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Abstract: This study quantitatively analyses the impacts that recent unprecedent events have had on
the Saudi economy and environment using the Global Trade Analysis Project (GTAP) model. These
events include: the global outbreak of COVID-19 and the associated disruption to the global supply
chain, the alarming rate of climate change, and various political conflicts. These events have affected
global food and energy prices. The results of this study revealed a decline in Saudi GDP, household
income, purchase ability, and welfare. A trade deficit was indicated in the Saudi trade balance because
of higher food prices and a reduction in two of the main Saudi exports (oil and petroleum products).
A decrease in the output of most Saudi industries was shown, despite the increase in exports for most
sectors. This was because of the reduction in Saudi households” domestic consumption. Regarding
the environmental impact, the Input-Output Life Cycle Assessment (IO-LCA) approach was used to
estimate the total CO, emissions of the Saudi economy. In total, approximately 740.6 million metric
tons of CO, emissions were estimated. By using a recently published specific carbon intensity for
Saudi oil, total Saudi CO, emissions were 24.59% less than the non-specific measure.

Keywords: CGE model; sustainability; global food prices; IO-LCA approach; CO; emissions;
GTAP model

1. Introduction

The objectives of the 2030 Sustainable Development Agenda (SDA 2030) and Saudi
Vision 2030 (SV 2030) intersect, directly and indirectly, in terms of multiple goals regarding
raising the quality of living without compromising the pillars of sustainability (economy,
environment, and society). In order to improve quality of life, SDA 2030 aims to eradicate
poverty and hunger, ensure good health and well-being for the population, improve
the quality of education, ensure access to clean water and sanitation, ensure access to
affordable energy, create decent jobs, and improve standards of living. For SV 2030, the
target is to improve quality of life through improving healthcare services, promoting healthy
lifestyles, improving the cities’ liveability, diversifying opportunities for entertainment,
and empowering and improving the welfare system for citizens [1,2].

In terms of environmental sustainability, SDA 2030 aims to expand the use of clean
energy, improve energy efficiency, create sustainable cities and communities, ensure sus-
tainable patterns of production and consumption, limiting climate change and its impacts,
conserving marine life, managing deforestation, limiting desertification, and halting the
loss of biodiversity. For SV 2030, the improvement in environmental sustainability is being
pursued by reducing all types of pollution, protecting the natural landscape and marine
life, the Saudi green initiatives where 450 million trees will be planted across the country
by 2030, the expansion of clean energy, and the creation of multiple smart sustainable cities,
e.g., Neom, The Line, and Alnama [1,2].
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Toward economic sustainability, SDA 2030 aims to promote economic growth, build
resilient infrastructure, support industrialization, foster innovation, and revitalize global
partnerships. For SV 2030, the improvements to economic sustainability will be achieved
by growing and diversifying the economy, attracting foreign investments, integrating the
Saudi economy regionally and globally, and supporting innovation and entrepreneurship.

To improve social sustainability, SDA 2030 seeks to achieve gender equality by em-
powering women, reduce inequality within countries, and promote peaceful and inclusive
societies. For SV 2030, the improvements in social sustainability are to be achieved by
preparing youth for the labour market, increasing the participation of women in the labour
market, enabling people with disabilities to integrate in the labour market, empowering
non-profit sector, and attracting foreign talent [1,2].

The last few years have seen a number of unprecedented events that might affect
the speed at which of some of these sustainability goals can be achieved. These events
include: the global outbreak of COVID-19 and the associated disruption to the global
supply chain, the alarming rate of climate change, and various political conflicts. For
example, the Russia—Ukraine conflict has driven up the prices of staple foods, as the two
countries are suppliers of approximately 30% of globally traded wheat and major exporters
of corn and sunflower oil [3], which puts the security of global food supplies at risk. Climate
change has affected the intensity and frequency of extreme weather events such as droughts,
temperature levels, floods, and the deterioration of crop yields. For example, the frequency
of droughts is 70% higher than in the preindustrial era. Furthermore, there is an estimated
3.1% to 7.4% reduction in crop yields for each degree Celsius increase in the global average
temperature [4].

All these factors threaten many of Saudi Arabia’s sustainability goals. According to
the United Nations, food and agriculture are associated with most SDA goals [5], which
are affected by food production, food security, and the price of food. Food is a necessity,
which means that consumers will buy it regardless of any change in their income or change
in the prices of goods. In other words, the demand for food is inelastic, meaning it is
not affected by a change in its price; when its price increases, purchasing power for other
goods is affected. This negatively affects other industries, which might lead to job losses.
Countries that are highly dependent on food and energy imports are the most vulnerable
to the high food prices. Saudi Arabia is a highly dependent country when it comes to food,
where its food imports represent 80% of the overall consumed food [6]. Additionally, the
productivity of the local agriculture sector is limited [6]. On the other hand, the country is a
top exporter of energy. Saudi households spend on average about 15% of their consumption
expenditure on food [7]. As food is a necessity good that consumers will buy regardless of
price, the share of consumption expenditure spent on food will increase with an increase in
food prices, taking away from the share of other goods.

There is a lack of research on how big the impact of these recent events will be on the
ambitious sustainable targets of countries, especially for a country with unique economic
aspects such as Saudi Arabia. Therefore, the focus of this study is the effects of these events
on Saudi Arabia. To achieve this, global food prices were modelled. The aim of this study is
to project the impact of these events (COVID-19, supply chain disruption, climate change,
and political conflict) on the economic and environmental conditions in Saudi Arabia. For
example, what changes there have been in Saudi households’ consumption habits, how this
consumption shift affects the industry structure and trade in Saudi Arabia, and whether
the welfare of Saudis will rise or fall. The environmental sustainability will be examined
from the perspective of CO, emissions. These questions are answered using a well-known
computable general equilibrium (CGE) model, the Global Trade Analysis Project (GTAP)
model. CGE models have been proposed to analyse a variety of research questions. These
include the effects on multiple variables, e.g., macroeconomic variables, industry variables,
regional variables, technological variables, and policies variables [8]. The CGE model was
chosen over the regression models proposed by [9,10] since it can explicitly specify the
optimizing behaviour of supply and demand in a competitive market. On the other hand,
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the role of optimizing theories in the regression models is restricted to certain suggested
variables [8]. In addition, the CGE model has the capability of generating forecasts of
prospects of different economic sectors to be fed into investment plans. The impact of
global price disruption on food markets and the economy caused by these factors were
simulated. Energy prices were not changed as in 2011, the reference year of the database,
prices were as high as have been seen recently, as shown in Figure 1. In the figure, the brent
oil price [11] is used as a proxy for energy prices. The remainder of the paper is organized
as follows. Section 2 presents the modelling framework, database, and the simulation
scenarios. In Section 3, the economic and environmental results are presented. Finally,
conclusions are drawn in Section 4.
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Figure 1. Yearly brent oil price.

2. Methodology, Database, and Scenario Description

The standard multi-region applied computable general equilibrium model, GTAP, is
used in this study. In the model, as shown in Figure 2, all the regional income is captured
by one account, called a ‘regional household’. The sources of this income are taxes and by
providing the factors of production (labour, capital, land, and natural resources) to firms.
The regional household allocates this income, according to a Cobb-Douglas function, to
the following three agents: private households, the government, and savings, with savings
being subsequently used for investment. The optimizing behavioural equations for the
three agents are described for each region. The behaviour of firms is governed by the
profit maximization condition, according to a Cobb-Douglas production function. In this
function, firms produce goods through combining production factors and intermediate
inputs. The Cobb—Douglas function and a constant difference of elasticity function govern
the demand behaviour of government and private households, respectively. For the Cobb-
Douglas function, the shares of expenditure across goods are constant. For the constant
difference of elasticity function, consumers’ demand for goods is affected by the change
in their income; for example, consumers spend more on luxury goods when their income
increases. In trade, the choice between domestic and international goods is governed by the
Armington assumption [12]. More details on the GTAP model can be found in Hertel [13].
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Figure 2. Graphical representation of the standard GTAP model [13].

This study uses the GTAP 9 database, which represents a snapshot of the global
economy in the year 2011 for 140 regions and 57 GTAP commodities [7]. As this study
focuses on and aims to analyse the effect of recent unprecedented events on the ambitious
Saudi sustainable goals, the GTAP regions were aggregated into two: Saudi Arabia and
the Rest of World (ROW). In addition, the GTAP commodity sectors were aggregated
into 18 sectors, according to the sectors most impacted by those events. The production
factors were classified as follows: land, unskilled labour, skilled labour, capital, and natural
resources. The GTAPAgg programme was used for the aggregation [14]. Table 1 presents a
description of the regions, sectors, and production factors.

As the effects of the events modelled in this work took place in a later year than the
reference year of the database, 2011, the database needed to be updated for the year of this
study, 2022. To do that, several structural macroeconomic changes had to be taken into
account. In addition, new fiscal policies that have been implemented between the reference
year and the year of this study were incorporated. The macroeconomic variables reflect the
growth of the economy, while the fiscal policies include the VAT taxes that were imposed by
the Saudi government in 2018 and raised in 2020. Several sources were used to determine
the changes in macroeconomic variables. The Saudi and global population growth, change
in gross domestic product (GDP), and capital growth were obtained from the World Bank
data [15]. For the ROW, the skilled and unskilled labour growth figures were obtained
from the human capital index reports published by the World Economic Forum [16]. For
Saudi Arabia, the skilled and unskilled labour growth figures were calculated using the
following method: based on the GTAP classification, the skilled and unskilled labour were
classified according to their education levels [17]; the Saudi labour types were classified
using the labour force education status published by the Saudi General Authority of
Statistics [18]. In this method, labourers with a bachelor’s degree or higher were classified
as skilled labour, while the remainder were classified as unskilled. These changes and
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policies were incorporated in a recursive dynamic approach as is depicted in Figure 3. The
2011-2022 period was divided into four sub-periods according to the economic changes
that took place. The first sub-period (2011-2015) was simulated by implementing growth
in the following macroeconomic variables: population, GDP, capital, and labour. The
solution of the previous simulation (sub-period) was used as an updated database for
the next simulation, using the RunGTAP software’s [19] “use updated database from last
simulation” feature. The second sub-period (2015-2018) was simulated by modelling the
macroeconomic variables. The third sub-period (2018-2020) was simulated by including the
macroeconomic variables and the 5% VAT tax that Saudi Arabia imposed for most goods in
2018. The fourth sub-period (2020-2022) was then simulated, in which the macroeconomic
variables and the new 15% VAT tax were implemented. Before simulating the effect of
the recent unprecedented events on the ambitious Saudi sustainable goals, the updated
database should be validated by a comparison between the resulting GDP and the actual
latest GDP. The final step simulates the disruption to global food prices compared to
the database reference year; the changes in the food prices were taken from different
sources [20,21]. Figure 3 shows the steps followed for updating the database and the
configured scenarios.
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Figure 3. The steps for updating the database and the configured scenarios.

Table 1. Description of the regions, sectors, and production factors used in the GTAP model.

Regions Sectors Factors of Production
Saudi Arabia Rice Land
Rest of World (ROW) Wheat Unskilled labour
Grains Skilled labour
Meat Capital
Livestock Natural resources
Dairy

FruitVeg (vegetables, fruit, nuts)

Coffeespicy (coffee, spices, and seeds)

OthAgroFood (other agriculture, forestry, fish, and food)
Oil
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Table 1. Cont.
Regions Sectors Factors of Production
Gas
Coal

PetroProd (refined petroleum products)
Manufacturin (manufacturing)

Construction

eleGasWtr (electricity, gas distribution, and water)
TradeTransp (trade and transportation)

Services (other services)

3. Results and Discussion

Explaining the results of the computable general equilibrium model is not straight-
forward, as it requires understanding and bringing together different pieces of detailed
information, such as databases, model equations, parameters, and simulation results.
AnalyseGE, a piece of software designed to assist modellers to move between different
information details [22], is used in this study to overcome this difficulty.

3.1. Economic Impacts

Table 2 shows the impacts of the scenario on different economic elements. The Saudi
real GDP, which measures the value of all goods and services the economy produces after
adjusting for inflation, declined by 0.39%. The nominal GDP, which does not account for
inflation, decreased by 1.27%. This deterioration was caused by the reduction in household
demand, as a result of the higher food prices. It is important to understand that food sectors
represent approximately 15.3% of Saudi households’ budget, as shown in Figure 4. This
deterioration in Saudi households” demand for composite, domestic, and imported goods,
and their prices, are shown in Figures 5 and 6, respectively. A reduction in households’
demand for higher-priced food is clear. The magnitude of the reduction depends on two
factors: the magnitude of the price increase, and the own-price demand elasticity. The
own-price demand elasticity shows how sensitive consumers are to the price changes. The
influence of the first factor can be seen in the “meat” and “dairy” sectors, while the effect of
the second factor can be clearly seen in the “wheat” sector, where the reduction in consumer
demand was not as high (sensitive), considering the soaring price. Observing the share of
each sector in the country’s total output value and in consumption value is critical to the
interpretation of the results. In addition, knowing the percentage of the domestic, exported,
and imported products in these values is important to understand the significance of the
results. For example, a large percentage increase/decrease of a sector with a small output
share is less important than a small or medium percentage increase/decrease in a sector
with a large share of the economy. The same applies to consumption, exports, and imports.
Thus, the 18% reduction in the household demand for domestic rice, as shown in Figure 5,
is not critical, as the domestic production of rice represents just 0.82% of the total rice
production; the remaining 99.18% of household demand is for imported rice, as shown
in Figure 7. Additionally, the large reduction in household demand for imported wheat
(34%) affects the 28.77% imported share, while the 2.59% reduction in household domestic
demand is for the 71.23% domestic share, as wheat is a major crop produced in Saudi
Arabia. For the “Coffeespicy” sector, global prices were not changed in the scenario, as the
2011 prices, the year of database, were the highest this sector has reached. It is important to
note that 62.07% and 37.93% of the “Coffeespicy” are domestic production and imported,
respectively. Thus, the sector’s total household demand decreased very little (0.44%), even
with a 4.22% increase in households’ domestic demand. This domestic rise was offset by the
6.88% decrease in households” imported demand. For other commodities, the household
demand fell for both domestic and imported goods; the reason behind this is obvious—as
shown in Table 2, the Saudi household income has decreased by about 0.93%. As food
commodities are necessity goods, their budget share increases because their prices rise.
This led to a decrease in demand for the other commodities, even though their prices fell,
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as shown in Figure 5. The other commodities are less necessary based on their elasticity of
income parameters.

Table 2. The impacts of the scenario on different economic elements.

Real GDP

Nominal GDP yp ypev DTBAL (US$ Million) EV (US$ Million)

KSA

-0.39

-1.27 -0.93 -1.93 —10,440.76 —23,344.2

\

= Rice Wheat Grains Meat = Livestock

= Dairy = FruitVeg = Coffeespicy = OthAgroFood = Oil

= Gas Coal = PetroProd Manufacturin Construction
eleGasWtr = TradeTransp = Services

Figure 4. Saudi households’ budget.
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Figure 5. Saudi households” demand for composite, domestic, and imported goods.

The impact of the scenario on the output of different sectors is shown in Figure 8. The
figure illustrates that higher food prices would decrease the output of most sectors. This
occurs despite the clear increase in the exports of most sectors and decline in the imports of
most commodities, as depicted in Figures 9 and 10, respectively. As mentioned previously,
it is important to note the share of each sector’s output, exports, and imports to be able
to understand and interpret the results without exaggerating large percentage changes
or underestimating small percentage changes. For example, as shown in Figure 8, the
18.04% decline in rice output is less important than the 2.63% reduction in the wheat sector.
That is because, as shown in Figure 7, the domestic production share of rice is only 0.82%
while the domestically produced share of wheat is 71.23%. In addition, the 50% increase
in wheat exports, as depicted in Figure 9, is not critical, as the share of wheat exports is
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just 0.44% of the Saudi wheat production, as shown in Figure 11. Moreover, as a result
of the reduction in the household demand for meat (shown in Figure 5), the meat output
decreased by approximately 8.5% (shown in Figure 8), even with the 19.89% increase in
meat exports (shown in Figure 9). That is because exported meat represents only a 9.2%
share of Saudi meat production, as depicted in Figure 11. In addition, the reduction in meat
demand led to a 25.22% decrease in the meat imports, as shown in Figure 10. The impact
on the dairy sector is similar to the meat sector regarding the reduction in output (8.08%,
shown in Figure 8) and imports (23.55%, shown in Figure 10). The dairy exports, which
represent 21.06% of Saudi dairy production, decreased by 6.27%, as shown in Figure 9.
For the “coffeespicy” sector, the domestic production increased by about 5.19% (shown in
Figure 8) as a result of the 21.92% increase in its exports, as shown in Figure 9. The oil and
PetroProd (refined petroleum products) sectors are crucial sectors for the Saudi economy,
as they represent 84% of the total Saudi exports value, as shown in Figure 12. Both sector
outputs decreased, by 0.26% and 0.56%, respectively, because of the reduction in their
exports by 0.2% and 0.94%, respectively. Moreover, manufacturing is a crucial sector in the
Saudi economy as its exports represents 11.09% of the total exports value, which includes
petrochemical, metals, and minerals products. The sector output increased by 1.52% as a
result of a 5.66% rise in its exports.
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Figure 6. Prices of composite, domestic, and imported goods for Saudi households.
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Figure 12. The composition of Saudi exports.

In general, the outputs of most sectors were affected negatively by the higher global
food prices. This is because of the effects that higher prices of necessity commodities have
on consumers’ budget, which results in a reduction of their purchasing ability. This can
be seen in the reduction in private household expenditure (ypev), as shown in Table 2.
This translates into a decrease in real GDP (which measures the outputs of sectors after
adjustment for inflation) for Saudi Arabia, as shown in Table 2. The change in trade balance
for Saudi Arabia indicates that the increase in imports exceeds the increase in exports, as
shown by the negative value in Table 2. This was mainly caused by the more expensive
imported food commodities and a reduction in two of the main Saudi exports (oil and
PertoProd). The change in the welfare in GTAP is indicated by the equivalent variation
(EV), which measures the income equivalent that an individual needs in order to have
the same level of utility, before the changes in food prices. As depicted in Table 2, Saudi
welfare declined.
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3.2. Impact on CO, Emissions, Using the Input-Output Life Cycle Assessment Approach (I10-LCA)

The total carbon emissions for the Saudi economy resulting from the tested scenario
were calculated using the Input-Output Life Cycle Assessment Approach (IO-LCA). The
approach is a holistic methodology to quantify the environmental impacts occurring during
a product or service life cycle. This product or service is either purchased by the final
consumer (a private household, government, importers, and investment) or used as an
intermediate input by other industries [23]. Following Mattila [24], the total production
output for the economy (X) is a vector, calculated as follows:

X =[(1-A)'F]

where I is the identity matrix; A is the technology matrix including the coefficients of
intermediary inputs required to produce one unit of output for each sector; and F is
the final demand vector (in US$). The final demand (F) from GTAP was calculated as a
summation of domestic purchases made by private households, the government, exports,
firms, and investment, for Saudi Arabia. A common problem with the IO-LCA approach
is the double counting of environmental emissions. This occurs in firms where assessing
the full supply chain of their products leads to overlaps with other industries’ life cycles.
In other words, assuming that the final product of industry A is an intermediate input
for industry B, by accounting for the full supply chain emissions for industries A and
B, industry A emissions would be accounted for twice: for the industry itself, and for
its input for industry B. Ignoring this problem will lead to a serious overestimation of
emissions [25-27]. Moreover, it is crucial to account only for domestic purchases, either by
final consumers or firms. Accounting for all purchases (domestic and imports) will lead
to an overseas double counting, where the emissions of a country’s imports are counted
more than once (in the country itself, and in the country of export). In this work, the double
counting problem was avoided by subtracting the intermediary inputs of sectors that were
accounted for in the sectors previously modelled. The embodied carbon emissions (G) are
calculated using the following equation:

G =BX

where B is a matrix of carbon emissions multiplier for each economic sector (in CO; kg
emissions/$) [24]. The carbon emission multipliers are taken from Steen-Olsen et al. [28].
All the IO-LCA analyses were performed in Microsoft Excel using matrix functions. In
this work, the total calculated emissions of CO, for Saudi Arabia were approximately
740.6 million metric tonnes, covering emissions of the updated data year (2022).

A global team from Stanford University recently published a comprehensive study
about the carbon intensity of oil fields worldwide [29]. The study found that the carbon
intensity of Saudi oil is one of the lowest in the world, approximately 55.34% less than the
average global carbon intensity. According to the study, this is caused by multiple factors,
including the continuous implementation of best practices in reservoir and greenhouse
gas emissions management, minimization of flare, and the programme of detecting and
repairing methane leaks. Recalculating the total CO, emissions for Saudi Arabia based
on the revised carbon intensity showed that Saudi carbon emissions were approximately
594 .4 million metric tonnes per year (24.59% less than the first value). This implies that
investing in implementing best practices in management of reservoirs will have a great
impact in the context of mitigating greenhouse gas emissions. In addition, it is worthwhile
for countries with large fossil fuel investments to specifically reassess the carbon intensity
of their fossil fuels and not simply depend on the emission factors reported by international
agencies. For example, Liu et al. [30] assessed the emissions factor of coal in China and
found that it is approximately 40% less than was reported by the Intergovernmental
Panel on Climate Change (IPCC), which is the data used by most emissions inventories.
Figure 13 shows the most recent published estimations of CO, emissions for Saudi Arabia
from different international agencies and from this study. These agencies are EDGAR [31],
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IEA [32], PB [33], EIA [34], the World Bank [35], UNFCCC [36], and Global Carbon Atlas [37].
There are different reasons behind the variations in these agencies’ estimations, for example
the studies” boundaries and what they include, the emission factors, whether land use is
included, and the estimation year. This study gave a higher estimation because it covers a
wider boundary (the whole economy). The UNFCCC is the agency, with a similar boundary
but using a different methodology and an earlier year. It is crucial to note that economic
development plays a major role in the increase in emissions [38].

CO2 total emissions (Mton)
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Figure 13. Estimations of CO, emissions for Saudi Arabia from different international agencies and
from this study.

4. Conclusions

Recent years have seen several unprecedented events that might threaten the pursuit
and achievement of some of Saudi Arabia’s sustainable targets. These events include: the
global outbreak of COVID-19, the consequent disruption to the global supply chain, the
alarming rate of climate change, and various political conflicts. Global food and energy
prices have been affected by these events. This study aimed to demonstrate the impacts
that the recent events have had on the Saudi economy and CO, emissions. A well-known
computable general equilibrium model, the Global Trade Analysis Project (GTAP) model,
was used as a research method to achieve the objectives of the study. As the reference
year of the GTAP database, 2011, is earlier than the year of the recent events that were
modelled, the database was updated and tested for the year of the study. Several structural
macroeconomic changes and fiscal policies were incorporated to update the database.

This study found that the Saudi GDP, household income, and purchase ability were
negatively affected. the Saudi trade balance indicates a trade deficit as a result of the higher
prices of imported agricultural goods, and a reduction in two of the main Saudi exports (oil
and PetroProd). In addition, Saudi welfare, which is measured by equivalent variation (EV),
declined. Regarding the structure of the Saudi industries, most Saudi industries showed
an output decrease despite an increase in the exports of most sectors, and a decrease in
imported goods. Regarding the environmental impacts, the total CO, emissions resulting
from the Saudi economy were estimated using the Input-Output Life Cycle Assessment (IO-
LCA) approach. The total estimated CO, emissions were approximately 740.6 million metric
tonnes. Compared to other international agencies” CO, estimations, the CO, emissions
estimation of this study differs. This variation is understandable for multiple reasons,
including that the study covers and includes a larger boundary, the carbon intensity factors
used, and the year of estimation. Moreover, this study recalculated the total CO, emissions
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using a specific carbon intensity for Saudi oil, which has been identified and published
recently. Based on the specific carbon intensity, the total recalculated CO, emissions for
Saudi Arabia is 24.59% lower (approximately 594.4 million metric tonnes per year). This
implies that a specific fossil fuel carbon intensity reassessment is worthwhile, especially
for countries with significant fossil fuel investments. Future research could consider
multipronged food scarcity solutions and their economic and environmental impacts.
Examples of such solutions are raising the agricultural productivity, using genetically
modified food, and considering reducing the diversion of corn use to produce ethanol. In
addition, and specifically for Saudi Arabia, the Saudi green initiatives are worth studying.
These initiatives include the development of CO, capture technology, planting billions of
trees, and investment in hydrogen and renewable energy.
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