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Abstract

Agricultural Greenhouse Gas (GHG) emissions in Ireland are 
projected to increase up to 21 Mt CO

2
eq by 2030 mainly driven 

by increased dairy cow numbers and increased nitrogen fertiliser 
use. In response to the growing public awareness of the GHG 
emissions’ environmental impact, the Irish government published 
the Climate Action Plan in 2019, which identifies the agricultural 
sector’s leading role in reducing GHG emission and increasing 
carbon removals to achieve the national GHG emission targets 
by 2030. Marginal Abatement Cost Curves (MACCs) on Irish 
GHG emissions have projected the total technically feasible 
mitigation potential for the Irish agriculture, forestry and land use 
(afolu) sector to be sufficient enough to achieve the set targets 
by 2030. Although these mitigation measures are available and 
when implemented, would mostly lead to a win-win situation, 
the voluntary adaptation rate by farmers is low. This study 
addresses the most significant determinants of voluntary adoption 
of mitigation measures by systematically examining existing 
literature on how and to what extent non-price determinants affect 
the voluntary adoption rate of technically feasible mitigation 
measures in the Irish afolu sector. The main identified non-
price determining factors were the degree of farmers’ 
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Introduction

The Irish economy continues to grow rapidly and has come a long way 
since exiting the EU-IMF financial assistance programme in late-2013. It is 
widely recognised that the Irish agri-food sector (7.7% of the total gdp in 
2017) has played a key role in Ireland’s export-oriented economic recovery 
(dafm, 2018; dafm, 2010). The agri-food sector is one of the fastest growing 
sectors in the Irish economy and therefore, makes a significant contribution to 
the economic, social, and environmental wellbeing of the country and rural 
areas (Joint Committee, 2018). This growth is projected to continue, mainly 
due to a projected increase of ruminant livestock numbers (dominated by 
an increase in dairy cattle in response to the abolition of the EU milk quota 
system) (cso, 2020; Duffy et al., 2019).

At the same time, greenhouse gas (GHG) emission reduction targets have 
been set for Ireland’s Emission Trading Scheme (ETS)1 sector and also for 
the non-ETS2 sector, which includes agriculture (accounting for 52% of non-

1. The EU Emissions Trading Scheme (EU ETS) launched in 2005 and covers more 
than 11,000 heavy energy consuming installations in power generation and manufacturing 
including food processing and manufacturing (epa, 2019).

2. The non-ETS sector consists of those sectors not included in the EU ETS including 
agriculture, transportation, households and waste (epa, 2019).

awareness regarding man-made GHG emissions, receiving agri-
environmental advice, implementation costs, profitability and size 
of farms, land quality and the type of farm enterprise. Integrating 
the gained results in the former macc analysis enabled us to adopt 
the implementation rates of the cost-efficient afolu mitigation 
measures accordingly. The non-price determinants impact the 
voluntary uptake rate of afolu mitigation measures to the extent 
that the adjusted total Irish afolu abatement potential is 47% 
lower than technically feasible. Considering that 51.6% of the 
total estimated afolu abatement potential in 2030 is offset 
through Irish forestry, which at current afforestation rate will turn 
into a net carbon source by 2035, a significant gap occurs to any 
potential Irish and EU GHG reduction targets. To substantially 
help bring the nexus between agricultural development and GHG 
emission targets in Ireland closer together, policy measures, that 
differentiate between the different type of afolu mitigation 
measures, need to be implemented to enhance the uptake rate of 
cost-beneficial and cost-effective measures. This would have the 
potential to reduce the level of agricultural GHG emissions by 
2030 in a way that it would converge towards possible EU and 
Irish GHG emission reduction targets.
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ETS emissions). The non-ETS sector reduction target for Ireland is amongst 
the highest in the EU Member States (Reduction of 20% in 2020 and 30% 
in 2030 relative to 2005 levels) (epa, 2019). The recently published Climate 
Action Plan has outlined specified actions for all sectors to reach the set 
targets. The agriculture sector’s leading role becomes thereby apparent in 
reducing GHG emissions and increasing carbon removals up to –15% by 
2030 relative to 2030 emission projections (dccae, 2019).

A range of technically feasible mitigation actions for the Irish agriculture, 
forestry and land-use (afolu) sector up to 2030 and their GHG abatement 
potential have been identified through Marginal Abatement Cost Curves 
(MACCs) on GHG emissions (dccae, 2019; Lanigan and Donnellan, 2018; 
Schulte et al., 2012). Although these mitigation measures are available 
and when implemented would mostly lead to a win-win situation, the 
voluntary adaptation rate through farmers occurs to be low, considering that 
agricultural GHG emissions have continued to increase since 2011 (Duffy et 
al., 2019; dccae, 2019)3.

Existing Irish studies on the real term realisation of mitigation measures 
such as Tzemi & Breen (2018, 2019), Buckley et al. (2015) and Ryan & 
O’Donoghue (2016), identify determining factors that influence the level 
of adoption of mitigation tools such as degree of awareness on man-made 
emissions, farms’ profitability, and farm type. The aim of the present study 
is to investigate how the most determining characteristics of Irish farmers 
and farms to not adopt agricultural GHG mitigation measures voluntarily, 
impacts the estimated Irish afolu abatement potential of technically feasible 
mitigation measures by applying a meta-analysis on the existing literature. 
Integrating the real term realisation studies of technically feasible mitigation 
measures into the Irish MACC analysis, enables to show the possible impact 
range that the determining factors have on the Irish afolu abatement 
potential. Determining the reasons and the degree of impact on the adoption 
of GHG mitigation measures enables the discussion of recommendations 
to overcome the non-adoption of voluntary agricultural GHG mitigation 
measures that can be derived for Ireland. Policy measures that address the 
increase of the up-take rate of specific afolu mitigation measures can be 
identified.

3. Agricultural emissions are currently not included in any trading regime and agricultural 
payments are not granted for the implementation of most mitigation measures.
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1. Irish afolu Abatement potential of Greenhouse Gas Emissions

In the last two decades, the main Irish sources of GHG emissions have 
been the agriculture (2018: 34%), transport (2018: 20.2%) and energy sector 
(2018: 17%) (epa, 2019b; Duffy et al., 2019). Distinguishing between ETS 
and non-ETS emissions, agricultural and transport ghg emissions account for 
75% of the total Irish non-ETS emissions (Figure 1). This highlights not only 
the Irish agriculture’s sizeable contribution as the largest single contributor to 
the overall ghg emissions, but also the importance of agriculture in trying to 
limit overall ghg emissions (dccae, 2017; Duffy et al., 2019; epa, 2019b)4.

Figure 1 - Trends in Irish Greenhouse Gas Emissions 1990-2018 (Mt CO
2
eq)

Source: Duffy et al. (2019); EPA (2019b).

Methane (CH4) and Nitrous Oxide (N
2
O) are the most significant GHGs 

emitted from agricultural activities in Ireland due to the dominance of dairy 
and beef cattle and, to a lesser extent, sheep production (dccae, 2017). Cattle 
account for 90.4% of CH4 emissions from Irish agriculture (Duffy et al., 
2019). Enteric fermentation accounts for 51% of total agricultural emissions 
(dccae, 2017).

The recent growth in the Irish agricultural sector has had a substantial 
impact on agricultural GHG emissions. Since the abolition of the EU milk 
quota system, the dairy cow herd has increased by 31%, accounting for 

4. In Germany the agricultural GHG emissions contribute to 7.1% of the overall emissions, 
in Italy 7.1%, in France 16.7%, in the Netherlands 9.8% and in Spain 10.5% (Eurostat, 2019).
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approximately 20% of the total cattle herd in 2017 (cso, 2019)5. Hence, the 
initially observed decrease in agricultural GHG emissions, after the peak in 
1998, has therefore been entirely negated, currently reaching the 1990 level 
(Figure 1). From 2011 on, the GHG emissions in the agriculture sector have 
witnessed a further increase of 13.4% up to 2018 (Figure 1).

GHG emissions from Irish Agriculture are projected to increase 
even further (up to 21 Mt CO

2
eq by 2030), even when allowing for the 

implementation of Project Ireland 2040 measures (dccae, 2019). This 
projected increase is mainly driven by increased dairy cow numbers (+22% 
on current levels) and increased nitrogen fertiliser use (+21% on current 
levels) (Lanigan and Donnellan, 2018; epa, 2019b). This development will 
present significant challenges for Ireland to meet its targets stated under the 
Climate Action Plan as well as its non-ETS 2020/2030 targets under the EU 
Effort Sharing Regulation (Regulation (EU) 2018/842) (European Council, 
2018; dccae, 2019). Hence, managing these emissions will become a new 
challenge for farming (Wreford et al., 2010).

With the new EU Effort Sharing Regulation (Regulation (EU) 2018/842) 
in place, greater flexibilities have been provided for Member States, such as 
Ireland, that have been targeted with a high emissions reduction targets for 
their non-ETS sectors up to 2030. As well as reducing the emission intensity 
of agricultural produce, Ireland has the flexibility to realise 4% (1.91 Mt 
CO

2
eq yr-1) reduction of their 2030 non-ETS GHG emission targets through 

the use of EU ETS allowances and 5.6% (2.68 Mt CO
2
eq yr-1) through 

offsetting emissions by sequestering CO
2
 potential through lulucf activities 

during the time period 2021-2030 (European Council, 2018, Lanigan and 
Donnellan, 2018). The theoretical abatement potential occurring through 
technically feasible agricultural and land-use mitigation measures for Ireland 
has been assessed by Lanigan and Donnellan (2018) using the MACC 
approach.

MAC curves have been developed to provide a solid analytical foundation 
on the most cost-effective pathway to reduce GHG emissions in line with 
decarbonisation targets (dccae, 2019; Bockel et al., 2012)6. They can thereby, 
graphically visualise the abatement potential of GHG mitigation measures 

5. The presence of the milk quota system up to 2015, effectively capped the number of 
dairy cows, with the percentage of dairy cows within the national cattle herd remaining 
relatively stable at around 16-17% (cso, 2020). After removal, a shift in livestock farms 
occurred due to the potential for higher returns in dairy production compared with other 
enterprises. Mixed dairy farms specialize in becoming pure dairy farms and some larger-
scale beef and cereal farms converted to dairy production, with this trend more commonplace 
amongst the younger generation of farmers (dccae, 2017; dafm, 2018).

6. MAC curves are thereby used to demonstrate how much abatement an economy can 
afford and the area of focus to achieve the emission reductions (Bockel et al., 2012).
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and the marginal costs per abated tonne of CO
2
eq associated with each of 

the included measures (dccae, 2019; Lanigan and Donnellan, 2018)7. The 
GHG MACC analysis of Irish agriculture included 14 agricultural and 5 
lulucf specific mitigation measures (Lanigan and Donnellan, 2018)8. The 
final afolu abatement potential incorporates all cost- efficient measures, 
meaning measures that reduce GHG emissions either at negative marginal 
costs (cost-beneficial) or at marginal costs not exceeding a carbon price 
of €50/tonne CO

2
 (Lanigan and Donnellan, 2018). Hence, the total afolu 

abatement potential of GHGs for the Irish agriculture sector at a carbon price 
of €50 per tonne CO

2
 by 2030, when maximum linear uptake of cost-efficient 

voluntary mitigation measures is assumed to have occurred, is estimated to 
be 6.39 Mt CO

2
eq per year (Table 1).

Table 1 - Agricultural GHG emissions projected to 2030 and the cost-effective Irish 
afolu abatement potential at a carbon price of €50/tonne9

Projected emissions or abatement (Mt CO2eq yr-1)

Mean over 2021-2030 
period

Abatement in 2030

Total Agriculture emissions 
(ex. Fuel)

20.82 21.04

Cost effective Agriculture 
mitigation

 1.76  2.89

Cost effective lulucf 
offsets9

 2.80  3.50

Total afolu  4.56  6.39

Source: epa (2019b); Lanigan and Donnellan (2018).

The identified feasible agricultural mitigation measures can be divided 
into two groups – production efficiency measures and technical efficiency 
measures (Lanigan & Donnellan, 2018). An increase in production efficiency 
is a win-win situation that leads to lower emissions and lower costs per unit 

7. The costs include the costs of the initial investment, the costs of operation for the full 
lifetime as well as net lifetime cost savings of the technology (dccae, 2019). It ranks the 
mitigation measures from cost-beneficial measures (measures that not only reduce GHG 
emissions, but also save money in the long-term) to cost- prohibitive measures (measures that 
reduce GHG emissions but are expensive in the long-term) (Lanigan and Donnellan, 2018).

8. For more detail on the Irish MACC analysis please see Lanigan and Donnellan (2018).
9. According to the EU Effort Sharing Regulation (EU 2018/842) the offset of GHG 

emissions through lulucf will be capped at 2.68 Mt CO2eq per year (European Council, 2018).

Copyright © FrancoAngeli   
This work is released under Creative Commons Attribution - Non-Commercial - NoDerivatives License. 

For terms and conditions of usage please see: http://creativecommons.org



7

Insights in overcoming the non-adoption of voluntary agricultural ghg mitigation measures

product. All production efficiency measures included in the Irish agricultural 
MACC analysis are cost-beneficial. Contrary to production efficiency 
measures, technical efficiency measures mainly impact on emission factors of 
a production system rather than the produced unit. Even though most of them 
incur a cost of implementation, technical measures result in a non-negatable 
emission reduction (Lanigan & Donnellan, 2018; ipcc, 2014). Most of those 
mitigation measures, except adding lipids and low emission slurry spreading, 
have been identified as cost-efficient in the MACC analysis.

Box 1 - Irish Forestry Sector

The dominant carbon sinks in Ireland are forests (11% of total land area), 
grassland (58.5%) and wetlands (16.4%) (Duffy et al., 2019). While total 
forest area increased by nearly 290,000 ha between 1990 and 2017, wetlands 
(especially peat) have declined by nearly 132,000 ha (–9.7%) and grassland area 
declined by 178,000 ha (–4.1%) (Duffy et al., 2019; dafm, 2018b).
Ireland’s total area of forestry covers 769,395 ha (end of 2017), or close to 
11% of the total land area, which is well below the EU-28 average of 38% 
(Duffy et al., 2019; Eurostat, 2018). Nearly half (49.2%) of forests are in 
private ownership. Since 1990, 72% of the newly afforested area was planted 
by the private sector of which 82% was afforested by farmers (dafm, 2018b). 
67% of afforestation occurs on marginal agricultural land. Of this, 56% is 
marginal grassland (Farrelly & Gallagher, 2015). Over the same period public 
afforestation declined to close to zero since 2005 (iffpa, 2018). As a result, 
forestry and agriculture are intimately intertwined, aiming at the most efficient 
use of natural resources (dccae, 2017; Schulte & Lanigan, 2011).
This change from public to private afforestation was largely a result of the 
introduction of a range of farm afforestation schemes in 1989 that offered 
planting grants and annual forestry premia to cover forest establishment costs 
and offset the lost income from agricultural livestock production (Teagasc, 
2018b). In 2007, farm afforestation was made even more financially attractive 
given that farmers who planted continued to receive agricultural direct 
payments on the afforested land (Duesberg et al., 2014; Breen et al., 2010). 
Now, forestry returns exceed those from beef and sheep farming (Ryan & 
O’Donoghue, 2016; Breen et al., 2010).
Under the current Forestry Programme and endorsed by the Food Wise 2025 
strategy paper, Ireland has a target to expand forest cover to 18% of the land area 
by 2050 (approximately 1.25 M ha) in order to maintain a sustainable processing 
sector (dafm, 2018b; dafm, 2015). To achieve this target, an annual afforestation 
target of 16,000 ha per year would be required (Farrelly & Gallagher, 2015). 
Whether a planting rate of 16,000 ha per year is achievable is uncertain, 
particularly given the recent decline in afforestation from 15,696 ha per year in 
2000 to just over 5,500 ha per year in 2018 (dafm, 2018c; iffpa, 2018).
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For the lulucf sector associated with the agricultural sector, a GHG 
MACC was generated that encompasses those measures that enhance carbon 
sinks or reduce carbon loss from agricultural soils in Ireland. Of the five 
measures, only grassland management was cost-beneficial with an abatement 
potential of 0.26 Mt CO

2
eq per year. The usage of cover crops and straw 

incorporation were not incorporated in the analysis as they were identified 
as cost-prohibitive measures. The bulk of carbon sequestration is thereby 
due to forestry (2.10 Mt CO

2
eq per year) (Lanigan & Donnellan, 2018; see 

Box 1).
Considering all technically feasible cost-effective mitigation measures, 

theoretically, an abatement of agricultural GHG emissions in the region of the 
stated EU targets for non-ETS emission reduction by 2020/2030 as well as 
the agriculture sector target by 2030 stated in the Irish Climate Action Plan 
(dccae, 2019) is mostly achievable.

2. Methodology

Major underlying assumptions, when assessing the Irish abatement 
potential of the afolu sector through the MACC approach by Lanigan 
and Donnellan (2018), are that the uptake rate of the identified mitigation 
measures is linear over the investigated time and that the mitigation measures 
are adopted by all farmers possible with the best available technology 
(Lanigan & Donnellan; 2018, dccae, 2017)10. The main factor underlying 
these assumptions is thereby the individual farmer.

The farmer’s individual behaviour influences the outcome considerably 
according to the Behavioural Economics approach which incorporates 
the Theory of Planned Behaviour (tpb) (Azjen & Madden, 1986) and the 
Theory of Adoption and Diffusion of New Technologies (Rogers, 1962)11. 
The decision-making process with regards to land-use change according 
to the Giddens’ theory of structuration (Giddens, 1984) is influenced by 
structural, socio-demographic and individual farmer factors (Duesberg et 
al., 2014). Numerous studies (Buckley et al., 2015; Tzemi & Breen, 2018; 
Hamilton-Webb et al., 2017; Duesberg et al., 2014) identified several major 
determining factors that influence the behaviour of individual farmers (oecd, 

10. The maximum uptake rate reflects thereby the full biophysical potential occurring by 
2030 (Lanigan & Donnellan, 2018).

11. The tpb can be used to predict behaviour and explore the underlying motivations for 
adopting a particular behaviour. It consists of behavioural intentions, attitudes, subjective 
norms and perceived behavioural control (oecd, 2012).
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2012)12. These studies mainly use multi/binomial logit or probit models and 
descriptive statistics on representative farm surveys.

To systematically examine existing literature following Minviel and 
Latruffe (2017) on how non-price determinants affect the voluntary adoption 
rate of technically feasible mitigation measures in the Irish afolu sector, 
eligibility criteria for selecting cited studies have been set. Studies have 
been included that have undertaken an analysis of the decision-making 
process in the (Irish) afolu sector influencing the uptake of GHG mitigation 
measures. These criteria have led to the inclusion of fourteen studies in our 
analysis which were carried out during the period 2005-2017. The strength of 
systematically examining existing literature lies in its ability to combine the 
results from various studies (Russo, 2007).

In the next step, we adopt the implementation rate of the cost-efficient 
afolu mitigation measures according to the non-price determining 
factors. This enables us to derive an adjusted possible afolu abatement 
potential for each mitigation measure. Furthermore, this analysis reveals the 
predominantly impacted mitigation measures and the extent to which they are 
impacted by non-price determinants.

3. Best practice adoption – Determining Factors

The identified non-price determining factors for Ireland can be divided 
into three groups – the farmer’s individual attitudes, the farm structure 
and its business profile and lulucf related factors (Buckley et al., 2015; 
oecd, 2012; Duesberg et al., 2014). From the studies undertaken for different 
countries, it appears that there is no single formula for determining the most 
important factors in the farmer’s decision- making process. Furthermore, an 
understanding of the local conditions is key to understanding this decision-
making process (oecd, 2012).

Determining farmer’s attitudes to afolu mitigation measures

Recent representative studies on Irish farmers have found the following 
individual farmers’ attitudes significantly impact the uptake of mitigation 
measures in Ireland. The principal attitudes identified concern:
1. The degree of awareness that man-made GHG emissions contribute 

to global climate change increases the willingness to adopt mitigation 
measures.

12. Contrary to the Behavioural Economics approach, determining factors not found 
significant for Irish farmers to implement agricultural mitigation measures are own 
equipment, age, stocking rate of livestock, land-owned and farm size (Tzemi & Breen, 2019; 
Tzemi & Breen, 2018; Howley et al., 2012).
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2. Receiving or seeking agri-environmental advice increases the willingness 
to adopt afolu mitigation measures.

3. Cost occurring through the uptake of mitigation measures decrease the 
willingness to adopt mitigation measures
In general, it is observed that people tend to underestimate the cumulative 

effects of singular behaviour (oecd, 2012). The awareness of the contribution 
of man-made GHG emissions to global climate change of Irish farmers at 
53% is slightly lower than the awareness of the Irish general public at 68% 
(Tzemi & Breen, 2018). However, Irish farmers’ degree of awareness appears 
to be much higher compared to farmers from other developed countries. In a 
survey of tillage farmers in 11 U.S. States, 68% of the farmers believed that 
climate change is occurring, but only 10% were aware that it is man-made 
(Arbuckle et al., 2013). A survey with Australian agricultural advisors came 
up with similar results (Fleming & Vanclay, 2010).

It is of interest to note that 58.1% of Irish farmers do not consider GHG 
emissions from agriculture, more specifically ruminants and land tilling 
(Lynch et al., 2016), to be significant sources of GHG emissions (Tzemi 
& Breen, 2018). Farmers have been found to view other sectors such as 
the automotive, aviation and manufacturing industries as pollutants (Bruce, 
2013). As a result, they fail to recognise agricultural practices like the use 
of artificial fertilisers, as an important source of GHG emissions (Tzemi 
& Breen, 2018)13. Receiving agri-environmental advice, as well as advice 
on afforestation schemes and adopting advisory systems plays, therefore, a 
significant role in increasing the awareness of the impact of agriculture on 
the environment and its contribution to global climate change14. This also 
significantly increases the willingness of farmers to adopt afolu mitigation 
measures such as adjusted growing practices, nutrient management practices 
and afforestation (oecd, 2012; Tzemi & Breen, 2018; Hamilton-Webb et al., 
2017; Buckley et al., 2015; Ryan & O’Donoghue, 2016b; Duesberg et al., 
2014)15.

Receiving environmental subsidies, on the other hand, increases awareness 
but not necessarily the willingness to adopt mitigation measures (Tzemi & 
Breen, 2018; Howley et al., 2012; Hamilton-Webb et al., 2017)16. The rate of 

13. The same can also be seen for farmers in other countries such as UK (Bruce, 2013).
14. The causality between the farmers’ awareness of potential GHG emission sources and 

receiving agri- environmental advice is thereby not clear (Tzemi & Breen, 2018).
15. Of Irish farmers questioned, 87% were aware of the availability of the afforestation 

scheme of which only 10% were interested in afforesting. Respondents with no intention of 
planting were provided with detailed information of the scheme. This increased the total 
numbers of farmers considering afforestation from 10% to 26% (Duesberg et al., 2014).

16. The direction of causality is thereby not clear – either Irish farmers are more 
environmentally conscious and therefore they receive subsidies, or the subsidy raised their 
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farmers adopting mitigation measures, even in the absence of subsidies, is 
similar to the rate of adoption among those receiving subsidies (oecd, 2012).

In general, the win-win outcome of a mitigation measure must be greater 
and more direct than the possible medium-term trade-offs of the adopted 
measure, such as a decrease in yield or an increase in pesticide or fertiliser 
usage (oecd, 2012)17. Of Irish farmers, 77.6% stated that they would be 
unwilling to take up any measures that would incur any increase in their 
production costs (Tzemi & Breen, 2018). The higher the additional costs of 
new technology, the less likely farmers are to adopt this new measure such 
as slurry amendments or addition of lipids (Howley et al., 2012). Farmers 
undertake actions that are seen as part of standard practices leading to a win- 
win situation as these actions increase productivity, reduce energy, reduce 
inorganic fertiliser usage, improve field drainage. Currently, these actions 
are primarily undertaken for their risk reduction and not for climate change 
effects (Hamilton-Webb et al., 2017; Lanigan & Donnellan, 2018; Ghadim 
et al., 2005). Although aware of climate change, it has been observed that 
farmers feel they had more critical immediate concerns to worry about other 
than climate change (Hamilton-Webb et al., 2017; oecd, 2012), 76.3% of 
the Irish farmers either felt climate change is only a long-term problem, no 
problem or are unsure as to whether it is a problem (Tzemi & Breen, 2018).

Determining economic farm structure for afolu mitigation measures

The main determining factors significantly impacting the uptake of 
mitigation measures in Ireland derived from the economic structural profile 
of a farm are (Buckley et al., 2015; Tzemi & Breen, 2018; Howley et al., 
2012):
1. Profitability and size of farms increases the willingness to adopt afolu 

mitigation measures.
2. Dairy farmers are more willing to adopt agricultural mitigation measures 

than farmers in other sectors.
Profitability has a significantly positive effect on the uptake of mitigation 

measures such as nutrient management practices, spring slurry spreading 
and water table management (Tzemi & Breen, 2019; Buckley et al., 2015). 
Irish farmers with higher family farm income, indicating a higher production 
efficiency, have a greater willingness to adopt afolu mitigation measures 

environmental consciousness (Tzemi and Breen, 2018). In a study of English farmers, even 
when funded, only 24% of the farmers stated that they would install mitigation activities that 
lead to additional costs (Hamilton-Webb et al., 2017).

17. The win-win situation of mitigation measures occurs if the implemented mitigation 
measure leads to lower emission and lower costs per unit product (Lanigan & Donnellan, 
2018).
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(Tzemi & Breen, 2018; Buckley et al., 2015). It appears that profitable 
farmers recognise the potential to increase their profitability even further by 
adopting these win-win measures (Howley et al., 2012; Hamilton-Webb et al., 
2017). Furthermore, these Irish farmers appear to be more open to changing 
farm management practices to increase profitability further (Tzemi & Breen, 
2019).

The size of a farm also determines the likelihood to uptake afolu 
mitigation measures such as improvement of genomics, sexed semen, or 
afforestation. Therefore, based on literature, these technologies are most 
likely to be adopted on larger farms of 56 ha or more (Duesberg et al., 2014; 
Howley et al., 2012b; Hamilton-Webb et al., 2017; Ryan & O’Donoghue, 
2016, 2016b).

The willingness to adopt agricultural mitigation measures which increase 
the production efficiency or reduce nitrogen and methane emissions differs 
between different farm enterprises. Generally, in Ireland, livestock production 
and the livestock production intensity increase the adoption rate (Buckley et 
al., 2015). Among livestock farms, those Irish farmers with the highest gross 
margins per livestock unit were found more likely to use new technology 
(Howley et al., 2012). As dairy farms in Ireland throughout the years have 
had the highest average family farm income, dairy enterprises significantly 
show the highest willingness to adopt mitigation measures (Tzemi 
& Breen, 2018; Teagasc, 2018). At the same time, dairy farms have the 
highest investment rate of all farm types and have increased their investment 
substantially over the last decade (Dillion et al., 2018)18. Significantly, sectors 
that are willing to adopt mitigation measures are also those sectors that invest 
the most in Ireland (Tzemi & Breen, 2019). As dairy farmers are also the 
biggest group to receive agri-environmental advice, this result corresponds 
with the finding that receiving agri-environmental advice significantly 
increases the willingness of Irish farmers to adopt a tool that would quantify 
potential reductions in GHG emissions (Tzemi & Breen, 2019; Tzemi & 
Breen, 2018; Buckley et al., 2015; Howley et al., 2012).

Determining factors for lulucf mitigation measures

Specific determining factors occur which influence the probability of 
farmers to take financial risks and consider changes in land-use, mainly 
afforestation under the current Irish support scheme (Duesberg et al., 2014; 
Ryan & O’Donoghue, 2016). Taking into account that land-use change 
from agriculture to forestry in Ireland is a permanent decision due to the 

18. From 2016 to 2017 the on-farm investments in Ireland went up by 16%. Thereby 49% 
of the farm investment was on dairy farms (Teagasc, 2018).
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1946 Forestry Act (Breen et al., 2010), the determining factors appear to be 
slightly different to the ones for agricultural mitigation measures.

The land-use and land-use change decisions towards afforestation by Irish 
farmers are influenced by the farm structure and the individual farmers’ 
actions which go beyond merely maximising economic returns (Ryan & 
O’Donoghue, 2016; Duesberg et al., 2014):
1. Farmers are more likely to afforest land that is less suitable for agriculture.
2. Dairy farmers are less likely to afforest than other farmers.

The highest rate of willingness to adopt land-use mitigation measures such 
as grassland management or afforestation is seen among Irish farmers who 
manage grassland on lesser quality soils, where the compensation for extreme 
weather effects (like floods, droughts and other natural hazards) are more 
complicated (Tzemi & Breen, 2018; Hamilton-Webb et al., 2017). Farming 
on marginal agricultural land significantly increases the probability of Irish 
farmers changing land use, e.g. afforesting (Howley et al., 2015; Duesberg et 
al., 2014). Afforestation stands in conflicting land-use with food production, 
and hence productive agricultural land has a significantly negative impact on 
the probability to afforest (Ryan & O’Donoghue, 2016; Duesberg et al., 2014). 
Of the Irish farmers, 40% regard forestry as a land use only for marginal 
land that is not suited to other agricultural activities (Howley et al., 2015). 
Productive agricultural land that generates a positive return under agricultural 
usage is not considered for afforestation by many farmers.

In deciding to afforest or change land-use of some of the farmers’ 
agricultural land, it is assumed that farmers are unlikely to change land-use 
on land which gives a higher return in another farm enterprise (such as dairy) 
(Ryan & O’Donoghue, 2016). Hence, especially dairy farmers in Ireland are 
less likely to afforest, even when they have been in receipt of advice on the 
benefits of the afforestation scheme (Ryan & O’Donoghue, 2016b; Duesberg 
et al., 2014; Howley et al., 2012b). These farms are specialised and highly 
profitable (having the highest family farm income on average) and higher 
returns per hectare than the other main farming enterprises on average. 
Generally, higher family farm income negatively impacts on the probability 
to afforest, and dairy farms do not generate any financial benefits through 
afforestation, no matter what type of soil their farm consists of (Ryan & 
O’Donoghue, 2016, 2016b; Duesberg et al., 2014).

Cattle and sheep farms which account for 76% of all Irish farms have been 
found to be more likely to afforest (Howley et al., 2015). With an average 
family farm income that does not cover all production costs through market 
returns and a less intensive farm system, they may try to increase their family 
farm income by diversification through afforestation, as they will typically 
benefit financially from afforestation irrespective of the type of soil they farm 
(Ryan & O’Donoghue, 2016, 2016b; Duesberg et al., 2014; Howley et al., 
2012).
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Still, 74% of farmers do not intend to afforest their land for any level of 
forest subsidy. Even if made aware that they would achieve a higher income 
through afforestation than through agriculture (even when taking agricultural 
subsidies into account), only 6% of farmers would consider planting (Ryan & 
O’Donoghue, 2016).

Impact of behavioural barriers on the Irish afolu Abatement potential

As agricultural emissions are largely regulated on a voluntary basis and 
not included in any trading regime, taking the determining characteristics of 
individual farmers into account when projecting the abatement potential in 
the Irish agriculture sector is a key factor to be considered. The systematic 
examination of existing literature on how non-price determinants affect 
the theoretically possible adoption rate of technically feasible mitigation 
measures in the Irish afolu sector has indicated to what degree these 
characteristics affect the theoretically feasible adoption rate of the different 
afolu mitigation measures.

Currently, as pointed out in our literature analysis, production efficient 
and cost-beneficial agricultural mitigation measures included in the MACC 
analysis (Lanigan & Donnellan, 2018) such as improved liveweight gain, 
nitrogen-use efficiency, economic breeding index (ebi), extended grazing, 
animal health, sexed semen and the inclusion of clover in pasture swards are 
undertaken by farmers as they are embedded in good agricultural practices 
and achieve positive profitability and production potential at farm level 
(Buckley et al., 2015). However, most of the farmers do not consider (76.3% 
of the Irish farmers) the importance of agriculture’s contribution to GHG 
emissions even though 32% of the Irish farmers receive agri-environmental 
advice (Tzemi & Breen, 2018). It should therefore be assumed that currently, 
less than 32% of the Irish farmers implement mitigation measures to reduce 
GHG emissions.

Technically it would be feasible to adopt most of the cost-beneficial 
mitigation measures in 2030 by nearly 100% of all relevant farmers. Bearing 
in mind that 39.3% of the Irish farmers have stated that they do not want 
to receive advise (Tzemi & Breen, 2018), and receiving agri-environmental 
advice is a significant factor for the willingness to adopt mitigation measures, 
the possible uptake rate of cost-beneficial mitigation measures applied in the 
MACC analysis in 2030 should not exceed 60.7% assuming a linear up-take 
rate from 2021 on. This would assume that all farmers who receive agri-
environmental advice consequently implement relevant mitigation measures.

Although the identified cost and technical efficient agricultural mitigation 
measures in the MACC analysis such as replacing 50% of can fertiliser, 
reducing crude protein in pig diets, draining wet mineral soils and the 
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amendment of slurry can be adopted at lower costs than an assumed shadow 
carbon price of €50/tonne (Lanigan & Donnellan, 2018), it has been shown 
that 77.6% of the Irish farmers are not willing to pay any additional costs to 
adopt mitigation measures. Among Irish farmers, 18% are willing to pay an 
additional 5% of their production costs to adopt mitigation measures (Tzami 
& Breen, 2018). The additional costs stated in the MACC approach for the 
cost-efficient measures lie below 5% of the average farm production costs 
taken from the Annual Review and Outlook by dafm (2018). Therefore, it is 
assumed that 18% of the farmers will voluntarily take up these cost-efficient 
mitigation measures by 2030 assuming a linear up-take rate from 2021 on.

According to our analysis, the voluntary uptake of the cost-efficient 
lulucf mitigation measures associated with the agricultural sector is also 
impacted through farmers’ behaviour. Managing grassland efficiently is 
identified as a cost-beneficial mitigation measure in the MACC analysis 
when implemented by farmers (Lanigan & Donnellan, 2018). In 2017, the 
improvement of grassland management was not put into practice in Ireland 
(dccae, 2019). As a win-win situation occurs for the farmers, determining 
factors are very low, and adoption of more efficient grassland management, 
embedded in good agricultural practice could lead to a possible increase in 
the area being managed efficiently of up to 273,000 ha by 2030. This would 
assume that a linear uptake rate occurs from 2021 on and that all farmers 
who receive agri-environmental advice in the future (up to 60.5% according 
to Tzemi & Breen, 2008) will adopt more efficient grassland management.

Efficient water table management as a cost-efficient mitigation measure 
has not exceeded 800 ha per year since 2005 on all kinds of organic soils 
(grassland, forest, and wetland) ranging mostly around 400 ha per year 
(Duffy et al., 2019). Assuming a voluntary rewetting of 40,000 ha by 2030 
(Lanigan & Donnellan, 2018) seems, therefore, out of reach. An abatement 
potential of 756 ha by 2030, assuming a linear up-take rate from 2021 on, 
seems more likely in the absence of policy or regulation. This increase in 
the rewetting rate would assume that farmers who wish to receive agri- 
environmental advice in the future (28.5% according to Tzemi and Breen, 
2018) will adopt efficient water table management.

In 2018, the rate of Irish afforestation, as a cost-efficient mitigation 
measure, was at its lowest level since 1998 of 4,000 ha even though subsidies 
have continuously improved (Duffy et al., 2019). One main determining 
factor in the decision-making process by farmers to afforest is the quality 
of their land. Of the area identified as suitable for forestry (3.75 M ha in 
Ireland), 1.08 M ha is identified as marginal agricultural land, of which 61% 
is marginal dry grassland (coford, 2016). Considering, that dairy farmers 
rarely take up afforestation and that mainly farmers above a farm size of 
56 ha afforest, without a change in farmers attitudes to afforestation the 
available land for possible conversion into forestry would be reduced to 
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56,378 ha. Afforestation undertaken to the predicted extent would lead to 
low land-use competition, as it is undertaken on marginal agricultural land, 
which according to Farrelly and Gallagher (2015) is not predicted to be 
brought back into agricultural production at reasonable costs. Taking these 
behavioural factors into account, a yearly voluntary rate of 6,000 ha up to 
2030 is projected, assuming a linear up-take rate from 2021 on.

Cost-prohibitive afolu mitigation measures, meaning that the marginal 
abatement costs of these measures exceed the set shadow carbon price, 
such as adding lipids, low emission slurry spreading, cover crops, and straw 
incorporation, will not be considered as our systematic examination of the 
existing literature has shown that they are unlikely to be adopted widely by 
farmers unless some form of policy incentives are introduced (Lanigan & 
Donnellan, 2018; Tzemi & Breen, 2018).

Considering all the derived adjustments of the single afolu mitigation 
measures, the voluntarily achievable cost-effective abatement potential at a 
shadow carbon price of €50 per tonne for total agricultural GHG emissions 
projected to 2030 could amount to 3.49 Mt CO

2
eq annually (Table 2). 

This would result in an Irish afolu abatement potential 45% lower than 
technically feasible.

Table 2 - Agricultural GHG emissions projected to 2030 and the adjusted cost-
effective abatement potential at a carbon price of €50/tonne

Projected emissions and adjusted abatement 
(Mt CO2eq yr-1)

Mean over 2021-2030 
period

Abatement in 2030

Total Agriculture emissions (ex. Fuel) 20.82 21.04

Cost effective Agriculture mitigation 1.08 1.52

Technically feasible MACC estimate 1.76 (–38%) 2.89 (–47%)

Cost effective lulucf offsets 1.74 1.97

Technically feasible MACC estimate 2.80 (–38%) 3.50 (–44%)

Total 2.82 3.49

Technically feasible MACC estimate 4.56 (–38%) 6.39 (–45%)

Source: Own compilation.

The adjusted estimated cost-effective agricultural abatement potential 
would amount to 1.52 Mt CO

2
eq per year in 2030 (Table 2). This accounts for 

7.2% of the total estimated agricultural GHG emissions in 2030, which is 47% 
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below the technically feasible agricultural abatement potential. The highest 
difference between technically feasible and newly estimated abatement 
potential of agricultural mitigation measures can be seen for production 
efficient mitigation measures. As these measures are cost-beneficial, the 
implementation should technically be feasible for most farmers, and therefore, 
the impact of the determining factors is most pronounced.

lulucf mitigation measures undertaken by farmers, associated with the 
agriculture sector, can effectively offset agricultural GHG emissions by 
1.97 Mt CO

2
eq per year by 2030 (Table 2). This would offset 9.4% of the 

total estimated agricultural GHG emissions, which would be 44% less than 
predicted as technically feasible in the MACC approach. The reduction in 
abatement potential is higher than for agricultural mitigation measures due to 
a lower estimate of afforestation potential.

Attaining this total adjusted afolu abatement potential in 2030 would 
reduce the agricultural GHG emissions level below the 2005 EU reference 
level of 18.75 Mt CO

2
eq reaching the emission target set under the Climate 

Action Plan of 17.5 Mt CO
2
eq (Figure 2). This would slow down the increase 

in projected agricultural GHG emissions to be produced by 2030.

Figure 2 - Irish agricultural GHG emissions projected to 2030 without additional 
mitigation (green) and with adjusted agricultural (yellow) and afolu (red) GHG 
abatement potential

Note: In the EU Effort Sharing Decision, the 2005 level of non-ETS GHG emission sets the 
reference point for future reductions of non-ETS GHG emissions. For the Agriculture sec-
tor, following the assumptions made in Lanigan and Donnellan (2018), this would result in a 
pro-rata reduction of GHG emission down to 15 Mt CO

2
eq by 2030 (blue line). In 2019, in the 

Climate Action Plan, a target for the afolu sector of 10%-15% reduction in 2030 was set, re-
sulting to 17.5 Mt CO

2
eq by 2030 (dark green).

Source: Own compilation, Duffy et al. (2019); dccae (2019); epa (2019b).
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It should be noted, that 1.8 Mt CO
2
eq in 2030 (51.6% of total abatement 

potential) will be offset through Irish forestry. Simulations undertaken by 
coford have shown that for the national forest resource to remain as a net 
carbon sink beyond 2035, the annual afforestation rate needs to be above 
7,500 ha per year (coford, 2016). Remaining at the adjusted afforestation 
rate of 6,000 ha per year will lead to a situation where the Irish forest 
area becomes a net source of GHG emissions from 2035 onwards. Hence, 
if the Irish afforestation rate does not increase strongly in the next ten 
years, the total afolu abatement potential is reduced to 1.69 Mt CO

2
eq per 

year (cost-effective agriculture abatement in 2030, yellow line) leaving a 
significant gap to the emission target under the Climate Action Plan and any 
potential reduction target derived from the EU non-ETS emission reduction 
targets for Ireland (Figure 2). This demonstrates the intertwined nature of 
the afolu sector and GHG emissions. Currently, the Irish agricultural and 
GHG emission targets appear to be in contradiction as they drift further apart 
(Figure 2).

4. Policy implications

The Irish agriculture sector is the most significant contributor to total Irish 
GHG emissions (33.34% of total GHG emissions in 2020) and will likely 
continue to be (28.85% of total GHG emissions in 2030) if the adoption of 
afolu mitigation measures remains voluntary (Figure 3).

Figure 3 - Irish GHG emission projections by sector out to 2030 with adjusted 
voluntary afolu abatement included

Source: epa (2019b), Own compilation.
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To increase the efficiency of the actions stated under the Climate Action 
Plans (dccae, 2019) and to move into the direction of the pro-rata EU 
agricultural target, Irish farmers’ need to be encouraged to incorporate 
low carbon farming into their best agricultural practice. Therefore, the 
farmer’s decision-making process needs to be supported to remove barriers 
that determine their behaviour (oecd, 2012). Gray et al. (2017) argue that 
the occurring market failure between technical achievable and voluntarily 
undertaken abatement should be addressed through politically implemented 
market-based instruments. Depending on the type of afolu mitigation 
measure, different approaches to overcome the market failure need to be 
followed.

Due to the high reluctance towards agri-environmental advice (39.3% 
of Irish farmers, Tzemi and Breen, 2018), it can be derived that voluntary 
adoption of cost-beneficial agricultural mitigation measures encouraged 
through knowledge transfer will not lead to the technically feasible uptake 
rate necessary to meet national and EU targets. The Irish Climate Action 
Plan states the improvement of animal production efficiency (through 
ebi) and the improvement of animal health as major production efficiency 
measures to reduce GHG emissions (dccae, 2019). Linking GHG 
mitigation measures which improve the productivity and competitiveness 
of the agriculture sector and also reduce GHG emissions such as improved 
liveweight gain, nitrogen-use efficiency, ebi, animal health, and extended 
grazing, to carbon abatement support payments could increase the uptake rate 
of these agricultural mitigation measures. With a transition period in which 
the stringency of conditions is phased in, there could be an improvement 
not only in the productivity but also in the environmental performance of 
the Irish agriculture sector (Gray et al., 2017). Increasing the uptake rate of 
cost-effective, cost-beneficial mitigation measures to the technically feasible 
potential could increase the abatement considerably19.

The main cost and technically efficient agricultural mitigation measures 
stated by the Climate Action Plan are the 50% replacement of can fertiliser 
and the implementation of slurry amendments (dccae, 2019). As these 
measures impact on the emission factors of a production system rather than 
the produced unit, their abatement potential is less likely to be offset by 
an increase in production ensuring GHG emission reduction in the long-
term (Lanigan & Donnellan, 2018). To increase the uptake rate of these 
mitigation measures as well as crude protein in the diet of pigs, and draining 
wet mineral soils that all incur marginal abatement costs, farmers would 

19. The abatement potential of production efficiency measures can be slightly offset by 
a possible increase in production due to the increase in productivity (Lanigan & Donnellan, 
2018).

Copyright © FrancoAngeli   
This work is released under Creative Commons Attribution - Non-Commercial - NoDerivatives License. 

For terms and conditions of usage please see: http://creativecommons.org



20

Lucie Adenaeuer, James Breen, Anne Hayden

need to receive support in the form of on-farm investments in carbon-
reducing innovations targeted towards increasing climate efficiency. Specific 
instruments might include innovation allowances and credits. Thereby, it 
would be essential to coordinate any new measure with existing frameworks 
(Gray et al., 2017).

Due to natural restrictions of the agriculture sector (especially in the 
ruminant livestock sector), the prospect of an increase in the agricultural 
abatement potential above the technically possible potential is limited. 
Adding the cost-efficient lulucf abatement potential to the agricultural 
abatement capacity has the potential to abate a significant share of 
agricultural GHG emissions. As the main potential of lulucf abatement 
occurs through forestry and rewetting of organic grassland soils in 
Ireland also stated in the Climate Action Plan, and the main proportion 
of afforestation and rewetting is undertaken by farmers, future expansion 
will thereby depend on a change in land use from agriculture to forestry or 
wetlands (Farrelly & Gallagher, 2015).

To increase the annual farm afforestation rate, this study has pointed 
out that farmers need to be informed more about existing afforestation 
scheme benefits to incorporate afforestation as a part of a broader farm 
management decision. Reaching those farmers through a linked agriculture 
and forestry advice could possibly increase the farm afforestation rate 
(Ryan & O’Donoghue, 2016). In addition, Irish cattle farmers could be 
encouraged to become low carbon producers by certifying low carbon Irish 
beef (Lau, 2019)20. Carbon farming could be supported through additional 
carbon abatement support payments. The farm’s cattle emissions could 
thereby be offset through paying other farmers to sequester carbon through 
Irish afforestation or rewetting or through sequestering carbon themselves 
(European Commission, 2020).

By highlighting lulucf mitigation measures such as afforestation 
and agricultural land use-change decisions as a way of diversifying and 
stabilising farmers’ income could increase the up-take rate of these measures 
substantially21. This would ensure GHG emission reduction in the Irish 
agriculture sector in the long-term.

20. In 2019, Australia’s largest beef producer got its beef certified as carbon-neutral beef. 
This was mostly achieved through purchasing offsets (Lau, 2019).

21. Taking into account, that over 600,000 ha of dry grassland have been identified as 
being of limited agricultural use (coford, 2016), converting 7,500 ha per year of marginal 
land into forest, to maintain the Irish forest as a net carbon sink, will change the structure of 
some farms but will increase land-use competition in Ireland only marginally.
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5. Conclusion

The agricultural sector has been over time the largest single contributor 
to Irish overall GHG emissions. Thereby, methane and nitrous oxide are the 
most significant agricultural GHGs emitted mainly through Irish cattle. The 
strong growth of the Irish agriculture sector (mainly dairy) up to 2018 has led 
to a substantial increase in agricultural GHG emissions (+4.4% since 2005). 
This growth is projected to continue, mainly due to an excepted increase in 
dairy cow numbers and nitrogen fertiliser use.

Under the Climate Action Plan (dccae, 2019) and the EU Effort Sharing 
Regulation (European Council, 2018) GHG reduction targets have been set 
that make the agriculture sector’s leading role apparent in reducing GHG 
emissions and increasing carbon-removals. With the new EU Effort Sharing 
Regulation (2019), Ireland is given the flexibility to reduce their agricultural 
GHG emissions by offsetting them through lulucf activities.

This study addresses some of the main potential barriers of voluntary 
adoption of mitigation measures by systematically examining existing 
literature on how non-price determinants affect the voluntary adoption 
rate of technically feasible mitigation measures in the Irish afolu sector. 
The main identified non-price determining factors were the degree of 
farmers’ awareness regarding man-made GHG emissions, receiving agri-
environmental advice, implementation costs, profitability and size of farms, 
land quality and the type of farm enterprise. Through integrating the results 
on the extent of adoption on the former MACC analysis it enabled the 
implementation rates of the cost- efficient afolu mitigation measures to be 
adapted accordingly.

These factors impact the voluntary uptake rate of afolu mitigation 
measures to the extent that the adjusted total Irish afolu abatement 
potential is 47% lower than technically feasible. This would slow down 
the increase of the projected agricultural GHG emissions by 2030 but still 
leave the Irish agriculture sector as the most significant contributor of GHG 
emissions in 2030. Considering that 51.6% of the total estimated afolu 
abatement potential in 2030 is offset through Irish forestry, which at current 
afforestation rate will turn into a net carbon source by 2035, a significant gap 
occurs to any potential Irish and EU GHG reduction target.

While the systematic approach on examining existing literature has 
allowed the results from various studies to be incorporated, basing the 
analysis on published studies can lead to a publication bias meaning that 
the impact of an identified non-price determinant may be overestimated 
as studies that do not report significant results are generally not published. 
Furthermore, for some feasible mitigation measures, studies have not been 
conducted regarding their potential up-take rate. Up-take rates have been 
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generalised for the different groups of mitigation measures. Further research 
on the individual up-take rate of mitigation measures could improve the 
outcome.

Policy measures need to be implemented to increase the abatement 
potential of the afolu sector, to substantially help bring the nexus between 
agricultural development and GHG emission targets in Ireland closer together. 
Polices are needed that remove the barriers to farmers’ behavioural change. 
Incorporating carbon abatement policy more directly into agricultural policy 
and establishing lulucf mitigation measures as a way to diversify and 
stabilise Irish farmers’ income could open the possibility of reversing the 
recent trend of continuously growing agricultural GHG emissions.

Unlike many other sectors, the agriculture sector has the ability to 
sequester carbon out of the atmosphere, contributing to Ireland’s image 
as a green and sustainable food producer. Enhancing the uptake rate of 
cost-beneficial and cost-effective afolu mitigation measures to achieve the 
technically feasible uptake rate that has the potential to reduce the level of 
agricultural GHG emissions by 2030 in a way that would converge towards 
possible EU GHG emission reduction targets.

References

Arbuckle Jr, J.G., Prokopy, L.S., Haigh, T. et al. (2013). Climate change beliefs, 
concerns, and attitudes toward adaptation and mitigation among farmers in the 
Midwestern United States. Climatic Change, 117, 943-950, doi: 10.1007/s10584- 
013-0707-6.

Ajzen, I. & Madden, T.J. (1986). Prediction of Goal Directed Behaviour: Attitudes, 
Intentions and Perceived Behavioural Control. Journal of Experimental Social 
Psychology, 22, 453-474, doi: 10.1016/0022-1031(86)90045-4.

Bockel, L., Sutter, P., Touchemoulin, O. & Joensson, M. (2012). Using Marginal 
Abatement Cost Curves to Realize the Economic Appraisal of Climate Smart 
Agriculture Policy Options. Food and Agriculture Organization of the United 
Nations, Rome, Italy.

Breen, J., Clancy, D., Ryan, M. & Wallace, M. (2010). Irish land use change and the 
decision to afforest: an economic analysis. Irish Forestry, 67, 6-20.

Bruce, A. (2013). The lore of low methane livestock: Co-producing technology and 
animals for reduced climate change impact. Life Sciences, Society and Policy, 
9(10), doi: 10.1186%2F2195-7819-9-10.

Buckley, C., Howley, P. & Jordan, P. (2015). The role of differing farming motivations 
on the adoption of nutrient management practices. International Journal of 
Agricultural Management, 4(4), 152-162, doi: 10.5836/ijam/2015-04-152.

coford (2016). Land Availability for Afforestation – Exploring opportunities for 
expanding Ireland’s forest resource. coford Land Availability Working Group. 
coford, Dublin.

Copyright © FrancoAngeli   
This work is released under Creative Commons Attribution - Non-Commercial - NoDerivatives License. 

For terms and conditions of usage please see: http://creativecommons.org



23

Insights in overcoming the non-adoption of voluntary agricultural ghg mitigation measures

cso (2019). StatBank database. Central Statistics Office, cso Statistical Databases. -- 
www.cso.ie/en/databases/.

dafm (2010). Food Harvest 2020: A Vision for Irish Agri-food and fisheries. 
Department of Agriculture, Food and Marine, Dublin, Ireland. -- www.
agriculture.gov.ie/foodwise2025/foodharvest2020/.

dafm (2015). Food Wise 2025: A ten year vision for the Irish agri-food industry. 
Department of Agriculture, Food and the Marine, Dublin, Ireland. -- www.
agriculture.gov.ie/media/migration/foodindustrydevelopmenttrademar kets/agri-
foodandtheeconomy/foodwise2025/report/FoodWise2025.pdf.

dafm (2018). Annual Review and Outlook (2005-2018). Department of Agriculture, 
Food and the Marine, Wexford, Ireland.

dafm (2018b). Ireland’s National Forest Inventory 2017 – Main Findings. 
Department of Agriculture, Food and the Marine, Wexford, Ireland.

dafm (2018c). Forest statistics Ireland 2018. Department of Agriculture, Food and 
the Marine, Wexford, Ireland.

dccae (2017). National Mitigation Plan. Department of Communications, Climate 
Actions and Environment, Dublin, Ireland.

dccae (2019). Climate Action Plan 2019. Department of Communications, Climate 
Action and Environment, Dublin, Ireland.

Dillon, E., Donnellan, T., Hanrahan, K., Houlihan, T., Kinsella, A., Loughrey, J., 
McKeon, M., Moran, B. & Thorne, F. (2018). Outlook 2019 – Economic Prospects 
for Agriculture. Agricultural Economics and Farm Surveys Department, Teagasc, 
Carlow.

Duesberg, S., Upton, V., O’Connor, D. & NíDhubháin, A. (2014). Factors influencing 
Irish farmers’ afforestation intention. Forest Policy and Economics, 39, 13-20.

Duffy, P., Black, K., Hyde, B., Ryan, A.M. & Ponzi, J. (2019). National inventory 
report Greenhouse gas emissions 1990-2016. Reported to the United Nations 
Framework Convention on Climate Change. Environmental Protection Agency, 
Dublin, Ireland.

epa (2019). Ireland’s National Inventory Report 2019 – Greenhouse Gas Emissions 
1990-2017. Environmental Protection Agency, Dublin.

epa (2019b). Ireland’s Greenhouse Gas Emissions Projections 2018-2040. 
Environmental Protection Agency, Dublin, Ireland. -- www.epa.ie/pubs/reports/
air/airemissions/ghgprojections2018-2040/Greenhouse_Gas_Projections.pdf.

European Commission (2020). Farm to Fork Strategy – For a fair, healthy and 
environmentally friendly food system. European Green Deal, Brussels.

European Council (2018). Regulation (EU) 2018/842 of the European Parliament 
and of the Council of 30 May 2018 on binding annual greenhouse gas emission 
reductions by Member States from 2021 to 2030 contributing to climate action to 
meet commitments under the Paris Agreement and amending Regulation (EU) No 
525/2013, Official Journal of the European Union, L156/26, pp. 26-42. -- https://
eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0842&from=
en.

Eurostat (2019). Eurostat Database. https://ec.europa.eu/eurostat/data/database.
Farrelly, N. & Gallagher, G. (2015). The potential availability of land afforestation in 

the Republic of Ireland. Irish Forestry, 27, 120-138.

Copyright © FrancoAngeli   
This work is released under Creative Commons Attribution - Non-Commercial - NoDerivatives License. 

For terms and conditions of usage please see: http://creativecommons.org



24

Lucie Adenaeuer, James Breen, Anne Hayden

fao (2019). faostat statistical database. Food and Agriculture Organization of the 
United Nations, Rome.

Fleming, A. & Vanclay, F. (2010) Farmer responses to climate change and 
sustainable agriculture. A review. Agronomy for Sustainable Development, 30, 11-
19.

Ghadim, A.A., Pannell, D.J. & Burton, M. (2005). Risk, uncertainty and learning 
in adoption of a crop innovation. Agricultural Economics, 33, 1-9, doi: 
10.1111/j.1574-0862.2005.00433.x.

Giddens, A. (1984). The constitution of society. Cambridge: Polity Press.
Gray, E., Adenaeuer, L., Flaig, D. & van Tongeren, F. (2017). Evaluation of the 

relevance of border protection for agriculture in Switzerland. oecd Food, 
Agriculture and Fisheries Papers, No. 109, oecd Publishing, Paris.

Hamilton-Webb, A., Manning, L., Naylor, R. & Conway, J. (2017). The 
relationship between risk experience and risk response: A study of 
farmers and climate change. Journal of Risk Research, 20, 1379-1393, doi: 
10.1080/13669877.2016.1153506.

Howley, P., O’Donoghue, C. & Heanue, K (2012). Factors Affecting Farmers’ 
Adoption of Agricultural Innovations: A Panel Data Analysis of the Use of 
Artificial Insemination among Dairy Farmers in Ireland. Journal of Agricultural 
Science, 4(6).

Howley, P., Hynes, S., O’Donoghue, C., Farrelly, N. & Ryan, M. (2012b). Farm 
and farmer characteristics affecting the decision to plant forests in Ireland. Irish 
Forestry, 69, 32-42.

Howley, P., Buckley, C., O’Donoghue & Ryan, M. (2015). Explaining the economic 
“irrationality” of farmers’ land use behaviour: The role of productivist attitudes 
and non-pecuniary benefits. Ecological Economics, 109, 186-193.

iffpa (2018). An overview of the Irish forestry and forest products sector 2017. 
Dublin, Ireland, Irish Forestry and Forest Products Association.

ipcc (2014). Climate Change 2014: Synthesis Report. Contribution of Working 
Groups I, II and III to the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change [Core Writing Team, Pachauri, R.K. & Meyer, L.A. 
(Eds.)]. ipcc, Geneva, Switzerland, 151 pp.

Joint Committee on Agriculture, Food and the Marine (2018). Climate Change and 
Sustainability in the Agriculture and Food Sectors.

Lau, P. (2019). Is carbon-neutral beef the future of Australia’s beef sector? Eco-
Business, November.

Lanigan, G. & Donnellan, T. (Eds.) (2018). An Analysis of Abatement Potential 
of Greenhouse Gas Emissions in Irish Agriculture 2021-2030. Teagasc, Carlow. 
-- www.teagasc.ie/media/website/publications/2018/An-Analysis-of-Abatement-
Potential-of-Greenhouse-Gas-Emissions-in-Irish-Agriculture-2021-2030.pdf.

Lynch, J., Hennessy, T., Buckley, C. et al. (2016). Teagasc national farm survey 2015 
sustainability report. Athenry, Co. Galway, Teagasc.

Minviel, J. & Latruffe, L. (2017). Effect of public subsidies on farm technical 
efficiency: a meta-analysis of empirical results. Applied Economics, 49(2), 213-
226, doi: 10.1080/00036846.2016.1194963.

Copyright © FrancoAngeli   
This work is released under Creative Commons Attribution - Non-Commercial - NoDerivatives License. 

For terms and conditions of usage please see: http://creativecommons.org



25

Insights in overcoming the non-adoption of voluntary agricultural ghg mitigation measures

oecd (2012). Farmer Behaviour, Agricultural Management and Climate Change. 
Paris, oecd Publishing. -- https://doi.org/10.1787/9789264167650-en.

Rogers, E.M. (1962). Diffusion of innovations. Simon and Schuster.
Russo, M. (2007). How to review a meta-analysis. Gastroenterol Hepatol (N.Y.), 3(8), 

637-642.
Ryan, M. & O’Donoghue, C. (2016). Socio-economic drivers of farm afforestation 

decision-making. Irish Forestry, 73, 96-121.
Ryan, M. & O’Donoghue, C. (2016b). Heterogeneous economic and behavioural 

drivers of the farm afforestation decision. Paper presented at bioecon 2016. 
Cambridge, UK. 14-16th September.

Schulte, R.P.O., Crosson, P., Donnellan, T., Farrelly, N., Finnan, J., Lalor, 
S., Lanigan, G., O’Brien, D, Shalloo, L., Thorne, F. (2012). A Marginal 
Abatement Cost Curve for Irish Agriculture. Teagasc submission to the public 
consultation on Climate Policy development. Teagasc, Carlow. -- www.teagasc.
ie/publications/2012/1186/1186_Marginal_Abatement_Cost_Curve_for_Irish_
Agriculture.pdf.

Schulte, R.P.O. & Lanigan, G. (Eds.) (2011). Irish Agriculture, Greenhouse Gas 
Emissions and Climate Change: opportunities, obstacles and proposed 
solutions. Teagasc submission to the proposed Government Climate Change 
Response Bill. Teagasc, Carlow. -- www.teagasc.ie/publications/2011/61/61_
ClimateBillSubmission.pdf.

Teagasc (2018). Teagasc National Farm Survey 2017 – Dairy Enterprise. Carlow, 
Ireland. -- www.teagasc.ie/media/website/publications/2018/NFS_2017_Dairy_
Enterprise_Factsheet.pdf.

Teagasc (2018b). Forestry Programme 2014-2020, revised February 2018. Carlow, 
Ireland.

Tzemi, D. & Breen, J. (2018). Climate change and the agricultural sector in Ireland: 
examining farmer awareness and willingness to adopt new advisory mitigation 
tools. Climate Policy, doi: 10.1080/14693062.2018.1546163.

Tzemi, D. & Breen, J. (2019). Socio-economic factors affecting the adoption of GH 
emission abatement practices; the case of spring slurry spreading. International 
Journal of Agricultural Management, 8(1), 5-11.

Wreford, A., Moran, D. & Adger, N. (2010). Climate Change and Agriculture: 
Impacts, Adaptation and Mitigation. oecd Publishing, Paris. -- https://doi.
org/10.1787/97892640868876-en.

Copyright © FrancoAngeli   
This work is released under Creative Commons Attribution - Non-Commercial - NoDerivatives License. 

For terms and conditions of usage please see: http://creativecommons.org



26

Lucie Adenaeuer, James Breen, Anne Hayden

Lucie Adenaeuer
Department of Agricultural and Food Sciences, University College Dublin, Ireland, 
University College Dublin, Belfield, Dublin 4, Ireland
E-mail: lucie.adenaeuer@ucd.ie
Holds a degree in Agricultural Sciences (Bonn, 2006) and got a Doctoral Degree 
in Agricultural Economics (Bonn, 2011). Postdoctoral Researcher at the School of 
Agriculture and Food Science, University College Dublin (since November 2018) 
and Lecturer in Agriculture Economics since January 2020. Current research 
interests are on environmental and economic impacts of potential mitigation and 
carbon sequestration policies on the Irish Agriculture and Food sector as well as on 
international trade.

Anne Hayden
Department of Agricultural and Food Sciences, University College Dublin, Ireland, 
University College Dublin, Belfield, Dublin 4, Ireland
E-mail: anne.hayden@ucdconnect.ie
PhD student, she holds a Master of Science from the UCD Michael Smurfit Graduate 
Business School. Her research interests are the environmental and economic regional 
impacts of possible policy changes to the cap. 

James Breen
Department of Agricultural and Food Sciences, University College Dublin, Ireland, 
University College Dublin, Belfield, Dublin 4, Ireland
E-mail: james.breen@ucd.ie
Dr James Breen is an Assistant Professor in Agricultural Economics in UCD’s 
School of Agriculture and Food Science. His research interests are predominantly in 
the area of farm-level modelling and specifically in the examination of the impact of 
alternative agricultural and environmental policies on Irish farmers.

Copyright © FrancoAngeli   
This work is released under Creative Commons Attribution - Non-Commercial - NoDerivatives License. 

For terms and conditions of usage please see: http://creativecommons.org




