
 

   

 

 

   

 

 

 

 

 

 

 

 

STAPLES 
Deliverable 1.2  

Multi-scenario analysis of stressors and the 
related impacts on the supply chain 

START DATE : May, 01st 2024 

DURATION: 36 months

GA Agreement N.°  Project Title  Project  
Acronym  

Program  

2333 STable food Access and Prices 

and Lower Exposure to Shocks 

STAPLES PRIMA 



  

 

 

2 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

 

Deliverable details  

Document title: Multi -scenario analysis of stressors and the related impacts on 

the supply chain  

WP WP n.1 

Version  1.0 

Contractual delivery date  31/10/2025 

Actual delivery date  13/01/2026 

Dissemination level  Public 

Lead partner  Amighini Alessia (CCA), Giovannetti Giorgia 

(CCA), Karam Fida (ERF), Khafagy Amr (ERF), 

Taddei Iacopo Maria (CCA), Zaki Chahir (ERF) 

Contributing partners  CCA and ERF 

Reviewers  UNISG 

 

History of changes  

Version  Date Action made by  Type of action  

0.1 15/10/2025 CCA and ERF Table of Contents 

0.2 18/11/2025 CCA and ERF 
First complete draft shared with the internal 
reviewer 

0.3 03/12/2025 UNISG Comments sent to CCA and ERF 

0.4 10/12/2025 CCA and ERF 
Pre-final version addressing comments from 
the internal reviewer 

1.0 22/12/2025 CCA and ERF Final version for submission 

   

  

Disclaimer  

This document contains confidential information in the form of the STAPLES project findings, work and products and its use is strictly 

regulated by the STAPLES Consortium Agreement and by Contract no. 2333. 

Neither the STAPLES Consortium nor any of its officers, employees or agents shall be responsible, liable in negligence, or 

otherwise howsoever in respect of any inaccuracy or omission herein. 

The contents of this document are the sole responsibility of the STAPLES consortium and can in no way be taken to reflect the 

views of the European Commission.  

© STAPLES Consortium, 2024 Reproduction is authorised provided the source is acknowledged. 



  

 

 

3 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

Table of Contents  

1 Introduction .......................................................................................................................... 9 

2 Network Analysis .................................................................................................................. 9 

2.1 Network contribution to the detection of shocks throughout the period: 2000-2023 ........ 11 

2.2 Overview of the unprocessed cereal network ................................................................ 12 

2.2.1 Density Trend (unweighted network) .................................................................... 16 

2.2.2 Analysing additional topological network indicators .............................................. 23 

2.2.3 In-degree trends for our 6 MENA countries (unweighted network) ....................... 26 

2.2.4 Indicators reflecting community structure ............................................................. 29 

2.3 Overview of the fertilisers network ................................................................................. 36 

3 General analysis of stressors: ............................................................................................ 49 

3.1 Trade-related ................................................................................................................. 49 

3.2 Conflicts ........................................................................................................................ 52 

3.3 Climate Change ............................................................................................................. 58 

4 Food Security ..................................................................................................................... 60 

4.1 Overview of the food security measures used ............................................................... 62 

4.2 Food security trends by income level and region ........................................................... 64 

4.3 Food Security: a trade lens ............................................................................................ 74 

5 Multi-scenario analysis ....................................................................................................... 76 

5.1 Model specification and data sources ............................................................................ 76 

5.2 Discussion of the results ................................................................................................ 77 

6 Conclusion ......................................................................................................................... 83 

7 Next Steps .......................................................................................................................... 83 

8 Reference........................................................................................................................... 85 

9 Appendix ............................................................................................................................ 92 

9.1 Tables: list of products and countries examined ............................................................ 92 

9.2 Figures: additional network representation and food security trends .............................. 98 

 

List of Figures  

Figure 1: Weighted unprocessed cereals network (main importers), 2000. ............................... 12 

Figure 2: Weighted unprocessed cereals network nodes (main importers), 2023. ..................... 13 

Figure 3: Weighted unprocessed cereals network for MENA trade partners, 2000. ................... 15 

Figure 4: Weighted unprocessed cereals network for MENA trade partners, 2023. ................... 16 

Figure 5: Unprocessed cereals density trend, 2000-2023.......................................................... 17 

Figure 6: FAO Food Price Index trend, 2000-2023. ................................................................... 18 



  

 

 

4 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

Figure 7: Food price indices trend, 2010-2011. ......................................................................... 19 

Figure 8: Political instability in the MENA region (number of victims), 2010-2011. ..................... 20 

Figure 9: Wheat price trends for Russia and Ukraine exports, January 2019 ï March 2025. ..... 23 

Figure 10: Unprocessed cereals diameter trend, 2000-2023. .................................................... 24 

Figure 11: Unprocessed cereals average path length trend, 2000-2023. ................................... 25 

Figure 12: Unprocessed cereals average clustering coefficient, 2000-2023. ............................. 26 

Figure 13: Unprocessed cereals in-degree for the six MENA countries, 2000-2023. ................. 28 

Figure 14: Unprocessed cereals number of communities and modularity indicators trends, 2000-
2023. ......................................................................................................................................... 30 

Figure 15: Global unprocessed cereals communitiesô composition for the years 2002, 2009, 
2016, and 2023. ........................................................................................................................ 31 

Figure 16: European and MENA countries unprocessed cereals communitiesô composition, 2019 
and 2020. .................................................................................................................................. 32 

Figure 17: European and MENA countries unprocessed cereals communitiesô composition, 2021 
and 2022. .................................................................................................................................. 33 

Figure 18: European and MENA countries unprocessed cereals communitiesô composition, 
2023. ......................................................................................................................................... 34 

Figure 19: Weighted unprocessed cereals network for MENA trade partners, 2022. ................. 35 

Figure 20: Weighted fertilisers network nodes (main importers), 2000. ..................................... 37 

Figure 21: Weighted fertilisers network nodes (main importers), 2023. ..................................... 38 

Figure 22: Weighted fertilisers network for MENA trade partners, 2000. ................................... 39 

Figure 23: Weighted fertilisers network for MENA trade partners, 2023. ................................... 40 

Figure 24: Fertilisers density trend, 2000-2023. ........................................................................ 41 

Figure 25: Fertilisers diameter, 2000-2023. ............................................................................... 43 

Figure 26: Fertilisers average path length trend, 2000-2023. .................................................... 43 

Figure 27:Fertilisers average clustering coefficient, 2000-2023. ................................................ 44 

Figure 28: Fertilisers number of communities and modularity indicators trends, 2000-2023. ..... 45 

Figure 29: Global fertilisers communitiesô composition for the years 2002, 2009, 2016, and 2023.
.................................................................................................................................................. 46 

Figure 30: European and MENA countries fertilisers communitiesô composition, 2019-2020. .... 48 

Figure 31: European and MENA countries fertilisers communitiesô composition, 2021-2022. .... 48 

Figure 32: European and MENA countries fertilisers communitiesô composition, 2023. ............. 49 

Figure 33: Trade Policy Uncertainty Index. ................................................................................ 50 

Figure 34: Political Violence by Region, 2020-2024. ................................................................. 53 

Figure 35: ACLED Conflict Index ï Top 50 Countries (2024). ................................................... 54 

Figure 36: Conflict by Countries, 1948-2023. ............................................................................ 55 

Figure 37: Temperature change on land ï Meteorological year. ................................................ 58 

Figure 38: Emissions (CO2eq) per Cereal Production (kg). ....................................................... 60 



  

 

 

5 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

Figure 39: Prevalence of undernourishment (%) (3-year average) world level trend, 2000-2024.
.................................................................................................................................................. 65 

Figure 40: Number of people undernourished (millions) (3-year average) world level trend, 2001-
2023. ......................................................................................................................................... 65 

Figure 41: Average prevalence of undernourishment (%) (3-year average) by region, 2001-2023.
.................................................................................................................................................. 67 

Figure 42: Prevalence of undernourishment (%) (3-year average) Egypt trend, 2001-2023. ..... 68 

Figure 43: Number of people undernourished (millions) (3-year average) Egypt trend, 2001-
2023. ......................................................................................................................................... 69 

Figure 44: Prevalence of undernourishment (%) (3-year average) Morocco trend, 2001-2023. . 70 

Figure 45: Number of people undernourished (millions) (3-year average) Morocco trend, 2001-
2023. ......................................................................................................................................... 70 
 

 

List of Tables  

Table 1: Number of Non-Tariff Measures for WTO members - by type (2010-2024). ................. 51 

Table 2: Average of food security indicators by income group, 2002. ........................................ 71 

Table 3: Average of food security indicators by income group, 2022. ........................................ 71 

Table 4: Average of food security indicators, except POU by region, 2002. .............................. 73 

Table 5: Average of food security indicators, except POU by region, 2022. .............................. 73 

Table 6: Food security stressors ï Overall sample .................................................................... 79 

Table 7: Food security stressors ï High-income countries ........................................................ 81 

Table 8: Food security stressors ï Low- and middle-income countries ...................................... 82 

 

  



  

 

 

6 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

List of abbreviations  

ACLED Armed Conflict Location & Event Data Project 

APL Average Path Length 

AQUIM Al-Qaeda in the Islamic Maghreb 

BACI BAse de données de Commerce International 

CAP Common Agricultural Policy 

CEPII Centre d'Études Prospectives et d'Informations Internationales 

CO2eq Carbon dioxide equivalent 

CUs Custom Unions 

EIAs Economic Integration Agreements 

EU European Union 

FAO Food and Agriculture Organization 

FAOSTAT FAO Corporate Statistical Database 

FFPI FAO Food Price Index 

FPMA FAO Food Price Monitoring and Analysis 

FTAs Free Trade Agreements 

GDP Gross Domestic Product 

GFC Global Financial Crisis 

GHG Greenhouse Gas 

GIA Armed Islamic Group 

GRFC Global Report on Food Crises 

GVC Global Value Chain 

HS Harmonized System 

IDR Import Dependency Ratio 

ISIS Islamic State of Iraq and Syria 

LAC Latin America and the Caribbean 



  

 

 

7 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

MENA Middle East and North Africa 

MFN Most-Favoured-Nation 

NOC Number of Communities 

NTM(s) Non-tariff measure(s) 

POU Prevalence of Undernourishment 

Q Modularity 

RoW Rest of the World 

RTAs Regional Trade Agreements 

SACU Southern African Customs Union 

SDG Sustainable Development Goal 

SPS Sanitary and Phytosanitary 

TBT Technical Barriers to Trade 

U.S. United States 

UCDP Uppsala Conflict Data Program 

USA United States of America 

V-Dem Varieties of Democracy 

WDI World Development Indicators 

WTO World Trade Organisation 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

8 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

Executive Summary  

This report presents a network-based analysis of international trade flows in unprocessed cereals 
and fertilisers, with a particular focus on six Middle East and North Africa (MENA) countriesð
Algeria, Egypt, Jordan, Lebanon, Morocco, and Tunisiaðover the period 2000ï2023. By 
examining the evolution of global and regional trade networks from 2000 to 2023, the study 
illustrates how trade patterns and supply chain linkages in unprocessed cereals and fertilisers 
have changed over time. While the networks themselves reveal these structural changes, the use 
of topological network measures allows us to identify the effects of major shocks and stressorsð
such as the COVID-19 pandemic, the RussiaïUkraine conflict, climate change, conflicts, trade 
restrictions, and price volatilityðon countriesô connectivity, centrality, and trade dependencies. 

Beyond the network dimension, the report presents trends in the main stressors at both the global 
and regional levels, with particular attention to their potential implications for food security. A 
comprehensive overview of the concept of food security is provided through a historical review of 
its evolving definitions, followed by a descriptive analysis of its four pillarsðavailability, access, 
utilization, and stabilityðdisaggregated by income group and geographic region. To contextualize 
these dynamics, the report includes graphical evidence highlighting recent developments in food 
access, with a specific focus on the six MENA countries under study. 

The report further presents baseline results from a multi-scenario empirical analysis that links food 
security outcomes to the identified stressors, while explicitly accounting for countriesô centrality 
within global trade networks for unprocessed cereals and fertilisers. These results are 
complemented by controls capturing key macroeconomic and structural characteristics, including 
levels of economic development as proxied by GDP per capita. The analysis is first conducted on 
the full country sample and subsequently extended to separate estimations for high-income and 
low- and middle-income countries, allowing for the identification of heterogeneous drivers of food 
availability and food access across different development contexts. 
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1 Introduction  

The objective of this deliverable is to develop a multi-scenario analysis of potential future stressors 
and shocks on cereal supply chains deriving from international markets. This will allow analysing 
the effects of external and domestic shocks on food prices and on food security. 

The issue of food security in the Middle East and North Africa (MENA) region has been extensively 
researched, as the region is highly vulnerable to food security challenges due to its heavy reliance 
on grain imports (Rahimi et al., 2023; Abay et al., 2023). Recent estimates show that around 59.8 
million people, equivalent to 13% of the regionôs population, are undernourished (FAO, 2023). The 
region derives 40% of its dietary energy and 63% of protein from imported grains, making it 
susceptible to trade disruptions (Rahimi et al., 2023). Recent research shows that political 
instability and external shocks (such as the Arab Spring or the Russia-Ukraine war) significantly 
impacted food security in MENA countries given that high dependency cereals imports. Moreover, 
urban poor populations are particularly at risk, as food security shocks in the region, due to high 
food import dependence, differentially impacts poor and urban households (Abay et al., 2022). To 
address these vulnerabilities, MENA countries are considering strategic reserves and land 
acquisition abroad, though these strategies have limitations (Wright and Cafiero, 2011).  

In this paper, we suggest a methodology to assess the determinants of food security, by including 
three types of stressors that can affect food security, especially in the MENA region, namely 
climate change, conflict, and trade policy. 

2 Network Analysis  

With the purpose of building a global network analysis of cereal trade flows, as described in 
Deliverables 1.1 and 1.4, we used BACI (BAse de données de Commerce International) bilateral 
trade data developed by CEPII (Centre d'Études Prospectives et d'Informations Internationales) 
and examined the Global Value Chain (GVC) structure of these exchanges by distinguishing three 
processing stages: unprocessed, semi-processed, and processed products. Given the major 
importance of four cerealsðbarley, maize, rice, and wheatðin total cereal imports of six key 
Middle East and North Africa (MENA) countries (Algeria, Egypt, Jordan, Lebanon, Morocco, and 
Tunisia), we further carried out a refined network analysis focused exclusively on these goods. 
These products are identified at the 6-digit level of the Harmonized System (HS), using the 1992 
version, which provides the longest period of coverage (1995ï2023) while ensuring full 
comparability in the classification of unprocessed cereals and fertilizers with the HS 2002 version, 
which covers a shorter span (2002ï2023). Unlike Task 1.1, this task specifically examines how 
strong dependence on imports of highly traded unprocessed cereals and fertilizersðone of the 
main agricultural inputs for the domestic production of cerealsðcan affect food security, 
particularly in the MENA region. The first category includes all raw cereals classified under Chapter 
10 (ñCerealsò) of the HS system, not only those most commonly imported by MENA countries, 
while the second category comprises fertilizers listed under Chapter 31. Table A1 provides the 
complete list of cereal products considered, and Table A2 lists all products included in the fertilizer 
category.  

The network analysis approach goes beyond traditional country-level statistics, which typically 
assess bilateral trade relationships in isolation. Instead, it situates each dyadic trade flow within a 
broader global structure, where connections with other countries shape and influence that bilateral 
link. In this perspective, countries are not only described by their direct trade flows, but also by 
their position and role within the overall network, captured through centrality and other topological 
measures. Complex network analysis makes it possible to infer system dynamics that are not 
directly observable, thereby providing valuable insights into how network structure relates to 
resilience, as topological properties systematically influence how the system responds to external 
shocks (Bao et al., 2022). 
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Through this approach, we identify key actors in the network (e.g., hubs and authorities), assess 
the degree of centralization and fragmentation, and evaluate the relative importance of trade 
partners beyond simple bilateral statistics. Finally, network analysis allows us to uncover patterns 
of dependency and vulnerability, which are particularly relevant in the context of disruptions to 
global value chains.  

The analysis is conducted using R software, employing the igraph package to compute network 
centrality indicators and the ggraph package to produce graphical representations of the networks. 
The igraph library (Csardi & Nepusz, 2006), developed under the umbrella of the statnet library 
(Goodreau et al., 2008), offers computational efficiency that allows working with very large 
networks. 

As previously anticipated in the D1.4 different criteria can be applied to construct the network: 

1) The number of nodes/countries considered in the analysis which directly affects networksô 
dimension and its comparability over time. To ensure consistency and comparability across 
years and countries, the standardization procedures must be applied to the same set of 
countries throughout the period of analysis. Consequently, the time coverage of our 
analysis depends not only on data availability and country composition but also on the 
adoption of comparable measures to assess food security. In line with this principle, we 
restricted our period of analysis to the last 23 years available in the BACI-CEPII database 
(2000-2023). Indeed, the BACI (HS92) dataset reports trade flows for up to 238 countries 
over the period 1995ï2023. To ensure the inclusion of only relevant trade flows in our 
analysis, we adopted the same procedure proposed by De Benedictis et al. (2014), 
retaining only those countries that report trade with at least one international partner in 
every year for the period 2000ï2023 in which most of the countries in our analysis are 
considered separately and not aggregated for unions, more on this on point 2. 
Consequently, countries that changed their composition after 2000, as well as those that 
interrupted both imports and exports of unprocessed cereals or fertilisers, depending on 
the trade flows analysed, for at least one year during this period, were automatically 
excluded from the sample. After applying these restrictions, the resulting sample remains 
constant over time for both product groups, comprising 207 countries for unprocessed 
cereals and 196 for fertilizers. All included countries are listed in Table A3, where those 
belonging exclusively to the first group are highlighted in red, and those appearing only in 
the second group are highlighted in blue. 
 

2) The period of study. In the early years, some countries were aggregated under customs or 
politico-economic unions. For instance, South Africa was reported jointly with Botswana, 
Eswatini, Lesotho, and Namibia as part of the Southern African Customs Union (SACU) 
until 1999, while Belgium and Luxembourg were grouped as a single entity until 1998. To 
ensure consistent country coverage across timeðwithout losing observations for the multi-
scenario analysis, for which food security measures are generally unavailable before 
2000ðthe analysis period is restricted to 2000 onwards, the first year in which SACU 
members are reported individually. The only countries that remain unified are Serbia and 
Montenegro (until 2005), Sudan and South Sudan (the latter gaining independence in 
2011), and the Netherlands Antilles (dissolved in 2010, when Bonaire, Saba, and Sint 
Eustatius became special municipalities of the Netherlands, while Curaçao and Sint 
Maarten became constituent countries within the Kingdom of the Netherlands). 
 

3) Weighting criterion. To obtain a more comprehensive understanding of trade dynamics 
within the cereal network, we perform both unweighted and weighted network analyses. 
Centrality measures calculated on these two alternative network structures should be 
interpreted in parallel, as each provides complementary insights into countriesô roles and 
interactions within the network. Together, they reflect two fundamental aspects of trade: 
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trade partners and trade volumes (Helpman, Melitz, and Rubinstein, 2008). On this final 
aspect, since the BACI CEPII dataset provides both quantities and values of trade flows, 
the analyst must choose which variable to use as weights. Given the absence of missing 
values and the widespread use of value data in trade analysis, we preferred to use the 
trade value as the weighting method. 
 

4) For graphical representation, it is essential to apply thresholds that filter out minor trade 
flows. This allows us to highlight only the most relevant connections, thereby enhancing 
the readability and interpretability of the network graphs. In this regard, we propose 
adopting two different thresholds: a more relaxed one for the six MENA countries, to better 
capture their trade linkages, and a more restrictive one for the remaining countries. The 
thresholds are defined based on the minimum share of total trade that each bilateral flow 
must represent in order to be included in the graphical visualization. Specifically, the 
threshold for the rest of the world (RoW) is set at 0.3% of global trade, while for the MENA 
countries it is 0.075%ða value four times lower. As shown in D1.1, this differentiation is 
justified by the fact that MENA countries generally exhibit limited export linkages and 
structural trade deficits in cereals depending largely on a small number of major suppliers 
to fulfil their internal demand. These import flows that are generally higher than the export 
flows are those emphasized in visualizations through the imposition of this lower threshold. 
Conversely, for the rest of the world, the objective is to highlight the main exporting 
countries and their most significant trade relationships. 

Therefore, we constructed two versions of the cereals and fertilisers trade networks: an 
unweighted (binary) and a weighted version. Both are modelled as directed graphs, where links 
go from the exporting country to the importing country and the direction of the link matters. 
Formally, the network is represented as a graph Ὃ ὠȟὒ where: 

ǒ ὠ denotes the set of nodes (or countries) in the network; 

ǒ ὒ is the set of directed edges (or links) representing trade relationships. 
 
In the unweighted version of the network, the adjacency matrix ὒ  is binary:  

ὒ

  ρ ὭὪ ὸὬὩὶὩ Ὥί ὥ ὸὶὥὨὩ Ὢὰέύ Ὢὶέά ὧέόὲὸὶώ Ὥ ὸέ ὧέόὲὸὶώ Ὦ      π  ὭὪ ὨέὩί ὲέὸ ὩὼὭίὸ ὥ ὸὶὥὨὩ Ὢὰέύ Ὢὶέά ὸὬὩ ὸύέ ὧέόὲὸὶὭὩί  

This allows us to assess only the presence or absence of a trade link, without considering the 
effective amount of the trade volume between two given nodes. 

Following the framework of De Benedictis et al. (2014), the network structure in the weighted 
version is expressed as: ὔ  ὋὠȠὒȠὡȠὖȢ 

ǒ ὡ is a function that assigns weights to the edges, where ὡ  describes the volume of cereal 

exports from country Ὥ to country Ὦ, or alternatively, the monetary value of that flow. Since 

the original dataset provides trade data in both value and quantity, ὡ  effectively captures 

the intensityðor strengthðof each bilateral trade relationship. 
 

ǒ ὖ is a vertex-level function capturing node-specific characteristics, such as country names 
or income.  

2.1 Network contribution to the detection of shocks throughout the period: 2000 -
2023 

To investigate the time dynamic of both unprocessed cereals and fertilizers trade networks and 
their structures, we calculated a set of standard topological network statistics and observed their 
trends to detect period of changes in their general path that might have occurred during a shock 
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period (i.e., Covid-19, Russiaôs invasion of Ukraine) or might be insightful for the identification of 
other stressors (the upsurge of cereal prices in 2011) affecting these trade flows. The description 
and trend-analysis of these network measures are discussed in Subsection 2.2 for unprocessed 
cereals and in Subsections 2.3 for fertilizers. 

2.2 Overview of the unprocessed cereal network  

Figures 1 and 2 illustrate the main trade flows of unprocessed cereals at the beginning and at the 
end of our time period. In both charts, nodes corresponding to the six MENA countries are coloured 
in light blue, while nodes representing the Rest of the World are highlighted in yellow. In both 
cases, we applied the two thresholds discussed in Section 2 to make the network representation 
clearer and more interpretable, retaining only the main exporters and importers of unprocessed 
cereals without excluding key MENA countries. The size of each node is based on in-strength 
centrality calculated on the weighted network: the larger the node, the greater the countryôs 
reliance on foreign imports, which may be concentrated among a few main hubs or distributed 
across multiple exporters. Further details on the computation of both in- and out-strength centrality 
are provided in Subsection 2.2.2, preceded by a brief explanation of a similar measure in the 
unweighted network, namely degree centrality. The thickness of the edges represents the value 
of the trade flows forming a dyad: thicker edges indicate higher volumes of unprocessed cereals 
traded. 

 

Figure 1: Weighted unprocessed cereals network (main importers), 2000. 

 
Source: Authorsô own elaboration using BACI database. 
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In Figure 1, this pattern is exemplified by the United States of America (USA), whose main cereal 
export destinations are Japan, Mexico, and Egypt. Within the MENA region, Egypt is the most 
reliant on foreign cereal imports, followed by Algeria and Morocco. Globally, Japan and Egypt 
ranked among the top three countries in terms of in-strength centrality, with Japan in first place, 
Iran in second, and Egypt in third, followed closely by Mexico in fourth.  

 

Figure 2: Weighted unprocessed cereals network nodes (main importers), 2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

By contrast, in 2023 the largest cereal trade flow runs from the United States to Mexico, followed 
by exports to Japan and China. China emerges as the major importer (authority) in the network, 
trading intensively with other South American partners, particularly Brazil and Argentina. In the 
same year, Egypt remains the main importer of unprocessed cereals in the MENA region, ranking 
fifth globally in in-strength after China, Japan, Mexico, and Spainðwhose main cereal suppliers 
are Russia and Romania. Algeria continues to be the second-largest importer in the region, 
occupying the sixteenth position worldwide, followed closely by Morocco in eighteenth place. 
Although Egypt has steadily increased its cereal imports in absolute terms over the years, it has 
fallen in the global ranking, along with Algeria and Morocco. In 2000, these countries ranked ninth 
and sixteenth, respectively. The declining relative importance of the USA in cereals trade with 
MENA countries is also evident: its trade link with Egypt has fallen below the threshold applied for 
the network representation and no longer appears in the figure above. 
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Appendix Figures A1 and A2 present the same graphical representations for the corresponding 
years, but with nodes weighted according to the out-strength centrality indicator, which 
emphasizes countries with high and/or numerous outgoing links, thereby providing an exporterôs 
perspective. At both the beginning and the end of the period, the USA remained the main exporter 
of unprocessed cereals. In 2000, the USA was followed by France and Canada, whereas in 2023 
the main exporters were Brazil and Australia, with Russia rising dramatically from twenty-second 
in 2000 to fourth position. Ukraine, which ranked third in 2021ðjust before the Russian invasion 
and behind only the USA and Argentinaðfell to seventh place two years later. 

To examine how trade partners of the six MENA countries have evolved over time, we focus on 
their specific trading relationships, isolating only these economies and their partners in the 
network. We consistently apply the second threshold, equal to 0.075% of global unprocessed 
cereals trade, for each year considered. Double-click the object below to open the dynamic version 
of the network, which applies the usual colour scheme: light blue for the six MENA countries and 
yellow for all other countries. 

 

 

 

During the first year, the USA was the main supplier of unprocessed cereals for all six MENA 
countries, while Russia and Ukraine had no trade links with these economies. It is worth noting 
that the largest trade flow at that time was from the USA to Egypt, as indicated by the thickest 
edge connecting the two countries (see Figure 3). Starting in 2001, Russia and Ukraine entered 
the network, trading respectively with Algeria and Morocco, while the USA maintained strong ties 
with Jordan, Lebanon, and Egypt. Egypt showed some diversification in its suppliers, sourcing 
unprocessed cereals also from Australia, Argentina, Canada, France, and Turkey, and even 
exporting to Syria. In 2002, Russia and Ukraine expanded their trade partnerships in the region, 
covering Algeria, Egypt, Morocco, and, in the case of Ukraine, Tunisia. Brazil began emerging as 
a notable cereal exporter to the region, initially supplying only Egypt and, by 2004, Algeria and 
Morocco as well. 

In 2011, Romania started trading unprocessed cereals with Jordan and Egypt, while the USA 
reduced its set of MENA trade partners to Egypt, Jordan, Lebanon, and Morocco, losing the link 
with Morocco in 2012 and with Lebanon in 2013, maintaining only Egypt by 2014. These trade 
flows were temporarily restored during 2015ï2016. However, the USA stopped supplying 
significant quantities of unprocessed cereals during the most recent major crises, particularly in 
2020 during the Covid-19 outbreak and in 2022 at the onset of the war in Ukraine, maintaining 
strong trade links only with Algeria in the final year of the study. 

By 2019, Ukraine had become an important supplier for all six MENA countries, while Russia 
traded mainly with four of themðEgypt, Jordan, Lebanon, and Morocco. Since the Covid-19 
pandemic, trade between Ukraine and Jordan declined, and at the onset of the Russian invasion, 
strong trade links remained only with Algeria, Egypt, and Lebanon. In 2022, Russia traded only 
with Egyptðthe highest-value trade flow as illustrated in Figure 19ðbut re-established significant 
links with Tunisia in 2023 (see Figure 4). 

Argentina, Brazil, and France also maintained trade relations with Algeria, Egypt, and Morocco. 
Morocco had the second-highest number of incoming edges in the network, while Egypt surpassed 
Algeria, importing cereals from eight countries: Bulgaria, Canada, Romania, the USA, Turkey, and 
the three major suppliers already mentioned. Tunisia imported significant volumes only from 

https://drive.google.com/file/d/1OIKsidmLwVQruZLfzBunWvKawwzc7wKU/view
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Bulgaria, Russia, and Ukraine, whereas Jordan and Lebanon relied solely on Romania and 
Ukraine, respectively. 

 

Figure 3: Weighted unprocessed cereals network for MENA trade partners, 2000. 

 
Source: Authorsô own elaboration using BACI database. 
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Figure 4: Weighted unprocessed cereals network for MENA trade partners, 2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

2.2.1 Density Trend (unweighted network)  

The first topological network statistics indicator computed adopting the unweighted version of the 
network is density. Density serves as a measure of the level of interconnections among countries 
participating in international trade, indicating the degree of closeness (Wasserman and Faust, 
1994). It measures the share of effective links to all possible links in the network. In the case of 
directed networks, the maximum number of possible edges is ὲὲ ρ. Therefore, density is 
obtained as: 

Ὀ
ὓ

ὲὲ ρ
ȟ 

ρ 

where ὓ is the number of existing links. The density of the network ranges between 0 and 1, with 
0 indicating the absence of edges, while a density of 1 signifies that all countries have mutual 
connections (Wasserman and Faust, 1994). A higher density indicates a more interconnected 
network, suggesting that a larger number of countries are actively trading cereals with one another, 
consequently reducing the risk of having just a few critical nodes suppling unprocessed cereals to 
most of the economies in the network. 
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Figure 5: Unprocessed cereals density trend, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

Figure 5 shows that, over the period considered, trade connectivity increased by about 6%, from 
nearly 10.40% in 2000 to slightly above 16% in 2023, reaching a peak of almost 17% (16.91%) in 
2021. However, several key global events during these 23 years temporarily counteracted this 
upward trend. The green bar in Figure 5 highlights the onset of the Global Financial Crisis (GFC). 
Figure 6 depicts the time trend of the Food and Agriculture Organization (FAO) Food Price Index 
(FFPI) over the same period. The FFPI is a composite indicator capturing monthly changes in 
international prices for a basket of goods, calculated as the weighted average of price indices for 
five product categoriesðcereals, oils and fats, dairy products, meat, and sugarðweighted by their 
average export shares over 2014ï2016. The indices for each category are based on the average 
of various world prices. The FFPI remained relatively low from 2000 to 2003 and began rising in 
early 2004, reaching 132.73 points in June 2008. The period 2007ï2008, marked by the two dotted 
green lines in Figure 6, was characterized by a global food price crisis. This phenomenon reflected 
not only historical factors that have contributed to rising food prices in the pastðsuch as slower 
growth in agricultural production and grain stocks, higher energy costs increasing production 
expenses, and rising demand from emerging economiesðbut also two distinctive factors that set 
this crisis apart from previous ones: speculation in financial markets and the diversion of food 
crops to biofuels.  

Deregulation removed quantitative restrictions on speculative positions in agricultural futures 
contracts, which, instead of acting as stabilizers to reduce price volatilityðencouraging investors 
to buy when prices were low and sell when highðbecame a key force behind the hyperinflation 
recorded for these products. In this context, the Commodity Futures Modernization Act passed in 
2000 in the USA enabled substantial investments in agricultural commodity futures by authorizing 
speculation in unregulated markets (HLPE, 2011). According to Mittal (2009), following the 
bursting of the housing bubble in mid-2007 and with global grain stocks running low, financial 
investors saw opportunities in food commodity markets to diversify their portfolios and enhance 
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returns. The resulting increase in demand from investor speculation exerted tremendous upward 
pressure on food and energy prices. For instance, wheat prices ñincreased by 46% in the short 
period between January 10 and February 26, 2008, fell by as much by May 19, increased again 
but to a lesser extent (by only 21%) until a minor peak in early June, and then fell again over 
Augustò (Ghosh, 2008). Fund money invested in commodity indexes rose dramatically from $13 
billion in 2003 to $260 billion in March 2008 (IUF, 2008). 

A second factor distinguishing this food price crisis from previous ones was the surge in demand 
for coarse grains for biofuel production in the United States and the European Union. Biofuels, 
together with low grain stocks, land-use shifts, speculative activity, and export bans, have been 
linked to a 70ï75% increase in food prices. Brazil, despite being a significant biofuel producer, did 
not see its sugar-cane ethanol production contribute substantially to global food price rises 
(Mitchell, 2008). Between 2002 and 2007, the quantity of US corn used for ethanol production 
increased by 53 million metric tons, accounting for 30% of the global growth in wheat and feed 
grain use (Trostle, 2008). The expansion of ethanol production thus reduced corn stock levels, 
driving prices upwardða factor that also contributed to food price increases during 2010ï2012. 

As noted by Verpoorten et al. (2013), the 2008 food crisis placed many developing countries under 
severe stress. However, rather than experiencing a decline in connectivity, the unprocessed 
cereals network recorded an increase in density, rising from 12.44% in 2007 to 13.23% in 2008.  

 

Figure 6: FAO Food Price Index trend, 2000-2023. 

 
Source: Authorsô own elaboration using FAO database. 

 

In contrast, in 2011 the network density experienced a temporary drop, followed by a sharp V-
shaped rebound the following year, reflecting the food price increases between 2010 and 2012, 
highlighted by the two orange dotted lines in Figure 6. This surge in food prices was largely driven 
by a 32.59% increase in cereal prices from January 2010 to January 2011, as shown in Figure 7.  
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Figure 7: Food price indices trend, 2010-2011. 

 
Source: Authorsô own elaboration using FAO database. 

According to Coulibaly (2013), the 2010ï2011 rise in cereal prices can be attributed to both 
demand and supply factors. On the demand side, the first factor is dietary changes in developing 
countries: growing populations and rising incomes increased demand for meat, which in turn 
raised the need for cerealsðparticularly corn, wheat, barley, and soyðto feed the additional 
livestock. The second demand factor was the increase in ethanol production, especially in the 
USA, which, together with Brazil, accounted for 87.1% of global ethanol production in 2011. The 
United States mainly uses corn for ethanol, with approximately one metric ton of corn producing 
400 litres of ethanol. This expansion in ethanol production reduced corn availability, initially driving 
up domestic prices in the USA and, as the worldôs largest corn exporter in 2011ï2012, transmitting 
these higher prices to global markets. 

On the supply side, the increase in overall production, combined with a modest expansion of 
arable land (8% from 1967 to 2007), including land devoted to animal feed, limited the area 
available for cereals destined for human consumption, pushing prices upward. Adverse weather 
also played a role, including drought in the United States (U.S.) Corn Belt, unprecedented rainfall 
in parts of Asia, and exceptional heat in Eastern Europe. In particular, ñin the summer of 2010, 
Russia, Ukraine, and Kazakhstan were hit by a drought that reduced wheat yields by 
approximately 27%, 19%, and 35%, respectively, compared with the summer of 2009. Since these 
three nations accounted for about 14% of production and 27% of global exports, these declines 
affected global export supplies and therefore contributed to higher wheat pricesò (Coulibaly, 2013). 

Moreover, the surge in food prices contributed to political instability in some developing countries, 
especially in the MENA region, triggering the ñArab Spring,ò as highlighted in Figure 8 (reproduced 
from Coulibaly, 2013). Riots in Libya, Egypt, and Tunisia led to regime overthrows and significant 
changes in the geopolitical dynamics of the region. According to Maystadt, Trinh Tan, and 
Breisinger (2014), during the 2010ï2011 Arab Spring, countries in the area experienced setbacks 
in cereal imports, reflecting high exposure to trade shocks. 
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Figure 8: Political instability in the MENA region (number of victims), 2010-2011. 

Source: Graphical representation taken from the work of Coulibaly (2013) using data from New England 
Complex Systems Institute and DivaGIS. 

 

Nevertheless, no significant change occurred during the Covid-19 pandemic, as network density 
remained stable at slightly above 16%, a level similar to that of 2019 (see Figure 5). This finding 
contrasts with Arita et al. (2022), who report an overall decline in agricultural trade of between 5% 
and 10%. Indeed, the pandemic disrupted food supply chains in many countries and globally, 
affecting harvesting, processing, trade, and logistics (Bochtis et al., 2020; Larue, 2020; 
Schmidhuber, Pound, and Qiao, 2020; Saccone, 2021; Engemann and Jafari, 2022; Consoli et 
al., 2023; Mekanna et al., 2023; Hassen and El Bilali, 2024). Domestic food production gaps could 
not be easily compensated by imports because many countries reacted to the turmoil by imposing 
trade restrictions, such as tariffs and export bans (Erokhin and Gao, 2020; Ali et al., 2020; FAO, 
2020a, 2020b; Laborde et al., 2020a; Udmale et al., 2020; Zurayk, 2020). These restrictive 
measures affected almost all segments of agrifood value chains and particularly undermined food 
availability in countries highly dependent on international food trade (Engemann and Jafari, 2022). 
Moreover, within a single year (August 2019ïAugust 2020), food prices increased by 5.5% 
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(Reinsdorf, 2020; Stoevska, 2020). An even stronger rise followed in the subsequent year, as 
shown by the FFPI dynamics: from December 2020, the index surpassed its previous peak of July 
2014 and continued to grow until reaching its maximum in May 2021. After a brief decline, food 
prices rose again, approaching similar levels in August 2021. Despite this upward trend, 
Engemann and Jafari (2022) suggest that changes in trade remained limited to short-term 
disruptions, mainly during the first wave of the pandemic, which aligns with our findings. 

The period marking the onset of Russiaôs aggression against Ukraine is delimited by two red bars 
in Figure 5. This conflict, involving two major cereal suppliersðrespectively the fourth and seventh 
largest exporters of unprocessed cereals in 2023ðtriggered a more persistent decline in network 
density. The indicator fell for two consecutive years, 2022 and 2023, reaching 16.07%, a level 
even lower than that recorded during the Covid-19 outbreak (16.20%). To emphasise this 
downward pattern, these two observations were highlighted in yellow in Figure 5. 

Ukraine and Russia are, indeed, often described as the worldôs breadbaskets, supplying more 
than 30% of globally consumed grains (UN, 2022), 17% of maize, and 73% of sunflower oil, and 
together contributing over 10% of total calories traded worldwide (Abay et al., 2023; Behnassi and 
El Haiba, 2022; Laber et al., 2023; Glauber and Laborde, 2023). As occurred during the 2008 food 
crisis and the Covid-19 pandemic, many governments reacted to the shock by implementing 
export restrictions aimed at redirecting production to meet domestic food needs. As of 6 November 
2023, 19 countries had enacted 27 food export bans, and 9 had introduced 18 export-limiting 
measures (World Bank, 2023). According to the World Trade Organisation (WTO) (2023), since 
the start of the war in Ukraine, 96 export restrictions on essential agricultural commodities were 
adopted by 29 WTO members, reducing the ability of other countries to compensate for lost 
imports from Russia and Ukraine. Wheat and maize trade was particularly affected by Russiaôs 
export bans on both cereals, Ukraineôs wheat export ban, and the Black Sea blockade (Marson 
and Saccone, 2023), the latter being further examined in Subsection 2.2.3. These disruptions have 
jeopardised food security in import-dependent countries heavily reliant on Russian and Ukrainian 
production (Glauben et al., 2022; Laber et al., 2023; de Gourcuff et al., 2023; Glauber and 
Laborde, 2023). 

As previously noted, one of the most critical consequences of the war has been the suspension 
of Ukraineôs grain exports through the Black Sea, while Russia has faced sanctions from several 
countries, including export restrictions. The combined effect of these developments has disrupted 
global grain supply chains (McGuirk and Burke, 2022) and substantially contributed to the sharp 
rise in staple food prices worldwide (Arezki, 2022; Artuç et al., 2022). By the end of 2022, FAO et 
al. (2022) estimated that international wheat prices could increase by between 8.7% and 21.5% 
as a result of the conflict. Since spring 2021, when Russian Armed Forces began massing troops 
and military equipment near the Ukrainian border and Crimea (Kramer, 2021), and particularly 
between the first and the second larger troop build-ups starting in October 2021, wheat export 
prices rose by more than 58% in both countries. As illustrated by the two green dotted lines in 
Figure 9, both the preparatory phase and the outbreak of the conflict on 24 February 2022 pushed 
cereal prices sharply upward. 

In light of the density trend analysis of the unprocessed cereal network and the available literature, 
the main stressors negatively affecting trade relationshipsðand addressed in our multi-scenario 
analysisðinclude: 

1) Trade restrictive measures (such as import tariffs and export bans). These policies have 
undermined food security in countries heavily dependent on cereal imports, both from 
conflict-affected exporters and from countries responding to temporary domestic shortages 
unrelated to conflictðparticularly in the MENA region. As illustrated in Figure 4, the most 
affected countries include Egypt, Tunisia, and, in the case of Ukraine, Lebanon. The effects 
of these measures on trade flows have been evident during the Covid-19 crisis and, even 
more markedly, following the Russian invasion of Ukraine. 
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2) Van Weezel (2018), through a cross-country analysis covering more than 100 countries, 

showed that conflict is associated with lower levels of food security. Similar macro-level 
evidence is provided by Teodosijeviĺ (2003), Hitzhusen and Jeanty (2006), and Gates et 
al. (2012). A comprehensive overview of the channels through which conflict can affect 
food security is offered by Martin-Shields and Stojetz (2017). 
 
Empirical studies at the household and farm levels also suggest that agricultural production 
tends to decline substantially in regions affected by conflict. This reduction can be 
attributed to adverse effects on labour supply, access to land and credit, and direct damage 
to capital, such as theft and destruction (Nillesen, 2007; Verpoorten, 2009; Rockmore, 
2015; Muñoz-Mora, 2016; Blattman and Miguel, 2010). Nevertheless, food insecurity can 
also act as a determinant of conflict (Pinstrup-Andersen and Shimokawa, 2008), giving rise 
to endogeneity concerns in empirical analyses exploring this relationship. 
 
The political instability shock has been identified in the first strong density-declining period 
(2010ï2012) as an indirect effect of the food price surge in 2010ï2011. As highlighted in 
previous empirical studies (Rudé, 1964; Goldstone, 1991; Diamond, 2005), the óArab 
Springô uprisings were closely linked to international food price shocksðboth in the African 
continent (Johnstone and Mazo, 2011; Maystadt, Trinh Tan, and Breisinger, 2014) and 
globally (Bellemare, 2015; Cadoret, Hubert, and Thelen, 2015). 
 

3) Climate extremes can affect food supply by reducing the area of arable land suitable for 
crop production, as observed in several African countries (Amekudzi et al., 2015; Arnell, 
2009; Owusu et al., 2021), thereby increasing both the prevalence and the number of 
undernourished people. They can also disrupt food trade and distribution through damage 
or destruction of infrastructure. Moreover, such events and their variability may raise food 
production costs, leading to higher consumer prices (Berrera and Hertel, 2021; Dadzie et 
al., 2021; FAO, 2008). This dynamic was particularly evident during the droughts that 
affected the U.S. Corn Belt and Eastern European countries, as well as unprecedented 
rainfall in parts of Asia, collectively contributing to a surge in cereal prices and a contraction 
of trade flows in 2011. 
 

International food price volatility emerges as the most recurring effect across the shocks 
examined. Food prices are a crucial economic indicator that allows researchers, policymakers, 
and international organizations to identify, analyse, and monitor the propagation of shocks. Sharp 
fluctuations in food prices represent one of the most powerful channels of shock transmission, as 
they generate uncertainty at all levels of the economy. 

The main challenge of our multi-scenario analysisðaimed at assessing the influence of price 
volatility and the aforementioned stressors on food securityðlies in addressing the potential 
endogeneity of international food prices. Indeed, these prices both affect and are affected by food 
security outcomes and by the set of shocks (conflict, climate, and trade restrictions) considered. 

In the first case, higher international food prices reduce food access in net-importing countries, 
thereby worsening food security. Conversely, deteriorating food security conditionsðsuch as 
shortages or the adoption of export restrictions to protect domestic consumersðcan, in turn, push 
international prices even higher. Hence, the causal direction between food prices and food security 
is a priori ambiguous. 

In the second case, exogenous shocks, such as Russiaôs aggression against Ukraine, have driven 
sharp increases in cereal pricesðparticularly for wheat, as illustrated in Figure 9. This implies that 
the price variable is no longer exogenous, as it becomes a function of the same stressors that 
influence food security. 
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A detailed description of the multi-scenario analysis is provided in Section 5. 

 

Figure 9: Wheat price trends for Russia and Ukraine exports, January 2019 ï March 2025. 

 
Source: Authorsô own elaboration using FAO Food Price Monitoring and Analysis (FPMA) Tool: 
https://fpma.fao.org/giews/fpmat4/global/#/dashboard/tool/international 

 

2.2.2 Analysing additional topological network indicators  

The diameter is the longest geodesic distance between any two nodes in the network. The 
geodesic distance between two nodes refers to the length of the shortest path connecting them. 
A large diameter implies that it takes many trade steps to connect the most distant countries, 
indicating potential fragmentation in the network. The diameter also signifies the maximum trade 
relationships between any two countries (Fan et al., 2019). 

 

ὈὭὥάὩὸὩὶὨόȟὺ  ς 

where Ὠόȟὺ is the length of the shortest path between node ό and node ὺ and όȟὺ ‭ ὠ implies 
considering every possible pair of nodes (ό and ὺ) in the networkôs set of vertices, ὠ. 

Figure 10 shows the evolution of the network diameter for unprocessed cereals between 2000 
and 2023. Overall, the network remains highly compact throughout the period, with only a few 
exceptions. In 2004 and 2005, the number of steps required to connect the most distant economies 
temporarily increased to six. During major global disruptionsðsuch as the 2008 food crisis, the 
subsequent surge in international food prices in 2011, and the onset of the Covid-19 pandemic in 
2020ðthe diameter slightly exceeded its average value of 4.79, reaching 5. A similar dynamic is 
observed in 2023, one year after the outbreak of Russiaôs war in Ukraine. 

https://fpma.fao.org/giews/fpmat4/global/#/dashboard/tool/international
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The relatively low diameter values indicate that most countries are connected through only a few 
trade intermediaries. In network terms, this reflects a high degree of integration and efficiency in 
the international cereals trade structure. However, such compactness also implies that shocks 
affecting major trading economies can propagate rapidly across the network, reaching even 
countries with limited direct trade links. In other words, the shorter the distance between nodes, 
the easier it becomes for stressorsðsuch as price surges, supply disruptions, or export bansðto 
spread globally. 

 

Figure 10: Unprocessed cereals diameter trend, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

The average path length (APL) or average distance is the mean shortest path length between all 
pairs of reachable nodes. It reflects how easily trade flows can spread through the network. A 
lower average distance suggests higher accessibility and tighter integration of countries in the 
trade system, whereas a higher value indicates more dispersed trade patterns.  
 

ὃὖὒ 
В Ὠόȟὺ
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where Ὠόȟὺ is the shortest path distance between node ό and node ὺ, and ὲ is the total number 
of nodes in the network. 

Figure 11 exhibits a progressively higher integration of the economies in the network with the 
average distance having a downward sloping trend, passing from 2.16 in 2000 to 1.98 in 2023. 
Nevertheless, minor increasing changes have been recently noticed during the initial phase of the 
pandemic, as marked by the orange dotted line, and the starting of the conflict between Ukraine 
and Russia, as highlighted by the red dotted line. In both cases, the average distance only rounds 
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2 still being lower than at the beginning of the period and consequently lower than the highest 
value, 2.19, achieved in 2004.  

 

Figure 11: Unprocessed cereals average path length trend, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

The clustering coefficient measures the extent to which nodes in a network tend to form tightly 
connected groups. In the context of trade, it captures the likelihood that two countries trading with 
the same partner also trade with each other. Although the clustering coefficient is traditionally 
defined for undirected networksðwhere it is closely related to the notion of transitivityðit remains 
informative in directed trade networks, as it can reveal the presence of regional or product-specific 
clusters. To gain a more nuanced perspective, we rely on weighted clustering coefficients, which 
account not only for the existence of trade links but also for their intensity. Specifically, we compute 
the average clustering coefficient as the mean of the local clustering coefficients across all nodes, 
which reflects the degree of cohesion within countriesô immediate trade neighbourhoods. 
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Figure 12: Unprocessed cereals average clustering coefficient, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 
As shown in Figure 12, the unprocessed cereals network exhibits a gradual increase in clustering 
over time, with the average coefficient rising from 0.70 in 2000 to approximately 0.75 in 2023. This 
suggests that trade relationships in this sector have become more locally cohesive, with countries 
increasingly embedded in tightly interconnected trade triads. These results are consistent with the 
broader evolution of the world trade network documented by Cepeda-López et al. (2019), who find 
that global trade has experienced rising density and higher average clustering alongside a decline 
in average geodesic distance. Together, these patterns indicate a shift toward a more 
interconnected and potentially more resilient trade structure, where countries are linked through 
multiple overlapping trade channels rather than isolated bilateral relationships. 

2.2.3 In-degree trends for our 6 MENA countries (unweighted network)  

Degree and strength centrality are essentially local measures, as they consider only the direct 
links of a nodeðits immediate neighbourhoodðwithout accounting for the node's position in the 
broader network structure. 

Degree centrality is the simplest measure of the position of a node in a network. It is the sum of 

all the edges connected to a given node В fl .  

It is normalized by dividing it by the maximum possible number of nodes ὲ ρ, since in 
international trade a node cannot have a link with itself.  

ὅ
В fl

ὲ ρ
Ȣ 

τ 

It ranges between 0 and 1; the closer the degree centrality is to 1, the more integrated a node is 
within the network. 
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In directed networks, centrality needs further qualifications, as nodes can be central in a network 

because they show a high number of incoming ties or outgoing ties. Therefore, two complementary 

measures of centrality can be computed; vertices are measured with both an in-degree and an 

out-degree centrality indicator. In-degree centrality measures the number of incoming edges to a 

given node, while out-degree centrality measures the number of outcoming edges from a given 

node. In our analysis, edges are trade flows, with incoming ties being imports and outgoing ties 

being exports. So, each country under study is associated with two centrality measures: an in-

degree centrality (ὅ  and an out-degree centrality (ὅ ), as follows: 

 

ὅ
В fl

ὲ ρ
ȟ ὅ

В fl

ὲ ρ
Ȣ 

υ 

 

The two centrality measures are totally independent on one another, so a country can exhibit high 
(or low) in-degree centrality while at the same time showing low (or high) out-degree centrality. In 
other words, a country can be an important importer in the trade network, i.e. has high in-degree 
centrality, while at the same time being not important as an exporter, i.e. has low out-degree 
centrality. Whereas in the sociological literature, in-degree is often referred to as prestige, while 
out-degree is associated with influence1.  

On the other hand, the weighted measures of in- and out-degree, called in- and out-strength, are 
obtained by summing up the weights attributed to the arcs connected to the node and normalized 
by the maximum number of nodes an ego can be linked to. 

 

ὅ
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Given the heterogeneity of trade flows across countries, degree and strength capture different 
dimensions: degree reflects the breadth of a country's trade relationships, while strength measures 
its intensity. 

Having examined the weighted perspective of this indicator, we now turn to its unweighted form, 
namely degree centrality. Figure 12 shows the time trend for each of the six MENA countries at 
the core of our study, computed according to equation (5). To recover the actual number of 
exporters in the area, the values on the vertical axis should be multiplied by 206ðthe total number 
of nodes in our network (207) minus 1ðas prescribed by the standard normalization procedure. 

All countries except Algeria exhibit an increasing trend in the number of economies from which 
they import unprocessed cereals, suggesting that over these 23 years they have actively sought 
to enhance resilience to external trade shocks by diversifying their suppliers. This is particularly 
evident for Jordan, which recorded the highest in-degree value in 2023 (0.24) among the MENA 
countries considered and experienced the largest increase in the number of suppliers, rising from 

 

1 According to Wasserman and Faust (1994), a prestigious node is one that receives a large number of incoming 
ties, reflecting its importance as a recipient in the network. In simpler terms, prestige represents a form of 
passive centrality in directed networks, as it captures the extent to which a node is the targetɂrather than the 
sourceɂof connections (Aceves, 2017). Conversely, a node with a high out-degree is considered influential, as 
it actively establishes ties with others, projecting its presence across the network. 
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28 in 2000 to 50 in 2023. This is reflected in the steep slope of the red line connecting the first and 
last in-degree observations. 

 

Figure 13: Unprocessed cereals in-degree for the six MENA countries, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

A similar upward trend is observed for Morocco and Tunisia, each of which increased their number 
of unprocessed-cereal suppliers by 17 over the period. Morocco, in particular, stands out as the 
second MENA country with the highest number of import relationships, reaching 46 partners. 
Conversely, Algeria shows the opposite pattern, losing trade linkages over time: its number of 
suppliers declined from 36 in 2000 to 26 in 2023. This figure is even lower than the 2023 average 
in-degree of 34.31ðequivalent, in standardized terms, to 0.1666ðindicated by the horizontal 
black line in Figure 13. 
 
The average degree measures the mean number of trade partners per country, without 
distinguishing between import and export directions. It offers a general indication of how densely 
connected and integrated the cereals trade network is, reflecting the typical number of trade 
relationships maintained by each country. 
 
When the computation considers only incoming ties, it yields the average in-degree, which 
represents the mean number of importing relationships across countries in the network.  
 
Formally, the in-degree average can be expressed as: 
 

Ὧ
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ὲ
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where: 
ǒ ὲ is the total number of countries (nodes) in the network; 

ǒ Ὧ  denotes the number of incoming links (imports) of country Ὥ. 
 

Algeria is the only country in the region whose in-degree value in the last year drops below the 
regional average. Its downward trajectory persists across all major shocks identified in the density 
trend analysis. During the 2008 food crisis (two dotted green lines), Algeriaôs number of suppliers 
declined slightly from 37 to 36, and a similar fall occurred during the 2010ï2011 food price spike, 
when it moved from 36 to 34 exporters. The sharpest contraction followed Russiaôs invasion of 
Ukraine (two dotted red lines), with suppliers decreasing from 33 to 26. Morocco shows a 
comparable pattern, with consistent reductions during each shock. 

Furthermore, five out of six countriesðEgypt being the only exceptionðdisplay a declining trend 
during the Arab Spring period, reinforcing the idea that political instability weakens commercial 
linkages crucial for securing staple foods. Likewise, in the context of the Ukraine conflict, four out 
of six countries (excluding Jordan and Tunisia) experienced a deterioration in trade relationships. 
This deterioration is particularly severe for Jordan, and also for Morocco, which has reduced its 
number of suppliers by eight since the onset of the Covid-19 pandemic. 

2.2.4 Indicators reflecting community structure  

Two indicators reflect community structure ï modularity (Q) and the number of communities 
(NOC). Modularity serves as a metric for evaluating the effectiveness of dividing a network into 
communities, with higher values indicating a more favourable network division (Dong et al., 2022; 
Fan et al., 2019). Newman and Givan (2004) introduce this measure to assess which of the 
divisions into communities in a given network is the most appropriate. The modularity is, up to a 
multiplicative constant, the number of edges falling within groups minus the expected number in 
an equivalent network with edges placed at random. The modularity can be either positive or 
negative, with positive values indicating the possible presence of community structure (Newman, 
2006). Thus, one can search for community structure precisely by looking for the divisions of a 
network that have positive, and preferably large, values of the modularity (Newman, 2004). 

The commonly used Newman-Girvan modularity (Newman, 2006), denoted as Q, is employed to 
quantify the quality of a partition. The modularity ranges from ī 1 to 1, with higher values indicating 
denser flows within communities compared to flows between communities. Typically, modularity 
values between 0.3 and 0.7 are considered a well-structured network division (Blondel et al., 2008; 
Newman, 2004). 

In summary, with regard to trade, the modularity refers to the tendency of international trade 
networks to form modular, or clustered, structures where countries are linked in communities with 
dense internal connections and fewer connections to other groups, a phenomenon observable in 
global value chains and industrial organization. 

 



  

 

 

30 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

Figure 14: Unprocessed cereals number of communities and modularity indicators trends, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

To identify communities within the network, we apply the fast modularity optimization method 
proposed by Blondel et al. (2008), using a fixed random seed (8000) to ensure reproducibility. The 
analysis is conducted on an undirected network of unprocessed cereals, where countries are 
considered to belong to the same community if they engage in intensive mutual trade, both as 
exporters and importers, in line with Li et al. (2024). This algorithm is a measure of the strength of 
the community structure. 

First, it optimizes the modularity by making local changes to the communities. Second, it 
aggregates the identified communities to construct a new network with the communities serving 
as individual nodes (Blondel et al., 2008). This algorithm demonstrates superior performance in 
terms of modularity compared to other community detection methods, such as divisive algorithms 
(Girvan & Newman, 2002), agglomerative algorithms (Pons & Latapy, 2006), and optimization 
methods (Clauset et al., 2004). 

Figure 14 displays, on the left-hand side, the number of communities identified each year in our 
undirected unprocessed cereals network, and on the right-hand side, the corresponding 
modularity values. The optimization procedure yields strictly positive modularity values throughout 
the entire period, indicating the presence of community structure within the network. Moreover, 
the modularity scores range between 0.3 and 0.7, with an average slightly above 0.4. These values 
fall within the threshold suggested by Newman (2004) for identifying a meaningful and well-
structured partition of the network. 

The average number of communities lies between 5 and 6, 5.54, with oscillating values over time. 
During the GFC and in the last observation year, after a reconfiguration of the cereal trade flows 
due to the outset of the conflict in Ukraine, the NOC decreased to 5. However, the low point in 
Figure 14a is recorded in 2015 with only 4 communities detected, while during the other period of 
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crisis, the 2011 increase in international food price and the 2020 Covid-19 pandemic, this number 
either stayed stable or slightly increased, reaching its peak at 6.  

Therefore, this network exhibits heterogeneous nodes and incomplete connectivity. Network with 
this structure demonstrate adaptive capacity as they gradually adjust to external shocks (Scheffer 
et al., 2012). Hence, the quality of community division and the number of communities can affect 
network resilience (Dong et al., 2018).  

 

Figure 15: Global unprocessed cereals communitiesô composition for the years 2002, 2009, 2016, and 2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

Figure 15 provides an overview of this community division at the world level starting from 2002 
with a time lag of seven years. Countries sharing the same colour belong to the same trade 
community, meaning they exchange cereals more intensively with each other than with countries 
outside their group. The spatial configuration of these communities reveals both persistence and 
change over time. Some large and geographically cohesive groupsðsuch as the American cluster 
led by the United States, including most Latin American economies, and the Asian cluster 
dominated by China, India, and their neighbouring countriesðremain relatively stable throughout 
the years analysed. These persistent groupings reflect long-standing regional trade preferences, 
logistical advantages, and established exportïimport corridors. 

In contrast, the European and Eurasian communities exhibit more dynamic reconfigurations. As 
can be observed in Figures 16, 17 and 18, where the graphical representation is restricted to 
European and MENA countries, the main European Union economies continued to have strict 
trade exchanges of unprocessed cereals even during the two more recent crises (Covid-19 and 
Russia-Ukraine war), forming a solid and compact community. On the other hand, important 
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Eastern European countries such as Romania and Ukraine had recently changed their pertaining 
trade community. Indeed, before the outbreak of the Russian invasion of Ukraine, Russia and 
Ukraine were typically part of the same Eurasian cluster, which also included several MENA 
importers and Eastern European economies, reflecting their strong trade interdependence in 
cereals. 

 

Figure 16: European and MENA countries unprocessed cereals communitiesô composition, 2019 and 2020. 

 
Source: Authorsô own elaboration using BACI database. 

 

Starting from 2022, however, this configuration had shifted substantially: Ukraine became more 
tightly linked to the European community, mirroring its redirection of exports toward EU markets, 
while Russia increasingly traded with Egypt as can be seen in Figure 17, and at the global level, 
it traded more with Central Asian countries.  
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Figure 17: European and MENA countries unprocessed cereals communitiesô composition, 2021 and 2022. 

 
Source: Authorsô own elaboration using BACI database. 

 

This separation marks a clear fragmentation of the former Eurasian community, accompanied by 
a disruption and partial redirection of Ukraineôs unprocessed cereal exports to Egypt and other 
regional economies dependent on these supplies for their domestic consumption. Figure 19 
illustrates the main trade relationships in unprocessed cereals for the six MENA countries in 2022. 
As anticipated, Russia remains Egyptôs primary cereals trade partner, showing the thickest link in 
the network. Nevertheless, even during the conflict, Ukraine managed to preserve substantial 
trade ties with Egypt, while Romaniaôs role strengthened not only in Egypt but also in other MENA 
economies such as Tunisia and Jordan. 

Two key mechanisms contributed to maintaining cereal trade flows for Egypt, with the second also 
underpinning the growing trade connections between MENA countries and Romania: the Black 
Sea Grain Initiative and the EU Solidarity Lanes. 

The Black Sea Grain Initiative was negotiated in Istanbul and signed in July 2022 between Turkey, 
the United Nations (UN), and Russia to ensure that Ukrainian grain could continue to leave its 
southern ports via the Bosphorus. The agreement allowed commercial food and fertilizer exports 
(including ammonia) from three key Ukrainian ports in the Black SeaðOdesa, Chornomorsk, and 
Pivdennyi (formerly Yuzhny). Under the initiative, Ukrainian vessels guided cargo ships through 
the international waters of the Black Sea, avoiding mined zones, and then onward to Istanbul via 
a designated humanitarian maritime corridor. Shipments were inspected by joint teams of Russian, 
Turkish, Ukrainian, and UN representatives. Alongside this, a separate memorandum sought to 
minimize the impact of sanctions on the export of Russian food and fertilizer. 
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Figure 18: European and MENA countries unprocessed cereals communitiesô composition, 2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

Initially valid for 120 days, the agreement was renewed several times: first in November 2022 for 
another 120 days, then in March and May 2023 for two additional 60-day extensions, before 
expiring on 18 July 2023. By mid-July 2023, more than 1,000 voyages had successfully departed 
Ukrainian ports, delivering nearly 33 million tonnes of grain and other food products to 45 countries 
worldwide. 

The second mechanism, the EU Solidarity Lanes, was launched in May 2022 as part of the 
European Commissionôs broader solidarity response with Ukraine. It aimed to facilitate Ukraineôs 
exports and imports through alternative routesðrail, road, and inland waterwaysðbypassing the 
naval blockade. Since February 2022, Romania has played a pivotal role in these operations, 
helping to export nearly 29 million tonnes of Ukrainian grain through the port of ConstanἪa by the 
end of 2024. In 2023 alone, Ukraine exported approximately $3.56 billion worth of goods to 
Romania, primarily seed oils ($958 million), corn ($574 million), and wheat ($416 million). Over 
the past five years, exports from Ukraine to Romania have grown at an average annual rate of 
28.2%, rising from $1.03 billion in 2018 to $3.56 billion in 2023. 

According to the European Commission, the total trade value handled via the solidarity lanes 
reached an estimated ú236 billion, including around ú170 billion in Ukrainian imports. Meanwhile, 
the EU also imposed higher tariffs on Russian and Belarusian grain products to prevent the export 
of grain illegally appropriated from occupied Ukrainian territories. 
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Figure 19: Weighted unprocessed cereals network for MENA trade partners, 2022. 

 
Source: Authorsô own elaboration using BACI database. 

 

However, as Ukraineôs overland exports through Eastern Europe intensified, tensions grew within 
neighbouring EU member states. Bulgaria, Hungary, Poland, Romania, and Slovakiaðcountries 
receiving the majority of Ukraineôs redirected grain exportsðprotested against what they 
perceived as an oversupply disrupting domestic markets. Each of these governments introduced 
unilateral import restrictions, prompting the European Commission to implement a temporary EU-
wide ban on imports of Ukrainian grain and other agricultural goods. 

Since mid-2023, commercial ties between Ukraine and its Eastern European neighbours have 
thus entered a more complex phase. On one hand, these countries have become crucial transit 
corridors for Ukrainian exports, enhancing logistical cooperation and infrastructure integrationð
particularly through ports like ConstanἪa and rail hubs along the Danube. On the other hand, 
growing domestic pressures and protectionist concerns have strained trade relations. Despite 
these frictions, regional trade data indicate that Ukraine continues to deepen its export links with 
Romania and, to a lesser extent, Poland and Hungary, reflecting both the adaptive capacity of its 
agricultural sector and the evolving geography of European grain trade after the onset of the war. 

Over the years, the MENA countries show a gradual diversification in their community affiliations. 
Morocco frequently remains part of communities linked to European exporters, reflecting its 
historical reliance on these partners. In contrast, Jordan, Lebanon, and Tunisia display more fluid 
affiliations, sometimes clustering with Asian or Gulf countries, consistent with their efforts to 
broaden sourcing channels. Egypt, on the other hand, tends to maintain a strong dependence on 
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Russia, even during the early phases of the war in Ukraine. By 2023, the six MENA economies 
are more dispersed across different communities than in the early 2000s, highlighting a 
progressive diversification of their trade relationships. 

Taken together, the networkôs evolution reveals a dual dynamic: persistent regional clusters 
shaped by geography and infrastructure, alongside a growing geopolitical segmentation that 
became particularly evident after the RussiaïUkraine conflict. While traditional trade hubs such as 
the United States maintain stable linkages with the Americas and parts of Asia, Eurasian 
connectivity has weakened, leading MENA importers to recalibrate their trade portfolios toward a 
more balanced mix of partners. 

2.3 Overview of the fertilisers network  

Figures 20 and 21 represent the main trade flows of fertilisers recorded at the beginning and at 
the end of our period of analysis (2000 and 2023). As in the case of unprocessed cereals, nodes 
for the six MENA countries under examination (Algeria, Egypt, Jordan, Lebanon, Morocco, and 
Tunisia) are coloured in light blue, while those for the remaining economies (RoW) are shown in 
yellow. We apply the same two thresholds discussed in Section 2 in order to enhance the 
readability of the network by filtering out minor flows and peripheral actors without disregarding 
the regional dynamics of interest. However, given the lower average volume of fertiliser trade for 
some MENA partners, Lebanon does not appear in the two years considered in the visualisation, 
a circumstance also observed under lower threshold specifications. We therefore chose to 
preserve the threshold used throughout the analysis to ensure full coherence with the graphical 
representations of unprocessed cereals networks. 

The network is weighted and directed, and node sizes correspond to the in-strength centrality 
measure, computed on the weighted version of the network. Consequently, larger nodes identify 
the main importers of fertilisers, i.e., countries whose agricultural and industrial production 
processes rely more heavily on foreign fertiliser inputs. Edge thickness is proportional to the value 
of each dyadic flow, therefore representing greater traded quantities when links appear thicker. 
The arrows indicate the direction of trade, from exporters to importers. 

In line with empirical evidence presented by Moya, Lozano, and Díaz (2023), the largest fertiliser 
trade flows in both 2000 and 2023 correspond to internal North American exchanges, particularly 
between the United States and Canada, historically among the worldôs leading primary fertiliser 
producers. These authors also identified the European Union as a pivotal actor in the global 
fertiliser market, and our findings are consistent with this result, despite the fact that in our network 
the EU is not aggregated into a single node, but displayed through its individual member countries. 

Beyond these dominant flows, the network exhibits a clear coreïperiphery structure in both years, 
centred around five key economiesðthe European Union, the United States, China, Brazil, and 
Russiaðwhich trade intensively among themselves and with the majority of peripheral importers. 
Peripheral economies, by contrast, maintain sparse direct linkages with one another, which points 
to limited horizontal integration across lower-income markets and reinforces the hierarchical 
nature of global fertiliser production and distribution. This structure becomes even more evident 
when examining the out-strength network (Appendix, Figures A3 and A4), where the same core 
economies emerge as the most influential suppliers worldwide. 

While the coreïperiphery configuration persists across the period, notable changes are visible 
between the two network snapshots. The 2000 network displays a more concentrated set of core 
exporters, with Canada, the United States, the Russian Federation, and key EU member states 
occupying central positions and supplying most global markets. By 2023, the network becomes 
denser and more interconnected, reflecting the expansion of international fertiliser supply chains 
and the growing role of China and Brazil as both major importers and exporters. Russia continues 
to supply large volumes, though the diversification of South American, Asian, and African trading 
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hubs reduces its relative dominance. The United States and Canada, however, remain strongly 
connected through the largest bilateral flow in the network. 

 

Figure 20: Weighted fertilisers network nodes (main importers), 2000. 

 
Source: Authorsô own elaboration using BACI database. 
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Figure 21: Weighted fertilisers network nodes (main importers), 2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

As in Figures 3 and 4 in Subsection 2.2, Figures 22 and 23 report only the main trade flows 
according to the threshold applied for MENA countries (0.075% of global trade). Flags are 
displayed on MENA nodes to facilitate identification, with the exception of Lebanon, which does 
not appear due to the limited magnitude of its fertiliser trade flows under all tested threshold 
specifications. 

Turning to the MENA region, in 2000, the main fertiliser exporters within the region were Jordan, 
Morocco, and Tunisia (see Figure A3), with Morocco particularly oriented toward European 
marketsðnotably France, Italy, Spain, and Great Britainðand importing sizeable volumes from 
Russia. Jordan exported predominantly to China and India, as well as other Asian economies 
including Indonesia, Malaysia, South Korea, and Japan. Algeria, though less central in the 
network, exported to Italy, Brazil, Turkey, and Iran, while Egypt maintained relevant export flows 
to the United States (see Figure 22). 
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Figure 22: Weighted fertilisers network for MENA trade partners, 2000. 

 
Source: Authorsô own elaboration using BACI database. 

 

By 2023, as shown in Figure 23, all MENA countriesðexcept Tunisiaðhad increased their 
number of main trade partners, reflecting a greater integration into global fertiliser markets. 
Morocco emerged as the leading regional exporter (see Figure A4), with its core destinations 
including Brazil, Ethiopia, India, Bangladesh, Argentina, and Djibouti, while continuing to import 
important volumes from Russia. Egypt became the second-largest exporter in the region, targeting 
markets in Turkey, Argentina, Brazil, France, Italy, Spain, and Romania, and importing from 
Jordan. Jordan, in turn, remained strongly linked to China and India, whereas Algeria exported to 
France, Brazil, Canada, India, and the United States. Tunisia retained only one relevant buyer: 
the United States. 
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Figure 23: Weighted fertilisers network for MENA trade partners, 2023. 

Source: Authorsô own elaboration using BACI database. 

 

As can be observed in the dynamic version of the fertilisers network (access provided in the object 
below), Lebanon appears in the network as an exporter to Iran in 2002 and again between 2006 
and 2009, while it exceeds our export threshold only once more, in 2011, when it ships fertilisers 
to Bangladesh. In all remaining years, Lebanon does not maintain trade flows above the threshold 
with any partner, thereby interrupting any stable integration in the network. 

A similar pattern is found for Algeria, which also fails to preserve continuity in its fertiliser trade 
relationships. In 2000 and 2002, Algeria acts solely as a supplier to France, and in 2003 it exports 
only to Spain, but again only for a single year. Algeria then reappears in the network in 2014, when 
it resumes trade with France, Spain, and Great Britain, sustaining this renewed participation in the 
subsequent periods. 

 

 

 

https://drive.google.com/file/d/1mrTnE0WGF4kQPA4Wz_EKPsCeUpQK6zba/view
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Figure 24: Fertilisers density trend, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

Figure 24 shows that the density of the unweighted directed fertiliser trade network follows an 
overall upward trajectory similar to that observed for the corresponding unprocessed cereals 
network. Density increases from 10.23% in 2000 to a peak of 16.78% in 2021, before entering a 
slightly declining phase and reaching 16.47% in 2023, a slowdown partially attributable to the 
escalation of the conflict in Ukraine and its repercussions on global fertiliser markets. 

Similar to the pattern observed for unprocessed cereals in Figure 5, the onset of the GFC, 
highlighted by the green band (2007ï2008), does not disrupt the upward trend in fertilizer trade 
connectivity. Instead, network density increases from 12.22% to 13.06%, continuing to grow in the 
subsequent years and, unlike in the unprocessed cereals network, showing no temporary 
contraction in 2011. 

By contrast, the fertilisers network experiences a marked decline during the COVID-19 crisis, 
recording for the first time in two years a value below 16% (15.90%). The network rapidly recovers 
in 2021, illustrating the temporary nature of pandemic disruptions and the ability of suppliers and 
importers to rapidly reconfigure trade relationships. 

During 2021 and 2022, global food and fertiliser prices surged amidst a rare combination of 
overlapping shocks. As the world economy emerged from the COVID-19 recession, demand 
recovered unevenly across regions while supply chains continued to experience substantial 
disruptions. At the same time, the outbreak of the war between Russia and Ukraineðboth major 
exporters of fertilizers and key inputs for fertilizer productionðgenerated an additional shock that 
further amplified price volatility (Vos et al., 2025). Although international fertilizer prices began to 
ease after peaking in April 2022, they remained above historical averages for a considerable time, 
reflecting deeper structural pressures. Two factors were especially influential: the sharp rise in 
energy prices and the introduction of export restrictions by several key producer countries (Vos et 
al., 2025). International fertilizer prices are strongly linked to those of natural gas and crude oil, 
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which are essential for nitrogen-based fertilizer production. World market quotations for natural 
gas, as well as for ammonia, increased significantly throughout 2021 before spiking in 2022, 
contributing directly to higher production costs and subsequent fertilizer price inflation. Despite 
this turbulence, the decline in fertilizer supplies from Belarus and Russia after the invasion of 
Ukraine was largely offset by increased exports from alternative suppliers, indicating that the 
impact of sanctions and war-related trade disruptions on global fertilizer availability was temporary 
and more limited than initially feared (Glauber and Laborde, 2022; Hebebrand and Glauber, 2024). 
For example, in Brazil the share of potash imported from Belarus and Russia fell from 45% in 2021 
to 35% in 2022, but total import volumes, which initially declined by 8%, rebounded in 2023 to 
exceed 2021 levels as Canada and other providers stepped in to compensate for reduced Black 
Sea. Nitrogen-urea prices increased more than threefold due to energy market tensions, 
phosphorus fertilizers also experienced substantial price inflation, whereas potash was 
comparatively less affected given Canadaôs dominant role as a global supplier (FAO, 2022; USGS, 
2022). 

These intertwined shocks intensified the difficulties faced by farmers worldwide, particularly in net 
fertilizer-importing regions such as Africa, where currency depreciation against the dollar, rising 
transportation costs, and heightened uncertainty exacerbated food security risks. Moreover, 
several major food exporters also depend on imported fertilizers, further expanding the potential 
transmission of market disruptions across global value chains (Moya, Lozano, and Díaz, 2023). 
Nonetheless, the density of the fertilizer trade network did not decline during 2021 and 2022; 
instead, it continued to rise, suggesting that the reorganization of trade relationships and the entry 
of substitute suppliers helped sustain international connectivity despite price spikes and 
geopolitical tensions. The first signs of weakening appeared in 2023, when density entered a 
declining phase, possibly indicating a delayed or more moderate impact of elevated fertilizer prices 
on global trade flows, including adjustments in import demand, changes in sourcing strategies, 
and continued uncertainty regarding long-term market stability. 

The diameter reported in Figure 25 remains relatively small, fluctuating between 5 and 6 over the 
period and averaging 5.29 (as indicated by the horizontal red line). Its lowest value, 4, occurs in 
2015 and corresponds to the minimum average path length shown in Figure 26, which declines 
from 2.11 in the previous year to 2.02ða level similar to that observed in 2023 (2.03). As in the 
unprocessed cereals network, the fertilisers network displays a general downward trend in 
average path length, notwithstanding two temporary increases: the first in 2011, preceded by a 
decline during the early years of the GFC; and the second in 2022, associated with the Russian 
invasion of Ukraine. Both events are marked with dotted vertical red lines in Figure 26. In each of 
these years, the diameter reaches 6 before returning to 5 in 2012 and 2023, respectively. 

The behaviour of the average path length and the diameter may reflect the role and changing 
importance of intermediaries within the network (Burkholz & Schweitzer, 2019; de Gourcuff et al., 
2023). These results are consistent with Moya, Lozano, and Díaz (2023), who construct a Global 
Fertiliser Trade Network for the period 2014ï2018 and find that the shortest path length between 
countries (i.e., the number of edges along geodesic distances) is small and declines over time, 
from 2.16 in 2014 to 2.08 in 2018. They also report a small maximum geodesic distance (the 
network diameter), reinforcing the interpretation that the global fertiliser trade structure is 
characterised by short and increasingly efficient trade routes. Our results align with this pattern, 
reinforcing that despite temporary disruptions, the fertiliser trade network tends to remain highly 
interconnected, with a limited number of intermediaries linking countries. 

In summary, countries do not engage in fertiliser trade with all potential partners; instead, they 
tend to form stable relationships with a selective group of preferred counterparts, resulting in a 
concentration of trade flows among a limited subset of exporterïimporter pairs. 
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Figure 25: Fertilisers diameter, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

Figure 26: Fertilisers average path length trend, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 
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Consistent with our findings for the unprocessed cereals network, the fertilisers network exhibits 
a relatively high probability of cluster formation throughout the period, with its average clustering 
coefficient increasing from 0.70 in 2000 to 0.77 in 2023. Taken together, both networks display a 
low average path length and a high average clustering coefficientðfeatures typically associated 
with small-world network structures (Li et al., 2023). ñThis small world character signifies that most 
trading is done locally in logical terms, although the commodity is physically distributed worldwideò 
(Moya, Lozano, and Díaz, 2023). 

Indeed, in a small-world network, most nodes are not directly connected, yet they can be reached 
from one another through only a few intermediate steps, while at the same time forming tightly 
interconnected local clusters. This combination of short average path lengths and high clustering 
implies that goods or shocks can spread quickly across the network, even in the presence of 
strong regional or sectoral groupings. Nevertheless, higher network density also means that 
countries tend to increase the number of their trade links, which can enhance the systemôs 
resilience by reducing the risk that disruptions propagate through a limited set of critical 
connections. 

 

Figure 27:Fertilisers average clustering coefficient, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

In Figure 28, the number of communities identified each year in the undirected fertilisers network 
is displayed on the left-hand side, while the corresponding modularity values are presented on the 
right-hand side. Modularity remains positive throughout the period, indicating the presence of a 
detectable community structure within the network. Its values range between 0.28 and 0.33, 
slightly below the interval typically associated with a well-partitioned networkðcommonly set 
between 0.3 and 0.7 (Blondel et al., 2008; Newman, 2004)ðyet still suggestive of non-random 
clustering patterns. Tough always positive, it tends to decline in the later years of the period, 
particularly following the onset of the Covid-19 pandemic, converging towards its mean value of 
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approximately 0.305. A slight increase is recorded in 2023, suggesting a limited recovery in the 
strength of intra-community trade relations.  

The NOC reaches its highest level of 7 at the beginning of the observation period and again four 
years later, before declining to its lowest point of 4 in two consecutive years, 2007 and 2008. In 
the subsequent years, this indicator generally stabilises around 5, averaging 5.29 over the entire 
period, with only minor deviations. The modest contraction observed in the mid-2000s reflects a 
temporary reduction in the diversity of trading clusters, after which the network exhibits relatively 
stable community fragmentation. Overall, the evolution of both indicators points to a fertiliser trade 
network characterised by moderate and uneven clustering dynamics, with episodes of temporary 
consolidation followed by stabilisation. 

 

Figure 28: Fertilisers number of communities and modularity indicators trends, 2000-2023. 

 
Source: Authorsô own elaboration using BACI database. 
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Figure 29: Global fertilisers communitiesô composition for the years 2002, 2009, 2016, and 2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

Figure 29 illustrates the evolution of community structures in the global fertilisers trade network 
for the years 2002, 2009, 2016, and 2023. Countries in the same colour belong to the same 
community, meaning they trade fertilisers more intensively with each other than with economies 
outside their group. The community structure of the network shows some changes in composition 
over time, but also reveals the presence of strong and cohesive communities. A clear example is 
the United States and Canada, which consistently form a tightly connected core across all four 
snapshots, reflecting their prominent role in global fertiliser trade. By 2023, this core expands to 
include several South American countries as they become integrated into the same community as 
Russia. 

Russia appears as the centre of a strong and distinct community, demonstrating notable trade 
linkages with several South American countries since 2002. Over time, this community becomes 
denser and extends more visibly toward North America in 2023, while maintaining or strengthening 
its South American ties. 

China has maintained strong trade ties with Australia, forming a community that in 2009 expanded 
to include key neighbouring countries in Southeast Asia and Oceania. Initially, India belonged to 
a large community comprising Central and Southern African countries as well as the Arabian 
Peninsula. From 2016 onwards, however, China and India became part of a shared and 
increasingly consolidated cluster, highlighting the structural centrality of both economies in 
fertiliser production and consumption. 
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South Africa shows high stability in the composition of its community throughout the period 
considered, maintaining strong relations with its neighbouring countries: Botswana, the 
Democratic Republic of the Congo, Lesotho, Mozambique, Namibia, Swaziland, Zambia, and 
Zimbabwe. 

The MENA region exhibits heterogeneous and evolving trade relationships with European 
countries when focusing on this subnetwork. As shown in Figure 30, during the Covid-19 crisis 
(2019ï2020), several MENA economiesðincluding Morocco and Egyptðremain in the same 
community as major European import markets such as Italy and Greece, suggesting relatively 
stable trade linkages despite global disruptions. Other countries, such as Saudi Arabia, Oman, 
and the United Arab Emirates, temporarily shift into a separate community, indicating a 
reorganisation of trade corridors during the pandemic. Lebanon becomes more integrated with 
nearby Mediterranean partners, particularly Greece, Italy, and Turkey. By contrast, Algeria and 
Jordan appear only weakly connected to European partners, reflecting less cohesive commercial 
ties. 

Turning to the period surrounding the Russian invasion of Ukraine (2021ï2022) illustrated in 
Figure 31, notable changes emerge. EU member states display marked compactness, forming a 
single cohesive community that continues to trade with Egypt, Libya, and Algeria in 2022. 
However, Morocco and Tunisia reduce their commercial ties with European partners, re-
establishing relevant linkages mainly with Italy by 2023. Meanwhile, Turkey joins a distinct 
community together with several Middle Eastern economies (Oman and Syria) and Central Asian 
countries such as Iraq, Iran, and Turkmenistan. Saudi Arabia and the United Arab Emirates 
likewise remain outside the main European-linked cluster, suggesting persistent asymmetries in 
MENA trade integration. 

Finally, in 2023 Italy stands out as the only EU member state maintaining strong trade relations 
with North African countriesðwith the exception of Algeriaðas well as with several Middle Eastern 
and Western Asian partners, including Iran, Iraq, Oman, Syria, Turkey, and Pakistan. Albania also 
belongs to this community. The remaining EU member states primarily trade among themselves, 
as depicted in Figure 32. 
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Figure 30: European and MENA countries fertilisers communitiesô composition, 2019-2020. 

 
Source: Authorsô own elaboration using BACI database. 

 

Figure 31: European and MENA countries fertilisers communitiesô composition, 2021-2022. 

 
Source: Authorsô own elaboration using BACI database. 
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Figure 32: European and MENA countries fertilisers communitiesô composition, 2023. 

 
Source: Authorsô own elaboration using BACI database. 

 

3 General analysis of stressors:  

The literature has identified several stressors capable of undermining international trade systems, 
particularly in the case of cereal markets. For instance, Li et al. (2024) combine complex network 
analysis with ecological resilience metrics to examine the evolution of the global staple food trade 
network between 1986 and 2020, with specific attention to the impacts of Covid-19 and geopolitical 
tensions. In our analysis, we focus on trade-related stressors, conflict, and climate change, as 
these factors are especially relevant for the MENA region and play a critical role in shaping cereal 
trade dynamics. 

3.1 Trade-related  

Trade related factors can be studied at both the global and national levels. First, at the global level, 
since 2017 with the trade war between the USA and China, trade policy became an important 
factor for several variables especially economic growth, foreign direct investment, trade in goods 
and services, and more particularly trade in food products. Thus, food security cannot be 
dissociated from the development of trade policy at both the regional and the global level. Figure 
33 shows that since 2017, the trade policy uncertainty index has been increasing exponentially. 
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This uncertainty can clearly deter trade and reflect the use of different trade policy tools (tariff and 
non-tariff measures as well the withdrawal, creation and cancelation of trade agreements).  

 
Figure 33: Trade Policy Uncertainty Index. 

 

Source: Caldara et al. (2022). 

Note: The TPU index is based on automated text searches of the electronic archives of seven newspapers: 
Boston Globe, Chicago Tribune, Guardian, Los Angeles Times, New York Times, Wall Street Journal, and 
Washington Post. The measure is calculated by counting the monthly frequency of articles discussing trade 
policy uncertainty (as a share of the total number of news articles) for each newspaper. The index is then 
normalized to a value of 100 for a one percent article share. 

 

Moreover, at the national level, the three aforementioned trade policy tools are an important source 
of external stress to the resilience of trade flows in the six countries of interest. First, tariffs imposed 
by these countries on agriculture products are generally high given. In fact, the weighted applied 
tariff rates on primary products (which include raw materials and agricultural goods) are generally 
higher than those imposed on manufacturing products for all selected countries, except for Algeria. 
When it comes to their main trade partners, the EU and the USA maintain relatively low tariffs on 
primary goods, 0.83% and 1.38% respectively in 2020 (WDI database). Yet, more heterogeneity 
is observed at the product level. For our countries of interest, Tunisia maintains the strictest 
protectionism policy on agricultural products, with an applied tariff of at least 30% across all 
products, except cereals (23%). Morocco seems more protective than Algeria in cereals (with a 
tariff rate of 15% vs. 10%). Egypt's Most-Favoured-Nation (MFN) applied tariffs on agricultural 
products are moderate compared to Tunisia, Algeria, and Morocco but are still protective in key 
sectors2. Egyptôs average agricultural tariff is less than 10% in most sectors but ranges between 
15% and 39% only in key sectors such as preparations of vegetables (39%), preparations of 
cereals (33%), edible fruits (24%) and preparations of meat (27%). In contrast, Egypt has a liberal 
approach to cereal tariffs, with an average of 1.5%. Indeed, Egypt imposes 0% tariff on most 
cereals and only a 5% tariff on buckwheat, reflecting its commitment to trade openness and the 
desire to maintain affordable food prices for its population. Jordanôs MFN tariff rates on agricultural 
products are generally lower compared to Algeria, Morocco, Tunisia, and Egypt, reflecting its 

 
2 It is important to note that Morocco introduces tariffs on a seasonal basis and particularly in the post-harvest 
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relatively liberal trade policy. For example, the country imposes relatively low tariffs on live animals 
(4%), cereals (6%), vegetables (4%), products of the milling industries residues (6%) and waste 
from the food industry (3%). 

The second tool that is used by different countries is NTMs. Indeed, Table 1, based on the 
notifications made at the WTO, shows that Egypt relies heavily on technical barriers to trade, 
sanitary and phytosanitary measures and anti-dumping measures. A similar observation holds for 
Morocco who uses the same tools. Tunisia mobilizes less measures. It is important to note that 
their main trade partners, especially EU and USA are among the largest NTMs users at the global 
level (with a more diverse set of NTMs such quantitative restrictions, special safeguards, SPS and 
TBT). At the country level, there are also significant disparities in the application of NTMs on cereal 
products between the MENA and EU countries. Algeria employed a combination of non-automatic 
licensing and subsidies, along with export-related measures, indicating a more interventionist 
trade strategy. Similarly, Egypt implemented subsidies and export-related measures during the 
period 2010-2024, but also implemented trade-related investment measures which aimed at 
subsidizing locally produced food commodities for low-income households during Covid-19. On 
the other hand, Lebanon, Morocco, and Tunisia had minimal intervention, with Lebanon applying 
one export-related measure which required new license for the export of local food products, while 
Morocco and Tunisia primarily utilized subsidies aiming at supporting local producers without 
imposing trade restrictions. In contrast, EU countries have heavily relied on subsidies, as Italy and 
Spain have implemented 15 and 16 subsidy measures respectively, which shows the substantial 
state support for cereal production in line with other CAP incentives. The absence of non-
automatic licensing and trade-related investment measures in Europe also shows the shift in 
regulatory environment in favour of subsidies over other direct trade restrictions. 

 
Table 1: Number of Non-Tariff Measures for WTO members - by type (2010-2024). 

 SPS TBT ADP CV SG SSG QR TRQ 

Egypt 97 314 52 8 11 0 0 0 

Morocco 55 15 17 0 8 0 0 0 

Tunisia 3 2 0 0 4 0 0 0 

Jordan 21 40 0 0 6 0 0 0 

Middle East 1286 4639 28 0 29 0 0 0 

Africa 891 5014 96 8 42 0 36 0 

Europe 1099 2185 340 45 35 72 65 2 

Least-developed countries 580 3531 1 0 11 0 50 0 

North America 2548 2146 595 254 5 117 138 0 

South and Central America and 
the Caribbean 

3519 3325 519 16 28 17 116 0 

Grand Total 14036 21725 2840 409 253 192 1234 6 

Source: World Trade Organization I-TIP online dataset.  

Notes: (i) This table includes both measures initiated and enforced. Anti-dumping [ADP], Countervailing 
[CV], Quantitative Restrictions [QR], Safeguards [SG], Sanitary and Phytosanitary [SPS], Special 
Safeguards [SSG], Technical Barriers to Trade [TBT], Tariff-rate quotas [TRQ], Export Subsidies [XS]. (ii) 
Empty cells refer to measures that are not used by the country in question. (iii) Lebanon and Algeria are not 
included as they are not members of the World Trade Organization. 
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Finally, as per trade agreements, Algeria, Egypt, Jordan, Lebanon, Morocco, and Tunisia, are 
parties to a diverse array of trade agreements, reflecting varying levels of economic integration 
and trade liberalization. These agreements range from Free Trade Agreements (FTAs) and 
Regional Trade Agreements (RTAs) to Customs Unions (CUs) and Economic Integration 
Agreements (EIAs). However, a typical characteristic of these agreements is that most of them 
are rather shallow and focus on trade liberalization with relatively long lists of exceptions. This 
leads to a limited effect of the agreements on food security. In fact, trade agreements can influence 
food security by affecting food availability, access, and stability. By reducing tariffs and trade 
barriers, they can improve access to food and lower prices, helping countries meet food shortages, 
especially during crises. Yet, not considering non-tariff measures and having a long list of 
exceptions erode the effectiveness of the agreement. 

3.2 Conflicts  

The MENA region has been historically affected by geopolitical instability, civil unrest, and armed 
conflicts, all of which pose significant challenges to its agricultural sectors, especially the cereal 
supply chain. Key cereal crops like wheat, maize, and barley serve as staple foods in many 
countries across the region, meaning that any disruption in their production or distribution can 
severely impact food security and economic stability. Importantly, the relationship between 
conflicts and food insecurity in the region can be endogenous: shortages or sharp increases in 
staple food prices have historically triggered social unrest, including bread riots, which can 
escalate into broader political instability and even armed conflicts. In this sense, disruptions in 
cereal supply do not only result from conflicts. They can also be a precipitating factor, creating a 
feedback loop in which food insecurity fuels unrest, which in turn further disrupts agricultural 
production, trade, and distribution. Persistent political instability, ongoing violent conflicts, and 
broader geopolitical tensions in these nations therefore amplify the vulnerabilities of the cereal 
supply chain, weakening its resilience and underscoring the complex interplay between food 
systems and socio-political dynamics in the region. 

Figure 34 reveals that the Middle East stands as the first highest region in political violence in 
2020 and 2021, then as the second highest starting 2022, following Europe and Central Asia, 
mainly due to the Russia-Ukraine war. This indicates a significant level of instability, with a notable 
surge of violent incidents after the fourth quarter of 2023, with the IsraelïHamas war, and its 
repercussions in terms of violence on the South of Lebanon and the broader region. These 
conflicts characterized by frequent battles and targeted violence against civilians, created a 
volatile environment. 
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Figure 34: Political Violence by Region, 2020-2024. 

 

Source: Armed Conflict Location & Event Data Project (ACLED), https://acleddata.com/data/ 

 

Furthermore, five MENA countries appear in the ACLED top 50 conflict index ranking for 2024 
(see Figure 35), with an index level classified as ñExtremeò for Palestine, Syria, and Lebanon, 
ñHighò for Yemen, and ñTurbulentò for Israel. This heightened instability has severely disrupted 
food security in these nations, and had broader implications, disrupting regional food markets and 
affecting neighbouring countries. 

 

https://acleddata.com/data/
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Figure 35: ACLED Conflict Index ï Top 50 Countries (2024). 

 

Source: Armed Conflict Location & Event Data Project (ACLED), https://acleddata.com/data/ 

Note: The ACLED Conflict Index calculates where conflicts in every country and territory in the world vary 
according to four indicators ï deadliness, danger to civilians, geographic diffusion, and the number of armed 
groups. 

 

Figure 36 illustrates the number of conflicts in selected MENA countries, providing a breakdown 
of these conflicts by type: armed conflicts, one-sided violence, and non-state conflicts. This 
detailed categorization helps to better understand the nature and scope of the instability in each 
nation. Algeria, Lebanon, and Egypt are ranked among the top countries by the total number of 
conflicts since 1948 (first panel).  

These countries have faced various forms of violence, including armed conflicts, one-sided 
violence, and non-state conflicts, which have severely impacted their political and social 
landscapes. Algeria, Egypt, Morocco, and Lebanon are at the top of the list for armed conflicts 
(second panel), with each of these countries experiencing significant military engagements that 
have escalated violence and instability. Meanwhile, Algeria, Egypt, and Lebanon rank among the 
highest for one-sided violence (third panel), where disproportionate force is used against civilians. 
Notably, Lebanon stands at the top for non-state conflicts (fourth panel), reflecting the prominence 
of violence between non-governmental actors, which has contributed to the countryôs prolonged 
instability and security challenges. These varying types of conflict over the years have deeply 
impacted these nations, straining their economies and exacerbating food insecurity. 

 

 

 

https://acleddata.com/data/
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Figure 36: Conflict by Countries, 1948-2023. 

All Conflicts  Armed Conflicts  

  

One-Sided Violence  Non-State Conflicts  

  

Source: Uppsala Conflict Data Program (UCDP), https://ucdp.uu.se/ 

Notes: (a) Armed conflicts are conflicts where at least one party is the government of a state. (b) One-sided 
violence represents intentional attacks on civilians by governments and formally organized armed groups.  
(c) Non-state conflicts are defined as the use of armed force between two organized armed groups, neither 
of which is the government of a state, which results in at least 25 battle-related deaths in a year. 

 

Lebanon has been facing severe political instability over the years. Starting with the 1948 Arab-
Israeli War, the countryôs history has been marked by prolonged cycled of conflicts, culminating in 
the Lebanese Civil War (1975ï1990), disrupting agricultural production and trade, including critical 

0 20 40

Jordan

Tunisa

Morocco

Egypt

Lebanon

Algeria

0 10 20 30

Jordan

Tunisa

Lebanon

Morocco

Egypt

Algeria

0 5 10 15

Morocco

Tunisa

Jordan

Lebanon

Egypt

Algeria

0 5 10 15 20 25

Morocco

Tunisa

Jordan

Egypt

Algeria

Lebanon

https://ucdp.uu.se/


  

 

 

56 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

wheat and cereal imports. The Israeli-Lebanese recurring conflicts, the Syrian civil warôs spillover 
into Lebanon in terms of non-state violence and refugees, the 2019ï2020 protests and the 
catastrophic Beirut port explosion in August 2020 intensified an already fragile economic situation. 
Lebanon is heavily dependent on cereal imports, and disruptions in port operations, along with 
economic mismanagement, the devaluation of the Lebanese pound and hyperinflation have made 
it increasingly challenging to secure steady and affordable supplies. Additionally, the country's 
deteriorating infrastructure, including power shortages and limited water resources, has reduced 
farming efficiency. With Lebanon importing 80% of its wheat, disruptions in transportation, energy 
shortages, and hyperinflation increased the costs of food and made it harder for the cereal supply 
chain to function. 

Algeria's armed conflicts began shortly after its independence in 1963, with clashes between the 
government and rebellious nationalist groups. In the 1990s, the country plunged into a brutal civil 
war, as Islamist insurgents fought against the government. In the 1990s and 2000s, Algeria faced 
continuous conflict with the Armed Islamic Group (GIA) and later the Al-Qaeda in the Islamic 
Maghreb (AQIM), as both groups carried out violent attacks against the government, military, and 
civilians, destabilizing the region. As a key producer of cereals in the MENA region, the country 
faced significant challenges to its cereal supply chain due to its internal conflicts. Currently, Algeria 
is still facing challenges stemming from domestic factors as well as from regional conflicts. While 
Algeriaôs agricultural sector is relatively diversified, it suffers from inefficiency, outdated 
technology, and a lack of investment. The security situation in the region, particularly conflicts in 
the Sahel and ongoing instability in neighbouring Libya, poses external threats that further disrupt 
Algeriaôs cereal supply chain. The instability in these neighbouring regions has led to disruptions 
in trade routes, increased transportation costs, and labour shortages, all of which affect the steady 
flow of cereals into Algeria. The geopolitical instability surrounding Algeria not only affects its ability 
to import cereals but also increases the difficulty of maintaining a stable domestic supply, thus 
deepening food insecurity in the country. 

Tunisia has faced armed conflicts with AQIM since the early 2000s, with AQIM launching attacks 
on security forces, escalating in the 2010s with increased terrorism and militancy, impacting the 
countryôs security and stability. Tunisia has also experienced one-sided violence, particularly from 
extremist groups like AQIM and the Islamic State of Iraq and Syria (ISIS), targeting civilians and 
security forces in brutal attacks, as well as during political unrest, where the government has been 
accused of using disproportionate force against protesters and opposition groups. The socio-
political turmoil, combined with regional and global factors, has had a profound impact on the 
countryôs ability to produce and distribute cereals effectively. Additionally, conflicts in neighbouring 
Libya have disrupted regional trade routes, affecting the countryôs ability to import cereals and 
transport domestic surplus to market. Moreover, Tunisia's heavy reliance on cereal imports, 
particularly wheat from Europe and the Black Sea region, makes the country highly vulnerable to 
global price fluctuations and disruptions in supply caused by conflicts or geopolitical instability in 
other regions.  

Jordan's armed conflict history includes its participation in the 1948 Arab-Israeli War, where it 
fought against the newly established State of Israel, resulting in the annexation of the West Bank. 
Moreover, Jordan has dealt with militant groups, including radical factions operating along its 
borders with Syria and Iraq, posing ongoing security challenges. Jordan has long been a host 
country for refugees fleeing conflicts in Syria, Iraq, and Palestine. The influx of refugees has put 
significant pressure on Jordanôs already limited resources, exacerbating food insecurity. 
Agriculture in Jordan is heavily reliant on water, and with scarce water resources, the country 
struggles to produce enough cereal to meet domestic demand. The ongoing Syrian conflict and 
recently the Gaza war has amplified the vulnerabilities of Jordanôs cereal supply chain due to the 
large refugee population. Additionally, the disruptions to regional trade routes caused by the 
Syrian conflict have made it increasingly difficult for Jordan to secure cereal imports. This has left 
the country vulnerable to fluctuations in global markets and exacerbated challenges in maintaining 
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a stable and resilient cereal supply, leading to rising food prices and restricted access to affordable 
staple foods. 

As the most populous country in the MENA region, Egypt relies heavily on cereal imports, 
particularly wheat, to meet domestic demand. The country's dependence on the Nile River for 
water, most of which comes from upstream countries like Ethiopia, makes it especially vulnerable 
to regional tensions that impact water security. Conflicts and political instability have further added 
to Egyptôs agricultural vulnerability. The country has been involved, since the 1948 Arab-Israeli 
War, in several significant armed conflicts, including the 1956 Suez Crisis, the 1967 Six-Day War, 
and the 1973 Yom Kippur War, primarily against Israel. It has also faced one-sided violence, 
particularly during the 2011 revolution and subsequent political unrest, where government forces 
were accused of using disproportionate force against protesters. In terms of non-state conflicts, 
Egypt has battled Islamist militant groups like al-Qaeda and ISIS, particularly in the Sinai 
Peninsula, where insurgencies have led to ongoing instability and violence. Internal conflicts and 
political instability, particularly following the Arab Spring, have strained Egyptôs agricultural policies 
and infrastructure. Inconsistent government policies and weak rural development programs have 
hindered efforts to strengthen the cereal supply chain. Additionally, Egypt's reliance on wheat 
imports, about 80% of which comes from global markets, particularly Russia and Ukraine, exposes 
the country to vulnerabilities in the global supply chain. Moreover, the reliance on the Suez Canal 
for cereal imports makes the region highly sensitive to any conflicts or instability that threaten its 
functionality, by increasing transportation costs and delaying shipments. These delays and price 
hikes ultimately contribute to higher food prices and food insecurity. One of the most notable 
disruptions to the Suez Canal occurred during the Suez Crisis of 1956, when Egypt nationalized 
the canal, prompting military intervention by the United Kingdom, France, and Israel. The conflict 
led to a temporary closure of the canal for several months, halting the movement of goods, causing 
major delays and disruptions to global shipping, including the transport of food and cereals, which 
impacted food security in many countries, including Egypt. Similarly, the 1967 Six-Day War 
between Egypt and Israel resulted in the closure of the Suez Canal for nearly eight years. This 
blockade directly affected the flow of cereals and other essential goods, as ships had to take 
longer alternative routes around the Cape of Good Hope, significantly increasing shipping costs 
and delivery times. In more recent years, the political instability surrounding the 2011 Arab Spring 
uprisings, the 2013 military coup and the risk of terrorism in the region heightened fears that 
shipping routes could be targeted, affecting the flow of merchandises through the canal, although 
the canal itself remained open. Such concerns can lead to higher security costs for shipping 
companies and insurers, potentially raising the costs of shipping goods, including cereals, through 
the canal. 

Morocco's armed conflict history includes its involvement in the 1960s with the Western Sahara 
conflict, where it clashed with the Polisario Front, which seeks independence for the region. 
Morocco has also dealt with non-state conflicts, including insurgencies by Islamist militant groups, 
such as AQIM and ISIS, particularly after the 2003 Casablanca bombings, leading to increased 
security measures against radicalization. While Morocco's cereal production is largely dependent 
on rain-fed agriculture, making it highly vulnerable to climate change, regional conflicts also 
exacerbate the difficulties it faces in maintaining a stable food supply. Although conflicts in 
neighbouring countries like Algeria and the Western Sahara dispute do not directly affect 
Morocco's agricultural production, they have a significant impact on its trade routes and access to 
markets. Political instability in neighbouring Algeria, particularly its tensions with Morocco over the 
Western Sahara dispute, have resulted in the closure of borders, disrupting trade and hindering 
the movement of goods, including cereals. Conflicts in Mali and Mauritania, have directly affected 
trade routes and resource availability for Morocco. These disruptions make it harder for Morocco 
to import essential resources or export surplus crops. The ongoing geopolitical instability in the 
region creates an unpredictable environment for Moroccoôs cereal supply chain, limiting access to 
key markets, ultimately affecting the availability and affordability of cereals for domestic 
consumption. 
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In sum, the cereal supply chain in the MENA region is under significant stress due to the ongoing 
conflicts and political instability. Even countries in the region not directly involved in conflicts are 
impacted by external tensions through disrupted trade routes, fluctuating prices, and regional 
instability, which affect their supply chains and food security. 

3.3 Climate Change  

The MENA region is widely recognized as a climate change hotspot, experiencing extreme events, 
warming and drying trends above global averages (Cramer et al., 2018). Over the last decade, the 
regionôs average temperatures have risen markedly, as shown in Figure 37 below. Climate models 
projected a steady increase in maximum heat and drought intensities, and increased frequency of 
dry and hot days in the MENA region by 2030 and 2050 (Mirgol et al., 2024). These trends are 
already evident: the region has witnessed a sequence of severe drought years and record-
breaking temperatures in the past two decades. For example, between May 2022 and April 2023, 
much of the western Mediterranean recorded above-average temperatures, with annual 
anomalies exceeding 1.5°C above the 1991ï2020 baseline. In northern Morocco and Algeria, 
temperature deviations surpassed 2.5°C, reaching levels comparable to southern Spain and Italy. 
April 2023 saw particularly extreme conditions, with intense heatwaves driving anomalies above 
4°C in northern Morocco and central-southern Iberia, while most of the Maghreb and Iberian 
Peninsula experienced deviations over 2°C. These prolonged heatwaves, combined with rainfall 
deficits, further depleted soil moisture, exacerbating drought conditions across the region (Toreti 
et al., 2023). 

 

Figure 37: Temperature change on land ï Meteorological year. 

 

Source: Authorsô own elaboration using FAOSTAT. 

Note: Temperature change on land dataset provides official statistics on how land surface air temperatures 
have changed over time, relative to a baseline climatology 

 

Besides drought, rising temperatures threaten cereal productivity, particularly in warm regions. 
Wheat and barley, as cool-season crops, are highly sensitive to heat during critical growth stages. 
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Climate studies in Mediterranean regions indicate that optimal yields depend on specific seasonal 
conditions: warm temperatures and sufficient rainfall in late autumn/winter (for soil preparation), 
moderate spring rains, cooler temperatures in AprilïMay, and a dry, warm June for proper grain 
maturation. Excessive heat during flowering and grain-filling phases (spring) can significantly 
reduce yields, with research showing that even +1°C above-average spring maxima can have 
detrimental effects (Bento et al., 2021). 

By 2040, wheat yields are projected to decrease by 18ï20% under moderate and high-emissions 
scenarios compared to historical averages, with losses escalating to 27ï28% by 2070 and 28ï
30% by 2099. Arid regions, including North Sinai (Egypt) and Zagros (Iran), face even more severe 
declines, with potential yield reductions of 60ï88% by 2100 under high-emissions scenarios. 
However, optimized agronomic practices can significantly mitigate these losses. First, increasing 
water supply through irrigation (between 60 and 100 mm/ha) and nitrogen fertilization (between 
60 120 kg/ha) can increase cereal yields by 30ï50%, reaching over 6 tons/ha in some cases, and 
can also improve water productivity by 25ï70%. Second, optimal seeding dates are recommended 
November as delayed planting can reduce yields by up to 50% (Tita et al., 2025).  

In practical terms, farmers are already observing shifts consistent with climate change, as planting 
seasons are becoming less predictable, with delayed onset of rains, and more frequent drought-
induced crop failures (total or partial). For instance, two consecutive drought years (2023 and 
2024) in Morocco have kept production far below normal, forcing greater reliance on grain imports 
(FAO, 2024). Heat stress is also a rising concern in the Nile Delta, where unusually warm winters 
can shorten wheat growing cycles. Additionally, climate change is influencing water availability for 
irrigation. Egyptôs cereal yields are among the highest in Africa due to irrigation and high input use, 
but they depend on Nile water and energy for pumping. Upstream climate changes and increased 
aridity could reduce river flows or groundwater recharge, compounding stress on Egyptôs irrigated 
wheat and maize.  

Furthermore, Cereal agriculture in the MENA has a moderate-to-high Greenhouse Gas (GHG) 
intensity by global standards, primarily driven by nitrogen fertilizer and irrigation energy. Carbon 
dioxide equivalent (CO2eq), measured as emissions per unit of cereal produced, is a useful 
indicator to assess the climate impact of cereal farming in the six MENA countries. Figure 38 below 
shows CO2eq intensities between 0.1 and 0.5 per kg of produced cereal. The difference in 
emission intensities across the six countries reflects differing practices and yields, with Egypt 
recording the highest emission intensities owing to its intensive input utilization, especially nitrogen 
N fertilizers, and its comprehensive irrigation system, whereas Algeria had consistently recorded 
very low carbon equivalent emissions due to its under-utilisation of agricultural inputs, as 
discussed in section 3. Overall, in most of the MENA countries, nitrogen use efficiency is low, as 
a significant share of N fertilizer can be lost or emitted as NϜO. This not only reduces fertilizer 
effectiveness but directly increases GHG emissions (Ocwa et al., 2023). FAO estimated that 
nitrous oxide from soils is the largest agricultural GHG source in North Africa, given the growing 
fertilizer use. 
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Figure 38: Emissions (CO2eq) per Cereal Production (kg). 

 

Source: Authorsô own elaboration using FAOSTAT. 

 

Another contributor is energy-related COϜ emissions. Irrigated cereal production often requires 
pumping groundwater or river water, which in Algeria, Tunisia, and Jordan is frequently powered 
by diesel pumps or the electric grid (which itself may be fossil-fueled). The fuel burned for pumping 
and for mechanized fieldwork (land preparation, harvest, transport) adds COϜ. In Egypt, extensive 
irrigation and mechanization mean higher on-farm energy emissions than in mostly rainfed 
systems of Morocco. However, because Egyptôs yields are high, its per-unit emissions remain 
moderate. Still, when considering total carbon footprint, North African cereal imports and 
production together carry a notable GHG cost ï an aspect of concern as countries strive to meet 
climate targets while also boosting food production. Practices like precision fertilization, drip 
irrigation can save energy and NϜO by avoiding overwatering, and conservation agriculture could 
help lower the GHG footprint per ton of cereal. 

As per extreme events (droughts, floods, forest fires, heatwaves, and storms) can also pose 
serious threats to food security (IPCC, 2022). Such events reduce crop yields, kill livestock, 
damage infrastructure, which increases food price volatility, makes food less available and less 
affordable, especially for poor and vulnerable categories. Repeated extreme events also weaken 
farmersô ability to recover, increasing long-term food insecurity and malnutrition. Despite this, 
MENA countries are still not ready neither resilient to face such extreme events (Mezzyane, 2024). 

4 Food Security  

The concept of food security originated in the mid-1970s and has evolved and expanded from a 
narrow focus on food supply at the national level to a wider focus also including dietary needs and 
food preferences at individual levels, especially for the most vulnerable ones. This decade was 
characterized by soaring global food prices and worldwide concern about the impact on world 
hunger. The global food crisis happening at this time has led to a process of international 
negotiation, followed by World Food Conference in 1974. In this forum, the first official definition 
of food security was provided. In that context, the main cause of hunger was seen as an 
inadequate and instable food supply and, then, food security was described as the ñavailability at 
all times of adequate world food supplies of basic foodstuffs to sustain a steady expansion of food 
consumption and to offset fluctuations in production and pricesò (FAO, 1974). 
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Due to its flexibility, food security as an operational concept in public policy has evolved to reflect 
the complexities of all technical and policy issues that it involves. Amartya Sen (1981) shown the 
limitations of this definition of food security, which focused exclusively on the supply side while 
neglecting the demand dimensionðnamely, peopleôs ability to access food. He observed that 
even in contexts where food was sufficiently available, individuals could still experience hunger 
because they were ñnot entitled to access food due to low income, unemployment, lack of 
productive resources and, more generally, of rightsò (Sen, 1981). Following this consideration, 
FAO (1983) expanded the concept to ensure a balance between the demand and supply of food 
security for vulnerable people and reinterpreted food security as ñensuring that all people at all 
times have both physical and economic access to the basic food that they needò. In 1986, the 
temporal dynamics have been integrated in the concept in order to distinguish between chronic 
and transitory food security3; the World Bank (1986) described it as ñ(the) access of all people at 
all times to enough food for an active, healthy lifeò. 

Another step forward was taken at the early 1990s integrating terms related to food quality, 
nutrition, and cultural preferences. In 1992 the first International Conference on Nutrition claimed 
ñthe need to ensure that each household has physical, social and economic access to enough 
food to meet its needs. This means that each household must have the knowledge and the ability 
to produce or procure the food that it needs on a sustainable basisò (FAO and WHO, 1992). ñA 
1995 report of the International Food Policy Research Institute (IFPRI) (stressed) the wider context 
that shapes the nutrients in the food supply, particularly high-quality protein and micronutrients, 
and the capacity to utilize that nutrient contentò (Clapp et al., 2022). This perspective was later 
incorporated into one of the four pillars of food security: utilization. This dimension moves beyond 
the notion of basic calorie or energy intake and shifts attention to nutritional quality. It recognizes 
that a diet lacking diversityðeven when caloric needs are metðcan still lead to malnutrition (often 
referred to as óhidden hungerô), with serious consequences for both physical and cognitive 
development. In 1996, the World Food Summit presented an exhaustive definition of food security 
as ñfood security exists when all people, at all times, have physical and economic access to 
sufficient safe and nutritious food that meets their dietary needs and food preferences for an active 
and healthy lifeò (FAO, 1996). 

In order to encompass all these nuances of food security and better reflect on the human rights 
perspective on development for the socially vulnerable, food security has been redefined in FAOôs 
2001 State of Food Insecurity report as a situation that exists when ñall people, at all times, have 
physical, social and economic access to sufficient, safe and nutritious food that meets their dietary 
needs and food preferences for an active and healthy lifeò (FAO, 2003), becoming the most widely 
used definition of the concept today. 

Based on this definition, FAO (2008) has identified four main dimensions of food security that need 
to be fulfilled simultaneously for food security to be achieved. These dimensions are: Physical 
availability of food, economic and physical access to food, food utilization, and the stability of the 
other three pillars over time. These dimensions of food security are conceptualized by FAO (2008) 
as follows:  

ǒ Availability: It refers to the ñsupply sideò of food security and depends on domestic food 
production, stock levels, and net trade. It is often approximated by the average amount of 
calories available per person at the national levelðderived from food balance sheets that 
track total food supply adjusted for uses such as feed, seed, processing, waste, and losses. 
 

 
3 According to the FAO definition, chronic food insecurity refers to a long-term condition in which people are 
unable to meet their minimum food requirements over a sustained period of time. In contrast, transitory food 
insecurity is a short-term phenomenon that arises when there is a sudden decline in the ability to produce or 
access sufficient food to maintain an adequate nutritional status. 



  

 

 

62 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

ǒ Access: An adequate supply of food at the national or international level does not in itself 
guarantee household level food security. Concerns about insufficient food access have 
resulted in a greater policy focus on the role of incomes, expenditure, markets and prices 
in achieving food security objectives. This component of food security can be proxied by 
variables that measure physical infrastructure for bringing food to market, as well as 
individual level indicators of whether people have access to the necessary number of 
calories per day. 

 

ǒ Utilization: It is commonly understood as the way the body makes the most of various 
nutrients in the food. Sufficient energy and nutrient intake by individuals is the result of 
good care and feeding practices, food preparation, and diversity of the diet and intra-
household distribution of food. Combined with good biological utilization of food consumed, 
this determines the nutritional status of individuals. This aspect of food security considers 
data on primarily anthropometric indicators of whether people are able to use available 
calories; relevant data includes measures on wasting, stunting, and low weight among 
children. 
 

ǒ Stability: Even if your food intake is adequate today, you are still considered to be food 
insecure if you have inadequate access to food on a periodic basis, risking a deterioration 
of your nutritional status. Adverse weather conditions, political instability, or economic 
factors (unemployment, rising food prices) may have an impact on your food security 
status. Variables that can be used to investigate this aspect of food security include 
dependence on food imports, domestic price volatility, and changes in irrigated land.  

For the sake of completeness, two additional dimensions of food security have been recently 
proposed by the High Level Panel of Experts on Food Security and Nutrition in their 15th Report, 
Food Security and Nutrition: Building a Global Narrative Towards 2030 (HLPE, 2020): agency and 
sustainability. ñAgency (é) refers to the capacity of individuals and groups to exercise a degree 
of control over their own circumstances and to provide meaningful input into governance 
processes, (é) seen today as an important aspect of addressing widening inequities within food 
systems, including imbalances of power among actors within those systemsò (Clapp et al., 2022). 
While sustainability refers to ñfood system practices that contribute to long-term regeneration of 
natural, social, and economic systems, ensuring the food needs of the present generations are 
met without compromising food needs of future generationsò (HLPE, 2020). 

4.1 Overview of the food security measures used  

All data on food security are directly taken from FAOSTAT or from the Global Food Security and 
Nutrition Dashboard, launched in 2022 under the Global Alliance for Food Security (GAFS). This 
initiative is jointly convened by the World Bank Group and the German G7 Presidency, with active 
engagement from more than 60 humanitarian and development partners, regional organizations, 
and governments. For each of the four dimensions of food security identified by the FAO (2008), 
different variables can be used to capture specific aspects. 

The first dimension, availability, can be measured through the share of dietary energy supply, 
which expresses the energy provided by cereals, roots, and tubers as a percentage of total dietary 
energy supply (calculated as a three-year average). Another proxy is the average protein supply, 
which measures the national average protein availability, expressed in grams of total protein per 
person per day over a three-year period. 

For the second dimension, access, the prevalence of undernourishment is the main indicator. 
According to the FAO, this variable estimates the proportion of the population whose habitual food 
consumption is insufficient to provide the dietary energy required for a normal, active, and healthy 
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life. It is expressed as a percentage of the total population and is used to monitor progress toward 
Sustainable Development Goal (SDG) Target 2.1, which aims to end hunger and ensure access 
by all peopleðparticularly the poor and those in vulnerable situations, including infantsðto safe, 
nutritious, and sufficient food all year round. The number of undernourished people corresponds 
to the population classified under this condition. 

The third dimension, utilization, is captured by the percentage of the population using safely 
managed drinking water services. This indicator measures the share of people using drinking 
water from improved sources that are accessible on premises, available when needed, and free 
from contamination. 

The fourth dimension, stability, can be assessed through several indicatorsðsuch as the 
percentage of arable land equipped for irrigation, the value of food imports relative to total 
merchandise exports, domestic food price volatility, per capita food production variability, and food 
supply variability. For the purposes of our analysis, however, the most relevant measure is the 
cereal import dependency ratio (IDR), which captures the extent to which a country relies on cereal 
imports to meet its consumption needs. This ratio reflects how much of the total available domestic 
cereal supply originates from imports versus domestic production.  

ὍὈὙ
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The IDR ranges from 0 to 100, where higher values indicate greater reliance on imports to meet 
domestic cereal demand. The IDR accounts for the total supply of food groups regardless of their 
end use, and therefore encompassing also those not intended for direct human consumption. 

Below, each link to the databases used to retrieve these variables is provided for the 
corresponding dimension of food security. 

 

Availability:  

- Share of Dietary Energy Supply derived from cereals (3-year average %): WB database 
Indicator | Share of dietary energy supply derived from cereals, roots and tubers (percent) 
(3-year average) | World Bank Data360 

- Average Protein Supply (g/cap/day): WB database Indicator | Average protein supply 
(g/cap/day) (3-year average) | World Bank Data360 

 

Access:  

- Prevalence of Undernourishment (% of population): FAOSTAT database FAOData 
Explorer Å Indicator 2.1.1 - Prevalence of undernourishment 

- Number of people undernourished (million) (3-year average): FAOSTAT database 
https://www.fao.org/faostat/en/#data/FS 

 

Utilization:  

- Percentage of population using safely managed drinking water services: FAOSTAT 
database https://www.fao.org/faostat/en/#data/FS 

 

Stability:  

https://data360.worldbank.org/en/indicator/FAO_FS_21012
https://data360.worldbank.org/en/indicator/FAO_FS_21012
https://data360.worldbank.org/en/indicator/FAO_FS_21013
https://data360.worldbank.org/en/indicator/FAO_FS_21013
https://dataexplorer.fao.org/vis?fs%5b0%5d=Sustainable%20Development%20Goals%20%28SDGs%29%2C1%7CGoal%202%20Zero%20Hunger%23SDG_G2%23%7C2.1.1%20Hunger%23SDG_G2_211%23&pg=0&fc=Sustainable%20Development%20Goals%20%28SDGs%29&bp=true&snb=1&vw=ov&df%5bds%5d=ds-release&df%5bid%5d=DF_SDG_2_1_1&df%5bag%5d=FAO&df%5bvs%5d=1.0&dq=A.SN_ITK_DEFC..........&pd=2020%2C2023&to%5bTIME_PERIOD%5d=false
https://dataexplorer.fao.org/vis?fs%5b0%5d=Sustainable%20Development%20Goals%20%28SDGs%29%2C1%7CGoal%202%20Zero%20Hunger%23SDG_G2%23%7C2.1.1%20Hunger%23SDG_G2_211%23&pg=0&fc=Sustainable%20Development%20Goals%20%28SDGs%29&bp=true&snb=1&vw=ov&df%5bds%5d=ds-release&df%5bid%5d=DF_SDG_2_1_1&df%5bag%5d=FAO&df%5bvs%5d=1.0&dq=A.SN_ITK_DEFC..........&pd=2020%2C2023&to%5bTIME_PERIOD%5d=false
https://www.fao.org/faostat/en/#data/FS
https://www.fao.org/faostat/en/#data/FS
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- Cereal Import Dependency Ratio: FAOSTAT database 
https://www.fao.org/faostat/en/#data/FS 

4.2 Food security trends by income level and region  

Figure 39 illustrates the global trajectory of the prevalence of undernourishment (POU) over the 
past two decades. After peaking at 13% in 2002, the worldwide POU declined steadily for nearly 
fifteen years, falling to 7.1% by 2017. Only in 2014ï2015 did the trend temporarily reverse, with a 
slight increase that brought the indicator close to 8%. 

This long-term progress, however, was abruptly disrupted. Between 2019 and 2020, the POU 
experienced its sharpest annual increase on record, rising from 7.5% to 8.5%, making it harder to 
realize the Zero Hunger goal by 2030. The deterioration continued in the following years, with the 
POU stabilizing at around 8.5% of the world population in 2023, corresponding to approximately 
700 million individuals. Compared to the pre-pandemic level of 7.9%, roughly 87 million more 
people are now facing hunger. 

This global trend is mainly due to what FAO et al. (2022) referred to as a ótriple crisisô ð the 
intertwined effects of climate shocks, the Covid-19 pandemic, and the RussiaïUkraine conflict ð 
each of which has exerted strong and overlapping pressure on food security. 

First, climate-related shocks have become more frequent and intense, eroding resilience in many 
vulnerable regions. Extreme weather events ð droughts, floods, heatwaves ð have disrupted 
planting cycles, reduced yields, and undermined local food production. These shocks strain both 
agricultural output and supply chains, raising costs for producers and consumers alike.  

Second, the Covid-19 pandemic precipitated a cascade of economic disruptions. Lockdowns, 
labour shortages, and supply-chain delays sharply affected food production, transportation, and 
trade. The 2021 Global Report on Food Crises (GRFC) reveals that economic shocks ï including 
the COVID-19 pandemic ï conflict, and extreme weather conditions pushed at least 155 million 
people into acute food insecurity in 2020, an increase of around 20 million people from 2019. This 
trend prosecuted according to FAO (2022) in the following year where around 193 million people 
in 53 countries experienced acute food insecurity at crisis or worse levels. This represents an 
increase of nearly 40 million people (from almost 651 million people in 2020 to almost 688 million 
people in 2021) compared with the already record numbers of 2020 (see Figure 40). 

 

https://www.fao.org/faostat/en/#data/FS
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Figure 39: Prevalence of undernourishment (%) (3-year average) world level trend, 2000-2024. 

 
Source: Authorsô own elaboration using FAOSTAT. 

 

Figure 40: Number of people undernourished (millions) (3-year average) world level trend, 2001-2023. 

 
Source: Authorsô own elaboration using FAOSTAT. 
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In 2020, of the 155 million people classified in Crisis or worse, 10 countries/territories accounted 
for the majority: Democratic Republic of the Congo (21.8M), Yemen (13.5M), Afghanistan (13.2M), 
Syrian Arab Republic (12.4M), Sudan (9.6M), northern Nigeria (9.2M), Ethiopia (8.6M), South 
Sudan (6.5M), Zimbabwe (4.3M), and Haiti (4.1M) (FAO, 2021). 

Third, the conflict in Ukraine has dramatically amplified global food-system risks. Russia and 
Ukraine are major exporters of staple commodities: together, they rank among the worldôs top 
three exporters of wheat, maize, and sunflower oil, and both Russia and Belarus are key suppliers 
of fertilizers. The outbreak of the war disrupted productionðdue to damaged infrastructure, 
reduced labour availability, and constrained access to inputsðas well as export flows, particularly 
through the Black Sea corridor. On one hand, wheat production in Ukraine was severely reduced, 
as documented through satellite observations by Lin et al. (2023). On the other hand, international 
trade in wheat and maize was strongly affected by Russiaôs export bans on both cereals, by 
Ukraineôs temporary wheat export ban, and by the blockade of Black Sea ports (Marson and 
Saccone, 2023). As a result, global food prices surged, with wheat and fertilizer prices reaching 
unprecedented peaks, significantly raising input costs for farmers around the world. 

These combined pressures have disproportionately affected low-income, food-importing 
countries. Many of these economies depend heavily on imports from Russia and Ukraineðnotably 
in the MENA region, where countries import more than 90 percent of the food they consume. 
Egypt, the worldôs largest wheat importer, sourced over 80 percent of its wheat imports from 
Ukraine and Russia prior to the conflict. Consequently, these countries were confronted not only 
with reduced availability but also with sharply higher prices. Movchan (2022), examining imports 
of six key commodities (wheat, barley, maize, sunflower-seed oil, soybeans, and poultry) from 
Ukraine for 141 countries over 2016ï2020, finds that the most vulnerable economies to trade 
disruptions are located in South and East Asia (notably Sri Lanka and South Korea), the Middle 
East and North Africa (Egypt, Israel, Lebanon, Tunisia), and Europe (Cyprus, Lithuania, Poland, 
United Kingdom), with Lebanon, Tunisia, and Sri Lanka exhibiting the highest levels of 
vulnerability. In contrast, vulnerability in Latin America and North America appears significantly 
lower. 

Updated global estimates indicate a modest reduction in world hunger in recent years: the 
prevalence of undernourishment declined to around 8.2% in 2024, down from 8.5% in 2023 and 
8.7% in 2022. In absolute terms, this corresponds to an estimated 638 million to 720 million people 
facing hunger in 2024 (FAO, 2025). 

Despite this slight global improvement, hunger continues to be heavily concentrated in specific 
regions. The 2024 FAOïWFP Hunger Hotspots report estimates that around 175 million people 
are facing acute food insecurity across 17 countries or territories, along with one regional cluster 
comprising four additional countries, bringing the total number of critical situations to 21. These 
hotspots are mainly located in West Africa and the Sahel, Southern Africa, the Near East and 
North Africa, East Africa, East Asia, and Latin America and the Caribbean. The countries identified 
as facing the most severe levels of acute food insecurity include Burkina Faso, the Central African 
Republic, Chad, Mali, Nigeria, Sierra Leone, the Democratic Republic of the Congo, Malawi, 
Mozambique, Zambia, Zimbabwe, Palestine, Sudan, Lebanon, Syria, Yemen, Ethiopia, Somalia, 
South Sudan, Myanmar, and Haiti. 

In most of these contexts, organized violence and armed conflict constitute the primary drivers of 
worsening acute food insecurity. FAO and WFP identify conflict as a key factor in 17 out of the 21 
hunger hotspots, exacerbating displacement, disrupting agricultural production, obstructing trade 
routes, and undermining humanitarian access. These conflict-related disruptions frequently 
interact with climatic shocks and economic instability, further intensifying local vulnerabilities and 
deepening food crises. 
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Figure 41 plots the evolution of the average POU across world areas from 2001 to 2023, following 
the World Bank regional classification4. Three broad patterns emerge. First, most regions 
experienced a steady decline in undernourishment from 2000 to the mid-2010s, reflecting 
improvements in agricultural productivity, poverty reduction, and the expansion of social protection 
systems. Subsequently, this global progress slowed downðand in some cases reversedðafter 
2015, with visible increases in several regions around 2020 that coincide with the combined effects 
of the COVID-19 pandemic, climate-related disruptions, and geopolitical shocks. As a result, 
regional trajectories remain highly unequal, with Sub-Saharan Africa and the MENA region, 
Afghanistan, and Pakistan exhibiting higher POU levels than the rest of the world. 

 

Figure 41: Average prevalence of undernourishment (%) (3-year average) by region, 2001-2023. 

 
Source: Authorsô own elaboration using FAOSTAT. 

Note: MENA, Afg,, and Pak. stands for Middle East and North Africa, Afghanistan, and Pakistan. 

 

Within this global landscape, the MENA region (including Afghanistan and Pakistan) experienced 
a gradual reduction in undernourishment during the early 2000s. However, progress stalled 
around 2014ï2015 and reversed thereafter, with the POU rising again through the early 2020s. 
As a result, in recent years, MENAôs POU has exceeded the levels recorded in East Asia and the 
Pacific, South Asia, and Latin America and the Caribbean (LAC). As of 2023, South Asia and LAC 
exhibit similar POU levelsð8.78% and 8.5%, respectivelyðwhile East Asia and the Pacific 

 
4 FAOSTAT supplies data for 2000ɀ2024 only for this broader regional classification, whereas country-level 
POU data are available for the period 2001ɀ2023. Therefore, for a broader depiction of the POU trend at the 
regional levelɂincluding the years 2000 and 2024, consistent with the global trend shown in Figure 39 and 
using the UN continent classificationɂsee Figure A5 in Appendix. In addition, Figure A6 provides a more 
detailed breakdown for Africa, following the UN division into five subregions (Eastern, Middle, Northern, 
Southern, and Western Africa). 
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decreased to below 7%, reaching 6.82%. This pattern mirrors the deterioration of food security 
conditions documented in recent assessments: while MENA accounts for 12.2% of the worldôs 
undernourished population (FAO, 2022), the share of people likely to be food insecure in the region 
has nearly doubledðfrom about one in ten in 2006 to almost one in five by 2023. 

The structural roots of this deterioration span all four dimensions of food security. Food availability 
remains structurally constrained by the regionôs limited arable land and water scarcity, which 
forces many MENA countries to rely heavily on food imports. This dependence magnifies 
exposure to international price spikes and trade disruptions. Food access is undermined by 
recurrent and emerging conflicts, economic downturns, and widening inequalities, all of which 
disproportionately affect women and low-income rural households who are already marginalized 
within food distribution systems. Food utilization faces persistent challenges as well, with the 
coexistence of high obesity rates and widespread micronutrient deficienciesðparticularly anaemia 
among pregnant womenðreflecting dietary imbalances and limited access to nutritious foods. 
Finally, instability at the economic, social, and climatic levels hampers progress in all other 
dimensions, creating a volatile environment in which even temporary shocks can rapidly escalate 
into deeper food insecurity (Mimoune and El Shehaby, 2023). 

 

Figure 42: Prevalence of undernourishment (%) (3-year average) Egypt trend, 2001-2023. 

 
Source: Authorsô own elaboration using FAOSTAT. 
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Figure 43: Number of people undernourished (millions) (3-year average) Egypt trend, 2001-2023. 

 
Source: Authorsô own elaboration using FAOSTAT. 

 

The acute increase in POU from 2019 is also evident at the country level in the MENA region. In 
Egypt, for example, POU rose from 6.6% to over 9% (9.4%) during this period (see Figure 42). 
This trend, combined with an annual population growth rate ranging from 1.49% to 1.75%, 
contributed to an increase in the number of undernourished people from 7 million to almost 11 
million (10.8 million), as illustrated in Figure 43. Similarly, during the Arab Spring in early 2011, 
POU in Egypt rose sharply, increasing by 0.5% between 2011 and 2012, with the number of 
undernourished people growing from 4.8 million to 5.3 million. This upward trend continued for 
three years after the removal of President Mohamed Morsi by the Egyptian Armed Forces, albeit 
at a slower pace, reaching 6.7 million undernourished people by 2016. 

Around the same period, Morocco experienced a substantial decline in POU, falling by 1% from 
4.5% in 2011 to 3.5% in 2017, with the number of undernourished people reaching its lowest point 
at 1.2 million (see Figure 45). Similar to Egypt, starting from 2018ðand particularly in the year 
preceding the Covid-19 pandemicðPOU in Morocco began to rise again, increasing by 1.2% from 
4.1% in 2019 to 5.3% in 2020, and reaching a peak of 7% in 2023, corresponding to 2.6 million 
undernourished people, reflecting the common negative impact of the ótriple crisisô in the region. 
Increasing trends during the pre-Covid period and the onset of the pandemic (2018ï2021) are 
also observed in three other MENA countries at the core of our studyðJordan, Lebanon, and 
Tunisia. Unlike what occurred in Egypt and Morocco, however, these economies recorded a 
decline in POU in the last two years analysed, a pattern that was even more pronounced and 
persistent in Algeria. Although data on the number of undernourished people in Algeria are no 
longer available after 2017, the country experienced a sharp and continuous decline in POU 
throughout the entire period, interrupted only in 2003ï2004, falling from 7.1% in 2000 to 2.5% in 
2017ða level that is assumed to have remained constant up to 2023, as FAOSTAT does not 
provide precise values once this lower threshold is crossed. The trends for these four MENA 
economies are presented in the Appendix (Figures A7ïA14) in alphabetical order. 
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Figure 44: Prevalence of undernourishment (%) (3-year average) Morocco trend, 2001-2023. 

 
Source: Authorsô own elaboration using FAOSTAT. 

 

Figure 45: Number of people undernourished (millions) (3-year average) Morocco trend, 2001-2023. 

 
Source: Authorsô own elaboration using FAOSTAT. 
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Tables 2 and 3 summarize how the four dimensions of food security have evolved across income 
groups between 2002 and 2022, where complete and comparable data are available for the 
chosen proxies of food security, rather than for the full 2000ï2023 interval. 

 

Table 2: Average of food security indicators by income group, 2002. 

   Dietary 
Energy 
Supply (%) 

Aver. Prot. 
Supply (%) 

POU (%) Pop. Drink. 
Water (%) 

Cereal 
Import 
Dependency 
Ratio (%) 

 Low income 66.579 53.089 30.871 14.462 25.879 

 Lower middle income 61.089 59.089 21.376 34.200 36.800 

 Upper middle income 48.348 59.656 10.574 58.625 39.436 

 High income 34.407 94.769 4.259 91.745 28.470 

Source: Authorsô own elaboration using FAOSTAT. 

 

Table 3: Average of food security indicators by income group, 2022. 

   Dietary 
Energy 
Supply (%) 

Aver. Prot. 
Supply (%) 

POU (%) Pop. Drink. 
Water (%) 

Cereal 
Import 
Dependency 
Ratio (%) 

 Low income 61.417 60.500 25.690 22.538 36.548 

 Lower middle income 56.204 71.249 14.142 48.357 45.924 

 Upper middle income 41.115 95.779 6.369 66.032 0.254 

 High income 31.459 109.390 3.085 96.176 0.044 

Source: Authorsô own elaboration using FAOSTAT. 

 

Overall, the results show improvements across most indicators, although the pace and extent of 
progress vary substantially by income level. 

First, food availability, measured by both the share of dietary energy supply provided by cereals, 
roots, and tubers and by the average protein supply, also exhibits clear income-related patterns. 
All income groups show declining reliance on cereals in their dietary energy supply, consistent 
with gradual diet diversification as incomes rise. Improvements in average protein supply are 
visible across the board, though they are particularly pronounced in upper-middle-income and 
high-income countries, where protein availability increased from around 60 g/day to nearly 96 
g/day and from 95 g/day to 109 g/day, respectively. Low-income countries experienced an 
increase as well (from 53 g/day to more than 60 g/day), albeit from a much lower base. 



  

 

 

72 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

Second, the prevalence of undernourishment decreased in all income groups, but disparities 
remain wide. Low-income countries experienced a decline from 30.87% to 25.69%, a modest 
improvement compared with the more substantial reductions observed in lower-middle-income 
(from 21.38% to 14.14%) and upper-middle-income countries (from 10.57% to 6.37%). High-
income countries maintained very low levels of undernourishment, decreasing slightly from 4.26% 
to almost 3.1%. These trajectories highlight persistent structural food access constraints in low-
income countries compared to significant progress among middle-income economies. 

Third, for the utilization dimension, the share of population using safely managed drinking water 
services rose in all groups. However, strong inequalities persist: while high-income countries 
improved from 91.75% to 96.18%, low-income countries saw an increase from only 14.46% to 
22.54%. Despite progress, access to safe water remains critically low in low-income settings, 
underscoring persistent infrastructure and governance gaps. 

Finally, the cereal import dependency ratio in 2022 shows that less developed economiesð
particularly lower-middle-income countriesðare the most dependent on foreign cereal imports, 
with imports accounting for nearly 46% of their total domestic cereal supply, followed by low-
income countries at 36.55%. In contrast, more developed economies display extremely low 
average levels of this indicatorðbelow 1%ðdue to the presence of major cereal-exporting 
countries that record negative values, which drive down the overall average to 0.25% for upper-
middle-income countries and even further to 0.04% for high-income countries. On the other hand, 
in 2002, the situation was almost reversed: upper-middle-income countries were the most reliant 
on cereal imports (39.44%), even more than lower-middle-income countries (36.80%), and were 
followed by high-income countries (28.47%), while low-income countries ranked last with 25.88%. 
This pattern is largely explained by the transformation of several upper-middle-income and high-
income countries in Latin America and the Caribbean (LAC) and in Europe and Central Asia, which 
moved from being cereal importers or marginal exporters to becoming medium or large cereal 
suppliers as can be observed in Tables 4 and 5. 

In the LAC region, the most representative case is Paraguay which, although already a net cereal 
exporter in 2002 with an import dependency ratio of ï46.2%, dramatically strengthened this 
position, reaching almost ï1900% (ï1894.1%) in 2022. Argentina also slightly reduced its import 
share while maintaining a strong exporter profile, with a ratio of ï128.2% in 2022, as did Uruguay 
(ï60.5%) and Brazil (ï30.9%), with all these countries except Uruguay (a high-income economy) 
classified as upper-middle-income. Even more remarkable changes occurred among high-income 
European economies. Bulgaria shifted from ï20.5% in 2002 to ï1015.6% in 2022; Ukraine 
consolidated its role as a cereal exporter, moving from ï23.2% to ï298.4% over the same period; 
and Lithuania and Latvia experienced similar transformations, with their ratios increasing from ï
9.9% to ï180.4% and from ï5.6% to ï140.7%, respectively. In addition, Romania and Estonia 
transitioned from being net cereal importers in 2002 (4.5% and 24.7%, respectively) to becoming 
net exporters twenty years later (ï138.1% and ï119.5%, respectively). 

The North America region has consistently been a net exporter of cereals since the beginning of 
the period and further consolidated its position in international markets. This was largely driven by 
the increasing relevance of Canada, which strengthened its exporter status by moving from ï
43.3% in 2002 to ï116.9% in 2022. This expansion partly offset the declining export role of the 
United States, whose cereal import dependency ratio rose from ï30.6% to ï20.3% over the same 
period.  

Taken together, these patterns indicate that food security has improved across all income groups 
over the past two decades, although the scale of progress remains highly unequal. Low-income 
countries continue to face persistent constraints across all four dimensions of food security, while 
upper-middle- and high-income countries exhibit the strongest advances, particularly in diet quality 
and access to essential services. 
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Table 4: Average of food security indicators, except POU by region, 2002. 

   Dietary 
Energy 
Supply (%) 

Aver. Prot. 
Supply (%) 

Pop. Drink. 
Water (%) 

Cereal Import 
Dependency 
Ratio (%) 

 East Asia & Pacific 51.231 72.512 58.412 36.050 

 Europe & Central Asia 40.674 92.741 83.065 11.943 

 Latin America & Caribbean 40.454 70.921 60 43.628 

MENA, Afghanistan & 
Pakistan 

52.333 81.622 70.125 68.144 

 North America 25.333 101.500 98 -36.950 

 South Asia 64 63.340 37.500 28.920 

 Sub-Saharan Africa 62.333 56.364 13.800 36.332 

Source: Authorsô own elaboration using FAOSTAT. 

 

Table 5: Average of food security indicators, except POU by region, 2022. 

   Dietary 
Energy 
Supply (%) 

Aver. Prot. 
Supply (%) 

Pop. Drink. 
Water (%) 

Cereal Import 
Dependency 
Ratio (%) 

 East Asia & Pacific 43.500 93.880 63.434 37.343 

 Europe & Central Asia 33.833 109.081 90.565 -18.500 

 Latin America & Caribbean 38.121 88.730 68.231 -11.822 

 MENA, Afghanistan & 
Pakistan 

46.909 91.445 78.313 77.090 

 North America 25.500 119.150 98.500 -68.600 

 South Asia 59.333 77.933 48.750 36.467 

 Sub-Saharan Africa 58.717 64.370 23.263 41.731 

Source: Authorsô own elaboration using FAOSTAT. 

 

The comparison of regional averages between 2002 and 2022 reveals substantial variation in how 
different parts of the world have progressed across the key dimensions of food security as reported 
in the above tables. Dietary energy supply, measured as the share of the population meeting 
minimum caloric requirements, increased in nearly all regions but with markedly uneven gains. 
Europe and Central Asia and East Asia and Pacific experienced the most pronounced 
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improvements, while North Americaðalready close to saturation in 2002ðremained stable. In 
contrast, South Asia and Sub-Saharan Africa, which started from the highest levels of dietary 
energy supply derived from cereals, saw only modest reductions, and their averages in 2022 still 
remain substantially above those of other regions. The MENA, Afghanistan, and Pakistan group 
registered an improvement as well, though the decline from roughly 52% to 47% indicates that 
calorie-related undernourishment remains a structural concern. 

The evolution of average protein supply reflects a similar pattern of global improvement with 
widening cross-regional divergence. All regions show an increase from 2002 to 2022, but the 
magnitude of this rise varies sharply. Europe and Central Asia and North America experienced 
substantial gains, reaching average protein supply levels above 100% by 2022. Latin America and 
the Caribbean and East Asia and Pacific also recorded notable advancements, approaching or 
surpassing 90%. By contrast, South Asia and Sub-Saharan Africa continue to lag far behind, with 
average protein supply in 2022 still below 80% and 65%, respectively. The MENA region also 
improved, despite its levels remain clearly behind those of higher-income regions, underscoring 
persistent dietary quality constraints. 

Access to drinking water expanded across all regions over the twenty-year period, although stark 
differences persist. Europe and Central Asia and North America recorded the highest levels of 
access, approaching full coverage by 2022. Latin America and the Caribbean and East Asia and 
Pacific achieved gradual improvements as well, while South Asia and Sub-Saharan Africa remain 
significantly below global averages. In Sub-Saharan Africa, access rose from just under 14% in 
2002 to 23% in 2022ðan improvement, yet still the lowest regional coverage worldwide. The 
MENA region advanced from 70% to over 78%, reflecting some progress in basic services despite 
broader political and economic instability. 

In summary, these regional patterns suggest an overall global improvement in food availability, 
dietary quality, and basic service provision over the past two decades, yet they also highlight 
persistent inequalities. Regions such as Sub-Saharan Africa and South Asia continue to face 
fundamental gaps across multiple dimensions, while the MENA regionðdespite some progressð
remains structurally constrained by resource scarcity, high import reliance, and ongoing instability 
that affects all pillars of food security. 

4.3 Food Security: a trade lens  

During the last four decades, trade in agricultural goods has increased sixfold, giving rise to an 
international food trade network in which about 23% of global agricultural production is exchanged 
(DôOdorico et al., 2014). Today, international food trade sustains an estimated 2ï3 billion people 
annually, while the production of export-oriented food commodities occupies roughly 13 percent 
of the worldôs cropland and pasture (MacDonald et al., 2015; Ge et al., 2021). Given the growing 
role of trade in shaping global food availability, a large body of research has examined its 
implications for food supply stability. Scholars increasingly question whether trade mitigates the 
negative effects of idiosyncratic shocks or, conversely, facilitates the transmission of external 
disturbances across borders, thereby increasing the vulnerability of importing countries. 

Empirical evidence shows that the strength of shock propagation depends on countriesô structural 
conditions. Stronger impacts are observed in countries with low food availability and limited 
reserves (Tamea et al., 2016), while food trade can enhance resilience when domestic production 
abruptly declines (Marchand et al., 2016). At the same time, higher import dependence is 
associated with greater exposure to shocks originating abroad (Li et al., 2024). Thus, the interplay 
between trade and vulnerability is complex: integration into the global food network can both buffer 
and amplify instability, depending on the structure of trade relationships and domestic adaptive 
capacity. 
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From a theoretical perspective, the economic literature has long emphasized the benefits of trade 
liberalization. By enabling countries to exploit comparative advantages more efficiently and to 
reduce deadweight losses from protectionist measures, trade liberalization is expected to improve 
welfare and overall efficiency. Beyond these static effects, indirect gains also arise through 
productivity growth, economies of scale, technological diffusion, and better resource allocation. 
Moreover, openness to trade can improve price signals and reduce opportunities for rent-seeking 
and corruption, thereby strengthening institutions. A substantial body of empirical evidence 
supports these predictions (e.g., Edwards, 1993, 1998; Harrison, 1996; Greenaway et al., 1998; 
Frankel and Romer, 1999; Winters et al., 2004; Helpman et al., 2008; Singh, 2010; Winters and 
Martuscelli, 2014), showing that trade expansion has generally contributed to income growth and 
poverty reduction. 

While global food trade has allowed countries to buffer domestic production shortfalls and access 
larger markets, deeper integration has also exposed economies to external shocks and intensified 
resource extraction pressures. Trade liberalization, therefore, entails important distributional and 
systemic risks. Even when aggregate indicators improve, its benefits are unevenly distributed. 
Poorer households often struggle to absorb adverse effects such as higher consumer prices or 
declining wages in vulnerable sectors. At the macroeconomic level, governments may face fiscal 
strain from declining tariff revenuesðthough evidence from Sub-Saharan Africa suggests that 
most countries have managed to compensate these losses through domestic tax reforms (Keen 
and Mansour, 2010). 

According to Aboushady, Ramzy, and Zaky (2025), the influence of trade on food security operates 
through several interrelated channels that can either strengthen or undermine it. On the positive 
side, openness allows countries to exploit their comparative advantages in agricultural production, 
specialize where they are more efficient, and benefit from economies of scale. International trade 
also acts as a global transmission mechanism moving food from surplus to deficit regions, thereby 
mitigating price volatility and stabilizing consumption (Boonekamp, 2015; Negi and Ramaswami, 
2020). For net food importers, access to world markets ensures more stable and affordable food 
supplies, while exporters benefit from higher producer prices and expanded demand. Trade 
policies that affect export and import pricesðsuch as the removal of tariffs, export bans, or 
subsidiesðfurther influence these dynamics. Moreover, agricultural trade fosters diversification 
both in production and consumption. The existence of multiple exporting countries provides 
alternative sources of supply during domestic shortfalls (FAO, 2003; Smith and Glauber, 2019), 
while consumers benefit from a more diverse and nutritionally balanced diet (Martin, 2017). Finally, 
in a context of climate change, trade may enhance environmental efficiency by reallocating 
production toward regions where agricultural resources are used most sustainably. 

Nevertheless, the same mechanisms that integrate markets can also heighten systemic fragility. 
Liberalization often entails high short-term adjustment costs and uneven benefits across countries 
and social groups. The reduction of tariff revenues can weaken fiscal capacity in the absence of 
effective domestic taxation. Furthermore, the growing concentration of market power within global 
agri-food value chains has strengthened the influence of large corporations vis-à-vis both 
producers and consumers, increasing the potential for rent extraction and inequality (De Schutter, 
2009). The neglect of environmental externalities also reduces the resilience of food systems, 
while greater import dependence can expose countries to external shocksðwhether driven by 
conflicts, climatic events, or trade restrictions. 

Over the past decades, the increasing delocalization of food systems has contributed to the 
erosion of their resilience. While global interconnectivity can help absorb localized shocks, it can 
also facilitate their propagation when highly connected or central nodes in the trade network are 
affected. Ultimately, the global food system remains exposed to both self-propagating risks, such 
as export restrictions, and systemic risks, including climate change and geopolitical instability. The 
degree to which a country benefits from or suffers under this interconnected structure largely 
depends on its position within the global trade network and its purchasing power. 
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5 Multi -scenario analysis  

Sub-section 5.1 presents the methodology and model implemented for the multi-scenario analysis, 
along with the data sources used to construct the dataset. Baseline panel data regression results 
for the full sample are then exhibited in Sub-section 5.2, followed by a further breakdown of the 
analysis by income level, distinguishing between high-income and low- and middle-income 
countries.  

5.1 Model specification and data sources  

In order to examine the determinants of food security, we rely on the following specification: 

ὣ ‌ ‍ὢ ‍Ὓ „ „ ‐ȟ ω 

Where Y represents different measures of food security identified by the Food and Agriculture 
Organization (FAO). The first dimension of food insecurity is food availability that can be measured 
by cereals consumption and the average dietary energy supply adequacy as it expresses the 
dietary energy supply as a percentage of the average dietary energy requirement (FAO, 2013). 
The second dimension, access, can be measured by the share of a population that is moderately 
or severely undernourished. For the third dimension, utilization, we use the percentage of 
population using safely managed drinking water services. Finally, the fourth dimension of food 
(in)security is stability, measured by the cereal import dependency ratio. 

The vector of control variables (X) includes a range of factors that may influence food security 
outcomes. GDP per capita is used as a proxy for the level of economic development and average 
income, which are key determinants of food security. To capture countriesô natural endowments, 
we include the share of arable land in total land area. Given the central role of domestic agricultural 
production, agricultural value added as a share of GDP is also incorporated. Investment is included 
to reflect both the overall macroeconomic environment and the level of investment in physical 
infrastructure. Social conditions are proxied by the unemployment rate, which captures labor 
market performance and household vulnerability. In addition to these macroeconomic and 
structural controls, particular attention is devoted to centrality measures derived from the static 
network analysis, which are instrumental in characterizing countriesô trade linkages within the 
global cereal value chain. At the product level, the analysis focuses on four cereal grainsðbarley, 
maize, rice, and wheatðwhich descriptive trade statistics identify as the main cereals for MENA 
countries and for which domestic demand is largely met through imports. Finally, a variable 
capturing countriesô positions within fertilizer trade networks is introduced to account for input 
dependencies affecting agricultural production. 

Our variables of interest include three main stressors, namely conflicts measured by the level of 
political stability (from the World Governance Indicators), trade policy (measured by tariffs, non-
tariff-measures imposed by and faced by the country in question), climate related (water stress 
and temperature change). All regressions embed country and year fixed effects to control for 
unobservables (ůs and ůt) and Ů is the error term.  

Our data come from several sources. Most of the controls come from the World Development 
Indicators (GDP per capita, share of arable land, investment as share to GDP, share of agriculture 
to GDP, and the unemployment rate). Indicators of institutional quality are sourced from the World 
Governance Indicators. Political stability is also used as a proxy for conflict, given the limited 
number of observations available for alternative conflict variables derived from the Armed Conflict 
Location & Event Data (ACLED). However, subject to data availability, we plan to adopt conflict 
measures from the Uppsala Conflict Data Program (UCDP) to capture this stressor more 
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comprehensively. Subsidies come from the subsidy platform5. Trade shocks related variables 
come from the Global Trade Alert Project, the World Trade Organization Tariff Profile. Finally, 
climate change variables come from the World Development Indicators and from the International 
Disaster Database6. 

This baseline equation is estimated using panel data techniques and is extended in three ways. 
First, we plan to use the local projections framework to run some impulse response functions. This 
framework is relevant as it accommodates a panel structure, does not constrain the shape of the 
impulse response functions and is less sensitive to misspecification (Jordà and Taylor, 2016 and 
Ramey and Zubairy, 2018). Second, to investigate the price dynamics, we use a causal mediation 
analysis. This analysis identifies and quantifies causal effects and determines whether the effects 
are mediated through another variable, called a mediator. The outcome variable is food security, 
the mediating variable is prices and the independent variables are conflict, climate change and 
trade policy. The third extension pertains to the inclusion of some interactions between control 
variables and the stressors to see how some countryôs characteristics can curb the negative 
impact of the stressors (such as the quality of institutions, subsidies, investment, etc.). We also 
consider focusing on the first and second top suppliers of key products.  

5.2 Discussion of the results  

Building on the empirical framework outlined in the previous sub-section, we now turn to the 
estimation results that quantify how structural characteristics, trade network positioning, and 
exogenous stressors shape food security outcomes. 

Table 6 reports baseline fixed-effects panel estimates for the full sample, where food security is 
proxied by prevalence of undernourishment (access dimension, columns 2 and 3) and energy 
supply from cereals (availability dimension, columns 4 and 5). The inclusion of country and year 
fixed effects, as described in the methodology, ensures that results capture within-country 
variation over time, net of unobserved heterogeneity and global shocks. 

GDP per capita emerges as a key structural determinant of food security when proxied by 
undernourishment, exhibiting a highly significant and negative coefficient in columns (2) and (3). 
This result indicates that higher income levels are associated with improved food access, in line 
with the access channel emphasized in the FAO food security framework. By contrast, GDP per 
capita does not exert a statistically significant effect on cereal-based dietary energy supply, 
suggesting that income gains are more likely to translate into dietary diversification rather than 
increased reliance on cereals. 

The agricultural value added share is consistently associated with lower undernourishment and 
higher cereal energy availability. This dual effect highlights the role of domestic agricultural 
capacity in simultaneously improving access and stabilizing staple availability, especially in import-
dependent economies. Similarly, arable land availability reduces undernourishment, reinforcing 
the importance of structural production constraints. 

As a proxy of social characteristics, unemployment is positively and significantly associated with 
cereal energy supply. This counterintuitive result likely reflects a substitution effect whereby 
households facing labour-market stress revert to cheaper, calorie-dense cereal consumption. 
Gross capital formation also increases cereal energy supply, pointing to the role of investment in 
infrastructure, storage, and logistics in strengthening availability rather than directly alleviating 
undernourishment. 

 
5 https://www.subsidydata.org/en/subsidydata/home   

6 https://www.emdat.be/   

https://www.subsidydata.org/en/subsidydata/home
https://www.emdat.be/
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Institutional quality, proxied by political stability, is a key factor across both outcomes. Greater 
stability significantly lowers undernourishment and raises cereal energy supply, consistent with 
the previous discussions on conflicts and governance as major stressors. Indeed, conflicts and 
political instability disrupt cereal supply chains by damaging infrastructure, displacing labour, and 
increasing transaction costs (Martin-Shields and Stojetz, 2019; FAO 2017). 

Crucially, the results provide strong evidence on the role of global cereal trade network integration. 
The negative and significant coefficient on in-degree centrality indicates that countries sourcing 
cereals from a larger number of partners experience lower undernourishment. This finding 
supports the hypothesis that diversified trade linkages enhance resilience by reducing exposure 
to idiosyncratic supply shocks. The negative association between in-degree centrality and cereal 
energy supply should not be interpreted as a deterioration in food availability. Rather, cereal 
energy captures the share of dietary calories derived from cereals, such that a decline reflects 
reduced dependence on staple grains. Countries that are more diversified in their cereal import 
networks benefit from greater supply stability and lower price volatility, which facilitates dietary 
diversification toward non-cereal food items. This interpretation is reinforced by the simultaneous 
reduction in undernourishment associated with higher in-degree centrality, indicating that deeper 
trade integration improves food access while lowering reliance on cereals as the dominant energy 
source. 

The absence of robust effects for fertilizer in-strength reflects the indirect and lagged nature of 
inputïoutput linkages in agriculture, as well as the limited role of domestic cereal production in 
highly import-dependent economies.  

Trade policy variables show more nuanced effects. MFN tariffs on primary products are 
insignificant, largely due to their limited time variation and weak correspondence with effective 
trade restrictiveness. In contrast, non-tariff measures imposed by key trading partners significantly 
worsen undernourishment. NTM coverage on imports primarily affects the composition of food 
consumption rather than overall access to calories: by restricting or discouraging non-staple 
imports, it increases reliance on cheaper, calorie-dense cereals, raising cereal energy supply. At 
the same time, accompanying policy buffers such as subsidies and safety nets prevent a 
deterioration in minimum calorie intake, explaining the absence of a significant effect on 
undernourishment.  

Climate variables are not significant at the aggregate level. This result is inconsistent with the 
literature showing that climate change affects cereal supply through yield volatility, water scarcity, 
and increased frequency of extreme events (Lobell et al., 2011; Porter et al., 2014), and likely 
reflects heterogeneous exposure across countries, which becomes clearer in income-group 
disaggregation. 
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Table 6: Food security stressors ï Overall sample 

 Under Under 
Cereal 
Energy 

Cereal 
Energy 

Ln(GDP/cap) -6.576*** -6.678*** -0.00104 0.0164 

 (0.716) (0.734) (0.0294) (0.0294) 

Agricultural Value Added (% of GDP) -0.135*** -0.135*** 0.00308** 0.00288* 

 (0.0337) (0.0342) (0.00149) (0.00147) 

Arable Land (% of land area) -0.133** -0.136** 0.000387 0.00394 

 (0.0593) (0.0606) (0.00250) (0.00248) 

Unemployment rate (% of total labor force) -0.0274 -0.0199 0.00584*** 0.00608*** 

 (0.0286) (0.0298) (0.00108) (0.00109) 

Gross Capital Formation (% of GDP) 0.00636 0.00900 0.00161*** 0.00145*** 

 (0.0136) (0.0143) (0.000524) (0.000533) 

Political Stability  -0.573*** -0.603*** 0.0358*** 0.0353*** 

 (0.210) (0.217) (0.00859) (0.00862) 

Unpr. Cereals In-degree -0.0340*** -0.0352*** -0.00202*** -0.00198*** 

 (0.0111) (0.0114) (0.000416) (0.000413) 

Fert. In-strength -0.00953 0.0172 -0.00301 -0.00861 

 (0.128) (0.142) (0.00578) (0.00620) 

MFN primary 0.000877 -0.000622 -1.23e-05 7.22e-06 

 (0.00743) (0.00895) (0.000262) (0.000303) 

NTM coverage imp. -0.372 -0.381 0.0164 0.0265** 

 (0.275) (0.284) (0.0109) (0.0109) 

NTM main trade partner -0.487* -0.493* -0.0109 -0.00987 

 (0.249) (0.254) (0.00979) (0.00973) 

Temperature change -0.190  -0.00579  

 (0.133)  (0.00487)  

Water stress agri.  -0.00101  1.09e-05 

  (0.00159)  (6.40e-05) 

Observations 1,629 1,589 1,476 1,429 

R-squared 0.951 0.954 0.948 0.949 

Country FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Under stands for Prevalence of 
Undernourishment (% of population) and Cereal energy stands for energy supply from cereals.  

 

To explore heterogeneity in these relationships, we next disaggregate the sample by income level. 
We first present the results for high-income countries (Table 7), before turning to low- and middle-
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income countries (Table 8), where structural constraints and exposure to external stressors are 
expected to be more pronounced. 

Table 7 reports the estimates for high-income countries, where food security outcomes appear to 
be shaped less by domestic production constraints and more by market integration and investment 
capacity.  

The effect of GDP per capita on undernourishment remains negative but is markedly smaller than 
in the full sample, reflecting diminishing marginal gains of income once basic nutritional needs are 
met. Agricultural value added is no longer significant, confirming the limited role of domestic 
agriculture in ensuring food access and availability in these economies. Arable land availability is 
associated with a lower share of dietary energy derived from cereals, consistent with more 
diversified consumption patterns. Unemployment increases cereal energy supply, suggesting a 
shift toward cheaper staples during labour market stress. Additionally, higher unemployment does 
not translate into greater undernourishment because strong social protection systems, 
unemployment benefits, and food assistance programs effectively shield households from food 
access constraints. Investment plays a central role: gross capital formation significantly increases 
cereal energy supply, highlighting the importance of infrastructure, logistics, and storage capacity. 
Political stability does not exert a significant effect, reflecting strong institutional buffers. In-degree 
centrality remains negative and significant for both outcomes, indicating that diversified sourcing 
continues to reduce vulnerability and cereal dependence even at high income levels. Fertilizer in- 
strength reduces undernourishment, consistent with efficient input markets and high productivity. 
Trade policy variables, including MFN tariffs and NTMs, are insignificant, pointing to limited trade 
distortions and strong shock-absorbing capacity. Climate variables are insignificant, underscoring 
high adaptive capacity in high-income countries. 

Table 8 reveals stronger and more systematic effects of both structural variables and stressors in 
low- and middle-income countries.  

The negative effect on undernourishment of GDP per capita is substantially larger than in high-
income countries, confirming that income growth remains a primary pathway to food security 
improvements.  

Domestic agricultural capacity is particularly critical: agricultural value added and arable land 
significantly reduce undernourishment and increase cereal energy supply. These results underline 
the dual role of agriculture as both a livelihood and a food availability channel in developing 
economies. Institutional fragility emerges as a central vulnerability amplifier.  

Political instability significantly increases undernourishment and reduces cereal availability, 
consistent with conflicts disrupting production, trade, and distribution networks. This aligns closely 
with the previous conceptualization of conflicts as a core stressor in the MENA region.  

Trade network integration emerges again as important determinant of food security: in-degree 
centrality robustly reduces undernourishment, showing that trade diversification enhances 
resilience to supply shocks. The negative effect of in-degree centrality on calories from cereals 
reflects dietary diversification rather than reduced food availability. Therefore, deeper cereal trade 
integration stabilizes supply, lowers price volatility, and improves food access while reducing 
dependence on staple grains.  

In sum, high-income countries achieve food security mainly through investment, market 
integration, and social protection, with trade diversification reducing vulnerability and dependence 
on cereals. Low- and middle-income countries rely more on income growth, domestic agriculture, 
and political stability, while diversified trade networks also strengthen resilience and support 
dietary diversification. Thus, while the key drivers vary by income level, trade network integration 
consistently enhances supply stability and food access. 
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Table 7: Food security stressors ï High-income countries 

 (1) (2) (3) (4) 

 Under Under 
Cereal 
Energy 

Cereal 
Energy 

Ln(GDP/cap) -1.005*** -0.642* 0.0395 0.0509 

 (0.366) (0.363) (0.0594) (0.0617) 

Agricultural Value Added (% of GDP) 0.0433 0.0358 -0.00364 -0.00371 

 (0.0595) (0.0590) (0.00959) (0.00969) 

Arable Land (% of land area) -0.0426 -0.0307 -0.00863** -0.00975** 

 (0.0266) (0.0253) (0.00431) (0.00425) 

Unemployment rate (% of total labor force) -0.0230* -0.0143 0.0102*** 0.0109*** 

 (0.0127) (0.0121) (0.00194) (0.00195) 

Gross Capital Formation (% of GDP) 0.0309*** 0.0375*** 0.00453*** 0.00435*** 

 (0.00801) (0.00779) (0.00118) (0.00120) 

Political Stability  0.0691 0.159 0.000133 -0.00760 

 (0.129) (0.131) (0.0203) (0.0214) 

Unpr. Cereals In-degree  -0.0176*** -0.0146*** -0.00182** -0.00198*** 

 (0.00462) (0.00446) (0.000717) (0.000719) 

Fert. In-strength -0.214*** -0.216** -0.0113 -0.0189 

 (0.0741) (0.0841) (0.0115) (0.0136) 

MFN primary 0.000181 0.000219 -8.83e-05 -9.51e-05 

 (0.00348) (0.00329) (0.000517) (0.000507) 

NTM coverage imp. -0.159 -0.124 -0.000407 0.00138 

 (0.120) (0.119) (0.0193) (0.0199) 

NTM main trade partner -0.0525 0.0133 -0.0230 -0.0140 

 (0.116) (0.110) (0.0182) (0.0186) 

Temperature change 0.0923*  -0.00918  

 (0.0491)  (0.00731)  

Water stress agri.  0.000366  -3.38e-05 

  (0.000435)  (7.60e-05) 

Observations 634 617 590 568 

R-squared 0.847 0.855 0.907 0.902 

Country FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Under stands for Prevalence of 
Undernourishment (% of population) and Cereal energy stands for energy supply from cereals.  
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Table 8: Food security stressors ï Low- and middle-income countries 

 Under Under 
Cereal 
Energy 

Cereal 
Energy 

Ln(GDP/cap) -8.546*** -8.703*** -0.0125 0.0116 

 (1.072) (1.089) (0.0346) (0.0338) 

Agricultural Value Added (% of GDP) -0.171*** -0.174*** 0.00359** 0.00320** 

 (0.0432) (0.0443) (0.00150) (0.00147) 

Arable Land (% of land area) -0.197** -0.188* 0.00426 0.0111*** 

 (0.0932) (0.0961) (0.00309) (0.00309) 

Unemployment rate (% of total labor force) 0.0580 0.0900 0.00142 0.000709 

 (0.0497) (0.0550) (0.00144) (0.00154) 

Gross Capital Formation (Investment) (% of GDP) 0.00489 0.00899 0.000976* 0.000720 

 (0.0192) (0.0202) (0.000581) (0.000589) 

Political Stability  -0.573** -0.585** 0.0412*** 0.0415*** 

 (0.291) (0.298) (0.00942) (0.00926) 

Unpr. Cereals In-degree 
-
0.0387** -0.0367* -0.00154*** -0.00147*** 

 (0.0191) (0.0196) (0.000548) (0.000536) 

Fert. In-strength 0.0678 0.0997 -0.00311 -0.00958 

 (0.182) (0.198) (0.00681) (0.00701) 

MFN primary 0.00436 -0.00192 -0.000128 -1.15e-05 

 (0.0110) (0.0144) (0.000300) (0.000371) 

NTM coverage imp. -0.215 -0.269 0.0197 0.0335** 

 (0.430) (0.439) (0.0133) (0.0130) 

NTM main trade partner -0.737** -0.705* -0.00701 -0.0111 

 (0.373) (0.380) (0.0115) (0.0112) 

Temperature change -0.677***  -0.00286  

 (0.259)  (0.00758)  

Water stress agri.  0.0375  0.00108 

  (0.0320)  (0.000927) 

Observations 995 972 886 861 

R-squared 0.937 0.941 0.953 0.956 

Country FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Note: Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. Under stands for Prevalence of 
Undernourishment (% of population) and Cereal energy stands for energy supply from cereals.  
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6 Conclusion  

The analysis of cereal trade performance and structure in the selected MENA countries highlights 
the considerable vulnerability of the regionôs supply chains to a wide range of stressors. These 
stressors threaten multiple stages of the cereal value chain, from production and storage to 
transportation, trade, and distribution, placing additional pressure on already fragile food systems. 
Geopolitical instability and armed conflicts, particularly in countries located near volatile regions 
or strategic maritime routes such as the Suez Canal and the Red Sea, can severely disrupt both 
domestic agricultural activities and international trade. The imposition of sanctions, embargoes, or 
trade restrictions further limits access to essential suppliers and markets. 

The regionôs dependence on cereal imports from major producersðincluding Russia, Ukraine, 
and the European Unionðrenders it highly sensitive to global market volatility. Price spikes and 
export restrictions arising from international crises, such as the Russia-Ukraine war, directly affect 
food affordability and availability. Compounding this vulnerability, climate change and 
environmental stressors are steadily reducing local production potential. Rising temperatures, 
prolonged droughts, water stress, soil degradation, and deforestation threaten arable land and 
crop yields, while climate-related events in other parts of the world can influence global cereal 
supplies and prices. 

Supply chain inefficiencies, including port congestion, shipping delays, and limited storage 
infrastructure, further exacerbate the regionôs exposure. Weak transportation networks, 
inadequate cold chains, and low levels of automation increase post-harvest losses and limit the 
capacity to respond rapidly to shocks. These operational challenges intersect with economic and 
financial constraints, as high debt levels, limited fiscal space, and inflationary pressures reduce 
governmentsô ability to secure adequate cereal supplies and affect consumer purchasing power. 
Moreover, demographic trends such as rapid population growth and urbanization elevate demand 
for cereals and more processed products, intensifying pressure on complex supply chains. 

Institutional and governance challenges, including weak inter-agency coordination, outdated 
regulations, and lack of transparency, can hinder timely and effective responses to emerging 
crises. Mismanagement of grain reserves, corruption, or delayed early-warning interventions 
further amplify the risk of food insecurity during shocks. The literature emphasizes that addressing 
these vulnerabilities requires a balanced mix of short-term and long-term policy responses. In the 
short run, policy actions should prioritize protecting vulnerable households from food price shocks 
and supply disruptions, while longer-term strategies should aim to diversify both food production 
and trade relationships to reduce exposure to external risks (Abay et al., 2023). In this context, 
reforms to existing support mechanisms also play an important role. In particular, reducing grain 
consumption subsidies may improve the efficiency of public reserve strategies in many MENA 
countries, strengthening their capacity to manage shocks while easing fiscal pressures (Wright 
and Cafiero, 2011). 

7 Next Steps  

Building on the network analysis conducted so far, most of the main centrality measures have 
already been computed and integrated into the dataset used for the multi-scenario analysis. 
Further refinements may nonetheless be considered to strengthen the interpretation of countriesô 
positions within international markets for unprocessed cereals and fertilizers. In particular, 
alternative formulations of local centrality measures, such as degree and strength in their weighted 
and unweighted versions, could be implemented following the approach proposed by Opsahl and 
Panzarasa (2009). This methodology allows for a balanced assessment of trade integration by 
jointly accounting for the existence of trade links and the intensity of those relationships, using 
either arithmetic or geometric mean specifications. These refinements would be explored only 
insofar as they provide additional and meaningful insights beyond those already identified. In a 
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similar spirit, alternative community detection methods could be applied to validate and 
consolidate the current findings, especially with respect to potential changes in group composition 
when distinguishing between import- and export-origin trade flows. While the present analysis 
treats trade networks as undirected, consistent with previous choices, the stability of community 
structures is supported by consistently positive modularity values falling within the range identified 
by Newman (2004) as indicative of well-partitioned networks. As such, any further extensions to 
the network analysis will be carefully evaluated in terms of their empirical contribution. 

Turning to the multi-scenario analysis, future work will focus on improving the measurement of key 
stressors, particularly conflict exposure. While conflict data have so far been drawn from the World 
Governance Indicators, alternative sources with broader country coverage and fewer missing 
observations, such as the UCDP, may be adopted to enhance robustness, in line with existing 
empirical work on food security and trade openness such as Dithmer and Abdulai (2017). In 
parallel, additional indicators capturing institutional quality have already been integrated into the 
dataset, drawing on the Varieties of Democracy (V-Dem) project. These indicators could be used 
as alternative measures to the World Governance Indicators, allowing for a more nuanced 
assessment of institutional channels. 

The empirical results presented thus far focus on food availability and food access, measured 
respectively through dietary energy supply from cereals, roots, and tubers and the prevalence of 
undernourishment. While extending the analysis to other dimensions of food securityðsuch as 
utilization, stability, or composite indicatorsðwould provide a more comprehensive perspective, 
data limitations remain a significant constraint. For this reason, the inclusion of additional food 
security measures will be considered, depending on data availability. 

Finally, future extensions of the empirical framework will incorporate price dynamics using a causal 
mediation approach, as outlined in Sub-section 5.1. Moreover, interaction effects between key 
covariates, particularly institutional quality and investment, will be explored to assess whether 
specific country characteristics can mitigate the impact of external shocks on food security. These 
methodological extensions will be presented in the final version of this deliverable. 
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9 Appendix  

9.1 Tables: list of products and countries examined  

Table A1: List of cereals included in our dataset (HS92-6 classification) taken from BACI database. 

UNPROCESSED CEREALS 

Chapter 10  Cereals 

(Harmonized System) HS 4-
digit code 

Product List HS 6-digit code Product List 

1001 Wheat and meslin 100110 Cereals: durum wheat 

100190 Cereals: meslin and wheat other than durum 

1002 Rye 100200 Cereals: rye 

1003 Barley 100300 Cereals: barley 

1004 Oats 100400 Cereals: oats 

1005 Maize (corn) 100510 Cereals: maize (corn), seed 

100590 Cereals: maize (corn), other than seed 

1006 Rice 100610 Cereals: rice in the husk (paddy or rough) 

100620 Cereals: husked (brown) rice 

100630 Cereals: rice, semi-milled or wholly milled, whether or 
not polished or glazed 

100640 Cereals: rice, broken 

1007 Grain sorghum 100700 Cereals: grain sorghum 

1008 Buckwheat, millet and 
canary seed; other cereals 

100810 Cereals: buckwheat 

100820 Cereals: millet 

100830 Cereals: canary seeds 

100890 Cereals: n.e.s. in chapter 10 

 

Table A2: List of fertilizers included in our dataset (HS92-6 classification) taken from BACI database. 

AGRICULTURAL INPUTS 

FERTILIZERS 

(Harmonized System) HS 4-
digit code 

Product List HS 6-digit code Product List 

Chapter 19 Fertilizers 
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3101 HS Codes of Animal or 
vegetable fertilisers, 
whether or not mixed 
together or chemically 
treated; fertilisers 
produced by the mixing or 
chemical treatment of 
animal or vegetable 
products 

310100 Fertilizers, animal or vegetable: whether or not mixed 
together or chemically treated: fertilizers, produced by 
the mixing or chemical treatment of animal or vegetable 
products 

3102 HS Codes of Mineral or 
chemical fertilisers, 
nitrogenous 

310210 Fertilizers, mineral or chemical: nitrogenous, urea, 
whether or not in aqueous solution 

310221 Fertilizers, mineral or chemical: nitrogenous, ammonium 
sulphate 

310229 Fertilizers, mineral or chemical: nitrogenous, other than 
ammonium sulphate 

310230 Fertilizers, mineral or chemical: nitrogenous, ammonium 
nitrate, whether or not in aqueous solution 

310240 Fertilizers, mineral or chemical: ammonium nitrate with 
calcium carbonate or other inorganic non-fertilizing 
substances, mixtures thereof 

310250 Fertilizers, mineral or chemical: nitrogenous, sodium 
nitrate 

310260 Fertilizers, mineral or chemical: nitrogenous, double 
salts and mixtures of calcium nitrate and ammonium 
nitrate 

310270 Fertilizers, mineral or chemical: nitrogenous, calcium 
cyanamide 

310280 Fertilizers, mineral or chemical: nitrogenous, mixtures of 
urea and ammonium nitrate in aqueous or ammoniacal 
solution 

310290 Fertilizers, mineral or chemical: nitrogenous, other kinds 
including mixtures not specified in the foregoing 
subheadings 

3103 HS Codes of Mineral or 
chemical fertilisers, 
phosphatic 

310310 Fertilizers, mineral or chemical: phosphatic, 
superphosphates 

310320 Fertilizers, mineral or chemical: phosphatic, basic slag 

310390 Fertilizers, mineral or chemical: phosphatic, n.e.s. in 
heading no. 3103 

3104 HS Codes of Mineral or 
chemical fertilisers, 
potassic 

310410 Fertilizers, mineral or chemical: potassic, carnallite, 
sylvite and other crude natural potassium salts 

310420 Fertilizers, mineral or chemical: potassic, potassium 
chloride 

310430 Fertilizers, mineral or chemical: potassic, potassium 
sulphate 

310490 Fertilizers, mineral or chemical: potassic, n.e.s. in 

https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-nitrogenous-Heading-3102.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Animal-vegetable-fertilisers-mixed-together-Heading-3101.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-nitrogenous-Heading-3102.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-nitrogenous-Heading-3102.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-nitrogenous-Heading-3102.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-nitrogenous-Heading-3102.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-phosphatic-Heading-3103.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-phosphatic-Heading-3103.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-phosphatic-Heading-3103.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-phosphatic-Heading-3103.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-potassic-Heading-3104.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-potassic-Heading-3104.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-potassic-Heading-3104.aspx
https://www.cybex.in/hs-codes/Mineral-chemical-fertilisers-potassic-Heading-3104.aspx
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heading no. 3104 

3105 HS Codes of Mineral or 
chemical fertilisers 
containing two or three of 
the fertilising elements 
nitrogen, phosphorus and 
potassium; other fertilisers; 
goods of this Chapter in 
tablets or similar forms or 
in packages of a gross 
weight not exceeding 10 kg 

310510 Fertilizers, mineral or chemical: in tablets or similar 
forms or in packages of a gross weight not exceeding 
10kg 

310520 Fertilizers, mineral or chemical: containing the three 
fertilizing elements nitrogen, phosphorus and potassium 

310530 Fertilizers, mineral or chemical: diammonium hydrogen 
orthophosphate (diammonium phosphate) 

310540 Fertilizers, mineral or chemical: ammonium dihydrogen 
orthophosphate (monoammonium phosphate) and 
mixtures thereof with diammonium hydrogen 
orthophosphate (diammonium phosphate) 

310551 Fertilizers, mineral or chemical: containing nitrates and 
phosphates 

310559 Fertilizers, mineral or chemical: containing the two 
fertilizing elements nitrogen and phosphorus, other than 
nitrates and phosphates 

310560 Fertilizers, mineral or chemical: containing the two 
fertilizing elements phosphorus and potassium 

310590 Fertilizers, mineral or chemical: n.e.s. in heading no. 
3105 

 

Table A3: List of countries for the network analysis. 

Acronym  Country  Acronym  Country  Acronym  Country  

ABW Aruba GIB Gibraltar NIU Niue 

AFG Afghanistan GIN Guinea NLD Netherlands 

AGO Angola GMB Gambia NOR Norway 

AIA Anguilla GNB Guinea-Bissau NPL Nepal 

ALB  Albania GNQ Equatorial 
Guinea 

NZL New Zealand 

AND Andorra GRC Greece OMN Oman 

ARE United Arab 
Emirates 

GRD Grenada PAK Pakistan 

ARG Argentina GRL Greenland PAN Panama 

ARM Armenia GTM Guatemala PER Peru 

ATG Antigua and 
Barbuda 

GUM Guam PHL Philippines 

AUS Australia GUY Guyana PLW Palau 
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AUT Austria HKG Hong Kong PNG Papua New 
Guinea 

AZE Azerbaijan HND Honduras POL Poland 

BDI Burundi HRV Croatia PRK North Korea 

BEL Belgium HTI Haiti PRT Portugal 

BEN Benin HUN Hungary PRY Paraguay 

BFA Burkina Faso IDN Indonesia PSE West Bank and 
Gaza 

BGD Bangladesh IND India PYF French 
Polynesia 

BGR Bulgaria IRL Ireland QAT Qatar 

BHR Bahrain IRN Iran ROU Romania 

BHS Bahamas IRQ Iraq RUS Russian 
Federation 

BIH Bosnia 
Herzegovina 

ISL Iceland RWA Rwanda 

BLR Belarus ISR Israel S19 Other Asia, nes 

BLZ Belize ITA Italy SAU Saudi Arabia 

BMU Bermuda JAM Jamaica SDN Sudan  

BOL Bolivia  JOR Jordan SEN Senegal 

BRA Brazil JPN Japan SGP Singapore 

BRB Barbados KAZ Kazakhstan SHN Saint Helena 

BRN Brunei 
Darussalam 

KEN Kenya SLB Solomon Islands 

BWA Botswana KGZ Kyrgyzstan SLE Sierra Leone 

CAF Central African 
Rep. 

KHM Cambodia SLV El Salvador 

CAN Canada KIR Kiribati SOM Somalia 

CHE Switzerland KNA Saint Kitts and 
Nevis 

SPM Saint Pierre and 
Miquelon 

CHL Chile KOR South Korea STP Sao Tome and 
Principe 

CHN China KWT Kuwait SUR Suriname 

CIV Côte d'Ivoire LAO Laos SVK Slovakia 



  

 

 

96 
Deliverable 1.2- Multi-scenario analysis of stressors and the related impacts on the supply chain 

STAPLES ï GA No. 2333        

CMR Cameroon LBN Lebanon SVN Slovenia 

COD Dem. Rep. of the 
Congo 

LBR Liberia SWE Sweden 

COG Congo LBY Libya SWZ Eswatini 

COK Cook Islands LCA Saint Lucia SYC Seychelles 

COL Colombia LKA  Sri Lanka SYR Syria 

COM Comoros LSO Lesotho TCA Turks and 
Caicos Islands 

CPV Cabo Verde LTU Lithuania TCD Chad 

CRI Costa Rica LUX Luxembourg TGO Togo 

CUB Cuba LVA Latvia THA Thailand 

CYM Cayman Islands MAC Macao TJK Tajikistan 

CYP Cyprus MAR Morocco TKM Turkmenistan 

CXR Christmas Islands MDA Rep. of Moldova TLS Timor-Leste 

CZE Czechia MDG Madagascar TON Tonga 

DEU Germany MDV Maldives TTO Trinidad and 
Tobago 

DJI Djibouti MEX Mexico TUN Tunisia 

DMA Dominica MHL Marshall Islands TUR Turkey 

DNK Denmark MKD North 
Macedonia 

TZA United Rep. of 
Tanzania 

DOM Dominican Rep. MLI Mali UGA Uganda 

DZA Algeria MLT Malta UKR Ukraine 

ECU Ecuador MMR Myanmar URY Uruguay 

EGY Egypt MNG Mongolia USA United States of 
America 

ERI Eritrea MNP N. Mariana 
Islands 

UZB Uzbekistan 

ESP Spain MOZ Mozambique VCT Saint Vincent 
and the 
Grenadines 

EST Estonia MRT Mauritania VEN Venezuela 

ETH Ethiopia MSR Montserrat VGB Br. Virgin 
Islands 
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FIN Finland MUS Mauritius VNM Viet Nam 

FJI Fiji MWI Malawi VUT Vanuatu 

FLK Falkland Islands 
(Malvinas) 

MYS Malaysia WLF Wallis and 
Futuna Islands 

FRA France NAM Namibia WSM Samoa 

FSM FS Micronesia NCL New Caledonia YEM Yemen 

GAB Gabon NER Niger ZAF South Africa 

GBR United Kingdom NFK Norfolk Islands ZMB Zambia 

GEO Georgia NGA Nigeria ZWE Zimbabwe 

GHA Ghana NIC Nicaragua   

Note: Countries highlighted in red are included exclusively in the sample for unprocessed cereals, whereas 
those highlighted in blue appear only in the sample for fertilizers. 
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9.2 Figures: additional network representation and food security trends  

Figure A1: Weighted Unprocessed cereals network nodes (main exporters), year 2000. 

 
Source: Authorsô own elaboration using BACI database. 

 


