
 

Indicators and trends  
Monitoring climate change adaptation  

 

Indicator name Version 

NA11: Soil carbon concentration in arable soils 22/03/16 

Indicator type:  Risk/opportunity Impact Action 
 X  

SCCAP Theme SCCAP Objective CCRA risk/opportunity 

Natural Environment N3: Sustain and enhance the 
benefits, goods and services 
that the natural environment 
provides 

AG19 Risk of soil erosion and 
leaching 

 

At a glance 

• Soils play a vital role in maintaining ecosystem function and supporting delivery of ecosystem 
services  

• Carbon is an important indicator of soil quality  
• Projected climate change may increase the loss of soil carbon and also lead to a significant 

increase in the land area suitable for arable farming  
• It is therefore important to monitor and understand changes in soil carbon in arable soils  
• This can also help us assess the efficacy of policies designed to limit soil degradation and 

maintain soil quality on arable land 

 

Latest Figure Trend 

Mean carbon concentration of arable and 
horticultural soils (0-15 cm): 32.3 g/kg (2007) 

Decreasing (1998 – 2007) 

 

Why is this indicator important? 

Soils play a vital role in maintaining ecosystem function and supporting delivery of ecosystem services 
including water regulation and purification, crop production and carbon sequestration (Brown et al, 
2012). Soils contain the largest terrestrial pool of carbon, and in turn, carbon is an important indicator 
of soil quality. It is the primary source of energy for soil organisms and plays an important role in 
maintenance of structural condition, water retention and resilience (Emmett et al, 2010). 

Rates of soil erosion may increase with increasing rainfall intensity. Climate projections for Scotland 
indicate more heavy rainfall days (i.e. days with more than 25mm of rain) in both summer and winter, 
and an increase in winter rainfall. Projected climate change is also likely to lead to a significant 
increase in the land area suitable for arable farming (Defra, 2012).  
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Soil erosion can lead to the loss of soil organic material, resulting in reduced soil fertility and the loss 
of soil carbon, releasing stored carbon to the atmosphere thereby increasing greenhouse gas 
emissions (Defra, 2012). It is also detrimental to watercourses, leading to increased sedimentation 
and, in the case of soil erosion on arable land, increased pollution by fertilisers and pesticides.  

These impacts could be exacerbated as projected climate change is also likely to lead to a significant 
increase in the land area suitable for arable farming, and an associated increase in pesticide and 
fertiliser use (ibid).  There is therefore a need to monitor and understand changes in soil carbon in 
arable soils.  

‘There are great uncertainties in climate impacts on soil carbon cycling. Countryside Survey soil 
carbon data will contribute to knowledge of how soil carbon is changing, how this relates to 
vegetation change and land use and management and provide evidence of the effectiveness of soil 
protection legislation.’ (Emmett et al, 2010) 

The figures reported in this document are for soils in the ‘Arable and Horticultural’ Broad Habitat type 
drawn from the Countryside Survey.  They refer to top soil (0-15cm) carbon concentrations. 

Related Indicators: 
NA10 Soil erosion risk 
NA12 Agricultural production methods which reduce erosion risk 

 

What is happening now? 

The mean carbon concentration in Arable and Horticultural soils is 32.3 g/kg (2007). This is a 
statistically significant reduction of 9.3% from 1998. 

What has happened in the past? 

Between 1998 and 2007 there was a statistically significant decline in the mean soil carbon in Arable 
and Horticultural soils.  This corresponds with a statistically significant decline in soil carbon in all 
habitat types in Scotland. 

Table 1. Carbon concentration of soils (Arable and Horticulture): 1978-2007 
Year Mean carbon 

concentration (g/kg) 
2007 32.3 
1998 35.6 
1978 35.8 

 
Table 2. Change in carbon concentration of soils (Arable and Horticulture): 1978-2007 

Year Change in carbon 
concentration (%) 

Statistically significant 
change 

1978 - 1998 -0.6 N 
1998 - 2007 -9.3 Y 
1978 - 2007 -9.8 N 

 
Source: SESO (from Countryside Survey, 2007) 
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What is projected to happen in the future? 

Emmet et al (2010) advise that further analysis of data from the Countryside Survey 2007, along with 
data from other surveys and from modelling, is needed before it is possible to comment on the likely 
future trends of soil carbon concentrations. 

 

Patterns of change 

 

 

Interpretation of indicator trends 

Changes in soil organic carbon have been attributed to multiple drivers with climate change playing a 
relatively minor role; accounting for not more than 10% of losses (Kirk et al, 2010; Smith et al, 2007a; 
cited in Brown et al, 2012). Historically, land use change and management are of more significance in 
driving change; however it is expected that climate change will increase in significance over time 
(ibid). 

‘The paleo-environmental record clearly shows that soil organic matter is sensitive to changes in 
climate’ (Brown et al, 2012, p93) but the relationship between soil carbon and climate is complex 
(ibid). 

The Countryside Survey (Emmett et al, 2010) identifies a number of potential drivers of change 
including climate change, nutrient deposition, management practices, increasing atmospheric CO2 
concentration, land use and land use change. Additionally, multiple drivers can affect the balance of 
carbon inputs and outputs, further complicating attribution of change in soil carbon concentration. 
However, the authors rule out land use change and climate change as drivers of the significant 
changes in topsoil carbon concentration that were observed and conclude that the changes observed 
in arable soils must be due to other habitat-specific drivers (ibid). 

‘The most consistent finding from the Countryside Survey in 2007 is the reduction in soil carbon (0-15 
cm) concentration and density in cropland’ (Emmett et al, 2010, p44). A simultaneous reduction in 
mean total nitrogen concentration suggests that ‘processes such as erosion, deep ploughing and/or 
increased decomposition may be responsible for this trend’ (ibid). It is thought likely that agricultural 
intensification is the dominant factor (Stoate et al, 2001; cited in Emmett et al, 2010).  The authors 
conclude that the loss of soil carbon from the Arable and Horticulture Broad Habitat (0-15cm depth) 
across Great Britain ‘suggests that current policies in place to limit soil degradation are not 
maintaining soil quality in cropped land’ Emmett et al, 2010, p44).   

The Countryside Survey found no overall change in carbon concentration in soil (0-15cm) in Great 
Britain between 1978 and 2007. The Arable and Horticulture Broad Habitat was the sole exception to 
this pattern. 

 

Limitations 

Emmett et al (2010) note that although the Countryside Survey does not take account of soil lost by 
erosion, a reduction in soil carbon would be expected if soil erosion were widespread. 
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The Countryside Survey data used here samples soils to a depth of 15cm (0-15cm), the layer which is 
likely to be most prone to change. However, other studies suggest that a depth of up to 100cm should 
be used (Chapman et al, 2013). The Intergovernmental Panel on Climate Change (IPCC) recommend 
sampling to a depth of 30cm (IPCC, 2004; cited in Bradley et al, 2005). For instance, Chapman et al 
(2013) used samples to a depth of 100cm to monitor change in soil carbon stocks in Scotland between 
1978 and 2009. Whereas sampling to 100cm instead of 15cm did not change the findings (a significant 
decrease in carbon content in arable soils was recorded), it was noted that ‘sampling only to 15cm 
would have resulted in an incomplete understanding of the changes in carbon stock’ (Chapman et al, 
2013).   
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Further information 

Countryside Survey – measuring change in our countryside: www.countrysidesurvey.org.uk/ 
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Appendix One: Indicator metadata and methodology 
 
Table 1: Indicator metadata 
 

 Metadata 

Title of the indicator Soil carbon concentration in arable soils 
 

Indicator contact: Organisation or individual/s 
responsible for the indicator 

Ruth Monfries, Royal Botanic Garden 
Edinburgh/CXC 

Indicator data source Countryside Survey (Scotland) 

Data link: URL for retrieving the indicator primary 
indicator data. 

http://www.gov.scot/seso/Datasets.aspx?TID=13   

 

 

Table 2: Indicator data 

 Indicator data 

Temporal coverage: Start and end dates, identifying any 
significant data gaps. 

1978 – 2007. Time series includes 3 
surveys in 1978, 1998 and 2007. 

Frequency of updates: Planned or potential updates Adhoc. Date of next survey not known. 

Spatial coverage: Maximum area for which data is 
available  

Scotland 

Uncertainties: Uncertainty issues arising from e.g. data 
collection, aggregation of data, data gaps 

The Countryside Survey does not take 
account of soil lost by erosion. 

Spatial resolution: Scale/unit for which data is collected 1km square plots 

Categorical resolution: Potential for disaggregation of 
data into categories 

Three regions covering Scotland. 

Data accessibility: Restrictions on usage, relevant terms 
& conditions 

Publically accessible and free of charge. 

 

Table 3 Contributing data sources 

Contributing data sources 

Data sets used to create the indicator data, the organisation responsible for them and any URLs which 
provide access to the data. 

http://www.gov.scot/seso/Datasets.aspx?TID=13
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Countryside Survey (Scotland) 

 

Table 4 Indicator methodology 

Indicator methodology 

The methodology used to create the indicator data 

 A sample of 195 x 1km square plots across Scotland was used. These were selected at random based 
on an underlying stratification designed to provide a representative sample accounting for variation in 
climate, geology and terrestrial habitat types. The top 15cm of soil (0-15cm depth) was analysed. The 
rationale for this is that the top soil horizons are considered to be more susceptible to change over 
time because they are most affected by land management activities and environmental change. 

Soil organic matter was determined using loss-on-ignition (LOI) and a conversion factor applied to 
estimate carbon concentration.  

Note: The Countryside Survey: Soils Report from 2007 (Emmett et al, 2010) used a new conversion 
factor for LOI to soil carbon concentration of 0.55, unlike previous reports that used 0.5. Therefore 
the soil carbon concentration values reported in the Soils Report (and herein) differ from those 
published previously. The 0.55 conversion factor is now used in all estimates of soil carbon 
concentration and carbon density in the Countryside Survey.  

The Countryside Survey methodology is described in detail in Emmet et al (2010) and Emmet et al 
(2008).   

 


