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Abstract 

When a devastating event such as a forest fire occurs, multiple actions have to be taken. The first priority 

is to ensure people's safety during the fire, then the fire has to be kept under control and finally 

extinguished. After all of this, what remains is a damaged area in the forest. The objective of this thesis 

is to evaluate medium and high-resolution satellite imagery for the classification of different burn 

severities in a wildfire damaged forest. The classification can then be used to plan where to focus 

restoration efforts after the fire to achieve a safe and economically beneficial usage of the affected area. 

Trängslet fire in Dalarna and Lillhärdal fire in Härjedalen, the two of the 2018 forest fire sites in Sweden 

were chosen for this study. Satellite imagery over both study areas at medium spatial resolution from 

Sentinel-2 were acquired pre-fire in early July, 2018 and post-fire on October 2, 2018 while imagery at 

high spatial resolution from Pleiades were acquired on September 13, 2018.  Image processing, analysis 

and classification were performed using Google Earth Engine (GEE) and PCI Geomatica. To ensure the 

quality of the classifications, field data were collected during a field trip to the Lillhärdal area using Open 

Data Kit (ODK). ODK was used since it is an application that can collect/store georeferenced information 

and images. 

The result that this thesis found is that while both the medium and high-resolution classifications 

achieved accurate results, the Sentinel-2 classification is the most suited method in most cases since it 

is an easy and automated classification using differential Normalized Burn Ratio (dNBR) compared to 

the Pleiades classification where a lot of manual work has to be put in. There are however cases where 

the Pleiades classification would be preferable, such as when the affected area usually is obscured by 

clouds and Sentinel-2 thus finds it hard to achieve good images and when a good spatial resolution is 

required to more easily display the classification with the original image. The most accurate result 

according to the data collected at the site in Lillhärdal also showed that the Pleiades classification had a 

precise match of 61.54% and a plausible match of 92.31%. This can be compared to the Sentinel-2 

classification that had a precise match of 48.72% and a plausible match of 94.87%. These percentages 

are based on the visual analysis of collected images at the Lillhärdal site compared to the classifications. 

This thesis could have been improved if more information regarding the groundwork that had been done 

after the fire, but before the acquiring of the satellite imagery, were available. The result would also most 

likely be better if a satellite with better spatial resolution than Sentinel-2 but still with near infrared and 

short-wave infrared bands would have been used. The reason being that dNBR, which gave a good result, 

only needs those two bands.  
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Sammanfattning 

När en förödande händelse såsom en skogsbrand inträffar måste flertalet åtgärder utföras. Viktigast är 

att människors säkerhet under elden säkerställs och sen behöver elden fås under kontroll för att till sist 

släckas. Efter allt detta är det som återstår en skadad skog.  

Detta arbete behandlar hur klassifikationer av olika nivåer av brännskador vegetationen råkat ut för kan 

skapas med hjälp av mellan- och högupplösta satellitbilder med målet att finna de optimala 

egenskaperna för att klassificera en brännskadad skog. Klassificeringen kan sedan användas för att 

planera var restaureringsarbeten ska utföras för att säkerställa en säker och ekonomisk användning av 

den skadade skogen. 

Denna rapport är baserad på undersökningar av tidigare arbeten gällande skogsbränder, klassificeringar 

och satellitbildsanalyser. Den innehåller även analysering av medelhögt upplösta satellitbilder från 

Sentinel-2 och högupplösta satellitbilder från Pleiades med hjälp av Google Earth Engine (GEE) och PCI 

Geomatica. Till sist så är rapporten även baserad på data insamlad under ett studiebesök i ett av de 

undersökta områdena, som sedan använts för att kvalitetskontrollera klassifikationen. 

Resultaten åstadkoms genom klassifikationsmetoder i GEE. I GEE användes satellitbilder över 

Trängslet i Dalarna och ett område i närheten av Lillhärdal i Härjedalen. För att säkerställa att 

klassifikationerna var rimliga samlades det in data på plats i Lillhärdalområdet med Open Data Kit 

(ODK). ODK användes eftersom det är en applikation som kan samla och lagra georefererad information 

och bilder. 

Resultatet som har framkommit i detta arbete är att medan både den medelhöga upplösnings 

klassifikationen och den högupplösta klassifikationen åstadkom noggranna resultat, Sentinel-2 

klassifikationen är mer anpassad i de flesta fall eftersom den är en enkel och automatiserad 

klassifikation som använder sig av differential Normalized Burn Ratio (dNBR). Detta jämfört med 

Pleiadesklassifikationen som krävde en hel del manuellt arbete. Det finns emellertid situationer där 

Pleiadesklassifikationen är att föredra över Sentinel-2 klassifikationen. Exempel på sådana situationer 

är när området som ska analyseras ofta är täckt av moln och Sentinel-2 lyckas därmed inte få en bra bild 

när den passerar området. Även när en högupplöst bild krävs för att enklare kunna visa upp 

klassifikationen tillsammans med originalbilden är Pleiades att föredra. Det mest precisa resultatet, 

enligt datan som samlades in på plats i Lillhärdal, var även Pleiadesklassifikationen som hade en exakt 

överensstämmelse på 61,54% och en trolig överenstämmelse på 92,31%. Detta kan jämföras med 

Sentinel-2 klassifikationen som hade en exakt överenstämmelse på 48,27% och en trolig 

överenskommelse på 94.87%. Denna statistik är baserad på visuell analys av bilder insamlade på plats i 

Lillhärdal jämfört med klassifikationerna. 

Detta arbete hade kunnat förbättras om mer information gällande arbeten som skett i det påverkade 

området mellan elden och när bilden togs fanns tillgänglig. Resultatet skulle troligen även bli bättre om 

en satellit med högre upplösning än Sentinel-2, men fortfarande med de band (Near InfraRed och Short-

Wave InfraRed) som krävs för att utföra en dNBR klassifikation. 

 

 

 

 

 

 

 

 

  



 

4 

 

Terms and Abbreviations 

BAI = Burned Area Index 

DEM = Digital Elevation Model 

GEE = Google Earth Engine 

GIS = Geographical Information Systems 

GIT = Geographical Information Technology 

IFOV = Instantaneous Field of View 

KTH = Kungliga Tekniska Högskolan 

NBR = Normalized Burn Ratio 

dNBR = Differential Normalized Burn Ratio 

IR = InfraRed 

NIR = Near-InfraRed 

SWIR = Short-Wave InfraRed 

ROI = Region of Interest 

ODK = Open Data Kit 
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1 Introduction 

1.1 Background 

 
Forest fires are uncontrolled fires in forested areas caused either by humans handling fire in a careless 

way or as a result from lightning strikes. Every year, this causes close to 1 million hectares of fires in the 

EU-countries around the Mediterranean, but most forest areas around the world is susceptible to fires 

as well. In Sweden, forest fires are generally rare. The reasons for this are, apart from the Swedish 

climate, usable roads in most forests as well as a good surveillance of the forests when the risk of a fire 

is imminent. 

Lately, however, there has been a few large forest fires in Sweden. One was in Västmanland in 2014 that 

burned around 14000 hectares and the total cost surrounding the fire amounted to 1 billion sek (Fries, 

2018). 4 years later, in 2018 after a long drought, a series of fires emerged in Sweden. These fires burned 

around 25000 hectares and the value of the burned trees were estimated to 900 million sek. 

After the fires have been subdued and the area no longer is deemed dangerous, cleanup and restoration 

work can begin. Since the overall costs caused by the fire are so great, it is of utmost importance that the 

afterwork is economically favourable so that the forest owners are not put under an even larger burden. 

One part of this process is to find where trees have been damaged beyond saving and where trees might 

still survive if cared for properly. This is generally done manually, either from analysing imagery or by 

visiting the affected areas, but it is also possible to do it using satellite imagery. By using satellite 

imagery, the cost for analysing affected areas is greatly reduced compared to more manual work. The 

downsides of using satellite imagery is however that it cannot be guaranteed to have usable images over 

the affected areas for the wanted period, either due to the temporal resolution of the satellite or due to 

objects such as clouds covering the area. 

 

1.2 Objectives 

The purpose of this thesis is to investigate to what extent medium and high-resolution satellite imagery 

can be used to achieve accurate damage assessment of areas affected by forest fires. A comparison 

between public medium-resolution imagery (Sentinel-2) to high-resolution imagery (Pleiades) will also 

be performed to find which one is more accurate. All of the satellite images will be analysed highlighting 

its strengths, so the Sentinel-2 data will make use of its temporal and spectral resolution while the 

Pleiades data will make use of its spatial resolution. 

1.3 Limitations 

● The accuracy of the following work is determined through field assessment and GPS 

accuracy in the field.  

● The images analysed from Sentinel-2 can vary in cloud density and placements which 

means that not just any image from the area can be used. 

● Due to the resolution of 20 meter for Sentinel-2 these assessments for burn severities in 

GEE can only be done on large areas compared to the Pleiades high-resolution images 

with a resolution of 0.5m.  
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2 Related Work 

2.1 Mapping of burned areas and burn severity using satellite imagery 

In the MSc thesis “Landsat and MODIS Images for Burned Areas Mapping in Galicia, Spain” (Torralbo 

and Benito, 2012), comparisons between different methods such as Normalized Burn Ratio (NBR), Burn 

Area Index (BAI) and Short-Wave InfraRed Index (SWIR) were made to find out which method is 

preferable for mapping burned areas as well as in which cases the method excel. In their comparison 

between NBR and SWIR, they found that the NBR method was more accurate for the classifying of 

burned areas since the SWIR method classified some areas that were not burned as burned and some 

shaded regions as not burned. Both methods were however preferable to BAI, which had the same 

problems as the SWIR method with shaded areas but to a greater degree. The same result also comes up 

in the accuracy assessment between the methods. 

Torralbo & Benito (2012) also performed a comparison between the medium resolution Landsat TM5 

and the low-resolution MODIS. From their analysis, it was found that the usage of MODIS was limited 

to larger fires and when used was not as accurate as the Landsat classification. MODIS was however 

useful in certain situations where the fast processing of the MODIS data allowed classifications to be 

acquired almost instantly. 

A third situation that Torralbo and Benito analysed was how the results changed when imagery from 

different times and years were used. While the result they acquired regarding this showed that no 

mentionable changes occurred when data from different time periods were used, they also mentioned 

that the limitations in the study hindered seasonal patterns from appearing. Thus, the aspect of seasons 

and years changing, the result of differential Normalized Burn Ratio (dNBR) and other methods is not 

clear. 

Warner et al. (2017) investigated optimal processing methods for analysing dNBR using WorldView-3 

data. They found that aggregating their 3,7m resolution data to a pixel size of 7,5m generated an 

additional smoothing that helped with noise reduction of the generated multi-temporal imagery. An 

attempt was made to improve the results even more by using the average of two different bands for NIR 

and two for SWIR. This was found to only increase the coefficient of determination by a very small 

amount, thus increasing the classification accuracy. 

To avoid most of the noise in the surrounding area where untouched forest got interpreted as mildly 

burned forest, a Gaussian low pass filter could be applied which made the pixels take the average value 

of its neighbours. This was found to be a very efficient method for noise reduction whilst still preserving 

the majority of the acquired patterns.  

2.2 Forest fires in Sweden and detection of fires 

The report “Study on forest fire detection with satellite data” (Milz, 2013) describes how damages to 

forest affect people in Scandinavia and how forest fires can be detected using satellite data. In the report 

it is mentioned that apart from the economic damages a forest fires bring with it, it also affects the 

wildlife in an ecological way and the people in a social way since the forest are used for so much in 

Scandinavia. Milz writes that the Scandinavian forest are less likely to be subject of forest fires because 

of the proximity to the Atlantic Ocean and the usual weather at Scandinavia's latitude, but the risk is 

greatly increased during the summers, and especially during the dry and hot summers. This occurs on a 

local level, and thus the fires may not be connected spatially to each other. This was the case during the 

summer of 2018 when multiple forest fires across Sweden occurred. 

To discover forest fires, ground based cameras and airborne surveillance was mostly used earlier, but 

the problem with these systems are that they are expensive and require human analysis to detect fires. 

To solve this problem, satellites can be used and according to Milz, especially meteorological satellites. 
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The reason for this is that meteorological satellites are equipped with instruments that can detect 

temperatures. 

In Sweden, it is even more important to make use of satellite imagery to analyse or detect burn/burned 

areas because such a large portion of Sweden is forest and usually the forests are in regions with low to 

none population. This not only makes it more difficult to spot fires since less people are around to spot 

it, it also makes it more expensive to maintain camera equipment in the area or to send aircraft to analyse 

the area. Due to this geographical problem, the use of satellites for multiple purposes in Sweden is very 

useful. The disadvantage of satellites is however that the images in the best case has to be pre-processed 

before they can be analysed and in the worst case that there is a wait time for the image to be acquired 

and when it is acquired it might be obstructed in different ways. 

2.3 UN-SPIDER 

In December 2006 the United Nations General Assembly founded UN-SPIDER, a platform for 

cooperative disaster management and emergency response. One of their many areas of expertise is forest 

post forest fire management. In the report “Burn severity” (UN-SPIDER, 2017) they conduct a step by 

step methodology on how to use satellite imagery to analyse an extinguished forest fire. This method 

involves using Google Earth Engine to analyse the difference between the area before the forest fire and 

after using the publicly available satellites Landsat 8 or Sentinel-2. Performing the analysis guided by 

the step by step methodology allows any company or individual to gather data about the forest fire of 

interest. This data can then be used to do damage assessments and future planning for how to salvage 

what has been damaged. The results provide information about the level of burn severity as well as the 

possibility to find where the nature will recover the quickest by locating where the dNBR gives the best 

values for fast regrowth post fire.  

A method like this is useful wherever forest fires appear frequently. Data must be accessible at all times 

since the fires can start anywhere and at any time due to the problem that most fires are ignited by 

humans. According to the article “How Do Wildfires Start?” (Donavyn Coffey, 2018) 84 percent of the 

forest fires in the USA since 1992 were caused by humans either by accident or by will and only 16 

percent were sparked by lightning which unpredictable but not as unpredictable as humans.  

2.4 High-resolution satellite imagery for land cover classifications 

In the report “High-Resolution Satellite Imagery Is an Important yet Underutilized Resource in 

Conservation Biology” (Boyle et al., 2014), the authors compare multispectral IKONOS 4-meter 

resolution with multispectral Landsat 30-meter resolution. Their purpose with the usage of these 

satellites was to classify land classes within a forest in Paraguay that had been affected by humans, 

resulting in habitat loss and fragmentation. This can be closely linked to a forest that has been affected 

by a forest fire since that too will affect the local wildlife. Both cases are also likely caused by humans, 

however it is usually not intended in the case of forest fires. 

As for the results acquired in the report, it was found that the high-resolution imagery among other 

results more accurately identified smaller areas of interest and narrow patches. This implies that high-

resolution imagery would, beside from finding areas that have changed in any way, also be effective at 

classifying areas that have been changed in a very specific way as is the case after a forest fire. 

Furthermore, the report found that high-resolution imagery is an important tool to use in classification 

and conservation research, but also that it is under-utilized. The factors that are suggested to increase 

the usage of high-resolution imagery in classifications and conservation management from the authors 

is an increased access to low-cost high-resolution satellite imagery that will still be multispectral. Since 

this report was based on a forest in Paraguay, there were less high-resolution data available compared 

to Sweden, but the specifications of the high-resolution imagery are nonetheless relevant for analysing 

areas affected by forest fires in all areas. 
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3 Study Areas and Data Description 

3.1 Study areas 

This thesis has analysed two different areas: Trängslet and an area east of Lillhärdal. In Figure 1, the 

Trängslet area is located in the bottom left corner of the red rectangle while the Lillhärdal area is located 

in the upper right corner of the red rectangle. 

 

Figure 1 Map showing the general location of the Lillhärdal and Trängslet fire area 

3.1.1 Trängslet 

Trängslet is located in Älvdalen, Dalarna in the mid-west of Sweden. The area mostly consists of mixed 

forest and the affected area after the fires were around 3500 hectares.  In the area there is a military 

firing range that was a large risk factor during the fire. Since there are dangerous materials in the area 

that might have become unstable due to the fire, the benefits of performing the damage assessment 

using satellite imagery becomes even greater. 

3.1.2 Lillhärdal 

Lillhärdal is a densely built-up area in Härjedalen with around 400 inhabitants. The area mostly consists 

of mixed forest and the affected area after the fires were around 3800 hectares.  The fire occurred around 

20 km east of Lillhärdal, around the Fågelsjö area. 

3.2 Data description 

The data used for analysing the areas Trängslet and Lillhärdal is satellite imagery from the Pleiades 

satellites as well as the Sentinel-2 (A&B) satellites. For the field trip to the Lillhärdal area, images and 

position of different burn severities was gathered manually by using the Android open source application 

ODK Collect combined with ODK Aggregate. 

3.2.1 Pleiades 

The Pleiades imagery was supplied by the Pleiades satellite (Pleiades-1A Satellite Sensor (0.5m) 2019 ) 

as dictated by the Swedish National Space Agency where they financed the Pleiades project in exchange 

for access to imagery over Sweden. These images are not orthorectified, thus it must be processed in PCI 

Geomatica before it can be used in GEE. The spatial resolution of the Pleiades imagery is 0.5 meters and 

regarding the spectral resolution there are 4 bands: blue, green, red and IR. The imagery was acquired 

by the satellite the 13th of September 2018 for both Trängslet and Lillhärdal and can be seen in Figures 
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2 and 3. The temporal resolution of the Pleiades satellites is 1 day, but the images are not free to the 

public. 

 

Figure 2 Pleiades imagery of post-fire in Lillhärdal area 

 

Figure 3 Pleiades imagery of post-fire in Trängslet area 

3.2.2 Sentinel-2 

The Sentinel imagery was acquired through Google Earth Engine, although all Sentinel-2 imagery is free 

to access for anyone. These images are pre-processed regarding orthorectification. The spatial resolution 

of the Sentinel-2 data ranges from 10-60 meters depending on the band, but the bands used for this 

thesis’ analysis has a spatial resolution of 20 meters while the bands used for visualizing the area has a 

spatial resolution of 10 meters. The spectral resolution of Sentinel-2 is quite large, stemming from its 13 

bands.  

The bands used for analysing the imagery are the Near InfraRed (NIR) and Short Wave InfraRed (SWIR) 

bands since the bands used in dNBR are these two bands, while the bands used for visualizing the area 

are the red, green and blue bands to achieve a true colour composite (Earth ESA, 2019). The temporal 

resolution of the Sentinel-2 satellites is 5 days. The images used for the analysis of both areas was 

acquired the 2nd, the 5th and the 7th of July 2018 for the images prior to the fire while the image after 

the fire was acquired the 2nd of October 2018. The post-fire images can be seen in Figures 4 and 5.  
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Figure 4 Sentinel-2 imagery of post-fire in Lillhärdal area 

 

Figure 5 Sentinel-2 imagery of post-fire in Trängslet area 

 

3.2.3 Field data 

In order to validate accuracy of any processed imagery there must be a real-world reference to compare 

the results to. Therefore, a field trip to Lillhärdal was conducted to collect data manually on the 28th of 

May 2019. This data is manually collected using ODK Collect.  

 

The data that was gathered contained the following metadata. 

• Geographical coordinates 

• Point ID 

• Burn severity 

• Damage description 

• Photography 
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The burn severity was based on the following criteria in order to determine the burn severity. 

• Unburned forest: Generally untouched by the fire without any apparent signs of damage. See 

figure 6. 

• Mildly burned forest: Deciduous and coniferous trees have visible burns to the lower part of the 

stems, but they are healthy overall. Bushes, grass and other vegetation have taken damage but 

are still standing. See figure 7. 

• Medium burned forest: Most of the tree is burned severely but not to a life-threatening state 

with the top of the tree keeping its leaves or needles. The ground below is completely burned 

with close to no vegetation. See figure 8. 

• Critically burned forest: Trees are completely burned and there are close to no trees still 

standing and no vegetation left alive. See figure 9. 

   
Figure 6 Unburned Forest   Figure 7 Mildly burned forest  
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Figure 8 Medium burned forest   Figure 9  Critically burned forest
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4 Methodology 

For the methodology of this thesis, manual and automatic work has been performed in multiple 

softwares as well as manual image acquisition during a field trip to the Lillhärdal area. All of these 

processes were necessary, both for acquiring a accurate result and for analysing the result to find its 

accuracy. 

4.1 Image Processing Software and Platform 

4.1.1 PCI Geomatica 

PCI Geomatica is an image analysis software provided by PCI Geomatics (PCI Geomatics, 2019). It has 

a plethora of functions such as Digital Elevation Model (DEM) extraction, pansharpening and 

mosaicking, but the function that has been used in this thesis is the orthorectification function. By 

orthorectifying the image, tilt and terrain effects are removed from the image so that distances and 

angles in the image are accurate. This can be acquired by using a DEM over the area and the DEMs used 

in this thesis were acquired from Lantmäteriet and the workflow is showcased in Figure 10 (OSSIM, 

2014).  This was only used for the Pleiades imagery since the Sentinel-2 images had already been pre-

processed prior to their upload to GEE. 

The orthorectification, while an important part of the process to achieve an accurate image, does not 

create a visual difference between the original image and the orthorectified image. However, without the 

orthorectification the result would not be relevant since the classified areas would not fit in with the 

affected area.  

 

Figure 10 Orthorectification Workflow 

4.1.2 Google Earth Engine 

GEE is “a planetary-scale platform for Earth science data & analysis”. It has multiple petabytes of data 

stored, where a lot of it is satellite imagery/data. GEE is free to use and can for example be used to 

perform pansharpening, hillshade and edge detection. In this thesis, GEE has been used for dNBR as 

well as supervised image classification. 
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4.1.3 Open Data Kit  

ODK is a collection of open source tools that collect and manage data for organizations (ODK, 2019). Its 

core tools are Collect, Aggregate, Central, Build, XLSForm and Briefcase. All of the following tools are 

compatible with each other which makes the process of handling data a breeze. In the following thesis 

the tools Collect and Aggregate were used to acquire and store the data collected. 

ODK Collect is an open source Android application that allows users to replace paper-based forms in 

normal survey-based data collection. ODK Collect can collect data such as audio, barcodes, images, 

locations, multiple-choice, numeric answers, signatures and videos. It also accepts other questionnaires 

from several external applications.  

ODK Aggregate is an open source Java application which can store, analyse and present XForm survey 

data. This application can be used in conjunction with ODK collect which collects the data and then 

transfer it to ODK Aggregate. After analysis this data can then be exported to other applications for 

further analysis. 

4.2 Image classification processes 

4.2.1 Differential Normalized Burn Ratio 

dNBR is the comparison between NBR before and after a certain event, in this case before and after a 

forest fire (Skywatch 2017). NBR is a tool to highlight burned areas and it uses the NIR and SWIR bands 

of the imagery. 

The formula for NBR is: 

𝑁𝐼𝑅 − 𝑆𝑊𝐼𝑅

𝑁𝐼𝑅 + 𝑆𝑊𝐼𝑅
 

The formula for dNBR is:  

𝑁𝐵𝑅(𝑝𝑟𝑒𝑓𝑖𝑟𝑒) − 𝑁𝐵𝑅(𝑝𝑜𝑠𝑡𝑓𝑖𝑟𝑒)  

The reason that NBR is effective for displaying burned areas is that healthy vegetation and burned 

vegetation greatly differ in their spectral reflectance in the NIR and SWIR spectrum as is displayed in 

figure 11. 

  

 
Figure 11 Spectral Response Curves (Skywatch 2017) 
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Apart from the ability to separate burned and unburned areas effectively, NBR can also detect areas that 

has had an increased regrowth since the pre-fire imagery as well as to what degree areas have been 

burned. This is displayed in Figure 12 where the workflow of a dNBR classification is shown. In the 

resulting image, both areas with enhanced regrowth in shades of brown and different burn severities in 

shades of yellow and red can be seen. 

 
Figure 12 Differential Normalized Burn Ratio Workflow 

4.2.2 Supervised Image Classification 

Supervised image classification is a process where the user manually marks multiple areas 

representative for every different class as regions of interest. In the case of this thesis the classes were 

different degrees of burn damage as well as water and open fields. The classes water and open fields 

were created to make it easier to spot the burned areas as well as not confusing the analyser with non-

relevant information. Following this, a classifier is set up and the chosen areas are used to train the 

classifier so that it can create a new image where all classes are represented by a colour. After a result 

has been reached, a classification error can be reached by using a confusion matrix. This process is 

displayed in Figure 13 using a false-colour composite for the creation of ROIs and is explained at Google 

Earth Engine’s website (Google Earth Engine API, 2019).  

A supervised image classification makes use of the information in the bands chosen for the classification, 

and thus the accuracy of a classification can be increased with higher spectral, radiometric or spatial 

resolution (Natural Resources Canada, 2016). The spectral resolution helps as more information from 

different wavelengths can be acquired, thus allowing areas that are difficult to separate using only true-

colour bands to be separated. The increase in radiometric resolution allows for better detection of energy 

difference and thus it is both easier to recognize certain areas and the areas are represented by a more 

unique reflectance. An increase in spatial resolution results in more detail in the image and it also makes 

it easier to mark more specific areas. The before mentioned resolutions can however not be achieved 

from a single sensor, and while all of these resolutions evidently results in a better classification when 

improved, it is not possible to have a combination of great spectral, radiometric and spatial resolution 

since requirements for improvements in one resolution is also hinders for another resolution. For 

example, good spatial resolution requires good IFOV, but good IFOV reduces the radiometric resolution 

since not as much energy can be detected.  
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Figure 13 Supervised Image Classification Workflow 

4.3 Open data kit 

4.3.1 Data collection process 

In order to use ODK Collect and Aggregate properly one must first set up a form. This form is generated 

using the ODK Collect website build.opendatakit.org. This website allows one to design a form for the 

purpose of gathering data locally. The website supports simple codes to create different functions and 

variables that will change the layout depending on user input when filling out the form.  

The generated form can then be downloaded to ODK Collect for Android phones only. The form that was 

generated first gathers the location through satellites providing the user with its location given in 

Latitude, Longitude and Altitude with a 4 meters precision if enough satellites are within reach. 

Following this all the data for the location is recorded manually. Burn severity, notes and an attached 

picture taken on the location. 

When all the points are collected, they are sent to ODK Aggregate which stores the data for future use. 

This data can then be streamed through a Fusion Table into Google Earth Engine for future analysis. A 

workflow of the ODK process from the creation of the form to the import into GEE is available in Figure 

14. 

 

Figure 14 Open Data Kit Workflow 



 

20 

 

4.3.2 ODK-data analysis 

Once the data is collected it is time to analyse the data. This is done by first importing the points to GEE 

through the process illustrated in figure 14.  A buffer gets applied to every single point collected with a 

radius of 5 meter to compensate for the 4-meter accuracy that the GPS-location provides. Each circle 

then acquires a burn severity based on the most common classification within the circle. These values 

are then compared to the collected data from the fieldtrip to determine if the collected data is the same 

as the classified maps. Through simple division by the total amount of points a percentage of how many 

points are correct can be established as well as a percentage for how far off some points are from the 

correct burn severity. These statistics can then finally be used to find out if the image classification 

method works for burn severity or not.  
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5 Results and Discussion 

5.1 Pleiades 

5.1.1 Lillhärdal area 

Classification statistics for the Lillhärdal area 

 
From the information received in the confusion matrix in Table 1, it is noticeable that some areas have 

been mixed together between the creation of ROIs and the finished map. Some notable cases are that 

the shallow water close to the shores get classified as critically burned forest and that open areas, that 

sometimes consists of dirt, can be classified as medium burned forest as well as the opposite. Especially 

the case with the water and critically burned forest can be seen in the finished classification in Figure 

15. 

Table 1 Confusion matrix of the ROIs created in the image 

 Chance to 

be water 

Chance 

to be 

Open 

areas 

Chance to 

be 

Unburned 

forest 

Chance to be 

Mildly 

burned 

forest 

Chance to be 

Medium 

burned 

forest 

Chance to be 

Critically 

burned 

forest 

Water 8/10 0 0 0 0 2/10 

Open 

areas 

0 9/10 0 0 1/10 0 

Unburned 

forest 
0 1/43 38/43 1/43 1/43 2/43 

Mildly 

burned 

forest 

0 0 1/44 37/44 5/44 1/44 

Medium 

burned 

forest 

0 4/42 0 2/42 36/42 0 

Critically 

burned 

forest 

0 0 0 0 0 16/16 

 
The overall accuracy of the classification was 87.27 %. This is quite good, but it is not a completely 

reliable value since the training and testing set are both based on the created ROIs. Thus, the true 

accuracy depends on the created ROIs. During the process of creating the different ROIs, a number of 

different ROIs were used, with an increase in accuracy when there were more ROIs. The accuracy did 

however not increase with an increase in classes that were not related to the burn severity. 

Producer's accuracy is the probability that a certain ground type will be classified as such in the 

classification image and the producer's accuracy from the Lillhärdal classification is displayed in Table 

2. The problem with the water mostly comes from the shallow areas being classified as critically burned, 

but it is also easy for a person examining the classified image to understand that the area has been 

improperly classified.  
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Table 2 Producer's accuracy 

Water 0.80 

Open Areas 0.90 

Unburned forest 0.88 

Mildly burned forest 0.84 

Medium burned forest 0.86 

Critically burned 

forest 

1.00 

 

Consumers accuracy, also known as User’s accuracy, is the probability that a class on the map will be 

what it shows at the true place. A good example is in Table 3 where water has a 100% consumers 

accuracy, meaning that everything that is marked as water will actually be water, even though not all 

water is marked as water which was seen in the producer’s accuracy. It can also be derived from the 

results that open areas are overrepresented in the classified image due to the low accuracy while the 

forested classes are understandably mixing with each other.  

Table 3 Consumers accuracy 

Water 1.00 

Open Areas 0.64 

Unburned forest 0.97 

Mildly burned forest 0.93 

Medium burned forest 0.84 

Critically burned 

forest 

0.76 

 

 

 
Figure 15 Supervised image classification using Pleiades imagery over area affected by fire east of Lillhärdal. 
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5.1.2 Trängslet area 

Classification statistics for the Trängslet area 

From the information received in the confusion matrix displayed in Table 4, it is noticeable that some 

areas have been mixed together between the creation of ROIs and the finished map. Compared to the 

Lillhärdal area, the problem with the Trängslet area lies in the forest classifications to a higher degree, 

which is a larger problem than when the errors occur in the areas that are not necessary for the purpose 

of this thesis. This is hard to see in the finished classification, Figure 16, but most of the falsely classified 

areas are on the border between two classes. 

Table 4 Confusion matrix of the ROIs created in the image 

 Chance 

to be 

water 

Chance 

to be 
Open 

areas 

Chance to 

be 
Unburned 

forest 

Chance to 

be Mildly 

burned forest 

Chance to 

be Medium 

burned forest 

Chance to 

be Critically 

burned forest 

Water 28/28 0 0 0 0 0 
Open areas 0 12/12 0 0 0 0 
Unburned 

forest 
0 0 22/25 3/25 0 0 

Mildly 

burned 

forest 

0 0 6/30 20/30 4/30 0 

Medium 

burned 

forest 

0 0 0 0 12/12 0 

Critically 

burned 

forest 

0 0 0 2/25 4/25 19/25 

 
 

The overall accuracy for the Trängslet area was 85.60 %, which is quite similar to the Lillhärdal area, 

but the problem is that the burn degrees are less accurate as mentioned earlier. The problem most likely 

lies in the different vegetation between both areas, as Trängslet consists of more damaged fields 

compared to Lillhärdal. 

In Table 5 it is noticeable that the mildly and critically burned forest are not as reliable as the rest of the 

classes. Together with the consumers accuracy it can however still be accurate. 

 
Table 5 Producer's accuracy 

Water 1.00 

Open Areas 1.00 

Unburned forest 0.88 

Mildly burned forest 0.67 

Medium burned forest 1.00 

Critically burned 

forest 

0.76 

 

From the consumers accuracy in Table 6 together with the producer’s accuracy it can be derived that 

critically burned forest can be used to improve the classification. Since most critically burned areas 

logically are connected in larger groups, medium and mildly burned forests close to critically burned 

areas can be interpreted as more damaged then shown in the classification. 
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Table 6 Consumers accuracy 

Water 1.00 

Open Areas 1.00 

Unburned forest 0.79 

Mildly burned forest 0.80 

Medium burned forest 0.60 

Critically burned 

forest 

1.00 

 
 

 
Figure 16 Supervised image classification using Pleiades imagery over area affected by fire at Trängslet 

5.2 Sentinel-2 

The Sentinel-2 classification was performed using dNBR, which is explained in the Processes section. 

Since this method compares different kinds of IR, it will likely achieve a better result in an area that 

has/had a lot of vegetation such as a forest. Regarding the two analysed areas in this thesis, the Lillhärdal 

area in Figure 17 has more vegetation compared to the Trängslet area in Figure 18 since the Trängslet 

area consists of more fields, for example the firing ranges mentioned in the description of the study area. 

These fields may have had less IR radiation from before the fire, and thus they might not be labelled as 

High Severity when they actually might be. 

Regarding the accuracy assessment of the dNBR process, it is not possible to achieve the same statistics 

as in the supervised classification since there is not any data to be regarded as correct from the 

beginning. An accuracy assessment of the Sentinel-2 data can thus instead be achieved by comparing it 

to the Pleiades results which have accuracy statistics. When compared, it is evident that the two datasets 

deliver results that are quite similar. Thus, the accuracy of the Sentinel-2 data should be at least around 

the same accuracy as the Pleiades results. 
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5.2.1 Lillhärdal area 

 
Figure 17 dNBR classification using Sentinel-2 imagery over area affected by fire east of Lillhärdal. 

5.2.2 Trängslet area 

 
Figure 18 dNBR classification using Sentinel-2 imagery over area affected by fire at Trängslet. 
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5.3 ODK collect 

5.3.1 Fieldtrip results 

On the field trip a total of 42 points were collected. Points were collected from all different burn severities 

in order to compare the classification results to the manually gathered data. The amount of gathered 

data for each burn severity can be found in table 7.   

A total of 42 points were gathered but only 39 were used. The reason for this was that 2 points were 

duplicates of the exact same position but gathered from two different people so one of each duplicate 

were disregarded. There was also one unique point of interest that will be discussed later. This point was 

also disregarded in the statistics since it was not collected with this purpose. 

Table 7 Collected points 

Total number of points collected  42 

Number of points analysed  39 

Critically burned points  10 

Medium burned points  14 

Mildly burned points  9 

Untouched points  6 

 

Using these gathered points, a comparison to the different classifications can be made in order to 

determine how accurate the classification methods are. See table 8. 

Table 8 Percentage of correlation between ODK data and classification data  

 Pleiades Sentinel 

ODK severity same as classification 

severity 

61.54% 48.72% 

ODK severity one severity lower than the 

classification severity 

25.64% 33.33% 

ODK severity one severity higher than 

the classification severity 

5.13% 12.82% 

ODK severity with no correlation to the 

classification severity 

7.69% 5.13% 

5.3.2 Analysis of the fieldtrip results 

As we can see in table 8 Pleiades match the manually gathered data in 61.54% of the cases and the 

Sentinel classification matches only 48.72% of the cases. These are not extremely great results but there 

are several things to consider when interpreting the data. As we can see the second biggest percentage 

of table 8 is points where the satellite determines that the severity is a bit lower than the on-site 

measurements. This might be caused by the fact that the fieldtrip took place almost one year after the 

fires which meant which meant that some vegetation had started recovering whereas the images were 
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taken shortly before and after the forest fire. This might have caused us to overestimate how severe the 

damage was to the area one year earlier. Another reason could also be that we determined on site the 

burn severity by some simple rules for which severity is which. These are just based on visual appearance 

and not from sample collecting of how. 

5.3.3 Analysis of the disregarded location 

As mentioned earlier we disregarded one point that was gathered during the fieldtrip since it was 

collected because of its special appearance and characteristics. What was so special about this location 

was that on the normal Pleiades map it looked like an open area with low vegetation. See figure 19. This 

location was however classified as medium burned forest in the sentinel classification and when we 

visited the location it looked like the most critically burned forest that we had seen during the entire 

fieldtrip. See figure 20.  

After a lot of confusion, we conducted that there was one reasonable explanation for this strange 

location. The explanation is that this area was most likely cut down before the forest fire even took place. 

Visually we determined it to be critically burned forest since we just saw the aftermath but after some 

closer analysis we notice that the tree trunks are burned on the inside which was not the case for the 

other critically burned locations since the trees that burned on the other locations still protected their 

insides from being completely burned. This shows us one thing about the dNBR method. It shows us 

that it is better at analysing the destruction since it takes into consideration what this place looked like 

before the fire. The Pleiades image classification is completely off since it only analyses the aftermath 

where this area lacked any residue since the trees had already been removed from the location.  This 

caused the classification to interpret this area as an open area. This seems to be a great weakness to the 

Pleiades classification method. However, except for this location both of the classifications gave mostly 

the same severity. 

             

Figure 19 Disregarded point                Figure 20 Disregarded point on-site 
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5.4 Comparison between Pleiades and Sentinel-2 result 

5.4.1 Pleiades and supervised image classification 

The Pleiades satellite have a very good spatial resolution of 0.5 meters. This quality allows the user to 

create good ROIs for a lot of different classes. In the same vein, the ease of creating good ROIs allow the 

classification to be greatly customized. Thus, the operator can achieve a classification that is useful for 

things other than just classifying different burn degrees. 

When a classification has been achieved, the high spatial resolution comes in handy once again as it 

makes it easier to analyse the classification by comparing the classification and the satellite image, and 

the high spatial resolution also allows the image to be used to analyse ways to the burned areas as well 

as areas of importance within the satellite image. Lastly, since the Pleiades satellite is a commercial 

product and partly financed by the Swedish national space agency as well as having a good temporal 

resolution, it is easier to acquire images over the wanted areas during times when they are not covered 

by clouds. 

On the other hand, the Pleiades data is not open for the public. This prohibits a lot of people from using 

it for analysing, and even when you are allowed to use it there is a greater need of planning as well as 

more resources to acquire Pleiades data and create a classification from it. Besides from the increased 

need of planning and resources, there is also an increase in time since ROIs have to be created, and the 

accuracy of the supervised classification relies on the ROIs. These ROIs can also just represent what the 

operator can visually determine, and in the case of the burn severities this means that the classification 

will consist of 2-4 burn severities depending on the vision and skill of the operator. 

The exclusive nature of the Pleiades data, especially in this study, results in a difficult situation regarding 

acquiring images before and after the fire. In the case of this study, the Pleiades imagery was from after 

the fire, so if a comparison of the area before and after the fire was to be performed, it would likely have 

had to be done with a lower spatial resolution on the before image. Lastly, since the Pleiades satellite 

only have four bands; the blue, green, red and IR band, the classification has to be based on these bands 

which can prove difficult when the areas that are supposed to be classified are not clearly represented in 

either of the bands. 

5.4.2 Sentinel-2 and dNBR classification 

The Sentinel-2 satellites greatest strength in this thesis is its high spectral resolution which allows the 

imagery to be analysed on multiple wavelengths. For this thesis, this is particularly true for the NIR and 

SWIR bands that allow dNBR to be performed. The dNBR classification that is used with the Sentinel-2 

data is another positive part of the Sentinel-2 classification with its automated process. This means that 

the operator only has to choose what images and formulas are preferable for the situation and use them. 

This is further made easier by the fact that Sentinel-2 data is available processed for free with a quite 

good temporal resolution. 

Apart from being automated, the dNBR method can also distinguish where there has been an increase 

in regrowth during the period between the pre- and post-fire images, which is also useful in the case of 

directing restoration efforts. Another important quality of dNBR classification is that the burn severities 

and the levels of regrowth can be classified into as many classes as the operator wishes by altering the 

intervals where a specific class is defined. 

While the Sentinel-2 satellites might have a quite good temporal resolution, images from them are not 

acquired on orders, but instead they acquire images of the area they are currently over when they pass 

that area. This can result in obstructed images if an area happens to have clouds in it every time a 

Sentinel-2 satellite acquire an image of the area. This was the case in this thesis where all Sentinel-2 

images from the preferred month was obstructed by clouds. 
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Regarding the dNBR classification, it lacks in areas that have the same NIR and SWIR reflectance before 

and after a fire. Such areas can for example be water or roads. These areas will simply be classified as 

unburned since their reflectance has not changed, which might cause a confusing image. The dNBR can 

also not be improved using dNBR if the classification turns out to be faulty since dNBR simply measures 

differences in NIR and SWIR which will be the same even if the classification is rerun. 

5.4.3 Pleiades result compared to Sentinel-2 result 

The most clear and detailed classification between the Pleiades and Sentinel-2 classifications regarding 

the burn severity of each area are from the Sentinel-2 data. The reason for this is mostly the dNBR 

method, a method that could not be used on the Pleiades data since it lacks the NIR and SWIR bands 

used for dNBR. This was partly expected since a completely computer performed classification based on 

statistics should be more accurate than a classification based on two unexperienced operators, but if the 

supervised classification would have been performed by operators more experienced in remote sensing 

and burn damages the supervised classification would likely get closer to the dNBR classification 

regarding details and clarity. 

The Sentinel-2 classification is however not a perfect classification on its own since the spatial resolution 

of the used bands are 20 meters. This is likely not a problem regarding the classification since an increase 

of a certain class stretching around 10 meters is not large factor when working with areas as large as the 

ones researched in this thesis. It is however a problem when logistical aspects of the area come into play. 

In an image with a spatial resolution of 20 meters, it is hard to find the small dirt roads often used in 

forested areas, which will also have to be used for the rebuilding of the forest. The dNBR classification 

makes this even harder since it cannot make out roads as they have the same NIR-SWIR difference 

before and after the fire. 

To solve the problem of logistics, another image must be used. This can either be the Pleiades 

classification since it has the capabilities to sort any landuse into classes, and if the classification is done 

accurately the burned areas should be classified the same in the supervised classification as in the dNBR 

classification, granted that not too many degrees of burn severity is to be classified. 

Another option is to use the classification from the dNBR but overlap it with another map. This map can 

be any map with an updated road network on it, but since a high spatial resolution is optimal to be able 

to analyse both the road network and the surroundings, a satellite imagery with high spatial resolution 

would be optimal. In the case of this thesis, that would be a mix of the Sentinel-2 classification with the 

Pleiades image as the background map. 

5.5 Error sources 

5.5.1 Interchangeable ROIs 

When the supervised classification was used, the ROIs were created manually. The vegetation that the 

ROIs were meant to classify were either green, brown/red or black, but the purpose of this thesis 

demanded that the vegetation could be classified into more than 3 classes. This did on occasions lead to 

different classes being classified as other classes. This happened during the supervised classification of 

the Lillhärdal area where the mildly burned forest and critically burned missed relevant areas. It is likely 

that it occurred since these two classes can be hard to know the boundaries for. 

The ROIs for mildly burned forest and medium burned forest both consisted of the brown vegetation, 

but to different extent. For the mildly burned forest, the ROIs consisted of areas that were mostly green 

with some brown vegetation. The medium burned forest on the other hand consisted of mostly or only 

brown vegetation and minor regions of green or black vegetation. Since both of these classes include the 

same vegetation in part, it became a problem to decide what areas would be what class, and even when 

it was decided there would likely be some areas that would be wrongly classified because of the 

similarities. 
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5.5.2 dNBR based on time of year 

The dNBR is based on NIR and SWIR reflectance as explained in the processes section, and since the IR 

reflectance of vegetation is affected by the time of the year the dNBR classification will be affected 

differently based on the when the imagery is from. The images used in this thesis are from early July 

and early October. These are both time periods where vegetation usually will be around, but October is 

in the risk zone for less IR reflectance from the vegetation. As there have also been a fire, it might also 

have affected the surviving vegetation, but that would also be the case for all dNBR analysis and can thus 

not be accounted for.  

5.5.3 Obstructed imagery 

Sentinel-2 imagery has the problem of not choosing when to acquire images, as explained in the 

Sentinel-2s cons. Thus, images that happen to be cloud-free has to be used, even if they are not acquired 

in the preferred period. The images used in this thesis does not have any visible clouds obstructing the 

areas that are analysed, but the images from the time period closely after the fire were obstructed. This 

resulted in the after images being from around one month after the fire. As for the Pleiades imagery, 

there were no clouds in the images and thus no problem occurred with obstructions regarding the 

Pleiades images. 

5.5.4 Physical errors 

The areas where the fires occurred are not closed off to all external effects such as humans and weather, 

so the areas may have been altered between the acquiring of the images and the end of the fire. Some 

plausible events that could have occurred that may have altered the result of the classifications are 

storms and clean-up work by humans. If some areas have thus been cleared or if healthy vegetation has 

been damaged by storms, it is not something that can be accounted for in this thesis. The solution that 

could be used is to use imagery acquired very close to the end of the fire, but since that is not a possibility 

in this thesis, these errors are not controllable. 

5.5.5 ODK Sample size 

When conducting a statistical analysis or any other kind of analysis you always need to consider one 

thing. That thing is the sample size. The data is hard to confirm unless you have lots of data to compare. 

Due to the area being mostly restricted we couldn’t venture into the burned forests as far as we would 

have liked to which meant that we kept to the roads and didn’t collect more than 42 points in total. This 

might lead to our calculated accuracy being incorrect. A solution for this would have been to gather a lot 

more points with different burn severities. 

 

5.6 Improvements to the classifications 

The supervised image classifications accuracy completely depends on the created ROIs, and thus the 

classifications could likely be improved if optimal ROIs were used. This could mean that the ROIs of 

certain classes better represent their class. The ROIs could represent their class in a better way if they 

are certain to only include the areas that they should represent, which can be achieved by carefully 

analysing the ROIs and by comparing them to the ground data that was acquired during the field trip. 

The ROIs could also be made smaller to ensure that they only include relevant information for its class, 

but if the ROIs are reduced in size, an increase in the number of ROIs would be necessary to be certain 

that all the wanted areas are represented by ROIs. 

The dNBR classification on the other hand would likely be improved if a satellite that have the NIR and 

SWIR bands, but better spatial or radiometric resolution compared to the Sentinel-2 would be used. 

Since the dNBR method only uses the NIR and SWIR bands, the other bands become redundant and a 

satellite with worse spectral resolution can increase the quality of its spatial and radiometric resolution. 
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An improvement that might have improved the classifications is if other algorithms or formulas were 

used. The dNBR method was chosen for this thesis after earlier works had found that dNBR was a good 

method, but there is still a possibility that other methods such as SWIR could have reached even more 

accurate results. 

A final way to improve the classifications is to gather information about the analysed area from the 

municipality or companies that work in the area so that changes that have been made in the area from 

human efforts can be exempted from the classifications so that they will not add faults in the 

classifications as well as confusing the person analysing the classifications.  
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6 Conclusions 

6.1 Comparison of the classification results 

The comparison that was performed between the high spatial resolution data and the medium spatial 

resolution data found that both datasets were quite accurate in their classifications. The corresponding 

classes of both classifications appeared in the same areas, and the areas where they did differ, they only 

differed by one step on the burn scale. This was likely due to human error in the supervised classification. 

The classifications created in this thesis could both be used for accurate damage assessment after forest 

fires, but overall the Sentinel-2 classifications is preferable as it can be processed faster compared to the 

Pleiades classification where the image has to be pre-processed by the user. The Pleiades classification 

is however still usable, for example in cases where a very up to date classification has to be achieved, as 

it can be acquired and be pre-processed by the user before the Sentinel-2 data has been updated and 

uploaded to GEE. 

6.2 Future research 

The results that have been acquired in this thesis can be used to further develop maps over burned areas 

where the best qualities from both classification area combined, so that the accurate classification from 

the Sentinel-2 can be combined with the ease of real world recognition in the Pleiades. With the road 

network from a high-resolution image and the burn severities from a high spectral resolution, an 

algorithm determining where to focus work can be achieved as long as the burn severities have certain 

values decided by the operator. 

Since this thesis only covers the classification of burn severities in a burned area, some research that 

could be done is to find what actions should be taken for different dNBR values, and thus also burn 

severity. If the optimal way to treat every degree of burn severity is known, the work inside a burnt area 

can be as efficient as possible for both economic and ecological purposes. 

6.3 Limitations of the study 

This study has analysed Pleiades and Sentinel satellite imagery over two forested areas in the mid-

western part of Sweden. Since the study was performed on two areas that shared most characteristics, it 

is not guaranteed that the result would turn out the same way if the classifications would be applied to 

vegetation in another climate or on another kind of vegetation. 

The classification methods have also not been tested outside of the two areas mentioned in the study, 

however it is likely that the sentinel-2 classification would work in any area since it is dNBR and thus 

only affected by change in vegetation. The Sentinel-2 classification is also based on a method supplied 

by UN where the aim is that the classification will be available across the globe and thus it will likely 

work anywhere. 

The supervised Pleiades classification is more tied to the geographical area and the vegetation that is 

affected since it is completely based on how the vegetation looked after the fire. This means that the 

exact results concluded about the supervised classification will likely be specific for the examined areas 

and similar vegetation. To use supervised classification in areas different from the examined areas, a 

new classification would have to be made. 

Lastly, a limitation is also the access to satellite imagery. For this study, clouds on Sentinel-2 imagery 

prevented extra accuracy checks and as for applications of this study, there needs to be high-resolution 

and medium-resolution satellite imagery available to be able to analyse affected areas.   
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