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Abstract 
 

Wildfires are uncontrolled fires in vegetation, which may pose risks for both humans and ecosystems. 

Wildfire frequencies are expected to increase for North-western Europe due to climate change, 

therefore understanding them is becoming more urgent. Insight in the driving factors of wildfire 

occurrences is essential. However, the relation between soil, groundwater, vegetation and wildfires is 

still not fully understood. This knowledge gap is addressed in this thesis for the area of North-western 

Europe for the period 2008-2019 and The Netherlands for the period 2017-2019. Spatial, temporal and 

size distributions of wildfires have been compared to the soil texture, groundwater level and land use 

of the wildfires. The results show that most wildfires in The Netherlands occurred on sandy soil, and in 

North-western Europe on loam and sandy loam. In the Netherlands, most wildfires occurred in mixed 

forest, pasture and heath, and for all three land uses sand was the dominant soil texture of wildfires. 

In North-western Europe, most of the burned area occurred on the land uses peat bog, 

moor/heathland and coniferous forest. In coniferous forests in North-western Europe most wildfires 

occurred on sandy loam, and in moor/heathlands and peat bogs most wildfires occurred on loam 

(however, the soil texture of peat bogs may not be very relevant due to the low mineral fraction). 

Further, most wildfires occurred on relatively deeper groundwater levels for both study areas. The 

results of The Netherlands and North-western Europe suggest that soil texture and groundwater level 

are related to wildfire occurrences. However, there does not seem to be one clear relationship 

between wildfires and soil texture or groundwater level in North-western Europe, probably because 

of the heterogeneity of other factors affecting wildfire occurrence (e.g. climate) on that scale.  

Furthermore, the timing of wildfires in The Netherlands seems to be not affected by different soil 

textures and groundwater levels, this may be due to the short study period of three years. For North-

western Europe, wildfires on loam mainly occurred in April and May, while wildfires on sandy loam 

occurred in June and July relatively a lot as well. However, differences in the timing of wildfires may 

have been biased by high number of wildfires in certain periods or locations. Lastly, wildfires occurring 

on peat and deeper groundwater levels had in general the largest size per wildfire for both study areas. 

The results of this study indicate that soil texture and groundwater level indirectly drive wildfire 

occurrence, this can be taken into account for further research on the driving factors of wildfires.   
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1 Introduction 

1.1 Introduction to wildfires 
Wildfires are uncontrolled fires occurring in areas with flammable vegetation (Jensen et al., 2018). 

They can result in economic damage, danger to humans and damage ecosystems. Understanding 

which areas are more prone to wildfire occurrences can be essential for reducing the negative impacts 

of wildfires through for example fuel management (Chuvieco et al., 2010). Various studies have 

examined the relation between environmental parameters and wildfire occurrence (Miranda et al., 

2012; Moritz et al., 2005). However, little research has been done on the relation between soil, 

groundwater and wildfire occurrence. Wildfire occurrences are likely related to soil properties such as 

sand content (as can be presumed from Figure 44 in (San-Miguel-Ayanz et al., 2018)) or to the depth 

of the groundwater (Taufik et al., 2017). Nonetheless, these relations have not been studied or proven 

yet for the North-western of Europe. It is not clear whether wildfires occur more often on certain soils 

or groundwater depths, neither is it known whether the size or timing of wildfire occurrences differs 

per soil texture or groundwater level.  

 

The need for understanding the environmental parameters driving wildfire occurrences is increasing, 

especially for North-western Europe. North-western Europe is expected to have more wildfires due 

to climate change (Flannigan et al., 2013), therefore good management practices are needed that are 

future proof. Countries in North-western Europe may not be prepared for higher frequencies or large 

scale wildfires, as for example a report for The Netherlands implies (Inspectie Openbare Orde en 

Veiligheid, 2011). The Dutch state forest management stopped collecting wildfire statistics after 

1996, but since 2017 new wildfire statistics are being collected again (Kok and Stoof, 

unpublished).This data has not been studied yet, even though insight into the driving parameters of 

wildfire locations, timing and size could show where changes in wildfire management are needed 

and/or possible.  

 

1.2 Environmental parameters driving wildfires 
Fire behaviour is mainly determined by the following three factors: fuels, weather/climate and 

topography (Fang et al., 2018; Moritz et al., 2005). These factors are directly driving wildfires and 

they are often depicted as the fire triangle (see  Figure 1). This theory applies at all fires at spatial 

scale ranging from hectares to thousands of square kilometres (Fang et al., 2018).  

Besides the direct drivers there are the indirect drivers of wildfires. Indirect drivers influence the 

three direct drivers, thereby also indirectly driving wildfires.  

 

Soil and groundwater level are examples of indirect drivers. The soil and groundwater levels are 

related to vegetation (Maarel et al., 1978), which is the fuel for wildfires. At this moment there is still 

a lack of understanding of the interactions between soil, fuel and fire (Stoof et al., 2013). Research 

has been done on the way that soil and groundwater influence vegetation type and health. However, 

a direct link to the way that soil and groundwater determine wildfire occurrence or fuel 

characteristics has not been made yet. 

 

Soil and groundwater influence the vegetation type because plant species have preferences for 

different types of soil and water characteristics (Maarel et al., 1978). Furthermore, soil and 

groundwater levels are linked to the land use, which in turn determines which vegetation is present. 

Certain soils such as sandy nutrient poor podzol soils are in general less suitable for agriculture, 

therefore relatively more forest, heath and extensive farming land are present on these soils (Berg 

and Keizer, 2014). Additionally, soil and groundwater level can influence the condition of vegetation. 
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Soil for example controls the impact of drought events on vegetation, as for example vegetation on 

soil textures with lower water retention capacities are more affected by droughts (Mulder et al., 

2019) 

 

 
Figure 1. Main controlling factors of wildfires, adapted from (Moritz et al., 2005) 

 

1.3 Research questions and hypotheses 
The main aim of this study is to examine the way soil and groundwater levels indirectly drive wildfire 
occurrences. The study focuses on North-western Europe as a whole and it zooms in into The 
Netherlands. To reach the aim, the following main question and sub-questions have been addressed: 
 
Main question: How do soil and groundwater drive wildfire occurrence in North-western Europe? 
  
Sub question 1: How do soil and groundwater drive the spatial distribution of wildfire occurrence? 
Sub question 2: In what way does land use influence the way soil and groundwater drive the spatial 
distribution of wildfire occurrence? 
Sub question 3: How do soil and groundwater affect the timing of wildfire occurrence? 
Sub question 4: How do soil and groundwater drive the size of wildfire? 
 

Before answering the research questions, the following hypotheses have been constructed:  

 

Hypothesis Sub question 1: 

Based on Figure 44 in (San-Miguel-Ayanz et al., 2018), I expect that coarse textured soils will have a 

higher number of wildfires compared to fine textured soils. I base this hypothesis on the fact that larger 

particle sized soils have lower water holding capacities (Salter and Williams, 1965), and that vegetation 

located on low water retention capacity soils is generally more affected by drought  (Mulder et al., 

2019). Furthermore, I expect that soils with more favourable growing conditions for vegetation species 

that are prone to wildfires will have higher numbers of wildfires. For example, I expect that sandy soils 

(e.g. podzol) contain more coniferous trees, which contain flammable chemicals (Government of 

Alberta, 2012) and are generally dry types of forest (Graham et al., 2004). 

Lastly, I expect more wildfire occurrences on low groundwater tables. Low ground water levels can 

result in drier soils (Beldring et al., 1999), which can result in lower fuel moisture (Jensen et al., 2018). 
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Hypothesis Sub question 2: 

The land use depends amongst other variables on the soil texture and groundwater levels of an area 

(Berg and Keizer, 2014). In Europe and north Africa, most wildfires occur in natural land uses (see Figure 

172 in (San-Miguel-Ayanz et al., 2018)). Therefore, I expect that soils with more natural land uses will 

have higher numbers of wildfires. However, I do not only expect differences in wildfire occurrence due 

to differences in land use. I expect that the number of wildfires will differ per soil texture and ground 

water level within the same land use. Soils are the foundation for vegetation, and provide vegetation 

with water and nutrients (FAO, 2015). They can affect the condition of vegetation as (Mulder et al., 

2019) found that soil affects the impact of drought on vegetation conditions. Therefore I expect soil to 

also affect the occurrence of wildfires, as vegetation is the fuel for wildfires.  

 

Hypothesis Sub question 3: 

The number and size of wildfires is not equally temporally distributed over the year (as seen in 

e.g. Figure 44 in San-Miguel-Ayanz et al. (2019)). I expect that soils with relatively large particle sizes 

and low groundwater levels will have a longer fire season (i.e. the period of the year in which wildfires 

are most likely to occur). Soils with coarse textures and low groundwater levels may be drier (see 

hypothesis 1), which could result in drier vegetation. I do not expect to see a clear difference between 

soil textures and groundwater levels for the spring. The vegetation is dry in spring, since the sap flow 

of vegetation has not fully started yet in spring (Wageningen University and Research and Stoof, 2020). 

Therefore I expect wildfires to occur in spring independent of the soil texture and groundwater level. 

  

Hypothesis Sub question 4: 

I expect that fires on sandy soils and low groundwater tables will be larger, because of possibly drier 

soils (see hypotheses of sub-question 1 and 2). Furthermore, I expect that the wildfire size on peat soils 

will be larger as well, since fires can smoulder in organic material in the ground (i.e. a ground fire) and 

these fires can last for long periods (Rein, 2015).  

 

  



Page 9 of 61 
 

2 Methodology 
 

2.1 Site description 

 
Figure 2. North-western Europe as defined in this study area and the location of The Netherlands, created with mapchart.net 

North-western Europe was chosen as study area, as it is expected to start having more wildfires due 

to climate change (Flannigan et al., 2013) and relatively little research has been done on wildfires for 

this area. The countries selected as North-western Europe for this study area: The Netherlands, 

Belgium, Germany, United Kingdom, Ireland, Denmark, Norway, Sweden and Finland (see also Figure 

2). The main climates in the study area are temperate, cold and polar climates (Köppen-Geiger: Cfb, 

Dfb, Dfc and ET) (Peel et al., 2007). The dominant natural vegetation types are summer green 

deciduous forest, coniferous forest, mixed forest, and tundra (Wolters-Noordhoff, 2009). Looking at 

the wildfire data of European Forest Fire Information System (EFFIS) for the years 2008-2019 (San-

Miguel-Ayanz et al., 2012), it can be seen that most wildfires occurred in Sweden, Ireland and the 

United Kingdom (see Figure 3).   

 

The Netherlands was chosen as a second study area in order to zoom in into North-Western Europe. 

The Netherlands is a relatively small country with little relief and a temperate climate. A lot of the area 

is used for agriculture (48%) and built-up (12%) (Hazeu et al., 2020). 

 

 
Figure 3 Number of wildfires per country in North-western Europe for the period 2008-2019. BE = Belgium, DE = Germany, DK 
= Denmark, FI = Finland, IE = Ireland, NL = The Netherlands, NO = Norway, SE = Sweden, UK = United Kingdom   
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2.2 Description of data 
In Appendix A, a table with the employed datasets along with their resolution and source is given. In 

the paragraphs below a short description of the data is given. 

 

2.2.1 Data of The Netherlands 
Wildfire statistics data of The Netherlands (Kok and Stoof, unpublished) was used for this study, which 

contains information about the date, location, size, vegetation type and more of wildfire occurrences 

in The Netherlands. The data regarding the period 2017-2019 was generated using dispatch 

information and had no minimum size for wildfires to be counted. The size estimations of the wildfires 

were used to relate the soil texture and groundwater level to fire size, but were estimated only for 

42% of the wildfires. The vegetation types were recorded for 42% of the wildfires as well. The date of 

the first time of intervention was used for the temporal analysis, since this was the only complete time-

series in the dataset. In total the dataset of The Netherlands (Kok and Stoof, unpublished) consists of 

1411 wildfires recorded over the period 2017-2019.  

 
Furthermore,  data of soil texture, soil class, land use, mean lowest groundwater level and mean 

highest groundwater level was used, for an overview see Appendix A. The soil texture data of the 

άDǊƻƴdsoortenkaart 2006 - Simplified Soil Map of The Netherlandsέ contains information about the 

soil texture, but also delineates built-up and water areas. A description of the soil texture classes and 

their criteria is given in Appendix C. The soil class data of άThe Soil map of The Netherlands мΥрл лллέ 

was used as well, in order to give extra information about the soil at the wildfires. Further, the 

groundwater dataset of (Van der Gaast et al., 2006) was used which includes the mean lowest and 

highest groundwater levels of The Netherlands. This data did not fully cover The Netherlands, but 

misses data at built-up areas, see (Van der Gaast et al., 2006). The vegetation type of wildfires has 

been used of the data in (Kok and Stoof, unpublished). This data included the type of vegetation in 

which the wildfire took place, which also gives information about the land use (e.g. pasture). 

However, this data is incomplete (42% of the wildfires had a vegetation classification), therefore data 

of άThe Land Use Database of the Netherlandsέ (LGN) was used as well, to supplement the 

vegetation data. Usage of the most recent version (LGN2018) for the land use had complications due 

to the file size, therefore the LGN7 was used for analysis.  

 

2.2.2 Data of North-western Europe 
European Forest Fire Information System (EFFIS) burned area was used in this study, which contained 

data about the location, timing and size of wildfires. The dataset has a minimum fire size of about 30 

hectares and was generated by outlining satellite imagery. The first date of an active fire detected was 

used as the date of the wildfire occurrence. In total the data consists of 498 fires over the period of 

2008-2019.  

 

Furthermore, data of the Corine land cover 2018, USDA soil texture, sand content, silt content, clay 

content, available water content and groundwater level was used in this study (see Appendix A). The 

coarsest resolution of a dataset was 1 km (this was the groundwater level data), which is relative to 

the smallest burned areas quite large. However, this was the highest resolution dataset that covers 

the whole of North-western Europe that could be found.  
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2.3 Analysis of wildfires in The Netherlands 

 
Figure 4. Flowchart that show the methods of the Dutch wildfire data analysis 

Before any employment of the dataset, wildfires at military sites (Eperweg ƛƴ Ψǘ IŀǊŘŜ and 

Stevenpolseweg in Harskamp) were filtered out. There were a lot of wildfires at military sites that were 

ignited by military trainings, which resulted in a possible bias towards those two locations. 

 

2.3.1 Adding coordinates to the Dutch wildfire data 
The wildfire statistics of (Kok and Stoof, unpublished) did not contain coordinates of the wildfire 

occurrences. The only data about the location of the wildfires were municipality name, city name and 

street name. Since the location of the wildfires is of importance for relating the wildfire occurrences 

to the soil and groundwater levels, coordinates were generated using the combination of the street 

name, city name and municipality name. This was done using a geocoder, the details of the methods 

of adding coordinates can be found in Appendix B. 

 

2.3.2 Buffering the wildfire coordinates 
The mean deviation of the coordinates relative to the actual wildfire locations is 1,3 km and the 

maximum is 3,2 km, as calculated from the burned area estimates from (Kok and Stoof, unpublished). 

The calculation was done by measuring the largest distance between the coordinate location and the 

most outer point of the street. To account for this deviation, buffers were drawn around each 

coordinate to include a larger area. A buffer size of 2000 meters was drawn, since it is about halfway 

between the mean and the maximum deviation. Further, buffers with a size of 20 and 200 meters were 

drawn in order to investigate the effect of taking different buffer sizes. The results created by using a 

20, 200 and 2000 meter buffer are compared by means of bar plots. The actual fire size was not chosen 

for the buffer size, since the burned area is not known for all wildfires of the dataset.  

 

2.3.3 Determining the soil texture, land use and groundwater levels of wildfires 
To determine the soil texture of a wildfire, the dominant soil texture was taken within each buffer 

around the wildfire coordinates. This method is visually explained in  

 

Figure 5.1, and will from now on be referred to as the ά5ƻƳƛƴŀƴǘ ǾŀƭǳŜέ ƳŜǘƘƻŘΦ ¢o explain the 

method in other words, the soil texture with the largest total area within a buffer was taken, i.e. the 

dominant value or the modal value was taken. It was used since it determines a representative value 

per wildfire location by taking the most occurring soil texture. This method was also used for 

determining the soil class and land use of a wildfire, but using the soil class and land use data instead. 

The method was executed in R using intersect, followed by calculating the total area of a soil type per 

wildfire buffer and then selecting the soil type with the largest area.  
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Next to taking the dominant soil texture of an buffer, a  second method was applied to test whether 

taking the dominant soil texture would give a large bias. This method comprises of taking the 

weighted average of the area of the soil texture within the buffers. Figure 5 gives an illustrative 

example of this method and the differences with the dominant soil texture. The method was 

executed in ArcMap using intersect and overlapping buffers were taken into account. The differences 

between these method were studied by creating bar plots of both methods for the soil texture in the 

results. 

 

To determine the mean highest and lowest groundwater levels at the wildfires, the median 

groundwater level was taken of a 2000 meter buffer. The median groundwater level was used instead 

of the dominant groundwater level, since the median gives a averaged value. Further, the median was 

used instead of the mean since, the median is less affected by extremes of groundwater levels than 

the mean. The method was executed in R using extract ǳǎƛƴƎ ŀǎ ŦǳƴŎǘƛƻƴ ΨƳƻŘŀƭΩΦ 

 

Furthermore, to determine the land use of wildfires vegetation data of (Kok and Stoof, unpublished) 

was used and the land use of the LGN7 was determined using methoŘ ƻŦ ǘƘŜ ά5ƻƳƛƴŀƴǘ valueέΦ 

However, since the land use varies relatively a lot within a 2000 meter buffer and may therefore not 

be represented well by the dominant value, mainly the vegetation data of (Kok and Stoof, unpublished) 

was used. 

 

 

 

 
Table 1 EȄǇƭŀƴŀǘƛƻƴ ƻŦ ǘƘŜ ά5ƻƳƛƴŀƴǘ ǾŀƭǳŜέ ƳŜǘƘƻŘ ŀƴŘ ǘƘŜ ά²ŜƛƎƘǘŜŘ ŀǾŜǊŀƎŜέ ƳŜǘƘƻŘ 

Wildfire Ψ5ƻƳƛƴŀƴǘ ǾŀƭǳŜΩ classification ΨWeighted averageΩ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ 

1 Sand 80% sand, 15% water, 5% built-up 

2 Sand 75% sand, 20% loam, 5% built-up 

Total ratio 100% Sand 86% sand, 8% loam, 6% built-up 

 

 

 

 

 

 

  
 

 
Figure 5 Illustrative example of ǘƘŜ ά5ƻƳƛƴŀƴǘ ǾŀƭǳŜέ ƳŜǘƘƻŘ ŀƴŘ ǘƘŜ ά²ŜƛƎƘǘŜŘ ŀǾŜǊŀƎŜέ ƳŜǘƘƻŘΦ  Figure 1) and 2) show 
wildfire coordinates (X,Y) with a buffer drawn around on top of a soil map. See Table 1 for the determination of the soil 
textures of the wildfires.  

 

  

1) 2) 

x, y x, y 

sand water 

Built-up 

loam 

1) 2) 
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2.3.4 Spatial analysis of wildfire occurrences, soil texture, land use and groundwater level 
It was studied whether the number of wildfires differed for different textures of soil, land uses and 

groundwater levels. First of all, bar plots were made of the number of wildfires per soil texture, to 

study on which soil textures most wildfires occur. Furthermore, the soil textures of wildfire locations 

were compared the soil textures of The Netherlands, to see if wildfires occur more on certain textures 

of soil relative to soil texture ratios in The Netherlands. Further, bar plots were created of the most 

frequent occurring soil classes of wildfires to also have an insight in the soil types of wildfires.   

 

Secondly, a table with the soil types of wildfires per vegetation type was made. Data bars were added 

to give a better visual insight (created in Excel). The same was done for the land uses of wildfires. This 

was done to study whether soil drives wildfire occurrences in the same way for different land uses. 

Further bar plots of the most frequent vegetation types/ land uses of wildfires were made to show the 

most common vegetation/ land uses of wildfires. The dominant land cover and the dominant soil type 

per wildfire was used to create the tables and graphs. 

 

Furthermore, boxplots and bar plots were made to compare the groundwater levels of The 

Netherlands to the groundwater levels of the wildfires.  

 

2.3.5 Temporal analysis of wildfire occurrences 
It was examined whether the timing of the wildfire occurrences differed for different soil textures and 

groundwater levels. First of all, the total number of wildfires was counted per month over the study 

period. With this data, bar plots were drawn of de number of fires per month for different soil textures 

and for different intervals of groundwater levels. Bar plots were chosen opposed to line graphs, since 

there was a lot of overlap in the data causing that lines will not be visible in the line graph. Furthermore, 

the day-numbers of the year (day 1 = 1st of January) were calculated of the wildfires during the study 

period. With this data boxplots were drawn for different soil textures and groundwater intervals. The 

temporal distribution of the burned area was not studied since this data was incomplete and might 

result in biases.  

 

For the temporal analysis the dominant soil texture and the median groundwater level per wildfire 

were used. ¢ƘŜ Ψ5ƻƳƛƴŀnt soil textureΩ ƳŜǘƘƻŘ ǿŀǎ ŎƘƻǎŜƴ since it chooses one value per wildfire 

occurrence, which is convenient for grouping the wildfire dates.  

 

2.3.6 Wildfire size analysis of wildfire occurrences  
It was examined whether the size of the wildfire occurrences differed for different soil textures and 

groundwater levels. The average burned area was compared between different soil textures and 

groundwater depth intervals. The estimated fire size in hectares was used of (Kok and Stoof, 

unpublished) to calculate the average burned area. However, this data was not complete for all wildfire 

occurrences.   
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2.4 Analysis of wildfires in North-western Europe 
 

 
Figure 6. Flowchart that shows the methods for the data of North-western Europe 

2.4.1 Intersecting and clipping with the burned areas 
It was studied whether the number of wildfires differed per soil texture, land use and groundwater 

level. To do this, the burned areas were intersected with the polygon data and were clipped with the 

raster data. Intersecting the burned areas with the polygon data resulted in datasets of soil texture, 

groundwater level and land cover of the burned areas (see Figure 7). The groundwater level data was 

transformed from raster to polygon first, to be able to intersect it with the burned areas. Intersecting 

the groundwater level data was preferred instead of clipping, since intersect takes the shape of the 

burned areas better into account (no blocky pixel borders) and because clipping the relatively large 

pixels (1km) of the groundwater data with wildfires would not work with small burned areas (small 

burned areas would not select an pixel). The sand content, silt content, clay content and available 

water content maps could not be transformed from raster to polygon due to calculation power 

limitations of the computer. These datasets were therefore clipped with the burned areas. The 

intersected and clipped data were used to calculate statistics of the spatial analysis and to calculate 

the median groundwater level per wildfire and the dominant soil texture and land use per wildfire.  

 

2.4.2 Determining the median and dominant value per wildfire 
In order to relate the date and the size of a wildfire to the soil, land use and groundwater, one value 

was chosen per wildfire (i.e. one groundwater level value). This was done by selecting the dominant 

soil type and land use per burned area, as similar to the analysis in The Netherlands. For the 

groundwater levels the median value was chosen of the burned area, since this was a continuous 

variable the median is less affected by extreme values than the mean. Selecting the median and the 

dominant values was done by using Ψextract()Ω in R. 

 

2.4.3 Spatial analysis of wildfire occurrences 
The intersected and clipped dataset of burned areas was used as input for calculating statistics. Bar 

plots were made to compare the soil textures in North-western Europe to the soil textures in the 

burned areas. The total area per soil texture was summed up for North-western Europe and for the 

burned areas. For these bar plots, the data of North-western Europe includes the burned areas as 

well (thus not mutually exclusive).  
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Further, a table with data bars was created of the soil type per land use of wildfires in order to study 

the soil textures of wildfires per land use. A bar chart of the number of wildfires and  a bar chart of 

the burned area per land use were created to show the most frequent land uses of wildfires (these 

are included in the appendix). The dominant soil type and land cover per wildfire was used for these 

tables and graphs.  

 

Density graphs and boxplots were drawn to compare the groundwater level, sand content, silt 

content, clay content and available water content in North-western Europe to the burned areas. The 

density graphs were created in R with Ψdensity()Ω using the clipped soil property data and the 

intersected groundwater table data as input. For the intersected groundwater level, a list of the 

polygon features was used and the relative area of the polygon was used as aweight. Further, a 

boxplot was drawn of the groundwater levels in North-western Europe and in burned areas as well, 

since the groundwater levels in North-western Europe contain a lot of extreme values and this could 

be visualised well in boxplots. In addition histograms were created, showing the relative frequency of 

groundwater levels of wildfires on loam and on sandy loam. This was done to study if the relation 

between groundwater and wildfire occurrences different per soil texture. The soil textures loam and 

sandy loam were chosen since these the highest number of wildfires occurred on these soil textures.  

 

Lastly, bar plots were made of the total land use of the burned areas.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 
Figure 7 Illustrative example of intersecting the burned areas with a soil texture map 

 

  

Burned area Soil texture map 

Intersected feature 
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2.4.4 Temporal analysis of wildfire occurrences 
It was examined whether the timing of the wildfire occurrences differed for different soil textures and 

groundwater levels, similar to The Netherlands. First of all, the number of wildfires were counted per 

month over the study period. Secondly, the number of wildfires were grouped based on the median 

groundwater level and dominant soil texture, and then summed per month. With this data, bar plots 

were drawn of de relative number of wildfires per month for different soil textures and for different 

intervals of groundwater levels. The same was done with burned area, but then the area of a wildfire 

was summed instead of the number of wildfires. The relative number of wildfires were calculated as 

the number of wildfires per month of a soil texture, divided by the total number of wildfires for the 

soil texture. Furthermore, the day-numbers of the year (day 1 = 1st of January) were calculated of the 

wildfire occurrences during the study period. With this data boxplots were drawn for different soil 

textures and groundwater intervals. Again, the median groundwater levels and dominant soil textures 

were used for this.  

 

2.4.5 Wildfire size analysis of wildfire occurrences  
It was examined whether the size of the wildfire occurrences differed for different soil textures and 

groundwater levels. The average burned area per wildfire occurrence was calculated and compared 

for different soil textures and groundwater depths. For The Netherlands the estimated fire size in 

hectares was used of (Kok and Stoof, unpublished), however the fire size was not available for all 

wildfire occurrences. For North-western Europe, the burned area in hectares of the EFFIS data was 

used.  

Burned area was plotted versus the sand content, groundwater level and available water content. This 

was done to examine whether there are trends between those variables and burned area of a wildfire.  
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3 Results 

3.1 Spatial analysis of wildfires in The Netherlands 

 
Figure 8. Spatial distribution of wildfires at soil textures in The Netherlands of the period 2017-2019. Soil texture map is the 
Simplified Soil Map of the Netherlands (Wageningen 2006).  
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3.1.1 Soil textures and wildfire occurrence 

  
Figure 9. Comparison between the soil textures in The Netherlands and the soil textures at wildfire locations. (Y1) Relative 
number of wildfires per soil texture determined using the άDominant soil textureέ, displayed on the first Y axis. 100% is the 
sum of all wildfires, n=1411. (Y2) Relative area of soil textures in The Netherlands, displayed on the second Y axis. 

Most of the wildfires in The Netherlands in the period 2017-2019 occurred on the soil texture sand 

(80%) as seen in Figure 8 and Figure 9. This is more than double the area fraction of sand in The 

Netherlands (36%). The soil texture sand is thus overrepresented at wildfire locations. The second most 

frequent soil texture of  wildfires is built-up area (8%), which shows that built-up area is close (<2km) 

to those wildfire locations or that the wildfire occurred in built-up area. Built-up is defined as being 

within the city limits (see Appendix C for all the soil texture classifications). Some wildfire occurred at 

water (2%), however those fires did not actually occur on water but the classification is water due to 

the methods used in this study. The fires that were classified as water were surrounded by a lot of 

water, resulting as water as being taken as the dominant soil texture.  
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3.1.2 Comparison of different buffer sizes and methods to determine soil texture 

 
Figure 10. Comparison of the soil texture classification of wildfires for different buffer sizes, displayed as the relative number 
of wildfires on Y1. ¢ƘŜ ǊŜƭŀǘƛǾŜ ƴǳƳōŜǊ ƻŦ ǿƛƭŘŦƛǊŜǎ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ǳǎƛƴƎ ǘƘŜ  ά5ƻƳƛƴŀƴǘ soil textureέΣ ǿƛǘƘ млл҈ ŀǎ ŀƭƭ ǿƛƭŘŦƛǊŜǎ 
of a buffer size (n=1411). The relative soil texture coverage in The Netherlands is added as reference on Y2.  

Since the wildfire data of The Netherlands only contains unprecise coordinates of the wildfires, buffers 
were used to determine a soil texture per wildfire. However, the size of the buffers that is chosen may 
influence the results. Therefore multiple buffer sizes were studied, the results can be seen in Figure 
10. Buffer size did not seem to affect results of the soil texture classifications of the wildfires, as can 
be concluded from Figure 10. All buffer sizes have all a higher fraction of wildfires on sand soils and 
built-up areas compared to the area fraction of sand and built-up in The Netherlands. The opposite 
holds for all other soil textures. 
 
In Figure 10 it can be seen that there is a relative lower ratio of sand for the buffers of 20 and 200 
meters compared to the buffer of 2000 meters. The cause of this may be that sand areas have a 
relatively large surface coverage, therefore they may be overrepresented when taking the dominant 
value of a larger buffer. Further, there is a relative higher ratio of built-up for the buffers of 20 and 200 
meters compared to the buffer of 2000 meters. Built up areas are often relatively small, therefore they 
may be underrepresented in a 2000 meter buffer.  
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Figure 11. Comparison of ǘƘŜ άDominant soil textureέ ƳŜǘƘƻŘ ŀƴŘ ǘƘŜ άWeighted averageέ ƳŜǘƘƻŘ to determine the soil 
textures of wildfires. It is displayed as the relative number of wildfires of a buffer per soil texture, with 100% as all the wildfires 
per buffer size (n=1411).  

For the 2000 meter buffer, there is a difference visible between taking the άDominant soil textureέ 
method and taking the άWeighted averageέ method (see Figure 11). The number of wildfires on sand 
as classified by the dominant soil texture are more than twice the number of wildfires on sand as 
classified by the weighted average when using a 2000 meter buffer. However, this difference is smaller 
when comparing the smaller buffer sizes of 20 ad 200 meters of the average area method to the 
dominant soil texture method. It seems that the smaller the buffer size of the άWeighted averageέ is, 
the more similar the results are to the άDominant soil textureέ ƳŜǘƘƻŘ. This may be explained by that 
the άWeighted averageέ ƳŜǘƘƻŘ takes smaller areas of soil textures into account. For a bigger buffer 
size of the average area method, more small areas of soil textures are included. These small areas are 
ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ άDominant soil textureέ ƳŜǘƘƻŘΦ  
 
aƻǎǘ ǿƛƭŘŦƛǊŜǎ ƻŎŎǳǊǊŜŘ ƻƴ ǎŀƴŘ ŦƻǊ ǘƘŜ άWeighted averageέ ƳŜǘƘƻd. However, this method with a 20 
meter buffer results in a lower ratio of sand for wildfire locations compared to The Netherlands. This 
is probably due to the higher fraction of built-up ŀƴŘ ǇŜŀǘ ƻƴ ǎŀƴŘ ŦƻǊ ǘƘŜ άWeighted averageέΦ  
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3.1.3 Soil class and wildfire occurrence 

 
Figure 12. Top ten most frequent soil classes of wildfires, determined as the dominant soil class of a 2000 meter buffer. The 
Dutch soil classification is given with an English description of the texture.  

The soil classes of wildfire locations were determined using the Soil map of The (see Figure 12). The 
Ƴƻǎǘ ŦǊŜǉǳŜƴǘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ǿƛƭŘŦƛǊŜ ƭƻŎŀǘƛƻƴǎ ƛǎ ΨVŜƭŘǇƻŘȊƻƭΩ (25% of all wildfires), which has a 
sandy soil texture (Berg and Keizer, 2014). Moreover, most of the wildfires have soil classes with sandy 
textures and a lot of the wildfires are in built-up area. This is similar to the soil texture results of the 
Simplified Soil Map of The Netherlands. In Appendix D a table is given showing the soil classes of 
wildfires as determined using different buffer sizes and methods. These results also show that 
Veldpodzol and built-up are the most frequent soil classes at wildfires locations.  
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3.1.4 Land use and soil texture of wildfires 
 
Table 2. Soil texture of wildfires per vegetation type In The Netherlands. Data bars have been added per vegetation type to 
show which soil type occurs most frequent. Empty means that the wildfire vegetation type was not classified. The vegetation 
data comes from (Kok and Stoof, unpublished) and  has been translated to English.  

         

In Table 2 the soil texture of wildfires per vegetation type is given. The vegetation gives information 
about the land use of the wildfire locations. It is visible that the most wildfires occurred on sand for all 
vegetation types except for the ΨvegetationΩ type peat (here the soil type was 100% peat). For the 

Vegetation # wildfires

Agricultural field 33

Build-up 1

Loam 4

Light clay 1

Light loam 4

Peaty on sand 1

Sand 19

Heavy loam 3

Stubble field 21

Light loam 5

Water 1

Sand 9

Heavy clay 1

Heavy loam 5

Dune grass/shrubs 58

Build-up 6

Water 13

Sand 38

Heavy loam 1

Mixed forest 291

Build-up 16

Loam 2

Light loam 1

Peat 4

Sand 266

Heavy loam 2

Pasture 147

Build-up 13

Light clay 1

Light loam 7

Peaty on sand 1

Peat 8

Water 2

Sand 108

Heavy clay 2

Heavy loam 5

Heath 95

Build-up 7

Sand 88

Deciduous 65

Build-up 6

Loam 1

Light loam 1

Peat 2

Sand 54

Heavy clay 1

Coniferous 38

Loam 1

Sand 37

Reed 34

Build-up 4

Light clay 6

Peaty on sand 1

Peat 6

Water 3

Sand 8

Heavy clay 3

Heavy loam 3

Twigs 33

Build-up 2

Water 1

Sand 29

Heavy clay 1

Peat 5

Peat 5

Empty 591

Build-up 64

Loam 7

Light clay 4

Light loam 11

Peaty on sand 1

Peat 16

Water 8

Sand 468

Heavy clay 6

Heavy loam 6

Total 1411
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Total 1411

Vegetation # wildfires

Akker 33

Bebouwing, enz 1

Leem 4

Lichte klei 1

Lichte zavel 4

Moerig op zand 1

Zand 19

Zware zavel 3

Akker_stoppel 21

Lichte zavel 5

Water 1

Zand 9

Zware klei 1

Zware zavel 5

Duin_duingras 53

Bebouwing, enz 4

Water 12

Zand 36

Zware zavel 1

Duingrasland 1

Bebouwing, enz 1

Duinstruweel 4

Bebouwing, enz 1

Water 1

Zand 2

Gemengd_bos 291

Bebouwing, enz 16

Leem 2

Lichte zavel 1

Veen 4

Zand 266

Zware zavel 2

Grasland 147

Bebouwing, enz 13

Lichte klei 1

Lichte zavel 7

Moerig op zand 1

Veen 8

Water 2

Zand 108

Zware klei 2

Zware zavel 5

Heide 95

Bebouwing, enz 7

Zand 88

Loofbos 65

Bebouwing, enz 6

Leem 1

Lichte zavel 1

Veen 2

Zand 54

Zware klei 1

Naaldbos 38

Leem 1

Zand 37

Riet 34

Bebouwing, enz 4

Lichte klei 6

Moerig op zand 1

Veen 6

Water 3

Zand 8

Zware klei 3

Zware zavel 3

Tak_tophout 33

Bebouwing, enz 2

Water 1

Zand 29

Zware klei 1

Veen 5

Veen 5

0 591

Bebouwing, enz 64

Leem 7

Lichte klei 4

Lichte zavel 11

Moerig op zand 1

Veen 16

Water 8

Zand 468

Zware klei 6

Zware zavel 6

Eindtotaal 1411
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wildfires occurring in reed, sand is not necessarily the most frequent soil texture (24% sand) and the 
wildfires also occur often at soil types like light clay (18%). It must be noted that not all wildfires had a 
vegetation classification (only 58% had a vegetation assigned).  
 
Furthermore, the soil types of wildfires per land use were determined (Appendix F). Mainly most of 
the wildfires occurring in forest and agricultural grass occurred on the soil texture sand. 85% of the 
wildfires in agricultural grass occurred on sand and 97% of the wildfires in deciduous or coniferous 
forest occurred on sand. On the other hand, sand is not the most frequent soil texture for wildfires in 
cereals (11% wildfires on sand for cereals) but light loam, and for raised bogs (these occurred mainly 
on peat). However, all land uses having more than one observation, except cereals and raised bogs, 
had that the wildfires occurred mainly on sand.  
 
In Appendix E bar charts can be found which give an overview of the vegetation types and land uses of 
all wildfires during the study period. From these bar charts it is visible that most wildfires occur in 
agricultural grass and forests. 
 
Lastly, Figure 33 in Appendix F the soil types in coniferous forest are compared to the soil types of 
wildfires in coniferous forest. This was done in order to study whether wildfires in coniferous forests 
occurred randomly on soil textures, or whether the location of wildfires is correlated to soil texture. It 
is visible that wildfires in needle leaf forests occur more on sandy soils than the relative amount of 
sand in coniferous forests. However the difference is small and it is difficult to say if this difference is 
significant due to the small size of the sample and the inaccuracy of the soil type and land use 
classifications of wildfires.  
 
 

3.1.5 Groundwater level of wildfires 

 
Figure 13. a) Mean lowest groundwater level  in The Netherlands and at wildfire locations. b) Mean highest groundwater level  
in The Netherlands and at wildfire locations. The number of observations differs because of the incomplete coverage of the 
groundwater data (it is missing for built-up areas). 

The mean highest and lowest groundwater levels are deeper for wildfire locations compared to the 
whole of The Netherlands, as can be seen in Figure 13. The median of the mean lowest groundwater 
level in 145 cm for The Netherlands and 187, 174 and 149 cm for a 20, 200 and 2000 meter buffer 
respectively. The median of the mean highest groundwater level in 49 cm for The Netherlands and 84, 
82 and 67 cm for a 20, 200 and 2000 meter buffer respectively. It can be seen that the buffer size has 
an impact on the results of the groundwater levels of wildfires. The larger the buffer around wildfires, 
the lower the groundwater levels and the more similar the groundwater levels are compared to NL. 
This could probably be due to the fact that more area is taken into account and the values are more 
averaged towards the average of the whole of The Netherlands. The smaller buffers (20 and 200 m) 
have a relatively higher fraction of deeper groundwater levels compared to the larger buffer size (2000 
m). 
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Furthermore, in Appendix G histograms are given which show the mean lowest and highest 
groundwater levels in The Netherlands and of wildfire locations. A difference is visible between the 
histograms of The Netherlands and, as the groundwater levels in The Netherlands are relatively more 
equally distributed compared to the groundwater levels of wildfires. There are two peaks in the 
histograms, one at shallower groundwater levels and one at deeper groundwater levels. However, the 
peak at deeper groundwater levels is more distinct and relatively higher for the wildfire locations than 
for The Netherlands. This indicates that wildfires occur relatively more on deeper groundwater levels 
compared the distribution of groundwater levels in The Netherlands for this dataset. 
 

   

Figure 14 The mean highest and lowest groundwater levels (in cm below surface) of wildfire locations per soil type.  

In Figure 14 it is visible that the groundwater levels of wildfires differ per soil type. The results are 

similar of the mean highest and the mean lowest groundwater level. Both show deepest 

groundwater levels at loam and built-up, and the shallowest groundwater levels for peat, heavy clay 

and peat on sand.   

Soil texture Average of mean highest groundwater level# wildfires

Build-up 121 119

Loam 162 15

Light clay 58 12

Light loam 67 29

Peat on sand 35 4

Peat 31 41

Water 74 28

Sand 94 1124

Heavy clay 39 14

Heavy loam 69 25

Average: 93 1411

Soil texture Average of mean lowest groundwater level # wildfires

Build-up 210 119

Loam 254 15

Light clay 151 12

Light loam 159 29

Peat on sand 122 4

Peat 100 41

Water 159 28

Sand 188 1124

Heavy clay 116 14

Heavy loam 161 25

Average: 185 1411
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3.2 Spatial analysis of wildfires in North-western Europe 

 
Figure 15 Spatial distribution of wildfires and burned area in North-western Europe overlayed on top of the USDA soil texture 
map reprinted from (Ballabio et al., 2016) 
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3.2.1  Soil textures and wildfire occurrence 

 
Figure 16. a) Comparison of the USDA soil textures in North-western Europe and in burned areas that occurred in 2008-2019. 
Red bars (Y1) show the total burned area per soil texture (expressed as the relative ratio of burned area), the yellow bars 
(Y2) show the number of wildfires per soil texture (expressed as the relative number of wildfires) and the blue bars show the 
relative area of the soil textures in North-western Europe. 

Most of the wildfires that occurred in the period 2008-2019 in North-western Europe, occurred on 

sandy loam and on loam. Sandy loam and loam also have the largest amounts of burned area. 

However, loam and sandy loam are also the most common soil textures in North-western Europe. 

Sand on the other hand is not very common in North-western Europe but has a relatively higher 

number of wildfires. Contrastingly, the burned area on these soils is relatively low. Silt-loam is a 

relatively common soil type in North-western Europe (10% of the area) but not a lot of wildfires 

occur on these soils.   
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Figure 17 Density graphs showing the difference in sand content, clay content, silt content and available water capacity 
between North-western Europe and the burned areas in North-western Europe.  

In Figure 17 it can be seen that there is a higher sand content at burned areas compared to the whole 

of North-western Europe. Furthermore, there is a lower silt content, clay content and available water 

capacities at burned areas. Wildfires seem to almost not occur at low sand contents (<40%).  
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3.2.2 Land use and soil texture of wildfires in North-western Europe 
 
Table 3 Soil texture of wildfires per land use in North-western Europe. Data bars have been added per land cover to show 
which soil type occurs most frequent. NA means that there was no data at the burned area. 

     
 

Most of the wildfires occurred at Peat bogs, moors and heathland. Peat is not part of the 

classification of the USDA soil texture, but the peat bogs are mainly classified as loam and sandy loam 

by the USDA classification. Most wildfires in moors and heathland occurred at loam, just as wildfires 

in natural grasslands and transitional woodland-shrub. Further, a lot of the wildfires in coniferous 

forest and mixed forest occurred on sandy loam.  

 

In Appendix J the number of wildfires and the burned area per land use is drawn in bar charts. In 

these bar charts it is visible that the burned area is relatively large of peat bogs and coniferous 

forests.  

Land cover # Wildfires

Beaches, dunes, sands 1

Sandy Loam 1

Broad-leaved forest 4

Loam 2

Sandy Loam 2

Burnt areas 16

Loam 12

Sandy Loam 4

Coniferous forest 95

Loam 8

Loamy Sand 3

Sand 7

Sandy Loam 77

Industrial or commercial units 2

Loamy Sand 1

Sand 1

Land principally occupied by agriculture,

with significant areas of natural vegetation 3

Loam 1

Sandy Loam 2

Mixed forest 4

Loam 1

Sandy Loam 3

Moors and heathland 132

Clay-Loam 4

Loam 55

Loamy Sand 20

Sand 24

Sandy Loam 19

Silt-Loam 3

Silty Clay-Loam 1

NA 6

Natural grasslands 14

Loam 9

Sandy Loam 1

Silt-Loam 3

NA 1

Non-irrigated arable land 5

Clay 1

Loamy Sand 1

Sand 1

Sandy Clay-Loam 1

Sandy Loam 1

Pastures 4

Loam 4

Peat bogs 146

Loam 91

Loamy Sand 4

Sand 2

Sandy Clay-Loam 1

Sandy Loam 40

Silt-Loam 1

Silty Clay-Loam 1

NA 6

Sparsely vegetated areas 24

Clay-Loam 1

Loam 11

Loamy Sand 1

Sandy Loam 7

NA 4

Transitional woodland-shrub 47

Loam 8

Loamy Sand 1

Sandy Loam 38

NA 1

Loam 1

Total 498
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3.2.3 Groundwater level of wildfires 

 

Figure 18. (a+b) Boxplots showing the difference in groundwater levels between (a) North-western Europe and (b) within 
burned areas. The boxplots represent the 25th percentile, the median and the 75th percentile. The whiskers represent +/- 1,5 
* the interquartile range. Not all outliers of the deeper groundwater levels are shown. (c) Density plot showing the 
difference in groundwater levels between of North-western Europe and of burned areas.  

In Figure 18 it can be seen that the groundwater levels are generally lower for burned areas than in 

North-western Europe in total, thus lower groundwater levels are overrepresented by the burned 

areas. In North-western Europe there are more outliers of deeper groundwater levels, but this is 

likely to be caused by deep groundwater levels in the dataset of mountains. Due to these outliers, 

the density graph probably shows a lower peak at North-western-Europe compared to the burned 

areas. In Figure 18 a) and c) it can be seen that most wildfires do not occur on the most shallow 

groundwater levels. 

 

 
Figure 19 The groundwater levels (in m below surface) of wildfire locations per soil type. 

Soil texture # wildfires Average groundwater level

(m below surface)

Clay 1 3

Silty Clay-Loam 2 15

Sandy Clay-Loam 2 24

Clay-Loam 5 63

Silt-Loam 7 31

Loam 203 37

Sand 35 8

Loamy Sand 31 12

Sandy Loam 195 19

NA 17 33

Total: 498 Average: 26
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Figure 20. The groundwater levels of wildfires on a) loam (n= 203) and b) sandy loam (n=195), drawn in a histogram 
showing the relative frequency (fraction) within a bin size of 10 meters  

In Figure 19 and Figure 20 it can be seen that the groundwater levels of wildfires differ per soil 

texture. Wildfires on loam occurred relatively more on deeper groundwater levels as compared to 

wildfires on sandy loam.  The groundwater levels of different soils textures  may vary in general in 

North-western Europe as well, but this was not studied.  

a) loam b) sandy loam 
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3.3 Temporal analysis of wildfires in The Netherlands 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 21 Relative number of wildfires (%) per month for different soil types, regarding the period 2017-2019 in The 
Netherlands. ΨOther ǎƻƛƭ ǘȅǇŜǎΩ are heavy clay, light clay, heavy loam, light loam, loam, peat and peaty on sand. Wildfires that 
ƻŎŎǳǊǊŜŘ ƻƴ ǘƘŜ ǎƻƛƭ ǘŜȄǘǳǊŜ ΨǿŀǘŜǊΩ ŀǊŜ ƴƻǘ ǾƛǎǳŀƭƛǎŜŘΦ 

 
Figure 22. Relative number of wildfires (%) per month for different groundwater levels, regarding the period 2017-2019 in The 
Netherlands.  

 

Figure 23 Boxplot of the day-number of wildfires for different soil textures and groundwater levels. MLGL is the mean lowest 
groundwater level in cm below the surface and MHGL is the mean highest groundwater level in cm below the surface. ΨOther 
ǎƻƛƭ ǘȅǇŜǎΩ are heavy clay, light clay, heavy loam, light loam, loam, peat and peaty on sand. 

Regarding all the wildfires in The Netherlands in the period 2017-2019, most fires occur in July and 

April (see Figure 22). Especially a lot of the wildfires in July occurred in 2018 (see Figure 40 in 0). In 

2018 45% of the wildfires occurred in July.  

 




























































