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Abstract 
High latitude soils are estimated to store a considerable part of the global pool of soil organic carbon 
(SOC). Studies of global and regional SOC pools have estimated total inventories in northern 
Sweden’s subarctic region to fall within 10-50 kg m-2. However, correction factors for stone and 
boulder content of soils are often overlooked in SOC-studies and soil profiles are commonly 
normalized to a depth of 1 m, which can result in substantial overestimates of the SOC pool if a 
large part of the soil volume is occupied by stones/boulders or if the soil depth is shallower than 1 
m. This study was performed to quantify SOC in soils of the Torneträsk catchment area using 
detailed measures of soil depth and stone/boulder contents. Two non-destructive sampling 
methods, ground penetrating radar (GPR) and rod penetration, were used to measure soil depth 
and stone and boulder content in the catchment area. Results show that average soil depth (n = 
52344) varied between 0.95 – 2.14 m depending on elevation and the average mire depth was 0.63 
m. Stone and boulder content of the soil was estimated to 49 – 68 % depending on elevation. The 
results were added to existing carbon and soil density data from the Torneträsk catchment area and 
total SOC inventories were calculated to 6.8 – 13.1 kg m-2. The results of this study indicate that 
previous studies on regional and global scale may have overestimated the SOC pools in the subarctic 
regions of northern Sweden. 

Keywords: Torneträsk catchment area, soil organic carbon, stoniness, sub-arctic, ground-
penetrating radar 
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1 Introduction 

1.1 Background 

The Intergovernmental Panel on Climate Change (IPCC) reports that an increasing global mean 
temperature has been recorded during the last century. A continued temperature increase during 
the 21st century could create a positive feedback between the changing climate and the global C 
cycle (IPCC 2013). The positive feedback could potentially accelerate respiration losses from the 
soil organic carbon (SOC) storage in arctic and sub-arctic areas of the world and lead to increased 
emissions of greenhouse gases (Tarnocai et al. 2009). Global studies of SOC pools estimate that 
1500 - 1600 GtC is stored in the top meter of soils globally and another 500 - 900 Gt is stored in 
the underlying second meter of soil (Amundson 2001, Hugelius et al. 2009). A large portion of 
these ~1500 GtC is thought to be stored in the arctic or subarctic permafrost. Tarnocai (2009) 
suggests that as much as 496 GtC is stored in the upper 1 m of the northern permafrost region, 
where ~150 GtC is estimated to be stored in peatlands leaving ~345 GtC in arctic and subarctic 
mineral soils. Studies on regional and global scale estimate SOC levels in northwest Sweden 
between 10 – 50 kg m-2, with specific soil types as high as 25 - 50 kg m-2 (Amundson 2001, 
Hugelius et al. 2013). Studies performed on a regional or local scale in northwest Sweden present 
SOC levels between 7 - 16 kg m-2 (Callesen et al. 2002, Klaminder et al. 2009). 

According to the latest report by the IPCC (2013) the cumulative emission of anthropogenic CO2 
into the atmosphere have added up to roughly 400 GtC since 1870. If the SOC pool in the arctic is 
as large as recent estimates suggest a remobilization of no more than a few percentages of the 
stored SOC in the arctic could cause C emissions of significant proportions (Amundson 2001). An 
accurate estimate of the stored SOC in arctic and subarctic areas is therefore important for future 
predictions of atmospheric and terrestrial C cycles. However, many regional and global studies 
fail to account for stone and boulder content in their datasets and often normalize soil depth to 1 
m when estimating SOC pools. Neglecting the stone volume in the soil can lead to significant 
overestimations of element inventories (Stendahl et al. 2009). Moreover, glacial deposits in arctic 
and alpine areas could be just a few decimeter thick and assuming a soil depth of 1 m could also 
result in a substantial overestimate of the SOC pool. 

This study used two non-destructive sampling methods to account for the heterogeneity of glacial 
terrain and apply correction factors to existing SOC data from the Torneträsk catchment area. The 
first method utilized ground penetrating radar (GPR) for estimating soil depth over large areas in 
the Torneträsk catchment area, i.e. a geophysical technique for depth measurements of different 
materials using electromagnetic waves (Jol 2009). The second method measured the 
rock/boulder content (henceforth in the text referred to as stoniness) through rod penetration 
tests, which is a simple measure of the relative volume of >2cm in diameter stones and boulders 
found in soils (Eriksson and Holmgren, 1996). 

1.2 Aim of the study 

The aim of the study was to measure soil depth and stoniness in a large area of the Torneträsk 
catchment and apply the results to existing SOC data from the area to evaluate the importance of 
correction factors when estimating SOC inventories. The following hypotheses were tested: 

 

 GPR and rod penetration are useful tools in creating large-scale estimates of soil depth 
and stoniness in formerly glaciated terrains. 
 

 Previously published data for regional and global SOC pool estimates are not applicable to 
the northern parts of the Swedish mountain range due to the absence of correction factors 
accounting for post-glacial soil variability, leading to potential overestimates of the total 
SOC pool. 
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2 Material and methods 

2.1 Site description 

Torneträsk is located northwest of Kiruna in Norrbotten, Sweden (Figure 1), the catchment area 
of the lake is approximately 4000 km2. The bedrock of the area is heterogeneous and consists of 
metamorphic slate, gneiss, feldspars and granite with local intrusions of diabase and diorite. The 
area has been exposed to glacial abrasion during the last glacial periods and glacial terraces, 
kames and eskers are present in the catchment area (SGU, 2013). The large scale vegetation 
patterns in lowland areas, below 500 masl, consist mostly of alpine birch forest (Betula 
pubenscens) but pine (Pinus sylvestris) can also be found in the lowland parts of the catchment. 
Mires are present in the catchment area but account for a relatively small area (<4%), they are of 
mixed origin with a composition ranging from dry palsa mires to submerged wetlands 
(Christensen et al. 2013, Alewell et al. 2011). At higher elevation, between 500-800 masl, the 
vegetation changes into tundra heaths consisting of low shrubs, herbs and mosses. On hillsides 
above 800 masl the vegetation becomes scarce and most areas are dominated by low growing 
herbs and mosses. Exposed boulder rich basal till and bedrock, void of vegetation, is not 
uncommon at high elevation (SLU 2013, SGU 2013). 

 
Figure 1: A map of the western part of the Torneträsk catchment area. The stars mark the location of the different 
sampling transects. All transects faced uphill from the starting location. 

2.2 GPR fieldwork 

All fieldwork was carried out during a four week period in the summer of 2013. The sampling 
transects for the GPR were located at 5-10 km intervals between the mountain Kaisepakte at the 
southern shore of Torneträsk and the village of Katterjåkk close to the Norwegian border. Soil and 
peat depth was sampled using a MALÅ HDR 160MHz GPR with sample intervals of 0.05 m 
(Figure 2). The total sampling length of all depth profiles was ~18 km distributed over 11 different 
transects. Mineral soil depths were measured from 8 different transects using GPR, each transect 
consisted of 4-9 sampling sites and each site was made up of 3 x 30 m profiles spaced 10 m apart. 
At three sites consisting of glacial till reference pits were dug to provide calibration data for the 
GPR software (Figure 3). Peat depth was measured on 3 different mires in evenly spaced 100 – 
200 m profiles using GPR. At all three mires peat coring was used to measure reference depths for 
GPR software calibrations. Three replicate profiles were collected at an intersection of a newly 
constructed road with exposed bedrock on the side to assist with quality control of the equipment 
(Appendix 3). 
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Figure 2: The ground penetrating radar equipment used during fieldwork, MALÅ HDR 160MHz GPR. 

 
Figure 3: Two GPR calibration pits dug at Kärkevagge (left) and Katterjokk (right). 

2.3 Measurement of stone and boulder content 

A rod penetration method was used to sample stone and boulder content. The method was 
developed by Viro (1952) and the formula was further developed by Eriksson and Holmgren 
(1996). The method uses a 50 cm long steel rod of 1 cm in diameter. The rod is carefully driven 
into the soil and the depth is measured from the point where the rod hits a stone or boulder (Ø > 
2 cm), or when the rod penetration exceeds 40 cm. All transects sampled with the GPR were 
sampled for stone and boulder content using rod penetration. A total of 6 squares (25 x 25 cm) 
were marked at random on each site, in each corner of the randomized squares the rod 
penetration depth was measured. This method produced 24 samples per site and a total of n=600 
rod penetrations were collected. Below is the formula used to estimate stoniness based on the 
average rod penetration depth. 

𝑆𝑡𝑜𝑛𝑖𝑛𝑒𝑠𝑠 = 0.746 − 1.82 ∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑝𝑡ℎ  Eq. 1 
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2.4 Soil sampling 

Data for mineral soil C concentrations, mineral soil density, O-horizon C concentrations and O-

horizon density from the Torneträsk catchment area was imported from a study by Klaminder et 

al. (2009). 

2.5 GPR data analysis 

Over the course of eight weeks all soil depth data gathered using GPR was rendered and analyzed 
as digital images in the RadExplorer 1.41 software (Figure 4). Four standard filters within the 
software were used to enhance image quality, DC Removal, Time-Zero adjustment, Amplitude 
Correction and Background Removal. The GPR images were analyzed for signs of bedrock or 
stratified material (Figure 4a). In the case that a visible layer of bedrock was found colored 
markers (picks) were added to the image (Figure 4b). These picks were later used to extract depth 
values from the chosen layer. A number of profiles were considered inconclusive even after 
application of various software filters to enhance image quality. As a result the data from those 
profiles was excluded from the set (Table 1), an example of an inconclusive profile can be seen in 
Figure (4c). 

The soil depth value generated by the GPR software is based on the time that the electromagnetic 
signal travels through the soil, this is measured in nanoseconds (ns). Because of this the electrical 
conductivity of a soil becomes a main factor for estimating the velocity of the GPR signal. The 
conductivity in turn is dependent on a number of variables, including water, soluble salts and clay 
content (Jol 2009). In this study calibrated velocities of 8.5 and 9.0 cm ns-1 were used for two 
sites based on the depth measurements from the calibration pits dug at each sites. For the 
remaining 6 sites of glacial till a standard signal velocity of 10 cm ns-1 was used after consultation 
of the equipment manufacturer MALÅ Geoscience.  

The three mires were assigned signal velocities of 4.5 – 5.2 cm ns-1 based on calibrations made 
through peat coring (Table 1). Figure (4d) shows a clear profile through the mire Storflaket. 

Estimated soil and mire depth values were extracted from the RadExplorer software in .txt files 
and compiled in an Excel-file. The data was summarized based on terrain and elevation creating 
four separate subgroups in the dataset, alpine birch forest, low tundra and high tundra and mire. 
Several of the sampling transects included sites from two or more subgroups. 

Table 1: The 11 sampled transects, transect elevation, total number of GPR depth profiles and the number of 

inconclusive GPR depth profiles. The table also shows the individual signal velocity assigned during calculations for the 

depth model in the RadExplorer 1.41 software, [*] indicate calibrated values. 

Transect Elevation (masl) 
Total number of 

profiles (n=) 

Total number of 
inconclusive  
profiles (n=) 

Velocity  
(cm ns-1) 

Kaisepakte 400 – 1100 15 6 10 

Paddus 350 – 500 15 5 10 

Kungsleden 350 – 500 15 7 10 

Njulla 350 – 1100 18 2 10 

Björkliden 350 – 800 21 0 10 

N. Torneträsk 800 – 1100 27 4 10 

Kärkevagge 500 – 800 15 0 9* 

Katterjokk 500 – 800 12 1 8.5* 

Storflaket (mire) 350 – 400 10 0 5.2* 

Stordalen (mire) 350 – 400 22 0 5.2* 

Katterjåkk (mire) 350 - 500 8 0 4.5* 

Total  175 25 - 
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Figure 4: Digital images displaying GPR data from RadExplorer 1.41 for four different profiles. a) A GPR profile image 
from the high tundra site Njulla depicting a visible layer analyzed as bedrock. b) A GPR profile image with a visible line 
of picks used for depth calculations of a selected layer within the image. c) A GPR profile image without any clear visible 
layers, this profile is considered inconclusive. d) A GPR profile image from the mire Storflaket, showing a clear layer 
between peat and underlying sediments. There is also a signal reflection showing an identical second layer of sediment. 
The permafrost boundary of the mire is located right at the sediment subsurface creating an amplified stratification at 
25 ns travel time, not to be confused with the reflected layer at 50 ns travel time. 
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2.6 Statistical analyses and SOC calculations 

Differences in soil depth and stoniness between the major vegetation types (alpine birch forest, 
low alpine tundra and high alpine tundra) was tested using a non-parametric Kruskal Wallis test 
(data not normally distributed). 

The integrated SOC pool (SOCpool; kg SOC m-2) in the three vegetation types was calculated as 
 
𝑆𝑂𝐶𝑃𝑜𝑜𝑙 = 𝑇 × 𝐵𝑑(1 − 𝑆) × 𝑆𝑂𝐶      Eq. 2 
 
where T was the thickness of the soil (m), Bd was the density of the <2 mm fraction of the soil (kg 
m-3), S was the stoniness of the soil (relative volume) and SOC is the soil organic carbon 
concentration of the <2 mm fraction of the soil (kg SOC kg-1 soil). 

3 Results 

3.1 GPR data 

Across all eight sampling transects the average soil depth of the Torneträsk catchment was 
measured to 1.36 m (± 0.8). The three subgroups alpine birch forest (350-500 masl), low tundra 
(500-800 masl) and high tundra (800-1100 masl) were measured to an average soil depth of 2.14 
m, 0.95 m and 1.35 m respectively (Table 2). The analysis of variance showed a statistically 
significant difference (p = 0.001) in soil depth between all three subgroups in the dataset. All 
three subgroups also displayed a skewed distribution with a higher standard deviation towards 
greater soil depth (Figure 5). The average mire depth of the Torneträsk catchment area was 
measured to 0.63 m (Table 2). 

 

Figure 5: A boxplot showing the average soil depth measurements of the Torneträsk catchment area divided between 3 

different subgroups based on elevation. Statistically significant differences (p = 0.001) between the three subgroups 

(alpine birch forest, low alpine tundra and high alpine tundra) is indicated with difference letters.  
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3.2 Stoniness 

The average stoniness of the Torneträsk catchment area was measured to 56 %. Average stoniness 
of the soil in the three subgroups was estimated to be 54 % in the alpine birch forest, 49 % in the 
low tundra and 68 % in the high tundra (Table 2). An analysis of variance showed a statistically 
significant difference (p = 0.001) between the high tundra and the two other subgroups, no 
statistically significant variance was found between alpine birch forest and low tundra (Figure 6). 

 
 

 

Figure 6: A boxplot showing the average stoniness of the Torneträsk catchment area divided between 3 different 

subgroups based on elevation. Statistically significant differences (p = 0.001) between subgroups (alpine birch forest, 

low alpine tundra and high alpine tundra) is indicated with difference letters. 

3.3 SOC data 

The results from the SOC calculations are available in Table 2, for the full dataset with all 
averages used in the calculations of SOC inventories see Appendix 2. The SOC in the Torneträsk 
catchment mires averaged 59.2 kg m-2. 

The mineral SOC in alpine birch forest was measured to 21.0 kg m-2 without correction factors, 
the O-horizon C was measured to 2.5 kg m-2. When factoring in the measured stoniness of the 
mineral soil (54 %) the total SOC pool decreased from 23.4 kg m-2 to 12.0 kg m-2. This results in a 
net loss of 49 % SOC from the soil pedon in the alpine birch forest. 

The mineral SOC in low tundra areas was measured to 19.3 kg m-2 without correction factors, the 
O-horizon C was measured to 3.2 kg m-2. When factoring in the measured stoniness of the 
mineral soil (49 %) the total SOC pool decreased from 22.5 kg m-2 to 13.1 kg m-2. This results in a 
net loss of 42 % SOC from the soil pedon of the low tundra. 

The mineral SOC in high tundra areas was measured to 16.6 kg m-2 without correction factors, the 
O-horizon C was measured to 1.4 kg m-2. When factoring in the measured stoniness of the mineral 
soil (67 %) the total SOC pool decreased from 18.0 kg m-2 to 6.8 kg m-2. This results in a net loss of 
64 % SOC from the soil pedon for the high tundra. 

In summary the application of the correction factor for stoniness, based on measurements from 
this study, reduces the SOC inventories of the Torneträsk catchment area by 42 – 64 %.
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Table 2: Average values for original data from this study (Soil depth and Mineral soil stoniness) and the results of SOC calculations using data from Klaminder et al. (2009). *) Indicates the 
columns where the correction factor for stoniness has been applied. **) Indicates the column with SOC inventories normalized to kg m-3 to visualize the effect of reducing soil depth on total SOC 
pools, this should not be compared with (A), (B) and (C). The three final columns show data from other studies of regional or global scale used for comparison. The values in the table correspond 
to their estimates of SOC in the Torneträsk catchment area. A) Global estimate for tundra and moist boreal forest, Amundson 2001, data based on Post et al. 1982. B) Data from the NCSCD, 
Tarnocai et al. 2009. C) Data from the NCSCD, Hugelius et al. 2013. The data from these studies can be compared to the data for Total SOC*. 

Terrain Soil depth 
(m) 

Mineral soil 
stoniness (%) 

Mineral SOC  
(kg m-2) 

O-horizon C  
(kg m-2) 

Mineral SOC*  
(kg m-2) 

Total SOC*  
(kg m-2) 

Corrected SOC**  
(kg m-3) 

SOC (A) 
(kg m-2) 

SOC (B) 
(kg m-2) 

SOC (C) 
(kg m-2) 

Alpine birch 2.14 54.4 20.95 2.45 9.56 12.01 6.70 11.6 10 - 50 25 - 50 

Low-tundra 0.95 49.0 19.30 3.19 9.85 13.05 13.05 21.8 10 - 50 25 - 50 

High-tundra 1.35 67.6 16.57 1.39 5.38 6.76 5.22 21.8 10 - 50 25 - 50 

Mire 0.63 - - 59.20 - - 93.96 - - - 
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4 Discussion 

4.1 Reliability of the soil depth estimates 

The choice of using GPR for soil depth measurements suited this project as it enabled large scale 
non-destructive sampling of soil depth and stratifications that would otherwise have been 
unavailable except through extensive, costly and laborious digging. The drawback of GPR as a 
sampling method is that it is vulnerable to electrochemical properties of the soil. Increases in 
electrical conductivity from high water content or ion-rich clay material can interfere with the 
GPR signal (Jol, 2009) and render profile images difficult to interpret. As can be seen in Table 1 
around 15 % of the profiles sampled in this study turned out inconclusive. There can be a number 
of reasons for this, at first elevation seemed to be a deciding factor but a more likely explanation 
for the inconclusive profiles is the high concentrations of fine grained clay-particles in the lowland 
areas as a result of glaciofluvially transported material. However, the transect on the mountain 
Kaisepakte also suffered from a higher than average number of inconclusive profiles which 
suggests that there are other factors that affect the GPR signal as well. 

The measurements of this study indicate that the average soil depth of the Torneträsk catchment 
area falls between 1.2 - 1.5 m, which is deeper than expected. It is clear from the dataset that the 
deepest parts are found in the alpine birch forest, but as seen in Figure (5), the smallest soil depth 
was found on the low tundra on the hillsides between 500 – 800 masl. Statistical analysis of 
variance between the three subgroups (Figure 5) clearly shows that, based on this data, there is a 
statistically significant difference between the soil depths of the three subgroups. 
 
The mires in the catchment area was measured to an average depth of 0.63 m, however, this 
average depth corresponds very well with depth estimates derived after peat coring (Klaminder et 
al. 2008). As can be seen in Appendix 1 the mire in Katterjokk is significantly deeper than 
Stordalen and Storflaket located at the south shore of Torneträsk. This is believed to be because of 
the different climate regimes by each mire, Katterjokk is located closer to the Norwegian border 
with a maritime climate gives higher annual precipitation, which stimulates peat accumulation 
and can explain the thicker peat deposit in this area (Clymo, 1984). Stordalen and Storflaket has a 
more continental climate regime and thus less suitable conditions for peat growth. In addition, 
the peat deposits in Stordalen and Storflaket are relatively dry mires because of uplifting induced 
by extensive occurring permafrost, which have lower peat accumulation at least during the last 
centuries (Alewell et al. 2011). 

4.2 Reliability of the estimates of stoniness 

Stone and boulder content, or stoniness, is the primary correction factor that this study focuses 
on. Eriksson and Holmgren (1996) explained the importance of stoniness and why soil fractions 
matters. As they expressed it, laboratory equipment is held accountable for numerous decimals 
while the precision of basic fieldwork often gets left out in quality control. As demonstrated in this 
project stoniness can account for large portions of the soil volume which can directly impact 
element concentrations and inventories by up to 50 %. Rod penetration suffers from the same 
problems as GPR where an unknown medium is measured, which makes calibration equipment 
and formulas crucial. In this study the calibration data is taken from Eriksson and Holmgren 
(1996). The calibration was not performed in the Torneträsk catchment area, which introduces a 
possible source of error to the study. However, even with an estimated stoniness 20% lower than 
the presented results, the effect on SOC inventories is evident. The largest uncertainty when 
estimating SOC pools in mineral soils is stone and boulder content, according to Stendahl et al. 
(2009). This, in relation to the SOC data shown in Table 2, helps to stress the importance of 
accurately estimating stoniness and including it when calculating element inventories. 

4.3 Carbon data 

Results from this study indicate that SOC inventories for the Torneträsk catchment area range 
between 6 - 13 kg m-2 after correction factors for stoniness have been applied. In comparison a 
study by Amundson et al. (2001) suggests that global estimates of SOC inventories in tundra 
terrain is close to 22 kg m-2 (Table 2). Similar estimates have been derived for the North American 
arctic (Ping et al. 2008). The NCSCD have SOC inventories of 10 – 50 and 25 – 50 kg m-2 mapped 
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over northern Sweden (Tarnocai et al. 2009, Hugelius et al. 2013). Based on the results from this 
study the values presented by regional and global SOC databases are not representative for the 
Torneträsk catchment area and are likely overestimated. This could be because of the applied 
correction factors used in this study that have a large impact on SOC content, without the 
correction factor for stoniness the SOC inventories show similar values (Table 2). With databases 
such as the NCSCD is it hard to know how the sampling was carried out and if stoniness was 
accounted for. Another possible explanation is that glacially deposited till, such as the one found 
in the Torneträsk catchment area, is a minority with significantly lower SOC content that other 
soils on a global scale. Mires also hold large amounts of carbon (59.2 kg m-2) in the Torneträsk 
catchment area, but the total mire area is relatively small, >4 %, decreasing the effect of mires on 
the total SOC inventory in the catchment area (Christensen et al. 2007). It is possible that large 
databases compile data from all terrain types, including mires, which could skew the data and 
cause the high SOC values for northern Sweden in these studies. Nevertheless, as none of the 
previous estimates has clearly described that they have considered stones and boulders in their 
calculations, it seems most likely that previous estimates are biased towards too high SOC stocks 
because stoniness has been ignored in the data sets. However, it seems unlikely that the higher 
estimate in previous studies are results of soil being shallower than the assumed 1 m in the 
catchment area, as the results of this study indicates soils are typically more than 1 m thick in the 
Abisko area (Figure 5). 
 
Data from other studies in northern Sweden support the idea that the Torneträsk catchment area 
has significantly less SOC than global mean values. Studies have presented inventories of SOC 
ranging between 5 – 16 kg m-2 which compares well to the data in this study (Callesen et al. 2002, 
Klaminder et al. 2009). Callesen et al. (2002) did a correction for stone and boulder content 
based on ocular estimates, while Klaminder et al. (2009) excavated coursed grained fluvial 
terraces where the boulders and stones are rarely occurring. These two findings support my 
estimated pools and further stress that SOC inventories are easily overestimated if the stoniness is 
not considered.  

My conclusions from this study is that the two non-destructive sampling methods, if used 
correctly, can provide helpful complements to traditional sampling methods and in some cases 
replace them entirely. I also recur that correction factors can play a large role in the results of 
total SOC pool estimates and even well cited regional and global SOC estimates should be treated 
with caution as they may constitute overestimates for certain geographic areas, because of their 
apparent lack at including stoniness in their calculations.  To avoid overestimating element 
inventories it is important to factor in stoniness when sampling soils, especially in formerly 
glaciated terrains. 
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6 Appendix 

Appendix 1: A boxplot showing the average soil depth measurements of the Torneträsk catchment area divided between 

the 11 different sampling transects. A noticeable difference in depth can be seen between Kaisepakte, Paddus and 

Kungsleden and the remaining transects. The three mires also differ between the inland mires Storflaket and Stordalen 

and the more maritime mire in Katterjåkk.
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Appendix 2: Average values for original data from this study (Soil depth and Mineral soil stoniness) and the results of SOC calculations using data from Klaminder et al. (2009). (*) SOC pools 

corrected for stoniness, (**) SOC pools corrected for stoniness and normalized to 1 m-3. 

Terrain Soil depth 
(m) 

(n=) Stoniness 
(%) 

(n=) Mineral soil 
density  
(kg m-3) 

Mineral 
SOC  
(%) 

Mineral 
SOC  

(kg m-2) 

O-hor 
depth  
(m) 

O-hor 
density  
(kg m-3) 

O-hor C 
(%) 

O-hor C  
(kg m-2) 

Mineral 
SOC  

(kg m-2)* 

Total SOC 
(kg m-2)* 

SOC  
(kg m-3)** 

Alpine birch 
2.14 12199 54.4 168 1278.1 0.78 20.95 0.05 134.24 38.3 2.45 9.56 12.01 6.70 

Low-tundra 
0.95 22658 49.0 300 1306.4 1.64 19.30 0.05 161.70 39.2 3.19 9.85 13.05 13.05 

High-tundra 
1.35 17487 67.6 192 1306.4 0.97 16.57 0.04 135.69 25.5 1.39 5.38 6.76 5.22 

Mire 0.63 75479 - - - - - 0.63 168.02 56.1 59.20 - - 59.20 
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Appendix 3: Three replicates GPR profiles drawn between two points roughly 15 m apart. These images indicate a fairly 
good reproducibility using GPR equipment. 


