A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

McGuinness, Séamus; Staffa, Elisa; Flynn, Eimear; Redmond, Paul

Working Paper

Assessing the labour market impact of the green transition

in Ireland

ESRI Working Paper, No. 809

Provided in Cooperation with:

The Economic and Social Research Institute (ESRI), Dublin

Suggested Citation: McGuinness, Séamus; Staffa, Elisa; Flynn, Eimear; Redmond, Paul (2025) :
Assessing the labour market impact of the green transition in Ireland, ESRI Working Paper, No. 809,
The Economic and Social Research Institute (ESRI), Dublin

This Version is available at:
https://hdl.handle.net/10419/337153

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/337153
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

AN INSTITIUID
C ) UM THAIGHDE
EACNAMAIOCHTA

AGUS SOISIALTA

ES R ECONOMIC & SOCIAL
RESEARCH INSTITUTE

ESRI Working Paper No. 809

September 2025

Assessing the labour market
impact of the green transition in
Ireland

Seamus McGuinness, Elisa Staffa,
Eimear Flynn and Paul Redmond

ESRI working papers represent un-refereed work-in-progress by researchers who are
solely responsible for the content and any views expressed therein. Any comments on these
papers will be welcome and should be sent to the author(s) by email. Papers may be
downloaded for personal use only.



Assessing the Labour Market Impact of the Green
Transition in Ireland

September 2025

Seamus McGuinness %2
Elisa Staffa 2
Eimear Flynn*

Paul Redmond "2

"Economic and Social Research Institute, Ireland
2Trinity College Dublin, Ireland
3 Institute of Labour Economics (IZA), Bonn, Germany

“Department of Finance, Dublin, Ireland

Corresponding author: seamus.mcguinness@estri.ie



Assessing the Labour Market Impact of the Green Transition in Ireland

Abstract

This paper examines the potential labour market implications of the green transition in Ireland by
analysing the incidence and nature of green and brown jobs. We find that the share of green
employment in Ireland has been trending slightly upwards over time, increasing from 8 per cent
of total employment in 2011 to 10 per cent in 2023. The share of brown jobs has remained
relatively stable, with an estimated share of total employment in 2023 ranging from 3 to 5.5 per
cent depending on the definition employed. At a sectoral level, green jobs are relatively broad-
based while Agriculture and Transport account for the majority of brown jobs in Ireland. Regarding
worker characteristics, we find that men are more likely than women to work in both green and
brown jobs. The pay and education levels for workers in green jobs is higher compared to brown
jobs. Overall, the analysis suggests that the aggregate impacts of the green transition on the
labour market may be relatively limited. However, these impacts will not be evenly distributed
across the population, with differences by gender, region, sector and educational attainment.
These findings underscore the important role for policy in supporting the up-/re-skilling of
workers to ensure a just transition.
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Non-technical summary

Climate change poses a significant risk to the global economy, with implications for economic
growth, fiscal policy and financial market stability. Decarbonising economic activity and shifting
to clean and renewable energy sources — often referred to as ‘the green transition’ - is a central
element of the global policy response to addressing the risks and challenges posed by climate
change. As part of the European Green Deal, the EU has committed to making Europe the first
climate-neutral continent by 2050. Meeting these targets will require major structural shifts in
the economy, with potentially significant labour market implications.

Employment in carbon-intensive occupations is likely to decline, for instance, due to structural
shifts in certain industries (e.g. coal-reliant jobs), as well as through the adoption of new
technologies that change the nature of tasks. The green transition also presents potential
opportunities. New jobs will be created, particularly in sectors associated with the transitionto a
zero-carbon economy (e.g. renewable energy, sustainable building and retrofit etc.). Given that
green jobs are typically higher paid than brown jobs, this also offers the possibility for some
workers to access higher-paid employment. Realising these opportunities will require a ‘just
transition’-a concept at the heart of EU climate action policy. In practice, this means that climate
action policies are guided by the principle of fairness and, from a labour market perspective,
ensuring that people are equipped with the right skills to be able to participate in and benefit from
the future net zero economy.

The purpose of this paperis to assess the incidence and nature of green and brown jobs in Ireland
and gain an understanding of the potential labour market adjustments arising from the ongoing
decarbonisation process. Both green and brown jobs are identified using a definitional approach
developed in recent work carried at the OECD by Causa et al. (2024). We find that the share of
green jobs in Ireland has gradually increased over time, from 8 per cent of total employment in
2011, to 10 per centin 2023. In contrast, the share of brown jobs has remained relatively stable,
accounting for approximately 3 per cent of total employment in 2023.

At a sectoral level, transport accounts for the majority (56 per cent) of brown jobs, although many
of these jobs are likely to become green over time, as the sector continues to adopt low-carbon
modes of transport. The approach of Causa et al. (2024) to measuring brown jobs does not
account for methane pollution, thereby excluding many agricultural occupations from being
classified as brown. Expanding the definition to also account for high methane emitting
occupations increases the estimated incidence of brown jobs in Ireland in 2023 to approximately
5.5 per cent. Under this broader definition, just under half of all brown employment is in the
agricultural sector, predominantly among mixed crop and animal producers. These findings
highlight the importance of targeted reskilling and upskilling initiatives to support more
sustainable practices and technologies in this sector.

When comparing the share of green and brown jobs in Ireland to other European countries, we
find that in 2022 Ireland had the third highest incidence of green jobs after Sweden and Estonia
and recorded the second largest increase in green jobs since 2011. In terms of brown jobs, in
2022 Ireland had the fifth highest incidence in Europe, after Czechia, Slovakia, Hungary and
Greece. Expanding the brown-job definition to include high methane-emitting occupations raises
the measured incidence across all countries but leaves Ireland’s relative position unchanged.

Our analysis on the characteristics of workers indicates that men make up a disproportionate
number of workers in both green and brown jobs in Ireland. Workers in green jobs have higher
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levels of educational attainment than those in brown jobs suggesting that green jobs are typically
higher skilled and generate greater value added relative to brown jobs. This is supported by our
finding that green jobs are associated with a wage premium for employees, while brown jobs are
associated with lower wages. Moreover, green jobs in Ireland are found to be of somewhat higher
quality compared to the EU green job average, particularly when measured in terms of training
intensity.

An important finding from our analysis is that the labour market impacts of the green transition
will not be evenly distributed across sectors or regions. Brown jobs are disproportionately located
in sectors such as transport and agriculture, as well as in rural areas. Furthermore, we find that
the distribution of brown jobs, based on the broader definition that includes agriculture, is
concentrated in the Border region and in the West and Southeast regions. This highlights the
importance of targeting policies to where they are most needed to ensure that, as much as
possible, the green transition corresponds to a ‘just transition’in which workers are equipped with
the skills needed to take advantage of the future net zero economy.
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1. Introduction

One of the primary policy goals of the EU is to achieve climate neutrality by 2050. Central to this
agenda is the so-called ‘green transition’, which refers to the process of decarbonising the
economy and shifting to clean and renewable energy sources. This process will involve major
structural shifts in the economy with potentially important implications for employment and the
way people work. Indeed, itis likely that the demand for so-called ‘green jobs’ will increase, while
the demand for carbon-intensive brown jobs will decline (ILO, 2018; IMF, 2022; OECD, 2024).
According to the ILO’s (2016) definition, ‘green jobs are decent jobs that contribute to preserve or
restore the environment, be they in traditional sectors such as manufacturing and construction,
or in new, emerging green sectors such as renewable energy and energy efficiency’. Brown jobs,
on the other hand, are usually related to highly polluting activities which will need to be adapted,
or phased out, to meet emissions targets. Therefore, to ensure a ‘just’ green transition, policies
involving upskilling and reskilling of workers will be needed to improve the re-allocation of
workers from brown to green jobs and minimise any potential scarring effects associated with
labour market adjustments in brown industries.

Identifying and quantifying green and brown employment is challenging due to the lack of a
consistent international classification system. However, in recent years researchers have been
developing cross-national methodological frameworks (Vona et al., 2018; Vandeplas et al.,
2022). Most notably, in recent work carried at the OECD, Causa et al. (2024) have developed a
new empirical framework using European Labour Force Survey data (EU-LFS) which allows for
consistent measurement of green and brown employment across EU Member States.

In this paper, we apply the methodology of Causa et al. (2024) to Irish data from 2011 to 2023 to
investigate the potential labour market implications of the green transition. We begin by
measuring the incidence of green and brown jobs in Ireland and how this compares to trends in
other European countries. We also examine the characteristics of workers in green and brown
jobs, as well as the skill content of such jobs. Finally, we examine the relationship between job
type (green or brown) and outcomes such as wages and job satisfaction. The data sources used
in this analysis include Irish and EU Labour Force Surveys, as well as the second wave of the
European Skills and Jobs Survey (ESJS2).

We find that the share of green employment in Ireland has been slightly increasing over time,
standing at approximately 8 per cent of total employmentin 2011, and at 10 per cent in 2023. In
contrast, the share of brown jobs has been relatively stable over time, with an estimated share of
total employment in 2023 varying from 3 to 5.5 per cent depending on the definition employed.
When methane-emissions-related occupations are included in the definition of brown jobs,
almost half of brown employment is located among Mixed Crop and Animal Producers, with the
remainder largely concentrated in transport-related occupations. Many jobs in the transport
sector will likely transition from brown to green over time as the sector continues to decarbonise
through the adoption of low- and zero-emission vehicles. For example, Dublin Bus recently
introduced 280 plug-in hybrid buses which qualify as ‘clean vehicles’ under the European Union’s
revised Clean Vehicles Directive.” However, reducing methane emissions in livestock production
may require training and upskilling of workers in the agricultural sector to allow them to adopt
sustainable practices and use clean technologies, and hence benefit from the opportunities
offered by the green transition. An example of this can be seen in the Teagasc Climate Action

1See https://busconnects.ie/cities/dublin/cleaner-technology/ for details on Dublin Bus’s low emission
vehicles.
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Strategy, which seeks to engage with 50,000 farmers to assist them in adopting new technologies
that can help meet Ireland’s target of reducing greenhouse gas emissions in agriculture by 25 per
cent by 2030 (Teagasc, 2022).

Our results show that men make up a disproportionate number of workers in both green and
brown jobs. Workers in green jobs are found to have higher levels of educational attainment than
those in brown jobs; 70 per cent of those in green occupations have a tertiary level of education
compared to just 18 per cent of those in brown occupations. Green jobs in Ireland are associated
with a wage premium when compared to environmentally neutral (neither green nor brown) jobs.
Brown jobs, on the other hand, are associated with a wage penalty when compared to
environmentally neutral jobs. Our findings also indicate that workers in green jobs undertake
more advanced digital tasks and have a greater ability to plan their own working schedule,
compared to workers holding non-green jobs. Generally, the results suggest that green jobs in
Ireland are of somewhat higher quality relative to the EU-27 average, particularly when measured
in terms of educational requirements, job autonomy and training intensity.

2. Existing Approaches for Measuring Green and Brown Jobs

In recent years researchers have been working to develop methodological frameworks for
conceptualising and measuring green and brown employment. A range of approaches have
emerged in the literature, broadly categorised as either top-down (industry-based) or bottom-up
approaches (occupation/task based) (Valero et al, 2021; Vandeplas et al., 2022).

2.1 Green Jobs

According to top-down approaches, green jobs can be defined as jobs in sectors that directly
relate to green technologies and processes. For instance, according to Eurostat, green jobs are
those involved in the production of environmental goods and services (EGS) in a subset of
established industries, based on national accounts data (Vona, 2021; Vandeplas et al., 2022).
The so-called EGS sector includes goods and services aiming at the protection of the
environment, waste management, the management of natural resources and energy
preservation.? The issue with this approach, however, is that it is very narrow and only includes
employment in industries that directly relate to green technologies and processes. As such, it
would not capture all workers employed in roles with a sustainability focus. Similarly, the ILO
provides an industry-based approach, as green jobs are defined as those that ‘contribute to
preserve or restore the environment, be they in traditional sectors such as manufacturing and
construction, or in new, emerging green sectors such as renewable energy and energy
efficiency’.®

An alternative top-down approach is to define jobs according to their pollution intensity. Under
this approach, jobs in sectors with low emissions per worker would be considered as ‘green’. As
many service occupations have low carbon emissions, this would translate into a wider share of
‘green’ jobs compared to the EGS approach. An alternative way of defining green jobs, which does
not appear to be as widely used, is to consider the pollution content of the final product, or the
potential of a product or service to harm the environment (Vandeplas et al., 2022).

2 For further information, see: https://ec.europa.eu/eurostat/cache/metadata/de/env_egs_esms.htm
3 For further information, see: https://www.ilo.org/resource/article/what-green-job.
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In contrast, bottom-up approaches identify green jobs based on the tasks or duties performed,
regardless of the industry in which the job is located. A well-established bottom-up approach for
identifying green jobs is the American O*NET classification system, the Occupational
Information Network, which is an online database that provides occupational definitions,
supported by the US Department of Labour. In 2009, the National Centre for O*NET Development
published research about the implications of the green transition for the O*NET classifications of
occupations (Dierdorff et al., 2009). A green occupational labelling for the US Standard
Occupational Classification has been developed by Dierdorff et al. (2009; 2011). The O*NET
database identifies the tasks required within occupations and classifies the tasks that
occupations use as ‘green’ or ‘non-green’ (Bowen and Haken, 2019). The O*NET Green Task
Development Project identified three categories of occupations within the US Standard
Occupational Classification: (i) New and Emerging Green, which includes new occupations with
unique task requirements as a result of the green transition; (ii) Green Enhanced Skills, which
captures those existing occupations that will require a shift in skills and tasks; (iii) Green
Increased Demand, which covers occupations likely to experience increased demand due to the
green transition but without significant changes in tasks (Dierdorff et al., 2011; Bowen and
Hancké, 2019). On this basis, 138 Green Enhanced Skills and New and Emerging Green (N&E)
occupations were included in the green task development process. As a result, a total of 1,369
green tasks were identified/developed.* In Appendix Table A1, we show some examples of
occupations that fall into the green transition-related categories and also some examples of
‘green’ tasks, defined as such by O*NET.

Vona et al. (2018) assessed the green task intensity of jobs by examining the proportion of 'green’
tasks within an occupation, using the green task labelling provided by Dierdorff et al. (2011) in
O*NET. This approach calculates the share of green tasks within each occupation and then uses
the distribution of employment by occupation to determine the share of green employment
across countries. As the O*NET is based on the US SOC 8- digit occupational classification,
translating this to EU data is challenging (Bowen and Hancké, 2019; Vandeplas, 2022). The new
methodology developed in recent work carried at the OECD by Causa et al. (2024) that we use in
this paper builds on Vona et al. (2018)’s methodology and expands it to Europe with the use of the
crosswalk between the O*NET US SOC occupational classification and the International
Standard Classification of Occupations- ISCO used in European countries. This methodology is
explained in detail in Section 3.

Another bottom-up approach was developed in the UK by Rocks (2022) for the Greater London
Authority. This uses a crosswalk from the O*NET occupational classification to the UK Standard
Occupational Classification (SOC2010) to identify green jobs in London and in the UK context.
Using this approach, 100 out of 369 UK SOC 4-digit level unit groups were found to be
occupations that are potentially subject to, or affected by, the green transition. Yet another
approach for measuring green jobs was developed by the UK’s Office of National Statistics (ONS)
and employs a task and occupation-based methodology to quantify the time spent on performing
green tasks within occupations (Martin and Monahan, 2022). By using the ‘green’ task content
framework from the O*NET occupational classification, the authors estimated the green time

4 For further information, see: https://www.onetcenter.org/reports/GreenTask.html.
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share for each of the nearly 1,000 occupations in the O*NET database and then translated it into
the UK SOC occupational classification.®

A relatively recent development for analysing green jobs is based on using online job vacancy
data to monitor in real-time the labour demand for green vacancies. The European Centre for the
Development of Vocational Training (Cedefop) determines whether an occupation is green by
analysing the presence of green skills in online job advertisements (OJA), using their Skills-OVATE
dataset (Cedefop, 2024).° Cedefop developed their green taxonomy, which includes green
technologies, tasks, roles, tools and skills, by employing several existing frameworks and
taxonomies along with validation by national experts.” Cedefop arrived at two main indicators: (i)
Green Pervasiveness, which is the ratio of all OJAs with at least one green skill to the total number
of OJAs in specific occupations, sectors, countries, etc.; (ii) Greenness, which is the ratio of the
number of green skills to the total number of skills found in OJAs in specific occupations, sectors,
countries, etc.

Lightcast, a private labour-market analytics company that scrapes and collects job postings from
many online job portals, has also developed a methodology for analysing green jobs. As part of a
work in collaboration with Working Nation in the US, Lightcast identified several green jobs
categories: (i) Core Green, which are jobs where the primary responsibility is associated with the
green economy; (ii) Green Enabling are jobs within green firms and green industries, but not
directly involved in green technology; (iii) Green Enabled are jobs requiring green skills.®
Lightcast’s taxonomy categorises skills as ‘green’ based on several ‘green’ clusters derived from
the European Green deal.®

2.2 Brown Jobs

Atop-down (industry-based) approach is commonly used in the literature to identify ‘brown’ jobs.
These jobs are related to highly polluting activities (e.g., in mining and manufacturing) some of
which are likely to be phased out as economies decarbonise. Existing approaches employ
industry-level emissions data along with data on the distribution of occupations perindustry. The
intensity of greenhouse gas (GHG) emissions per worker (kg/per worker) is computed and those
jobs that are identified as highly polluting according to their GHG emission intensity are
considered to be ‘brown’. This approach was pioneered by Vona et al. (2018), who identified
pollution-intensive industries in the US using emissions data. The methodology from Causa et al.

5 For further information, see:
https://www.ons.gov.uk/economy/environmentalaccounts/articles/developingamethodformeasuringtim
espentongreentasks/march2022.

6 Skills-OVATE offers detailed information on the jobs and skills employers demand based on online job
advertisements (OJAs) in 32 European countries. It is powered by Cedefop’s and Eurostat’s joint work in
the context of the Web Intelligence Hub. For more information, see:
https://www.cedefop.europa.eu/en/tools/skills-online-vacancies.

”The frameworks used are: classification of environmental protection activities (CEPA 2000),
classification of resource management activities (CReMA), IRENA Global Renewables Outlook 2020,
Linkedin ‘green’ skills; SGG Singapore green economy skills, Joint Research Centre’s GreenComp
framework and O*NET and ESCO green classifications.

8 For more information, see: https://kb.lightcast.io/en/articles/9006635-researching-green-jobs.

9The skills clusters include: Air quality and emissions, Clean Energy, Climate Change, Conservation,
Energy Efficiency, Energy Management, Environmental Engineering and Restoration, Environmental
Regulations, Solar Energy, Waste Management, Water Energy and Wind Energy (Magrini et al., 2023).
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(2024) used in this paper builds on Vona et al. (2018)’s methodology and expands it for EU
countries (see Section 3 for full methodological explanation).™

2.3 Green and Brown Jobs in Ireland

Recent research from De Vita et al. (2024) analysed green and brown jobs in Ireland. To identify
brown jobs, the authors used Environmental Goods and Services Sector data and emissions
accounts data from Eurostat. To measure green jobs, the authors employed the O*NET green
occupations classification (New and Emerging Green, Green Enhanced Skills and Green
Increased Demand occupations) and combined it with the green job classification of the Greater
London Authority (Rocks, 2022) and the UK’s Office for National Statistics measure of time spent
on green tasks within occupations. Census data from 2011, 2016 and 2022 was used to analyse
the Irish labour market."

Brown jobs were located among highly polluting sectors. The authors identified the following
sectors as having the highest emissions per job in 2021: electricity, gas, steam and air
conditioning supply; agriculture, forestry and fishing; water supply; sewerage, waste
management and remediation activities; transportation and storage; and manufacturing. In
contrast, financial and insurance activities, information and communication, professional,
scientific and technical activities, human health and social work activities and education had the
lowest emissions in 2021.

According to the authors’ estimates, ‘green’ jobs in Ireland among the New and Emerging Green
occupations increased from 3.4 per cent in 2011 to 4.4 per cent of total employment in 2022.
Green jobs among the Enhanced Skills occupations declined from 14.2in 2011 to 13.3 per cent
in 2022. Based on this approach, estimated green employment increased from 17.6 per centin
2011 to 17.7 per cent in 2022. Note that these estimates exceed both those in this analysis as
well as those of Causa et al. (2024). In addition to this, the authors estimated that green jobs in
Green Increased Demand occupations increased from 8.6 per centin 2011 to 9.7 per cent of total
employmentin 2022. The analysis suggests that all green jobs in Ireland increased from 26.1 per
cent of total employment to 27.4 per cent between 2011 and 2022. ‘Green’ workers appear to be
most prevalent in the agricultural sector. This is because, in the approach used by De Vita et al.
(2024), farmers are classified as a ‘green’ occupation as they are assumed to have the ability to
manage their land sustainably in order to reduce emissions and pollution. Furthermore, certain
roles in the mining and quarrying sector are classified as ‘green’ as they are considered to be
important in obtaining the minerals required to transition to a low-carbon economy. The
methodology also identifies green jobs in construction, water supply, sewerage, waste
management and remediation activities, electricity, gas, steam and air conditioning supply.
Some concerns related to this approach are the classification of agricultural jobs as green,
particularly given the high emissions associated with certain agricultural activities.

° An alternative method of estimating brown employment shares is to simply calculate emissions per
worker by NACE sectors. The issue with this approach however is that not all high-polluting sectors would
be fully ‘brown’, so this method tends to overestimate the incidence of brown employment. For this
reason, there has been more emphasis on identifying brown occupations using industry-level emissions
data along with data on the distribution of occupations per industry.

" The authors highlight several data issues: specifically, an inconsistency between official Irish Census
data from the CSO and the data from Eurostat, with discrepancies in the estimates between the same sets
of data, specifically the industry employment data.
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3. Methodology and Data
3.1 Identifying Green Jobs

As mentioned in Section 2, in recent work carried at the OECD, Causa et al. (2024) developed a
methodology for identifying green jobs that is based on the O*NET database for the US (see,
ONET, 2010; Vona et al., 2018; Causa et al., 2024). As a starting point for this process, each 8-
digit O*NET occupation is a assigned a green score. This is based on the estimated share of tasks
within the 8-digit O*NET occupation that can be considered green, and hence takes a value from
zero to one. A cutoff of 10 per cent is then used to determine whether an occupation is green, or
not. That is, 8-digit O*NET occupations with a green task share of at least 0.10 are considered
green occupations, while those with a task share below 0.10 are not considered green.

As noted by Causa et al. (2024), mapping the 8-digit O*NET occupations to the ISCO framework
used in EU Labour Force Survey data is challenging. The 8-digit O*NET occupation classification
is more granular than the ISCO 3-digit framework used in EU Labour Force Survey data. As such,
Causa et al. (2024) had to develop a method that addresses mapping, weighting and aggregation
issues. The first step is to aggregate the 8-digit O*NET occupations into O*NET 6-digit
occupations. The authors then crosswalk from O*NET 6-digit to ISCO 4-digit categories. Multiple
O*NET 6-digit occupations may fall under the same ISCO 4-digit occupation. To illustrate this,
Causa et al. (2024) give the example of the ISCO 4-digit occupation “Senior government officials”.
The authors note that three O*NET 6-digit occupations correspond to the ISCO occupation
“Senior government officials”. Therefore, to assess the green score of “Senior government
officials”, an employment weighted average of the three O*NET 6-digit occupations is used when
mapping to the ISCO 4-digit occupations. Specifically, each SOC 6-digit occupation is weighted
by its share of employed workers over the total number of workers in all occupations mapped into
the same ISCO 4-digit, based on US employment data, as in Scholl et al. (2023). This process,
therefore, estimates the share of workers within one ISCO occupation that work in green jobs.

While ISCO 4-digit occupation data may be available in national Labour Force Survey microdata
files, including, Ireland, the EU-LFS reports the slightly more aggregated ISCO 3-digit
occupations. To identify the share of workers within a given ISCO 3-digit occupation that work in
green jobs, the Causa et al. (2024) take a simple average of the green score of the 4-digit
occupations underlying each 3-digit occupation.’ In Appendix Table B1, we list all of the ISCO 3-
digit jobs in which there is some positive share of green employment.'®

3.2 Identifying Brown Jobs

To identify brown jobs, we apply the methodology of Causa et al. (2024), which uses country-
specific emissions data by sector from Eurostat’s Air Emission Accounts.’ High polluting jobs are
defined in two steps. First, within each country, sectors are defined as high-polluting if they are
above the 85th percentile in terms of emissions per worker for at least three out of seven polluting

2The share of workers within an ISCO category that are in green jobs is constant across EU countries.

3 We do not report the share of green employment within jobs in Appendix Table B1. These data were
shared with us by Causa et al. (2024), and we direct readers to the authors of Causa et al. (2024) to
request the data.

4 Emissions data used by the Causa et al. (2024) covers the period 2011-2019. While our analysis in
extends to 2023, Causa et al. (2024) note that the definition of ‘high polluting’ sectors stays relatively
constant across time. However, we cannot rule out the possibility that the COVID-19 pandemic altered
industrial production structures across countries.
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substances, based on industry-specific average emissions per worker between 2011 and 2019."®
An occupation is then identified as being ‘brown’ if a considerable number of workers within that
occupation are located in the high-emitting sector. Specifically, an occupation is considered
‘brown’ if their share of workers in the identified brown industries is at least seven times greater
than the share of workers in those same industries across all occupations. Since harmonised
data on the distribution of employment across occupations and industries is not available for
Europe with an adequate level of granularity (specifically, at an ISCO 4-digit occupational level),
Causa et al. (2024) use UK Census data from 2011."® Thus, a crosswalk is required to map from
UK SIC 2-digit industry and SOC 4-digit occupation classifications to the NACE and ISCO
classifications used in the EU-LFS. This yields a binary variable equal to 1 if a given 4-digit ISCO
occupation is considered high-polluting (i.e., ‘brown’) and 0 otherwise."”” Appendix Tables B2 and
B3 list the brown occupations and brown sectors.

It is again worth noting that EU-LFS data does not include an ISCO 4-digit occupation variable,
and instead uses the more aggregated ISCO 3-digit occupation structure. As such, the share of
workers in brown jobs within an ISCO 3-digit occupation is calculated by the unweighted share of
the underlying ISCO 4-digit occupations that can be classified as brown.

Causa et al. (2024) acknowledges challenges and limitations related to their green and brown
jobs measurement approach. First, there is no unified and consistent taxonomy of green jobs
specific to Europe, which forces reliance on a U.S.-based classification system. This requires
making significant assumptions about how job roles translate between the U.S. and European
countries, which can lead to potential inaccuracies due to differences in job content and the use
of conversion tools. Second, the available cross-country data on industry emissions for EU
countries is quite aggregated and more granular data would be required to improve the precision
of this approach. Moreover, there is no harmonised cross-country dataset that shows the
bivariate distribution of how workers are distributed across both occupation and industry
categories; that’s why the analysis must depend on data from just one country (the U.K).

For the brown jobs classification, a limitation acknowledged by Causa et al. (2024) is that, among
the pollutants, the analysis does not include methane, which is highly polluting in the agricultural
sector. Non-methane emissions tend to be low in agriculture, such that if methane were to be
included, the three out of seven rule would not identify agriculture as a high-polluting industry.
However, for countries with a large agricultural sector such as Ireland, this may result in an
underestimate of brown jobs. For this reason, we also include an additional definition of brown
jobs which expands on the methodology from Causa et al. (2024) by including methane-emitting
occupations related to agriculture. Specifically, we identify those occupations that mostly relate
to livestock production (i.e., enteric fermentation, manure management), which are considered
to be high methane emitting for Ireland. See Appendix Table B2 for further detail of specific

5 The pollutants covered include Carbon monoxide (CO), Non-methane volatile organic compounds
(NMVOC), Nitrogen oxides (NOx), Sox in SO2 equivalents (SOX), Particulate Matter < 10um (PM10),
Particulate Matter < 2.5um (PM2.5), and Carbon Dioxide (CO2T). The World Health Organization (WHO)
identifies these pollutants as particularly harmful for human health and local ecosystems. The use of the
3-out-7 rule is a standard approach.

8 The use of UK data in this instance implicitly assumes the same distribution of occupations and
industries applies across EU countries.

7 See Appendix Tables B2 and B3 for a list of ‘brown’ occupations and sectors.
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occupations.' In this case, we do not apply the share greater that seven times rule, but we
consider the entire occupation as brown.

3.3 Irish Labour Force Survey Data

The Irish Labour Force Survey (LFS) is a large-scale nationally representative survey of Irish
households, administered by the Irish Central Statistics Office. The data include information on
avariety of individual and job characteristics, as well as the individual’s labour market status. The
Irish LFS also has detailed information on a person’s occupation. Specifically, it has data at the
ISCO 4-digit level, which is the most granular level of data within the ISCO occupation framework,
enabling us to apply the methodology of Causa et al. (2024)’s to identify green and brown jobs at
the ISCO 4-digit level. For the green jobs analysis, we report occupational data at the more
aggregated level (ISCO 3-digit level) for synthesis purposes, since the list of green occupations at
4-digit level is very extensive. In this study, we use annual LFS data from 2011 to 2023 to analyse
the incidence of green and brown jobs in Ireland over time. We then explore the average
characteristics of workers in green and brown jobs in 2023. We also investigate the potential
existence of a wage premium,