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The effects of burn severity on soil 
properties                                                                  
Infiltration rate, moisture, grain size distribution, and carbon content 

Hälleskogsbrännan as an example. 

Ola Haddad 

Abstract 

This study focuses on soil hydrological parameters that are expected to be related to burn severity in 

forests; infiltration rate, soil moisture, grain size distribution and carbon content along a burn severity 

gradient in Västmanland Sweden, where a major fire occurred in 2014. Hälleskogsbrännan was 

divided into two burn severities: a moderate severity and a high severity, and a control area. Ten soil 

samples were taken for laboratory analyses at each severity level. Soil moisture and infiltration rate 

was measured in situ. Infiltration rates and soil moisture were highest in the most severely affected 

site, whereas fire effects on soil texture were insignificant. Soil organic carbon content was highest at 

the low fire severity site, followed by control and high severity fire sites. Inorganic carbon content 

followed the opposite trend. These results had clear trends but were insignificant, this call for more 

comprehensive sampling to separate possible confounding site effects. 

Sammanfattning 

Denna studie fokuserar på de hydrologiska parametrar som kan tänkas vara kopplade till hur 

omfattande en skogsbrand blir; infiltrationshastighet, markfuktighet, kornstorleksfördelning och 

kolhalt längs en brand-svårighetsgrad gradient. Studieområdet ”Hälleskogsbrännan” delades in i två 

brand-svårighetsgrader: en medel svårighetsgrad och en hög svårighetsgrad och ett kontrollområde . 

Tio jordprover togs för laboratorieanalyser på varje svårighetsgrad. Markfuktighet och 

infiltrationshastighet mättes på fält. Infiltrationshastighet och markfuktighet var högst i de svårast 

drabbade områdena, medan brandens effekter på kornstorleksfördelning gav insignifikanta resultat. 

Markens halt av organiskt kol var högst i områdena med låga brand-svårighetsgrad, följt av kontroll 

och hög svårighetsgrad. Oorganiskt kolinnehåll följde en motsatt utveckling. Att resultaten hade 

tydliga trender men var ofta insignifikanta visar ett behov av mer omfattande analyser och därtill även 

provtagning för att avskilja eventuella oklarheter. 
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2 Introduction 

Forest fires play an undeniable role in defining forest hydrological, geomorphological and ecological 

features, and are the defining factor behind the formation of post-fire forests. The selective elimination 

of vegetation normally enhances the forest (Ahlgren & Ahlgren, 1960). By excluding the pre-fire 

dominant species, forest renewal is allowed (Certini, 2005). Certini explains further that forest fires 

often improve some soil properties in a positive way, for example, nutrient contents and soil pH 

increase in association with a forest fire. However, increased burn severity affects soil properties 

negatively by the significant removal of organic matter from the soil, higher infiltration rate, the 

increase of soil repellency and weaken structure and porosity. Those changes in soil properties lead to 

a vulnerable soil that leaches nutrients and can easily be eroded. Even the soil organisms communities 

face changes in composition and quantity due to higher burn severity (Certini, 2005) 

 

 

According to several studies, the forest fires effect is determined by the burn severity, which in its role 

can be enhancing or deleterious for the vegetation (Ahlgren & Ahlgren 1960. Certini, 2005. Doerr et 

al., 2005. Shakesby & Doerr, 2005. Yue et al, 2016).  

The definition of burn severity is crucial as it could be easily mixed with other definitions related to 

the subject, such as fire severity, fire intensity (Keeley, 2009) and even burn depth. The latter refers to 

the spreading of fire under the ground that often occurs in very dry organic soil types- in the form of 

slowly burning embers (Granström, 2016). This kind of burning can continue to spread a long time 

after the fire front has moved on and is dependent on the composition and moisture of the soil.  

Keeley has discussed the way those terms are used and came up with a reasonable definition for each 

of them. In this paper I will be referring to his definition of burn severity: the fire intensity effect 

above and under the ground, that is to say on vegetation and soil.  

 

 

This study focuses on the following parameters and how they correlate with burn severity; i) Water 

infiltration rate, ii) Soil moisture, iii) Grain size distribution and iv) Soil carbon content. 

 

Infiltration rate is the rate or speed at which water passes a porous medium, under a unit potential 

energy gradient. This parameter is important to quantify how much water can infiltrate the soil during 

a rainfall event. Water that does not infiltrate contributes to surface runoff. Soils with coarse texture 

(e.g., sand) have higher infiltration rate than fine-textured soils because they have larger pores that 

efficiently conduct water In fine textured soils, cracks and aggregates can improve hydraulic 

conductivity and thus infiltration rate(Dingman, 1994). Hence, any effect of fire on these properties is 

also expected to affect the infiltration rates. Infiltration rate correlates also with hydrophobicity in a 

complex way (Letey, 2001). Letey explains how the repellency increases with the increase of burn 

severity, but very high temperatures (>300 ᵒC) eventually can destroy hydrophobicity because the high 

temperature cause evaporation of organic matter compounds that later on condenses to form higher 

repellency in the deeper layers of the soil, compared to the repellency that forms as a result of lower 

burn severities. This repellency directly influences the depth of ponded water (Letey, 2001) which has 

a direct impact on the infiltration rate (Dingman, 1994. Letey, 2001). Hence, we can expect lowered 

infiltration rate in low fire intensity areas due to increased repellency, but higher infiltration rates in 

high fire intensity areas, where the surface repellency was reduced by high Hence, we can expect 

lowered infiltration rate in low fire intensity areas due to increased repellency, but higher infiltration 

rates in high fire intensity areas, where the surface repellency was reduced by high 

 

Soil moisture or volumetric water content can be expressed as the percentage of water volume to the 

soils volume. Temperature, porosity, grain size distribution and rain are some of many factors that 
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might affect soil moisture (Dingman, 1994). The fire severity is expected to affect the factors 

controlling soil moisture, which will, in turn, affect the water available for vegetation in the soil. 

 

Another property that will be considered in this study is carbon content. González-Pérez describes in 

detail how this property affects soil composition, moisture and even soil biological mass (González-

Pérez, 2004). In the context of this study, organic carbon could be used as a proxy of burn severity, 

because more intense fires are expected to oxidize more organic carbon compared to less intense ones. 

Organic carbon content is important for the vegetation and its removal from the soil can affect the 

nutrients available in the soil according to burn severity (Certini, 2005). 

 

The frequency of forest fires in Sweden has decreased from one forest fire each 80years before the 19th 

century, to one forest fire per 155years. (Zackrisson, 1977), here we focus on a particular forest fire in 

Sweden. The study area of Hälleskogsbrännan, was affected by a huge forest fire in the summer of 

2014 (Länsstyrelsens website, 2016), and consists of a complex mosaic of burn severities (Granström, 

2016) and therefore is a suitable study to study soil property trends along a burn severity gradient. 

 

Study aim: to compare how forest fire burn severity affects soil properties: infiltration rate, soil 

moisture, grain size distribution and carbon content in the surface soil. The study is not only intended 

to compare data but also to offer data for further future studies, via soil samples archiving. Since the 

chosen study area is in the last phase of first succession stage, it would be impossible to gather more 

samples for future research from Hälleskogsbrännan. 

 

3 Methods and Materials 
 

3.1 Study Area  

On 31 July 2014, a large forest fire started in Västmanland. Due to the very dry ground at the time, a 

forest fire was expected to occur. When the fire started it became rapidly out of control as the humidity 

and wind speed at the time enhanced the spreading and the intensity of the fire. The fire lasted for 5 

days, consumed a lot of resources and was hard to contain. One person lost his life, 1000 people were 

evacuated and 13100 hectares were burned, of which about 9600 of productive forest (Swedish Civil 

Contingencies Agency [Myndigheten för Samhällskydd och Beredskap] MSB, 2015). 

 

In 2015, an area of 6420 hectares became a nature reserve and was given the name Hälleskogsbrännan. 

There are unique rules for each reserve in Sweden, when it comes to this reserve, one of the reasons it 

was established for, is to offer a suitable scientific research environment on forest fires and their 

impact on nature (Länsstyrelsens website, 2016). In order to conduct experiments or take samples 

from the reserve, a written approval from County Administrative Board of Västmanland 

[Länsstyrelsen] is required.  

 

Three locations were chosen within Hälleskogsbrännan: one location for control and two locations 

representative of different levels of burn severity. The two locations were classified according to burn 

severity, where fire severity was used as an indicator of the burn severity. Locations had the same soil 

type (clay) in order to make the results comparable, and were determined firstly on the map (Figure 1). 

Burn severity was determined in the field. 

 

Keeley (2009) proposed a classification of fire severity. His definition was considered only with 

regard to tree stem status as it is hard to differentiate between other fire severity indicators two years 

after the actual fire: location A had moderate or severe surface burn, and was identified by trees with 

some canopy cover killed, but needles not consumed, B was the control area and C represented the 

highest burn severity, with signs of deep burning or crown fire, where canopy trees are killed and 

needles are consumed. 
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3.1.1 Maps 
By combining soil maps from the Geological Survey of Sweden [Sveriges Geologiska Undersökning] 

(SGU), maps provided by County Administrative Board [Länsstyrelsen] and using a Photoshop 

program (Adobe Systems), the burned forest area was identified and marked as in Figure 1. 

 

 
 

 

3.2 Sampling and Field Measurements  
 

In order to be able to compare results obtained from samples, the same clayey soil type was collected 

from all locations. Clayey soils are easier to handle both when sampling, and when measuring 

infiltration rate in situ. The soil type map (Figure 1) was used to locate clayey soils in the post-fire 

area. Ten sub samples were collected for each burn severity using a net-like model when possible, 

within 50 meters from the start point (geographic coordinates are available in the appendix) having a 

total of 30 samples to work with.   

 

A shovel and plastic bags were used to collect samples in the field. Samples were then taken to 

Stockholm University soil laboratory, to analyze grain size distribution and carbon content.  

Vegetation and other observations were noted in place. To avoid error, sampling plots were always at 

least 2 meters away from the road.  A TOMTOM-XL GPS model: 4ET03 was used to obtain the 

coordinates of each location. 

 

Pilot studies 

A pilot study was conducted for infiltration rate and soil moisture before actual field measurement for 

the goal of practice. Detailed specification of the study is available in the appendix. 

 

3.2.1 Infiltration rate  
 

Materials  

Hammer, watch or timer, wood block, ruler, water (at least 2 liters), ring infiltrometer of 10 cm 

diameter. 

 

 

Figure 1: To the left, a soil type map over 

Hälleskogsbrännan. The shadowed area is the 

reserve area, the red squares represent ongoing 

research locations and the colored lines show the 

status of the roads: green= accessible, blue=barred 

and purple=inaccessible. 

Black squares represent the locations where 

samplings have been conducted. Here below a 

topographic map of Hälleskogsbrännan (red circle) 
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Method 

Infiltration rate was measured in situ using a single ring infiltrometer. The falling head method was 

used (Dingman, 1994). That is to say, a known amount of water (1L) was added quickly to the ring, 

and then the difference in water level inside the infiltrometer was noted under a given period of time. 

Here below are the details of how the experiment was conducted.  

 

With the help of a marker pen and a ruler, a vertical line 10cm from the ring end was marked, 

followed by another vertical line about 5cm from the first line. This step has been conducted before 

field work. The wood block was used to protect the ring while hammered into the soil paying attention 

to maintaining the ring side vertical to ground level, and the lower mark at the bottom of the 

infiltrometer ring. A ruler was placed inside the infiltrometer. 

 

The test was started by pouring water into the ring until the water reached the mark at the top of the 

ring. This has been done quickly then immediately the watch timer was started.  Time and water 

height were noted at the beginning and the end of the session in seconds. Infiltration rate = Δ height 

(mm)/Δ time (h). 

 

3.2.2 Soil Moisture 
Materials 

Delta–T Devices Ltd: moisture meter-type HH2 version 4.0.1, Theta Probe; soil moisture sensor-type 

ML2x. 

 

Method 

Soil moisture was measured in situ, where infiltration rate measures were taken. First moisture meter 

was turned on, and then the soil moisture sensor was inserted into the soil. The last step was to start 

measuring by clicking the start button, checking that a stable reading was attained. Values shown on 

moisture meter screen were recorded. In the following, all soil moisture values were reported as 

percentages on a volumetric basis.  

 

3.3 Laboratory Analysis  
 

3.3.1 Grain Size Distribution 
Materials 

For the granulometric analysis, sieves of 4 sizes 11,2mm, 5,6mm, 2mm, and 1mm. were used together 

with sample separator, grinder, scale, spoon and a C.I.S.A. Electromagnetic sifter, RP-03.   

Method 

All samples were treated in the same way; first, samples were carefully grounded to eliminate the 

aggregates of the soil, then the soil was mixed. Samples were separated using a sample separator. 

Approximately same weight was obtained from the separation process. 

Each sieve was cleaned and weighed before use and the weight of the empty sieve was noted. The 

sieves were arranged according to the following order from top down; lid, 11.2, 5.6, 2, 1 and bottom. 

After sealing the sieves properly they were put in a sifting machine for 60 minutes. The weight of each 

sieve with retained material after sifting was noted in grams, in order to calculate weight and the 

weight percentage of each grain size after sifting.  

 

3.3.2 Carbon Content 
Materials: 

30 ceramic crucibles, 2mm sieve, grinder, firebrick, a sampling device (spoon), desiccators, muffle, 

Memmert drying oven, W. Seemann type TYP334K furnace, Carbolite LMF3 furnace and a balance 

weighing in grams up to 3 decimal places. 

Method: 

Loss On Ignition (LOI) method was used to obtain both organic and inorganic percentage of the soil in 

the laboratory (following Heiri, 200 and Walter, 1974). 



5 

 

All samples were treated the same way; first, a spoon of the soil sample was sieved. Retained sample 

was pulverized. The ceramic crucible was weighed, and the weight was noted. Approximately 2grams 

of the pulverized soil were added to the crucible. Crucibles with added soil were weighed in order to 

be able to calculate eventual sample weight. Crucibles were subsequently placed in the drying oven at 

105ᵒC for one hour and then placed in a desiccator until they reached room temperature. All crucibles 

were weighed after cooling down and the dry weight was noted. 

 

To calculate the organic carbon content, crucibles were placed on a firebrick and put in the muffle 

furnace (W. Seemann type TYP334K) at 550 ᵒC for four hours. When the temperature decreased to 

270 ᵒC crucibles were placed in the desiccator until they reached room temperature.  Samples were 

weighed after cooling and their 550 ᵒC weights were noted in grams. This procedure allowed 

calculation of the organic carbon content by difference since organic matter is fully oxidized at 550 ᵒC 

 

To calculate the inorganic carbon content, crucibles were placed on a firebrick and put in the muffle 

furnace (Carbolite LMF3) at 950 ᵒC for two hours. When the temperature has decreased to 270 ᵒC 

crucibles were placed in the desiccator until they reached room temperature.  Samples were weighed 

after cooling and their 950 ᵒC weights were noted in grams. Inorganic carbon content was obtained 

again by difference. 

 

3.4 Statistical Analysis  
 

3.4.1 ANOVA 

A single factor ANOVA test was run in Microsoft Office Excel on all obtained data for respective 

measured parameter along the burn severity gradient and the control. The ANOVA test was used to 

obtain the average, p- value and variance between and within the two severities and the control for 

each parameter.  All plots show the mean of the observations at each location, including error bars 

(Standard error). 

 

 

4. Results  
 

4.1 Vegetation 
Observed vegetation characteristics are reported in Table 1  

 
 

Location  

 

Dominant vegetation 

 

Other notes 

A Lichens (Marchantia polymorpha), mosses (Polytrichum 

commune) and low grass. Picea abies (young regeneration 

trees) and Pinus sylvestris (collapsed half burned trees) 

Wetland.  

B1 Grass and mosses About 100m from A deforested 

(anthropogenic effect) 

B2 Spruce , pine, grass  and lingonberry shrubs (Vaccinium vitis-

idaea)  
Wetland. 

C1 Pinewood; mosses, lichens, grass and fungus (Gyromitra 

esculenta, and several Pezizales species) 

Wetland  

C2 The ground is almost entirely covered with lichens 

(Marchantia polymorpha) and mosses. 
The test plot is in direct contact with a 

slope (not a part of it). The ground was 

severely burned, with many charcoal 

fragments on the soil surface.  

Many small Carabidae species (not 

identified)   

 

 

 

 

Table 1: a description of vegetation for each sampling plot 
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4.2 Infiltration Rate 
Figure 2, compares the values of infiltration rate or the different burn severities and the control area. 

The control area had an infiltration rate average of 397.5 mm/h. Less burned areas had the least 

infiltration rate average at 200.7 mm/h, while the most burned areas had the highest infiltration rate 

average at 862.1 mm/h. The ANOVA test gave a 0.24 p-value, indicating no significant differences (as 

expected given the high variability). 

 

 

 

       
 

 

4.3 Soil Moisture 
Location A had average field soil moisture of 46.51% while location B had 34.38%, location C had 

52.04% and the p-value was 0.03 (Figure 3) 
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Figure 2: Diagram showing 

a comparison between the 

average infiltration rate in 
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Figure 3: Diagram showing 

a comparison between the 

average soil moisture 
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bars (Standard error) for 
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water content was observed 

at location C with the 

highest burn severity. 
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4.4 Grain Size Distribution 

Figure 4 shows differences between grain size distributions for respective burn severity, suggesting 

that differences between the locations are minimal. 

 

 

 

 
 

 

 

 

4.5 Carbon Content 
 

The first step of LOI determines the average percentage of water in the respective sample. Water 

content for samples from the highest burn severity had least water content in average at 1.57% of 

original samples weight. Next was the less severity at 1.85% of the dry samples weight, while the 

control had the most water content in soil at 2.32%. The water content of the samples obtained in the 

laboratory gave the percentage of dry soil for the two burn severities and the control by subtraction. 
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In the case of organic carbon content, samples from the low fire severity location had most organic 

carbon content in average at 8.96% of the dry samples weight, followed by control at 8.40% and the 

most burned which had the least value at 7,59%  

 

 

       
 

 

In contrast, the lower burn severity samples had the lowest inorganic carbon value in average at 

0.53%, followed by the control at 0.70% and the most burned soil samples had most inorganic carbon 

content at 0.84%. 

      
 

 
5. Discussion  

 

In this section, methodological issues related to the selection of the sites are discussed first. Second, 

the results are commented, following the same presentation order as in results section. 

  

Location choice and sampling limitation 

 In an interview made with Prof. Granström, he explained that different locations will not have a 

homogenous burn severity, but they will rather consist of a mosaic of burn severities which makes it 

difficult to create a burn severity map and that it would be much easier to decide the burn severities in 

situ. That is why the sampling sites were not only decided on the map according to soil type but also 

were sought in the field. For example, the last location (C2) was not mapped as clay on the map, but it 

was selected by direct observation in the field instead. The soil was tested with in situ methods (by 

rolling the clay in the hand to see how thin it became) to verify that the texture was consistent with 

other sites, and then the site was added to the sampling plots. 

 

Soil sampling and location choice was limited due to access issues. As a consequence, sampling could 

not be conducted on a regular net-model as planned. The problem was solved by leaving a 20m 

distance between the sampling plots. 
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the average inorganic 

carbon content percentage 

to the dry soil weight and 
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content was observed at 

location C with the highest 

burn severity. 

 

Fig 6: Comparison between 

the average organic carbon 

content percentage to the 

dry soil weight and the 

error bars (Standard error) 

for all locations. Highest 

organic carbon content was 

observed at location A with 

the moderate burn severity. 
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Infiltration rate 

 Despite that results have not given any statistical significance difference across sites (p-value larger 

than 0.05), a clear tendency was observed between locations. The highest burn severity site had the 

highest infiltration rate on average at 200,7mm/h. This value could be used as an indication of a high 

burn temperature that might have destroyed the soil repellency or influenced the structure of the soil. 

The increased infiltration rate normally causes a decrease in infiltration rate but with time a mosaic 

pattern of wet and dry zones forms. This pattern is highly dependent on the depth of ponded water 

among other factors (Letey, 2001).  On one hand this might be an explanation for the large variance of 

the sampling plots within each location. On the other hand, the results of the infiltration rate were 

compared to the results of Laio et al. (2001), the comparison showed a clear difference between the 

results, where the results of this study had much higher values than the results presented in Laio et al. 

(2001). 

 

The removal of the uppermost vegetation layer possibly had affected the infiltration rate results; this 

has probably contributed to higher infiltration rates. Dingman (1994) mentions some characteristics of 

the soil that might have an impact on the infiltration process (Page, 235), such as depth of ponding and 

vegetation type. Those characteristics are thought to be relevant for this case and could have 

influenced the results.  

 

Soil moisture 

When measuring soil moisture in the field, sometimes the moisture sensor gave an “above table” 

reading and a new measurement was taken. On the other hand, some other readings exceeded or were 

far below the average of the location where values were taken. To solve this problem several readings 

were made to ensure that a representative average value was retrieved. The light rain that fell between 

13:00-14:30 on 4 May 2016, could also have led to a minimal consequence on the results. But 

probably not enough to validate the statistically significant difference Figure 3. 

 

Grain size distribution 

The curves indicated clearly a clayish soil type (Figure 4), which is consistent with the results of 

testing the soil in the field. Although samples were separated with the help of a sample separator, 

choosing the sample on the right side at all time, the larger grain size might have had been 

overrepresented anyway. The uppermost vegetation layer was not removed when soil samples were 

gathered, as the charcoal laid tightly between vegetation and unburned soil.(did that make locations 

better or bias) 

 

Carbon content 

The soil samples have lost some moisture from the journey from field to laboratory. Although they 

were put in plastic bags when collected, they were put in bowls that are not air tight even if they were 

covered, which will give a difference between soil moisture measured at field and water content 

obtained from conducting LOI in the laboratory. 

Despite the insignificant results of organic carbon content with a p-value 0.55, the average of the 

results shows a clear tendency that confirms previous researchers (Certini, 2005.) : the highest burn 

severity had least organic carbon content followed by the moderate severity while the control had the 

highest organic carbon content, showing that the harder the burn severity is, the more organic matter 

will be removed from the soil. This is even confirmed by the inorganic carbon content that shows an 

evidently significant p-value 0.001 with a trend opposing the organic carbons.   

 

According to Heiri (2001) and Walter (1974), the type or brand of the furnace and how crucibles are 

positioned in the furnace can influence results. Even the burning temperature and the duration of 

burning is an important aspect that should be considered. All samples were treated the same, so at 

worst if there is a bias, it would be for the whole dataset. 
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6. Conclusions 
Burn severity is the key opening the door to the rising forest after a forest fire, as it directly influences 

the hydrological characteristics of the soil. Those characteristics correlate with each other along a 

gradient of burn severities in a very complex way. While some correlations are still unclear, here 

differences between organic carbon content were found supporting the hypothesis that more intense 

fires reduce soil organic matter content. Differences among infiltration rates across sites were masked 

by high spatial variability, requiring, here differences between organic carbon content were found 

supporting the hypothesis that more intense fires reduce soil organic matter content. Differences 

among infiltration rates across sites were masked by high spatial variability, requiring more studies to 

investigate this relation. 

 

7 Summery 
Forest fires play a very important role in redefining post-fire forests. Although severe burn severities 

have a deleterious impact on the forest, the moderate burn severities enhance biodiversity by 

eliminating the dominant vegetation, making space for other species to come forth. Hence, it is 

important to understand how forest fires work and how do their characteristics correlate with each 

other.   
The results of this study confirmed the presumptions made at the beginning of this paper, showing 

clear differences in the study areas values among the burn severity gradient´, despite the high variance 

within each location, but still inconclusive enough to construct a clear relation between retrieved 

values, more detailed studies are still needed to inspect the relation between those factors. 
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a: Västmanlands Länsstyrelsens approval and related documents .The following documents are a 

copy of Länsstyrelsens approval, which has been used in choosing study area and defining sampling 

locations. All obligations, instructions, and recommendations related to the nature reserve were 

followed carefully. 

 
Annex 1: Original document: approval and terms of sampling Board of Västmanland 

[Länsstyrelsen]. 
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Annex 2: Original document: approval and terms of sampling. Board of Västmanland 

[Länsstyrelsen] 
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Annex 3: Original document: Approval application.  County Administrative Board of Västmanland 

[Länsstyrelsen] 
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Annex 4: Original document: a map showing the burned forest area. Shadowed areas are ongoing research 

locations that should be avoided. County Administrative Board of Västmanland [Länsstyrelsen] 
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. 

 

 

Annex 5: Original document: road accessibility map. Green: open roads. Blue: barred roads, entrance possible.  Red: 

barred roads, entrance should be avoided. County Administrative Board of Västmanland [Länsstyrelsen] 
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b: Original maps. 

Here below are the original maps from SGU that have been used in creating the maps used in the field 

along with maps provide by County Administrative Board of Västmanland [Länsstyrelsen].   

 

 

 
 

 

 

 

 

Figure 1: Original soil type maps [Jordartskarta] used for creating the field maps from SGU Geological 

Survey of Sweden [Sveriges Geologiska Undersökning ] : 

 http://apps.sgu.se/kartgenerator/maporder_sv.html, accessed 20 April 2016. 
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Here below is the topographic map brought from Surveying office [Lantmäteriet] to show 

Hälleskogsbrännan location compared to Stockholm. 

 

 
 

 

 

 

c: Geographical coordinates. 

The coordinates were registered in situ after choosing every location with the help of a TOMTOM-XL 

GPS model: 4ET03. The road map provided by County Administrative Board of Västmanland 

[Länsstyrelsen] was adjusted to serve this purpose. The sites of the locations are approximate, and all 

coordinates are in SWERF99TM (North, East) system.  

 

 
Location A+ B1 N: 6634165 E:566258 

Location B2 N: 6635039 E: 567133 

Location C1 N: 6638793 E: 561053 

Location C2 N:6635117 E:567246 

 

 

 

 

 

 

 

 

 

  

 

 

 

Table 1: The coordinates of each sampling location 

Figure 2: Original map brought from Surveying office [Lantmäteriet]. 
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Figure 3, shows the locations on a combined and edited map. This map was used for finding the 

locations in the field.  

 

 
 

 

 

 

Figure 3: map used in the field for orientation. The map is a combination of County Administrative Board of 

Västmanland [Länsstyrelsen] documents. Photoshop program (Adobe System) was used for editing and to 

add sampling locations on the map. 
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d: Infiltration rate data. 

 

In this appendix raw data tables for infiltration calculation sheet are reported.  

 
Location A      

Site  h1 mm h2 mm Δh mm  Δt min. Infiltration rate 

mm/h 

1 80 mm 69 mm 11 mm 5 min  132 mm/h 

2 90 mm 73 mm 17 mm 1 min 1020 mm/h 

3 85 mm 79 mm 6 mm 1 min 360 mm/h 

4 68 mm 64 mm 4 mm  2 min 120 mm/h 

5 55 mm 50 mm 5 mm 2 min 150 mm/h 

6 34 mm 31 mm 3 mm 2 min 90 mm/h 

7 58 mm 56 mm 2 mm 2 min 60 mm/h 

8 60 mm 59 mm 1 mm 2 min 30 mm/h 

9 84 mm 83 mm 1 mm   2 min 30 mm/h 

10 91 mm 90.5 mm 0.5 mm 2 min 15 mm/h 

Average     200.7 mm/h 

 

 

 

 

 
Location B      

Site h1 mm h2 mm Δh mm Δt 

min. 

Infiltration rate 

mm/h 

1 87 mm 86.5 mm 0.5 mm 2 min 15 mm/h 

2 64 mm 52 mm 12 mm 2 min 360 mm/h 

3 67 mm  63 mm 4 mm 2 min 120 mm/h 

4 75 mm 73 mm 2 mm 2 min 60 mm/h 

5 78 mm 55.5 mm 22.5 mm 2 min 675 mm/h 

6 95 mm 70 mm 25 mm 1 min 1500 mm/h 

7 100 mm 84.5 mm 15.5 mm 2 min 465 mm/h 

8 95 mm 81.5 mm 13.5 mm 2 min 405 mm/h 

9 103 mm 99 mm 4 mm 2 min 120 mm/h 

10 90 mm 81.5 mm 8.5 mm 2 min 255 mm/h 

Average     397.5 mm/h 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Infiltration rate field measurements for location A; h1: water height inside the 

infiltrometer directly after adding water, h2: water height inside the infiltrometer 

directly after a given time Δt, Δt: time for the difference between h1 and h2, Δh: h1-h2. 

Table 3: Infiltration rate field measurements for location B; h1: water height inside the 

infiltrometer directly after adding water, h2: water height inside the infiltrometer 

directly after a given time Δt, Δt: time for the difference between h1 and h2, Δh: h1-h2. 

 



10 

 

Location C      

Site h1mm h2 mm Δh mm Δt min Infiltration rate mm/h 

1 85 mm 67 mm 18 mm 0.6 

min 

1800 mm/h 

2 75 mm 55 mm 20 mm 0.26 

min 

4511,2 mm/h 

3 90 mm 86 mm 4 mm 2 min 120 mm/h 

4 120 mm 116 mm 4 mm 2 min 120 mm/h 

5 100 mm 91.5 

mm 

8.5 mm 2 min 255 mm/h 

6 100 mm 96 mm 4 mm 2 min 120 mm/h 

7 95 mm 94.5 

mm 

0.5 mm 2 min 15 mm/h 

8 105 mm 55 mm 50 mm 2 min 1500 mm/h 

9 130 mm 129 mm 1 mm 2 min 30 mm/h 

10 70 mm 65 mm 5 mm 2 min 150 mm/h 

Average     862.1 mm/h 

 

 

 

 

 

e: Soil moisture data. 

 

Covers raw data tables for soil volumetric soil water content, and ANOVA calculation sheet 

. 
Site  Location A  Location B Location C  

1 19,2 % 14,1 % 43,7 % 

2 31,8 % 20,7 % 24,7 % 

3 46,5 % 28,6 % 46,5 % 

4 38,4 % 29,9 % 63,8 % 

5 51,8 % 25,7 % 68,3 % 

6 49,3 % 32,9 % 53,6 % 

7 40,5 % 29,2 % 55 % 

8 53,8 % 43,7 % 49 % 

9 69,8 % 72,8 % 57,1 % 

10 64 % 46,2 % 58,7 % 

Average 46,51 % 34,3 % 52,04 % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Infiltration rate field measurements for location C; h1: water height inside the 

infiltrometer directly after adding water, h2: water height inside the infiltrometer 

directly after a given time Δt, Δt: time for the difference between h1 and h2, Δh: h1-h2. 

 

 

Table 5: Reports measured volumetric soil tent percentage, measured in the field.  
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f: Grain size distribution data. 

 

This appendix includes detailed tables of grain size distribution for each location. 

 

Location A 
Grain size% >11.2mm% >5.6mmt% >2mmt% >1mm% <1mm% 

A1 0 % 3 % 15.1 % 10.3 % 69.6 % 

A2 10.9 % 1 % 9.4 % 10.9 % 67 % 

A3 7 % 4 % 8.5 % 10.3 % 69.2 % 

A4 10 % 2.4 % 8.8 % 8 % 70 % 

A5 0.4 % 3.2 % 7.3 % 5.7 % 83.2 % 

A6 1.3 % 4.1 % 3.8 % 3.1 % 86.8 % 

A7 8.4 % 4.4 % 13.8 % 11.9 % 61 % 

A8 14.9 % 1.5 % 9.1 % 10.3 % 63.6 % 

A9 1.5 % 6.1 % 14.8 % 9.2 5 % 67.1 % 

A10 0 % 0 % 3.2 % 4.8 % 90.2 % 

Average 5.4 % 3 % 9.4 % 8.4 % 72.8 % 

 

 

 

 

Location B 
Grain size% >11.2mm% >5.6mmt% >2mmt% >1mm% <1mm% 

B1 6.5 % 11.2 % 14.9 % 12.1 % 54.6 % 

B2 15.1 % 15.1 % 16.7 % 10.2 % 42 % 

B3 1.5 % 11.1 % 3.7 % 25.3 % 57.6 % 

B4 0 0 % 3.7 % 5.2 % 90.2 % 

B5 12.7 % 3.3 % 4.2 % 9.1 % 70.5 % 

B6 1.7 % 0.8 % 1.3 % 1.3 % 94.1 % 

B7 0 %  0.4 % 0.91 % 1.3 % 97.2 % 

B8 0 % 0 % 0.4 % 0.4 % 98.7 % 

B9 0 % 0.6 % 0.6 % 0.6 % 97.9 % 

B10 0 % 0.6 % 0.6 % 0.6 % 98.1 % 

Average 3.7 % 4.3 % 4.7 % 6.6 % 80.1 % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Detailed percentages of grain size in location A for each sampling 

plot.    

Table 7: Detailed percentages of grain size in location B for each sampling 

plot.    
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Location C 
Grain size% >11.2mm% >5.6mmt% >2mmt% >1mm% <1mm% 

C1 4.5 % 3.1 % 10 % 11.4 % 68.9 % 

C2 0 % 2.8 % 9.9 % 4.2 % 82.2 % 

C3 0 % 0 % 8.6 % 9.8 % 80.9 % 

C4 0 % 0.3 % 0.7% 1.4 % 97 % 

C5 0 % 0 % 0 % 0.4 % 98.5 % 

C6 0 % 0 % 1.4 % 0.9 % 97.6 % 

C7 0 % 0 % 0 % 0.3 % 99.6 % 

C8 0 % 0 % 2.4 % 1.2 % 96.4 % 

C9 0 %  0 % 1.4 % 0.9 % 97.6 % 

C10 0 % 0.4 % 3 % 2.6 % 93.4 % 

Average 0.4 % 0.6 % 3.7 % 3.3 % 91.2 % 

 

 

 

 

g: Carbon content data. 

 

This appendix includes detailed tables of water content percentage, organic carbon content percentage 

and inorganic carbon content percentage for each location. 

 

Basic collected data from LOI, used in calculations: 

 

Location A 

 
Vessel/Weight Empty V Soil+V Soil 

weight 

Dry+V Dry 

weight 

550+V 550 

weight 

1000+V 1000 

weight 

A1 17.7 g 19.724 g 1.962 g 19.707  g 1.945 g 19.555 g 1.793 g 19.542 g 1.78 g 

A2 18.645 g 20.564 g 1.919 g 20.506 g 1.861g 20.305 g 1.66 g 20.295 g 1.65 g 

A3 17.812 g 19.979 g 2.167 g 19.952 g 2.14 g 19.777 g 1.965 g 19.766 g 1.954 g 

A4 18.421 g 20.361 g 1.94 g 20.346 g 1.925 g 20.254 g 1.833 g 20.247 g 1.826 g 

A5 19.887 g 21.899 g 2.012 g 21.88 g 1.993 g 21.715 g 1.828 g 21.707 g 1.82 g 

A6 20.009 g 22.017 g 2.008 g 21.994 g 1.985 g 21.821 g 1.812 g 21.81 g 1.801 g 

A7 18.762 g 20.768 g 2.006 g 20.718 g 1.956 g 20.427 g 1.665 g 20.415 g 1.653 g 

A8 18.809 g 20.807 g 1.998 g 20.764 g 1.955 g 20.588 g 1.779 g 20.579 g 1.77 g 

A9 19.649 g 21.64 g 1.991 g 21.599 g 1.95 g 21.407 g  1.758 g  21.393 g 1.744 g 

A10 21.409 g 23.462 g 2.053 g 23.383 g 1.974 g 23.201 g 1.792 g 23.189g 1.78 g 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8: Detailed percentages of grain size in location C for each sampling 

plot.    

Table 9: Detailed LOI data for the water content calculations in location A, V= 

vessel 



13 

 

Location B 

 
Vessel/Weight Empty 

V 

Soil+V Soil 

weight 

Dry+V Dry 

weight 

550+V 550 

weight 

1000+V 1000 

weight 

B1 19.455 g 21.567 g 2.112 g 21.563 g 2.108 g 21.53 g 2.075 g 21.521 g 2.066 g 

B2 18.029 g 20.054 g 2.025 g 20.004 g 1.975 g 19.45 g 1.816 g 19.83 g 1.801 g 

B3 18.34 g 20.344 g 2.004 g 20.321 g 1.981 g 20.61 g 1.821 g 20.146 g 1.806 g 

B4 18.762 g 20.736 g 1.974 g 20.608 g 1.846 g 20.307 g 1.545 g 20.283 g 1.521g 

B5 17.493g 19.404 g 1.911 g 19.378 g 1.885 g 19.17 g 1.677 g 19.152 g 1.659 g 

B6 17.629 g 19.683 g 2.054 g 19.588 g 1.959 g 19.457 g 1.828 g 19.446 g 1.817 g 

B7 16.174 g 18.147 g 1.973 g 18.095 g 1.921 g 17.99 g 1.816 g 17.976 g 1.802 g 

B8 19.82 g 21.829 g 2.009 g 21.813 g 1.993 g 21.661 g 1.841 g 21.651 g 1.831 g 

B9 17.356 g 19.311 g 1.955 g 19.278 g 1.922 g 19.078 g 1.722 g 19.066 g 1.71 g 

B10 18.681 g 20.668 g 1.987 g 20.631 g 1.95 g 20.411 g 1.73 g 20.399 g 1.718 g 

 

 

 

 

Location C 

 
Vessel/Weight Empty V Soil+V Soil 

weight 

Dry+V Dry 

weight 

550+V 550 

weight 

1000+V 1000 

weight 

C1 18.627 g 20.632 g 2.005 g 20.6 g 1,973 g 20.436 1.809 g 20.419 g 1.792 g 

C2 19.287 g 21.214 g 1.927 g 21.196 g 1,909 g 21.058 1.771 g 21.039 g 1.752 g 

C3 18.652 g 20.693 g 2.041 g 20.662 g 2,01 g 20.535 1.883 g 20.514 g 1.862 g 

C4 18.824 g 20.892 g 2.068 g 20.853 g 2.029 g 20.672 1.848 g 20.651 g 1.827 g 

C5 18.163 g 20.181 g 2.018 g 20.159 g 1.996 g 19.998 1.835 g 19.982 g 1.819 g 

C6 18.759 g 20.788 g 2.029 g 20.743 g 1.984 g 20.544 1.785 g 20.526 g 1.767 g 

C7 18.819 g 20.838 g 2.019 g 20.821 g 2.002 g 20.711 1.892 g 20.698 g 1.879 g 

C8 19.718 g 21.724 g 2.006 g  21.687 g 1.969 g 21.536 1.818 g 21.518 g 1.8 g 

C9 21.597 g 23.571 g 1.974 g 23.541 g 1.944 g 23.337 1.74 g 23.321 g 1.724 g 

C10 20.908 g 22.999 g 2.091 g 22.95 g 2.042 g 22.855 1.947 g 22.843 g 1.935 g 

 

 

 

Water content % 
Location A  B C 

1 0.8 % 0.1 % 1.5 % 

2 3 % 2.4 % 0.9 %  

3 1.2 % 1.1 % 1.5 % 

4 0.7 % 6.4 % 1.8 % 

5 0.9 % 1.3 % 1 % 

6 1.1 % 4.6 % 2.2 % 

7 2.4 % 2.6 % 0.8 % 

8 2.1 % 0.7 % 1.8% 

9 2 % 1.6 % 1.5 % 

10 3.8 % 1.8 % 2.3 % 

Average 1.8 % 2.3 %5 1.5 % 

 

 

 

 

 

Table 10: Detailed LOI data for the organic content calculations in location B, V= 

vessel 

Table 11: Detailed LOI data for the water content calculations in location C, V= 

vessel 

Table 11: Percentage of the water content weight to the total weight of soil weight . 
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Organic carbon content % 
Location A B C 

1 7.7 % 1.5 % 8.1 % 

2 10.4 % 7.8 % 7.1 % 

3 8 % 7.9 % 6.2 % 

4 4.7 % 15.2 % 8.7 % 

5 8.2 % 10.8 % 7.9 % 

6 8.6 % 6.3 % 9.8 % 

7 14.5 % 5.3 % 5.4 % 

8 8.8 % 7.5 % 7.5 % 

9 9.6 % 10.2 % 10.3 % 

10 8.8 % 11 % 4.5 % 

Average 8.9 % 8.4 % 7.5 % 

 

 

 

 

Inorganic carbon content % 
Location  A B C 

1 0.6 % 0.4 % 0.8 % 

2 0.5 % 0.7 % 0.9 % 

3 0.5 % 0.7 % 1 % 

4 0.3 % 1.2 % 1 % 

5 0.3 % 0.9 % 0.7 % 

6 0.5 % 0.5 % 0.8 % 

7 0.5 % 0.7 % 0.6 % 

8 0.4 % 0.4 % 0.8 % 

9 0.7 % 0.6 % 0.8 % 

10 0.5 % 0.6 % 0.5 % 

Average 0.5 % 0.7 % 0.8 % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 12: Percentage of the organic carbon content weight to the total weight of soil. 

Table 13: Percentage of the inorganic carbon content weight to the total weight 

of soil. 
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h: Pilot study specifications for infiltration rate and soil moisture. 

 

Estimation of soil infiltration rate in an urban garden as a pilot test for field 

work.  
Infiltration rate is the speed at which the water passes a porous medium, under a unit potential energy 

gradient (Dingman, 1994). The following results are from a test pilot done to improve my ability to 

make accurate measurements before the actual field work.  

Measurements:  

Infiltration rate was measured with the help of a single ring infiltrometer. The constant head method 

was used. That is to say, a known amount of water was added quickly in the ring, and then more water 

would be added constantly to maintain same water level. The constant amount of water was 

approximately 393cm3. Infiltration rate can be measured by calculating the volume between two lines 

drawn inside the ring. Infiltration rate would then be; water added in cm3 (after addition of the known 

water amount) per time unit in seconds. The results were converted to mm/h by multiplying each 

result with 1000/3600.  

Equipment:  

Hammer, watch or clock, wood block, ruler, water (at least 2 liters, and the known water amount 

which is 393), ring infiltrometer of 10 cm diameter. 

Method: 

With the help of a marker pen and a ruler a vertical line 10cm from the ring end was marked and 

another vertical line, about 5cm from the first line. 

Using the wood block and the hammer the ring was inserted into the soil, using the timber to protect 

the ring from damage during hammering, paying attention that the ring side should is vertical to the 

ground, and the lower mark at the bottom of the ring. 

The test was started by pouring water into the ring until the water reached the mark at the top of the 

ring. This was done quickly then the watch timer was immediately started. 

More water was added constantly so that the water level stays the same. 

When all water was used, the watch was stopped and the time noted. 

 

 

 

 

 

 

 

Results: 
 

Site  Soil properties Water added 

cm3 

Time s Infiltration rate mm/h Vegetation  

1 Sand  1607 cm3 15 s 29.75 mm/h No vegetation 

2 Clay loam. Sand, loam, 

clay and gravel. 

1607 cm3 90 s 05.95 mm/h Less than 15% grass 

3 Clay loam. Loam, clay, 

sand and organic matter 

(anthropogenic) 

408 cm3 60 s 01.88 mm/h More than 90% 

mosses, rest is grass. 

4 Clay loam. Loam, clay, 

sand and organic matter 

(anthropogenic) 

509 cm3 60 s 02.35 mm/h More than 90% 

mosses, rest is grass. 

5 Clay loam. Loam, clay, 

sand and organic matter 

(anthropogenic) 

609 cm3 60 s 02.81 mm/h More than 90% 

mosses, rest is grass. 

 

Conclusions:  

Table 14: Retained results from the pilot test. 
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It would be more convenient to use the falling head method in the field, as no further conversion of 

obtained values is needed. It was noticed that the site where samples were collected in relation to mark 

leaning does influence the readings enormously. Even the variation in soil type gave a significant 

difference in retained values. That is why it would be hard to compare infiltration rate results gained 

from this study, with other studies that have not been conducted on the same site. To make the study 

results comparable, the same soil type and leaning will be chosen at Hälleskogsbrännan. 
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