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Abstract  
 

The land use sector has the potential not only to lower its greenhouse gas emissions, but also to 

sequester CO2 in soils through land use change and management practices. This represents an 

important mitigation opportunity, but there is a lack of knowledge in the potential of carbon 

sequestration between different land use types. This study examines soil organic carbon content 

and soil organic matter in a nature reserve in eastern middle Sweden. Methods include a change 

analysis of land use, values for soil organic carbon content from a literature review and soil 

samples for concentrations of soil organic matter. The study area has in terms of soil carbon 

been a source of atmospheric CO2
 between 1945 and 1997, mainly due to a change from semi-

natural grasslands to coniferous forest, resulting in a loss of 2209 tonnes of soil organic carbon. 

Results also show that wet grasslands and deciduous forests are the land use types with the 

highest potential to sequester carbon in shorter time spans. Older coniferous forests can store 

large amount of soil organic carbon, but younger coniferous forests and plantations, and 

cultivated lands were the land use types with the lowest values of soil organic carbon. Semi-

natural grasslands have potential to store soil organic carbon but rates varied between samples 

and literature.  
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Abbreviation and units  

 

CH4 – methane  

CO2 – carbon dioxide   

Conif – coniferous forest  

Decid – deciduous forest  

Field – open cultivated field  

GHG – greenhouse gases  

Gt – gigatons, 10 million tonnes. Equivalent to petagrams (Pg), also often used as unit in terms 

of carbon stocks.  

GtCO2 eq/yr – gigatons carbon dioxide equivalents per year  

ha/yr – hectare per year  

IPCC – Intergovernmental Panel on Climate Change  

LOI – loss on ignition 

LU – land use  

SBD – soil bulk density  

SNG – semi-natural grasslands  

SNG5 – semi-natural grasslands 50 % trees and shrubs 

SOC – soil organic carbon  

SOCC – soil organic carbon content  

SOM – soil organic matter  

t/ha – tonnes per hectare  

WG – wet grasslands  
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1. Introduction  
 

Greenhouse gas emissions (GHG), from fossil fuels, and past and present land use changes, 

cause irreversible changes to the climate system with implications on life and habitat on Earth 

(Pachauri & Meyer, 2014). The effect of present levels of atmospheric carbon will, even if 

emissions are brought to zero, have a continued effect on the global climate due to the time 

CO2, remains in the atmosphere (Ciais et al., 2013). Thus, to reach the ambitious goals of the 

Paris agreement; to keep the global temperature below 2 degrees Celsius over pre-industrial 

levels (United Nations, 2016), mitigation is required not only to reduce GHG emissions but also 

remove carbon from the atmosphere. The 4per1000 initiative (Minasny et al., 2017) started 

during the 21st conference of the parties (COP21), with the aim of lifting the potential of land 

use change and management practices as a mitigation effort. Within the initiative, several 

researchers from different countries have examined the potential to sequester carbon in their 

countries. 4per1000, or 0.4% is the calculated increase in soil carbon stock per year that would 

be needed to offset emissions from fossil fuels and other anthropogenic sources.   

Different land uses have different potential to sequester carbon both in above ground bio mass, 

below ground bio mass and in soil organic carbon (SOC). The rate of carbon sequestration, and 

the potential soil organic carbon content (SOCC), is dependent on many factors apart from land 

use, such as local climate, topography, soil type, geology and vegetation (Minasny et al., 2017; 

Harden et al., 2018). Studies have also found that species richness has a positive effect on SOC 

in grasslands (Steinbeiss et al., 2008; Chen et al., 2018). In addition, different management 

practices will influence carbon sequestration and SOC, e.g. tillage and crop rotation (Kätterer, 

et al., 2004; Minasny et al., 2017). Among the factors that affect carbon sequestration, land use 

and land use management practices are the most interesting ones from a policy and mitigation 

perspective, as they can be manipulated to increase carbon sequestration rates, potentially 

mitigating climate change. 

Research studies on carbon sequestration and SOC levels in Sweden remain relatively 

unexplored. There are reports on national and local scales that examines carbon sequestration 

within a specific land type (Kätterer et al., 2004; Ståhlberg et al., 2010). But there is a lack in 

studies comparing SOC sequestration of different land use types on a local scale, which are 

needed to bridge the gap between science and policy making. This study aims to contribute 

towards this gap in knowledge.  

1.1. Aim and purpose  

The aim of this study is to examine the SOC stock and soil organic matter (SOM) concentrations 

of different land use types in a smaller area in Nynäs Nature Reserve, Södermanland county, 

southeast Sweden. This is to compare the potential SOC sequestration between different land 

use types. This perspective provides a unique opportunity to understand how land use affect 

SOC stocks, and the potential of changes in local land use management as a mitigation option 

to climate change. The study area is of interest since there are traditionally managed grasslands 

as well as forest and agricultural lands. Rates of SOCC will be extracted through a literature 

review and applied to a change analysis of the study area comparing land use in 1945 to land 

use in 1997. Soil organic matter concentration rates are also measured through field soil samples 

for selected land use types in the study area. These are collected to increase validity of the SOC 
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values that are based on data from literature review.  Differences in SOM concentrations within 

and between land use types and potential reasons for these changes will also be examined. 

This study is designed to address the following research questions: 

1. What are the differences in SOC stocks and SOM concentrations between the different 

land use types in the study area? 

2. Between 1945 and 1997, have the soils of the study area acted as a sink or source of 

atmospheric CO2, based on changes in land use?  

3. What land use changes could increase SOC stocks in the study area in the future? 

4. Are the applied methods suitable when studying SOC and SOM on a local scale as well 

as on a broader scale? 

2. Background 
 

2.1. Carbon sequestration and climate change  

The global soil carbon stock is estimated at 2,400 Gt to a depth of two meters (Minasny et al., 

2017). That would render an average of 161 tonnes of carbon per hectare land (t/ha), with great 

variation between different land types e.g. deserts and peat lands (Minasny et al., 2017). The 

global average of the top one meter of soil is estimated to contain 1,300 to 1,500 Gt of carbon, 

of which 70% are assumed to be directly impacted by human activities, and the remaining 

indirectly impacted (Harden et al., 2018). In 2011, the atmosphere contained 828 Gt of carbon 

(Prather et al., 2012; Joos et al., 2013), equal only to a third of the global soil carbon stock to a 

depth of two meters.  

In the fifth assessment report by the Intergovernmental Panel on Climate Change (IPCC), in 

Mitigation of Climate Change, chapter 11 (Smith et al., 2014), the IPCC draws several 

conclusions regarding land use changes as a potential mitigation to GHG emissions. The report 

concludes that the AFOLU (agriculture, forestry and other land use) sector is unique in that it 

has the potential not only to lower its emissions of GHG but also to remove current CO2 from 

the atmosphere to bind in soils and biomass. The sector is responsible for 10-12 GtCO2
 eq/yr 

(about a quarter of anthropogenic GHG emissions) out of which land use and land use changes 

accounted for 4.3-5.5 GtCO2 eq/yr (Smith et al., 2014). The land use sector can act both as a 

source of CO2 through unsustainable management of resources, such as deforestation, peat land 

drainage and land degradation, as well as a sink of CO2 through afforestation, sustained peatland 

accumulation and sustainable land management practices (Lal, 2006; Smith et al., 2014). In 

degraded lands, carbon sequestration may also have a positive effect on soil health, thus 

enhancing food production and food security while offsetting GHG emissions (Lal, 2006).  

2.2. Processes and mechanisms of carbon sequestration  

To understand carbon dynamics and the potential impact of soil carbon on the atmospheric 

carbon pool and thus climate change, Harden et al., (2018) emphasize the importance in 

understanding the processes and mechanisms behind carbon stabilization and destabilization in 

soil. Processes involved in carbon stabilization and destabilization in soil can be biological, 

chemical or physical, e.g. erosion, freezing/thawing, oxidation/reduction and microbial growth 

and decay. Mechanisms represent several processes combined and examples of mechanisms 

which affect soil carbon are aggregation and water saturation (Harden et al., 2018).  
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SOC is carbon in organic form, stored in soils. This does not include carbon in non-organic 

form, such as calcium carbonate, which in Sweden mainly exists in areas where the bedrock is 

carbonate rich (Ståhlberg et al., 2010). This is not the case in the study area. SOM includes all 

organic matter of which SOC is a component, usually assumed at 58% (Pluske et al., n.d.).  

Whether a landscape is a sink or source of carbon is determined by the carbon balance. Carbon 

input from the atmosphere comes from photosynthesis which binds CO2 through primary 

productivity. This is balanced through outputs of CO2 (or CH4) through decomposition and 

respiration as carbon is released to the atmosphere (Ståhlberg et al., 2010). Some of this carbon 

is stored in the ground in below-ground biomass and SOC. How much carbon is stored in the 

ground is determined by the ratio of carbon input and the rate of decomposition. If the net input 

from photosynthesis is higher than decomposition, carbon is stored in the ground and the land 

is a carbon sink, and if decomposition is higher, the land is a carbon source (Pluske et al., n.d.). 

Rates of decomposition are governed by multiple factors, including the chemical composition 

of the organic material, temperature, water content and the biotic or abiotic state of the soils 

environment (Schmidt et al., 2011).   

In a study on SOC stocks in the Swiss alps, Leifeld et al. (2005) suggest that clay content and 

altitude will also have an effect on SOC sequestration. They found clay content to increase SOC 

storage, through mechanisms of chemical protection against microbial decay of the organic soil 

matter. They also found that SOC stocks increased with altitude, supposedly due to decreasing 

temperatures. Even though lower temperatures lead to lower productivity and a lower carbon 

input, it also limits carbon turnover and resulting in an increased carbon accumulation in the 

soil.  

2.3. Carbon and land use  

Several studies have linked soil carbon stocks to land-use, including sites in managed European 

grasslands. In a study by Leifeld et al., (2005), separating agricultural lands between arable, 

temporary grasslands and permanent grasslands (favorable and unfavorable), results showed 

that land use influences SOC storage. The highest rates of SOCC between the studied land use 

types were found in permanent grasslands. However, their SOCC (from 40 t/ha for arable to 50 

t/ha for permanent grasslands) were lower than the average European SOCC in arable lands of 

53 t/ha. Mestdaugh et al., (2006) examined SOC storage, concentrations and bulk density in 

grassland sites in Flanders, Holland through soil sampling. Their presented results were much 

higher than those of Leifeld et al (2005), ranging from 84 to 167 t/ha. Mestdaugh et al., (2006) 

also found that soils with clay content have the highest SOCC and found grazing led to higher 

SOCC than mowing, in most soils.  

Potter et al., (1999) studied SOC concentrations in three different sites in Texas, USA, by 

sampling cores in each site and measuring them for bulk density, soil carbon concentrations, 

and nitrogen concentrations. In each site there was an agricultural site, a site of native grassland 

(prairie), and a site which had previously been used as agricultural land but was restored to 

grassland 6, 26 or 60 years ago. Their results showed higher concentration of carbon in the 

native grasslands than in the agricultural site and the restored grasslands. They could conclude 

that SOCC was reduced by 30-43% on agricultural lands. They identified erosion and organic 

carbon oxidation as the processes involved in loss of SOCC when native grasslands are 

converted to agricultural lands. They also concluded that, when restoring grasslands, there was 
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an increase in SOCC in the top 60 cm at a rate of 447 kg C per ha/yr with no apparent decline 

for the time periods they studied.  

Kätterer et al., (2004) performed a study outside of Uppsala in Sweden, taking soil samples at 

several times in fields under different land use and management. In line with the study by Potter 

et al., (1999) they also found that fields that were permanently grazed showed a higher SOCC 

than fields that were cultivated and that previous land use caused differences in SOCC. Guo & 

Gifford (2002) did a meta-analysis where they examined rates of change from one land use to 

another. They found that, in croplands, a change of land use to either secondary forest, 

plantation, or pasture led to an increase in SOCC, and a change to cropland from either of the 

other land use types led to a decrease in SOCC. They also found that a change from native 

forest to grassland led to an increase in SOCC and changes from grassland to either secondary 

forest or plantation led to decreases in soil carbon storage. 

Forests, apart from storing carbon in soils, store large amounts of carbon in below- and above-

ground biomass (Olsson 2011). According to Olsson (2011), boreal forests hold twice as much 

carbon as tropical forests per area unit, most of which is in the soil, and temperate forests have 

even less. However Keith et al., (2009) found that temperate forests hold the highest known 

biomass carbon density. They also found carbon stock for temperate forest by the IPCC are 

underestimated due to high diversity of ecosystem types and a long history of land use which 

has reduced the carbon stocks. They also identify old-growth forest and lack of human 

disturbances as factors that have a positive influence on high carbon densities in temperate 

forests. Nave et al., (2018) found on a national level in the U.S., that native forests have higher 

topsoil carbon stocks than cultivated lands, but they also found that in reforested lands, the 

topsoil carbon stock was more similar to that of cultivated lands than to native forests, which 

indicates a long time for carbon stocks to reaccumulate after reforestation. 

Steinbess et al., (2008) and Chen et al., (2018) conclude that species richness and biodiversity 

can improve SOC storage in grasslands, through increasing the soils` capacity to hold water 

and sustaining soil fertility. However, a Swedish report (Ståhlberg et al., 2010) saw no 

relationship between biodiversity and SOC storage in grazed Swedish pastures. Chen et al., 

(2018) also found that higher temperatures and increased precipitation (consistent with climatic 

changes to be expected in the future (“Länsvisa klimatanalyser | SMHI,” n.d.)) had positive 

effects on species richness and belowground biomass in grasslands (but not forests). This was 

through positive effects on SOC which offset the negative effect of the same climatic changes 

directly on SOC.  

2.4. Study area and historical land-use  

The study area is approximately 2.2 times 2.8 kilometers (616 hectare) and located about 100 

km south-west of Stockholm in Södermanland county, along the coast of the Baltic Sea (see 

figure 1). The landscape is located below the highest coastline and is a joint valley landscape, 

with till soil material on the steeper slopes and clay soil material in fissure valleys (Cousins & 

Eriksson, 2002). The biome is temperate broadleaf and mixed forest (Olson et al., 2001), which 

is not necessarily reflected in the vegetation which has a long history of management in the area 

as far back as 3800 BP (Cousins & Eriksson, 2002). The mean annual temperature is 7 °C based 

on 1991-2013 and mean annual precipitation for the same period is 600mm/yr (“Länsvisa 

klimatanalyser | SMHI,” n.d.). 



9 

 

The study area is located in Nynäs Nature Reserve which was established in 1971 (Lemne & 

Olsson, 1971).  In the northern part of the nature reserve, where the study area is located, there 

are large areas of coniferous forest out of which much was cut down in the 1980´s and parts of 

the reserve have been burnt as a conservation measure in recent years, starting in 2015 

(Södermanlands län, n.d.). 

Cousins et al. (2002) describe Nynäs castle located south of the study area as having an 

importance in maintaining traditional farming practices and animal forest grazing in the area 

into the 1940s and that the area had a high degree of semi-natural grasslands compared to the 

rest of the region in the 1930s.  

 

Figure 1, study area, data from Lantmäteriet & ESRI (see appendix 8.1) 

3. Materials and Method  
 

This study combines three methods to examine SOCC in land use types in the study area, as 

well as the change in total SOC stock of the study area from 1945 to 1997 and differences in 

SOM of land use types. The first method is based on land use maps to identify land use change 

over time, using two data points. This data is combined with data from literature review for 

values of SOCC. For further validation of the data, field sampling of SOM values, are collected 

and compared with data from literature review and land use change.  



10 

 

3.1. Land use data and land use change analysis 

Land use maps for the study area were provided by Sara Cousins, which were used for a change 

analysis together with data and comparisons with results from published articles (Cousins et al., 

2002; Cousins & Eriksson, 2002). The land use map for 1945 was based on interpretations of 

black and white aerial photographs from 1945 and the 1997 land use map was based on color-

infrared photographs from 1981 together with a field check performed the summer in 1997 

(Cousins et al., 2002; Cousins & Eriksson, 2002). 

The study area mainly consists of forests, croplands, grasslands and wet grasslands which are 

the land use types of interest in the study. Forests are split into coniferous and deciduous forests 

in the 1997 land use map but in 1945 only one land type is used; forest. Croplands and 

agricultural fields are called open cultivated lands. Grasslands are split up between semi-natural 

dry to mesic grasslands where tree or shrub coverage does not exceed 50%, called semi-natural 

grasslands, and where tree or shrub cover exceed 50% called semi-natural grasslands 50%. 

Moist to wet semi-natural grasslands are called wet grasslands, which is a habitat type of 

wetlands. The lake is also included in the change analysis but has no SOC stock data.  

From published maps (Cousins et al., 2002; Cousins & Eriksson, 2002), the mapped attribute 

values could be matched to specific land use types in ArcMap. Analyses through a spatial join 

of the two maps resulted in two land use tables that were compared to visualize the change in 

land use which had taken place between the two periods.  

Hamlets, which are populated areas, were not included in the land use change analysis since 

information regarding the aspects that would affect SOC stocks in this land use type is not 

available and the area they cover is very small.  

3.2. SOC based on data from literature review 

The SOC budget was calculated in excel based on land use from 1945 and 1997. It was 

calculated with mean values for SOCC based on data from literature review applied per land 

use type. Data sources were chosen based on land use type and data quality as well as likeness 

to the study area to create an estimate as accurate as possible (see appendix 8.2). 

For wet grasslands, which is a type of wetland, a value of 176 SOC t/ha for 0-24 cm depth for 

wetlands in Ohio by Bernal (2008) were used. Ohio has a similar climatic zone as the study 

area. Ohio is in a transition zone between Dfa and Dfb and the study area is in Dfb according 

to the Köppen climate classification (Kottek et al., 2006). Bernal (2008) measured SOC values 

based on soil cores of varying lengths in two different wetlands in Ohio, with two stations per 

wetland and three cores per station. To examine the potential bias from using a value for 

wetlands for wet grasslands, the SOC in t/ha was also calculated using the SOM mean 

concentration value for wet grasslands from soil sampling (see 3.3). This resulted in a value of 

219 t/ha in wet grasslands in the study area for 0-30 cm depth. This was calculated using a soil 

bulk density (SBD) of 0.6 g/cm3 from Campbell et al., (2002) based on wetlands in 

Pennsylvania, US. The calculation was done using the following equation from Pluske et al., 

(n.d.):  

Ct/ha = 10,000 * d * bd * (m*0.58)% 

Where Ct/ha is SOC in t/ha, 10,000 represents the area of a hectare, d is depth, expressed in 0.3 

for 0-30 cm, bd is bulk density and m is SOM and 0.58 is the conventional factor of carbon 

content in SOM. This value is also biased since it is using a value for SBD from a different site 
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than that sampled for SOM. Issues with this calculation and reasons for not using it on all SOM 

concentration values is described in section 3.3.1.  

For SOC stocks for cultivated fields, values from Kätterer et al., (2004) were used. The value 

used is 54 t/ha for a 0-60 cm depth. This data is from a farm in Västmanland, about 100 km 

Northwest of the study area. Their carbon concentration ranged from 1.8-2.4% which is slightly 

lower than the carbon concentration provided by Mark- och grödoinventeringen 

(“Externwebben,” n.d.) which was settled at a mean 2.5% for Södermanland. The SOC stock 

values are based on soil samples from 1956, 1981 and 2001. The value used for croplands in 

this study is based on the values from the field MVG and GAT in the study by Kätterer et al. 

(2004), the other two fields had been managed as grasslands and thus gave higher SOC stock 

values.  

For semi-natural grasslands a mean value for region 2, from Ståhlberg et al., (2010) was used, 

this is based on values from Markinventeringen (“Externwebben,” n.d.). The value is 89.3 t/ha 

for 0-50 cm. Only 0-10 cm is based on soil samples, 10-50 cm is calculated based on a 

conceptual model of SOCC decrease with depth. 

For deciduous and coniferous forest, values were extracted from Markinventeringen 

(“Externwebben,” n.d.) using an online service provided by Sveriges Lantbruksuniversitet. 

Values are based on the depth of the O-horizon of the soil column since SOC in t/ha could only 

be attained for this horizon. The B-and C-horizons only had SOC concentration rates. To 

account for deeper SOC stocks for forest these have been calculated to a depth of 50 cm, equal 

to grasslands, based on a similar conceptual model as that from Ståhlberg et al., (2010, figure 

2) (see figure 2). The O-horizon was assumed at 0-10 cm, equal to that of Ståhlberg et al., 

(2010). To account for SOCC of the deeper B-

horizon, this was assumed to a depth of 35 cm, 

and the C-horizon was assumed to a depth of 

50 cm. SOC concentrations from 

Markinventeringen for the same samples, was 

then used to calculate the relative difference in 

percent of soil carbon between horizon O, B 

and C. From the relative difference, the SOC 

stock for the lower horizons was calculated 

based on the SOC stock for the O-horizon. The 

value for 0-50 cm for coniferous forest is 50.7 

and for deciduous 203.3 t/ha (see appendix 

8.2.1.) 

3.3. Field soil sampling  

Field soil samples were taken on the 10th and 11th of May 2018. The aim was to sample 3 points 

per land use area to reach a representative mean and at three depths per point, 0-5 cm, 5-15 cm, 

and 15-30 cm depth. Notes were taken regarding soil properties (color, texture and parent 

material), above and below ground vegetation, and apparent land use for each soil sample point. 

A few planned sample points were disregarded in the field due to either inaccessibility or 

because the land use type had apparently changed or did not match with the land use map. In 

one case (sample 1) the sample was supposed to be field but appeared more like SNG and has 

Figure 2, conceptual model of carbon stock per depth 
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therefore been used as SNG in calculations although in the table of soil samples (see appendix 

8.3) is still described as field. See figure 9 (page 18, section 4.3.) for a map of the sample points.  

3.3.1. Laboratory LOI analysis  

The SOM content was measured using loss on ignition (LOI). In the laboratory, the soil samples 

were put into crucibles that had been weighed, and were then weighed and dried in a heating 

cabinet at 105 degrees C over 12 hours, as is proposed by Heiri et al., (2001). The next day the 

crucibles were removed from the heating cabinet and weighed. Samples that were in clumps 

were crushed with a pestle, then all samples were dried again for one hour and then weighed 

again. This was done to avoid errors as clumps of minerals could shield organic matter from 

being entirely burnt by the furnace. Since there will be a net loss due to particles getting stuck 

to pestle the samples had to be dried again (since the air is moist, which may also affect the 

weight). Samples were then weighed when crushed.  

The samples were burned in a muffle furnace at 550 degrees Celsius for four hours, for organic 

matter to burn away (Heiri et al., 2001). Then weighed again, and lastly moisture content and 

organic matter was calculated through the differences of the weights.  

The results from burning at 550 degrees Celsius is the concentration of soil organic matter, out 

of which a fraction of assumed 58% (Pluske et al., n.d.) represent organic carbon. This has not 

been calculated, since for this study, the relative concentrations between different land use types 

are of main interest. Also, as was argued by Pribyl (2010), the conventional factor of 1.72 

(which is used when converting SOC to SOM and is based on the assumed 58% SOC in SOM) 

is only applicable on certain soils and components of SOM, and the actual value varies between 

soils.  

SOC stocks have not been calculated based on the values for SOM. SOM would need to be 

converted to SOC, and other field measures like soil bulk density (SBD) is needed to calculate 

stocks which is beyond the scope of this study. Wilson & Warren (2015) critique using SBD to 

extrapolate SOC concentrations to get SOC stock data since SBD can vary due to management 

practices like tillage or through compaction and the shrinking and swelling of clays. This means 

that sampling SBD at different times can result in different values and therefore different SOC 

stocks.   

Since there was no correct representation of open cultivated land from the field samples, a SOM 

concentration for this land use type was used from Mark- och Grödoinventeringen, 

(“Externwebben,” n.d.).  

4. Results 
 

4.1. Land use and change analysis  

Land use change analysis from 1945 to 1997 showed an increase in forests from 41% to 54% 

(see figure 3). Semi-natural grasslands (including semi-natural grasslands 50% and wet 

grasslands) has declined from 24% to 13%. Open cultivated fields have a slight decrease from 

30% to 28%. These changes have occurred throughout the study area, mainly in transition zones 

and in the large “island” of coniferous forest, in the southern middle part of the study area, 

which in 1945 mainly was semi-natural grasslands (see figure 4). 
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Figure 3, land use distribution 1945 and 1997 

 

Figure 4, Change analysis based on land use from 1945 and 1997. Based on land use data provided by Sara Cousins (see 

appendix 8.1.). Field – Open Cultivated Field, SNG – semi-natural grasslands, WG – wet grasslands, SNG5 – semi-natural 

grasslands 50%, conif – coniferous forest, decid – deciduous forest.  

4.2. SOC based on data from literature review 

Based on data from the literature review, deciduous forest has the highest SOCC of 203.3 t/ha 

to a depth of 50 cm, wet grasslands the next highest of 176, but only to a shallower depth of 24 

cm, and semi-natural grasslands 89.3 to a depth of 50 cm. Coniferous forest has the lowest 

SOCC of 50.7 t/ha to 50 cm depth and open cultivated land the next lowest of 54 to a depth of 

60 cm (see figure 5). 
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Figure 5, SOC stock values in t/ha from literature review for depths of 0-50 cm for coniferous forest, deciduous forest and 

semi-natural grasslands, depth of 0-60 cm for cultivated land and 0-24 cm for wet grasslands.  

Figure 6 shows the difference in SOC stock per land use in 1945 and 1997. Semi-natural 

grasslands stand out as a SOC stock that has decreased substantially since 1945. Coniferous 

and deciduous forest has increased. The lack of SOC stock for deciduous forest in 1945 is due 

to land use maps not separating deciduous and coniferous forest and 36% for forest represent 

both forest types.  

 

Figure 6, SOC stock in tonnes and percentage per land use, based on data from literature review (see appendix 8.2) 

Table 1 shows the difference in total SOC stock from 1945 to 1997 which is -2209 t. This 

decrease in SOC stock from 1945 to 1997 indicates that the study area has acted as an 

atmospheric carbon source. This change was mainly caused by a transition from SNG to forest. 
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Table 1, SOC stock data and land use based on data from the literature review (see appendix 8.2) 

SOC stock in t/LU 1997 Hectare SOC t/Ha SOC stock in t/LU SOC stock %/LU 

Coniferous forest 304 50.7 15406 44% 

Deciduous forest 11 203.3 2315 7% 

Open cultivated field 167 54.0 9028 26% 

Semi-natural grasslands 39 89.3 3476 10% 

Semi-natural grasslands 50% 21 89.3 1890 5% 

Wet grasslands 15 176.0 2602 7% 

SOC stock in t/LU 1945   

Forest  240 56.0 13452 36% 

          

Open cultivated field  174 54.0 9393 25% 

Semi-natural grasslands  118 89.3 10527 29% 

Semi-natural grasslands 50% 7 89.3 665 2% 

Wet grasslands  16 176.0 2889 8% 

  

Total SOC Stock of Study Area  1997 1945 Difference  

    34717 36926 -2209 
 

4.3. SOM from field soil samples  

Results from field soil samples showed the highest SOM was wet grasslands, which had a mean 

SOM of 30% for 0-5 cm. The highest SOM was in a coniferous forest, in a sample point with 

limited depth, of 89% for 0-5 cm. The overall highest value for all depths of one sample point 

was deciduous forest with a mean of 67% for 0-30cm. Semi-natural grasslands had the lowest 

means of the land use types sampled. Values for wet grasslands and semi-natural grasslands 

where even with only smaller variations whereas samples in forests were very variable. Figure 

7 shows the mean SOM for 0-30% per land use type based on field soil samples. Mean for 

cultivated land is from Mark-och Grödoinventeringen (“Externwebben,” n.d.) since no 

adequate sample were taken in the field. The vales for coniferous and deciduous forest are a 

mean between mean and median, due to the very varied values within these land use types.  

 

Figure 7, SOM 0-30cm in percentage, SNG, WG, conif and decid are based on means from field samples, means for conif and 

decid are adjusted to a mean between mean and median due to disperse values. Mean for cultivated land is based on a mean 

from surrounding croplands in Södermanlands län, samples taken by Mark- och Grödoinventeringen, Sveriges 

Lantbruksuniversitet  
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There was a correlation of 0.76 between SOM and moisture concentration in the results from 

soil samples in the study area (see table in appendix 8.4). When assuming values for soil 

properties, where undefined/organic is 3, clay is 2, and silt/sand is 1, a correlation of 0.58 was 

attained with SOM concentration, which assumes a weaker relation between the two. Arranging 

the numbers differently between soil properties resulted in no correlation. Out of 24 sample 

points, 9 were semi-natural grasslands (SNG), 6 were wet grasslands (WG), 5 were coniferous 

forest (conif), and 4 were deciduous forest (decid) (see table 2).  

Table 2, means and median from field samples based on depth and land use  

SOM in % based on field samples 

LU/Depth cm  Samples Mean Standard Deviation Median 

SNG 0-5 9 13.74% 0.03 14.20% 

SNG 5-15  9 8.47% 0.03 7.58% 

SNG 15-30  8 5.49% 0.01 5.54% 

          

WG 0-5  6 30.31% 0.10 27.11% 

WG 5-15  6 18.85% 0.08 17.77% 

WG 15-30 6 13.75% 0.04 12.62% 

          

Conif 0-5 5 29.46% 0.34 17.00% 

Conif 5-15  4 8.29% 0.04 7.05% 

Conif 15-30  3 3.96% 0.01 4.32% 

          

Decid 0-5 4 25.72% 0.25 13.56% 

Decid 5-15  4 20.28% 0.29 6.68% 

Decid 15-30  4 21.89% 0.35 5.06% 

 

The lower values for SNG was on a grazed field without trees and shrubs (samples 1, 2, and 22, 

see appendix 8.3), and the highest value was on a hill with some trees and shrubs, an elevated 

island in a grazed field (samples 7, 8, and 9, see appendix 8.3). Wet grasslands (WG) was 

sampled in two locations, one close to a lake (samples 10, 11, and 12, see figure 9) and the other 

in a grazed field (samples 18, 19, and 23). The samples close to the lake were WG in 1945 and 

the samples in the field were cultivated field in 1945. The difference in SOM between the 

samples is low and with a strong correlation to water content (see figure 8 and appendix 8.3). 

Coniferous forest (conif) SOM values varied between samples in the two different areas of 

conif, especially in samples from 0-5 cm depth (see figure 8). Conif was sampled in one site 

that had previously been SNG (samples 4, 5, and 6, see appendix 8.3, see figure 9) and in one 

site that in 1945 was forest (samples 13 and 14). The topography was different in the two sites, 

the terrain was flatter and more homogenous in samples 4, 5, and 6 and in 13 and 14 it was 

hillier. Digging in the first sites was easy but in 13 and 14 it was difficult, with more roots and 

stones. Samples were only attained to a depth of 15 cm in 13 and only 5 in 14 since the shovel 

then hit presumed bedrock. In 4, 5, and 6 the samples showed clear signs of clay content but in 

13 and 14 it appeared to be mainly humus or organic material (of sort). Sample 13 had higher 

rates of SOM than 4, 5, and 6, but sample 14 had the highest SOM of all samples to a depth of 

5 cm, SOM was 89% in this sample. The forest in both coniferous sample points appeared at 

present to be relatively undisturbed, or affected by management such as felling or forestry. 
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Figure 8, SOM concentration in % per land use and depth, based on field samples 

The two sites for deciduous forest (decid) were very different in terms of terrain, vegetation, 

soil, SOM and water content (see appendix 8.3). The first site, where samples 15, 16, and 17 

were taken, was on an elevated island in a field that was previously SNG, soil was sandy and 

silty and according to map of Quaternary deposits/soil material was sandy till. SOM values was 

like those of SNG. The second site for decid was a semi natural grassland with over 50% trees 

and shrubs in 1945, and now a coppice of birches in the middle of a field that appeared to be 

grazed, and with patches of wetter grasses at the time of sampling (see figure 9). Elevation was 

low and flat within the coppice and the soil was dark brown. It was very easy to dig and the 

SOM rates were very high, 0-15 cm was at about 63.5% and 15-30 cm was at 74%. This was 

the only sample point were the deeper sample had a higher rate of SOM than the shallower. The 

large differences between the two sites for deciduous forest led to a large deviation between the 

samples for this land use type (see figure 8 and table 2). 
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Figure 9, map of soil sample points, ortofoto from Lantmäteriet, see appendix 8.1 

5. Discussion  
 

The purpose of this study has been to examine the SOC stocks in the study area based on land 

use to contribute to the knowledge needed in policy making for climate change mitigation 

through land use change and management. The research questions were: What are the 

differences in SOC stocks and SOM concentrations between the different land use types in the 

study area? Between 1945 and 1997, have the soils of the study area acted as a sink or source 

of atmospheric CO2, based on changes in land use? What land use changes could increase SOC 

stocks in the study area in the future? Are the applied methods suitable when studying SOC and 

SOM on a local scale as well as on a broader scale?  

5.1. SOC & SOM differences within and between land use types  

One aim of this study was identifying the differences in SOC stocks and SOM concentrations 

between the studied land use types. Data from the literature review for SOCC and SOM 

concentrations are similar in relation to each other with only a few differences, SOCC from 

literature review shows the lowest value as that of coniferous forest, whereas SOM 

concentrations show the lowest value is for cultivated land. The highest SOC stock was 

deciduous forest, whereas SOM concentrations, although inconsistent due to disperse values 

for forests, show the highest for wet grasslands.  

The SOC stock for semi-natural grasslands from Ståhlberg et al., (2010), of 89.3 t/ha for 0-50 

cm depth, is low when compared to the values from Mestdagh et al., (2006) which range from 
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84 to as high as 167 t/ha for 0-60 cm depth. However, when compared to the SOM concentration 

of semi-natural grasslands from soil samples, the value is accurate in its relative relation to the 

other values from the literature review.  

Deciduous and coniferous forest is more complicated, fewer samples of forest soils were taken 

in the field and for both classes the differences within the land use types were large. Nave et 

al., (2018) showed that reforested lands had SOC stocks more similar to that of cultivated lands 

than old native forests. Higher SOCC in older forests than in younger could explain the higher 

concentration values in conif samples 13 and 14. These were sampled in an area that was forest 

in 1945 as well. There was also a large difference between deciduous forest and coniferous 

forest in the SOCC values from Markinventeringen (“Externwebben,” n.d.), where coniferous 

had low values and deciduous quite high values of SOCC. A potential explanation is that 

coniferous forest is subject to forestry practices to a larger degree than deciduous, meaning they 

are likely younger forests than the deciduous broadleaf forests remaining in the region, due to 

historical forest management (Bernes & Lundgren, 2009), which would explain the lower 

SOCC. It is also possible the value for coniferous from Markinventeringen (“Externwebben,” 

n.d.) of 50.7 t/ha may be underestimated. The value for coniferous forest is based on a mean in 

Södermanland county and since the study area is in a nature reserve it is possible that it has 

more old-growth coniferous forests than the rest of the county, due to management practices. 

On the other hand, much of the coniferous forest in the area was cut down in the 1980´s 

(Södermanlands län, n.d.), which would indicate a younger forest and a lower SOC stock. With 

regards to the shallow conif sample 14, with the highest value of SOM, it is important to 

consider that lack of depth will limit the SOC stock potential due to no accumulation with depth. 

Importantly, the results from this study suggest that younger coniferous forest, exposed to 

felling and forestry has low SOC stocks. 

The soil samples for deciduous forest showed a large variation. Sample 24 was very high and 

had an SOM concentration that increased with depth, this was a coppice of birches in a field 

with patches of wet grasslands. However, this was SNG5 in 1945 so the high level of SOM is 

not likely to be an effect of forest accumulation over a long time. Bernal (2008) concluded that 

temperate wetlands tended to have an increase in SOCC with depth till 18-24 cm before 

decreasing. Due to the location of this sample point (see figure 4 and 9), in proximity to larger 

areas of wet grassland, it is perhaps possible that the area was a wet grassland before 1945, and 

that the land use of SNG5 and coppice of birches has provided secure storage for deep SOC. 

However, SOM values for wet grasslands in the area did not show an increase of SOM with 

depth, rather the opposite. The soil in sample 24 was also very moist, even more than some of 

the sample points for wet grasslands (see appendix 8.3) which is another explanation for the 

high degree of SOM in this area. Markinventeringen show a much higher SOC stock (139 

versus 93 t/ha) in deciduous forest on moist soils (Swedish: sumpjordmån) than on 

anthropogenically affected soils (Swedish: kulturjordmån) (“Markinventeringen | 

Externwebben,” n.d.). However, considering it was very easy to dig in this soil, it is possible 

that soil bulk density (SBD) is low which leads to a relatively lower SOC stock in t/ha. There 

is also the possibility this was a patch of peat land, which would explain the high SOM 

concentration and increase of SOM with depth. In which case the deciduous birch trees are less 

relevant to the soil carbon storage. The results for deciduous forest is more in line with the result 

from Keith et al., (2009) who showed temperate forests had the highest carbon density of the 

forest biomes, than with Olsson, (2011), who claimed temperate forests had the least carbon 

per unit area. 
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Campbell et al., (2002) presented a value for SBD in wetlands that is relatively low when 

comparing to SBD in grasslands by Mestdaugh et al., (2006). The higher SBD values for 

grasslands support higher SOC values in grasslands (Mestdagh et al., 2006; Ståhlberg et al., 

2010) when compared to SOM values which are not dependent on SBD. Rakkar & Blanco-

Canqui (2018) showed that compaction from grazing increase SBD, although it can have 

negative effects on other soil properties. However, SBD values from Mestdaugh et al., (2006) 

showed mowing and mowing + grazing led to higher SBD than only grazing in agricultural and 

semi-natural grasslands. Wilson & Warren (2015) argue that compaction can influence 

variations in SBD in time and depth, making conventional measures of SOC using SBD 

insecure. They also found that moist soil conditions increased SBD within the same soil type. 

It is therefore possible that SOC stocks in grasslands vary depending on when measures of SBD 

were made because of the effect compaction through grazing has.  

The small difference between SOM concentration rates between wet grasslands that were wet 

grasslands or field in 1945 indicate that wet grasslands has the potential to regain similar SOM 

rates in 50 years as they would naturally have (assuming wet grasslands in sample points 10-12 

wasn´t converted to wet grasslands in 1944 but have been natural wet grasslands for some time). 

This supports the potential of using the conversion of degraded lands to wet grasslands or 

wetlands (where the hydrology allows it) as a mitigation effort for climate change in a relatively 

short time span. It is also possible SOC stock for wetlands from Bernal (2008) which was used 

for data from literature review can be underestimated since it is based on the most shallow depth 

(see appendix 8.2). Wetlands store SOC at depths below the 24 cm Bernals` study was limited 

to.  

Field samples showed a stronger correlation between water content in the soil and SOM 

concentration than between clay content and SOM concentration which was suggested to have 

a positive correlation by Leifeld et al., (2005). It should be noted, however, that the clay content 

was defined by the author in the field, who has limited background and experience in accurately 

estimating soil texture. Chen et al., (2018) suggested that species richness increased the water-

holding capacity in soils and therefore increased SOC storage but Ståhlberg et al., (2010) found 

no such relationship in Swedish grasslands. It is possible that the correlation with moisture 

content is due to waterlogging leading to less oxygen and colder soils which slows 

decomposition.  

5.2. Carbon sink or source  

Another aim of this study has been to determine whether the study area, between 1945 and 1997 

acted as a source or sink of CO2.  

The result of the literature review of SOCC values for the different land use types in the study 

area, in combination with the land use change analysis, was a decrease in the total SOC storage 

of the study area of 2209 t. Meaning the land use changes from 1945 to 1997 made the study 

area a source of carbon. The land use changes that, based on the land use change analysis, is 

responsible for the loss of SOC from the area are an increase in coniferous forest, decrease in 

semi-natural grasslands and wet grasslands, and a smaller increase in open cultivated field.  

As mentioned before, the SOC value for coniferous forest from Markinventeringen 

(“Externwebben,” n.d.) is likely underestimated due to different management practices 

affecting SOC storage (Nave et al., 2018).  
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The land use type open cultivated field is perhaps not representative of cultivated soil subject 

to cropping and tillage in the study area. In figure 1 only a few of the fields are white/yellow, 

likely tilled and cultivated lands. In the field many of the areas that were open cultivated land 

in the land use map were identified with vegetation like mosses, that suggests no tillage. Since 

the difference between SOC stocks in open cultivated lands and grasslands (based on data from 

literature review) is large this mean the full SOC stock of the study area is likely higher than 

estimated based on data from literature review. Unless, the difference between the land use map 

and field observations, represent a change in land use from 1997 when the latest land use map 

was made, till 2018, when field observations were made. This would indicate that these areas 

have acted as a carbon sink between 1997 and 2018 due to the change from open cultivated 

field to grazed grasslands.  

The carbon stock data for 1997 based on the literature review is not considering the potential 

variation in SOC stocks due to previous land use. This was considered, since SOCC rates are 

likely to differ due to previous land use (Potter et al., 1999). However,  calculating SOCC rates, 

based on previous land use, proved difficult since rates of change is dependent on management 

practices (Lal, 2006; Minasny et al., 2017), of which no information in the study area was 

available within the time and resource of this study. It was also made difficult since land use 

changes could have happened at any time between 1945 and 1997, meaning any such 

calculations would have been based only on unfounded assumptions at best. Instead it was 

decided that a comparison between carbon stock in 1945 and 1997 based on land use would be 

a more representative result based on the acquired data and knowledge scope.  

It is important to remember that this study only examines SOC stocks, not carbon in biomass. 

Since the change from 1945 to 1997 was an increase in coniferous forest in previous semi-

natural grasslands, it is possible that it has been a sink when considering carbon stored in 

biomass.  

5.3. Future SOC sequestration potential of land use types  

The results show that the land use types in the study area with the highest potential to sequester 

carbon are wet grasslands and deciduous forest. Semi-natural grasslands also show potential in 

the literature although it is not as clear from soil sampling. This would make them eligible as 

suggested changes to increase carbon storage in degraded soils like plantations and croplands. 

Even if the sample with the highest SOM rate was coniferous forest, it also shows lower values 

both in SOM and SOC stock when young or introduced. However, older forests should remain 

untouched due to their high SOC stock and continued sequestration (Nave et al., 2018). 

It is important to consider that this is not including above ground biomass and it is not including 

economic mitigation functions, like biofuel replacing fossil fuels and leading to net decrease in 

emissions which could offset emissions from SOC storage loss. It is also important to account 

for other potential sources of emissions from a change in land use. For example, if a change is 

made to grassland grazed by cattle, the emissions from the cattle could offset the carbon 

sequestration rate (Ståhlberg et al., 2010). Or a change to wetlands could increase methane 

emissions which could also offset carbon sequestration (Bridgham et al., 2013). Another aspect 

is other vital functions like cultivated land providing food or supporting biodiversity, which 

might outweigh the benefit of SOC storage. In these cases, management practices with the 

potential to increase SOC storage as well as increasing soil properties and potential in providing 
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food and food security (Jarecki & Lal, 2003; Lal, 2006; Minasny et al., 2017), are more relevant 

to study than the differences in SOC storage between land use types.  

Another aspect to take into account when looking at the potential of different land use types as 

mitigation to climate change, is climate change it self. How will warmer weather and increased 

precipitation affect the land use types in terms of SOC sequestration? Chen et al., (2018) 

showed that grasslands was the only land type (between forests, shrublands, and grasslands) 

where increased species richness due to climatic changes, offset the negative effects of climate 

change on SOC sequestration rates. This would indicate that grasslands is in terms of SOC 

sequestration a better choice taking into account the future climate.  

The main intended limitation of this study is that it only takes into account the organic carbon 

stored in soils. In order to look at climate change and mitigation oppurtunities in land use 

change, a broader perspective is necessary. The full carbon budget has to be examined as well 

as the economic aspect. A system thinking of a greater scale is required and any conclusions 

drawn in this study are limited only to the effect of SOC. But in order to study the issue, or 

possibility, of mitigation through land use change, SOC is an important part of a bigger whole.  

5.4. Critique of method and data  

Lastly, the study aims to determine whether the applied methods have worked in examining 

SOC on this local scale, and whether it could be used on a broader scale. As well as to examine 

how well the methods and data have worked in reaching an accurate result which can answer 

the previous questions.  

The methods have worked well, but there have been some biases and issues with data used, 

which are described in detail in the following sections.  

5.4.1. Land use types 

There is an inconsistency regarding the names of different land use types used in this study. In 

studies and articles, grasslands have many names and the variation between them are large. 

Grasslands include native prairies, traditionally managed extensively grazed grasslands, 

artificially mowed grasslands, intensively grazed grasslands, fodder fields, fertilized and 

nitrogen enriched agricultural lands and pastures. Croplands, cultivated fields, agricultural 

lands and many other names exist for land that is cultivated and most likely tilled. In the study 

area, many areas that were supposed to be cultivated fields more resembled grazed grasslands, 

which could be due to changes in land use from 1997 to 2018.  

5.4.2. Literature review 

Data from literature review is not directly from the study area which will lead to differences in 

the SOCC values attained and the actual SOC in the study area. Another problem is that the 

study area is in a nature reserve, and land may be managed differently than in other areas, which 

the data from literature review is derived from, which can potentially effect SOC storage. 

The value used for wet grasslands, is based on wetlands and may imply a bias, wet grasslands 

is a type of wetland but the value used from Bernal (2008) is from samples in a wetland type 

that is different from the wetlands in the study area. Due to higher value reached for wetlands 

in the study area, when converting the SOM mean concentration from soil samples to SOCC, 

the bias from using the value from Bernal (2008) is likely an underestimate of wetlands in the 

study area. Another issue with the value from Bernal is that the depth is shallower than for the 

rest of the land use types, the value from Bernal for wetlands is only 0-24 cm whereas the rest 
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of the land use type SOCC values are based on 50 or 60 cm depth. The value for wetlands, or 

wet grasslands is therefore likely much higher. Especially since wetlands is the land use type 

most likely (between the land use types studied) to store larger amounts of SOC at depth.  

Land use in 1945 only had land use type “forest”, not defined as coniferous or deciduous. Since 

the difference in SOC storage between the two is large, this is a significant error source in terms 

of the SOC stock in the study area between 1945 and 1997. To adjust for this, the SOC stock 

for forest used in 1945 land use is based on the ratio between coniferous and deciduous forest 

in 1997.  

The SOCC values for coniferous and deciduous forest is based on relative difference in SOC 

concentrations between the O-, B-, and C-horizons since only the O-horizon had a SOCC value. 

However, the horizons in soil columns for deciduous and coniferous forests are not equal and 

assuming fixed depths for the three horizons is not an adequate method. However, since 

Markinventeringen (“Externwebben,” n.d.) doesn’t supply depth in measurable units, this was 

the best method available within the limits of time and resources of this study.  

5.4.3.  Field soil samples  

Most samples from the field included smaller roots and dead organic matter. Bigger roots of 

live organic matter, or bigger rocks or gravel, were avoided or not added to the samples. Bigger 

roots were mainly found in forest sample points. This is potentially misleading since grass-roots 

are included and will be burnt away as organic matter.  

Inaccessibility in the field was an issue and sometimes points were chosen since they were 

accessible, which could result in a bias. In the last land use area of deciduous forest, only one 

sample point (24) was taken since sufficient field material was missing. The deepest soil sample 

was sometimes difficult to attain, as the soil was hard, and it was difficult to dig a hole large 

enough to extract a deep sample without any contamination from the upper levels of the sample.  

6. Conclusions  
 

To draw conclusions based on the results and discussion of this study we revisit the research 

questions addressed.  

What are the differences in SOC stocks and SOM concentrations between the different 

land use types in the study area? 

Wet grasslands/wetlands, semi-natural grasslands and deciduous forest are the land use types 

best suited to sequester carbon in a short time span (50 years or less).  

Coniferous forest has a high SOC stock potential but only when left untouched. Since 

sequestration rates are slow, coniferous forest is not ideal to introduce on degraded soils to 

increase SOC stocks.  

Cultivated fields has a low potential to sequester carbon but are vital for food security.  Studies 

of management practices` effect on SOC stocks would likely be more relevant concerning 

policy and mitigation potentials in cultivated lands.   

Between 1945 and 1997, has the soils of the study area acted as a sink or source of 

atmospheric CO2, based on changes in land use?  
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According to the results from data from the literature review (which was corroborated by results 

from SOM samples), soils of the study area have acted as a source of carbon based on the 

changes in land use from 1945 to 1997. However, this result is likely affected by two 

inconsistencies in land use. The land use type open cultivated field is likely exaggerated in 

terms of area in the land use map of 1997. Field observations showed that some of this land was 

agricultural grazed grasslands which have a higher SOC stock than open cultivated fields. The 

other inconsistency is regarding coniferous forest which has a very low SOC stock. It is possible 

that the coniferous forest in the study area stores more SOC than the mean for the county since 

the study area is a nature reserve.  

What land use changes could increase SOC stocks in the study area in the future? 

Based on the results, an increase in wet grasslands and deciduous forest would likely result in 

increased levels of SOC within 50 years. Coniferous forests that have been untouched for some 

time should be left untouched but young coniferous tree plantations and cultivated lands would 

likely store more SOC if they are turned into grasslands or wet grasslands.  

Are the applied methods suitable when studying SOC and SOM on a local scale as well 

as on a broader scale? 

The study has shown that there are issues in calculating SOC stocks both with the method for 

calculating SOC from SOM as well as with the use of soil bulk density which might vary more 

spatially and over time than is ideal. The issue with the use of data from literature review is that 

it is not place-specific and even if the land use type matches well, management practices within 

each land use type leads to larger discrepancies. Field measures of SOM worked well in 

corroborating or opposing the previous method for SOC stocks. However, it was time 

consuming and place and time specific. Without the use of the conventional factor to calculate 

SOC concentrations, or soil bulk density to calculate SOC stocks, it is difficult to make a perfect 

comparison between field samples and the previous method. On a broader scale, the method 

would not work as well, mainly since differences in land use type would be less important in, 

for example, a country the size of Sweden where SOC stocks would more likely vary with 

climate and topography. The method of combining data from literature review values of SOCC 

with land use and comparing to SOM concentrations is applicable when studying SOC stocks 

on a local scale but it does not consider the full carbon cycle, or economic and societal aspects 

of land use.  
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8. Appendices  
 

8.1. Input Geodata tables  
 

Type  Name  Description  Production date  Distributor  Source  

Vektor  1945.shp 
Polygon-layer of 
land use  1997-06-01 Sara Cousins  

Sara Cousins/Stockholm 
University 

Vektor  Nynäs_veg.shp 
Polygon-layer of 
land use  1997-06-01 Sara Cousins  

Sara Cousins/ Stockholm 
University 

Raster  orto_6522463_635614.tif 
GSD ortofoto and 
GSD ortofoto25  2015-01-01 Lantmäteriet  

Geodata Extraction Tool 
GET -  SLU 

Vektor  jordart_25_100k_jg2 

JORDARTER 1:25 
000-1:100 0000/Soil 
map  2014-02-05 

Sveriges 
Geologiska 
Undersökning  

Geodata Extraction Tool 
GET -  SLU 

Vektor-
layer  

OversiktskartanVector_1501_300
6 

GSD 
Översiktskartan 
Vektor/Overview 
map in Vektor 2013-04-30 Lantmäteriet  

Geodata Extraction Tool 
GET -  SLU 

 

8.2. SOC and SOM Data sources  
 

Coniferous forest C concentration  11.68% 0-30 cm Soil samples, Mean based on Mean and Median  

  C stock t/Ha 50.7 0-50 cm  Markinventeringen, Södermanlands län  

Deciduous forest  C concentration  15.53% 0-30 cm Soil samples, Mean based on Mean and Median  

  C stock t/Ha 203.3 0-50 cm  Markinventeringen, Södermanlands län  

Cultivated land  C concentration  4.30% 0-20 cm Mark- och Grödoinventeringen, Södermanlands län  

  C stock t/Ha 54 0-60 cm Kätterer, Andrén & Persson 2004, Västmanlands län  

Seminatural 

grasslands C concentration  9.23% 0-30 cm Soil samples 

  C stock t/Ha 89.3 0-50 cm Ståhlberg 2010, Mean of Region 2, Southern Sweden  

Wet grasslands  C concentration  20.97% 0-30 cm Soil samples 

  C stock t/Ha 176 0-24 cm  Bernal 2008, Ohio, USA 

 

8.2.1. Calculations of data from Markinventeringen 

 

Markinventeringen 1993 - 2002   Södermanlands county     

SOC  t/ha          

O-horizon          

  Mean  Median      

Pine 43.4 31.19     

Firn  35.9 30.7     

Coniferous  45.9 26.67     

CONIFEROUS/deciduous   43 29.52     

Coniferous  42.05 29.52     

Deciduous 106.9 115.93     
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SOC %  O-horizon  B-horizon  C-horizon   

Pine 36.1 2.2 0.9   

Firn  21.6 2.0 0.4   

Coniferous  23.2 2.1 0.6   

CONIFEROUS/deciduous   19.4 1.6 0.4   

Total Coniferous  25.1 2.0 0.6   

% of O-horizon   7.9 2.2   

Deciduous 26.3 9.4 0.1   

% of O-horizon   35.8 0.5   

  O-horizon B-horizon C-horizon    

Assumed depth per horizon 0-10 cm  10-35 cm  35 - 50 cm  Total SOC 0-50cm  

Coniferous % of O-horizon    0.079 0.0056   

SOC t/ha per horizon  42.1 8.3 0.4 50.7 

Deciduous % of O-horizon   0.358 0.005   

SOC t/ha per horizon  106.9 95.7 0.8 203.4 

 

8.3. Lab results and field notes  

 

Sample Moisture SOM  LU 1997 LU 1945 Depth  Soil material, field  Soil material, SGU Vegetation and other field notes  

1a 28.69% 11.98% Field SNG 0-5cm clay  Rock  Appears to be SNG, rather than 
field, ground covered in grasses, 
mosses, leaves and flower. Most 
likely grazed, open. Smaller saplings 
in the edges. 

1b 20.87% 6.42%     5-15cm     

1c 16.09% 4.32%     15-30cm     

2a 33.50% 10.24% Field SNG 0-5cm clay  Rock  Appears to be SNG, rather than 
field, ground covered in grasses, 
mosses, leaves and flowers. Most 
likely grazed, open. Smaller saplings 
in the edges. 

2b 21.57% 5.70%     5-15cm     

2c 17.44% 4.48%     15-30cm     

3a 38.11% 15.10% Field SNG 0-5cm clay  Glacial clay  Appears to be SNG, rather than 
field, ground covered in grasses, 
mosses, leaves and flowers. Most 
likely grazed, open. Smaller saplings 
in the edges. 

3b 21.41% 6.40%     5-15cm     

3c 21.13% 5.94%     15-30cm     

4a 31.30% 8.71% Conif SNG 0-5cm clay  Rock  Tall pine trees and lower fir, some 
high birches, ground has lots of 
moss, some grass, needle, leaves, 
brushwood and dead wood. Sample 
on a lower ground, lots of mosses, 
easy to dig. 

4b 26.53% 6.46%     5-15cm     

4c 22.35% 4.75%     15-30cm     

5a 35.04% 17.00% Conif SNG 0-5cm clay  Rock  Tall pine trees and lower fir, some 
high birches, ground has lots of 
moss, some grass, needle, leaves, 
brushwood and dead wood. Sample 
close to brushwood. 

5b 26.48% 7.64%     5-15cm     

5c 17.79% 4.32%     15-30cm     

6a 28.18% 10.80% Conif SNG 0-5cm clay  Glacial clay  Tall pine trees and lower fir, some 
high birches, ground has lots of 
moss, some grass, needle, leaves, 
brushwood and dead wood. Sample 
close to dead wood, ground harder 
to dig. 

6b 20.47% 5.63%     5-15cm     

6c 16.24% 2.80%     15-30cm 
 

  

7a 31.65% 17.49% SNG SNG 0-5cm clay  Rock  Grasslands on an elevated hill with 
grazed fields around, trees and 
bushes. Many small stones. Sample 

7b 28.47% 11.92%     5-15cm     
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7c 21.29% 7.08%     15-30cm     next to a birch, ground covered by 
grass, not many bushes. 

8a 30.87% 15.87% SNG SNG 0-5cm clay  Rock  Grasslands on an elevated hill with 
grazed fields around, trees and 
bushes. Sample next to bushes, 
after 10 cm solid rock, therefore no 
C. 

8b 24.82% 12.38%     5-15cm     

9a 35.18% 15.93% SNG SNG 0-5cm clay  Rock  Grasslands on an elevated hill with 
grazed fields around, trees and 
bushes. Many rocks. Sample close to 
dead wood in a slope. 

9b 30.53% 11.07%     5-15cm     

9c 21.87% 5.39%     15-30cm     

10a 75.46% 44.44% WG WG 0-5cm clay  Water Wetlands with reeds and grasses, 
and dark organic soils exposed in 
between, strong smell. Very wet, 
sample closest to the edge of the 
lake.  

10b 65.43% 32.58%     5-15cm     

10c 50.86% 18.66%     15-30cm     

11a 64.09% 29.87% WG WG 0-5cm clay  Water Wetlands with reeds and grasses, 
and dark organic soils exposed, 
strong smell. Less wet than sample 
point 10, further up from lake.  

11b 51.25% 19.95%     5-15cm     

11c 49.65% 19.02%     15-30cm     

12a 57.92% 21.78% WG WG 0-5cm clay  Mud clay  Wetlands with reed and grasses, 
and dark organic soils exposed in 
between, strong smell. Wet, but 
drier than 10 and 11, furthest up 
from lake.  

12b 51.72% 16.99%     5-15cm     

12c 37.83% 10.77%     15-30cm     

13a 4.92% 21.93% Conif Forest 0-5cm Undefined/Organic Rock  Rocky terrain, rocks with thin layers 
of mosses, needles and organic 
material. Lots of dead wood, seems 
like a more natural forest, terrain 
does not seem ideal for forestry. Soil 
material layers are very thin, reason 
for shallow sampling.  

13b 58.82% 13.44%     5-15cm     

14a 64.15% 88.83% Conif Forest 0-5cm Undefined/Organic Sandy till 

15a 26.38% 12.01% Decid SNG 0-5cm silt/sand  Sandy till Deciduous trees and bushes, 
relatively open, ground is covered in 
grasses, leaves and flowers, rocks.  

15b 14.12% 4.55%     5-15cm     

15c 13.40% 3.80%     15-30cm     

16a 29.65% 14.80% Decid SNG 0-5cm sand Sandy till Deciduous trees and bushes, 
relatively open, ground is covered in 
grasses, leaves and flowers, rocks.  

16b 19.23% 7.94%     5-15cm     

16c 18.14% 6.31%     15-30cm     

17a 3.76% 12.33% Decid SNG 0-5cm silt Sandy till Deciduous trees and bushes, 
relatively open, ground is covered in 
grasses, leaves and flowers, rocks. 
Lower elevation than previous and 
bigger rocks. 

17b 17.93% 5.42%     5-15cm     

17c 12.77% 3.66%     15-30cm     

18a 69.64% 40.86% WG Field 0-5cm clay  Sandy till Wetlands not entirely consistent 
with land use 1997, but was field in 
1945. Reed or tall grasses with 
exposed wet dark soils in between. 

18b 44.42% 18.56%     5-15cm     

18c 39.59% 11.50%     15-30cm     

19a 52.86% 24.35% WG Field 0-5cm clay  Sandy till Wetlands not entirely consistent 
with land use 1997, but was field in 
1945. Short reed or tall grasses with 
exposed wet dark soils inbetween. 

19b 28.40% 10.54%     5-15cm     

19c 29.48% 8.82%     15-30cm     

20a 36.58% 14.20% SNG Field 0-5cm clay  Glacial clay  Grazed grasslands, grass, flowers, 
leaves and some mosses with man-
made ditches on two sides, woods 
on one side, which in change 
analysis was supposed to be 
seminatural grasslands, sample in 
the middle of area 

20b 26.54% 8.38%     5-15cm     

20c 21.42% 6.13%     15-30cm     
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21a 27.06% 13.25% SNG Field 0-5cm silt Glacial clay  Grazed grasslands, grass, flowers, 
leaves and some mosses with man-
made ditches on two sides, woods 
on one side, which in change 
analysis was supposed to be 
seminatural grasslands, sample on a 
small elevation next to the ditch. 

21b 22.96% 7.58%     5-15cm     

21c 18.13% 4.88%     15-30cm     

22a 28.85% 9.59% SNG Field 0-5cm silt  Glacial clay  Grazed grasslands, grass, flowers, 
leaves and some mosses with man-
made ditches on two sides, woods 
on one side, which in change 
analysis was supposed to be 
seminatural grasslands, sample next 
to wood area, less green and more 
moss than previous sample points, 
potentially affected by shade from 
trees. 

22b 22.62% 6.35%     5-15cm     

22c 21.55% 5.68%     15-30cm     

23a 52.90% 20.54% WG Field 0-5cm clay  Glacial clay  High grasses, with exposed wet soils 
in between, this patch is consistent 
with small patch in change analysis. 

23b 39.44% 14.49%     5-15cm     

23c 44.71% 13.74%     15-30cm     

24a 63.68% 63.73% Decid SNG5 0-5cm Undefined/Organic Mud clay  Coppice of birches, in the middle of 
a grazed field with semi wetlands. 
Ground covered in grasses, dead 
organic material and dry leaves. 
Very easy to dig.  

24b 61.72% 63.19%     5-15cm     

24c 71.14% 73.78%     15-30cm     

 

8.4. SOM concentrations and soil material, texture or type, defined in field 

 

SOM in % based on field samples 

  Clay  Silt/Sand  Undefined/organic  

Depth/LU Mean  Mean Mean  

0-5 cm  18,96% 12,23% 59,56% 

5-15 cm 11,44% 6,16% 38,31% 

15-30 cm  7,75% 4,94% 73,78% 

Based on number of samples:  

0-5 cm  16 5 3 

5-15 cm 16 5 2 

15-30 cm  15 5 1 

SOM in % based on land use and soil type 

SNG 0-5 14,40% 11,42% - 

SNG 5-15  8,89% 6,35% - 

SNG 15-30  5,56% 5,28% - 

WG 0-5  30,31% - - 

WG 5-15  18,85% - - 

WG 15-30 13,75% - - 

Conif 0-5 12,17% - 55,38% 

Conif 5-15  6,58% - 13,44% 

Conif 15-30  3,96% - - 

Decid 0-5 - 13,05% 63,73% 

Decid 5-15  - 5,97% 63,19% 
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Decid 15-
30  - 4,59% 73,78% 
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