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1.	INTRODUCTION

The unequivocal impacts of Greenhouse Gas (GHG) emissions on the Earth’s climate was demonstrated in 
Ireland’s Climate Change Assessment (ICCA) published by the EPA last year1. The scientific evidence assessed by 
Ireland’s leading scientists demonstrated the atmospheric concentrations of the three main GHGs - carbon dioxide 
(CO2), methane (CH4) and nitrous oxide (N2O) are at the highest levels for millions of years. ICCA highlighted the 
contribution made by rising GHG emissions to the change to date in global surface temperature since 1850-1900. 
Globally, 2024 has been the hottest year on record.  For Ireland this has led to annual average temperatures now 
approximately 1°C higher than the early 20th century with 16 of the 20 warmest years occurring since 1990, and 
2023 being the hottest year on record to date in Ireland along with an increase in heavy precipitation extremes over 
Ireland and higher rates of sea level rise than the global average since in Cork and Dublin. 

According to the WMO Global Atmospheric Watch (GAW), atmospheric concentrations of GHGs  reached new 
highs in 2023, with CO2 at 420.0±0.1 ppm, CH4 at 1934±2 ppb and N2O at 336.9±0.1 ppb. This represents a 
respective increase of 151%, 265% and 125% compared to pre-industrial levels. As a result, the average global 
temperature has risen between 1.2°C and 1.3°C compared to global mean temperature between 1850-19002. 
Recent extreme events in Ireland emphasise the vulnerability of individuals, communities, sectors and ecosystems 
to climate change underlining the need for large scale immediate mitigation along with adaptation to address such 
impacts and vulnerabilities.

By 2030 Ireland is committed to reducing economy 
wide Greenhouse Gas (GHG) emissions by 51% and 
becoming climate neutral by 2050. National level 
climate targets are set out under the Climate Act3 
and subsequent Climate Action Plans4, and Ireland’s 
commitment to achieving its EU emission reduction 
targets for 2030 are set out under the Effort Sharing 
Regulation5,6. These targets stem from goal of 
international climate policy under the Paris Agreement 
to stabilise the global temperature and limit global 
temperature rise to 1.5°C, or well below 2°C. 

The Environmental Protection Agency (EPA) plays a 
pivotal role in supporting climate action in Ireland 
through the compilation of the inventories7 of GHG 
emissions along with producing projections of 
Ireland’s future GHG emissions8. These are submitted 
to the European Commission and the United 
Nations Framework Convention on Climate Change 
(UNFCCC). This data both informs policy formation 
and monitors Ireland’s progress towards achieving its 
climate targets. The EPA drives climate action and the 
transition to climate neutrality and resilience through 
evidence and engagement across all sections of 
society. 

In Ireland total GHG emissions including LULUCF, in 
the latest Inventory year (2022), equalled 64.5 Mt CO2 
eq. of which CO2 contributed approximately 56.3%, 
CH4 33.5% and N2O 9.1% (see Figure 1). Examining 

the sources of GHG emissions in Ireland by gas 
reveals key areas that contribute to the bulk of each. 
Carbon dioxide emissions in Ireland since 1990 have 
generally followed economic trends, increasing with 
growth, and declining during recession with an overall 
declining trend seeing emissions now reaching their 
lowest in this 30-year period. However, the EPA’s GHG 
projections show that current CO2 emissions are still 
too high and not declining fast enough. 
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Figure 1: Relative contribution of GHGs to Ireland’s 
emissions
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Most of Ireland’s CO2 emissions come from four key 
areas – Energy production, Homes & Businesses, 
Industry, and Transport. Replacing fossil fuel 
dependence in these areas would see significant 
and large reductions in CO2 emissions. Methane and 
nitrous oxide emission were declining until 2010 
when emissions of both began to increase again, 
coinciding with expansion in Ireland’s agriculture 
sector. Agriculture is the main source contributing to 
CH4 and N2O emissions in Ireland. Methane emissions 
are strongly linked to ruminant livestock numbers 
and N2O arises mostly from chemical N fertiliser use. 
Addressing both sources goes hand-in-hand and 
would make large contributions to reducing Ireland’s 
CH4 and N2O emissions.

The three key GHGs focused on in this bulletin are 
carbon dioxide (CO2), methane (CH4) and nitrous 
oxide (N2O). These GHGs continue to build up in 
the atmosphere and are the first, second and third 
most important GHGs implicated in global warming, 
respectively. The properties of these gases and their 
accumulation in the atmosphere determines their 
contribution to climate change. According to the latest 
IPCC Assessment Report (AR6), since pre-industrial 
times to now, CO2 has contributed approximately 1°C 
to temperature rise, CH4 around 0.3°C and N2O in the 
region of 0.1°C9. The aim of this bulletin is to provide 
an overview of the three main GHGs and the role they 
play in climate change along with highlighting the 
major sources of GHGs emissions in Ireland.

1.1	 HISTORY

Reflecting on the scientific developments that 
revealed the properties of the Earth’s atmosphere 
and how it regulates the balance of energy received 
from the sun and that lost back to space is useful to 
understand the impact of GHGs. The atmosphere 
controls the Earth’s energy balance, determining its 
climate and enabling life on Earth. Several eminent 
18th century scientists10-14 investigated the composition 
of air, i.e. what makes up the Earth’s atmosphere, and 
understood it comprised of components with different 
properties. In 1826 Dalton described the constitution 
of the atmosphere15 providing values close to modern-
day estimates of 78% N2 and 21% O2 with a small 
remaining proportion of other gases including GHGs 
like carbon dioxide (CO2), methane (CH4) and nitrous 
oxide (N2O). 

At a similar time, famous mathematician and physicist 
Joseph Fourier questioned what keeps the Earth’s heat 
from escaping out to space. Fourier’s investigations 
revealed the Earth was warmer than could be 
expected solely from the sun’s direct radiation, 
especially if that were to be reradiated back out 
to space16,17. He concluded that the air around the 
Earth, the atmosphere, acts as an insulating blanket, 
trapping much of the black body heat (infrared) 
radiating from the Earth’s surface. This is the principle 
of “the greenhouse effect” (Figure 2). Scientific 
experiments later identified which components of 
air demonstrated this heat trapping property, i.e. 
the greenhouse gases (GHGs), and quantified their 
thermal absorption capacity. 

Evidence that increasing GHG concentrations can 
change the rate of temperature increase came in the 
mid-19th Century. Eunice Foote first published her 
experiments demonstrating this effect by measuring 
the temperature changes that occurred upon 
exposing a clear tube of compressed air with varying 
amounts of moisture and CO2 to sunlight18. More 
commonly credited with confirming the greenhouse 
effect is Irish scientist John Tyndall who conducted 
numerous experiments on the absorption, radiation, 
and conduction of heat in gaseous mixtures19, 
although publishing his results a few years after 
Foote. These experiments verified the greenhouse 
effect and illustrated the radiative forcing effect of 
GHGs, marking the beginning of understanding how 
GHGs impact the Earth’s temperature. The inset 
data presented in Figure 3 below demonstrates the 
contribution each of the three main GHGs had on the 
temperature change from 1750 to recent times. 

At the end of the 19th century, Arrhenius, attempted 
to explain the temperature differences between 
the glacial and inter-glacial periods denoting the ice 
ages20. Using the absorption coefficients quantified 
by Tyndall, Arrhenius calculated the change in the 
Earth’s surface temperature that could arise from 
changing atmospheric CO2 concentrations. This led 
him to infer that the average temperature of the Earth 
is approximately 30°C warmer than it would be in 
the absence of the atmosphere. By mid-20th century 
G.S. Callendar published a paper21 titled “Can carbon 
dioxide influence climate?”. Callendar advanced the 
mathematics of Arrhenius’ earlier climate modelling 
to include a greater number of temperature and CO2 
measurements along with more accurate estimates 
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of CO2 absorption. To this day the mathematical 
foundations laid out by these early climate modelers 
and the pioneering scientific observations of CO2, and 
the greenhouse effect are fundamental to modern 
climate simulations.

1.2	EARTH’S ATMOSPHERE

The scientific discoveries discussed above demonstrate 
the key function the atmosphere plays in supporting 
life on Earth.  Given the distance (~147.5M km) of the 
Earth from the Sun, the atmosphere is essential to 
maintain habitable temperatures on Earth as noted by 
Fourier and quantified by Arrhenius. The gases of the 
atmosphere provide sufficient transparency (~50%) for 
incoming solar radiation while also trapping enough 
outgoing infrared radiation from the Earth’s surface. 

Physically the atmosphere extends from the Earth’s 
surface up to thousands of kilometres into space 
and contains five identified layers (troposphere, 
stratosphere, mesosphere, thermosphere and 
exosphere) that are distinguished by “pauses” 
between each layer22. The troposphere starts at 
the Earth’s surface and extends from 6 – 20 km 
upwards depending where on the globe you measure 
from. This layer is where most of the gases in the 
atmosphere exist and therefore where most heat 
trapping by GHGs occurs. The boundary between the 
troposphere and the stratosphere is the tropopause. 
Given that temperature in the stratosphere increases 
with height, warmer air sits above cooler air 
preventing convection and the upward movement of 
the gases. This effect is illustrated by the anvil-shaped 
tops of cumulonimbus clouds indicating the location 
of this atmospheric layer boundary. As such, most 
GHGs will reside in the troposphere – the first 20km 
of the atmosphere from the earth’s surface. 

When this distance (6-20 km), i.e. the thickness of the 
troposphere, is considered in relation to the Earth’s 
diameter (Figure 2), the relatively small volume into 
which GHGs are emitted across the globe and narrow 
space where heat is trapped is striking. The ozone 
layer occurs in the stratosphere between 15-30km 
above the earth23. The process of ozone formation 
that occurs in the stratosphere generates the heat 
that causes temperature to increase with height in this 
layer as mentioned above. The ozone layer absorbs 

much of the ultraviolet radiation from the sun that 
would otherwise lead to harmful health impacts were 
it to reach the earth’s surface.

1.3	CLIMATE MODELS

At a fundamental level, climate models essentially 
simulate the change in the amount of the sun’s energy 
that the Earth absorbs or how much is trapped by 
the atmosphere over given periods of time. They 
include equations that represent the processes driving 
the Earth’s climate while factoring in the influence 
GHGs and aerosols have towards climate warming 
or cooling, respectively24. How these factors are 
run through climate models (i.e. anticipated GHG 
concentrations in given scenarios) are commonly 
referred to as Representative Concentration Pathways 
(RCPs) or Shared Socioeconomic Pathways (SSPs). 
Depending on the RCP/SSP in question the climate 
model will simulate a likely future outcome based on 
the scenario that is represented. 

Control runs of climate models can be used to 
differentiate between the natural variations in climate 
(excluding the impacts of humans) and comparing 
them with model runs that include human activity 
thus indicating the anthropogenic role in climate 
change. This approach was carried out for the latest 
IPCC Assessment Report9 producing estimates of 
recent global mean surface temperatures relative to 
the 1850-1900 average. The model outputs indicated 
that current temperatures are around 1.1°C warmer 
because of human and natural drivers combined 
(matching the observed temperature change over the 
same period) as opposed to anticipated temperatures 
due to natural drivers alone (Figure 3).
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About half of 
solar radiation is 
absorbed by the 
Earth’s surface

Infrared radiation is 
emitted by the Earth’s 
surface. Most is absorbed 
and re-emitted by 
greenhouse gases.

Figure 2: Diagram of the “greenhouse effect” demonstrating incoming solar energy and trapping of outgoing 
infrared radiation (heat).”
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Figure 3: Observed changes in global surface temperature (thick black line) relative to 1850–1900. The red line 
and shading represent the modelled temperature response to human and natural drivers; the green line 
and shading represent the modelled temperature response to natural drivers only. (Adapted from figure 
SPM1 (b) in IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change9). Data sourcea: https://dx.doi.org/10.5285/0b2759059ad6474098e40dad73e0a8ec. 
Inset Figure:b The contribution of CO2, CH4 and N2O to 2019 temperature change relative to 1750. 
(Adapted from figure 7.7in IPCC, 2021: Chapter 7. In: Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change25).

https://dx.doi.org/10.5285/0b2759059ad6474098e40dad73e0a8ec
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2.	 GREENHOUSE GASES

2.1	CARBON DIOXIDE (CO2)

Carbon dioxide is the most important GHG in terms of global warming and 
anthropogenic climate change given its increasing concentration and long-
term residency in the atmosphere. Carbon dioxide can last from hundreds to 
thousands of years in the atmosphere, classifying it as a long-lived climate forcer 
and the main source of CO2 globally is the combustion of fossil fuels26. 

As stated by the WMO, current atmospheric CO2 concentrations are 151% 
higher than pre-industrial times2. Figure 4 below clearly highlights the relative 
stability of atmospheric CO2 concentrations prior to the year 1750 and then the 
huge upward spike in CO2 concentrations that occurred with the onset of the 
industrial revolution that brought about the increased human use of fossil fuels. 
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Figure 4: Timeline of atmospheric CO2 concentration over the past 2000 years; Data sources: https://doi.
org/10.25919/5bfe29ff807fb (Solid line)c https://gaw.kishou.go.jp/publications/global_mean_
mole_fractions (dashed line)d.  Keeling curve of monthly average CO2 concentration measured from 
1958 - present at Muano Loa Observatory (inset)e; Data source: http://doi.org/10.6075/J08W3BHW  
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https://gaw.kishou.go.jp/publications/global_mean_mole_fractions
http://doi.org/10.6075/J08W3BHW
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Ireland is a globally important location for GHG observations. The Mace Head atmospheric research station is 
located on the Eastern boundary of the Atlantic Ocean. The CO2 record at Mace Head extends back to the early 
1990’s. The Mace Head data demonstrates the same increasing trend in CO2 concentration and seasonal cycle of 
photosynthesis and respiration (Figure 5) and show the failure of climate policy to address the main cause of climate 
change, i.e. increasing CO2 in the atmosphere.
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Figure 5: Globally averaged monthly mean atmospheric CO2 concentrations (blue)f and measurements at Mace 
Head observatory (orange)g. Data sources: https://gaw.kishou.go.jp/publications/global_mean_mole_
fractions & https://gml.noaa.gov/data/data.php?site=MHD&category=Greenhouse%2BGases. 

NOTE ON GHG OBSERVATION IN 
IRELAND

A number of European countries established the 
Integrated Carbon Observation System (ICOS) 
and shared observational research infrastructure 
to provide high quality homogenous data on 
GHGs from atmospheric, terrestrial and ocean 
measurement systems. Ireland officially joined the 
ICOS European Research Infrastructure Consortium 
(ERIC) in 2022, with the EPA representing Ireland in 
its decision-making body and providing the official 
interface between the ICOS-ERIC and activities in 
Ireland.  Sites such as Mace Head have been linked 
to ICOS activities since its inception. The members 
of ICOS-Ireland include the scientific and research 
communities as well as officials from state bodies 
and government departments who are using GHG 

observation data. ICOS is the leading provider of 
such information globally and is working with the 
WMO to establish the Global Greenhouse Gas 
Watch (G3W) at a global level. The ICOS-Ireland 
monitoring network is comprised of 4 atmospheric 
stations, 1 ocean station and 5 ecosystem stations. 
Integrating and modelling the measurements 
from these stations will help provide a top-down 
estimate of GHGs and their sources in Ireland and 
support improvement of the national inventory 
systems. Ireland’s sectoral GHG emissions data is 
produced by the bottom-up compilation of the 
national GHG inventory7. As the ICOS-Ireland GHG 
monitoring network develops, the ability to produce 
regional scale top-down estimates of Ireland’s GHG 
emissions will complement the production of GHG 
inventories, helping to verify such estimates and 
identify any gaps in our current knowledge.

https://gaw.kishou.go.jp/publications/global_mean_mole_fractions
https://gaw.kishou.go.jp/publications/global_mean_mole_fractions
https://gml.noaa.gov/data/data.php?site=MHD&category=Greenhouse%2BGases
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IRELAND’S NATIONAL PERSPECTIVE

The national GHG inventory7 and projections8 
compiled by the EPA are useful information sources 
to understand the amount of GHGs in CO2 eq. that 
Ireland is estimated to emit on a yearly basis. Unlike 
the data presented in the figures above which 
show the concentration of CO2 in the atmosphere, 
the data presented in the national GHG inventory 
estimates the amount of a particular GHG emitted 
from different sectors. This gives a total estimate of 
the GHG emissions from Ireland when the sectors are 
combined. The sectoral breakdown of emissions in the 
national GHG inventory is particularly useful from a 
policy perspective as it indicates where the dominant 
sources of GHG emissions come from and therefore 
where mitigation measures should be targeted. 

The total amount of CO2 emitted annually in Ireland 
in Mt CO2 eq. from 1990 – 2022 is shown as the solid 
blue line in Figure 6 below. The dashed line indicates 
the EPA’s projected CO2 emissions from 2023 – 2050 
under the policy scenario known as With Existing 
Measures (WEM) and dotted line indicates the policy 
scenario known as With Additional Measures (WAM). 

Carbon dioxide is the main contributor to Ireland’s 
total GHG emissions accounting for approximately 
56.3% in 2022 (incl. LULUCF) and primarily comes 
from the combustion of fossil fuels across all sectors 
along with cement production. Under both WEM and 
WAM scenarios the policies and measures will not 
enable Ireland to reach the 2030 and 2050 climate 
targets, highlighting the need for greater efforts to 
decouple Ireland’s economy from a reliance on fossil 
fuels faster along with enhancing carbon sinks (e.g. 
forestry) in the LULUCF sector.
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Figure 6: Ireland’s CO2 emissions (incl. LULUCF) from 1990 – 2022 estimated from bottom up national GHG 
inventory compilation (solid line). Projected CO2 emissions 2023 – 2050 With Existing Measures (dashed 
line) and With Additional Measures (dotted line).
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Figure 6 above shows the steady increase in Ireland’s 
CO2 emissions as the country’s economy grew 
throughout the 90’s and early 2000’s. When the 
economic recession of 2008 hit there was an obvious 
decline in CO2 emissions. This further demonstrates 
the link between economic development and 
increased human activities such as construction and 
transport that rely heavily on CO2 emitting processes 
such as cement production and fossil fuel combustion 
and a countries GHG emissions. An additional decline 
is notable around 2019 / 2020 during the Covid-19 
pandemic which again relates to the slowing down 

of economic activities. Year on emissions bounced 
back as Covid-19 restrictions lifted but Ireland is now 
starting to see a positive longer-term trend with 
GHG emissions reaching their lowest levels since 
1990. The long-term decrease (1990 – present) in 
overall emissions is attributable to Ireland’s efforts to 
decouple its economy from a reliance on fossil fuels 
through an increased amount of renewable energy 
production, more energy efficient homes, transport 
electrification importation of energy through 
interconnectors and more.
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2.2	METHANE (CH4)
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Methane is classified as a short-lived climate forcer given its relatively short 
lifespan in the atmosphere (approx. 10 years) compared with CO2. It is 
considered the second most important GHG in terms of global warming and 
anthropogenic climate change as it traps significantly more heat radiated from 
the earth’s surface, approximately 28 times more than CO2,  on a weight-by-
weight basis when considered over a one hundred year period, which gives it a 
higher Global Warming Potential (GWP)27. 

Concentrations of CH4 in the atmosphere have increased considerably since 
pre-industrial times. The WMO estimates that CH4 in the atmosphere has 
increased by 265% over that period of time2. Figure 7 below shows the 
globally averaged trend in atmospheric CH4 concentrations from the 1980s 
to present and highlights an increase from 1.65 ppm to 1.95 ppm in that period. Interestingly there was a period 
of CH4 stabilisation from approximately 1999 – 2006 before continuing to increase again. The same trends are 
also noticeable from observations of atmospheric CH4 concentrations at the Mace Head station. Some proposed 
theories for the stabilization include better control of fugitive CH4 emissions from fossil fuel exploitation leading to 
a balancing of atmospheric methane emissions and removals. However, there remains a lack of consensus on the 
main causes for these observed trends. 

From 2007 onwards, the increase in atmospheric methane concentrations was partly contributed to by emissions 
associated with fossil fuels, however geographical and isotopic evidence indicates that CH4 from microbial sources 
such as wetlands, livestock agriculture and rice production may be the primary drivers of this later increase. The 
climate warming that has occurred over this same period may also have enhanced of the amount of CH4 emitted 
from microbial processes in wetlands.
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Figure 7: Globally averaged monthly mean measurements of atmospheric CH4 concentrations (blue)f  
and measurements at Mace Head observatory (orange)g. Data sources: https://gaw.kishou.
go.jp/publications/global_mean_mole_fractions & https://gml.noaa.gov/data/data.
php?site=MHD&category=Greenhouse%2BGases  

https://gaw.kishou.go.jp/publications/global_mean_mole_fractions
https://gaw.kishou.go.jp/publications/global_mean_mole_fractions
https://gml.noaa.gov/data/data.php?site=MHD&category=Greenhouse%2BGases
https://gml.noaa.gov/data/data.php?site=MHD&category=Greenhouse%2BGases
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IRELAND’S NATIONAL PERSPECTIVE

The main source of CH4 emissions in Ireland is from 
ruminant agriculture, given the country’s large animal 
population, along with a smaller proportion arising 
from the waste sector. Methane accounted for 
approximately 33.5% of Ireland’s total GHG emissions 
in 2022 (incl. LULUCF). In Ireland there was a declining 
trend in CH4 emissions from late the 1990s to early 
2010s, after which CH4 emission began to increase 
again (Figure 8). A significant factor in the increase of 
CH4 emissions from that point on was the expansion 

of the dairy herd post the lifting of EU milk quotas 
in 2015. Given the dominant contribution of the 
agriculture sector, particularly ruminant livestock, on 
Ireland’s CH4 emissions this is clearly the main area to 
target policy measures to intervene. A diversification 
of activity in the sector would see immediate 
reductions in the level of methane emissions. Clearly 
the WEM policy scenario (dashed line) highlights 
little to no expected decrease in CH4 while the WAM 
scenario sees a reduction to pre-quota emissions 
levels, with the reduction slowing and levelling off 
again from 2030 onwards.
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Figure 8: Ireland’s CH4 emissions (incl. LULUCF) from 1990 – 2022 estimated from bottom up national GHG 
inventory compilation (solid line). Projected CH4 emissions 2023 – 2050 With Existing Measures (dashed 
line) and With Additional Measures (dotted line).
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2.3	NITROUS OXIDE (N2O)

It was Joseph Priestley in the 18th century who is credited with the discovery of 
N2O

11 followed by Humphrey Davy at the beginning of the 19th century who 
went on to describe the characteristics of this gas14. In the first half on the 20th 
century a paper from Kriegel (1944) identified N2O as one of the gases found 
in soil air27. This discovery prompted a letter to the editor of Science from 
another scientist, Adel (1946), suggesting that soil emitted N2O is likely the 
foremost source of N2O in the atmosphere28.  

It is now well understood that nitrous oxide can be produced as a by-product 
nitrification and denitrification, that occur in the soil nitrogen cycle. Globally 
N2O is considered the third most important GHG in terms of global warming 
and anthropogenic climate change. While the concentration of N2O in the atmosphere occurs on a much smaller 
scale that CO2 and CH4, i.e. in parts per billion (ppb) as opposed to parts per million (ppm), it has lifespan of over 
100 years in the atmosphere and can trap over 270 times the heat on a weight-by-weight basis than CO2’ giving it 
a substantially larger GWP than either CO2 or CH4

27. Nitrous oxide also poses a large threat to the ozone layer given 
its strong ozone depleting properties.29 
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Atmospheric concentrations of N2O were relatively 
stable prior to the 20th century, arising from natural 
sources as mentioned above. The Haber-Bosch process 
was invented in the early 20th century which splits the 
triple bond of N2 under high temperature and pressure 
and combines the nitrogen with hydrogen to form 
ammonia and from there chemical N fertilizer can be 
manufactured. It is worth noting the energy intensive 
nature of this process relies heavily on fossil fuels. 

As human populations were growing the demand for 
food and thus need to replenish nutrients, particularly 
N, in the soil was greater than ever and natural 
sources of N additions were unable to keep up. This 
was noted by Fritz Haber in his Nobel prize speech 
as a significant motivation for the discovery of the 
Haber-Bosch process.30 Prior to Haber-Bosch, sources 
of terrestrial N additions came from of deposition post 
lightning, biological N fixation and organic manuring. 
By the mid-20th century, the use of synthetic chemical 
N fertilizer had increased significantly contributing to 

the “green revolution” and post WW2 recovery. Since 
that time to present, anthropogenic emissions of N2O 
associated with chemical fertilizer use for agriculture 
have considerably increased. 

Although currently the third most important GHG, 
a recent “Global Nitrous Oxide Assessment”29 from 
UNEP and FAO has indicated that by the mid-21st 
century it could become a more important contributor 
on balance with CO2 and CH4 to climate forcing 
if not concurrently addressed. Thus, stressing the 
importance of not forgetting the need for mitigation 
of this important GHG. 

The globally averaged trend in atmospheric N2O 
concentration is presented in Figure 9 below showing 
a linear increase of over 30 ppb from the 1980s to 
present. A similar increasing trend has been observed 
at Mace Head although over a more recent record 
starting in the late 1990s at approximately 314 ppb 
which was similar to the global average for that time. 
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Figure 9: Globally averaged monthly mean measurements of atmospheric N2O concentrations (blue) f 
and measurements at Mace Head observatory (orange)g. Data sources: https://gaw.kishou.
go.jp/publications/global_mean_mole_fractions & https://gml.noaa.gov/data/data.
php?site=MHD&category=Greenhouse%2BGases 

IRELAND’S NATIONAL PERSPECTIVE

Nitrous oxide has a similar sectoral breakdown 
nationally to that of CH4, with agriculture being the 
dominant source of this GHG and therefore the key 
sector to target with mitigation and policy measures. 
Ireland’s N2O emissions accounted for approximately 
9.1% of total GHG emissions in 2022 (incl. LULUCF). 
The period of expansion in the cattle herd described 
above coincided with increased chemical N fertilizer 
use, producing an increase in N2O emissions over 
the same period (Figure 10). While N2O emissions 
dropped in recent years this may predominately be 
due to the increase in fertilizer prices due to recent 
geopolitical instability. Much like the projected 
emissions profile for CH4 future N2O emissions remain 
near current levels under the WEM scenario, while 
the WAM scenario sees a reduction to 2030 that 
slows and levels off to 2050. Adopting less intensive 
management practices such as the use of multispecies 
swards to reduce the reliance on chemical N fertilizer 
for farming while maintaining productivity and 

lowering N2O emissions.31,32 Therefore measures such 
as these should be embedded to avoid a bounce 
back of N2O emissions from the agriculture sector. 
In general, better nitrogen management is required 
to minimize the amount of additional reactive N 
in the environment that risks loss to water and air. 
This can be achieved through better timing and 
more appropriate rates of N application along with 
using protected N fertilisers only when additional 
N application is required. Organic farming practices 
demonstrate the viability and productivity achievable 
without the need for chemical urea. If using fertiliser, 
protected N fertiliser inhibits the volatilization of the 
applied N to ammonia which is a harmful air pollutant 
that causes downstream N2O emissions. It also inhibits 
nitrification thus keeping N in ammonium (NH4

+) 
form in the soil for longer, giving plants more time 
to use the N applied rather than it quickly converting 
to nitrate (NO3

-) risking loss to water, or loss to air as 
N2O, depending on soil conditions.33

https://gaw.kishou.go.jp/publications/global_mean_mole_fractions
https://gaw.kishou.go.jp/publications/global_mean_mole_fractions
https://gml.noaa.gov/data/data.php?site=MHD&category=Greenhouse%2BGases
https://gml.noaa.gov/data/data.php?site=MHD&category=Greenhouse%2BGases
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2.4	CLIMATE TARGETS

The overarching goal of climate targets in place at National, EU and Global levels is to achieve the aims of the Paris 
agreement, to hold “the increase in the global average temperature to well below 2°C above pre-industrial levels” 
and pursue efforts “to limit the temperature increase to 1.5°C above pre-industrial levels”. This legally binding 
international treaty on climate change entered force in November 2016 and has been adopted by 195 parties to the 
United Nations Framework Convention on Climate Change.

GLOBAL CARBON BUDGET

To limit the increase in global average temperature to 
a particular level requires an understanding of what 
amount of greenhouse gas emissions globally over the 
coming years is consistent with achieving that goal. 

The Intergovernmental Panel on Climate Change 
(IPCC) was created to provide policymakers with 
regular scientific assessments on climate change 
and as part of that process presents estimates of the 
Remaining Carbon Budget (RCB) in its Assessment 
Reports. Climate Change 2021: The Physical Science 
Basis. Working Group I Contribution to the IPCC 
Sixth Assessment Report9, provided the latest official 
estimates of the RCBs for a variety of temperature 
levels and the likelihood of limiting warming to that 
level. 

Estimates ranged from a RCB of 2,300 GtCO2 for a 
17% likelihood of limiting warming to 2°C to just 
300 GtCO2 for an 83% likelihood of limiting warming 
to 1.5°C. The RCB for a 50% likelihood of limiting 
warming to 1.5°C was estimated at 500 GtCO2 and 
this is the scenario most often quoted in the context 
of meeting the Paris Agreement goal. The RCBs 
presented in the sixth Assessment Report (AR6) are 
estimates from the beginning of 2020 until the point 
where global net zero CO2 emissions are reached.

The Indicators of Global Climate Change report from 
2023 34 provided updated RCB estimates which now 
indicate that the remaining global carbon budget for 
a 50% likelihood of limiting warming to 1.5 °C has 
now reduced to just 200 Gt CO2. With 2024 global 
CO2 emissions estimated to be 41.6 GtCO2 

35, the 
remaining budget is likely to be exhausted by 2029 if 
emissions continue at this rate.

IMPLICATIONS FOR EMISSIONS OF 
NON-CO2 GHGS 

Global carbon budgets and RCBs are explicitly 
budgets for emissions of CO2 alone. The methods 
used for estimating these CO2 budgets however, 
implicitly assume reductions in the emissions of other 
greenhouse gases, in particular CH4 and N2O. In 
presenting its estimates of RCBs the IPCC’s AR6 notes 
that higher or lower reductions in accompanying non-
CO2 emissions can increase or decrease the RCB values 
by 220 GtCO2 or more. All RCB estimates however 
include significant non-CO2 emission mitigation.

Work published since the release of AR636 by authors 
familiar with the process has allowed the range of 
non-CO2 mitigation implicit in the RCB estimates to 
be quantified. RCB estimates compatible with limiting 
warming to 1.5°C (with 50% likelihood) assume 
CH4 reduction from 2020 to 2050 of 51% and N2O 
reduction of 22%. In scenarios compatible with 
limiting warming to 2°C (with 50% likelihood) the 
respective reductions are 34% for CH4 and 11% for 
N2O.

The methane reductions above are for all methane 
but imply a larger reduction in emissions from fossil 
sources than from Agriculture, Forestry and Other 
Land Use (AFOLU). The reduction in methane from 
AFOLU sources implicit in RCB estimates compatible 
with limiting warming to 1.5°C (with 50% likelihood) 
is 32% and in scenarios limiting warming to 2°C (with 
50% likelihood) it is 21%, both over the 2020 to 2050 
period.

From the above it is clear that the scenarios behind 
the RCB estimates are assuming much larger 
reductions in fossil methane emissions (up to 73% 
reduction in 2050 relative to 2020 compatible with 
1.5°C) because these are largely associated with fossil 
fuel production and consumption and are expected to 
be easier to mitigate in line with the energy transition. 
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IRELAND’S CARBON BUDGETS

Ireland’s Carbon Budgets were established following 
the 2021 amendment of the Climate Act3. Carbon 
Budgets were set for the period 2021-2030 and for 
each 5-year period thereafter, with the first two 
budgets expected to achieve a 51% reduction in GHG 
emissions in 2030 compared to 2018.

The longer term “National Climate Objective” stated 
in the Act is that the State shall  “…pursue and 
achieve, by no later than the end of the year 2050, 
the transition to a climate resilient, biodiversity rich, 
environmentally sustainable and climate neutral 
economy”.

Ireland’s Land Use, Land Use Change and Forestry 
(LULUCF) sector was included in Ireland’s carbon 
budgeting process, so the budgets were set including 
net emissions/removals from LULUCF. Ultimately the 
expectation will be that CO2 removals from LULUCF 
will offset residual emissions as we approach the 2050 
neutrality goal. 

Ireland’s carbon budgets are set on the basis of all 
greenhouse gases combined using the GWP100 
aggregation metric (see box on metrics) as reported 
in the National greenhouse gas Inventory to the 
UNFCCC. The first two budgets have now been set 
with the third provisional. They are:   

	● Budget 1 from 2021-2025 has been set at 295 
Mt CO2eq.

	● Budget 2 from 2026-2030 has been set at 200 
Mt CO2eq.

	● Budget 3 final proposal from 2031-2035 has 
been set at 151 Mt CO2eq.

	● Budget 4 (provisional) from 2036-2040 has 
been proposed at 120 Mt CO2eq

The figure below highlights the amount of the first 
Carbon budget that has now been used with three 
years already passed. The graph also highlights 
the relative contribution of each of the three main 
greenhouse gases to Ireland’s total emissions, making it 
clear that achieving 2030 and longer term targets will 
require significant reductions in emissions of all three. 
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EU EMISSIONS REDUCTION TARGETS
The EU (and all its member states) has signed and 
ratified the Paris Agreement and is legally bound 
by its goal of keeping global temperatures within 
safe limits. The European Green Deal strategy puts 
in place measures and rules to cut emissions and to 
become climate-neutral by 2050. The EU 2050 climate 
neutrality target is for net-zero greenhouse gases 
(not just CO2) by 2050 and this is enshrined in the 
European Climate Law. The EU pledged to reduce EU 
emissions by 2030 by at least 55% compared to 1990 
levels as a step towards reaching neutrality by 2050. 
This target has been allocated across EU Member 
States via the Effort Sharing Regulation, with larger 
emitters regulated via the Emissions Trading Scheme.

For 2040 and beyond new EU emissions reduction 
targets have been proposed by the Commission and 
are currently under discussion. These were based on 
the advice of the European Scientific Advisory Board 
(ESAB)37. The EU emissions reduction target proposed 
by ESAB for the EU and since accepted is a 2040 
emission reduction range of 90–95% compared to 
1990, corresponding to a greenhouse gas budget of 
11-14 Gt CO2eq. over the period 2030-2050.

In view of the EU’s commitment to the Paris 
Agreement temperature goal, ESAB’s approach to 
determine what the EU’s share of the remaining 
Global Carbon budget should be was to propose the 
smallest feasible budget or very close to it. The ESAB 
noted that whichever ethical principle was considered 
to determine the EU’s fair share, even the smallest 
budget was not small enough to meet “fair share” 
criteria.

It is clear from the discussion above and data 
presented in Figures 6, 8, 10 and 11 that Ireland’s 
current level of emissions are too high and the 
projected emissions of CO2, CH4 and N2O in either 
WEM or WAM policy scenarios will not meet the 
countries climate targets. The breakdown of Ireland’s 
emission by gas emphasised the key areas that are 
necessary to address faster and target further with 
mitigation measures to tackle the main sources of 
CO2, CH4 and N2O. Carbon dioxide emissions in Ireland 
are predominantly linked to energy production, energy 
demand from homes and businesses, transport, and 
cement production. Methane emissions in Ireland 
are mostly linked to agriculture, in particular livestock 
numbers. Nitrous oxide emissions in Ireland are mostly 
linked to agriculture, in particular chemical N fertiliser 
use. 
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Greenhouse gas aggregation metrics
The Environmental Protection Agency compiles greenhouse gas figures for Ireland according to 
standards and guidelines agreed internationally. In these reporting guidelines the GWP100 metric 
(Global Warming Potential over a 100 year timeframe) is specified as the metric to be used when 
adding the emissions of different gases together to compile the total greenhouse gas emissions 
for a country, and is therefore the metric used by EPA for that purpose. The decision to use this 
metric was taken by the Subsidiary Body for Scientific and Technological Advice (SBSTA) at its 
57th session in 2022, co-incidental with COP27 in Sharm-el-Sheikh. As with all such decisions, 
this decision was adopted by consensus by the Parties to the Convention (the United Nations 
Framework Convention on Climate Change – UNFCCC). 

The latest science and research are continually assessed and, where appropriate, incorporated 
into these internationally agreed rules and these changes are then incorporated by inventory 
compilers globally including the EPA. The Working Group III volume of the IPCC’s sixth 
Assessment Report (AR6) discussed the use of GHG Emissions Metrics and noted that:

“All metrics have limitations and uncertainties, given that they simplify the complexity of the 
physical climate system and its response to past and future GHG emissions. No single metric is 
well-suited to all applications in climate policy. For this reason, the WGIII contribution to AR6 
reports emissions and mitigation options for individual gases where possible; CO2-equivalent 
emissions are reported in addition to individual gas emissions where this is judged to be policy-
relevant.” 

The GWP100 metric (Global Warming Potential over a 100-year timeframe using updated values 
from the AR6 Working Group I volume) is used wherever possible and unless stated otherwise 
in the IPCCs AR6 report. The choice of GWP100 was made on both scientific grounds and for 
procedural reasons. Procedurally, continuity with past reports and alignment with the Paris 
Agreement were considered important. From a scientific perspective GWP100 was found to be 
consistent with a cost-benefit framework in which emissions are weighted based on the economic 
damages they will cause over time. The choice is not a recommendation to use GWP100 for any 
specific policy application as the most appropriate choice depends on the policy objectives. Other 
metrics such as GWP* have their uses also, such as describing the equivalent CO2 emissions that 
would give the same temperature change as an emissions trajectory of the gas considered, from 
a particular reference point. These metrics provide information on how much warming could 
be avoided by avoiding the emission of a unit of a gas compared to avoiding a unit of CO2. The 
potential use of such metrics in climate change mitigation policy has been contested however, as 
the different focus in these metrics can have important distributional consequences, depending 
on how they are used to inform emission targets. 
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2.5	MITIGATION MEASURES

Considering the three main GHGs from Ireland’s National Perspective, the data presented in Figures 6, 8, and 10, 
clearly indicates the major contributing sources of CO2, CH4 and N2O. The infographic below suggests key areas to 
focus mitigation efforts on, within current climate policy, in order to address these major emissions sources. Fast 
pace implementation at scale could see significant GHG reductions which is critically important given the limited 
timeframe of the  2030 and 2050 climate targets.
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3.	 OUR CHANGING CLIMATE
It is clear to see that widespread and rapid changes in 
climate resulting from human activity are impacting us 
all today.  The WMO38 stated that the past 10 years 
(2015-2024) are the warmest years on record and 
predict 2024 will become the hottest year on record. 
In Ireland, 2023 was confirmed the warmest year on 
record39. Recent extreme weather events globally and 
in Ireland highlight our vulnerability as individuals 
and communities to the impacts of climate change. 
These events negatively impact the ecosystems we 
rely on as well as the economy. The above discussion 
focuses on the three main GHGs contributing to 
climate change and their main sources in Ireland. 

The data presented on a gas by gas basis emphasises 
the largest emissions sources of CO2, CH4 and N2O 
from a National perspective. The Mitigation Measues 
infographic demonstrates areas where focused 
efforts to address these sources would substantially 
help towards achieving Ireland’s climate targets. It 
is prudent to deliver immediate mitigation of GHG 
emissions if temperatures are to be held within the 
Paris Agreement targets. So too it is prudent that 
adaptation is delivered to ensure communities across 
Ireland can handle the impacts of climate change.
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