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Atmospheric Carbon

Irish grasslands sequester (fix) significant amounts of atmospheric carbon in their soils, 
which will only be acknowledged in IPCC greenhouse gas (GHG) accounting methods when 
Ireland can produce evidence-based Measurement, Reporting and Verification (MRV) of carbon 
sequestration. 

As of 2014, Irish agriculture contributed an estimated 33% of national GHG emissions compared 
to an EU average of 9%. With the implementation of the Department of Agriculture’s 
Food Harvest 2020, the 2020 projection for Irish agricultural emissions is an increase 
of 9% (EPA, 2013). These large percentages have resulted in calls within Ireland and Europe for 
Ireland to reduce its agricultural GHG emissions. 

The latest land cover distribution statistics across Europe (EUROSTAT, 2012) estimate that 
Ireland has the largest proportion of land under grassland (67.1%) and the lowest proportion 
of land cover under woodland and shrubland (15.2%). This compares to an EU average 
grassland cover of 19.5% and woodland and shrubland of 45.2%. Sweden has the largest cover 
of woodland and shrubland at 76.6% and as woodland and forestry are known to sequester 
large amounts of carbon in their biomass and soils, Sweden benefits significantly in its estimates 
of atmospheric carbon removals using the established IPCC GHG accounting methodologies. 

Here, we make the argument that grassland soils sequester carbon and that this should also be 
taken into account in GHG accounting methodologies. This statement focuses on soil carbon 
and does not include other pathways such as dissolved organic carbon (in streams) or methane 
from soil or animals. Ours is a two-point argument. Firstly we review the international literature 
that verifies that temperate grasslands sequester atmospheric carbon into the grassland biomass 
and soil. Secondly, we point to the international literature that shows that many soils under 
grasslands are currently under-saturated with carbon. Linking these two facts, we explain 
that grassland soils in Ireland are currently sequestering carbon in the roots and soils 
below the grassland soil surface. 

Firstly, a wealth of international literature has shown that temperate grasslands in Europe 
are currently sequestering carbon. This has been demonstrated using measurements of 
carbon dioxide uptake and release to the atmosphere. For example, the carbon budgets of nine 
grassland sites using varying management practices covering a major climate gradient across 
Europe were measured by Soussana et al. (2007) and they found that the carbon storage (net 
annual biome productivity below ground in soils and root systems) ranged from 0.25 to 1.75 t 
C ha–1 yr–1. The sites with most carbon sequestered were on the Western edge of Europe with 
a temperate moist climate. By coupling carbon flux measurements with farm management data, 
Byrne et al. (2007) quantified the farm scale carbon balance during 2004 for two dairy farms 
in South West Ireland and found that both were sequestering close to 2 t C ha–1 in the year.



Secondly, there is now a growing body of international published research from Europe, New 
Zealand, China and the USA (Feng, 2012; Feng et al., 2013) showing that many grassland soils 
are not carbon saturated, and therefore have the potential to sequester additional carbon from 
the atmosphere for many years into the future if the land management regime is changed to 
favour this (Jones and Donnelly, 2004; Allard et al., 2007). The capacity of a soil to sequester 
organic carbon can in theory be estimated as the difference between the existing soil organic 
carbon (SOC) and the SOC saturation value. This term is reported in the literature as either 
the SOC sequestration potential (SOCp) or the SOC deficit. The C saturation concept 
assumes that each soil has a maximum SOC storage capacity which is primarily determined by 
the characteristics of the fine mineral fraction (Beare et al., 2014). Angers et al. (2011) found 
that a substantial proportion (<70%) of French agricultural (grassland and cropland) topsoils 
are under-saturated with carbon to some extent.  Wiesmeier et al. (2014), in a study of Bavarian 
soils, found that about 400 Mt CO2 equivalents could be theoretically stored in the upper 
layer of cultivated soils – four times the annual emissions of GHGs in Bavaria. Recent work 
has shown that the SOC concentrations of Irish mineral grassland soils range from 3.2 to 6.3% 
(Kiely et al., 2010; Xu et al, 2011). Furthermore, this group has found in a survey of Irish soils 
that 29 of the 36 sites examined are currently under-saturated in carbon. This suggests that 
Irish soils may have a significant carbon deficit, with potential for additional carbon to be stored. 
Furthermore, there is greater potential for C sequestration at greater soil depths than at a 
shallower soil layer. However, some studies have found soil carbon losses over recent time 
(Bellamy et al., 2005).

A review by Conant (2010) examined the grassland management practices (Allard et al., 2007) 
that enable soil carbon sequestration and demonstrated that many management techniques 
intended to increase livestock forage production also have the potential to augment soil carbon 
stocks, including fertilization (Fornara et al., 2011, 2013), irrigation, intensive grazing, rapid 
incorporation of manure and the sowing of favourable forage grasses and legumes. 

While the research on grassland soil carbon is indicating sequestration, some questions remain 
and therefore MRV requires further research before Ireland can fully exploit its large land area 
for grassland carbon sequestration. MRV requires a national effort of soil carbon monitoring 
across the country, for a period of years, to record the inter-annual changes to soil carbon and 
to verify the quantity of carbon sequestered for a wide range of Irish soil types and grassland 
land management practices (Emmett et al., 2010). 

The EU is now committed (EU Summit 23/24 Oct 2014) to examine methods for regulating 
Land Use, Land Use Change and Forestry to, amongst other options, increase carbon 
sequestration in grasslands and incorporate this in national GHG budgets. To gain the 
benefits of this, the Irish funding agencies (eg. the EPA and SFI) must urgently enable 
further independent scientific studies to strengthen the observations in this Royal Irish 
Academy Statement.
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