Agricultural Trade Liberalization, GHG
Emissions and Irish Agriculture
a

Doris Läpple , Colin A. Carter

b

and Cathal Buckley

c

Abstract
Irish agriculture is heavily livestock (beef and dairy) dependent and EU preferential market access
has been a key driver for Irish livestock production and exports. Trade liberalization through the
removal of EU dairy quotas in 2015 and the simultaneous surge in China's import demand for milk
powder, favoured dairy production in Ireland. However, increased greenhouse gas (GHG) emissions
as a by-product of dairy's expansion complicate Ireland's position on climate change because it
has a commitment to reduce emissions, and a disproportionate share of those emissions originate
with livestock. Using detailed farm level data, we measure the eect of increased trade leading to
dairy expansion and dairy to beef substitution on emission intensity and total GHG emissions on
a representative sample of Irish dairy farms from 2000 to 2017. Our results indicate that increased
productivity arising from trade liberalization reduces emission intensity, while an increased focus
on dairy versus beef production has a non-linear relationship with emission intensity. This has
implications for understanding the competitiveness of the Irish dairy industry given that Brexit and
impending trade deals (e.g., with Mercosur) could further support substitution in production from
beef to dairy.
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Emissions in Agriculture are projected to continue increasing to 2030 due to
growing cattle numbers, increased fertiliser use and ongoing carbon losses from
land. If allowed to proceed unchecked, this would seriously undermine our ability
to meet our 2030 target for a reduction in national emissions.

Irish Climate

Change Advisory Council, Annual Review 2019.
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Introduction

It is now well acknowledged that food production is one of the largest drivers of global
environmental change by signicantly contributing, among other things, to climate change
(IPCC, 2019; Willett et al., 2019). According to the IPCC (2019), over the 2003-2012 time
period, the world's agricultural sector accounted for about one-fth of total anthropogenic
greenhouse gas (GHG) emissionsmore than global emissions from every car, plane, and
train (U.S. Environmental Protection Agency, 2019).

The IPCC estimates that one-half

of total agricultural emissions are non-CO2 GHGs (i.e., methane (CH4 ) and nitrous oxide
(N2 O)). Agriculture's high emissions are mostly due to livestock, as GHG emissions from
livestock make up about 70% of total emissions from agriculture, forestry and other land
use (Tubiello et al., 2013).

Global awareness regarding the environmental implications of

expanding livestock production is increasing.
This issue is particularly pertinent for the Irish agricultural sector, which is responsible
for around one-third of Ireland's total GHG emissions. This is much higher than in most
other developed countries. Moreover, Ireland has the third highest GHG emissions per capita
in the EU (CSO, 2019).

As the above quote indicates, Ireland has agreed to lower GHG

emissions, but it is struggling to move in that direction because a large share of the emissions
are coming from livestock farms.
For a number of reasons, Ireland is an interesting country to study GHG emissions arising
from agriculture. First, the expansion of agricultural activity initiated by the EU milk quota
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abolition in 2015, means that Ireland now has the fourth largest cattle herd in the EU. More
specically, this has led to a one-third increase in the national dairy herd. While Irish dairy
exports expanded, this has also resulted in higher GHG emissions from increased livestock
numbers. Second, Ireland does not have a large industrial base and, as a consequence, a large
share of emissions originate in agriculture, which means primarily livestock. Any signicant
lowering of GHG emissions in Ireland will require a contribution from agriculture, unlike in
most other developed countries where agriculture plays a much smaller role. An additional
complicating factor is that land area devoted to forestry is relatively small in Ireland. Third,
through the EU 2030 Climate and Energy Framework Ireland is committed to signicantly
reduce GHG emissions by 2030.
With GHG emission reduction targets in the background, developments in international
trade are posing both challenges and opportunities for Irish agriculture. Moreover, the upcoming Brexit and the 2019 EU-Mercusor trade agreement both threaten Ireland's favourable
tari preferences for food exports to the UK and the rest of the EU. Approximately 80 to
90% of Irish beef and dairy products are exported. The UK and the EU are major export
markets for Irish agriculture, especially for beef. Brexit and the Mercusor agreement could
reduce export opportunities for Irish agriculture and lower emissions due to declining cattle
numbers, but these developments will have a relatively larger impact on beef than dairy.
However, declining beef exports may facilitate further dairy expansion, as more land for
dairy production becomes available, which further complicates the situation.
The relationship between increased trade liberalization and environmental pollution is
complex and no consensus on the exact linkage exists in the theoretical and empirical literature see Copeland and Taylor (2004) and Cherniwchan et al. (2017). Grossman and Krueger
(1993) classied the environmental eects of trade liberalization into three dierent eects:
the scale eect captures expanded economic activity with potential negative environmental
implications; the technique eect is usually induced due to endogenous changes in environmental policy and leads to reduced emissions intensity and thus benets the environment.
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The composition eect arises from trade-induced changes in factor allocation across sectors.
Kreickemeier and Richter (2014) expand this framework and outline the reallocation eect
which has characteristics of the composition and the technique eect. More specically, the

reallocation eect can be viewed as an intra-sectoral version of the composition eect and an
underlying determinant to the technique eect for the aggregate sector (Kreickemeier and
Richter, 2014). They explain how rm-level emission intensity relates to rm-level productivity, assuming, in line with recent empirical evidence (Cui et al., 2016), that more productive
rms are also more environmentally ecient. The overall eect of trade liberalization on domestic emissions depends then on the relative strength of the scale and reallocation eects,
which work in opposite directions.

Therefore, the net eect of trade liberalization on the

environment is ambiguous for any specic industry.
Bennetzen et al. (2016) highlight the importance of studying emission intensities (i.e.
GHG emissions per unit product) in order to understand the mitigation potential in agriculture. Their approach is at the global level and they use a mathematical decomposition
method to allocate total emissions to its various components. They found that from 19702007 there was a global decrease in emissions intensity per unit of product for crops (39%)
and livestock (44%). This decline is slightly more than 1% per year on average. Bennetzen
et al. conclude that the world is on a trajectory of reduced emissions from agriculture as
emissions are being decoupled from production.
The question then arises which eect is stronger, reduced emission intensity or increased
emissions based on expanded production? In this article, we rst explore how trade-induced
farm production changes aect emission intensity.

We then seek to explore the role and

relative strength of scale and reallocation eects on farm-level GHG emissions.
This paper provides one of the rst studies on the relationship between trade liberalization and GHG emissions from agriculture. We study GHG emissions on Irish dairy farms
over an 18 year time period, that allows us to document the role of trade liberalization on
emissions. We focus on emission intensity and total farm GHG emissions. This allows us
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to rst explore how trade-induced productivity gains and reallocation from beef to dairy
production impact emission intensity.

We then estimate scale and farm-level reallocation

eects. Our preliminary ndings are as follows: Our rst set of results indicate a negative
relationship between productivity gains and emission intensity, while reallocation to dairy
has a non-linear eect on GHG emission intensity. Our second set of results nd that the
scale eect is stronger than the reallocation eect, suggesting an overall negative impact of
trade liberalization on farm level emissions in Ireland.
The next section provides a conceptual background.

Section 3 discusses EU climate

policy, Ireland's livestock herd and GHG emissions. Section 4 explains our data and methods.
Results and robustness checks are in Section 5 and Section 6 concludes.

2

Conceptual Background

The empirical literature on trade liberalization and associated environmental performance
primarily focuses on manufacturing and uses aggregate pollution data.

In contrast, rela-

tively little is known about heterogeneous responses of individual rms, despite the fact
that aggregate pollution depends on individual rm behaviour. This insight motivates the
methodology that we employfocusing on individual farms.

Moreover, despite a growing

literature on the environmental eects of international trade, no consensus exists on the net
eects. Conicting results in the theoretical literature indicate the need for more empirical
work (Holladay, 2016) and even less is known about the implications of trade on pollution
arising from agriculture.
In this article, we aim to provide new knowledge on the relationship between trade liberalization and pollution from agriculture. One complicating factor is that pollution mitigation
technology is not readily available to farms, compared to the situation for energy intensive
manufacturers, electricity generators, or transportation services. Moreover, to date the agricultural sector has not been subject to stringent environmental GHG emission regulations,
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such as a tax or "cap and trade" program.
As mentioned, no clear consensus exists in the literature on the implications of trade
on the environment.

For example, Antweiler et al. (2001) explore scale, composition and

technique eects and conclude that freer trade is good for the environment. Cole and Elliott
(2003) infer, by exploring several pollutants across various countries, that trade liberalization
does not have a unique relationship with emissions, but depends on a country's comparative
advantage. A recent study by Jena (2018) also estimates scale, composition and technique
eect to evaluate the environmental impacts of trade liberalization in India.

Similar to

Cole and Elliott (2003), this study nds mixed results in the sense that the impact of trade
liberalization on the environment varies with dierent pollutants.
More recently, rm heterogeneity has received increasing attention in this literature,
inuenced by Melitz and Redding (2014) and Melitz (2003) who highlight that rms dier in
their productivity. Kreickemeier and Richter (2014) use this insight to derive the reallocation
eect.

This eect suggests that trade liberalization induces a reallocation of resources to

more productive rms via exit of less productive ones, and as such sector level emission
intensities decrease due to productivity growth. Whether or not this results in a reduction
of aggregate emissions depends on the relative strength of the scale and reallocation eect,
again providing an inconclusive result of the relationship between international trade and
pollution.
A relatively recent strand of literature has incorporated rm-level heterogeneity using
micro-level data. Broadly, this literature focuses on manufacturing rm data and explores
empirically how exporting and non-exporting rms of heterogeneous productivity levels dier
in their environmental pollution characteristics.
Cui et al. (2016) explore rm productivity and export decisions and their relationship
to emission intensities for US manufacturing rms.

They nd a negative relationship be-

tween productivity and emission intensity. Moreover, exporting as well as larger facilities are
associated with lower emission intensities. Holladay (2016) also uses micro-level data and
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investigates export orientation, import competition and pollution. Results indicate that exporters generate less pollution, while import competition drives the least ecient producers
out of business, which benets the environment. This result is consistent with the reallocation eect described by Kreickemeier and Richter (2014).

Richter and Schiersch (2017)

focus on environmental performance of exporting rms in Germany and also nd a negative
relationship between exports and emission intensity. Finally, Forslid et al. (2018) develop a
theoretical model and show that trade has a neutral eect on emissions. This is based on
higher, but cleaner production of exporters and lower production volume of non-exporters.
Forslid et al. (2018) outline how exporting rms that are subject to an environmental tax,
may have lower emission intensities. Generally, exporting leads to cleaner production due
to rms' endogenous abatement technology adoption. Due to distribution of xed costs, a
higher production volume is generally associated with increased abatement. Emission intensity is negatively related to productivity, as production generally increases with productivity.
Moreover, exporting is also associated with higher output, and as such leads to decreased
emissions intensity. Therefore, Forslid et al. (2018) argue that trade impacts emissions independently from productivity.

Cui et al. (2016) develop a similar argument to explain

how exporting reduces emission intensity. They argue that if rms see an economic benet
to reducing pollution, an inverse relationship between market opportunities and emission
intensity is expected. Exporting is associated with the realisation of increased market opportunities. Cui et al. (2016) and Holladay (2016) use export status of the rm to test this
relationship, assuming trade focused rms are more likely to innovate and that expectation
of some future pollution price may also inuence current abatement decisions.
In contrast to manufacturing rms, Irish farms do not decide whether or not to export.
However, they can respond to trade liberalization by increasing output and, given land
constraints, by internal factor substitution that increases production focus on the exported
good. In our application, we use farm-level specialisation into dairy production as a measure
of trade-induced factor substitution and in line with current literature also consider farm
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heterogeneity in productivity, which we measure as milk yield per cow.
While Ireland does not have stringent environmental regulations in relation to GHG emissions from the agricultural sector, the policy target is to reduce GHG emissions from agriculture through mitigation pathways. As these measures are associated with economic benets,
trade induced output growth may initiate endogenous abatement adoption on farms. In addition, there are ongoing discussions to implement more stringent environmental regulations
or include the agricultural sector in a cap and trade" scheme. Moreover, some mitigation
measures are likely to become mandatory in the near future.

Anecdotal evidence suggest

that Irish dairy farmers anticipate this eect, providing a further argument for increased
pollution abatement by farms.
As such, we explore whether and how trade induced farm-level production changes aect
environmental performance of farms. Increased productivity results in more output from the
same inputs, and this implies, as GHG emissions are a by-product of production that are
proportional to the quantity of inputs used, that more productive farms have a lower emission
intensity. Insofar as farms realise economic benets from reducing pollution, trade-induced
factor substitution (measured as dairy specialisation) will also reduce emission intensity.
This means that dairy specialisation subsumes a composition and technique eect, similar
to a farm-level reallocation eect.

Implicit in these assumptions is that output growth is

negatively related to emission intensity.
Reduced emission intensity does, however, not provide any insights whether total emissions increase or decrease. At the farm level, the relative strength of scale versus farm-level
reallocation will determine whether trade liberalization has a positive or negative eect on
emissions. This allows us to make inferences on whether or not trade liberalization increases
or decreases pollution at the farm level in the Irish dairy industry.

7

Irish Agriculture & GHG emissions

3

October 29, 2019

Contextual Background

3.1

EU Climate Policy

The EU 2030 Climate and Energy Framework set a binding target to cut GHG emissions.

1

EU targets for the emission trading system (ETS) sectors

are a 43% reduction compared to

2005, while non-ETS sectors, to which agriculture belongs, are subject to national targets to
jointly achieve an EU target of a 30% cut in GHG emissions. EU countries are required to
meet national targets to reduce emissions by 2030, based on an eort sharing arrangement.
This implies that depending on national wealth, each country will have to make a dierent
contribution to achieve the overall EU reduction target. Ireland has committed to reduce
non-ETS GHG emissions by 30% by 2030 compared to 2005 emission levels. No sub-sector
targets exist within non-ETS sectors, but as the agricultural sector accounts for 44% of
non-ETS carbon emissions in Ireland, agriculture is part of the GHG emission reduction
targets. Moreover, Ireland has by far the highest proportion of GHG emissions arising from
agriculture in the EU, see Figure 1. This fact underlines the importance of an agricultural
contribution in achieving EU targets.
So far, Ireland's eorts to reduce GHG emissions in line with the 2020 Climate and
Energy Package, which requires a reduction of non-ETS carbon emissions by 20% compared
to 2005 levels, have not been successful.

Ireland was expected to achieve a one percent

reduction at best, and instead agricultural emissions have increased by 2.7% between 2015
and 2016 (Lanigan et al., 2018).

1 These

sectors include transportation, electricity generation, and energy intensive factories.
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Proportion of GHG emissions from agriculture in EU member states in 2015 and 2016
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However, with the new Climate and Energy framework, land use and land management to
enhance carbon sequestration are now recognized practices for emission reduction for 2030.
Ireland, due to its larger share of GHG emissions from agriculture, received an allocation
of 5.6% of 2005 base emissions, which equates 2.68 Mt CO2 eq per annum (Lanigan et al.,
2018). This implies that there are more options for achieving the required reduction targets.
Ireland also has a national policy to achieve carbon neutrality in the agriculture, land-use
and forestry sector by 2050.
Nevertheless, GHG emissions from agriculture are predicted to increase further, especially
if mitigation actions are not widely implemented. The Irish agricultural sector emitted an
estimated 19.25 mt CO2 eq in 2016, an increase of 2.7% relative to 2015 (Lanigan et al., 2018).
Without mitigation actions, it is predicted that GHG emissions from agriculture will increase
by approximately 9% by 2030 (compared to 2005), mainly driven by increasing dairy cow
numbers and fertilizer use (Lanigan et al., 2018). To date, no stringent environmental policy,
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such as a tax or cap and trade", has been put in place, but several mitigation pathways
are anticipated for the agricultural sector to achieve 2030 targets. First, in order to reduce
methane and nitrous oxide from agriculture, better breeding, grass utilization, and optimization of fertilizer use and slurry spreading are mitigation options. Carbon sequestration
and energy eciency, biofuels and bioenergy are other mitigation measures. However, even
when assuming agricultural mitigation actions are completely adopted by farmers in 2030,
the target of a 30% reduction in GHG emissions from agriculture will likely not be achieved
(Lanigan et al., 2018). At present, while considerable mitigation potential may exist, they
have not been implemented in practice (Donnellan et al., 2018a).

3.2

GHG Emissions and Changes in Irish Livestock Numbers

Irish dairy farming is based on favorable agronomic and weather conditions that sustain a
grass-based, spring calving milk production system where cows are grazed outside from early
spring to late autumn. While export competitiveness of dairy farming varies substantively
across the world and also across EU countries (Bojnec and Fert®, 2014; Dillon et al., 2008),
Ireland is one of the lowest cost producers worldwide (Dillon et al., 2008; Donnellan et
al., 2009) and has signicantly lower unit costs of production than other major EU dairy
producers (Thorne et al., 2017).

Signicant amounts of grass in the dairy cow's diet is

an important component of low-cost dairy farming in Ireland. Extending the length of the
grazing season can reduce costs of production (Läpple et al., 2012) and is now also seen as part
of a mitigation action to reduce GHG emissions (Donnellan et al., 2018b). GHG emissions
measured per tonne of fat and protein corrected milk from grass-based dairy systems have
been found to be 15% lower than GHG emissions from connement systems, when using a
life cycle approach (LCA) to measure emissions, which includes on- and o-farm emissions
(O'Brien et al., 2012).

Within the EU, Ireland and Austria are the most carbon-ecient

producers of milk in terms of CO2 eq per kg of milk (Leip et al., 2010).
In general  and in comparison, to other farming systems in Ireland  dairy farming is
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characterized by high farm incomes, with an average income of
time period.

e67,000

over the 2015-2017

Irish dairy farms have an average herd size of around 70 dairy cows, which

has increased signicantly since milk quota abolition was announced in 2008.

Moreover,

subsidy dependence of Irish dairy farms is about 29% of farm income, which is signicantly
lower than for other major livestock systems in Ireland. For example, beef farmers in Ireland
receive subsidy payments that are more than 100% of their income from beef production
(Dillon et al., 2018).
Initiated by the abolition of EU milk quotas in 2015, the Irish dairy sector is currently
undergoing major structural changes. EU milk quotas had been in place for over 30 years.
Quotas were introduced in 1984 and only gradual quota increases were allowed until abolishment on 31 March 2015. Dairy cow numbers in Ireland have increased by over a third
between 2010 and 2018 (see Figure 2) and production has signicantly intensied due to land
scarcity. This growth has been supported by a government target to increase dairy production by 50% by 2020 (Committee, 2010). This target has been achieved and milk production
has increased by 50% over the last decade.

The general high returns from dairying and

low returns from beef farming in Ireland coupled with land scarcity, have led to signicant
substitution between beef and dairy farming, with beef cow numbers declining, see Figure 2.
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Trends in Irish Dairy & Beef Herd Size: 1995 to 2018 (`000)

Source: CSO Ireland, eirestat/Livestock.

As illustrated in Figure 3 and 4, cattle numbers and changes in herd sizes vary quite
signicantly across regions in Ireland. The fact that dairy cow numbers have increased by
about 50% in the East/Mid and South regions, with increases (South) or small declines
(Eats/Mid) in beef cattle numbers, illustrates how Irish agriculture has intensied over the
years. The South region is seen as a typical dairy region, and about two thirds of all Irish
dairy cows are located in this region, see Figure 3. The East/Mid region has traditionally
not been a typical dairy region, but has seen signicant increase in dairy cows over the last
decade. This region also has the highest farm incomes from dairying (Dillon et al., 2018).
In contrast, the North West region is characterised by relatively poor soil quality, often only
marginally suited for intensive dairy production. In this region, beef and sheep production
is predominant.
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Dairy & Beef Herd sizes by Region: 2018 ('000)

Dairy `000

Beef `000

Source: CSO Ireland, eirestat/Livestock.

Figure 4:

Percent change in herd sizes 2010 to 2018 (%)

Dairy %

Beef %

Source: CSO Ireland, eirestat/Livestock.

There are about 17,000 dairy farms in Ireland and dairy is the most important sector
in terms of value. Overall, based on value, over 80% of dairy products are exported. Irish
dairy exports are about 30% of total agri-food exports and have been increasing over the
last years, see Figure 5.
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Total Dairy Exports and Proportion of Agri-Food Trade
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The top ve markets for Irish dairy exports are the UK, China, the Netherlands, the US
and Germany. About a quarter of dairy exports is destined to the UK and 14% to China,
but export dependence diers by commodity. For example, over half of cheese exports go to
the UK, while 30% of milk powder/infant formula is marketed to China (Carter and Läpple,
2019). High export dependency of some dairy commodities implies that Brexit will impact
some dairy farmers more than others.
In summary, the major intensication and production growth in the Irish dairy sector
poses signicant threats to the environment, mainly due to GHG emissions and water pollution concerns (Lanigan et al., 2018). In this article, we focus on the link between dairy
sector growth and GHG emissions.
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Data and Methods

4.1

Farm-level and GHG Data

We have a unique panel data set of a representative sample of Irish dairy farms spanning
2000 to 2017. Our data are based on the Irish National Farm Survey (NFS) conducted by
Teagasc, which is part of the EU Farm Accountancy Data Network (FADN). The NFS was
established in 1972 and is published annually. Data are collected through a series of face to
face interviews with farmers by a professional data collection team. Overall, a statistically
representative random sample of approximately 900 farms participate in the survey on a
voluntary basis each year. This sample represents a farming population of approximately
80,000 farms. Farms are classied into farming systems, based on the dominant enterprise
that is calculated on a standard gross margin basis. The NFS collects data on all prominent
farming systems in Ireland (i.e., dairy, cattle, sheep, cereal and mixed livestock) and for
purposes of this paper we restrict our sample to dairy farms.

While all of these farms

produce some milk, it is not unusual for these farms to have both dairy and beef cow herds.
For example, about 60% of gross output on Irish dairy farms typically arises from the dairy
side of the enterprise.
When restricting the overall data to dairy farms, the sample reduces to approximately
300 observations in each year. We use an unbalanced panel data set, amounting to a total
of 5,655 observations. On average farms stay in the sample for about 6 years, but patterns
vary.
The data includes detailed information on farm and farmer characteristics, as well as
farm-level GHG emissions, measured in total GHG emissions and emission intensity per
kg of milk.

GHG emissions are estimated based on the IPCC methodology accounting

conventions based on Irish emission factors from the 2017 National Inventory Report for

2

Ireland (Duy et al., 2017) .

2 GHG

Agricultural emissions arise due to enteric fermentation by

emissions based on Life Cycle analysis are available from 2013-2017 only.
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ruminant livestock resulting in methane, the production and storage of livetock manure
resulting in methane and nitrous oxide, as well as nitrous oxide arising from the application
of manure and synthetic fertilizers to elds. All non carbon dioxide emissions are converted
in CO2 equivalents (Buckley et al., 2019). It is estimated that about 72% of emissions from
dairy farming arise before the milk leaves the farm (Thoma et al., 2013)

4.2

Empirical Framework

We use panel-data xed eects methods to estimate the impact of trade-induced production
changes on GHG emissions. We estimate two specications, one explaining GHG emission
intensity and another one explaining farm-level GHG emissions. Let
intensity for farm
reallocation
eect

ui ,

Rit ,

i

at time

t,

GIit

be GHG emission

which depends on farm-specic productivity

a set of control variables

and an idiosyncratic error

it ,

Xit ,

policy changes over time

Tt ,

GIit

being the log of GHG emission intensity (CO2 eq/kg of milk),

specic productivity (milk yield/cow),

, farm-level

a farm-specic

as follows:

GIit = α + β1 Pit + β2 Rit + β3 Xit + Tt + ui + it ,
with

Pit

(1)

Pit

is the log of farm

Rit is the log of the farm-level reallocation eect (dairy

cows/total livestock units). Herd size, stocking rate, N applied per hectare and concentrates
fed per cow are included as control variables inXit .
The outcome in our second model is farm GHG emissions

Sit

and reallocation

time

Tt ,

Rit

GFit

eect, as well as a set of control variables

a farm-specic eect

ui ,

and an idiosyncratic error

it ,

which depends on scale

Xit ,

as follows:

GFit = α + β1 Sit + β2 Rit + β3 Xit + Tt + ui + it ,

where

Yit

is the log of GHG emission (CO2 eq per farm),

and beef output,

Rit

Sit

policy changes over

(2)

is the log of value of dairy

represents the log of the farm-level reallocation eect (dairy cows/total
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are other controls that include milk yield per cow, as well as

Endogeneity concerns may suggest the need for an instrumental

variable.

4.3

Descriptive Statistics

There have been considerable changes in Irish dairy production between 2000 and 2017,
which are reported in Table 1 for selected years.

For example, milk output per farm has

increased by 124%, milk yield by 15.3% and dairy herd size per farm has increased by over
95%. The number of beef cattle per farm increased from 27 in 2000 to 41 in 2017. The ratio
of dairy cows in the total cow herd - our measure of farm-level reallocation- increased and
was 66% in 2017.
In line with production growth, total farm GHG emissions have increased by 85%, while
GHG emissions attributed to the dairy enterprise have almost doubled.
emission intensity, measured in CO2 eq has decreased by 13%.

However, GHG

GHG emissions are also

shown in Figure 6, which illustrates a clear increase in total farm GHG emissions, but a
downward trend of emission intensity, measured as CO2 eq per kg of milk.

High GHG

emission intensity in 2009, can be explained by low milk prices in 2009, which resulted in
farmers drying cows o earlier.
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27.06
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1.80
37.16
21.06
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39.86
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36.16

57.64

1.98

0.65

39.38

937.22

70.77

5,438

396,129

Note: UAA is utilizable agricultural area. Source: Own calculations from NFS data

39.30
787.85

Concentrates fed per cow (kg)

4,673

193,313

# of dairy cows (per farm)

Milk yield / cow

Milk Output (kg per farm)

0.84

Total Farm Emissions (CO2 eq)

Emission intensity (CO2 eq/kg milk)

159.16
271.56

Total Dairy Emissions (CO2 eq)

2000

Table 1: GHG Emissions and Farm Characteristics (2000-2017)

301.12

36.71

58.62

2.02

0.66

39.97

939.74

75.06

5,311

414,509

0.75

489.19

2016

37.19

58.63

2.07

0.66

41.12

1,035.24

76.87

5,388

433,022

0.73

501.5

310.9

76.59

57.78

15.00

6.45

51.96

31.40

95.60

15.30

124.00

-13.10

84.67

95.34

2017 % change
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Total GHG Emissions and Emission Intensity
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These data suggests that the scale eect is stronger than a combined composition and
technique eect, which we empirically examine later. First, however, we explore this eect
graphically.
Figure 7 depicts the development of GHG emissions from 2000 to 2017. The dashed blue
line (farm output) depicts total real value of milk and beef output, scaled so that the 2000
value equals 100. This line represents how GHG emissions per farm would have changed, if
farming technology remained constant and the mixture of beef and dairy was unchanged over
this time period (Levinson, 2009). As such, the increase of 119% represents the scale eect.
The solid green line (farm emissions) shows average total GHG emissions per farm, again
scaled that 2000 equals 100. In 2017, farm GHG emissions are 85% above their 2000 levels.
This represents the combined scale, composition and technique eect (Levinson, 2009). This
implies that composition and technique eects reduced emissions per farm by 34% over the
observed 18 year period.
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GHG Emissions on Irish Farms 2000 to 2017
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5

Results

5.1

Emission Intensity

We explore whether and how trade liberalization induced production changes impact pollution, expressed as GHG emission intensity per kg of milk and total farm GHG emissions. As
previously outlined, we are initially interested in the relationship between farm-level reallocation (measured as dairy specialisation ), productivity (measured as milk yield per cow) and
emission intensity. We also explore how this relationship diers between regions, as overall
cattle numbers have developed quite dierently across regions in Ireland.
The results in Table 2 show a non-linear relationship between farm-level reallocation
and GHG emission intensity. Based on the estimated regression coecients for the entire
country (column 1), further reallocation from beef to dairy is associated with an increase
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Table 2: GHG Emission Intensity Regression Results
(1)

(2)

(3)

(4)

All

North West

East

South

-0.200***

-0.265***

-0.147

-0.169**

(0.058)

(0.100)

(0.127)

(0.079)

-0.183***

-0.212**

-.095

-0.191*

(0.065)

(0.092)

(0.105)

(0.101)

-0.849***

-0.833***

-0.850***

-0.862***

(0.028)

(0.027)

(0.041)

(0.045)

# of dairy cows

0.0004***

0.0005**

0.000

0.0004**

(0.0001)

(0.0002)

(0.000)

(0.0002)

Stocking rate

-0.031***

-0.041***

-0.018

-0.030***

(0.007)

(0.012)

(0.011)

(0.011)

N/ha

0.0004***

0.0005***

0.0004***

0.0004***

(0.000)

(0.000)

(0.000)

(0.000)

Ln(GHG per kg milk)
Ln(Reallocation)
Ln(Reallocation)

2

Ln(Milk yield)

Concentrates/cow
Constant

-0.0009

-0.001

-0.003*

-0.0004

(0.0006)

(0.001)

(0.001)

(0.0007)

6.877***

6.725***

6.921***

6.983***

(0.243)

(0.233)

(0.362)

(0.395)

Year FE

Yes

Yes

Yes

Yes

Farm FE

Yes

Yes

Yes

Yes

Observations

5,621

1,532

948

3,141

R-squared

0.839

0.859

0.856

0.814

768

256

116

396

Number of ID
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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in GHG emission intensity increases until 57% of the herd are dairy cows, while further
reallocation decreases emission intensity.

3

The median specialisation rate in our sample is

62%, suggesting that for one-half of the sample farms, further reallocation increases GHG
emission intensity. An increase in milk yield per cow is negatively related to GHG emission
intensity. For example, our model predicts that a one percent increase in milk yield per cow
decreases GHG emission intensity by 0.84%.
We then compare how these eects dier across regions. Coecient estimates and associated standard errors for the full sample as well as three regions are shown in Figure
8.
Figure 8:

Coecient Estimates by Region

As can be seen, the reallocation eect diers across regions, both in terms of statistical
and economic signicance, while the eect of milk yield is very similar across regions. First,
we do not nd a signicant reallocation eect in GHG emission intensity for farms located
in the East region.

One explanation for this may be that the East region has a lower

3

δy
0.57 is the solution to δx
= β1 + 2β2 · x = 0 where y is the dependent variable and x is the regressor
(dairy cows/total livestock units).
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specialisation rate than the other two regions.

4

Both, in the North West and the South

regions, increased specialisation is signicantly correlated with GHG emission intensity, but
the results are quite dierent. In the North West region, the eect of further reallocation
is negatively related to GHG emission intensity beyond a specialisation rate of 53% dairy
cows. In other words, further reallocation has a negative eect for about 75% of the North
West sample. In contrast, in the South region, further reallocation increases GHG emission
intensity for over half of the farms, and decreases GHG emission intensity once specialisation
is over 63% dairy cows. Findings in relation to milk yield are similar across regions. Emission
intensities decline with increasing milk yield.

5.2

Total Farm Emission

Next, we explore whether trade-induced production changes increase or decrease total farm
GHG emissions and estimate scale and farm-level reallocation eect. To this end, we regress
total farm GHG emissions on the value of total farm output, dairy specialisation, as well
as control variables. We use the value of total farm output to measure the scale eect and
dairy specialisation serves as farm-level reallocation eect.
and results are presented in Table 3.

All variables are in log values

Once we include control variables, our preliminary

results indicate that a one percent increase in output value increases farm GHG emissions
by 0.63 %, while a one percent increase in farm-level reallocation eect is associated with a
0.28% reduction in farm-level GHG emissions. It appears that higher output leads to higher
pollution, which is only partially oset by a reallocation eect.

4 Our

sample size also reduces to 116 farms when restricted to this region, which may also explain a
non-signicant eect.

23

Irish Agriculture & GHG emissions

October 29, 2019

Table 3: Estimation of Scale and Farm-level Reallocation Eect

Ln(Farm GHG emissions)

ln (Scale)

ln (Reallocation)

(1)

(2)

0.512***

0.632***

(0.023)

(0.020)

-0.177***

-0.279***

(0.026)

(0.024)

Milk yield (in 1,000)

-0.113***
(0.006)

N/ha

0.0006***
(0.000)

Year FE

yes

yes

Farm FE

yes

yes

Constant

-0.100

-1.08***

(0.273)

(0.238)

Observations

5,621

5,621

R-squared

0.903

0.942

768

768

Number of ID
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

6

Conclusion

Little is known about the specics of how international trade liberalization aects agricultural GHG emissions. The eects may be smaller than in the manufacturing sector, because
unlike in manufacturing, it is more dicult for farms to alter their emission intensities. Fur-
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thermore, the number of farms far exceeds the number of factories in any manufacturing
sector, which makes it more dicult to implement emission policies for agriculture. To date,
global eorts to reduce agricultural GHG emissions have been weak, and given decarbonisation progress in other sectors, agriculture may become the largest contributor to GHG
emissions by 2050 (OECD, 2019).
In this article, we explored the relationship between trade induced production changes and
GHG emissions on Irish dairy farms. We utilized farm-level panel data of Irish dairy farms,
spanning 18 years from 2000 to 2017. This time period covers signicant trade liberalization
in the EU, in the form of EU milk quota abolition in 2015. The Irish agricultural industry
has responded to this policy change by signicantly expanding dairy production, which led
to increased GHG emissions as a by-product. Strong national growth targets for the dairy
sector and simultaneous commitments to reduce GHG emissions raise concerns regarding
policy coherence.
We assess how trade-induced production changes impact emission intensity. Consistent
with previous literature, we nd a negative relationship between productivity and GHG
emission intensity. However, we nd a non-linear relationship between farm-level reallocation
and emission intensity, suggesting that positive reallocation eects require higher levels of
specialisation. We then estimate how increased production (scale) and farm-level reallocation
(dairy specialisation) aect farm GHG emissions. Consistent with theory and expectations,
increased scale of production increases GHG emissions, while reallocation of factors reduce
GHG emissions. However, at the moment, these results have to be interpreted with care as
we have not yet accounted for potential endogeneity in our empirical models.
While signicant mitigation potential may exist in farming, farmers often fail to realise
full mitigation potential.

Nevertheless, our preliminary ndings point towards important

conclusions for reducing Ireland's agricultural GHG emissions. We conrm that farm-level
adjustments can reduce GHG emission intensity. Further supporting mitigation pathways
may help in the future to increase farm-level reallocation and simultaneously reduce scale
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eects.
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