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Abstract: Food trade restrictions pose a serious risk for countries that are heavily reliant on food
imports, potentially leading to food crises, inequality, and geopolitical conflicts on a global scale.
However, such restrictions may also have transformative effects in promoting food supply chain
resilience, security, and self-sufficiency. In this study, a novel econometric analysis is presented,
utilizing a data-driven analytical model to investigate the impact of a food embargo on the industry,
using Qatar as a case study. A structured and automated food trade database is created using
Microsoft Management Server Studio and data visualization software is integrated for automated
data discovery. By using a global, trade-based sustainability assessment model, which combines
the multi-region input-output (MRIO) analysis with transportation mode-based (sea, road, and
air) emissions, the carbon footprint of the dairy food production sector could be estimated. The
study shows that the trade embargo on Qatar’s food industry can lead to significant reductions
in the annual import of food products, promoting self-sufficiency, and reducing the net carbon
emissions of the dairy food sector by nearly 40%. This reduction is not only achieved through food
supply chain changes, such as transportation modes, but also by restrictions pushing the country
to increase domestic production. Overall, the study demonstrates that a trade embargo, with the
support of a well-designed national food security strategy, trade/import diversification, and the use
of different modes of transportation for food products, can improve the resilience of global supply
chains, self-sufficiency, and environmental sustainability.

Keywords: supply chain resilience; food security; global food trade; diversification; sustainability;
multi-region input-output analysis; database management system; data visualization

1. Introduction

Food security refers to a system’s ability to meet the dietary needs of a population,
even under conditions of escalating threats [1,2]. In the face of rapid global change, unfore-
seen risks can have severe consequences, particularly for developing countries [3]. Central
to these challenges is the food system, highlighting the importance of food security, and
resilience in ensuring access to food for people worldwide [3]. Achieving sustainability in
food requires providing sufficient food for everyone on the planet. A range of strategies
can be employed to achieve sustainable food production and consumption. To achieve
sustainable agriculture, appropriate strategies must be developed. A variety of techniques,
including technical and policy-based approaches, can be employed to mitigate the exces-
sive use of chemical fertilizers. Technical techniques, such as soil testing and fertilizer
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application, controlled-release fertilizers, crop rotation or intercropping, organic-inorganic
compound fertilizers, organic fertilizers, and recycled agriculture, can help to reduce the
consumption of chemical fertilizers [4]. Fertilizer use is a critical strategy for promoting
sustainability and productivity in food production. When farmers do not apply fertilizer,
crop yields are likely to be reduced [5]. Encouraging the use of fertilizer is essential for
enhancing production and achieving sustainability in food production. Fertilizer applica-
tion leads to increased crop yields and faster crop maturation, ensuring that everyone has
access to food, provided that sustainable production practices are followed.

The food supply chain comprises the processes and companies involved in sourcing
food from producers and delivering it to end consumers [6]. A major challenge with
food supply chains is the long lead time, which results in extended travel times for food
products, increasing the risk of spoilage and waste [7]. To achieve food security, it is
crucial to establish a dependable food supply network that can meet the demands of the
population. There are three primary types of food supply chains: direct, extended, and final
supply chains [8]. The direct supply chain is the simplest distribution method, involving
three parties: the supplier, the core business, and the customer [9,10]. As such, the quality
of perishable goods improves with a shorter supply chain. This underscores the critical
role that reliable supply chains play in ensuring the timely delivery of perishable goods.
Without a dependable supply chain, most producers or suppliers would struggle to meet
consumer expectations.

It should be noted that the Gulf Cooperation Council (GCC) countries, especially
those in the Middle East, face significant challenges in producing agricultural products due
to limited water and arable land. As a result, they are some of the world’s largest food
importers. The GCC’s external food insecurity is shaped by market and technology-driven
changes, climate change, and security issues at the state level. For example, the blockade
imposed on Qatar in June 2017 highlighted the vulnerability of Qatar’s internal food supply.
However, the crisis has had some positive economic impacts for Qatar, such as an increased
level of self-sufficiency and food production, as well as a heightened awareness of the
importance of achieving food security [8].

It is important to note that Qatar’s food security threats are rooted in its difficult
geoclimatic conditions. Most of the country’s food and other supplies are imported and
must pass through numerous chokepoints [11]. Policymakers are working to understand
the complexities of food supply chains and their relationship to sustainable development,
particularly in the context of limited water, energy, and land resources [12]. Achieving
food security and supply chain resilience are critical to meeting sustainable development
goals [13]. These two topics are key components of a sustainable food system that can
provide adequate and essential levels of food for citizens [14]. However, food supply
chain resilience should not come at the cost of sustainability. Therefore, it is essential to
consider the impact of food supply chain resilience on the environment and the pressure
imposed on natural resources. Approaches such as Life Cycle Assessment (LCA) and
multi-region input-output (MRIO) analysis have been developed to assess food supply
chain sustainability, both regionally and globally [15].

LCA models are frequently utilized to assess the potential environmental impact of
food production activities and resource use. Among the most widely used LCA meth-
ods are environmental LCA and Economic Input-Output LCA (EIO-LCA), which have
significant roles in decision-making regarding material procurement, production, and
end-of-life phases. These methods also help to determine the overall energy and carbon
footprint of the food production industry sector [16]. Thus, they provide a practical tool
for evaluating the potential environmental effects of products and practices and call for
the implementation of policies that reduce the negative effects of the supply chain. On the
other hand, Multi Region Input-Output (MRIO) models use global trade data, as well as
environmental and socioeconomic factors such as emission levels, energy use, material
consumption, and economic value-added, to assess global environmental impacts. This
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differs from Single Region Input-Output (SRIO) models which mainly focus on regional
environmental impacts.

As a result, the main objectives of this research can be summarized as follows. Firstly,
we build a structured database management system and visualization approach to analyze
Qatar’s imported food between 2013 and 2018. Secondly, we investigate the impact of
the blockade on Qatar on the food supply chain from both a trade and carbon footprint
perspective. Thirdly, we applied data visualization techniques for analyzing the carbon
footprints of dairy products transported via different modes between 2015 and 2018. Fourth,
we examine the carbon emissions of dairy products using the MRIO data and carbon
emissions from freight transport activities. Lastly, we discuss the blockade’s impact on the
food supply chain’s diversification and sustainability, specifically regarding its contribution
to climate change.

2. Materials and Methods

The scope of this study is primarily determined by the available data from the General
Authority of Customs and the Ministry of Development Planning and Statistics. Based
on data availability, the focus of the study is to include all food imports from 2013 to 2018
by their value and port type. Comprehensive data analysis and visualization methods
are utilized to achieve this. The supply chain modeling encompasses all phases, starting
from raw materials to the distribution of dairy products. The carbon footprint analysis has
been calculated through MRIO analysis, using a global system boundary rather than a re-
gional one. This includes transportation-related emissions from all means of transportation,
including air, land, and sea. Since the model analysis only considers dairy products, trans-
portation and storage-related carbon emissions are not included as their internal impact on
Qatar is identical. The study aims to investigate the effect of the blockade on Qatar on the
supply chain of food from trade and carbon footprint perspectives. Additionally, the study
intends to discuss the resilience and sustainability of the food supply chain concerning the
blockade’s impact on contributing to global climate change.

The MRIO model is utilized to analyze the production of raw milk and dairy products,
taking into account their unique effects on different nations such as carbon and energy
emissions. The analysis begins with the consideration of emissions related to raw milk
production. The process involves the transportation of raw milk to a factory where dairy
products are produced, with these two industries being the focus of the MRIO analysis.
The finished products are then transported to Qatar using a combination of land, sea, and
air modes until they reach Qatar’s external border. As illustrated in Figure 1, the model
excludes the regional supply chain taking place in Qatar, as the purpose is to examine the
differences in global production and transportation-related impacts based on the country
of origin of production.
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After the creation of the database, interactive dashboards are generated in the Power
BI program to view the data. The next step is to create the MRIO model and calculate the
carbon emissions, which are then imported into an Excel file and integrated into Power BI.
DAX coding is used to create algorithms and codes for the model, which includes various
transportation modes and focuses on fresh milk and dairy products to determine the global
carbon emissions for each country. The conclusion of the study discusses the impact of the
blockade on Qatar’s food industry and supply chain, as well as the opportunities that arose
as a result of the blockade. The overall research process is illustrated in Figure 2.
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Greenhouse gases such as carbon dioxide (CO2), methane (CH4), and nitrogen oxide
(N2O) have a significant impact on climate change. The calculation of each emission is
based on its global warming potential (GWP), which is presented in Table 1. The GWP
values are expressed in metric tons of CO2-equivalent (mt CO2-eq) and are calculated
relative to CO2 over a 100-year time horizon [17].

Table 1. Direct CO2 global warming potentials.

Typical Term Chemical Formula Conversion Variables for the GWP over a 100-Year Horizon

Carbon dioxide CO2 1
Methane CH4 25
Nitrous oxide N2O 298

2.1. General Formulation

The calculation of CO2 emissions from freight transportation can be approached
through two methods. The first method involves measuring emissions based on the level
of transportation activity, while the second method focuses on energy consumption.

In this paper, an activity-based approach is utilized to determine CO2 emissions. The
formula used for this method is as follows:

CO2 emission = w × d × c/1,000,000 (1)

The formula to calculate CO2 emissions per ton-km includes three variables: w, the
transported volume in tons by the transportation mode; d, the average transportation
distance in km; and c, the CO2-emission factor per ton-km measured in grams of CO2
per ton-km.

However, the emission factors for chemical transport operations can be influenced by
numerous factors, such as the type of greenhouse gases to consider, the transportation mode,
the energy supply chain, the product characteristics, the logistics activities throughout
the supply chain, and geographic location. As a result, it can be challenging to apply the
activity-based approach [18]. To measure CO2 emissions per ton-km, certain assumptions
are made.

Average CO2 emission air mode

if d < 1000 k, c = 1752.5 gCO2/ton-km
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if d > 1000 k, c = 602 gCO2/ton-km

if d > 1000 and d < 4000 k, c = 780 gCO2/ton-km

Average CO2 emission sea mode

c = 16 gCO2/ton-km

Average CO2 emission land mode

c = 62 gCO2/ton-km

2.2. Calculating the Carbon Footprint

To calculate the carbon footprint, we use the Formulations (2)–(4), in order.

M = Total money per million euros

MRIODiary = M × [∑ N2O + ∑ CH4 + ∑ CO2] (2)

MRIORaw Milk = M × [∑ N2O + ∑ CH4 + ∑ CO2] (3)

The emissions of various greenhouse gases have been calculated using (4) as follows:

CO2 equivalence = CO2 emission air mode + CO2 emission land mode + CO2 emission sea mode +
MRIODiary + MRIORawMilk

(4)

2.3. MRIO Analysis

The EXIOBASE 3.4 database is used to obtain a symmetric industry-by-industry
input–output table and corresponding economic transactions for global economies, in-
cluding the Middle East as a region. This dataset covers 43 nations, 5 globe regions, and
163 industrial sectors, providing comprehensive information on the global economy. The
MRIO datasets for EXIOBASE’s national and global IO tables are derived from the Supply
and Use Tables at Current Prices with a Fixed Product Sales Assumption. Raw data from the
United Nations’ National Accounts, Comtrade, and Eurostat databases are also utilized [10].
Carbon footprint multipliers are calculated by dividing the output of each sector by the
effect category assessed by economic performance.

The global upstream carbon footprint from long-term milk production is calculated by
using the MRIO model. MRIO analysis provides several advantages, such as improving
regional specificity, reducing aggregation bias, analyzing the connection of various regions,
and evaluating their effects on other regions [18,19]. The Leontief inverse is used to
represent the input–output monetary flows within an economy between industries.

3. Results and Discussion

As a result, this study aims to

• Create a database management system and visualization method to analyze imported
food in Qatar between 2013 and 2018.

• Identify the economic, geographical, and social impacts of the blockade on Qatar’s
food supply chain.

• Utilize data analytics and visualization techniques to measure and manage the carbon foot-
print of freight transport operations for dairy products across various transport scenarios.

We have answered all the above topics within this paper. We analyze the effect of the
embargo on Qatar import in the following section.
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3.1. Embargo Effect on Qatar Import Structure

The impact of the trade embargo on Qatar’s food supply is depicted in Figure 3. In
2013, as presented in Figure 3a, Qatar’s food imports were dominated by Saudi Arabia and
the United Arab Emirates (UAE), accounting for 24% and 17%, respectively. In 2014, Saudi
Arabia remained at the top position (Figure 3b), while India and the UAE followed with
17% and 16%, respectively. Other countries, such as Germany, France, Jordan, Egypt, and
Belgium, made smaller contributions to Qatar’s total food imports in 2014. Furthermore,
the data indicate that in 2014, Saudi Arabia exported food to Qatar worth 2.02 billion Qatari
Riyals (QR), and with India and the UAE ranking second and third, respectively, with
1.32 and 1.26 billion QR. The distribution of food imports in 2015 is shown in Figure 3c,
with no significant changes from previous years. Qatar spent the largest amounts on Saudi
Arabia, the UAE, and India, accounting for 1.9, 1.37, and 1.1 billion QR, respectively. The
overall amount of food imported by Qatar from other countries, including Germany, France,
Pakistan, Egypt, and Turkey, was lower in 2015 than in 2014.
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In 2016, the largest imports came from Saudi Arabia and the UAE, which were
1.64 and 1.50 billion QR, respectively. Compared to the previous year, Saudi Arabia experi-
enced a minor decline of about 0.26 billion QR, the UAE slightly increased by approximately
0.13 billion QR, and India remained constant. Other countries such as Germany, France,
Jordan, the United Kingdom, and Belgium contributed less to Qatar’s net food imports in
2016. The data also revealed that in the same year, Saudi Arabia’s food export accounted
for 21% of Qatar’s food imports. In 2017, due to the embargo, UAE’s and Saudi Arabia’s
food export to Qatar dropped to 11% and 10%, respectively (Figure 3e). India and Australia
became the largest contributors with 18% and 13%, respectively. Turkey and United States
of America followed with 9% and 8%, respectively. In 2017, Germany, Belgium, France, the
Netherlands, and Brazil had the lowest contributions to Qatar’s total food imports. India
exported food products worth 1.42 billion QR, while UAE and Australia ranked second
and third with 0.98 billion QR and 0.83 billion QR, respectively.

In 2018, the highest percentages were recorded in India and Australia of the overall
value of imported food, accounting for 20% and 15%, respectively (see Figure 3f). Further-
more, Turkey shows substantial growth with a share of 9% when compared to the previous
years, whilst the food import share of the countries who have imposed an embargo on
Qatar falls significantly from the previous year by a very modest proportion. However, it
was discovered that other nations with lower contributions to Qatar’s overall food imports
in 2018 are the United Kingdom, Belgium, France, Sudan, and Oman. According to the
findings, India’s food exports to Qatar were 1.53 billion QR in 2018. Turkey and Australia
are on second and third rank, with 1.17 billion and 0.69 billion QR, respectively.

Figure 4 displays the top five food import categories from 2013 to 2018, as determined
by the amount of money Qatar spent on imports from the top five exporting nations.
The legend uses the word “other” to represent the remaining nations. All values are in
QR. Figure 4a represents the imported food items in 2013, with camel/camelids being
the most commonly imported category, accounting for 68.40% of all imports from Saudi
Arabia. Semi-milled or fully milled rice is the second category, with India leading at 49.19%,
followed by Pakistan at 35.82%. In the poultry category, Brazil is the top contributor, with
79.33%, while Australia leads in the live sheep category with 78.85%. Concentrated milk is
primarily imported from Saudi Arabia and Australia, with corresponding contributions
of 53.59% and 30.77%, respectively. In 2014, the top five imported products remained the
same as in Figure 3a, with the exception of condensed milk, which was replaced by frozen
poultry parts and offal. Brazil was the largest contributor to this category at 53%, while
the United States of America and the United Arab Emirates followed with 33.17% and
8.82%, respectively. There was a noticeable change in the contributions made by countries
compared to the previous year. For example, in the semi-milled and wholly-milled rice
category, India took the lead in 2014 with 75.65%, Pakistan came in second with 17.6%, and
Thailand made the smallest contribution at 3.15% (see Figure 4b).

Figure 4c depicts the imported goods in 2015. According to that, the earliest imported
varieties are fully and partially milled rice. The contributions of countries remain the
same as the previous year, with slight adjustments. Live forces for sport become the
second imported area, with significant transformations since 2014. The Netherlands and
Belgium contribute 43.25% and 42.25%, respectively. The third category is frozen poultry,
which comes from Brazil at a rate of 78.76%, Saudi Arabia at 6.71%, and other countries,
such as Argentina and France, at the remaining rate. Offal poultry replaces leeks and
other alliaceous vegetables and is mostly imported from India, with 37.9%, and 29.21%
imported from other countries. The UAE increases its contribution to the camels and
Camelidae category by about 10% compared to the previous year, while Saudi Arabia
contributes 67.12%.

Figure 4d shows the imported products in 2016. According to this figure, yogurt and
carcasses are the two new categories. Yogurt, whether concentrated, with added sugar
or other flavorings, or with additional fruit, was imported from Saudi Arabia at a rate of
91.98%, followed by the United Arab Emirates at a rate of 6.9%. The second new category
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was cold lamb carcasses and half carcasses and was dominated by Australia at a rate of
97.74%. Sport horses were imported from Belgium at a rate of 50.46%, followed by the
United Kingdom at a rate of 33.48%, surpassing the Netherlands, which was the second-
largest importer the previous year. The majority of frozen poultry continued to be imported
from Brazil at 79.89%. Additionally, semi- or fully-milled rice was still mostly imported
from India and Pakistan, with 73.85% and 14.1%, respectively.
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In 2017, a new category of cigarettes containing tobacco emerges, as shown in
Figure 4e. In comparison to recent years, Saudi Arabia and the UAE make significantly
lower contributions. Cigarettes are imported from Germany, Turkey, Switzerland, and
other countries, comprising 42.93%, 23.77%, 15.19%, and 8.10%, respectively. The majority
of frozen poultry is imported from Brazil (72.58%), followed by France (9.93%). Similarly,
in 2018, Australia imports corpses, with the majority (95.37%) being lamb or cold carcasses,
reflecting a slight reduction from the previous year. Semi- or fully-milled rice is imported
from India (80.05%), showing an increase from the previous year, while 9.73% of the same
category is imported from Pakistan.

As demonstrated in Figure 4f, due to the embargo, there is a significant difference
between 2018 and 2017 in terms of the nations importing food to Qatar. The first imported
category is fresh or chilled lamb carcasses and halves, dominated by Australia, accounting
for 97.96% of the total. The second group consists of semi-milled or fully-milled rice,
with the majority coming from India (80.97%). It is noteworthy that 65.44% and 21.28%
of imported live sheep come from Iran and Australia, respectively. In that year, a new
category emerges in comparison to prior years, consisting of bran, sharps, and other wheat
leftovers. Sudan contributes 64.95% to this category, followed by Tanzania (22.73%) and
Uganda (4.85%).

The top ten countries’ contribution to the economic value of food trade from 2013
to 2018 is depicted in Figure 5. There are no significant changes in country contributions
between 2013 and 2016. However, in 2017, Oman and Turkey show considerable growth.
In contrast, Saudi Arabia’s contribution drops by almost 10%, and the UAE’s contribu-
tion decreased from 22.88% to 14.18%. Iran and Brazil are replaced by other countries
in 2018. Australia and India, in contrast, display more consistent total trade contribu-
tions. The United States and the Netherlands, as shown in Figure 5, make considerably
lower contributions. The amount allocated to GCC nations showed a continuous decline
until 2018.
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3.2. MRIO Results for Milk and Dairy Production

The import of long-lasting milk by Qatar through land, air, and sea transportation
modes is presented in Figure 6. The total quantity of long-lasting milk imported increased
slightly from 121 million kg in 2015 to 126 million kg in 2016, but decreased sharply to about
54 million kg in 2017 due to the blockade. Notably, there were no long-lasting milk imports
via land transport in 2018. Between 2015 and 2016, sea-based imports remained stable, then
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gradually increased to 14 million kg in 2017, before dropping to 1.6 million kg in 2018. As
shown in Figure 6, maritime transport of long-lasting milk increased significantly, from
approximately 30.9 million kg in 2015 to over 77 million kg in 2018. The embargo led to an
increase in imports from foreign countries, thereby increasing the demand for air and sea
transport in 2017 and 2018.
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Figure 7 illustrates the carbon footprint per ton by nation between 2015 and 2018.
In 2015, Saudi Arabia has the highest carbon footprint per ton of dairy and raw milk,
with 142 mt CO2 eq/ton and 219 mt CO2 eq/ton, respectively (Figure 7a). One possible
reason for this is the high amount of imports from Saudi Arabia to Qatar. UAE ranked
second with 27 mt CO2 eq/ton of dairy and 41 mt CO2 eq/ton of raw milk, despite having
lower CO2 emissions from land compared to other sources. The Netherlands ranked third
with 18 mt CO2 eq/ton of dairy and 20 mt CO2 eq/ton of raw milk, in addition to around
4048 kg CO2 emissions from the sea. Egypt followed as the fourth, followed by Turkey, with
a significantly lower carbon footprint than Saudi Arabia. In 2016, Saudi Arabia retained
its top position with 150 mt CO2 eq/ton of dairy, 232 mt CO2 eq/ton of raw milk, and
6096 kg CO2 eq/ton of land emissions, showing a slight increase from the previous year
(Figure 7a,b). The United Arab Emirates ranked second with 24k kg CO2 equivalents per
ton of dairy and 36k kg CO2 equivalents per ton of raw milk, with lower CO2 emissions
from land compared to other sources. The Netherlands ranked third with 18k kg CO2
eq/ton of dairy and 19k kg CO2 eq/ton of raw milk, followed by Egypt and France.

Compared to the previous year, there is a significant increase in carbon footprint
in 2017, which results in a change in the rankings of nations. Saudi Arabia’s carbon
footprint decreases substantially, but it still remains among the top-producing nations with
103 mt CO2 eq/ton of dairy and 66 mt CO2 eq/ton of raw milk. Land transport-related
emissions are only 2645 kg CO2 eq/ton, while ocean emissions are found to be negligible.
Turkey ranked second in terms of carbon emissions, with 36 mt CO2 eq/ton of raw milk and
35 mt CO2 eq/ton of dairy. The United Arab Emirates ranked third with 24 mt CO2 eq/ton
of raw milk and 15 mt CO2 eq/ton of dairy, followed by the Netherlands with 14 mt CO2
eq/ton of raw milk and 15 mt CO2 eq/ton of dairy. France, Belgium, and the United States
follow in ranking.

Notably, both country rankings and carbon footprint emissions change significantly in
2018 (Figure 7d), with new states emerging compared to previous years. The Netherlands
had the largest carbon footprint with 24 mt CO2 eq/ton of raw milk and 26 mt CO2 eq/ton
of dairy product. Oman ranked second with 17 mt CO2 eq/ton of raw milk and 11 mt CO2
eq/ton of dairy products, while Morocco ranked third with 15 mt CO2 eq/ton of raw milk
and 10 mt CO2 eq/ton of dairy products. Turkey contributed 12 mt CO2 eq/ton of raw
milk and 11 mt CO2 eq/ton of dairy products.



Sustainability 2023, 15, 5755 11 of 13

Sustainability 2023, 15, x FOR PEER REVIEW 12 of 15 
 

with 27 mt CO2 eq/ton of dairy and 41 mt CO2 eq/ton of raw milk, despite having lower 

CO2 emissions from land compared to other sources. The Netherlands ranked third with 

18 mt CO2 eq/ton of dairy and 20 mt CO2 eq/ton of raw milk, in addition to around 4048 

kg CO2 emissions from the sea. Egypt followed as the fourth, followed by Turkey, with a 

significantly lower carbon footprint than Saudi Arabia. In 2016, Saudi Arabia retained its 

top position with 150 mt CO2 eq/ton of dairy, 232 mt CO2 eq/ton of raw milk, and 6096 kg 

CO2 eq/ton of land emissions, showing a slight increase from the previous year (Figure 

7a,b). The United Arab Emirates ranked second with 24k kg CO2 equivalents per ton of 

dairy and 36k kg CO2 equivalents per ton of raw milk, with lower CO2 emissions from 

land compared to other sources. The Netherlands ranked third with 18k kg CO2 eq/ton of 

dairy and 19k kg CO2 eq/ton of raw milk, followed by Egypt and France. 

  

  

Figure 7. Annual carbon footprint per ton (kg CO2-eq). 

Compared to the previous year, there is a significant increase in carbon footprint in 

2017, which results in a change in the rankings of nations. Saudi Arabia’s carbon footprint 

decreases substantially, but it still remains among the top-producing nations with 103 mt 

0

50,000

100,000

150,000

200,000

250,000 (a) 2015

MRIO-Raw Milk MRIO-Diary CO2-See CO2-Land CO2-Air

0

50,000

100,000

150,000

200,000

250,000 (b) 2016

MRIO-Raw Milk MRIO-Diary CO2-See CO2-Land CO2-Air

0

20,000

40,000

60,000

80,000

100,000

120,000 (c) 2017

MRIO-Raw Milk MRIO-Diary CO2-See CO2-Land CO2-Air

0

5,000

10,000

15,000

20,000

25,000

30,000 (d) 2018

MRIO-Raw Milk MRIO-Diary CO2-See CO2-Land CO2-Air

Figure 7. Annual carbon footprint per ton (kg CO2-eq).

Figure 8 displays the cumulative carbon footprint impact from 2015 to 2018 using
MRIO models for two products. In 2015, the carbon footprint per ton (million metric
ton CO2-eq) for MRIO-Raw Milk consumption is 0.30. The value is 0.12 for MRIO-Dairy
product consumption. Carbon footprint per ton by sea, land, and air are 0.07, 0.06, and 0.02,
respectively. In 2016, MRIO-Raw Milk consumption is 0.31; MRIO-Dairy consumption is
0.22, with 0.07 million metric tons transported by sea, 0.07 by land, and 0.03 via air. The
carbon footprint decreases substantially from more than 0.5 million metric tons in 2015
to less than 0.4 million metric tons in 2018. However, there is a significant rise in 2017
due to a crisis period, which led to a temporary scarcity of dairy products. To address the
shortage, the government started importing dairy products from various countries such
as Turkey and Iran, resulting in a significant amount of CO2 emissions. The reduction
in carbon footprint in 2018 is not only due to changes in the food supply chain, but also
the crisis, which prompted Qatar to become self-sufficient. The Baladna company quickly
became one of the largest and most technologically advanced farms in the Middle East
and fulfilled all of the demand for dairy products in Qatar markets, resulting in a smaller
carbon footprint.
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4. Conclusions

This paper examines the economic and environmental impacts of the embargo on
Qatar’s food supply chain. The aim of the study is to analyze the effects of the blockade
between 2015 and 2018, using the MRIO model to assess carbon footprints from freight
transport operations for dairy products via various transportation modes. The study finds
that Australia, India, and Turkey become Qatar’s primary food import sources in 2018,
instead of the GCC countries, particularly the UAE and Saudi Arabia, which dominated
imports in 2013. This decrease in food imports could be attributed to self-sufficiency
initiatives after the embargo. The study also reveals significant changes in food categories
and transportation modes before and after the embargo. For instance, the use of sea-based
transport for long-lasting milk products increased dramatically from around 30.9 million kg
in 2015 to roughly 77 million kg in 2018. In 2015, the UAE and Saudi Arabia had the largest
carbon footprint compared to other countries, whereas the Netherlands led in 2018 with a
carbon footprint of 24 mt CO2 eq/ton of raw milk and 26 mt CO2 eq/ton of dairy product.

Food security is still a major concern for Qatar’s National Development Plans, as it
is crucial for the country’s economic independence and achieving its 2030 national vision.
Qatar aims to increase domestic food and agricultural output, and the Ministry of Trade
and Industry is working to enhance cooperation between the public and private sectors
to make the nation one of the region’s most prominent self-sufficient nations. The 2018
Food Global Security Index (FGSI) score for Qatar, as reported by the Intelligence Unit of
the Economist, is slightly higher than the previous year, with a score of 76.5 compared to
73.3 in 2017. This improvement leads to Qatar moving up from position 29 to position
22 worldwide, which was likely influenced by the challenges faced by Qatar during the
blockade. The authors suggest that future research could involve the development of a
global multi-regional econometric model of Qatar’s food sectors using real trade data from
various sources. Our method could help improve the resilience of the food supply system in
the event of future crises, such as the ongoing threats of COVID-19 and the Russia–Ukraine
war. To prepare for such unexpected situations, the authors recommend the advancement
of proposed analytical trade-based model for Qatar’s food value chain. Using advanced
operations research methods like network optimization, simulation, and supply chain data
analytics will be important for future research efforts to assess and minimize the impacts of
food crises on future generations.
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