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Greenhouse gas (GHG) emissions, and in particular CO2, are critical drivers of
climate change, necessitating coordinated global efforts to mitigate their impact.
This has led the Kingdom of Saudi Arabia (KSA) to launch several ambitious
initiatives to curb its own emissions. However, there remain significant challenges
when it comes to measuring outcomes, due to uncertainties in the existing
methods and data. This current study therefore employs Production-Based (PB)
and Consumption-Based (CB) emission accounting methods for KSA,
emphasizing strategies to minimize the uncertainty inherent in these models.
The results reveal that KSA is a net carbon exporter, with PB emissions (523million
tonnes CO2 equivalent (CO2e)) exceeding CB emissions (471 million tonnes
CO2e). In addition, the validity of the applied methodology is supported by the
literature. This research finds that private households form the largest
contributors, along with sectors including electricity, land transport, water,
and construction, as well as chemical, rubber, and plastic. The findings also
confirm the potential for targeted policies to reduce emissions, i.e., the
promotion of energy-efficient appliances, enhanced home insulation, public
transportation, and recycling. Furthermore, this study highlights the
importance of national investment in the accurate measurement of emissions
and detailed energy statistics.
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1 Introduction

Greenhouse gas (GHG) emissions exert a profound impact on the environment and
pose a threat to human health (Calvin et al., 2023). CO2 emissions are responsible for two-
thirds of GHG emissions, and currently demonstrate an unprecedented global atmospheric
level, surpassing 420 parts per million (ppm) (Miao and Nduneseokwu, 2024; Clavier et al.,
2024), representing a 51% increase compared to pre-industrial levels (Chen and Lee, 2024;
Lugo-Morin, 2025). This therefore demands a coordinated global effort to reduce emissions
and mitigate the risk of climate change. In November 2024, the UN Climate Change
Conference (COP29) in Baku (Azerbaijan) agreed on a new finance target to minimize the
impact of climate change on every country (This New Finance Goal is an Insurance Policy
for Humanity, 2024; COP29, 2024). In addition, it implemented the Paris Climate
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Agreement to finalize the technical rules for international carbon
markets, in which countries voluntarily pledged to curb their
emissions in a collective effort to prevent the global average
temperature from reaching 2°C above pre-industrial levels
(UNFCCC, 2021). The Kingdom of Saudi Arabia (KSA) has
therefore committed to combating climate change, launching a
wide range of initiatives and programs, including to generate
50% of its electricity using renewable energy by 2030, and
implement the circular carbon economy, which targets
achievement of the 4 Rs: Reduce, Reuse, Recycle, and Remove
CO2 emissions. KSA now aims to become a global leader in the
production and export of clean hydrogen. Another key goal is to
enhance energy efficiency across its industries, transportation,
buildings, and household appliances. In addition, it is removing
CO2 emissions by developing carbon capture and storage technology
and planting 10 billion trees across its regions (Leadership Vision,
2024; Saudi and Middle East Green Initiatives, 2024; Saudi and
Middle East Green Initiatives, 2022; Saudi Energy Efficiency
Center, 2023).

The concept that “if you cannot measure it, you cannot improve
it” (Albrecht and Brummett, 2021) highlights the fundamental role
played by accurate measurement in driving meaningful change. This
aligns with the idea that “you are what you measure”, suggesting that
the metric adopted by an organization or country shapes both its
decisions and actions (Hauser and Katz, 1998). In the context of
GHG emissions, these principles emphasize the necessity of more
precise accounting methods, i.e., vital to consider other emissions
embedded in the supply chain when transitioning from coal to
renewable energy sources. Furthermore, it is crucial to ensure
accurate measurements for tracking progress, in order to confirm
that reductions are real, rather than assumed. However, countries
and organizations tend to rely on readily available tools and
methods, which often use averaged data that may not reflect
actual national or sector-specific emissions. This reliance on
simplified calculations can lead to misinformed policies and
ineffective mitigation strategies, so reinforcing the need for more
precise GHG accounting. Additionally, imperfect methods can lead
to ‘carbon leakage’, in which accounting from a certain angle causes
a shift of emissions between regions. Carbon leakage is broadly
defined in two different concepts: firstly, weak carbon leakage (also
named the consumption-induced carbon leakage), and secondly,
strong carbon leakage (i.e., policy-induced carbon leakage) (Peters,
2010; Steininger et al., 2014). The first can be indicated by
comparing territorial- and consumption-based emissions, with
weak carbon leakage implied when the latter are found to be
higher. The second can be studied by using computable general
equilibrium models. (Peters, 2010).

The challenge of addressing climate change can only be
undertaken through a reduction in the main driver, i.e., carbon
emissions. Countries generally announce their targets, which
requires a reliable accounting method to measure the existing level
of emissions, so assuring transparency and future replication. The
Intergovernmental Panel on Climate Change (IPCC) has developed a
GHGemissions inventory standard for countries that estimates GHGs
solely on domestic production, i.e., only those emissions released
within the spatial-political borders. The IPCC Production-Based (PB)
(also named territorial-based) inventory standard has been ratified by
many countries, and subsequently used to submit their calculated

emissions to the United Nations Framework Convention on Climate
Change (UNFCCC). An alternative method is the Consumption-
Based (CB) inventory, in which emissions are calculated based on
domestically consumed goods and services, regardless of where they
were produced. Thus, PB and CB models differ when it comes to the
treatment of the emissions of traded goods (exports and imports),
including that PB models do not fully include emissions related to
trade. In addition, it is notable that the World Resource Institute
(WRI) supports the use of the CB accounting method for estimating
the emissions of cities, with carbon emissions scopes defined as
follows: Scope 1 includes emissions sourced within the region’s
boundary; Scope 2 includes emissions from using electricity, steam,
heating/cooling within the region’s boundary; and Scope 3 includes
emissions caused by domestic consumption and sourced outside the
region’s boundary. The definitions of these scopes indicate that the
first two can be considered PB emissions, and all three can be seen as
CB emissions.

In response to these challenges, this study addresses the
following questions. Firstly, is it possible to develop an efficient
tool that requires less effort while producing more reliable results,
enabling countries to achieve ambitious sustainability goals?
Secondly, how much discrepancy will the models show between
the global average emissions and the emission estimations from
KSA? Thirdly, is KSA a net emissions exporter or importer?

To answer these questions, the researcher used a comprehensive
model called Environmentally Extended Input-Output Life Cycle
Assessment (EIO-LCA) (Hendrickson et al., 2016) to trace the
journey of products from raw materials to the end of their
lifecycle (i.e., the whole economy). EIO-LCA is an integrated
model that quantifies environmental impacts by combining
Economic Input-Output (EIO) analysis with Life Cycle
Assessment (LCA). The EIO framework represents a nation’s
economy through a table capturing the interdependences between
economic sectors (industries) and their relationship with both
domestic and international consumers. By integrating LCA, EIO-
LCA extends this analysis to assess the environmental impacts
associated with products and services throughout their lifecycle,
from raw material extraction to disposal, thus facilitating the
calculation of GHG emissions from the perspective of both
consumers and producers. Hence, this study also aims to identify
the sectors and types of consumers responsible for the majority of
emissions. Furthermore, EIO-LCA can quantify environmental
impacts beyond GHG emissions, including water scarcity
(Ridoutt et al., 2018), land use (Schmidt and De Rosa, 2018),
biodiversity loss (Marques et al., 2017), air pollution (Roca and
Serrano, 2007), and metal use (Nakamura et al., 2008).

Several previous studies have analyzed GHG emission
accounting at national and sectoral levels, including Rahman
et al. (2022), who applied the IPCC 2006 Guidelines to assess
emissions from KSA’s industrial processes, and Hamieh et al.
(Quantification and analysis of CO2, 2023), who examined
sectoral CO2 footprints using conventional emissions estimation
methods. Additionally, multiple reports from organizations listed in
Table 1 have provided emissions estimates that cover only specific
sectors of the economy, rather than a full-economy perspective.

While these studies have contributed valuable understanding of
GHG accounting, they primarily focus on direct emissions or use
methodologies that fail to comprehensively capture the impact of
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supply chain and trade-related emissions. This current study is thus
unique in employing an enhanced EIO-LCA approach, while also
improving its precision by calculating sector-specific emission
intensities for key KSA industries, in order to overcome a
common limitation of traditional EIO-LCA, which often lacks
precision due to reliance on sector-wide averages. To the best of
our knowledge, existing studies of regions like KSA do not inquire
beyond average emission intensities, while this current research
provides a more precise investigation into industries, technologies,
and types of fuel. Furthermore, unlike studies focusing on individual
industrial sectors, this research estimates total national emissions,
accounting for both direct and indirect emissions while also
considering those relate to trade. This comprehensive approach
offers a more holistic and policy-relevant perspective that facilitates
better-informed decisions for emissions mitigation and
economic planning.

This study therefore lays the groundwork for the development of
an online tool to enable producers and consumers to measure their
emissions quickly and in a cost-effective manner, to make informed
decisions concerning their management. The model thus serves as a
valuable screening tool, allowing policymakers, businesses, and
sustainability analysts to identify key processes (or sectors)
responsible for emissions. By highlighting these high-impact
areas, the study provides a foundation for more detailed
investigations using methods such as process-based LCA
(Hendrickson et al., 2016), so ultimately supporting more
effective emissions reduction strategies.

The current objectives are to introduce the applied method of
GHG estimations, explain the data employed, present the results and
compare the GHG estimations with those in the literature.

2 Methods

This study applied and evaluated PB and CB approaches to
calculating a region’s carbon footprint. Firstly, the mathematical

basis of the economic IO (Leontief) (Leontief, 1986) is as in
Equation 1:

X � I − A( )−1Y (1)
where X is the total monetary required production vector whose
elements represent the total output of each economic sector, I is the
identity matrix, and A is the technology matrix that shows the
required outputs of the other economic sectors to produce
US$1 output of each sector. Thus, the multiplicative matrix
inverse (I − A)−1 represents the total requirements matrix. Y is
the vector of the final demand. The carbon emissions can be
calculated by multiplying X by the carbon intensity R whose unit
is kg CO2 equivalent/US$. Therefore, carbon emissions E can be
calculated by Equation 2:

E � RX � R I − A( )−1Y (2)

The lower levels of time and expense associated with the EIO-
LCA model often result in uncertainty. This study therefore
prioritizes the identification and mitigation of these uncertainties,
which stem from both the economic IO model and the
environmental LCA component. One major limitation arises
from the aggregation of industries into broad sectors, assuming
homogeneity in production processes—an approach known as the
‘average production’ assumption. To address this, the emission
intensity values (R) were calculated specifically for the most
emission-intensive sectors in Saudi Arabia, based on the
dominant industries within each sector (see Appendix S1).
Furthermore, while IO models traditionally reflect production
prices and exclude downstream life cycle stages (i.e., cradle to
gate), this study adopted a database with a purchase price basis
(cradle to consumer), following recommendations from a well-
established textbook on LCA (Hendrickson et al., 2016). The
analysis also improves on the common assumption that imported
and domestic goods share identical production processes. Instead,
the technology matrix A was differentiated for domestic and
imported flows, and foreign emission intensities were

TABLE 1 A comparison between the results of this study and literature.

PB (million
tonnes)

CB (million
tonnes)

Per capita CO2e
emissions (tonne)

Emissions included

This study 523 471 20.84 The whole KSA economy

Our World in Data (Ritchie and
Roser, 2022)

540.58 529.19 21.55 Fossil fuel combustion and other industrial processes

Global Carbon Budget
(Friedlingstein et al., 2022)

519.24 ---- 20.70 Fossil fuel combustion, bunkers and cement production

CEIC Data (CEIC, 2022a) 414.17 497.64 16.51 Fossil fuel combustion and other industrial processes

IEA (IEA, 2024) 434 ---- 17.30 Fossil fuel combustion

EDGAR (Crippa et al., 2022) 509.2 ---- 20.29 Fossil fuel combustion and cement production

BP (Dale, 2021) 499.8 ---- 19.92 Fossil fuel combustion

DNA (National Inventory, 2024;
UNFCCC, 2024)

485.52 ---- 19.35 fuel combustion, industrial processes, transportation,
solvent and other products use, agriculture, waste

EnerData (CO2 Emissions from
fuel Combustion, 2024)

487 ---- 19.41 Fossil fuel combustion
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incorporated based on global averages—an innovative aspect that
reduces uncertainty related to trade. Additionally, the use of the IO
model’s matrix inversion inherently accounts for circular economic
flows, enhancing system completeness. Finally, to quantify the
remaining uncertainty, particularly in sectoral CO2e intensities, a
Monte Carlo simulation was conducted to assess its impact on total
national emissions and test the robustness of the results.

2.1 The EIO-LCA models for production
based (PB) and consumption based (CB)
emissions accounting

The PB accounting method is officially recognized by an
international environmental agreement (e.g., the Paris
Agreement), requiring its use by countries when submitting
updated National Determined Contribution (NDC) to UNFCCC
(Tukker et al., 2020; Re-examining the realization of provincial,
2024). This method includes the emissions occurring within the
borders of the country from the producers’ side (the supply side).
This uses Equation 3 that considers the notable features noted above.

EProduction � Rdomestic I − Adomestic( )−1Ydomestic (3)
where R is the carbon intensity calculated for KSA, Adomestic is the
Saudi domestic technology matrix, and Ydomestic is the final demand
which includes household and government domestic consumption,
investment, and exports. For transparency and reproducibility, a
simplified three-sector version of the environmentally extended
input-output (EEIO) table used in this study is provided in
Appendix S2. It illustrates the core structure of the inter-sectoral
transactions, final demand, and environmental extensions
underpinning the EIO-LCA calculations.

The CB accounting method includes emissions caused by Saudi
consumers, regardless of provider. The method exists as an
opposition for the alleged unfairness of the PB method, which
allows for rich countries to leak their emissions abroad. In this
work, Equation 4 is used to calculate the CB emissions.

EConsumption � Rdomestic I − Adomestic( )−1Ydomestic

+ RImports I − AImports( )
−1YImports

− Rdomestic I − Adomestic( )−1YExports (4)

where the first part of the left side of the equation is the PB
accounting equation, the second part of the left side of the
equation accounts for the emissions coming from the imports
using an average Rest of the World (ROW) carbon intensity and
technology matrix. Finally, the third part of the left side of the
equation represents the emissions caused by the KSA exports.

2.2 Data sources

The EIO-LCAmodel combines two types of data. The first is the
economic IO data, which gives the monetary interdependencies
between industries, either domestically or overseas. In addition, IO
data classifies and records the consumers (final demand in this
work) of these industries. The second type of data is environmental,
which in this work is limited to GHG emissions. As noted above, the

reference year for both the IO and environmental data is 2011,
selected for the availability of rigorous data for both the IO and
detailed GHG emissions data for KSA, in addition to the rich
literature allowing the validation and comparison of the
current results.

Firstly, the economic data, based on our models in Equations 3,
4, consist of the technology matrices for both KSA and foreign
industries, and the final demand Ys for domestic, imports, and
exports. These were obtained, or calculated, using the Global Trade
Analysis Project (GTAP 9) database, which covers detailed
information concerning domestic IO tables and their consumers
for 57 economic sectors in 140 regions. Moreover, in addition to
production prices, the GTAP database gives purchase prices
benefitting this analysis, as recommended by Hendrickson et al.
(2016), by accounting for the emissions starting from raw materials
to consumers. In the GTAP nomenclature, the IO tables utilized the
value flows at market prices for domestic and imported
commodities, and at market prices for domestic and imported
traded commodities purchased by private households,
government, and capital (investment) used for the final demands.

When it came to the GHG data, this study used several resources
to calculate or retrieve (in the absence of specific KSA data) the GHG
intensity R values for the 57 domestic and imported GTAP sector.
The researcher used the R values to serve as the emission factors,
representing the amount of CO2-equivalent emitted per unit of
economic output (kg CO2e/US$) for each sector. These values were
calculated specifically for KSA, rather than adopted from IPCC
defaults, by collecting total GHG emissions for each sector in the
year 2011, then dividing them by the corresponding monetary
output from the GTAP IO table for the same year (Hendrickson
et al., 2016). The GHG emission data used to calculate R values were
based on sources following the Tier 3 methodology recommended
by IPCC (Zhu et al., 2023; Eggleston, 2006). Tier 3 provided themost
detailed and accurate estimates, using technology-specific, country-
specific, and fuel-specific emission factors. These used sources to
estimate total GHG emissions for each sector from the Third
National Communication and the First Biennial Update Report
submitted by KSA to the UNFCCC (National Inventory, 2024;
UNFCCC, 2024), which corresponds to 2010 and 2012,
respectively. In addition, the average of the 2010 and
2012 emission values was calculated for each available sector in
order to align with the 2011 reference year of the GTAP IO data used
in this study, which allowed for a more representative and time-
consistent estimation of sectoral carbon intensities. Another vital
source was prepared by Hamieh et al. (Quantification and analysis of
CO2, 2023) and follows the 2006 IPCC Guidelines, while OECD
Inter-Country GHG footprint indicators were used for sectors not
included in the previous three important resources (OECD, 2024).
The OECD dataset provided both emission intensities (direct
emissions per dollar of output) and emission multipliers
(including indirect supply-chain emissions) (CO2 Emissions,
2022). It should be noted that only the emission intensity values
were utilized, due to this study focusing on estimating direct
emission factors.

For the purposes of transparency, Appendix S1 includes the
complete list of calculated R values (i.e., sectoral emission factors),
along with the associated GTAP sector names, data sources, and
notes. The researcher recognizes that the assumptions and data
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transformations made in this study introduce inherent uncertainty,
and that it is vital to quantify this in order to understand its impact
on results. Therefore, to assess the uncertainty associated with
sectoral emission intensities, a Monte Carlo simulation was
conducted, for the PB accounting method, by applying a ±10%
uniform variation to the R values (CO2e/US$) across all sectors. In
each of 10,000 iterations, the R values were randomly perturbed and
then multiplied by the corresponding final demand to recalculate
total national emissions. This probabilistic approach follows
established uncertainty analysis practices in EIO-LCA models
(Lenzen et al., 2010; Wiedmann, 2009).

3 Results and discussion

The current research applied the twomethods in relation to KSA
for the year 2011, revealing that the PB emissions were 5.23 E+11 kg
CO2e (523 million tonnes CO2e), higher than CB at 4.71 E+11 kg
CO2e (471 million tonnes CO2e) (Figure 1a). This reveals that KSA
was a net emissions exporter, as the emissions resulting from its
exports were higher than those from its imports, as shown in Figures
1b, c. Moreover, these two graphs show that private households
(regular consumers) were responsible for the majority of the
emissions (41.76% in PB and 46.35% in CB). In both methods,
the second highest emitter was investment (also called gross fixed
capital formation (Aguiar et al., 2022)), while government proved
the lowest.

The researcher undertook a comparison between the results of
these models and the literature (Table 1). As discussed previously, all
values presented in Table 1 correspond to 2011, which was selected
as the reference year due to the availability of consistent economic
and emissions data, as well as to facilitate comparison with existing
literature. Two observations were expected in this comparison.
Firstly, there were few CB estimations, as official environmental
agencies require nations to submit their estimates using the PB
model. Secondly, differences between estimations are expected for

number of complex reasons, one being their boundaries, with some
including only fossil fuel combustion emissions, while others include
the cement industry and the whole economy. In addition, there
remain variable data when it comes to fossil fuel statistics, as the
variety of emission factors used between studies accounting for
country-specific emission factors is available for some, while others
employ average emission factors. This uncertainty can explain the
small range of differences between estimations for developed
countries with higher-quality data (e.g., 3%–5% for the
United States (Gregg et al., 2008)), which increases for less
developed countries (e.g., 15%–20% for China (Gregg et al.,
2008)), and can exceed 50% for countries with a poorly
maintained statistical infrastructure (Andres et al., 2012; Marland
et al., 1999).

Liu et al. (2015) re-evaluated the carbon emissions from China
using updated energy statistics and the measured carbon factor for
the specific coal used in the country, identifying these as 14% lower
in 2013 than other international emissions inventories. Table 1
shows the comparison between the results of this study and other
prominent CO2 inventories, highlighting a number of interesting
observations. Firstly, the results of this analysis are expected to be
higher than other estimations, due to its coverage of the whole
economy. Secondly, despite covering broader emissions, some of the
compared estimates in this analysis show slightly lower numbers, as
they only include narrower boundaries as in Global Carbon Budget
and Emissions Database for Global Atmospheric Research
(EDGAR). Thirdly, the emissions of the PB model are higher in
this analysis than those of CB and OurWorld Data, apart from those
from the China Economic Information Center (CEIC), where the
CB model shows higher emissions than the PB, even though CEIC
obtained their data from (CEIC, 2022b).

It is significant that the CEIC platform reports significantly
lower estimates of emissions for KSA, despite referencing Our
World Data as its source and applying similar system
boundaries. This discrepancy highlights the risk of relying on
secondary data sources without any transparency of

FIGURE 1
(a)Comparison between total PB and CB emissions; (b) composition of PB emissions by final demand components; (c) composition of CB emissions
by final demand components.
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methodology. The comparison presented in this study emphasizes
the importance of countries developing and investing in their own
emissions accounting systems, in order to ensure accuracy and
credibility. Finally, considering the complexity of the comparison,
the results of these analysis models were found to be logical, and the
comparison could therefore be used to validate the methodology for
both models. The per capita emissions were calculated according to
the PB model (Table 1), and a similar population denominator was
applied for all inventories. The population size (25.09 million) for
that year was obtained from the official General Authority for
Statistics (GASTAT) (GASTAT, 2024). The per capita CO2

emissions for KSA in relation to PB and CB were 20.84 tonnes
and 18.77 tonnes, respectively, and the per capita CO2 emissions for
the KSA for all inventories were higher than the global average of
4.88 tonnes that year (Statista, 2023).

As the primary distinction between PB and CB accounting lies in
the treatment of trade, Figure 2 effectively illustrates how sectoral
contributions vary across the two models (sector names and
descriptions are provided in the second column of Appendix S1).
PB emissions are notably higher in the petroleum products (p_c)
and chemical, rubber, and plastic products (crp) sectors, reflecting
KSA’s substantial export activity in these industries. Conversely, the
CB model attributes greater emissions to the machinery and
equipment (ome) sector, due to the country’s significant reliance
on imports in this category. These contrasts highlight the critical role
of trade flows in shaping national emissions profiles and emphasize
the need to consider both production- and consumption-based
perspectives in mitigation planning.

Figure 3 reveals how different economic components drive
emissions across distinct sectors. Private household emissions are
dominated by electricity and transport, highlighting energy-
intensive domestic consumption. These results match with
findings in the literature regarding the main sources of emissions

in KSA (Quantification and analysis of CO2, 2023; Al-Sinan et al.,
2023). The government category emissions were dominated by
public administration, defense, education, and health, with
government spending being the highest in these services
(Alshahrani and Alsadiq, 2014; Haque and Khan, 2019).
Investment-related emissions show substantial contributions from
water, construction, and electricity—reflecting infrastructure
development priorities. The dominance of the water sector can
be explained by KSA being the largest global producer of
desalinated water, with investment in this sector being actively
continued (Technologies, 2024; Alobireed, 2021). Export
emissions are heavily skewed toward petroleum and chemical
products, aligning with Saudi Arabia’s export structure, while
import emissions are most concentrated in machinery and
manufactured goods, indicating reliance on foreign capital and
high-tech equipment. Two notifications require further
discussion. First, the oil sector’s exports represent a significant
portion of KSA’s exports, but the GHG intensity of extracting
and producing oil is significantly lower than burning (OECD,
2024), which explains the small contribution of the oil mining
sector. Second, it might be surprising that electricity is one of the
exporting sectors. However, the exports/imports data shows that in
2011 KSA exported electricity to neighboring countries like Qatar,
Jordan, and others (not specified) (Our World in Data, 2025; Saudi
Arabia Electricity supply, 2011; GWH, 2025). These variations
underscore the importance of disaggregating emissions by
economic function to better inform policy interventions and
trade-adjusted mitigation strategies.

The Monte Carlo simulation for the PB accounting produced a
distribution of total CO2e emissions centered around the baseline
value of 5.23E+11 kg CO2e (Figure 4). The results revealed a 95%
confidence interval of approximately ±20 billion kg CO2e,
demonstrating that small variations in emission intensity

FIGURE 2
The Dominant Sectoral Emission Shares in Saudi Arabia: PB vs. CB Accounting.
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FIGURE 3
The sectoral distribution of greenhouse gas emissions associated with five economic components in KSA: private household consumption (PHH),
government consumption (Gov), investment (Inv), exports, and imports. Sectoral shares are expressed as percentages of each component’s
total emissions.

FIGURE 4
Monte Carlo simulation of the total PB CO2e emissions (±10% random variation in R values).
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assumptions can result in meaningful changes at the national scale.
This range, which spans several percentage points of total emissions,
underscores the potential for misestimating national targets or
mitigation outcomes if uncertainty is not explicitly considered.
These findings not only highlight the importance of
incorporating uncertainty analysis in EIO-LCA studies, but also
emphasize the need for higher-quality sectoral data to improve the
robustness and credibility of national emission inventories.

4 Conclusion and implications

This study demonstrates the value of using both production-
based (PB) and consumption-based (CB) models to
comprehensively assess greenhouse gas (GHG) emissions in KSA.
Applying EIO-LCA with the GTAP database for 2011, the analysis
found that Saudi Arabia is a net carbon exporter, with PB emissions
exceeding CB emissions (523 vs 471 Mt CO2e). The fact that its PB
emissions were higher than its CB emissions indicates that KSA does
not experience significant consumption-induced (weak) carbon
leakage. However, the researcher recommends the benefits of
evaluating the potential presence of policy-induced (strong)
carbon leakage by means of further investigation through
detailed structural decomposition analysis or modeling of trade
patterns and policy dynamics.

The researcher validated the methods used by comparing the
results with literature as an indication of reasonable results.
Moreover, the comparison reveals that some estimates, even with
narrower boundaries, result in higher figures, which may stem from
uncertainties in the emission factors employed or inaccuracies in
energy statistics. These findings highlight the importance of
encouraging countries to invest in accurately measuring their
emission factors, as well as estimating emissions using fully
accessible energy data. In addition, this suggests the need for the
role of international environmental agencies and consultants to shift
towards focusing on auditing and verification.

Sectoral analysis identified electricity, transport, water,
construction, and energy-intensive industries as dominant
emission sources. Private households were found to be key
contributors, emphasizing the need for demand-side
interventions such as energy-efficient appliances, improved
building insulation, and sustainable transport policies. Similarly,
reducing emissions in trade-intensive sectors will require aligning
mitigation efforts with Saudi Arabia’s export and import profiles.

While EIO-LCA offers a rapid and cost-effective method for
hotspot detection, its limitations—including data aggregation,
linearity, and static IO structures—should be acknowledged. This
study addressed uncertainty through careful database selection and
sectoral disaggregation, yet highlights the need for updated and
granular IO datasets, improved emission factor precision, and
hybrid modeling. Future work should focus on refining sector-
specific emission intensities and developing dynamic tools to
support forward-looking policy scenarios. Ultimately, this
research underscores the importance of transparent, trade-

adjusted accounting for national emissions planning and
highlights the potential of EIO-LCA as a practical screening tool
to guide mitigation strategies in data-constrained contexts.
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