-time (NRT)
Terms of use NASA promotes the full and open sharing of all

data with the research and applications communities,
private industry, academia, and the general public.

URL https://developers.google.com/earth-
engine/datasets/catalog/FIRMS

Data collected from Google Earth Engine Data Catalog

3.2.2 Data for Validation

The progression of the Ljusdal-wildfires spread has been documented and mapped by

Copernicus Emergency Management Service which is a user driven program and the

information services provided are available to its users, mostly public authorities, on an open

and free-of-charge basis. The Copernicus Programme is served by dedicated satellites (the

Copernicus Sentinel families) and a set of additional contributing missions (satellites run

by various commercial and national agencies). Data for the wildfires Enskogen, and Ängra

was acquired from Copernicus Emergency Management Service (© 2018 European Union),

EMSR298: Forest Fire in Central Sweden. The data is a product from either sentinel 2A/B

systems or spot 6/7 systems and produced at repeated instances between the dates of 2018-07-

17 to 2018-08-07.
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Methodology

4.1 Structure of the project

Th structure of the project were constructed of several parts, which needs a clear workflow to

achieve the stated aims within a appropriate time frame. Hence a good workflow structure was

implemented with great detail, see fig 4.1.1.

Figure 4.1.1: Front-End functionality diagram

Foremost, our literature review and aim for our project needed to be grounded with expert

insight. Due to the fact that science of fire growth behaviour was unfamiliar to us. This expert

insight would then confirm, correct, or deny the assumptions and aims within the project.

Which would then make us comfortable to take the project into the next stage. This process

was composed of intricate research about fire models, fire spread behaviour and the Swedish

climates and its fire fuel composition and lastly interviewing experts within wildfire GIS or

wildfire behaviour.

Thereafter, the next stepwere to gather the data necessary for the project, create the framework,
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and implement the fire spread progression model. Key decisions were performed on several

aspect of the project, for example what type of programming language to write in, what type

of framework the web application would be build on, and what tools to use for integrating the

data and database into our framework.

Afterwards, when the framework and application had been created a questionnaire was

designed to evaluate the performance of the application. This questionnaire was then sent out

to a selected sample group which was working with wildfire in some form. Simultaneously

an accuracy assessment of the model was performed while collection answers from the

questionnaire. Lastly, the answers from the questionnaire was analysed and final conclusion

could be finalised.

4.2 Designing the interface

Using the technologies Django feature, the front end is designed to follow the three main user

experience principles. Keep it simple, keep it accessible and keep it consistent. The website

that the user interacts with is divided into two parts. The map and the about page.

The map-application is built on Mapbox technology, specifically the Mapbox GL JS library,

along special-built functions to process and visualise the geographic data. Based uponOpenGL,

it allows for 3D visualisation which is utilised for a dynamic and modern functionality.

Moreover, it allows for the implementation of 3D elements such as a Digital Elevation Model

(DEM) which gives a natural comprehension of the terrain. The structure can be seen in figure

4.3.1.

Themain task on the front-end of the application is to intuitively visualise the progression of the

fire over the simulated time. While the accuracy of the prediction at different time-intervals is

subject to analysis and is discussed later in the report, the application is set to allow calculations

between 30 minutes to 48 hours. Because the fire-simulation deals in data-packages of 30

minutes, this is the minimum simulation-time. The selection of 48 hours as a maximum to

be simulated was arbitrarily chosen and needs to be altered to suit the accuracy of the fire

simulation over time.

Tominimise the spread of data on the website, the application interface is split into three parts.

The header, map interaction tools, and the main interface. The header is the navigation-panel

of the website. It hold a link to the about-page containing information about the website, this

will be discussed later in the article, as well as navigation-links back to the map. The map

interaction tools consist of themap controller, the tools used to interact with themmap, and the

base-map selector. The main interface handles user-input, as well as symbology and geometry
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information. Each of these parts will be discussed through-out the interface section of the

methodology.

Figure 4.2.1: Front-End functionality diagram

4.2.1 Main Interface

The main interface is the handler and presenter of background-data for and from the fire-

simulation. Located in the bottom left of the page, it is in reality three panels in one, which

can be navigated using a tab system. The three parts are Input, Legend and Statistics, where of

the two first are the only ones visible when starting the application. Statistics become visible

once a simulation has been performed.

The input (fig 4.2.2) is the first panel the user will be introduced to when opening the
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application. From here they can guide the simulation through overriding back-end data and

setting simulation time-extent. At the top of the input-panel a checkbox allows the user to

activate the wind-override tool. Through this the direction and speed of the wind can be altered

to better fit reality in situ if the user so wish. This can be done either through the number fields

in degrees from north or using the dial to more intuitively alter the wind-direction.

A simple slider allows the user to select the amount of time in 30 minutes intervals to be

simulated by the tool. The simulation itself is activated by a large button titled ”Calculate”

in the middle of the panel.

Figure 4.2.2: Main interface as seen when all tabs are visible, with input selected.

The second tab, titled Legend, functions as a normal legend for web-maps where any layers

generated by the application are visible and have their visibility toggled. From here the

simulated fire extent can also be downloaded with all the calculated statistics associated

appended to the geometry as attributes. The final tab, Statistics, contains calculated statistics

of the fire displayed for each simulated interval.
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4.2.2 Map Controller

The map controller (fig 4.2.3) is the group of tools which are used to interact with the map.

Beyond the basic navigational buttons such as zoom and rotate, it also contains geometry

handling tools based on Mapbox2017 with heavy customisation to have the functionality

required for this project, as well as upload and download functionality.

The bottom four buttons handle fire barriers, fire extent polygons, fire extent points and

remove, respectively. Fire barriers are stored as string-lines and function as fire-block which

hinders fire from spreading through the drawn geometry. Fire extent polygons and fire extent

points serve as starting locations for the fire-simulation. I.e. locations which are on fire at the

start of the simulation. The remove button, or trash as it is known in the application, allows for

deletion of geometries.

Figure 4.2.3: The map controller with all tool buttons.

Utilising Mapbox Draw geometries can be easily drawn and edited the ability to add or remove

individual vertexes to already drawn polygons giving the application simple but powerful tools

for the user to customise the input for the simulation.

The geometries generated using these tools are stored in a feature collection in GEOJSON

format according to the geojson standards (Butler et al., 2016). Using the download button this

geojson can be downloaded from the browser to be processed or edited in 3rd party software

such as QGIS or other GIS-programs. Inversely, pre-made geometries can be uploaded to the

to the website so long as they follow the geojson standards and only contain geometries of

compatible types, that is string-line, point and polygons.

Important to note is that Mapbox handle coordinates in WGS 84 (EPSG:4326) and as such

the coordinates of all drawn geometries are of this reference system. This means that any
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uploaded geometries are required to be in the same system to be handled by the application. If

no geometries are drawn for the simulation to use as fire starting-extent, it will send the visible

area of the map as a geometry to be used in FIRMS fire-detection.

4.2.3 Base Maps

The base-map is the basis upon which geographical context is given to the user. Without it the

information being visualised is data without location or scale. Selection of base-map is highly

dependant on the purpose of the data which will be visualised and how it will complement it.

For example, a navigation app displaying the route from point A to B may choose a base-map

containing road-network and generalised urban areas.

For this applicationwhichdealswith the spread ofwildfire, the vegetation ismainly of relevance

as well as areas of moisture such as lakes, swamps, mosses, bogs and other forms of water-

bodies. Road-networks and populated locations are also of interest to geographically connect

the location. Mapbox have a selection of complete base maps to choose from, and these were

evaluated and used to select from. Subsequently, three base-maps were selected to be used in

the application (fig 4.2.4).

Firstly, Streets, a simple minimalist map was chosen. Only containing essential items such

as roadways, administrative boundaries, built features and locations, it is meant to serve as a

navigational map for the user. Secondly, another version of Streetswas selected containing the

same as previous but including geographical features such as vegetation and less definedwater-

bodies such as previouslymentionedmosses and bogs. Thirdly and lastly satellite-imagerymap

with place names and road-networks was selected as it will give a ’as is’ image of the world at

the time the imagery was taken.

Figure 4.2.4: Base-map selection with representations as seen in the application

4.2.4 Program Status

To keep the user informed how to utilise the tool and what the application is currently doing,

informatory text is displayed at the top of the screen whenever a tool is selected or the

simulation is running. This text displays the current functionality being utilised. These can be
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for example ”Drawing fire-barriers” or ”Placing starting fire” for example when corresponding

tool is selected. When the fire-simulation is triggeredwith the ”Calculate” button a ”Generating

Fire Spread” text is displayed.

Additionally, to further make it clear the server is running the simulation, an animated box is

displayed to give a visual queue that processing is occurring server-side on the back end.

Web-applications are designed to be fast and responsive, butwhen heavy processing is required

by the server before data or information can be sent back to the user, a visual indication on the

progress is desirable to make the interface less unresponsive. As such, for the user to be able to

track the progress of the simulation and give a loading barwas implemented using aweb-socket

connection (fig 4.2.5).

In short, when the ”Calculate” button is pressed, a HTTP POST-request is sent to the server

with the user input for the simulation. This contains wind-override information (wind speed

and direction), simulation time-span, and geometries (fire barriers and starting geometries).

The simulation is activated using these parameters and begin simulating the fire. Using a web-

socket connection established between the client and the server, progress of the processing is

send to the user. This occurs for every 30 minutes of simulated time. From testing during

development this was found that this gave updates at regular enough intervals to feel natural

and responsive at reasonable timescales of simulation. It also coincided with the timescale of

the fire which is saved as geometries and as such seemed natural.

Figure 4.2.5: Loadingbar, informative text and animated box during simulation

4.2.5 Geo-visualisation

Geo-visualisation of fires can be approached in a number of ways as it is an object of many

attributes.

• Area, the surface the fire expands with each simulated interval.

• Expense, as it causes potential damage to landscape, estates and property.
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• Heat, as it has a thermal property, meaning the temperature at different stages

depending on fuel-type and -density among others.

• Speed, as the fire moves at different velocities depending on wind, fire-fuel properties

etc.

• Vertical height, the flame tip of the fire above the fuel surface.

• Time, progressed time since ignition.

The list goes on. While there is the possibility to add different layers showing the different

properties of the same fire, or the ability to style the geometry depending on them, the goal to

create a streamlined user-experience led to the decision to visualise only one of the attributes.

The chosen approach displays the fire-geometry based on the time from ignition as it seems the

most relevant to the user. This and some of the other attributes can be intuitively through visual

inspection of the geometry. As the fire is simulated in intervals of 30 minutes, the expanded

area can easily be interpreted by the user by inspecting the geometry.

To intuitively show the expansion of the fire, a green to red colour-scheme is used to colour

the fire-extent geometries which are returned from the simulation. As previously mentioned

each of these geometries, or polygons, represent the predicted extent of the fire at simulated

intervals of 30 minutes.

Other relevant attributes of the wildfire may be of particular interest to be quantified. This

include expanded area, as well as front, back and flank fire. Theoretically all the attributes

contained in the tables 2.2.3 and 2.2.4 could be displayed but as to not overwhelm the user our

and to limit the amount of time and clicks required for navigation and interpretation, only the

most relevant attributes are displayed in the application 4.2.6. These are; time from ignition.

Area, expanded area, front-fire, flank-fire and backfire. The latter three are the calculated

average in metres per minute. Depending on the expertise and aim of the user, other than

in situ use, different and more of the attributes may be desired.

Seeing what areas being consumed by the expanding fire is of high priority by the user and

should be immediately visible. To achieve this the geometries are made partially transparent.

By doing this the opacity will build up from 20% to full become fully opaque at the 5th last

fire-extent as seen in fig 4.2.7. Through this the under laying base-map is visible for the last

two and a half hours allowing quick and easy visual analysis of the fire-front area.

The legend tab of the main-input interface allows for further customisation of visualisation

options. Here visibility of layers can be toggled on or off. Furthermore, the temporal extent of

the visible fire geometry can be changed using a slider in the colour symbology. The pointer
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Figure 4.2.6: Visualisation of statistics

of the slider can be moved to the position representing the moment the user wish to visualise.

Aforementioned opacity of geometries will change to fit this change in temporal extent.

4.2.6 About - Informing the user

While the application is designed to be intuitive and not require any further information for

usage, it is good practice to include instructions and general information on the tools and their

functionality, as well as the simulation process. For this a about-page (fig 4.2.8) was created

containing basic instructions for how to use the application.

Figure 4.2.8: Visualisation of About page
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Figure 4.2.7: Visualisation of fire opacity

Firstly it contains a disclaimer for the user during the evaluation period as we locked the

tool to dates of relatively dry weather in Sweden. The date chosen was 19/05 2022 as the

meteorological situation over Scandinavia gave mild winds with a clear direction as well

as the date being preceded by dry weather allowing for wildfire-spread. Furthermore, the

functionality of the buttons are explained in a short but clear format.

It is important for the user to knowhow the variables that are input-edwill affect the simulation

for them to be able to correctly interpret and understand the return output. Because of this

three short paragraphs explain the user input which are sent to the server.

4.2.7 Simulation Input

The input for the simulation primarily is fire geometries created by the user, which may

make more sense for in situ applications. By implementing fire detection data created using

remote sensing technologies more utilisation options of the applications become available. For

example Fire Information for Resource Management System (FIRMS) which distributes near

real-time active fire-data within 3 hours of satellite observations by the Moderate Resolution

Imaging Spectroradiometer (MODIS) sensor aboard the Aqua and Terra satellites which is

implemented in the application. The problem with FIRMS and similar systems is the low

temporal and spatial resolution which makes their data inaccurate to use as input geometries

for the simulation on their own. The inclusion of this functionality serves as a proof of concept
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Table 4.3.1: The reclassification of the Swedish fire fuel data into the Canadian fire fuel
classes.

Swedish classes reclassified into Canadian classes
Canadian classification Swedish classification
C-1 Spruce-Lichen Woodland Omitted
C-2 Boreal Spruce TBR1
C-3 Mature Jack or Lodgepole Pine BR2
C-4 Immature Jack or Lodgepole Pine Omitted
C-5 Red and White Pine BR3, TV1
C-6 Conifer Plantation Omitted
C-7 Ponderosa Pine / Douglas Fir Omitted
D-1/D-2 Aspen Omitted
M-1 Boreal Mixedwood - Leafless Omitted
M-2 Boreal Mixedwood - Green LV2, LV3
M-3 Dead Balsam Fir / Mixedwood -
Leafless

Omitted

M-4 Dead Balsam Fir / Mixedwood - Green Omitted
S-1 Jack or Lodgepole Pine Slash HE1, HE2, HE3, TV2
S-2 White Spruce / Balsam Slash Omitted
S-3 Coastal Cedar / Hemlock / Douglas-Fir
Slash - Green

Omitted

O-1a Matted Grass Omitted
O-1b Standing Grass JB1, GS2
Non-fuel IB1, IB2, IB3, IO1
Water IV1

of what could be possible if data with higher spatial and temporal resolution were to become

available.

4.3 Wildfire Progression Prediction Algorithm

The model created for this project were heavily based on the Prometheus fire behaviour

predication algorithm, which were highly fitted to the Canadian climate and conditions. The

extensive model utilizes the the principle of logarithmic drying time of different types of fire

fuel. One of the first steps in implanting the Prometheus algorithm to the Swedish climate and

conditions where to compare the different fire fuel classes between Canada and Sweden. This

reclassification of the Swedish fire fuel can be seen in table 4.3.1.

4.3.1 Structure of the algorithm

Python was the chosen programming language to write our algorithm within as this would

make it possible to utilise (GEE) functionality and their database catalogue by using the python
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library for GEE API. Prometheus usesmeteorological data, topological height and fire fuel data

to calculate fire spared. Where within GEE database catalog themeteorological and topological

height data were accessible. Fire fuel data were collected fromMSB and later inserted into the

GEE database catalogue, which made it possible to integrate data seamlessly within the raster

calculation in the application.

The structure of the fire behaviour prediction algorithm can be divided into four sections:

initialization of FWI data, calculating of FWI, calculation of FBP, and vector algorithm. This

structure can be seen in figure 4.3.1.

Figure 4.3.1: Figure explaining the algorithms structure and flow.

4.3.2 Initialisation of the Data

The fire behaviour prediction algorithm start by processing the user specified data, the

initial fire vector. The vector would be transform and projected from the reference system
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EPGS:4326 to EPGS:3006. This in turn made it possible to manipulate the vector data over

the geographical location of Sweden in meter unit. If the user specified a point as initial fire

spread origin instead of drawing a polygon, the algorithm would with the help of GEE API,

expand the user specified point and turning the point into a polygonwith an area that is slightly

larger then the resolution of the raster data used in the algorithm. The user might instead have

chosen an existing ongoing wildfire from the FIRMS visualisation functionality, the algorithm

would then instead receive the extent of the window from the user interface where the ongoing

wildfire. The extent would be sent in polygon vector format, then the algorithm would use

GEE API to extract a polygon from the perimeter of the wildfire within the extent polygon. The

extracted fire perimeter polygon would then be used as the fire initial origin polygon for the

algorithm.

4.3.3 Performing the Calculations of wildfire Behaviour Data

After the algorithm has initialised the user specified data the algorithm would also checks if

data had already been initialised for the FWI system and if an FWI have been calculated for that

day. If an FWI had been already calculated for that day the algorithm would then move onto

the step of calculating FBP using the already calculated FWI. If FWI has not been calculated,

the algorithm would then call on the GEE database API to collect meteorological raster data

for the day the request was sent on. Thereafter the gathered meteorological raster data would

be prepossessed, e.g. converting units and clipped the data to the boundaries of the country

Sweden.

The second step within the fire behaviour prediction algorithm were composed of calculating

FWI, BUI, FFMC, DMC, DC, and ISI for the whole of Sweden based on the gathered and

prepossessed meteorological raster data in the previous step. Afterwards, the calculated data

would be saved on to the GEE database. The purpose of saving the calculated data were to

decrease complexity of the algorithm by avoiding repeated calculation of the same data.

Creating an python algorithm to calculate FWI with GEE integration is nothing new and has

been performed before by Matondang (2021). Our modification of this code were to change

out the data source of the meteorological data, which made it possible to have appropriate

data that covered the geographical location of Sweden. Beside changing the data sources, a

function was integration which saved the calculated data, as well a function for adding the

override integration, which made it possible for the user to to change the wind speed and wind

direction for the simulated wildfire spread.

Later on, the algorithm would calculate the FBP raster data. This part of the algorithm used

the FWI, BUI, FFMC, DMC, DC, and ISI, together with topological height raster, and fire-fuel
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raster data for the calculations. Where the GEE API was used to derive aspect and slope raster

data from topological height raster data. The data where then combined by calculations and

turned into parameters that would describe the behaviour of the movement of an ongoing fire,

by representing the rate of spread numerically in raster format where each cell indicates the

movement and spread direction.

4.3.4 Calculating the Predicted Fire Spread

Lastly, an iterative algorithm would calculate the wildfire spread progression based on the

raster data from the FBP calculation. The algorithm would move each vertex in the initial fire

polygon, by computing the movement on the X and Y axis within the coordinate system. This

movement is decided by the raster cell values of the fire spared beneath the position of the

vertex and the direction of the fire spread direction. If the raster values of rate of spread would

be zero, e.g. over areas with water, the movement would be zero, see figure 4.3.2.

The iterative algorithm is made up sub-functions which together creates the final wildfire

spared. These sub-functions have different purposes, for example one such sub-functions were

”Self intersect”, which analyses the polygon to see if it had a self interacts. If the polygon would

contain a self intersect the function would then delete that part of the polygon. Another sub-

function called ”delete and add vertices” check the polygon if there would be more than one

vertices on each raster cell and delete the vertices if there where more than one and replace

them with an interpolated vertex of the delete vertices. This function would also check if there

is a sufficient gap between each vertices, if there would be a too big gap between the vertices the

function would add vertices to fill the gap by interpolating the data between the vertices that

had a too big gap. The last sub-function were called ”Smoothing”, which would smooth out the

perimeter of the polygon by averaging themovement in x and Y axis in the coordinate systemby

looking at the movement of the two nearest neighboring vertices. Lastly, the algorithm would

for every half hour in the modeling the fire progression save the fire perimeter.

Descriptive parameters of the fire spread progression were also registered each half hour by the

algorithm. The algorithmwould calculate the area for each eachhalf hour of the fire progression

and calculated the mean flank, head, and back fire spread rate of the wildfire perimeter by

registering the values from each vertex on the wildfire perimeter and then calculate the mean

value for the whole fire perimeter.

Within the iterative algorithm parameters for the time step has been set to one minute and

the resolution of the raster data, which the fire progression is based of to 20 meter. These

parameters can be easily exchanged to be optimized for the specified data and requirements of

the application.
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Figure 4.3.2: Simulated wildfire progression on land, but the simulation wont travel
over water bodies.

4.3.5 Client Communication and Data Formatting

Communicationwith client occurs at every half hour of the simulatedwildfire to inform the user

of the progress of the wildfire spread progression simulation. When the iterative algorithm has

completed the simulation of the wildfire spread the algorithm would format the final wildfire

spread polygon, together with the wildfire spread, for each half hour in the simulation. The

algorithm would then format the polygons into a Geojson format where each fire perimeter

for each half hour would have properties added to them containing information about the

area of the wildfire, mean flank, mean head, and mean back fire spread rate of the wildfire

perimeter. Lastly, the formatted wildfire polygon would then be sent to the client, where the

wildfire simulation and information would be presented and visualised for the user.
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4.3.6 Override and Fire-block Functionality

If the override functionwould be utilized by the user the data for wind direction andwind speed

would be replaced by the user specified wind direction and wind speed in the initializing step

of gathering data for FWI calculation. The algorithm would then not take into consideration

if a FWI had already been calculated, because the user were interested in a new hypothetical

situation that would effect the condition for FWI calculation.

A fire-block functionality were also implemented into the algorithm where the user could

specify a linear vector which the wildfire would not be able to breach though. The algorithm

handled this by creating a linear vector of the movement for the vertex during each time

increment and checks if the movement would intersect the fire block line. If an intersect would

occur the planed movement for the vertex would be canceled and the vertex would locked in to

place. This functionality can be seen in practice within figure 4.3.3, where the block line is in

colour cyan.

Figure 4.3.3: Simulated wildfire progression on land, which gets blocked by a vector
line created by the user of the application.
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4.3.7 Python Libraries Used in the Algorithm

To facilitate fast vector calculation with the algorithm the Python library Shapely, Gillies et al.

(2007), was used for manipulation and analysis of planar geometric objects. This packages

was mainly used for converting coordinate data into vector data. This library also has built

in functions that was utilised during vector calculations, e.g merging polygons together, and

identifying intersects between vectors.

For efficient handling of raster data the python library NumPy, Harris et al. (2020), was

integrated into the algorithm. NumPy allows for scientific computing within Python. This

library provides a multidimensional array object, and an assortment of routines for fast

operations on arrays, including mathematical, logical, shape manipulation, sorting, selecting,

and much more.

When transforming the vector data betweendifferent projection and reference systems a library

called pyproj, PROJ contributors (2022), was used to simplify the re-projection steps within

the algorithm.

4.4 Evaluation of application

The web-application was evaluated in several aspects. Firstly, a questionnaire was created, to

evaluate the application from a geovisual and functional perspective. Thereafter an accuracy

assessment of the implement wildfire spread progression was performed.

4.4.1 Questionnaire

To review the application from a functionality and usability perspective in field use a

questionnaire was created. The questionnaire contained 15 questions divided into 4 parts with

different focuses. target group, Interface, Functionality and Finishing questions.

The target group questions are meant to help gauge how well targeted the sample group is

for the project by checking their experience in the subject of wildfire-simulations and how

relevant the topic is for their field of work. Interface contains questions about how well the

UX-design and geovisualisation supports the application in relaying the relevant information

and guiding the user. Functionality seeks to answer how the user experiences the application in

terms of functionalism. I.e. reliability, feasibility of use, and integration ability with a greater

workflow. Finally, the finishing questions ask for an overall grading of the application as well

as for comments of ways to improve or alter the application to better fit with with the workflow

of the emergency services or other agencies which deal with forest fires. These comments will
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be dealt with in the discussion.

Target group:

• Är skogsbrandssimuleringar relevant för ditt arbetsområde?

Are wildfire simulations relevant in your field of work?

• Hur mycket erfarenhet har du av skogsbrandssimuleringsmodeller?

How experienced are you in wildfire simulationmodels?

Interface:

• Q1 - Hur tilltalande är gränssnittet? (Färgsättning, design, intuitivitet)

How appealing is the interface? (Colouring, design, intuitive)

• Q2 - Är applikationen tydlig med att infomera vad som sker?

Is the application clear in informing what is happening?

• Q3 - Är alla termer som används på sidan lättförståliga?

Are all terms used on the site easily understandable?

• Q4 - Stöder applikationen de kontroller och friheten som du förväntar? T.ex. undo,

redigering osv.

Does the application support the controls and freedoms you expect? Undo, edit, etc.

• Q5 - Är gränssnittet konsekvent?

Is the interface consistent?

• Q6 - Förmedlas eventuella fel tydligt?

Are any errors clearly communicated?

• Q7 - Är resultatet av eldsimuleringen enkel att tyda?

Is the result of the wildfire simulation easy to interpret?

Functionality:

• Q8 - Hur nöjd är du med applikationens bearbetningshastighet?

How satisfied are you with the processing-speed of the application?

• Q9 - Hur nöjd är du med applikationens driftsäkerhet? (Hur stabil den är.)

How satisfied are you with the operational reliability of the application? (How stable

it is.)
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• Q10 - Hur nöjd är du med applikationens import/export möjligheter?

How satisfied are you with the import/export ability of the application?

• Q11 - Hur nöjd är du med funktionaliteten i applikationen?

How satisfied are you with the functionality of the application?

Finishing questions:

• Q12 - Hur skulle du betygsätta applikationen i överlag?

How would you rate the application overall?

• Q13 - Ser du en plats för applikationen i ditt arbetsflöde?

Do you see a place for the application in your workflow?

The questionnaire was sent out to people in industries where wildfire simulations were deemed

relevant. This include but was not limited to, räddningstjänsten (emergency services) of the

different counties, Skogsstyrelsen (the forest agency),Myndigheten för Säkerhet och beredskap

(Swedish Civil Contingencies Agency) as well as the GIS-department of the different County

administrations (Länstyrelse). These different groups have a different relationship to wildfire

where räddningstjänsten traditionally have a more direct interaction in the field, particularly

in the early stages of fires, while the Länstyrelse, andMSB hold amore preparatory purpose, or

direct when the fire has reached a critical stage. In total this amounted to some 53 people, but

with some forward sending of the questionnaire from department-heads to coworkers.

4.4.2 Accuracy assessment of fire progression model

Information about past wildfire incidents were necessary to

acquire to preform a comprehensible comparison between the modeled wildfire spread and

the factual wildfire spread. The data source used for meteorological data extends back to 2015-

07-01, which limited the amount of well documented data bout wildfires within Sweden to a

set time interval. Hench the cluster of wildfire in Ljusdal municipality circling Kårböle city in

2018-07-1 were chosen as a comparison against the modeled wildfire progression.

From the official fire progression and effort of controlling the spread of the wildfire we found

that Enskogen fire would be a good candidate to compare the wildfire behaviour progression

model against, as it wasmostly unhindered in its wildfire spread. But wewere still interested in

how the model would compare on another wildfire, therefore we compered the model against

the wildfire Ängra. To achieve a relatively good comparison the date of 2018-07-17 and onward

were chosen for simulating the wildfire perimeter. Because most of the effort at controlling the

wildfires spread occurred before this date.
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The model accuracy assessment were composed of comparing the simulated fire spread

progression against the document fire spread from Copernicus collected data. Where the

comparison focused on the over-, underestimation of the model, how much area the modeled

wildfire intersectedwith the documentedwildfire, the size difference between thewildfires, and

the F1 score of themodeledwildfires. These parameterswould then give information about how

accurate the modeled wildfire progression were.

The first step in analysing and assessing the accuracy of the simulated fire sparedwere to import

the documented wildfire perimeter data from Copernicus into the application. Wherein the

application the wildfire spread was simulated and the simulation time was set to match up for

the next documented situation of the wildfire from Copernicus, which would make it possible

to compare the simulated wildfire to the documented wildfire. The method was applied to four

simulations, twice to Enskogen and twice to Ängra. The first simulation for both Ängra and

Enskogen the simulation time was set to 24 hours, from 2018-07-17 10:00 UTC to 2018-07-18

10:00 UTC. Where the second simulations for Ängra and Enskogen was set to 48 hour, from

2018-07-18 10:00 UTC to 2018-07-20 10:00 UTC.

Afterwards, when the fire progression spread had been simulated the simulated wildfire

progression spread got exporting in Geojson format from the application. Thereafter, the

exported polygon was imported into a computer software capable of reading and analysing

vector data, the software QGIS was used in our case. The documented fire progression data

from Copernicus was also imported into into the same work-space within QGIS. Both polygon

where then compared to each other, where the the over-, underestimation was calculated

and compared to get information about how the polygons relates to each other. The vector

processing tools ”Difference”, ”Intersect”, ”Union”, ”Dissolve” and ”Area Calculation” was used

to gather the data.

We observed during the accuracy assessment that the modeled wildfire were excessively

overestimating the wildfire progression. To test out how the model would react by changing

the parameters in the wildfire behaviour calculations, an adjustment to the base number in

the calculation were implement by multiplying a constant with the base number. Within this

accuracy assessment the constantwere set to 0.5 and the overestimation of themodeledwildfire

was lowered compared to not adjusting the base number.

J.Duff,M.Chong, andG.Tolhurst (2016) proposes to use F1 score as an indices to use forwildfire

progression model evaluation. F1 Score is a measure between 0 and 1, where 1 is good and 0

is a bad values, that takes both false positives and false negatives into account to scores the

performance of themodel by comparing the under- and overestimation of themodeled wildfire

progression perimeter. In other word, the score combines the precision and recall from the
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comparison between the observed and predicted fire spread perimeter. Recall is the ratio of

the under-prediction, and precision is a ratio of the over-prediction. See 4.1, 4.2, and 4.3, on

how to calculate precision, recall, and F1 score.

Precision =
True Positive Areas

True Positive Areas+ False Positive Areas
(4.1)

Recall =
True Positive Areas

True Positive Areas+ False Negative Areas
(4.2)

F1 score = 2× Precision×Recall

Precision+Recall
(4.3)
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Result

In this chapter the results from the project development, survey and the accuracy assessment

will be presented. In 5.0.1 the application can be seen in it’s finished stat as it is deployed when

first opened.

Figure 5.0.1: Screenshot of the web-application
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5.1 Questionnaire

According to the survey, almost everyone the survey was sent to that responded stated that

wildfire-modeling was relevant for their field of work (5.1.1). Furthermore, 5.1.2 show there

were a variety in the self-proclaimed experience with wildfire models. Graphs 5.1.3 and 5.1.4

show that the result of the survey was generally positive with specific criticism. Question 13

and 14 (5.1.5, 5.1.6) show a clear positive opinion on the functionality and overall design of the

application.

Yes 93.33%
No 6.67%

Figure 5.1.1: ”Are wildfire simulations relevant in your field of work?”
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Figure 5.1.2: ”How experienced are you with wildfire simulation-models?”
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Figure 5.1.3: Interview Questionnaire Results.
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Figure 5.1.4: Functionality Questionnaire Results.
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Figure 5.1.5: ”How would you rate the application overall?”

Yes 53.33%
Yes with changes 33.33%
No 13.33%

Figure 5.1.6: ”Do you see a place for this application in your workflow?”.

5.2 Accuracy assessment

The 24 hours simulation of Ängra and Enskogen between 2018-07-17 to 2018-07-18, can

be seen in figures 5.2.1 and 5.2.2. The simulated area on Enskogen contains most of the

documentedwildfirewileÄngra had someback-firewhich themodel didn’t simulate. Thehead-

fire is overestimated in both simulations. Simulating with local wind direction and wind speed

have similar wildfire spread progressionwith slight deviation on the borders for both Enskogen

and Ängra.
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Figure 5.2.1: Accuracy Assessment map of Enskogen 2018-07-17 to 2018-07-18

Figure 5.2.2: Accuracy Assessment map of Ängra 2018-07-17 to 2018-07-18

The 48 hours simulation of Ängra and Enskogen between 2018-07-18 to 2018-07-20, can be

seen in figures 5.2.3 and 5.2.4. Compared to previous day of 24 hours simulation the behaviour

of the simulated fire progression have similar characteristic. Where The simulation for Ängra

didn’t include all the documented back-fire and overestimated the head-fire. While Enskogen
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did cover most of the documented wildfire, the wildfire also had a overestimated head-fire

spared. When using the local wind speed and wind direction the simulated wildfires had

exaggerated flank fire on the south-west side, but Ängra included more of the back-fire when

using local wind data.

Figure 5.2.3: Accuracy Assessment map of Enskogen 2018-07-18 to 2018-07-20

Figure 5.2.4: Accuracy Assessment map of Ängra 2018-07-18 to 2018-07-20
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Table 5.2.1: statistics about the simulated fire with default values and simulation with
SMHI data for Wind speed and wind direction.

Accuracy Assessment
Simulation from 2018-07-17 to 2018-07-18, 24 hours
Wild fire Matched

area %
Size difference
m2

Overestimation
m2

Modeled Wild
Fire m2

Ängra 76.695 7118596.559 8973122,749 15076315,810
Ängra SMHI 82.603 8372693.060 9757132.268 16330412.304
Enskogen 97.190 19525808.533 19805930.594 29492082,811
Enskogen SMHI 97.796 23657383.052 23877073.016 33623657,329
Simulation from 2018-07-18 to 2018-07-20, 48 hours
Ängra 63.527 20863668.544 24274983,330 30216546.702
Ängra SMHI 84.790 34136823.740 35559646.913 43489701.896
Enskogen 91.281 39706675.380 41304491.041 58032106.117
Enskogen SMHI 97.188 37116835.601 37632207.330 55442266.334

Table 5.2.2: F1 score evaluation of the simulated wildfires.

F1 score assessment
Simulation from 2018-07-17 to 2018-07-18, 24 hours
Wild fire F1 score Recall Precision
Ängra 0.530 0.767 0.405
Ängra SMHI 0.541 0.826 0.403
Enskogen 0.491 0.972 0.328
Enskogen SMHI 0.447 0.978 0.290
Simulation from 2018-07-18 to 2018-07-20, 48 hours
Ängra 0.300 0.635 0.197
Ängra SMHI 0.300 0.848 0.182
Enskogen 0.438 0.913 0.288
Enskogen SMHI 0.483 0.972 0.321

The simulationwhere localwinddirection andwind speedwhere usedhadmore overestimation

than the default simulation, except for Enskogen between 2018-07-18 and 2018-07-20 which

had lower overestimation. When using the local wind data themodel did cover the documented

wild more than the default simulations which can be seen by the higher recall values. These

observation can be seen in table 5.2.1 and 5.2.2.
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Discussion

6.1 Data Sources and Handling of Data

Most of the data within this project was gathered and handled with Google Earth Engine API,

this data was then accessed within the algorithm through functions calling on the the Google

Earth Engine database to calculate the wildfire progression. The Google Earth Engine database

could be replaced with another data source because the algorithm for the wildfire progression

works on any data as long as the data is a spatial referenced raster and the database is accessible

through python scripts. The wildfire progression modeling within the application is based on

Prometheus wildfire growth model which has a well explained documentation of the equation

used in the model. Hench the Prometheus wildfire growth model is easy to modify and the

parameters within the algorithm can be optimized to more closely fit the Swedish vegetation

fire fuel classes and the Swedish climate for a more accurate and reliable results.

6.2 Accuracy of the wildfire Progression Model

The accuracy assessment result gave medium to high recall values of the wildfire progression

model, which indicates that the model is less prone to simulate false negative wildfire

progression. The precision values of the model is on the lower side, which meant that the

model is prone to simulate false positive wildfire progression. These two observations together

describe the model to overestimate the wildfire progression, while also performing well in

simulation true positivewildfire progression of the observedwildfire. The overall F1 score value

is medium to low, resulting in a model which has potential to be improved further.

When using measures of the wind direction and wind speed from a local weather stations the

models had slightly higher F1 score. Further investigation about using locally sourced data for

49



CHAPTER 6. DISCUSSION

all the meteorological data used in the algorithm and not just wind speed and wind direction

might be worthwhile to improve the results. One of the limitation within this project were

to only calculate FWI parameters once a day, an improvement would be to use a data source

of meteorological data with a one hour temporal resolution, which would make it possible to

calculate hourly FWI data. Which in theory would also result in amore accurate wildfire spared

modeling. This modification would also not necessarily impact the time complexity with the

framework. Using high resolution data might also improve the accuracy but this change can

increase the time complexity.

The thesis aim was to evaluate the usefulness of a fire progression visualisation application

for workflow in fields where wildfire simulation is used. This indirectly means that the fire

progression model need to be good enough to give a good representation of a fully developed

application for visualisation wildfire progression on the Swedish climate. Hence a extensive

model accuracy assessment is not a big focus of this thesis. The purpose of the accuracy

assessment of the wildfire spread model within is to verify that the model was not too

unreasonable for giving an overall impression of how an optimized application might work

and behave. Prometheus is one of the model which might be adopted for the Swedish climate

by the county administrations, which would after the optimization to the Swedish climate have

similar time and computing complexity as the model implemented in this project.

To further validate the accuracy of the wildfire progression model, more wildfires need to be

include into the assessment. Because Sweden spans several latitudes, which in turns means

that the climate is different from south the north of Sweden. It could also be beneficial to

includewildfires thatwere at spatial different locationwith differentmeteorological conditions.

It might also be worthwhile to include wildfires at different time period to strengthen the

accuracy assessment.

For the simulation towork it requires thewildfire ignition point to have a certain starting size to

initially spread correctly. When placing a point a circle polygon will be generated as a starting

polygon in the wildfire spread algorithm. This circle will be generated anywhere the point is

set on the surface, such a surface could be a lake, slope, bog, and will give the impression of

a initial circular fire spread spread on theses surfaces where fire spread is not possible. These

wildfires does however not spread outside the starting circle on these surfaces.

6.3 Limitations

When adopting the Prometheus fire progression algorithm to the Swedish climate a

reclassification of the Swedish fire fuel data to the fire fuel classes which Canada uses was
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performed within this project. This reclassification would limit the models accuracy by not

using optimal parameter for the Swedish fire fuel classes as the Canadian parameters would be

used on Swedish fire fuel classes. Even though the Swedish climate can be considered similar

to parts of Canada, the vegetation is different on how it would react to wildfires. For a more

accurate fire progression model further studies on how the Swedish fire fuel classes would

behave in case of wildfires is needed.

The data which affect the behaviour of the wildfire spared the most is the data of the fire fuel

classification of the land. If the classification would miss-classify an area to have a wrong fire

fuel value the modeled wildfire progression would misrepresent how the wildfire would spread

over the miss-classified area. To have high accurate wildfire progression model a accurate fire

fuel data of the land you simulate over is also necessary.

Another limiting factor within this project is the limitation of data that could be accessedwithin

the projects framework. The data source of the meteorological data were restricted to the

time frame of 2015-07-01 to 2022-06-01. This limit together with the fact that most wildfires

in Sweden have had efforts of controlling the wildfire progress made it hard to find optimal

wildfires to compare the implemented wildfire progress model against.

6.4 Questionnaire Evaluation

A clear majority of the participant in the questionnaire, 93.3% of the target group, said that

wildfire simulation was relevant in their field of work. This confirms that the questionnaire

had reach the right target group. The target group of the questionnaire had a wide range

of self proclaimed experience with wildfire progression simulation, where the majority had

proclaimed a low level of experience. Indicating that the questionnaire got answered formwide

target group within the work field, where wildfires simulation is relevant.

6.4.1 User interface

Reviewing the interface section of the questionnaire the reviews were generally positive if

somewhat mixed. The clear majority though the general interface was appealing and the

visualisation of if the fire was easy to interpret.

6.4.2 Functionality

The target group had mixed opinions about the processing speed of the application, where the

majority of the target group had a satisfied opinion of the processing speed. The operational

reliability of the application was mostly rated favorably by the target group, while the import
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and export functionality was slightly favorably rated. Lastly the target group had mixed

opinions about the functionality of the application, ranging from not so satisfied to very

satisfied.

6.4.3 Overall impression of the application

The final evaluation of the application by the target group was favorable, as 80% of the target

group rated the application with an rating of four or higher and 40 % rated the application five

or higher, on scale from one to six. Finally, when the target group was asked if the participant

would use this application within their workflow about 53.3% of the target group said ”Yes” and

about 33.3% said ”yes, with modification”.

6.4.4 Opinions and Feedback From the target Group

These results show a distinct need and willingness to integrate an application like this in the

workflow of their organizations. From reading the comments on the survey it was clear that

particularly the fire-departments had an interest in the application for field use.

There are however ways the application could be improved, with several requests or comments

on improvements also communicated in the survey. For example, some minor changes such

as the ability to visualise certain data which are used in the simulation, such as visualisation

of the fire fuel map used in the fire prediction algorithm. Inclusion of a topographical base-

map as a complement to orto-photos was also desired. Despite the 3D-functionality of modern

web-maps, traditional contour-lines and topographic visualisation is preferred.

Furthermore, while the majority gave a high score on the visualisation and interpret-ability

of the fire-data with a 70% positive score of which ca 35% gave a 6, there were comments on

the choice of colour and alternatives. The fire was coloured from green to red based on the

time since fire ignition. It was pointed out that this theme could incorrectly be associated

with fire heat, and not time. Furthermore, a desire for the option to change the styling was

expressed, such as alteration of colour and object to be styled. For example, the polygon edge

could be coloured instead of filled to more easily view the burnt area which is currently being

covered by the fire. The opacity of the edge polygons combinedwith the ability tomove through

the timeline of the wildfire was originally designed to serve this purpose, but this more direct

approach can be argued for.

A desire for more information on the functionality of the back-end and factors used in the

calculation were also conveyed. In hindsight this is an obvious requirement for a tool which

would be used in evaluation of risk to lives and property. Information such as fire-fuel class
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data, if the algorithm uses some map such as the BBK or uses a homogeneous factor for the

entire area, or if topography is taken into consideration. We chose to only explain that the

application utilises the Prometheus algorithm which to a familiar user would give the relevant

information on the functionality. This is however not the case for most of the users and amuch

more elaborate description of the data used and the algorithm framework should be included.

Doing so would give the user a better understanding of the fire simulation and as such improve

their ability to correctly interpret the result. A continuation of this may be the ability to load

and visualise the input data for the algorithm such as the fire fuel and meteorological data.

Alternatively, inclusion of something as simple as a link to the meteorological data used.

6.4.5 Improvements

Other ways to better visualise the fire also exist, including the ability to write as a number,

much like wind, which timeline you wish to visualise the fire. Currently only the slider exist

which may not be immediately clear what time-frame is being viewed. Moreover, at present

the colour symbology is locked stretched through the entire timeline. It would be beneficial to

be able to stretch the colour to the currently visualised time-frame without having to rerun the

simulation. The ability to completely clear the

As the result from the interface questions show, there were a split on if the application

supported the controls and freedom they desired. It was obvious and to some extent expected

that further customisation of input data was also requred, such as the ability to alter the fire fuel

data through modifiers, or reclassification. Air humidity and temperature are other variables

mentioned to be included in the override tool.

More options for fire-barriers was also proposed. Currently the fire-block function serves as a

hard block, but this may not be realistic in all occasions. Many times prevention-efforts has to

fall back or are designed to simply delay a fire rather than to fully halt it. Therefore alternatives

such as soft fire barriers with a block modifier could be an alternative. Or the ability for the fire

to pass through the block in the case of flying fire, which could also be the case when the fire

interact with water bodies.

For the import and export functionality the geojson format was selected for it’s ease of use, and

flexibility. Multiple geometries can be stored and attributes can easily be attached, all in one

file. However we realise this formatmay not be themost efficient nor themost compatible with

other systems and framework dealing with geodata. It was clear that many of the users desired

other formats such as Esri shapefiles, or OSMXML files. More over, further export capabilities

for statistics, such a formattedPDFwould be beneficial. This information is currently appended

as attributes to the fire in the Geojson which can be exported via the legend, and thereafter
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opened using a GIS or Excel.

There was also a mention of the possibility to perform historical wildfire investigations using

the tool. As proven by the accuracy assessment, the date for the data used in FWI and FPB

calculations can easily be altered and remote sensed data can be retrieved until the start of the

satellite systems. The main limit to historical analysis using the tool is the fire fuel map, the

BBK, which only is generated for 2020 and 2021. This data is a work in progress however, with

MSB and other agencies currently in the work of producing current accurate data.

Leaving the visualisation and data-handling there are some web-design choices that can be

discussed. For example the About page serve as a new session and will remove the data from

the map. This may not be ideal when you’re working with the tool and maybe have performed

a complex simulation, as when you open the about page, the simulated result is deleted as a

consequence. The about page or at the very least the information should be accessible without

having to leave the map and delete the simulated data.

6.4.6 Further Work

While this tool fulfill it’s the target functionality as is, it would require significant

operationalisation to hold any real value for organisations and agencies dealing with wildfires.

Integration of data sources such as municipal and other databases containing resources, risk-

objects etc are required for cross-relationships to be generated between objects of interests such

as buildings, power-lines and the fire generated by this application. Direct connection to SMHI

data sources through API for more accurate wind data with a smaller time interval.
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Conclusions and Future Work

7.1 Conclusions

Reviewing the results of the survey we can confirm several things. The visualisation and

representation of the wildfire is in general well received and understood by the sample group.

They also confirm the lightweight and ease of use functionality which was a primary goal of

the project. It is also proved mobile, and can be used by in theory any device as the prediction

algorithm run on server and only require internet connection to function.

There is however a desire for more advanced ways to visualise and export the data generated

by the algorithm. The current Geojson format was seen as a flexible all-round solution where

data could be stored and be used outside of the tool at the users discretion through a GIS or

Excel for further analysis and processing. It was clear that users preferred the ability to export

pre-compiled PDFs with statistics, and alternative geospatial data formats.

It is a given that the wildfire progression model need to be robust and accurate to have

the application fully operational within the professional work fields concerning wildfires.

Hence the applications fire progression model can be easily modified, if future development

towards adopting the Prometheus fire progression model in Swedish climate were performed.

Prometheus is constantly getting updates and modifications, which would also require little

effort to include in the application.

While there were some mixed opinions on the various aspects of the application, there is a

clear positive view of the application as a whole. There were complements on user friendliness,

specifically the simplicity and speed of use. Very few clicks are required from starting the

application to receiving a result, which is important in a stressful situation in the field. Fire-

engineers in emergency services express the prospects for use of the application as is, if the

55



CHAPTER 7. CONCLUSIONS AND FUTUREWORK

simulations are deemed accurate enough and provide a better basis for decision making and

measures.

7.2 Future Work

This, beyond confirming the design-choices made, underlines the need for an application such

as this in the field. While this tool fulfill it’s the target functionality as is, it would require

significant operationalisation to hold any real value for organisations and agencies dealing

with wildfires. Integration of data sources such as municipal and other databases containing

resources, risk-objects etc are required for cross-relationships to be generated between objects

of interests such as buildings, power-lines and the fire generated by this application. Direct

connection to SMHI data sources through API for more accurate wind data with a smaller

time interval. With the development of BrandGIS by the county-administrations and MSB

in the works at the request of the Swedish government, and it will be interesting to see how

these further functionalities will be integrated to form a complete product designed for this

purpose.
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Appendix A

Answers to questionnaire for
individual answers.

QA QB Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13
Nej 1 4 4 4 4 4 4 4 3 5 4 4 4 No
Ja 2 5 3 5 5 5 5 5 4 5 3 5 5 Yes
Ja 5 5 3 5 6 6 5 5 5 6 4 6 4 Yes, /w changes
Ja 1 4 4 2 3 3 3 3 5 3 2 3 4 Yes
Ja 3 5 4 4 4 4 4 3 3 4 4 4 5 Yes
Ja 3 5 4 5 4 5 4 6 6 5 4 3 4 Yes, /w changes
Ja 1 5 5 4 3 4 4 5 4 3 3 3 4 No
Ja 2 4 2 3 3 3 3 4 3 5 4 4 2 Yes, /w changes
Ja 4 3 3 2 3 3 2 2 3 3 4 2 2 Yes
Ja 2 4 4 3 5 4 2 6 3 3 3 5 5 Yes
Ja 2 2 3 3 3 4 3 6 4 4 5 4 4 Yes, /w changes
Ja 4 5 5 5 3 5 4 6 4 3 5 6 5 Yes
Ja 3 5 4 5 5 5 3 6 6 6 3 6 6 Yes
Ja 4 5 5 5 4 5 3 6 2 5 3 4 5 Yes, /w changes
Ja 1 4 2 4 4 5 1 5 2 2 4 3 3 Yes

Table A.0.1: QA - Are wildfire simulations relevant in your field of work?
QB - How experienced are you with wildfire simulation-models?

61



 

 

TRITA – ABE-MBT-22585 

www.kth.se 

https://www.kth.se/

	omslag Jonas B M M 22585
	A Web Application for Wildfire Spread Prediction and Visualisation in Sweden
	Using Geospatial Data and Technology


	KTH_MC_Thesis Final JonasMicael
	omslag Jonas B M M 22585

