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Abstract
This paper aims to calculate emissions in Ireland by applying a production-based
Accounting (PBA) approach and a consumption-based Accounting (CBA) ap-
proach. PBA considers emissions in Ireland to be all emissions emitted in the ge-
ographic region of Ireland, whereas CBA includes all emissions resulting from
the consumption of residents of Ireland. CBA accounts for emissions embedded
in trade, where production-related emissions embedded in goods imported into
Ireland are assigned to Ireland, whereas the production emissions of goods pro-
duced in Ireland which are exported are discounted from Ireland’s emissions.
Applying GTAP 11 data, our estimates show that CBA emissions for Ireland are
between 8% and 16% larger than PBA emissions, depending on assumptions re-
garding the allocation of electricity and cattle-related emissions. The emissions
embedded in international trade are embedded in the flows with Ireland’s major
trade partners: the United Kingdom, the United States of America, Germany,
China and Russia. Imported emissions are concentrated in the fuel, chemical
products and services sectors.

JEL codes: Q51; Q56; Q57

Keywords: consumption-based accounting; production-based accounting; trade
embedded emissions
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1 INTRODUCTION

There is a general consensus that anthropogenic greenhouse gas (GHG) emis-
sions from production and consumption are changing our climate, resulting in
negative impacts for economies and societies, particularly in the future. The
impacts of climate change are becoming evident. In 2023, Ireland experienced
extreme weather conditions with high temperatures and above-average rainfall.1

To combat climate change, policy actions aimed at emission reductions have
become more prominent over the past decade.

Given the public good nature of GHG emission reduction, to ensure effective
mitigation, efforts need to be undertaken in a global cooperative context, such
as the United Nations Framework Convention on Climate Change, Conference
of the Parties (UNFCCC CoP) negotiations that have led to the Paris Agreement
(UNFCCC, 2016). The core variable in quantifying policy targets is the country-
level of emissions. To compare the impact of policy actions across countries
on emission reduction, it is essential to have a consistent measurement of these
emissions. The dominant measurement approach applied to calculate a country’s
emissions is the production-based Accounting (PBA) approach.

This approach assigns GHG emissions to the country where they are emitted
(e.g., Benini et al., 2014). This includes the emissions from production pro-
cesses in the country, as well as the emissions from households’ consumption of
GHG-emitting products. The PBA approach is used in calculating the National
Emission Inventories (NEI) for the UNFCCC; this approach was also used in
calculating emissions and reduction targets for the Paris Agreement (Afionis et
al., 2017; Peters, 2008).

However, this approach does not consider the emissions embedded in goods that
are consumed in Ireland but produced elsewhere; consider a good consumed
in country A but produced in country B. The PBA approach would assign the
relevant emissions to the producing country, B. However, the good is used in
country A, and thus, it can be argued that country A should be accountable for
these emissions.

Hence, the PBA approach has been criticised for not accounting for emissions
embedded in international trade. The emission content of internationally traded
goods has been estimated at 27% of global CO2 emissions in 2015 (Yamano &

1 See https://www.met.ie/annual-climate-statement-for-2023 Access date: July 2, 2024
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Guilhoto, 2020). This is a considerable share of global emissions, warranting
further consideration in the emissions accounting process.

A significant concern regarding the PBA approach is that developed countries
can outsource their production activities to less developed countries and then im-
port the produced goods while maintaining the same high levels of consumption,
thereby sidestepping international emissions reduction obligations (Tukker et
al., 2020). Indeed, Peters et al. (2011) find that the change in net emissions trans-
fers from developing to developed countries offsets PBA reductions achieved by
the Annex B countries of the Kyoto Protocol by a factor of five. In this case,
the largest polluters would continue to contribute the most to climate change but
would be able to avoid any emissions-based penalties as their pollution would
not show up in their national accounts. Ultimately, this system of emissions ac-
counting penalises those countries – typically poorer – that are involved in the
more carbon-heavy stage of the global supply chain (Grasso, 2016).

To address this, the European Union created the Carbon Border Adjustment
Mechanism (CBAM). Initially, the system will cover cement, iron, steel, alu-
minium, fertilisers, electricity, and hydrogen. This is planned to extend to cover
other sectors under the ETS. CBAM seeks to incentivise cleaner production out-
side of the EU for goods that are then imported into the EU and to ensure pro-
ducers cannot avoid emissions-based penalties by relocating production. This is
found in the Treaty on the Functioning of the European Union (adopted 9 May
2008) on pages 0132-0133 in article 191, paragraph 2, where it is stated “... that
environmental damage should as a priority be rectified at source and that the
polluter should pay”.2

As such, it is important to estimate the emissions embedded in internation-
ally traded commodities. An alternative emission accounting approach, the
consumption-based Accounting (CBA) approach, assigns emissions to coun-
tries based on where the goods or services are consumed (Chen et al., 2018). In
essence, CBA emissions are equal to PBA emissions minus the emissions em-
bedded in exports plus the emissions embedded in imports. Hence, correcting
PBA emissions for the emissions embedded in internationally traded commodi-
ties would result in CBA emissions.

2 See https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:12008E191:EN:HTML Access date:
July 2, 2024.
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A number of studies have calculated CBA emissions. For Ireland, Nakano et
al. (2009) report the PBA in 2000 as 41 MtCO2 and CBA as 50 MtCO2. Davis
& Caldeira (2010) use the GTAP 7 dataset and report PBA emissions of 43.90
MtCO2 compared to CBA emissions of 55.40 MtCO2 for 2004. Wood et al.
(2019) use multiple data sources and state that, on average, the PBA and CBA
in 2016 were 43.57 and 45.73 MtCO2, respectively. In addition to empirical
studies, policy debates have also arisen regarding various issues with CBA emis-
sions, such as whether they are just or practical as a policy measure (Grasso,
2016; Duus-Otterström & Hjorthen, 2019).

The empirical studies report aggregate PBA and CBA values but do not delve
into the sector details of the emission measures. Inspired by the policy relevance
of a CBA and PBA comparison and the lack of detailed data on CBA for Ireland,
this study calculates the PBA and CBA emissions of Ireland. Over time, data
on production, trade, and emissions have become available to more countries.
Using a well-established database, GTAP 11, this study presents sector details
of PBA and CBA emissions for Ireland.

The plan of the paper is as follows. The next section presents a brief review of
the applied literature on CBA emissions. Section 3 describes the method and the
data. Section 4 presents the findings of the analysis, and Section 5 concludes.

2 LITERATURE

With increased interest in CBA emissions and improved international databases,
the number of studies on CBA emissions has increased. A frequently em-
ployed method to calculate CBA emissions is to use Multi-Region Input-Output
(MRIO) tables (Malik et al., 2019).

An Input-Output (IO) table shows how inputs are used by different sectors and
the production costs of creating an input in a country or region. An MRIO table
extends this by allowing inputs to come from different countries. As such, they
show interactions between sectors across multiple countries. For instance, an
MRIO would allow the Irish agriculture sector to rely on domestically produced
fertilizers and imported machines to produce output.

There are various MRIO databases available. The EORA database claims to
account for 190 countries and 15 909 sectors from 1990 to 2022, supplemented
by an aggregated version called EORA 26 (Lenzen et al., 2012, 2013).3 EX-
3 https://worldmrio.com/ Access date: July 2, 2024.
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IOBASE 3 covers 163 industries for 44 countries (Stadler et al., 2018; Merciai
& Schmidt, 2018).4 OECD-ICIO (Organisation for Economic Cooperation and
Development, Inter-Country Input-Output tables) has 76 countries and a rest-of-
the-world region, and 45 sectors.5 The WIOD (World Input-Output Database)
accounts for 43 countries and 56 sectors.6

Such databases are enhanced with GHG (greenhouse gas) emissions data to
generate what is called environmentally extended MRIO tables. These were
used, coupled with the input-output modelling approach pioneered by (Leontief,
1970), to analyse GHG emissions due to economic actions. Wood et al. (2018)
present a method to analyse the environmental impact of consumption pattern
changes and apply it to food and clothing using the EXIOBASE 3 data. Another
study examines the evolution of emissions given the growth in the Asia-Pacific
economies from 1995 to 2015 (Yang et al., 2020). Concerned with the use of
hazardous chemicals, Persson et al. (2019) focus on Sweden’s international trade
in hazardous chemicals and the implied environmental impacts. For Europe,
Castellani et al. (2019) compare a life-cycle analysis and an MRIO-based anal-
ysis by examining the environmental impact of household consumption. The
EORA database (Lenzen et al., 2012, 2013) has been used to analyse global en-
ergy usage (Wu et al., 2019), identifying the USA and China as especially large
users of energy.

One of the international input-output databases with environmental extensions
is the GTAP (Global Trade Analysis Project) database. Originating in the 1990s,
the Global Trade Analysis Project (GTAP) is one of the most established multi-
country databases with production, international trade and emissions data at
production sector levels. The database was originally developed to support a
large-scale general equilibrium model, the GTAP Model, that was designed to
analyse international trade issues.

The most recent version of the GTAP database (version 11) includes 65 produc-
tion sectors and 141 countries, with 2017 as the most recent year. The database
represents 99% of the world’s Gross Domestic Product (GDP) and 96.4% of the
global population (Aguiar et al., 2022). Davis & Caldeira (2010) employ the
GTAP 7 database based on the year 2004, supplemented by other data sources

4 https://exiobase.eu/index.php Access date: July 2, 2024
5 https://www.oecd.org/en/data/datasets/inter-country-input-output-tables.html Access date: July 2,

2024
6 https://www.rug.nl/ggdc/valuechain/wiod/?lang=en Access date: July 2, 2024
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to estimate global PBA and CBA emissions. They estimate that for Ireland, PBA
emissions are 43.9 MtCO2 whereas CBA emissions are 55.4 MtCO2.

Owen (2015) investigates why EORA, GTAP version 7, and WIOD databases
generate different results for CBA emissions. The analysis highlights that these
databases use different data sources, and the use of different data sources drives
the deviations of results across databases. While conducting comparisons, Owen
(2015, p. 53-54) reports CBA emissions of 59 MtCO2 in 2007 for Ireland.

As different MRIO databases and GTAP versions became available, the question
of consistency across databases was further investigated. Owen et al. (2014)
conduct a decomposition analysis to examine the variation in consumption-
based emissions, among others, across the EORA, GTAP and WIOD databases.
They identify the variations in Leontief inverses, the emissions data and the
differences in the final demand data as the sources of variation in the results ob-
tained across databases. Concerned with the robustness of MRIOs for environ-
mental policy analysis, Moran & Wood (2014) conduct a similar analysis across
the EORA, WIOD, EXIOBASE, and the OpenEU databases. Their calculations
use a CBA approach based on releasing CO2 from burning fossil fuels. They
report a CBA of 43.029 MtCO2 for Ireland from EORA, 55.210 MtCO2 from
OpenEU, 41.985 MtCO2 from WIOD and 61.013 MtCO2 from EXIOBASE.
Following that, Rodrigues et al. (2018) harmonise five different MRIOs to ex-
amine the level of uncertainty in global CBA emissions. Nakano et al. (2009, p.
22) report a PBA value of 41 MtCO2 and a CBA value of 50 MtCO2 for 2000;
CBA is 22% greater than PBA. Their results are based on OECD Input-Output
tables, STAN Trade Database and IEA’s CO2 Emissions Database. Following
that, Yamano & Guilhoto (2020, p. 46) find 52.8 MtCO2 PBA emissions com-
pared to 46.7 MtCO2 CBA emissions.

The studies focusing on calculating emissions based on the two methods display
considerable variety. Steubing et al. (2022) implement the life cycle assessment
and environmentally extended MRIO methods on databases, such as ecoinvent7

and EXIOBASE, and compare them in terms of their implications for carbon
footprints. Some works even analyse city-level emissions conducted for China
(Mi et al., 2016, 2019) and Europe (Harris et al., 2020). However, what is miss-
ing from these studies is an in-depth analysis of the sectoral distribution of PBA
and CBA emissions. The main contribution of this paper is in this regard. We

7 https://ecoinvent.org/
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present PBA and CBA emissions with sector details for Ireland using GTAP
data. We also comment on the geographical origins of the imported emissions.

3 METHOD AND DATA

Karakaya et al. (2019) point to the trade balance and the embedded CO2 therein
as the difference between PBA and CBA. While summarizing the principles of
different approaches to environmental accounts, Tukker et al. (2020, p. 55) point
out that PBA emissions are the responsibility of the producer of the good and
service, whereas CBA emissions are the responsibility of the final consumers.
In this section, we present the conceptual approach adopted to calculate PBA
and CBA emissions, and we show the emission calculations.

3.1 A conceptual introduction to PBA and CBA emissions

Here, we define PBA emissions in a country as the emissions attributable to the
activities of the actors in that country. Hence, PBA emissions are the emissions
that are emitted in Ireland. Specifically, this entails emissions due to production
activities within Ireland and emissions from fuel consumption of households and
the government.

CBA is defined as the sum of emissions due to production activities undertaken
to meet domestic demand plus the emissions due to domestic consumption of
fuels. As such, the difference between PBA emissions and CBA emissions is
the emissions embedded in both imported and exported commodities.

The calculations in this analysis have been performed using the GTAP 11 database
(Aguiar et al., 2022). This database is one of the most established multi-country
databases with production, international trade and emissions data at a produc-
tion sector level. Although input-output model-based calculations are often ap-
plied for PBA and CBA calculations, the GTAP 11 database does not include an
MRIO structure that enables such calculations.

As such, our calculations rely on understanding the production process and the
flow of commodities across economies. Figure 1 visually represents the mod-
elling framework. Here, the supply of commodities in an economy originates
from either domestic production or the rest of the world in the form of imports.

PBA emissions are defined as the emissions due to production within Ireland
and the consumption of fuels. The consumed fuels are delivered through do-
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mestic production or imports. Regarding production, three emission sources are
considered for each production sector: combustion, production processes, and
endowments. Combustion refers to the combustion of fossil fuels during pro-
duction. Production process-related emissions are emissions that are related to
production processes themselves and not combustion, e.g., calcination during
cement production. Finally, endowments refer to the factors of production used
during the production process. An example would be the cattle used in agricul-
tural production, which results in methane emissions.

We have made three adjustments to the GTAP database concerning electricity,
agriculture, and aviation emissions. These adjustments are detailed in Sections
3.2.1, 3.2.2 and 3.3.3.

Figure 1: Production and commodity flows
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3.2 Production emissions

Production-related emissions in any country or region r and production sector a
are calculated as follows:8

EMISSprod
a,r = ∑

f

[
MDFf ,a,r +MMFf ,a,r

]
+ ∑

e=CO2,CH4,N2O
GWPe EMI ENDWe,a,r

+ ∑
e=CO2,CH4,N2O

GWPe

[
EMI QOe,a,r +∑

c

[
EMI IOe,c,a,r +EMI IOPe,c,a,r

]]
(1)

where

• MDFf ,a,r and MMFf ,a,r are CO2 emissions due to the use of domestic and
imported fuels in the production activity of sector a. The fuels, f , re-
ferred to in the GTAP 11 database are coal (COA), oil (OIL), gas (GAS),
petroleum and coal products (P C) and gas distribution (GDT).

• GWPe is the global warming potential coefficient for each greenhouse gas e.
The greenhouse gasses covered by this study are CO2, CH4 and N2O. Fol-
lowing IPCC (2015), the global warming potential coefficients are reported
as 28 for CH4 and 265 for N2O in the GTAP 11 database.

• EMI ENDWe,a,r refers to emissions of greenhouse gas e due to the use of
factor endowments in production activity a in region r.

• EMI QOe,a,r refers to production process emissions, i.e., emissions not re-
sulting from combustion but resulting from the production of final goods.

• EMI IOe,c,a,r refers to non-CO2 emissions linked to fossil fuel combustion
related to the commodity c by the production activity in sector a.

• EMI IOPe,c,a,r refers to process emissions linked to intermediate demand
for commodity c by the production activity in sector a.

It would be insightful to consider the last four items in more detail. Consider
first the emissions due to endowments, EMI ENDWe,a,r. The GTAP 11 database
allocates some of the emissions to the endowments of factors of production used
in the production process. In the endowment-related emissions part of the GTAP
11 database, only capital and land are included as endowments. and of these en-
dowment emissions, capital emissions related to agriculture account for 90% of
endowment emissions for Ireland. In the simplest terms, this refers to emissions

8 The expressions in the equations follow the syntax of the variables in the GTAP 11 database for ease of reference.
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from the cattle (Chepeliev, 2021, p. 39). Since these are of primary importance
for the Irish agriculture sector, they have been included in the calculations.9

Consider next the production process emissions, EMI QOe,a,r. The procedure
used to generate the GTAP database considers emissions due to four emission
drivers: output by industries, endowment by industries, input use by industries
and consumption by households (Chepeliev, 2020b). This conceptualisation is
used to relate emission data sources to the sectors defined in the GTAP database.
Appendix D of Chepeliev (2020b, p. 20-22) shows the details of these produc-
tion process emissions. Some examples are fugitive emissions, industrial pro-
cess emissions of metal production, and the treatment of waste.

The non-CO2 emissions linked to fossil fuel combustion, EMI IOe,c,a,r, are
closely related to the first items MDFf ,a,r and MMFf ,a,r, on this list. The first
items account for CO2 emissions, whereas this item contains data on non-CO2
emissions. The last item, EMI IOPe,c,a,r, refers to process emissions related to
input use. These are not related to combustion; that is, they are not released due
to the burning of fuel. Rather, these process emissions are released when inputs
are transformed during the production process. A typical example is the release
of CO2 due to the heating of limestone while cement is produced; this process
is known as calcination.

3.2.1 Electricity embedded emissions

In the GTAP database, emissions related to electricity generation in a country
are attributed to the electricity production sector. If a good is produced using
electricity, the associated electricity generation emissions will not be included
in the GTAP emissions calculations for that good. Hence, if a good is exported
from, say, the United Kingdom to Ireland, the associated emissions from elec-
tricity use would be ignored. To account for this and include emissions resulting
from electricity use in the production of goods, we adjust the GTAP database.

To better assess the importance of this, consider the example of the services
sector. The production of a service does not necessarily generate high levels of
emissions. But it will use electricity which, in turn, could be used for relatively
emission-intensive fuel inputs. Therefore, when considering emissions from the
service sector, it is important to realise that the emissions embedded in electricity
production are not accounted for even though electricity is used to produce the
services. If Ireland is importing services from the United Kingdom, we need to
9 In GTAP 11 the cattle variable includes bovine cattle, sheep, goats and horses.
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consider the emissions embedded in electricity used in the United Kingdom to
produce the services imported by Ireland. To account for this, for each country
in the database, the emissions related to electricity production are assigned to all
other production sectors that use electricity. This is done by applying a sector’s
relative electricity usage as a weight. In other words, if a production sector
in Ireland uses 20% of total electricity generated in Ireland, that sector will
be allocated 20% of electricity generation emissions. To this end, let the total
domestic use of the electricity commodity (Qd

ELY,r) be the following:

Qd
ELY,r = ∑

a
INT d

ELY,a,r +CONd
ELY,r + INV d

ELY,r +GOV d
ELY,r +EXPd

ELY,r (2)

where INTELY,r is the intermediate use of the electricity commodity by activity
a in region r, CONd

ELY,r is the domestic consumption expenditure on electricity,
INV d

ELY,r is the domestic investment expenditure on electricity, GOV d
ELY,r is the

domestic government expenditure on electricity, EXPELY,r is the exported elec-
tricity. Given this, the share of the intermediate use of electricity relative to the
total domestic use of electricity is:

shareELYa,r =
INTELY,a,r

Qd
ELY,r

(3)

and the reallocation of the emissions embedded in the electricity input to all the
other a activities is calculated as:

dEMISSa,r = shareELYa,r EMISSprod
ELY,r (4)

where EMISSprod
ELY,r is the emissions embedded in the electricity commodity.10 It

should be noted that this term isolates the emissions embedded in the electricity
commodity to reallocate it to activities. Hence, production activity emissions
are restated as follows.

EMISSprod
a,r =

EMISSprod
a,r +dEMISSa,r if a ̸= ELY .

dEMISSELY,r if a = ELY .
(5)

10 It should be noted that the make matrix of the GTAP 11 database is diagonal. That is, each activity produces one commodity.
Therefore, the concepts of activity and commodity are interchangeable. Hence the indices of activity, a, and commodity, c are
interchangeable, implying that EMISSprod

a,r and EMISSprod
c,r are also interchangeable. With this, EMISSprod

ELY,r would represent
both the emissions from the activity of electricity production and the emissions embedded in the electricity commodity.
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3.2.2 Animal products emissions

Ruminant livestock emissions (methane) are assigned to cattle, other animal
products, and the raw milk sector. In the GTAP 11 database, the share of ex-
ports in production is 17% for the cattle sector, 22% for other animal products
sector and 0.02% for the raw milk sector. However, the Meat Supply Balance
by the Central Statistics Office for the year 2017 shows that of a gross indige-
nous production of 1.183 thousand tonnes of meat, 1.019 thousand tonnes were
exported, resulting in an export rate of 86%.

The reason for the differences between the CSO and GTAP estimates of exports
has a simple explanation: meat from cattle is not exported directly; instead, it is
first processed to some degree and then packaged. Then, it is exported. From a
data-keeping point of view, cattle are a part of the agricultural sector. But once it
is processed, it becomes a manufactured good. For data-gathering purposes, it is
now part of the manufacturing sector. Specifically, it falls under the FBT (food,
beverage and tobacco) sector. And once it is exported, the export is recorded
under manufactured goods exports rather than under agricultural exports.

GTAP’s data-keeping practices further complicate the issue. From the point of
view of the GTAP database, cattle are a capital good in the agricultural sector.
Thus, cattle-related emissions, especially methane, are recorded as agricultural
emissions. If cattle meat is exported after being processed, the emissions em-
bedded in the exported cattle meat are not accounted for in the manufacturing
sector because they were initially recorded as agricultural emissions.

To understand the issue and the proposed remedy, consider a cattle farm and a
meat packaging plant. The cattle farm is in the agriculture sector; the farm owns
the cattle and is accountable for the methane emissions related to the cattle.
Then, the cattle are slaughtered, and the meat is taken to the packaging plant,
packaged and sold abroad. Cattle meat is now exported, but not from the farm. It
is exported from the packaging plant. Therefore, the manufacturing industry is
the exporter. However, the methane emitter is the farm in the agriculture sector.
As such, the emissions were from the cattle when they were alive, and they are
accounted for in the agriculture sector. However, these emissions need to be
transferred to the food manufacturing sector so that the emissions from exported
goods are realistic.

Therefore, emissions related to slaughtered cattle are reallocated to the FBT
sector. In the case of Ireland, bovine meat products (CMT) and meat products

12



not classified elsewhere (OMT) use cattle as inputs for their products. Because
of this, emissions from cattle that were recorded in the agriculture sector are
reallocated to these commodities. The reallocation follows the same logic as the
reallocation of electricity emissions. The total domestic use of cattle (QCT L,r) is
the following:

QCT L,r = ∑
a

INT d
CT L,a,r +CONd

CT L,r + INV d
CT L,r +GOV d

CT L,r +EXPd
CT L,r (6)

The shares are:
shareCT La,r =

INTCT L,a,r

Qd
CT L,r

(7)

Along the lines of Equation 4, the implied reallocation of emissions is:
dEMISS CT La,r = shareCT La,r EMISSprod

CT L,r (8)

In the case of cattle, this reallocation is from the cattle (CTL) in the agriculture
sector to two commodities in the food sector: bovine meat products (CMT) and
meat products not elsewhere classified (OMT) . Hence, production emissions
for these commodities become:

EMISSprod
CMT,r = EMISSprod

CMT,r +dEMISSCMT,r

EMISSprod
OMT,r = EMISSprod

OMT,r +dEMISSOMT,r

EMISSprod
CT L,r = EMISSprod

CT L,r −dEMISSCMT,r −dEMISSOMT,r

(9)

3.3 Production and consumption-based accounting of emissions

The calculation of CBA emissions, given PBA emissions, necessitates account-
ing for the emissions embedded in international trade. To do this, the emissions
embedded in traded commodities are calculated. This requires the calculation of
emission coefficients that show emissions per monetary unit of output of com-
modity c in region r:

εc,r =
EMISSprod

c,r

Qc,r
(10)

Given these emission coefficients, the emissions embedded in exports and im-
ports would be:

EMISSexp
c,r = ∑

dst
εc,rEXPc,r,dst

EMISSimp
c,r = ∑

src
εc,srcIMPc,src,r

(11)

where EXPc,r,dst would be an export of commodity c from country r to destina-
tion country dst. Similarly, IMPc,src,r is the imports of commodity c from origin
country src to country r.

13



CBA emissions are calculated by adding imported emissions to PBA emissions
and then subtracting the exported emissions. We account for two additional con-
cerns regarding the emissions embedded in international trade. Firstly, some of
the imported commodities are used domestically for the production of export
goods. Hence, we define re-exported emissions as emissions embedded in im-
ported goods that are used as inputs to the production of goods that are exported
to a different country. Since these imported goods and the goods made from
them are not consumed in the importing country, the imported emissions should
be deducted from the calculation of CBA emissions.

The second issue is the need to account for indirectly imported emissions. Con-
sider Ireland’s imports from Country A. In order to produce the goods sold to
Ireland, Country A will need to import input commodities from another country,
called Country B. That is, exports of country A include some re-exports origi-
nating from country B. These re-exports of country A originate from country B
and eventually arrive in Ireland. Hence, Ireland indirectly imports these goods
and the emissions from country B. These need to be added to Ireland’s CBA.
We next consider these two items.

3.3.1 Re-exported emissions

Let us begin with re-exported goods and the emissions embedded therein. What
we know at this point is the emissions embedded in the imports of commod-
ity c, calculated as EMISSimp

c,r in Equation 11. We will augment this with two
considerations. Firstly, some of the imported goods are used as intermediate in-
puts. Therefore, some of the imported emissions are embedded in intermediate
inputs. To isolate these, we will use the share of imported intermediate goods in
total imports. Secondly, these imported intermediate good emissions need to be
allocated to exports. In order to do this, we use the ratio of exports to production.

Let the intermediate imports of commodity c by region r that are used in produc-
tion activity a be INT IMPc,a,r. Then, the aggregate intermediate input of com-
modity c that is imported by all production activities would be ∑a INT IMPc,a,r.
Also, IMPc,src,r is the imports of commodity c from each source country. Hence,
the aggregate import of commodity c aggregated over all source countries would
be ∑src IMPc,src,r. Given these, the share of imported intermediate inputs in ag-
gregate imports is:

shr importc,r =
∑
a

INT IMPc,a,r

∑
src

IMPc,src,r
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We know the imported emissions EMISSimp
c,r and thus we can multiply this by

the share of intermediate inputs that are imported shr importc,r to get the emis-
sions from the imported intermediate inputs shr importc,rEMISSimp

c,r .

As the second step, we need to know the share of total production of commodity
c in the country to which it is exported. To do this, we first calculate the exports
of commodity c from Country r to all destination countries, i.e., ∑dst EXPc,r,dst .
We then need to calculate all production of commodity c in Country r, which is
Qc,r. Thus, the share of production exported is:

shr exportc,r =
∑
dst

EXPc,r,dst

Qc,r

Now that we have these shares, we can calculate the re-exported emissions for
country r.11 As noted above, the emissions embedded in imported intermediate
commodities is shr importc,rEMISSimp

c,r . To see how much of these imported
intermediate emissions are exported, we will multiply it with the export share,
shr exportc,r:

REXP EMISSc,r = shr exportc,r [shr importc,r EMISSimp
c,r ] (12)

Thus we have a measure of the re-exported emissions, i.e., the emissions ini-
tially imported as intermediate inputs, used in production and ending as a part
of exported emissions.

3.3.2 Indirectly imported emissions

Consider the example above, where Ireland imports commodities from country
A. In order to produce the goods that it exports to Ireland, country A has to
import intermediate inputs from other countries, say country B. Using the ter-
minology developed so far, what we are referring to is actually the re-exported
emissions of country A. The emissions imported by Country A in the form of
intermediate inputs are then exported to other countries. The question is, how
can we isolate the re-exported emissions of country A that come to Ireland?

In order to do this, we apply the share of each destination country in an export-
ing country’s total exports. Let EXPc,src,dst be the export flow of commodity
c originating from a source country src and going to a destination country dst.

11 Since the GTAP 11 database is not a Multi-Region Input-Output database, intermediate commodity trade by source and
destination countries is not available. In other words, we do not know which sector in Ireland is importing which good
from which country. What we observe in the database is the imports of Ireland. Therefore, these shares had to be used to
approximate the intermediate commodity trade and the embedded emissions.

15



The aggregate exports of the source country is these exports aggregated over
destination countries, i.e., ∑dst EXPc,src,dst . Then, the share of each destination
country in the total exports of an exporting country would be:

exp dstc,src,dst =
EXPc,src,dst

∑
dst

EXPc,src,dst
(13)

This share can be used to allocate re-exported emissions of a source country to
its export partners, i.e., the destination countries. From the perspective of the
recipient of the trade flow, i.e., the destination country, the indirectly imported
emissions from all the trade partners would be:

IND IMP EMISSc,dst = ∑
src

exp dstc,src,dstREXP EMISSc,src (14)

3.3.3 Aviation emissions

We need to differentiate between domestic and international emissions from the
air transport sector (ATP). This is because of the way international aviation emis-
sions are allocated in the GTAP 11 database. Typically, aviation and maritime-
related emissions are recorded in international bunkers (IPCC, 2008). However,
the GTAP 11 database is related to a computable general equilibrium (CGE)
model, where the concept of an international bunker does not exist. Hence,
bunker emissions data is allocated to countries with respect to their international
trade data (Chepeliev, 2020a, p. 13). This generates very high emissions asso-
ciated with the ATP sector in Ireland. Thus, the exported emissions for the ATP
sector EMISSexp

AT P,r are deducted when PBA emissions are calculated to align
with the IPCC’s methodology (IPCC, 2008). For CBA emissions, the export
emissions in the ATP sector are both deducted and added to the PBA amount.
If this addition of ATP’s exported emissions is not done in the CBA emission
calculation, the exported emissions for the ATP sector would be deducted twice.

3.3.4 PBA and CBA emissions

We can calculate PBA and CBA emissions by applying the equations described
below. The PBA emissions by commodity are calculated by adding the emis-
sions due to fuel consumption to production emissions as defined in Section
3.1. Fuel consumption emissions, EMISSconSc,r, are defined in the GTAP 11
database as the emissions associated with the households’ (consumers’) use of
fuels, i.e., coal (COA), oil (OIL), gas (GAS), petroleum and coal products (P C),
and gas manufacture and distribution (GDT). Hence, the calculation of PBA
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emissions is:

PBAc,r =

EMISSprod
c,r +EMISSconSc,r if c ̸= AT P.

EMISSprod
AT P,r +EMISSconSAT P,r −EMISSexp

AT P,r if c = AT P.
(15)

Finally, the CBA emissions would be calculated by first adding the imported
emissions and the indirectly imported emissions and then subtracting the ex-
ported and re-exported emissions to PBA as follows:

CBAc,r =



PBAc,r +EMISSimp
c,r −EMISSexp

c,r

+IND IMP EMISSc,r −REXP EMISSc,r if c ̸= AT P.

PBAc,r +EMISSimp
c,r −EMISSexp

c,r

+IND IMP EMISSc,r −REXP EMISSc,r

+EMISSexp
c,r if c = AT P.

(16)

The calculations performed within the context of the presented equations im-
ply three varieties of results. The first case uses the GTAP data as it is and no
emission redistribution is done across sectors. The second case reallocates the
emissions embedded in electricity, per Equation 5. In the third case, both elec-
tricity and cattle-related emissions are reallocated, per Equations 5 and 9. Thus
three sets of results are presented here:

• Case I, No redistribution: No production emission reallocation is done.

• Case II, ELY redistribution: Electricity emissions are reallocated per Equa-
tion 5.

• Case III, ELY&CTL redistribution: Both electricity and cattle-related emis-
sions are reallocated per Equations 5 and 9.

Also, an aggregation of results has been undertaken. The GTAP 11 database
includes 65 commodities and related production activities. With three cases and
65 commodities, the amount of data produced is too large to comprehensively
examine. Hence, a sector aggregation is adopted. The key to the sector aggre-
gation is presented in Table A.1.

4 RESULTS

The results of the conducted analysis are presented in three stages. Firstly, the
PBA emissions values are presented. Secondly, the emissions embedded in the
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international trade of Ireland are presented. Finally, the PBA and the CBA emis-
sions of Ireland are compared.

4.1 production-based emissions

PBA emissions calculated for Ireland are presented in Table 1. In total, the
PBA emissions are 73.60 MtCO2eq in the case of no redistribution. The total
emissions are 69.39 MtCO2eq under each of the redistribution cases.

Table 1: Production Based Account Emissions, MtCO2eq

No redistribution ELY redistribution ELY&CTL redistribution
Agriculture, plant 2.89 2.98 2.98
Agriculture, animal 22.42 22.75 22.75
Other extraction 0.16 0.49 0.49
Fuels 12.48 12.51 12.51
Food, beverage, tobacco 0.70 1.44 1.44
Chemical products 0.25 0.90 0.90
Basic pharmaceuticals 0.20 0.40 0.40
Metal and mineral products 4.17 5.00 5.00
Machinery manufacturing 0.50 1.24 1.24
Other manufacturing 0.11 0.58 0.58
Electricity 12.23 0.42 0.42
Water and waste management 0.94 1.28 1.28
Construction 0.32 0.37 0.37
Air transport 2.82 2.83 2.83
Other transport 11.26 11.33 11.33
Other services 2.15 4.86 4.86
SUM 73.60 69.39 69.39

A review of the values in Table 1 raises two issues. Firstly, the values under the
ELY redistribution and the ELY&CTL redistribution cases are the same. The
only difference between these two cases is the redistribution of the cattle-related
emissions in the last case. As implied by Equation 9, cattle-related redistribu-
tion transfers the emissions from the cattle commodity and allocates them to
the meat-related food manufacturing commodities, i.e., bovine meat products
(CMT) and the meat products not elsewhere classified (OMT) of the GTAP 11
database. Per the sector aggregation implied by Table A.1, this reallocation
keeps the emissions within the agriculture sector. Hence, the two columns have
the same values. As discussed below, this reallocation will have an impact on
emissions embedded in international trade but will not impact PBA emissions.

The second issue is the reduction in PBA emissions after the reallocation of elec-
tricity emissions. PBA emissions fall from 73.60 MtCO2eq to 69.39 MtCO2eq.
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The reallocation of the emissions embedded in the electricity sector is based on
the coefficients shown in Equation 3. These shares are based on intermediate
uses in all the domestic uses, Qd

ELY,r, both final and intermediate. The redis-
tribution isolates the emissions embedded in the electricity that is used as an
intermediate good. However, the relevant shares account for final demand items
as well. Therefore, some of the emissions embedded in electricity are assigned
to the final uses and are not redistributed to non-electricity sectors with respect
to intermediate electricity use.

For all sectors, emissions increase; however, a reduction in electricity emissions
from 12.23 MtCO2eq to 0.42 MtCO2eq is observed due to the differences in
intermediate and final usage of electricity as well as the implied redistribution
of emissions. The reduction in electricity emissions is larger than the sum of the
increases in the other sectors. Hence, there was a fall in the PBA emissions.

Without any reallocation, the sectors with the highest PBA emissions are the an-
imal agriculture sector (22.42 MtCO2eq), fuels sector (12.48 MtCO2eq), elec-
tricity sector (12.23 MtCO2eq), other transport sector (11.26 MtCO2eq) and the
metal and mineral products sector (4.17 MtCO2eq). These account for approxi-
mately 85% of the PBA emissions.

The emissions from animal-related agriculture are mostly methane emissions
due to cattle, i.e., 17.79 MtCO2eq. Regarding fuels, this accounts for the emis-
sions from households’ consumption of fuels. Most of the fuel-related emissions
are from the consumption of petroleum and coal products. From the metal and
mineral products sector, 3.25 MtCO2eq is accounted for by the mineral products
not elsewhere classified sector. This sector corresponds to sector 23 under the
ISIC Revision 4 classification, which includes cement production.12

Electricity redistribution does not change the relative importance of these sec-
tors. The main change is the fall in the electricity-related PBA emissions, an
expected outcome of the adopted emission redistribution.

4.2 Emissions embedded in trade

To calculate CBA emissions, we first need to estimate the emissions embedded
in international trade. This is done in accordance with Equations 11, 12 and 14
and the obtained data is presented in Table 2. Before proceeding, it should be

12 For a concordance between GTAP and ISIC Revision 4 sector, https://www.gtap.agecon.purdue.edu/databases/
contribute/concordinfo.asp.
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noted that the air transport (ATP) related emissions in Table 2 are not processed
other than what the relevant equations imply, i.e., the air transport sector (ATP)
related interventions to PBA and CBA emissions as in Equations 15 and 16 have
not been done.

Under the assumption of no redistribution of emissions, the largest amount
of emissions embedded in direct and indirect imports is observed for the fuel
(7.49 MtCO2eq), chemical products (3.48 MtCO2eq) and animal agriculture
(2.05 MtCO2eq) sectors. Regarding fuel-related imported emissions, the largest
item is the directly imported emissions from petroleum and coal products (3.12
MtCO2eq). The second largest item is the indirectly imported emissions due to
gas (2.21 MtCO2eq), and the third largest item is the indirectly imported emis-
sions embedded in petroleum and coal products (1.10 MtCO2eq). Regarding
animal-related agriculture trade, the emissions are embedded in the directly im-
ported emissions from cattle (1.79 MtCO2eq).

The sector with the largest amount of emissions in exports is the ATP (air trans-
port) sector with 15.30 MtCO2eq emissions.13 The next largest is the exports
from the animal agriculture sector (3.64 MtCO2eq), with cattle accounting for
most of this figure (3.07 MtCO2eq). Finally, the chemical products sector, with
1.59 MtCO2eq, takes third place in terms of exported emissions.

The presented values paint Ireland as a net exporter of emissions; a net amount
of 5.88 MtCO2eq emissions are exported. This is due to the export of air
transport-related emissions. However, if air transport emissions are excluded,
Ireland is a net importer of emissions. Such an exclusion of international avi-
ation emissions from the national account of emissions is standard procedure.
The methodology of recording emission inventories is from the Intergovern-
mental Panel on Climate Change (IPCC, 2008). The methodology allocates
international aviation emissions due to flights originating from one country and
arriving in a different country to international bunkers. Thus, in practice, the
emissions from these flights are not assigned to the national emissions invento-
ries of countries.

13 It should be kept in mind that this number includes data on international aviation bunkers, allocated to Ireland; for details see
(Chepeliev, 2020a, p. 13).
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Table 2: Emissions embedded in Ireland’s international trade

No redistribution ELY redistribution ELY&CTL redistribution

Imported Exported Net imported Imported Exported Net imported Imported Exported Net imported
(direct and and (direct and and (direct and and
indirect) reexported indirect) reexported indirect) reexported

Agriculture, plant 1.23 0.86 0.37 1.39 0.90 0.48 1.39 0.90 0.48
Agriculture, animal 2.05 3.64 -1.59 2.12 3.86 -1.74 1.45 8.86 -7.41
Other extraction 0.05 0.03 0.02 0.07 0.08 -0.01 0.07 0.08 -0.01
Fuels 7.49 0.66 6.83 8.00 0.70 7.30 8.00 0.70 7.30
Food, beverage, tobacco 0.35 0.70 -0.35 0.58 1.35 -0.78 0.58 1.35 -0.78
Chemical products 3.48 1.59 1.89 4.60 2.65 1.95 4.60 2.65 1.95
Basic pharmaceuticals 0.20 0.28 -0.08 0.61 0.66 -0.05 0.61 0.66 -0.05
Metal and mineral products 1.88 0.93 0.95 2.63 1.36 1.27 2.63 1.36 1.27
Machinery manufacturing 0.37 0.54 -0.16 1.21 1.39 -0.18 1.21 1.39 -0.18
Other manufacturing 0.47 0.17 0.29 1.26 0.53 0.74 1.26 0.53 0.74
Electricity 0.22 0.57 -0.35 0.01 0.02 -0.01 0.01 0.02 -0.01
Water and waste management 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01
Construction 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01
Air transport 1.67 15.30 -13.63 1.68 15.37 -13.69 1.68 15.37 -13.69
Other transport 0.66 1.08 -0.41 0.68 1.09 -0.41 0.68 1.09 -0.41
Other services 1.32 0.98 0.34 3.96 2.34 1.62 3.96 2.34 1.62

SUM 21.46 27.34 -5.88 28.82 32.30 -3.48 28.15 37.29 -9.14

Note: Imported emission refers to EMISSimp
c,r , Equation 11. Indirect imported emission refers to IND IMP EMISSc,r, Equation 14. Exported emission refers to EMISSexp

c,r ,
Equation 11. Re-exported emission refers to REXP EMISSc,r, Equation 12. Net imported emission is calculated as [EMISSimp

c,r + IND IMP EMISSc,r]− [EMISSexp
c,r +

REXP EMISSc,r].
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There is a positive amount of net imported emissions from fuel commodities
with a net import value of 6.83 MtCO2eq. Petroleum and coal are the dominant
goods for fuels. Finally, the chemical products sector is a relatively large net
importer of emissions with 1.89 MtCO2eq.

The reallocation of electricity emissions does not change the substantial amount
of emission imports due to fuels, with petrol and coal products and gas having
the largest shares in fuel-related imported emissions. The second largest amount
of emissions is from the chemical products sector, and the third largest now is the
other services sector (3.96 MtCO2eq), with business services not elsewhere clas-
sified taking up the largest share. This jump in the ranking of business services
is an expected outcome of the electricity emission redistribution and points to
the importance of energy inputs and the related emissions embedded in service
trade. Ranking fourth is metal and mineral products with imported emissions of
2.63 MtCO2eq. Though very detailed data is not available, this sector includes
cement production, which is a likely candidate driving the high emissions.

Figure 2: Sources of imported emissions
Note: The figure is based on data with electricity and cattle emissions redistributed. The underlying data
is MtCO2eq. White-shaded countries have been excluded from the figure to maintain exposition clarity.

In terms of exported emissions, the largest value is for air transport services.
Next is the animal agriculture commodities with 3.86 MtCO2eq. Third is the
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chemical products sector (2.65 MtCO2eq), and the fourth place is held by other
services (2.34 MtCO2eq). When air transport is omitted, Ireland is once more a
net importer of emissions by 10.21 MtCO2eq. Most of these can be accounted
for by fuels (7.30 MtCO2eq), especially petroleum and coal products.

The reallocation of cattle-related emissions within the animal agriculture sector,
in addition to electricity emission redistribution, will impact only the interna-
tional trade-embedded emissions of the animal agriculture sector. The imported
emissions of Ireland for this sector fall to 1.45 MtCO2eq and the exported emis-
sions increase to 8.86 MtCO2eq. The sector becomes a net exporter of 7.41
MtCO2eq emissions. This reduces the net emission imports of Ireland from
10.21 MtCO2eq to 4.54 MtCO2eq, excluding air transport-related emissions.

4.3 Geographical sources of imported emissions

Identifying the countries from which Ireland imports emissions is valuable. To
delve into the details of this, Figure 2 is presented. The figure shows the ge-
ographical distribution of directly imported emissions, with redistributed elec-
tricity and cattle-related emissions.

Two countries account for a large portion of the directly imported emissions.
Of the 20.08 MtCO2eq of directly imported emissions, 5.86 MtCO2eq (29.16%
of the total) originate from the United Kingdom and 3.08 MtCO2eq (15.35% of
the total) originate from the United States of America (USA). Also with high
shares in imported emissions are Germany (0.98 MtCO2eq, 4.87% of total),
China (0.95 MtCO2eq 4.75% of total), Russia (0.87 MtCO2eq 4.35% of total),
the Netherlands (0.65 MtCO2eq 3.04% of total) and India (0.78 MtCO2eq 3.89%
of total).

A further detailing of imported emissions is presented in Table 3, where im-
ported emissions are presented with respect to their sector and their source coun-
try. Most of the imported emissions are embedded in the fuel sector. These
mostly originate from the United Kingdom, the USA, Russia and the Nether-
lands. The second sector is the chemical products sector, where emissions
mainly come from the United Kingdom, the USA and Germany. The other
services sector also accounts for a large share of imported emissions due to the
reallocation of embedded emissions in electricity. The largest of these shares
also originate from the United Kingdom, the USA and Germany. Next in terms
of imported emissions is the metal and mineral products sector, where emissions
are mainly imported from the United Kingdom, China and Germany. Lastly is
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the animal agriculture product sector, where the emissions mainly come from
the United Kingdom.

Table 3: Sector and country details of imported emissions, MtCO2eq

UK USA Germany China Russia Netherlands India

Agriculture, plant 0.555 0.036 0.059 0.004 0.000 0.148 0.006
Agriculture, animal 1.065 0.071 0.025 0.002 0.000 0.055 0.000
Other extraction 0.013 0.001 0.001 0.002 0.000 0.001 0.007
Fuels 4.956 0.687 0.011 0.005 0.431 0.185 0.074
Food, beverage, tobacco 0.293 0.025 0.054 0.004 0.003 0.035 0.002
Chemical products 1.141 0.799 0.296 0.172 0.255 0.181 0.109
Basic pharmaceuticals 0.079 0.156 0.102 0.097 0.000 0.015 0.008
Metal and mineral products 0.973 0.140 0.193 0.238 0.008 0.023 0.247
Machinery manufacturing 0.344 0.107 0.185 0.106 0.035 0.021 0.018
Other manufacturing 0.505 0.098 0.094 0.110 0.007 0.037 0.039
Electricity 0.006 0.000 0.000 0.000 0.000 0.000 0.000
Water and waste management 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Construction 0.006 0.000 0.000 0.001 0.000 0.000 0.000
Air transport 0.570 0.231 0.022 0.005 0.060 0.041 0.000
Other transport 0.059 0.085 0.008 0.009 0.047 0.023 0.001
Other services 0.439 1.021 0.203 0.272 0.068 0.115 0.324
SUM 11.005 3.457 1.254 1.027 0.914 0.881 0.835

Note: The data is for the case under which both electricity and cattle emissions are reallocated.

4.4 PBA vs CBA emissions

Finally, let us compare the PBA emissions with the CBA emissions as presented
in Table 4. The table shows that the total amount of CBA emissions is greater
than the total amount of PBA emissions for all the considered cases. If no redis-
tribution of emissions is done, the total of the CBA emissions is 12% higher than
the total of PBA emissions. With electricity redistribution, emissions embedded
in imported commodities increase, as seen in Table 2. Hence, upon the redis-
tribution of electricity emissions, the total amount of CBA emissions becomes
16% higher than the total PBA emissions. With cattle-related emissions redis-
tributed, the emissions embedded in animal agriculture exports increase, and the
excess of CBA over PBA decreases to 8%.

Comparable data publicly available for a comparison of PBA and CBA emis-
sions is limited. Our World in Data reports territorial emissions for Ireland in
2017 as 39.08 MtCO2 and consumption-based emissions as 49.80 MtCO2. 14

The CBA emissions are 27% more than the PBA emissions. EORA-based re-
14 https://ourworldindata.org/co2-and-greenhouse-gas-emissions#explore-data-on-co2-and-greenhouse

-gas-emissions. Note that the reported data is only CO2 and not CO2 equivalent.
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Table 4: PBA vs CBA emissions of Ireland

No ELY ELY and CTL
redistribution redistribution redistribution

PBA CBA PBA CBA PBA CBA
Agriculture, plant 2.89 3.26 2.98 3.47 2.98 3.47
Agriculture, animal 22.42 20.82 22.75 21.00 22.75 15.34
Other extraction 0.16 0.18 0.49 0.49 0.49 0.49
Fuels 12.48 19.31 12.51 19.82 12.51 19.82
Food, beverage, tobacco 0.70 0.35 1.44 0.66 1.44 0.66
Chemical products 0.25 2.13 0.90 2.85 0.90 2.85
Basic pharmaceuticals 0.20 0.12 0.40 0.35 0.40 0.35
Metal and mineral products 4.17 5.12 5.00 6.27 5.00 6.27
Machinery manufacturing 0.50 0.34 1.24 1.07 1.24 1.07
Other manufacturing 0.11 0.40 0.58 1.32 0.58 1.32
Electricity 12.23 11.88 0.42 0.41 0.42 0.41
Water and waste management 0.94 0.95 1.28 1.29 1.28 1.29
Construction 0.32 0.32 0.37 0.37 0.37 0.37
Air transport 2.82 3.77 2.83 3.79 2.83 3.79
Other transport 11.26 10.84 11.33 10.92 11.33 10.92
Other services 2.15 2.49 4.86 6.48 4.86 6.48
SUM 73.60 82.30 69.39 80.55 69.39 74.89
CBA/PBA ratio 1.12 1.16 1.08

sults show territorial emissions of 59.7 MtCO2eq and CBA of 72.1 MtCO2eq
for Ireland in 2017, an excess of 21%.15 Davis & Caldeira (2010) use GTAP
7 data supplemented from various sources to calculate global CBA emissions.
Their supplementary information reports a PBA of 43.90 MtCO2 compared to a
CBA of 55.40 MtCO2 for Ireland in 2004, implying an excess of 26%. Nakano
et al. (2009) report a PBA value of 41 MtCO2 and a CBA value of 50 MtCO2 in
2000, now an excess of 22%. Their results are based on OECD Input-Output ta-
bles, the STAN Trade Database and IEA’s CO2 Emissions Database. Wood et al.
(2019) calculate CBA values from multiple MRIOs and examine the variations
in the obtained results. They report a modal average PBA of 43.57 MtCO2 and
a CBA of 45.73 MtCO2 for Ireland in 2016. In this case, CBA emissions exceed
PBA emissions by 5%. With a slightly different calculation approach and us-
ing the EXIOBASE database augmented by other data sources, Bruin & Yakut
(2022) calculate the PBA as 61 MtCO2eq and CBA as 106 MtCO2eq; CBA is
74% more than PBA year 2019.

Our estimates are in line with the estimates found in the literature. Deviations
can be attributed to the way data is composed in the GTAP 11 database. A
15 https://www.worldmrio.com/footprints/carbon/
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comparison of the emissions data in the GTAP 11 database and the EURO-
STAT Greenhouse Gas Emissions data for Ireland implies that the GTAP 11
data slightly overstates the level of emissions (both consumption and produc-
tion). Once that is taken into account, the CBA and PBA values presented are
in line with those of other studies. Sector-specific deviations of PBA and CBA
emissions are due to the emissions embedded in international trade and can be
examined through Table 2. Furthermore, one should note that this study consid-
ers multiple GHGs and reports CO2 equivalent emissions, whereas most studies
referred to here present only CO2 emissions.

5 CONCLUSION

This study presents the PBA and CBA emissions of Ireland in 2017 calculated
using the GTAP 11 database. Calculations show that PBA emissions of Ire-
land are concentrated in animal agriculture, fuels, electricity and other transport
sectors, including land transportation. CBA emissions are obtained from PBA
emissions by correcting for international trade. We find that most of the im-
ported emissions are embedded in the fuel, chemical products and animal agri-
culture sectors. Exported emissions are concentrated in air transport and animal
agriculture.

A further examination of the imported emissions by source revealed that these
originate from Ireland’s major trade partners. Imported fuel-embedded emis-
sions originate from the United Kingdom, the USA, Russia and the Netherlands.
The imported emissions embedded in the chemical products sector are mostly
from the United Kingdom, the USA and Germany. The imported emissions from
the animal agricultural products sector are imported from the United Kingdom
and are a considerable amount. The calculated CBA emissions are 8% to 16%
larger than the PBA emissions, depending on the adopted emission redistribu-
tion method. A likely driver of the limited number of studies determining PBA
and CBA emissions in the literature is the complexity of performing such cal-
culations. Additionally, because of the number of adjustments needed to use
GTAP 11 data, it is unsurprising that MRIOs are often used instead to calculate
PBA and CBA emissions.

The calculated values need to be approached carefully as two data-related issues
are concerning. Firstly, although GTAP 11 is one of the more reliable databases
covering multiple countries, it is subject to data gathering and rearrangement
practices. Consider, for example, the way international trade is handled. A
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given trade flow is reported by both the destination country (importer) and the
source country (exporter). In some cases, the value of the trade flow reported
by the exporter and the importer may not match. This is not acceptable, for the
GTAP 11 database is gathered as a database for the GTAP computable general
equilibrium model where the mathematical structure of the model necessitates a
single numerical value for a given trade flow. To reconcile bilateral trade data,
the reliability of the reported trade data is assessed, and in some instances, trade
data reported by some countries may be completely ignored (Gehlhar, 1996).
Such practices are necessary and may cast doubt on the reliability of the calcu-
lated PBA and CBA values.

Secondly, irrespective of the data source used, the calculation of country-specific
emissions may require approaches tailored for each individual country. For
example, in GTAP 11, the international aviation emissions data is assigned to
countries by their air transport service exports. In the case of Ireland, this over-
estimates the domestic air transport emissions and requires a data intervention.
This may be an issue in the GTAP database and may also be the case in other
databases.

The case in favour of the GTAP 11 database is its extensive coverage across
countries and sectors. This is a key advantage of the database. Further work
on this topic will involve an international comparison of CBA emissions for a
number of countries. The GTAP 11 database contains more than 160 countries.
The calculations applied here can be replicated for the other countries within the
GTAP 11 database. A comparison of similar countries would enable a deeper
understanding of the position of Ireland in terms of their contributions to global
emissions.
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Stadler, K., Wood, R., Bulavskaya, T., Södersten, C.-J., Simas, M., Schmidt, S., . . . Tukker, A. (2018).

EXIOBASE 3: Developing a time series of detailed environmentally extended multi-regional input-

output tables. Journal of Industrial Ecology, 22(3), 502-515. doi: https://doi.org/10.1111/jiec.12715

30

https://www.sciencedirect.com/science/article/pii/S0306261918317033
https://doi.org/10.1080/09535314.2014.935298
https://www.oecd-ilibrary.org/content/paper/227026518048
https://doi.org/10.1080/09535314.2014.935299
https://www.sciencedirect.com/science/article/pii/S0959652618340277
https://www.sciencedirect.com/science/article/pii/S0959652618340277
https://doi.org/10.1021/acs.est.8b00632
https://doi.org/10.1021/acs.est.8b00632


Steubing, B., de Koning, A., Merciai, S., & Tukker, A. (2022). How do carbon footprints from LCA

and EEIOA databases compare? A comparison of ecoinvent and EXIOBASE. Journal of Industrial

Ecology, 26(4), 1406-1422. Retrieved from https://onlinelibrary.wiley.com/doi/abs/10

.1111/jiec.13271 doi: 10.1111/jiec.13271

Tukker, A., Pollitt, H., & Henkemans, M. (2020). Consumption-based carbon accounting: Sense and

sensibility. Climate Policy, 20(S1), S1-S13. doi: https://doi.org/10.1080/14693062.2020.1728208

Tukker, A., Wood, R., & Schmidt, S. (2020). Towards accepted procedures for calculating international

consumption-based carbon accounts. Climate Policy, 20(sup1), S90–S106. Retrieved from https://

doi.org/10.1080/14693062.2020.1722605 doi: 10.1080/14693062.2020.1722605

UNFCCC. (2016). Aggregate effect of the intended nationally determined contributions: An update

(Tech. Rep.). Bonn: Author.

Wood, R., Moran, D., Stadler, K., Ivanova, D., Steen-Olsen, K., Tisserant, A., & Hertwich, E. G. (2018).

Prioritizing consumption-based carbon policy based on the evaluation of mitigation potential using

input-output methods. Journal of Industrial Ecology, 22(3), 540-552. Retrieved from https://

onlinelibrary.wiley.com/doi/abs/10.1111/jiec.12702 doi: 10.1111/jiec.12702

Wood, R., Moran, D. D., Rodrigues, J. F. D., & Stadler, K. (2019). Variation in trends of consumption

based carbon accounts. Scientific Data, 6(99). doi: 10.1038/s41597-019-0102-x

Wu, X., Guo, J., Meng, J., & Chen, G. (2019). Energy use by globalized economy: Total-

consumption-based perspective via multi-region input-output accounting. Science of The Total En-

vironment, 662, 65-76. Retrieved from https://www.sciencedirect.com/science/article/

pii/S004896971930124X doi: 10.1016/j.scitotenv.2019.01.108

Yamano, N., & Guilhoto, J. (2020). CO2 emissions embodied in international trade and

domestic final demand: Methodology and results using the oecd inter-country input-

output database. OECD Science, Technology and Industry Working Papers. Retrieved

from https://www.oecd-ilibrary.org/science-and-technology/co2-emissions

-embodied-in-international-trade-and-domestic-final-demand 8f2963b8-en doi:

10.1787/8f2963b8-en
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Appendix A

Table A.1: Sector list

Sector Name GTAP11 Name
abbreviation abbreviation
FUEL Fuels COA Coal

OIL Oil
GAS Gas
P C Petroleum, coal products
GDT Gas manufacture, distribution

AGR Agriculture, plant PDR Paddy rice
WHT Wheat
GRO Cereal grains nec
V F Vegetables, fruit, nuts
OSD Oil seeds
C B Sugar cane, sugar beet
PFB Plant-based fibers
OCR Crops nec
FRS Forestry

ANM Agriculture, animal CTL Bovine cattle, sheep and goats, horses
OAP Animal products nec
RMK Raw milk
WOL Wool, silk-worm cocoons
FSH Fishing
CMT Bovine meat products
OMT Meat products nec

XTR Other extraction OXT Other Extraction (formerly omn Minerals nec)
FBT Food, beverage, tobacco VOL Vegetable oils and fats

MIL Dairy products
PCR Processed rice
SGR Sugar
OFD Food products nec
B T Beverages and tobacco products

CHM Chemical products CHM Chemical products
BPH Basic pharmaceuticals BPH Basic pharmaceutical products
MTL Metal and mineral products NMM Mineral products nec

I S Ferrous metals
NFM Metals nec
FMP Metal products

OMANUF Other manufacturing TEX Textiles
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WAP Wearing apparel
LEA Leather products
LUM Wood products
PPP Paper products, publishing
RPP Rubber and plastic products
OMF Manufactures nec

MANUF Machinery manufacturing ELE Computer, electronic and optical products
EEQ Electrical equipment
OME Machinery and equipment nec
MVH Motor vehicles and parts
OTN Transport equipment nec

ELY Electricity ELY Electricity
WTR Water and waste management WTR Water
CNS Construction CNS Construction
OTP Other transport OTP Transport nec

WTP Water transport
ATP Air transport ATP Air transport
OSR Other services TRD Trade

AFS Accommodation, Food and service activities
WHS Warehousing and support activities
CMN Communication
OFI Financial services nec
INS Insurance (formerly isr)
RSA Real estate activities
OBS Business services nec
ROS Recreational and other services
OSG Public Administration and defense
EDU Education
HHT Human health and social work activities
DWE Dwellings
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