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SUMMARY
Cultivated organic soils, which are a large source of CO2 emissions, are of particular interest in the Republic
of Ireland where peatlands cover 20 % of the landscape. For accurate accounting and national reporting of
greenhouse gas (GHG) emissions, there is a need to calculate the total land area used for cultivation activity
on drained organic soils. Peatlands (organic soils) in Ireland are also used for arable farming, which results in
particularly high greenhouse gas emissions per unit area. However, the Irish National Inventory Report to the
United Nations Framework Convention on Climate Change lacks mention of this type of land use. The actual
area of organic soils under arable land use (cropland) in Ireland has, thus far, not been quantified. Here we
provide a first estimate of the area of organic soil that is used for arable farming in Ireland. Through map
overlay analysis using GIS in combination with probability sampling and ground truthing, we estimate the area
of organic soils under arable cropping at 1,235 ha, which is considerably lower than the estimate of 3,688 ha
based on map overlays alone. This research provides information to support improved accounting of organic
soils under cultivation and may contribute to reducing uncertainty in national reporting of GHG emissions,
thus providing a more reliable basis for strategies aimed at reducing GHG emissions in Ireland in the future.
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_______________________________________________________________________________________
INTRODUCTION
Greenhouse gas (GHG) emissions from land use and
land cover change are the second largest source of
carbon released to the atmosphere, the largest being
emissions from fossil fuel combustion (IPCC 2006).
As yet, this is the most uncertain component of global
GHG emission estimates (Houghton et al. 2012,
Peters et al. 2012, Le Quéré et al. 2015). The
difficulties of monitoring and reporting on the land
use sector result in large uncertainties within national
GHG inventories which obstruct the development of
effective mitigation strategies. While guidance on the
compilation of inventories is provided by the IPCC
2006 Guidelines (Eggelston et al. 2006), reporting
requires reliable area information on land use
categories. Currently, such data are lacking for arable
land on organic (peat) soils in the Republic of Ireland.
A large proportion of Ireland’s land mass (20 %
of the landscape in total) is covered by peatland
(Connolly & Holden 2009), storing between 53 %
(Tomlinson 2005) and 61 % (Xu et al. 2011) of total
soil C stocks. However, much of this peatland has
been disturbed and degraded over the years due to
land use change, with only 15 % of peatland
(approximately 180,000 hectares) remaining in its
natural state (Douglas et al. 2008). Much of this
change arises from the conversion of peatland to

grassland and forestry (Renou-Wilson et al. 2011),
which is known to result in considerable ongoing
CO2 (and N2O) emissions to the atmosphere (Byrne
et al. 2004, IPCC 2014).
Nationally, the total cropped area in Ireland
(irrespective of soil type) amounts to 378,000 ha or
9 % of the farmed area (Teagasc 2012), and thus
represents a substantial proportion of the agricultural
sector. Where tillage farming takes place on organic
soils, CO2 (and N2O) emissions are known to be
particularly high (Strack et al. 2008).
In the coming years, policies will require the
identification of strategies to reduce GHG emissions
both in Ireland and across the globe. At the core of
these strategies will be multi-sectorial GHG emission
reporting with reduced uncertainty. Recently, the role
of peatland emissions in particular was given
considerable policy impetus by the United Nations
Framework Convention on Climate Change
(UNFCCC) when it agreed at its December 2011
meeting in Durban that a new activity, ‘rewetting and
drainage’, was to be introduced under the Kyoto
Protocol. In support, the Intergovernmental Panel on
Climate Change (IPCC) published the 2013
‘Wetlands Supplement’ to the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories (IPCC
2014), which provides new guidance on estimating
and reporting GHG emissions from organic soils.
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Given the extent of peatland disturbance in
Ireland, restoration and rewetting of organic soils has
considerable potential to contribute to the reduction
of land-based GHG emissions (cf. Wilson et al.
2016). The total land use area devoted to cultivated
organic soils in the Republic of Ireland has
previously not been quantified and is thus omitted
from national inventory submissions (EPA 2015),
and the role that arable farming on organic soils could
play is as yet unknown. Consequently, it is vital to
gain a clear understanding of the nature and extent of
organic soils used as arable land on a national level.
In this study we estimate the total land area of
drained organic soils under cultivation for arable
crops in Ireland, and the associated GHG emissions
using default emission factors from the Wetlands
Supplement (IPCC 2014). This research aims to
provide an impetus for improved accounting of
drained organic soils under cultivation and to
promote national reporting of GHG emissions with
reduced uncertainty; and thus to provide a more
reliable basis for strategies aiming to reduce GHG
emissions and for data led land use planning in the
future.

METHODS
In order to assess the area of organic soils used as
arable land we used a Geographical Information
System (GIS) to amalgamate existing data by
overlaying land use and organic soil shapefiles for the
whole of Ireland, and verified our findings through
fieldwork.
Study area and data sources
The study area is the Republic of Ireland, an island
with a land area of 70,273 km² of which 20 % is
peatland (Connolly & Holden 2009). Agriculture is
the dominant land use (64 % of the total land area,
CSO 2010). In order to delineate croplands, we used
the Land Parcel Identification Scheme (LPIS) data
created by the Department of Agriculture, Food and
the Marine (DAFM 2012). All analysis involving the
LPIS data was carried out by researchers at the
Environmental Protection Agency (EPA) in order to
comply with data confidentiality agreements. To
identify organic (peat) soils, the 1:50,000 habitat map
from the EPA Soil and Subsoil Mapping Project
(Fealy et al. 2009) was chosen. This map delineates
particular habitat types using expert rules and known
associations of certain habitats with subsoils, land
cover, altitude, altitude-related features, and features
from Hammond’s The Peatlands of Ireland map of
1981 (Fealy et al. 2009). The 1:250,000 Derived Irish

Peat Map II (DIPM) (Connolly & Holden 2009) was
used for additional clarification and corroboration of
peat occurrence. While the LPIS data were deemed
reliable for delineating agricultural activity and,
specifically, arable cropping, national data regarding
the location of organic soils (peat) are less robust and
lack adequate information regarding uncertainty.
Therefore, the focus of the accuracy assessment was on
the soil type - organic (peat) or mineral - within fields
under cultivation for arable crops. The LPIS data were
used to locate arable fields and to limit or target
sampling to areas within the arable fields. A 100 m
buffer around the organic soils delineated on the
habitat map was incorporated as a control measure
attempting to assess sampling errors of omission (by
finding peat where the map describes otherwise). An
overlay of the land use and soil maps was created to
identify areas under crop cultivation. As a result of
the overlay analysis, the target area for this study was
found to be 12,600 ha.
Accuracy assessment: analysis and estimation
Due to the combination of three GIS layers for
delineation of the target area, with no clear
uncertainty information, the uncertainty of the
resulting overlay is unknown. Consequently, an
accuracy assessment of the spatial overlay was
conducted to (a) refine the assessment of cropland on
organic soils and (b) estimate the uncertainty of the
refined assessment. This assessment was based on a
probability sampling method and ground truthing.
Ground truthing was limited to arable fields within at
least one of the following: (a) habitat map peat class;
(b) a 100 m buffer around ‘a’; or (c) areas classified as
peatland by the DIPM. Sample sites (n = 100) were
randomly chosen within the target area on the overlay
map and generated using QGIS software. Access to
69 of the 100 sites (n = 69/100) was permitted by
landowners (Figure 1). At these sites, the presence of
arable land was confirmed and in situ visual
assessment was used to classify sampled soil as
organic or mineral. Results were then compared to
the classification on the overlay map. The data
collected from the sampling locations will hereafter
be referred to as ‘reference data’ and are similarly
classed as ‘organic’ or ‘mineral’ (soil). An error
matrix was constructed from which accuracy
information and an error-adjusted area estimate for
drained organic soils under cultivation for arable crops
was calculated.
Following Olofsson et al. (2013), we calculated
an error matrix with error-adjusted proportion, the
producer’s accuracy (probability that a certain land
cover of an area on the ground is classified as such),
user’s accuracy (probability that a pixel labelled as a
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Figure 1. Map of Ireland showing the distribution of organic soils and locations of the 69 sampling points
for which field sampling was permissible.
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certain land-cover class in the map really belongs in
that class) and overall accuracy, as well as area
estimations and the resulting confidence intervals.
In order to amend any systematic classification
error in the map classes, the cells (𝑃𝑃𝑃𝑃𝑃𝑃) in a matrix of
error-adjusted proportions were calculated using the
following equation:
𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑊𝑊𝑖𝑖

𝑛𝑛𝑖𝑖𝑖𝑖

[1]

𝑛𝑛𝑖𝑖

where i is a map category (a row in the error matrix),
j is a reference category (a column in the error
matrix), ni is the number of samples in a map
category, and nij is the total number of samples in
map category and reference category (Olofsson et al.
2013). Wi is the proportion of the area mapped as
Class i relative to the total area Atot and ni, calculated
as follows:
𝑊𝑊𝑖𝑖 = 𝐴𝐴𝑚𝑚,𝑖𝑖 ÷ 𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡

[2]

𝐴𝐴𝑗𝑗 = 𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡 × 𝑃𝑃 ∙𝑗𝑗

[3]

where Am,i = mapped area of category i, and Atot =
total mapped area (target area). The total unbiased
area of category (j) was calculated as follows:

where P·j is the column total of area proportion of
category (j).
The estimated standard errors of the estimated
proportion (Equation 4) and the error adjusted
estimate of the area (Equation 5) are as follows:

𝑞𝑞
𝑆𝑆�𝑃𝑃 ∙𝑗𝑗 � = �∑𝑖𝑖−1 𝑊𝑊𝑖𝑖2

𝑛𝑛𝑖𝑖𝑖𝑖
𝑛𝑛𝑖𝑖𝑖𝑖
�1− �
𝑛𝑛𝑖𝑖
𝑛𝑛𝑖𝑖

𝑛𝑛𝑖𝑖 −1

applied to both the area estimated using the reference
data and the estimate derived from map data alone.

RESULTS
Accuracy assessment of spatial data
The locations of the 69/100 points where soil samples
were collected are shown in Figure 1. Organic soil
was found at eight (n = 8/69, 11.6 %) of these
locations, seven of which (n = 7/8, 87.5 %) were
correctly classified as peat on the habitat map.
Organic soil was found at one (n = 1/8, 12.5 %) site
that was classified as ‘other’ on the habitat map.
Mineral soil was found at 61 (n = 61/69, 88.4 %) of
the sampled locations, eighteen (n = 18/61, 29.5 %)
of which were classified as peat on the habitat map.
Forty-three (n = 43/61, 70.5 %) sample points were
accurately classified as ‘other’. Table 1 gives an error
matrix summarising these findings.
Of the target area (12,600 ha), the total area
classified as peat on the habitat map and DIPM was
3,688 ha (n = 3,688/12,600, 29.3 %), with the
remaining 8912 ha (n = 8,912/12,600, 70.7 %)
classified as mineral (other). However, based on the
reference data obtained from field sampling results,
where in situ classification of organic soils was
assessed, the estimated area of peat in the target area
was only 1,235 ha (1,235/12,600, 9.8 %), resulting in
a 33.5 % user’s accuracy (66.5 % error of omission).
The producer’s accuracy for peat was 86.6 % (13.4 %
error of omission) as a result of one sampling location
where peat was found that was classed as ‘other’ on
the habitat map (Table 2).

[4]
Table 1. Error matrix based on sample counts, where
rows represent map classes and columns represent
reference data classes.

𝑆𝑆 �𝐴𝐴𝑗𝑗 � = 𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡 × 𝑆𝑆�𝑃𝑃 ∙𝑗𝑗 �

[5]

𝐴𝐴𝑗𝑗 ± 2 × 𝑆𝑆 �𝐴𝐴𝑗𝑗 �

[6]

The estimated 95 % confidence interval for the
estimate of area for category ( j ) is:

Calculation of CO2 emissions
Total CO2 emissions from peatlands used as arable
land were calculated using our area estimates and the
CO2 emission factor from the Wetlands Supplement
(IPCC 2014) of 7.9 t C ha-1 yr-1 (C.I. 6.5–9.4) for
drained organic soils utilised as cropland. For
comparative purposes, the emission factor was

Reference
organic

Mineral

Total

Peat

7

18

25

Other

1

43

44

Total

8

61

69

Map classes
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Table 2. Error matrix based on reference data expressed as estimated proportion of the target area, where rows
represent map classes and columns represent reference data classes.
Map
data

Reference
organic

Reference
mineral

Total

User's

Producer's

Peat

8.20

21.07

29.27

33.5

86.60

Other

1.61

69.12

70.73

97.73

76.64

Total

9.80

90.20

1.000

The new area estimate for organic soils under
cultivation includes all areas mapped as peatlands by
the habitat map, and corroborated by the DIPM, that
lie within areas under cultivation according to LPIS.
The maps cover all of Ireland, so our estimate of
1,235 ha (Table 3) refers to the total national area of
organic soils under cultivation for arable crops.
Estimates for mineral soils (Table 3) are reported for
completeness and transparency only.
Quantification of CO2 emissions from area
estimates
The IPCC default CO2 emission factor for drained
organic soils utilised as cropland in both boreal and
temperate climates is 7.9 t C ha-1 yr-1 (C.I. 6.5–9.4).
Multiplying our area estimate of 1,235 ha by this
emission factor, we arrive at 9.756 Kt C yr-1 (SD ±
1.79) emitted as a result of organic soil degradation
under arable land use in 2012. Based on uncorrected
map data alone, we arrive at 35.98 Kt C yr-1 (SD ±
1.8), or 26.22 Kt C yr-1 more than based on our
corrected area estimate.

Table 3. Estimated area (in hectares) of organic soil
under cultivation (2012), based on reference
classification and 95 % confidence interval.

Soil

Area
(ha)

95% Confidence Interval
(ha)
lower

upper

Peat

1,235

451

2,012

Mineral

11,365

10,581

12,149

Total

12,600

Overall

77.32

DISCUSSION
Uncertainty information is not available for the
datasets used in the overlay. However, under the
Common Agricultural Policy (CAP), the EU
Commission (Council of the European Union 2009)
requires that the LPIS maintained by each member
state should be completely accurate. It was thus
deemed reliable to locate arable fields and limit the
target sample set to areas within the arable fields. In
terms of the accuracy of the overlay, error results
from the inherent error of the base layers and
limitations in resolution. The 100 m buffer was
incorporated into the study area as a control measure
because it was reasoned that sampling within this
target area would include a probability of sampling
errors of omission without unnecessarily
concentrating sampling sites that were less likely to
have organic soil.
Of the 100 points selected for ground truthing, we
were allowed access to only 69. To avoid disturbance
of private property and in order to ensure
homogeneity of characterisation across the sampling
points, the presence of organic soil was assessed (and
the presence of cultivation confirmed) visually for all
of these sites. It is important to note that, due to the
assessment method, uncertainty does exist in terms of
both Type I and Type II errors, as organic soils could
have been incorrectly classified in some cases.
Accuracy could certainly be increased by taking a
larger number of samples, and the results are tentative
only, but we consider our 69 samples to constitute a
fair representation of the tilled peat soils of the
country. As shown in Figure 1, clustered sampling
occurred through the midlands of Ireland, which are
highly suitable for tillage farming (Teagasc 2012).
Our area estimate for arable land on organic (peat)
soil of 1,235 ha (C.I. = 451–2,012) is considerably
lower than the area estimate based on mapping alone
(3,688 ha). This disparity suggests a systematic error
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due to misclassification in the habitat map. On the
other hand, the reference data represent only a small
sample of locations, show large uncertainty, and may
provide only a fairly accurate representation of the
total area. The much lower area estimate following
ground truthing logically results in a much lower
estimate of CO2 emissions. Our estimate of 9.756 Kt
C yr-1 is small compared to other sources in the
Agriculture and LULUCF sectors (EPA 2015).
Nonetheless, Ireland has thus far reported that there
is no cropland on organic soils, which is apparently
incorrect. This deficiency in reporting croplands on
organic soils would also seem to warrant close
scrutiny of the reported 432.98 kha of forest and the
371.62 kha of grassland on organic soil (EPA 2015).
There is a significant uncertainty with regard to
the IPCC default values for CO2 efflux from
cultivated peat soils and direct flux measurements in
Ireland are lacking. As a result, quantification of Irish
specific emission factors for croplands on peat soils
with comparison to the IPCC default values is a
warranted area of further research.
While the emissions calculated for cultivated
organic soils within this study are small relative to
total land use emissions, it is important to consider
not only carbon efflux attributed to peatland
degradation, but also the loss of the natural carbon
influx associated with pristine peatlands (Holden &
Connolly 2011). It is well documented that peatland
cultivation inevitably leads to loss of the whole peat
layer and subsequently high emissions (Regina et al.
2015); yet, there are few incentives or regulations to
effectively minimise these losses. One possible
mitigation strategy could be the promotion of
paludiculture; the cultivation of biomass on wet and
rewetted peatlands (Wichtmann & Couwenberg
2013, Wichtmann et al. 2016). Paludiculture has the
potential to sustain the ecosystem services associated
with natural peatlands, preserve organic soils in use
(Joosten et al. 2012), and sustainably harvest biomass
for renewable energy or as a raw material
(Wichtmann & Wichmann 2011). This could offer a
sustainable solution to peatland disturbance from
cultivation in Ireland, with fewer negative impacts
for the environment and no significant loss in
economic value. As an example, the cultivation of
common reed (Phragmites australis) on rewetted
peatland in Germany resulted in a GHG emission
reduction of some 15 t CO2-eq per hectare per year
by significantly reducing the mineralisation of peat
(Wichtmann & Wichmann 2011).
Although the rewetting of peatland in Ireland may
not typically focus on arable land use, it is important
to consider the long term sustainability of the
cultivation of organic soils, and to promote changes

in land management practices that are conducive to
both economic and environmental longevity.
Planning for such changes requires accurate
estimates of the area of peatland under arable use, and
this study provides a first estimate.
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