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This report presents and discusses the metrics and indices proposed in the literature for assessing
the vulnerability and resilience of Global Value Chains, with a focus on the agrifood Global Value
Chain in the MENA region. Task 1.3. contributes to Work Package 1 by: (a) performing the
systematic literature review on the indicators suggested in the literature for assessing vulnerability
and resilience of countries and companies involved in Global Value Chains, and (b) designing the
questionnaire for the survey to be administered to the actors involved in the Wheat Value Chain
in Egypt and Morocco in the first months of 2026.

The report is organized in two parts.

The first part (from Chapter 2 to Chapter 4) illustrates the systematic literature on global value
chain resilience conducted to map the available indicators of resilience and the related coping
strategies at the micro (i.e. firm) and macro (i.e. country) level. In particular, Chapter 3 describes
and discusses indicators developed at the country level, for which the concept of resilience is
associated to the preparedness of a country to anticipate and resist to different stressors and
shocks, and distinguishes between economic-based indicators and network-based indicators.
Chapter 4 illustrates the indicators suggested by the literature to measure resilience at the firm
level in different phases (before, during or after the shock).

The second part of the report (Chapter 5 and Chapter 6) describes first the development of the
questionnaire aimed at mapping the strategies implemented to cope with the shocks (experienced
by actors of the wheat Global Value Chain (GVC) in MENA countries in the period 2020-2024),
and then reports the analysis of the results. In particular, Chapter 5 illustrates the rationale
underlying the design of the questionnaire, which will be developed and validated in the next
months (with the support of ASCAME). Likewise, the identification of the sample and the definition
of the steps to translate and administer the survey to the identified firms will be finalized in the
next months. Chapter 6 will report the results and the relative analyses of the data collected with
the survey and will be completed by M33. Finally, Chapter 7 will conclude by combining the results
of the literature review and results from the survey, suggesting those metrics and indices that more
effectively allow the assessment of the resilience of the various actors participating in the Wheat
Global Value Chain in the MENA region.
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The COVID-19 pandemic, geopolitical tensions (mainly the conflict between Russia and Ukraine)
along with recent climate and macroeconomic issues have stressed global food supply chains.
These systemic shocks underscored the fragility of cereal supply chains in the MENA region, a
context marked by a significant reliance on wheat imports and an essential role for wheat for local
food security. For instance, Egypt is expected to produce approximately 9.3 million tonnes of
wheat in 2025, against an estimated demand exceeding 20 million tonnes, creating a substantial
production gap that must be covered by large-scale imports. The performance of local wheat
cultivation is also heavily affected by climatic conditions. In recent years, many areas across the
region have experienced below-average rainfall, leading to declining yields and greater variability
in annual output. Periodic droughts and water scarcity continue to exacerbate these challenges,
further reducing the potential for self-sufficiency. (Kenawy et al., 2025); Pratt., et al., 2018)

In this context, resilience is defined as the capacity of a supply chain to resist, adapt and recover
from shocks, and it is therefore a crucial requirement for ensuring food security and socio-
economic stability in the contexts most vulnerable to crises. Namely, agrifood systems’ resilience
is a dynamic process defined as “the capacity over time of agrifood systems, in the face of any
disruption, to sustainably ensure availability of and access to sufficient, safe and nutritious food
for all, and sustain the livelihoods of agrifood systems’ actors” (FAO, 2003).

Thus, the concept of resilience implies to take into account wo crucial dimensions: (a) the
vulnerability of the system, i.e. its exposure to disruption (and the related risk); (b) the capacity to
respond to disruption and to recovery. In fact, despite resilience has been conceptualized and
analysed from different disciplinary contexts, some key components are commonly emphasised:
readiness, absorption capacity, flexible adaptation and rapid recovery (Ferguson, 2025).

We classify the several indicators and metrics suggested in the literature according to two main
dimensions, i.e. exposure and vulnerability, and response and recovery to shocks, and two levels
of analysis, micro (the firms) and macro (the country).

Then, the indicators will be employed to assess — via a survey - the preparedness/resilience along
cereals value chain in MENA countries (namely, Egypt and Morocco) in relation to different levels
of the relevant stressors and shocks (as identified in T1.2).

The remainder of the report is organized as follows. Section 2 illustrates the steps followed to
conduct the systematic literature review. Section 3 and Section 4 provide an overview of the
indicators and metrics suggested to assess GVC resilience and relative coping strategies at the
country and at the firm level, respectively. Section 5 illustrates the design of the questionnaire and
the identification of a representative sample of firms, while Section 6 reports and discusses results
obtained. Finally, Section 7 concludes with the identification of the most effective resilience
indicators and strategies adopted by the GVC actors in the two countries considered in the period
2020-2025.

The systematic literature review (SLR) for this study was conducted on the Scopus database, one
of the richest and most comprehensive sources for scientific literature on topics of interest, such
as business and economics. The search was conducted on three main disciplinary fields: Business
(BUSI), Social Sciences (SOCI), and Economics (ECON), and the relevant journals have been
classified in six categories. Table 1 reports the categories identified and the journal titles included
in the analysis.
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The first research question of our literature review is the following: ‘Through which indicators can
the resilience of GVCs be measured?’

As of January 2025, the Boolean search string used on Scopus (Table 2 reports details on the
keywords adopted) produced 548 results. In particular, for the development of our search string,
we chose to divide it into two parts connected by the Boolean operator AND, referring to Global
Value Chains (including related terms such as global production networks, Production Network,
Value Network and Supply Chain) and to the concept of resilience (including terms reflecting
various dimensions of resilience and risk, such as indicators, metrics, assessments,
measurements, and benchmarks to capture both quantitative or qualitative approaches).

Then, the selection and evaluation of these results have been conducted following the three
phases suggested by Kunisch et al. (2023). Specifically:

a. In the initial phase, articles were screened through the examination of their titles and
abstracts, eliminating those that were completely out of scope (370 articles) and classifying
the others as “in scope” (23 articles) or “to be read entirely (155 articles);

b. The second phase of screening involved a comprehensive reading of the full text of the
articles shortlisted, with the ultimate goal of retaining only those articles that were closely
aligned with our specific goals. 88 articles remained (as the others were either not
downloadable or out of scope or not relevant);

c. The third phase concerns the classification of the selected papers according to the
methodology adopted, namely, qualitative and literature review (10), quantitative (66), and
mixed (12).

Our final database consists of a total of 88 articles deemed useful for our ultimate goal of building
a foundational understanding of the existing methodologies and metrics for quantifying resilience
in supply chains.

Figures 1 and 2 illustrate the breakdown of the final sample of articles by publication year and by
journal category, respectively. In particular, Figure 1 shows how published articles have increased
immediately after the main shocks experienced in the relevant period, i.e. Covid and the Ukraine-
Russia war. Figure 2 shows instead that the resilience issue has been particularly studied in the
field of operations, production, supply chain, and transportation management (48 papers); risk
management and business decisions (19 papers), sustainability (17 papers); only 5 papers come
from the economics and Finance analysis fields.
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Figure 1: Number of articles in our sample by publication year
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Figure 2: Number of articles in our sample by journal category
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The literature review on GVC resilience suggests a variety of approaches and metrics. However,
some commonalities could be identified, namely:

- studies are normally conducted either at the micro level (i.e. firm level) or at the macro
level (i.e. country level);

- measures refer either to exposure to shocks, i.e the vulnerability stemming from trade
dependencies and the propagation of shocks occurring in any segment of the value chain,
or to the capacity to respond to and to recover from the shocks.

- indicators rely on economic and business data, often weighted by risk-related indicators.

- scenarios and/or simulation models are adopted to assess preparedness.

We focus on the indicators suggested by the literature, at the country and at the firm level, and we
distinguish them in two main categories:

a. Indicators of vulnerability (exposure to disruption and shocks)
b. Indicators of resilience (response to, and recovery from, disruption and shocks)

The first step is to identify exposure to disruption, i.e. quantifying vulnerability of the value chain.
In fact, once the level of integration (at the country level or at the level of the single actor) into the
value chain has been determined, it is crucial to measure the degree of risk exposure associated
with this integration: this is done through the analysis of supplier dependencies and structural
vulnerabilities within the supply chain. These are ex-ante resilience measurements that evaluate
the exposure to potential shocks and identify critical choke points. Therefore, these indicators
often encompass risk identification, risk measurement, risk assessment and risk evaluation
(Tummala & Schoenherr, 2011) to identify the most exposed and vulnerable areas of a given
system.

Modelling supply chains as networks facilitate the identification of critical points that could amplify
the propagation of shocks (Dixit et al., 2020).

The possibility of pinpointing the most critical nodes and arcs (i.e., the weak points of the supply
chain) through the analysis of network topology makes these models a valuable tool for assessing
the vulnerability. Companies utilizing these models can identify areas for intervention to reduce
vulnerability, for example, by increasing redundancy in strategic points or diversifying sources of
supply.

However, the usefulness of these indicators goes beyond the understanding and quantification of
risk exposure, as they are also essential for identifying and implementing the most suitable
mitigation strategies for the specific context. The mitigation stage, in fact, involves the
development of the right countermeasures to control supply chain risks through either proactive
(before the risk event) or reactive approaches (during and after the risk event) (Tran et al., 2018).

A recent study by Yang et al. (2025) emphasizes that a proper definition of supply chain resilience
(SCR) needs to be clarified before its measurement. Due to the multidisciplinary and
multidimensional nature of resilience, there is a lack of consensus over the SCR definition.
Tukamuhabwa et al. (2015) and Hosseini et al. (2019) provide two converging and most
comprehensive definitions after reviewing the existing SCR literature. Their definitions emphasize
three major capacities of SCR:
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1. the absorptive capacity corresponding to the preparation for emergencies/disasters;

2. the adaptive capacity denoting the response to emergencies/disasters;

3. the restorative capacity determining the recovery from the emergencies/disasters and the
competitive advantage gained after that.

These three capacities represent temporal attributes before, during, and after an
emergency/disaster, respectively, and compose a useful framework for measuring SCR.

The analysis of resilience focuses on measuring ex post the impact of past shocks on the supply
chain, helping to estimate the extent to which a country (or a company) would be affected by a
future disruptive event. This step is ex-post, i.e. designed to quantify (typically through simulation
and scenario analysis) the consequences of a shock and to understand the propagation
mechanisms within the system.

One of the major sources of vulnerability to external shocks is a high import market concentration,
i.e. a country’s reliance on a small number of suppliers for a product.

A commonly used measure of (product or market) concentration that helps assess the diversity of
a country’s trade (by product or trade partner, respectively) is the Herfindahl-Hirschman Index. It
can be computed either on imports or exports and can signal higher risks in the case of high
concentration and asymmetric shocks, such as a natural disaster, a conflict or geopolitical tensions
in the country of origin.

We compute HHI on imports, for each product, to measure the degree of import market
concentration by country of destination. HHI index, as mentioned above, indicates if a large share
of commodity imports is bought from a small number of countries or, on the contrary, if imports’
suppliers are diversified.

HHI is calculated as the sum of squared shares of import by country | from country j:

N
HHI; = ) (Myy/Mp)? (1a)
j=1

J

where M;; is country i's imports from a specific supplier j and M; is country i's total imports.

The lower the index, the less concentrated a country’s import partners are. A country with a
perfectly diversified import portfolio will have an index close to zero, whereas a country will have
a value of 1 if its imports are concentrated on one supplying countries (least diversified). The rule
of thumb is that an HHI less than 0.1 shows low concentration, an HHI between 0.1 and 0.25
moderate concentration, and above 0.25 high concentration of suppliers and therefore higher risk.

The index could be calculated for each product (e.g. cereal c) as the sum of squared shares of
each product in total import of cereals:

14
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N
HHlie = ) (Micy /M) (1)

j=1

where M;j. is country i's imports of a cereal product ¢ from a specific supplier j and M, is country
i’s total imports of cereal c.

This is a modified HHI incorporating other factors influencing the supply risk, including the
degree of import dependency, political stability in the import country, the distance between the
importing and supplying countries and a fungibility indicator to account for substitutability
between different types of the relevant product. In fact, assessing food supply risks at country
level relies on the concept of self-sufficiency (i.e. the extent to which a country can satisfy its
food requirements from its own domestic production) (Clapp, 2017). This type of assessment
is based on the assumption that the more self-sufficient a country, the less vulnerable its food
supply, since it is less exposed to external production shocks in supplier countries, (such as
heavy yield losses), or sudden commercial restrictions (Deteix et al., 2024).

Import shares can be substituted by Net Positive Imports (NPI):
NPI;;= Maximum {0,(M;; — X;;} (2)
where M;; is import from country j and X;; is the country’s exports to country j.

Ali, Manikas, and Sundarakani (2022) derived the external food supply risk index (Ff) for cereal
type c as:

NPI;
[z o NP,C) di,-]wf 3
where:

. NPIl-C]- is the net positive imports of cereal ¢ from supplier country j.

* 1 is arisk assessment relating to supplier country j. It measures the level of
political, financial and economic risks that firms operating in the supplying
country face (PRS, 2022, https://epub.prsgroup.com/products/political-risk-
services).

* d;; is the distance between the external supplying country j and the importing
country i. The inclusion of distance enables to capture risks associated with
supply chain disruptions that may happen during the cereal’'s shipment for
infrastructural or political reasons.

* ID{ is the importing country’s import dependency of cereal c, calculated as:

c
2, NPIf

IDf= == (4)

where Cf is the domestic total supply quantity of cereal c.

The domestic supply quantity refers to the amount of cereal type c that is available for domestic
consumption and is equal to domestic production plus imports less exports, and less the
change in stocks.
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SWI is an indicator used to account for the diversity of supplying countries:

N
SWIL = Zmijlnmi]- (5)
j=1

Where m;; is the share of imports in country i from country j. The index could be calculated at

the level of the single product c.

The indicator is scaled from 0 to 1, with O representing no diversity and 1 representing the
maximum amount of diversity observed.

The equation above can be rewritten to account for risk assessment (rj) of the supplying country
j and the level of domestic production, i.e. self-sufficiency, Pi as:

SWNI; = ¥ (myjln myr)(1+ P) (6)
Where:
* mjis the share of imports in country i from country j;
* ris the risk of the supplying country j;

« Piis the level of domestic production”.

This category of indicators builds on the concentration ones but also take into account
geopolitical risks that could affect the continuity of critical resource (or product) supply.

The supply risk (SR) of the focal country i concerning the product of interest c is calculated as:

SRe; = HHI. * WGl = 3V 1(sZ ) *Xjoa(gj+my) (D)
where:
* 5. is the share of country j in the global production of the commodity c.

« g; is the political instability indicator of country j, which is derived from the
Worldwide Governance Indicators (WGI).

+ my; is the import share of country j in the supply chain of country i.

1 The adjusted Shannon—Wiener-Neumann Index (SWNI) has been introduced by Neumann, A. (2004). Security of supply
in European natural gas markets. Viadrina University Frankfurt/Oder. The domestic production data come from the World
Energy Outlook. Thus, domestic production is measured in quantity (million barrels per day, mb/d).
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* SR values vary between 0 and 1 (as indicating the share of the commodity import
being at risk).

GeoPolitical Risk (GPSR) is a more articulated version of the SR indicator, accounting for the
geopolitical risk inherent in a given supply chain that involves the import of product ¢ from
countries or regions with high levels of insecurity.

Concentration is calculated using the HHI of the producing countries, while political risk is
measured using the Worldwide Governance Indicators (WGI) in its "political stability and
absence of violence/terrorism" (WGI-PV) dimension, weighted by the share of import flow from
country j.

The complete calculation for the Geopolitical Supply Risk in a single-stage supply chain is
expressed as:

GPSR,; = HHI, * WGI Z( /P2 )*Z(g ( Meij ))(8)
ct ct ]_ J ] PCL+MCl

where:

* GPSR,; is the Geopolitical Supply Risk factor for using product ¢ (which is
produced in country j) in country i;

* Pj is the production of the product c in country j

* Pc =) Pcjis the global production of product c.

g, is the political stability score of country j, rescaled from its WGI-PV score;
* M, is the import volume from country j to country i;

* Mg = Y Mg is the sum of all import tonnage to country i.

Both the concentration factor HHI and the normalized governance factor WGI take values
between 0 and 1, therefore GPSR will also take values between 0 and 1.

Therefore, data required for the calculation of SR and GPSR are the followings: the country’s
share of global production (data from FaoStat, https://www.fao.org/faostat/en/#data, and data from
the Indices of Industrial Production (1P) Database from Unido,
https://stat.unido.org/data/database-descriptions#iip); the distribution of imports (international
trade statistic data from UNCTADstats, https://unctadstat.unctad.org/EN/), and indicators of the
sourcing countries’ instability (from the Worldwide Governance Indicators WGI database, from the
World Bank (https://data.worldbank.org/indicator/PV.PER.RNK). Data on bilateral trade flows for
200 countries at the product level (5000 products, corresponding to the "Harmonized System"
nomenclature, 6 digit code) are also available from BACI database
(https://www.cepii.fr/DATA_DOWNLOAD/baci/doc/baci_webpage.html).

Vulnerability of countries to disruptions of supply chains can be assessed using Foreign Input
Reliance (FIR) as illustrated by Schwelinus et al. (2023).

FIR denotes the ratio of foreign output used in domestic production to total domestic gross
output and it can be interpreted as the share of total domestic output exposed to upstream
disruptions in GVCs.
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FIReli = Icw=1 Z?’=1F1Rcij = ZICVI=1 7:1(Mcij/Pci ) (10)

Where:

* Mg is the import of product ¢ (c=1, ... , M) from country j (j=1, ..., N) in country
i
* P, is the production of product ¢ in country i

It is worth noticing that - in contrast to value added-based measures of FIRel - the gross trade
version of FIR implicitly accounts for the fact that longer supply chains may involve a higher
risk of disruption. In fact, gross imports consider the value added each time a product transits
through a country.

While FIR describes vulnerabilities from the perspective of countries and industries exposed to
supply-side disruptions from abroad, this section focuses on the characterisation of the sources
of vulnerabilities. Namely, upstream choke points countries and/or industries are those on
which many other countries and/or industries are highly dependent. The definition of these
points in the chain is based on the previously described FIRel (Schwellnus et al., 2023).

The identification of upstream choke points by sector has the objective of identifying critical
suppliers for each industry as a supply disruption may have sizeable downstream effects on
foreign buyers.

The sources of value chain vulnerability are measured by taking the perspective of the industry
acting as a potential upstream. Upstream choke points are defined as the average input reliance
across buying industries and countries on a supplying industry in a specific country. Specifically:

UpChoke_Indy; = 1/(C’'*IVYS_, Xh_ (FIRyp.) Vielnd — (11)
Where:

* ¢ is the supplying country-industry;

* ('i" is the buying country-industry;

* (' is the total number of buying countries;

* [’ is the total number of buying industries;

* Ind is either a single supplying industry or a broader supplying sector
encompassing several industries (e.g. manufacturing or services).

Therefore, the higher the value of UpChoke, calculated for a sector or country, the greater the
downstream consequences that would arise from a potential disruption. For instance, suppose
that Ind is the manufacturing sector. Then, UpChoke_Ind.; measures the importance of each
disaggregated manufacturing industry i in each country ¢ as a supplier to the rest of the
economy (including manufacturing industries themselves). The manufacturing industries in the
countries with the highest values of UpChoke_Ind. are then considered upstream
manufacturing choke points.

The value of UpChoke combines the size of dependencies (the average size of FIRel on the
supplying industry conditional on the existence of a value chain link) and the number of
dependencies (number of country-industries depending on the supplying industry) of buying
industries relative to the supplying industry. At a given number of dependencies, the value of
UpChoke_Ind,; increases with the size of FIR. Similarly, at a given size of dependencies,
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UpChoke_Ind.; increases with the number of dependencies. In this sense, the value of
UpChoke_Ind,; is similar to measures of forward centrality (Criscuolo and Timmis, 2018). In
contrast to forward centrality measures that typically put a lower weight on distant links in the
value chain, upstream choke points weigh proximate and distant links equally. The rationale is
that the entire shipment may be held up at any point of the value chain.

The primary data source is the OECD ICIO tables that measure the interrelatedness of
production across 45 industries and 76 countries from 1995 to 2022 (Martins Guilhoto, Webb
and Yamano, 2022, see https://www.oecd.org/en/data/datasets/input-output-tables.html).

FIR and choke point indicators are computed using information on gross output, value added,
gross output going to final consumption, as well as the origin country of intermediate inputs.

In conclusion, these choke points represent sectors or countries that, in the event of a disruption,
could cause ripple effects throughout the supply chain, compromising the production capacity of
downstream actors. Therefore, analysing and monitoring these choke points allows the
development of proactive strategies to mitigate risks and strengthen the resilience of the supply
chain.

The ability to model supply chains as networks not only allows for the analysis of parameters such
as density, centrality, connectivity, and network size of the networks, but also facilitates the
identification of critical points that could amplify the propagation of shocks.

Degree and strength centrality are essentially local measures, as they consider only the direct
links of a node—its immediate neighbourhood—without 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 (X}; £;;). Thus, £;; is defined as the link between node
I and node j, and it may be measured in several different ways (e.g. by the trade linkage between
country | and country j).

It is normalized by dividing it by the maximum possible number of links (n — 1), since in
international trade a node cannot have a link with itself.

XLy
cy = D) (12)

It ranges between 0 and 1; the closer the degree centrality is to 1, the more integrated a node is
within the network.

In directed networks, 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.

The higher the number of incoming ties the more a country relies on a diversified portfolio of
supplier countries and is therefore potentially less vulnerable to specific trade-related shocks. The
in-degree centrality (C,’J"in) is calculated as follows:
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cN = LjeiLii (13)
Pm ™ (n—1)

In line with De Benedictis et al. (2014), the total number of links (X},; £;;) could be normalized by

the total number of edges in the network, M, to obtain the percentage of inflows a country is
responsible for.

N

V. L.
gin - % (14)
Using the same notation as De Benedictis et al. (2014), the superscript P denotes percentage
terms, so that Cf,’m represents the percentage of in-degree ties associated with a given node.

Strength centrality takes into account trade intensity. Namely, node strength corresponds to the
total trade volume of a node (De Benedictis et al., 2014). 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.

We focused on the main network-based indicators for the study of vulnerability; however, it is
worth observing that many other indicators have been suggested to describe networks (Rawlings
et al., 2023).

As far as resilience indicators are concerned, we mention the Liner Shipping Bilateral
Connectivity Index (LSBCI), a method developed by the United Nations Conference on Trade
and Development (UNCTAD) in 2006 to assess Food Supply Chain (FSC) resilience at a
country level (Poo and Yang, 2021). The index originally combines two country-specific
attributes: (1) its production-to-supply ratio, and (2) the country’s shipping transport
connectivity.

Namely, Liner Shipping Bilateral Connectivity Index (LSBCI) is adopted to understand
countries’ transport network connectivity, which is used to model the food trade network and
hence the associated food security level in terms of local or global supplies. The LSBCI is used
to assess the efficiency and quality of shipping connections between two nations. The
assumption is that countries having a well-connected network can recover better from a shock
by reorienting trade flows and leveraging alternative connections. Updates are released
quarterly by UNCTAD (https://unctadstat.unctad.org/datacentre/reportinfo/US.LSBCI).

Food balance sheets by the UN Food and Agriculture Organization (FAO) of various food
products in a country are adopted for the data on local production. Third, data on imports come
from the United Nations Commodity Trade (UN COMTRADE) database.

Thus, the National FSC Resilience (NFR) index for each product c is calculated as follows:
NFRy = ¥, FIRy; *LSBCl;j =Y} 1(M;;/P; ) *LSBCl; (9)
Where:

* FIR; is the Foreign Import Ratio for product ¢ (from country j in country i),

* P is the production of the product c in country j

* LSBCI;j is the Liner Shipping Bilateral Connectivity Index between country i and
country j.
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A critical issue of this method is the need for comprehensive data collection, which is threatened
on one hand by the lack of data for certain products and countries, and on the other by the
necessity of matching and standardizing metrics described by FAO and UN COMTRADE,
which may present discrepancies in product definitions.

Measuring the firm’s Supply Chain Resilience means to quantify the three capacities of SCR, i.e.
absorptive, adaptive and restorative capacity (Yang et al., 2025).

For example, as summarized by Hosseini et al. (2019), the absorptive capacity could be measured
by the degree of supplier segregation, the multiple sourcing, inventory position, and multiple
transportation channels; the adaptive capacity could be measured according to the ability of
backup suppliers, rerouting, communication, and input substitution; and the restorative capacity
could be measured by the suppliers’ restoration budgets and technology restoration resources.

Table 1 summarises the three dimensions and the related indicators suggested by Yang et al.
(2025).

Table 1: Factors of resilience at the firm level

Absorptive capacity (before the event) Supplier segregation
Multiple sourcing
Inventory position

Multiple transportation channels

Exposure
Adaptive capacity (during the event) Backup suppliers
Rerouting

Communication

Input substitution

Restorative capacity (after the event) Restoration budgets

Technology restoration resources

Source: adapted from Hosseini et al. (2019)

Other studies (e.g. Bag et al., 2024) refer to the concept of “supply chain endurance (SCE) as a
firm's ability to sustain operations and survive amid disruptions caused by climate change and
extreme weather events.” Thus, an individual firm may develop endurance as a vital capability that
includes practices and decisions related to adaptive leadership, adaptability (the capability to
operate effectively and thrive in various environments, characterized by the ability to work
seamlessly in extreme conditions, coupled with a commitment to continuous learning and
adjustment to new circumstances.), visibility (the comprehensive understanding and monitoring of
supply chain dynamics achieved through advanced Information and Communication Technology),
flexibility (the ability to adjust plans across various aspects, including sales, supply lines, and
production), collaboration (the synergistic and cooperative engagement characterized by the
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cultivation of strong relationships across various stakeholders), redundancy (a strategic approach
characterized by the deliberate introduction of duplications and backups across key operational
elements to ensure resilience and continuity), and conditioning (a comprehensive strategy to
prepare and empower individuals to effectively navigate challenges). Thus, SCE relates to
enduring the pain and suffering of supply chain actors during difficult crisis times while maintaining
business continuity. Therefore, SCE is the capacity of a supply chain to persist and operate
seamlessly over an extended period despite adverse conditions. It encompasses the strength
required to meet operational targets amid external and internal changes.

Absorptive capacity can be seen as the combination of certain actions, namely separating
suppliers, duplicating suppliers, stockpiling, and multiplying transportation channels. In particular:

» Supplier segregation- Separating suppliers geographically can effectively reduce the
disruption risk imposed on a manufacturing facility, specifically in the event of a regional
natural disaster. Purchasing raw materials from suppliers located in different regions could
potentially reduce the likelihood of a regional natural disaster negatively affecting the
suppliers of a manufacturing facility.

* Multiple sourcing strategy - Several studies suggest that multiple sourcing (i.e.
collaborating with multiple suppliers rather than a single supplier) results in better service
level with a lower conditional value of risk compared to single sourcing. Bicer
(2015) showed how Extreme Value theory (EVT) can be applied to price the value of
flexibility in the case of disruptive events. The author investigated the impact of dual
sourcing with a single product under conditions of high demand fluctuation. The EVT was
used to characterize the tail heaviness of demand distribution. The author concluded that
companies could potentially improve cost efficiency if customer demand distribution is
more heavy-tailed demand when the cost of sourcing from supplier is relatively low.

» Inventory positioning - Inventory strategies are part of the absorptive capacity of a supplier
or manufacturer in terms of ordering and stocking decisions. This fact needs to be taken
into account prior to disruption. The resilience degree of a manufacturing facility does not
depend on its initial capacity alone, but also on its additional capacity. Some manufacturing
companies prefer to reduce inventory holding costs. Those who implement lean
manufacturing principles may not carry excess inventory at all, instead accepting the
disruption risk and associated cost. Tomlin (2006) investigated the impact of accepting
disruption risk (acceptance strategy) and not carrying excess inventory in a single-product
supply system with two suppliers. He showed that the optimal mitigation strategy can be
achieved for short disruptions by utilizing the acceptance strategy, but holding excess
inventory could be an optimal strategy for rarer, but longer disruptions.

*  Muiltiple transportation channels - Khalili et al. (2016) and Kamalahmadi and Mellat-Parast
(2016) investigated the impact of resilience enhancement under multiple transportation
channels and rerouting options for an integrated production-distribution system. The
impact of availability and size of different transportation modes under different disruption
scenarios are analyzed. The authors concluded that utilizing multiple transportation
channels in conjunction with prepositioning of emergency inventory at distribution centers
could significantly enhance the resilience and reduce the recovery time.

Likewise, adaptive capacity can refer to several actions, such as the backup of suppliers,
redundancy of routes, communication, and substitution

- Backup supplier - Several studies (e.g. Torabi et al., 2015) confirm that having a backup
supplier is an effective strategy to mitigate SC disruption. Using a rigorous quantitative
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methodology, Saghafian and Van Oyen (2016) investigated the impact of contacting a
secondary flexible backup supplier on SC mitigation. The authors measured the true value
of a flexible backup supplier and determined the upper bounds for the amount a risk-averse
manufacturing plant should be willing to pay to implement a flexible backup supplier
strategy.

Primary and backup suppliers can be determined prior to disruption, but the selection of a
backup supplier depends on the severity of impact of the disruption on the capacity of the
primary supplier.

- Re-routing - Redundancy within transportation networks in the event of a natural disaster
could enable a SC to use nonstandard routing options to ensure continuity, but with a
higher transport cost like what happened with the Houthi crisis and Suez canal.

- Communication - Communication and cooperation among members of the SC are
resilience enhancing features of adaptive capacity and help SCs to overcome disruptions
in a timely manner (Marty & Ruel, 2024). The role of communication among SC businesses
and enterprises is facilitated by digital technologies (e.g. modern cloud-based product
lifecycle management platforms support real time collaboration across internal teams and
external partners) acknowledged especially in qualitative studies while there are very few
quantitative papers that explore the role of communication in SCs.

- Substitution - Substitution is the capability of a manufacturing facility to temporarily
substitute raw material with alternatives until operations return to a steady state. For
example, consider a power SC where the production capacity of a combined cycle power
plant is affected by a shortage of natural gas. Switching between natural gas and coal fuel
could temporarily sidestep disruption of the power supply. Of course, technical issues
arising from raw material replacement must be considered by the manufacturer prior to
disruption.

The indicators of absorptive capacity and adaptive capacity at the firm level largely mirror those
illustrated for vulnerability and dependencies at the country level. In particular, the focal companies
and their relationships with suppliers are modelled as the relationships between the focal countries
and their importing countries. Some examples (referred to the main indicators) are reported below.

Herfindhal-Hirschman Index (HHI)

This index measures the concentration of the supply chain. For corporate managers, a high HHI
value can indicate excessive dependence on a few suppliers or markets, which can expose the
company to high risks in the event of a shock.

HHI = Zisi? (15)
Where s; is the share of input sourced by supplier i
i=1,..N

HHI assumes value 1 in case of a unique supplier (maximum level of concentration) and 0 in case
of an extremely high number of suppliers (minimum level of concentration).

Liner Shipping Bilateral Connectivity Index (LSBCI)
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This index helps assess the connectivity and redundancy of maritime routes, a critical aspect for
value chain managers, especially in a global context. Evaluating the resilience of transport routes
allows for optimizing logistics choices, ensuring that alternative paths exist in case of blockages
or disruptions. Route redundancy is a crucial aspect to reduce risks related to excessive
dependencies on single suppliers or infrastructures.

The Liner Shipping Bilateral Connectivity Index (LSBCI) is adopted to understand countries’
transport network connectivity, which is used to model the food trade network and hence the
associated food security level in terms of local or global supplies. The LSBCI is used to assess
the efficiency and quality of shipping connections between two nations. Thus, the assumption is
that when the company relies on several suppliers coming from countries that are well-connected
with the focal company’s one, the latter can recover better from a shock (by reorienting sourcing
and leveraging alternative connections). Updates on the LSBCI are released quarterly by
UNCTAD (https://unctadstat.unctad.org/datacentre/reportinfo/US.LSBCI).

(Some) Network-based indicators

As already seen for the country level, social network metrics are useful for assessing the ex-ante
interdependencies between nodes (actors) within a supply chain and their inherent vulnerabilities.
Therefore, considering the main company and its suppliers as the nodes of the network, and their
relationships as the links, the popular network metrics can be adopted. For example:

Network complexity: Complexity of Supply Chain Networks has a moderating impact on resilience
capabilities and performance after disruptions. It can be represented, e.g. by the network’s size,
which is determined by the number of nodes in the network. Therefore, in the case of a company’s
supply chain, the relevant indicator becomes the Supplier complexity, that is, the percentage of
nodes that act as suppliers.

Likewise, other network-based indicators (e.g. degree of centrality, which measures the position
of a given node in a network, or the density that can be defined as the ratio between the number
of total links in the network and the number of potential links) can be adopted to illustrate the
structure and the relevant vulnerability of the supply chain network.

In line with the conceptual definition of resilience as the capability to quickly and effectively recover
from disruption, the time to recovery (TTR) is appropriate as a quantitative resilience metric
(see Behzadi et al., 2020). In other words, resilience can be quantified by the time required for a
supply chain network to return to normal operation after disruption. TTR can be compared to the
Time To Survive (TTS), i.e. the time the company can continue operating after a disruption (for
example thanks to safety stock) before stopping operations. If TTR > TTS the company will suffer
from a loss during the downtime, otherwise will be able to limit the consequences, and therefore
will be more resilient.

In addition to TTR, the literature suggests two other recovery-based metrics for resilience:

1. The recovery level (RL) after the recovery period (the period in which the supply chain
returns to normal operation);
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2. The lost performance by the supply chain during the recovery periods (LPR), that is the
lost profit from the beginning of the disruption until the end of the recovery period, i.e.,
the lost profit during the TTR.

In order to formalize these resilience metrics, a best case performance (i.e., the optimal
performance when there is no disruption, also known as the baseline performance) is often used
as a comparison for resilient solutions.

Table 2: Resilience metrics and measures

Resilience Metrics Performance Measures

Out-of-service time

Lead time ratio

On time delivery

Speed of recovery weighted by the level of initial performance loss and
the level of recovery

Service level

Unfulfilled demand rate (or supply chain responsiveness)

Stock out rate, fill rate, and backorder rate (order compliance)

Inventory backorder cost during supply shortfall
Reduced quality of the system during the recovery period
Total profit during recovery period

The ratio of the cumulative actual performance over the cumulative target
performance (no disruption) of critical infrastructure networks (power grids
and gas) during the recovery periods

Minimum performance during recovery weighted by multiplication of
rapidity to start recovery, speed of recovery, inverse of time average
performance loss during recovery, and recovery ability (ratio of the
recovered performance over the recovery period)

Source: Authors’ own elaboration from Behzadlti et al (2020)

4.3.1. Time-to-Recover (TTR)

TTR is a temporal indicator that measures, after the occurrence of a shock, the time required to
restore operations to normal after a shock.

It helps quantify the effectiveness of recovery actions and the speed at which the system rebounds
from disruptions, enabling companies to monitor and improve their emergency and business
continuity plans. The indicator could be calculated as follows:

TTR = tailurest - trecoverySL (16)
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* triuresL is the moment when the service level (SL) falls below the normal operation (or
failure threshold), and

*  trecoveryst IS the moment when the service level (SL) returns to normal operation (the
recovery level)

TTR metrics may also take the form of more general time-based performance measures, such as
minimum out-of-service time (the duration from the instant the service becomes unavailable to the
instant the service is back and available), lead-time ratio (the ratio between the promised and the
actual lead-times), or maximum on-time delivery. As for the lead-time ratio, improving on-time
delivery improves TTR and can be considered a resilience metric.

A modified TTR weights the speed of recovery by a multiplication of two ratios, i.e., the disrupted
performance over the baseline performance and the steady recovered performance over the
baseline performance. In other words, this TTR metric, in addition to speedy recovery,
incorporates both robustness and supply chain adaptive capacity.

RTE is another indicator for assessing recovery time but it also considers the resources used and
the costs associated with recovery.

Recovery Level (RL) is mainly defined as the fraction of the best case (baseline) performance that
is recovered after some period of disruption. RL is occasionally referred to as the fraction of the
disrupted performance that is recovered after the recovery period (i.e., the recovered performance
is compared with the disrupted performance rather than the baseline performance.

Recovery Level (RL) is mainly defined as the fraction of the best case (baseline) performance that
is recovered after some period of disruption. RL is occasionally referred to as the fraction of the
disrupted performance that is recovered after the recovery period (i.e., the recovered performance
is compared with the disrupted performance rather than the baseline performance.

RL can be also referred to as unfulfilled demand rate under a range of supply and demand spikes
that are simulated using different mean and absolute deviation (simulation studies where RL varies
for scenarios with different durations of recovery).

RL is also referred to as supply chain responsiveness - captured by the fraction of demand in each
customer zone for each product that is satisfied by assigned facilities when facilities capacities
varies randomly because of possible disruptions. Finally, RL has been also defined by multiple
metrics including stock out rate (i.e., unfulfiled demand rate), fill rate, and backorder rate (i.e.,
demand postponement rate).

Lost Performance during Recovery (LPR) is mostly defined as the difference between the
performance that is affected by a disruption and the baseline performance, but this difference is
only considered during the recovery period. The LPR metric in the context of SCRM metrics mostly
takes the form of cost/profit- or quality-related metrics during a recovery interval (e.g. the inventory
backorder cost during a supply shortfall from the dedicated primary supplier).

Another LPR metric considers the minimum performance during recovery. Namely, the
performance during recovery metric also includes a weighted multiplication of two ratios: (1) the
rapidity to start and complete recovery (inverse of time average performance loss during
recovery); and (2) recovery ability (ratio of the recovered performance over the recovery period).
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The metrics that quantify SCR refer to objective functions that must be maximized in addition to
minimizing SC cost as primary objective. SCR are usually bounded between [0, 1].

For example, Torabi et al. (2015) developed a resilience metric that is a function of absorptive
capacity (inventory pre-positioning), adaptive capacity (backup supplier), and restorative capacity
(restoration of disrupted supplier). Let’'s assume that the amount of lost capacity recovered by
inventory prepositioning, backup supplier, and restoration of disrupted supplier is denoted by A, B,
and C, respectively, and that LTa, LTs and LT denote the time of receiving items associated with
the A, B, and C resilience strategy. The loss of supply can be shown graphically as the shaded
area in the figure below and can be mathematically calculated by the following equation:

RE' = AXLTA+BXLTe+CxLTc (17)

Figure 3: The recovery process of disrupted supplier
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Source: Hosseini et al. (2019)

A lower value of RE’ results in higher supply resilience. The authors then calculated the resilience
of the supply base as follows:

RE = 1-RE’/(QxT*) (18)

where Q is the total amount of items the manufacturer needs from the supplier and T* is the upper
bound on the length of the recovery process.

Hosseini et al. (2019) also observe that despite these metrics that quantify the resilience of the
supply network, many researchers have not measured SCR directly, but rather have tried to
measure the drivers of resilience (e.g. quantifying the impact of disruption propagation throughout
multi-tier supply networks in order to help identifying vulnerable suppliers, and enhance risk
mitigation, or quantifying SCR as a measure of supplier segregation that aims to select a set of
geographically dispersed suppliers).
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agreement n°2333.

In order to map the resilience strategies adopted by the cereals GVC actors in the MENA
countries, we develop a questionnaire to be administered to a representative sample of the main
actors in the wheat value chain in the two countries considered, i.e. Egypt and Morocco.

The questionnaire developed was designed as an operational instrument to convert the three
dimensions of resilience (absorptive, adaptive, restorative) into observable format, as elaborated
in the previous chapters and based on recent literature (Yang et al., 2025; OECD, 2025). Its goal
is twofold: first, to chart and quantify the resilience abilities of firms within the cereal supply chain,
pinpointing the prevalent risk management strategies and the strongest supply chain structures;
second, to relate these abilities to the impacts experienced and the performance following shocks,
to assess if and how the most resilient firms have sustained increased stability during crisis.

The questionnaire aims at providing a link between theory and practice, enabling a systematic
assessment of the resilience strategies employed by economic agents. It was made using a
modular framework that represents the different analytical stages of resilience (before, during and
after the shock) and seek to gather comparable data from a heterogeneous array of agri-food firms
within the target areas. The gathered information will consist of categorical and quantitative
elements (e.g. binary answers, ordinal measurements, impact scales, directional performance
changes), and will underpin the examination of factors that clarify how enterprises can resist and
bounce back from systemic disruptions.

The design of the questionnaire is based on the conceptual model on resilience capacities outlined
in previous Sections, intending to convert complex concepts into empirically observable and
measurable variables. Specifically, we considered the established categorization of resilience into
three core abilities, i.e. absorptive, adaptive and restorative, which refer to the three phases of
responding to a shock: readiness and avoidance before the event, reaction during the crisis, and
rehabilitation or enhancement afterwards (Yang et al., 2025).

In designing the survey, each theoretical dimension was translated into sets of specific questions,
allowing the measurement within the specific context of the wheat supply chain in the MENA
countries, especially vulnerable to climatic, political and economic shocks. Specifically:

» Absorptive capacity: questions will refer to supplier diversification, variety of sourcing
countries, existence of safety stocks and implementation of preventive strategies, such as
contingency plans or insurance. The literature indicates that these elements constitute
“smart redundancies” enabling companies to withstand the initial effects of a crisis while
maintaining business continuity (Tukamuhabwa et al., 2015; OECD, 2025).

+ Adaptive capacity: questions will refer to organizational flexibility, i.e. the ability to swiftly
implement alternative pathways, introducing new suppliers, alter production or diversify the
product range. It also emphasizes the level of digitalization, serving as a means of
responsiveness and visibility throughout the supply chain, a factor that the literature closely
links to the agility of firms in addressing intricate disruption (Yang et al., 2025). Adaptive
capacity is indeed crucial in environments like those in Africa, where sudden climate shifts
and infrastructure limitations demand quick and flexible reactions from economic actors.

» Restorative capacity: questions will refer to the ability to recover and regain stable
functioning, is measured through both ex ante indicators like access to credit, utilization of
insurance tools, availability of emergency funds, and ex post indicators, for instance like
the trend in company performance following the shock, regarding turnover, employment,
market share.
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The questionnaire is currently under revision and will be validated in the next months (with the
support of the partner ASCAME).

The target population includes a wide range of actors within the cereal supply chain in the MENA
region (namely, Egypt and Morocco), including agricultural producers, storage operators,
processors and importers. At the moment, we are working on the individuation of a representative
sample of actors to whom administering the questionnaire. However, we still need to identify a
service provider that could help us with both the translation of the questionnaire, the administration
and the collection of the target number of responses.

All information regarding the description of the distribution of participants by size, location,
segment of the value chain, will be presented in this section. Additionally, this section will report
results about the resilience strategies adopted to cope with the shocks considered in the period
2020-2024. Results will be discussed within the literature frameworks analysed in the WP1, and
will be included in the final version of Deliverable 1.3, due on M33.

This section will be completed in the final version of Deliverable 1.3, due on M33, and it will include
a summary of findings, with focus on the identification of the metrics and indexes that more
effectively allow the assessment of the resilience of the various actors participating in the Wheat
Global Value Chain in the MENA region. In particular, in addition to the literature review, results
from the survey will help assessing resilience of the actors involved in the Wheat Value Chain in
Egypt and Morocco in response to the main shocks occurred from 2020, identify critical thresholds
in the considered shocks (trade-related, climate-related, and conflict-related), and propose
effective response strategies companies may/should adopt in the case of future shocks. Moreover,
it will discuss the limitations of the research and the way forward.
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