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ABSTRACT 

The chain players in the South African egg industry pursue increased coordination which 

results in strategies that are lean and vertically integrated. These strategies include contracts 

specifications, vertical integration, the formation of alliances based on equity and relation. The 

strategies reduce transaction costs and risks the industry’s value chain to improve its chain 

performance.  These strategies improve chain performance and competitive advantage of 

business only under certain environmental circumstances. 

 

This dissertation argued that under uncertainty the strategies become fragile due to the 

interdependencies between chain players. The interdependencies expose the industry’s role 

players to unforeseen disruptive events that are detrimental to business continuity. The events 

are seemly rising and are associated with uncertainty which has a low probability of occurring 

but a large impact if it occurs. The uncertainty drives the chain vulnerability which accelerates 

throughout the whole chain as a harmful stressor, and that is referred to as chain fragility. 

 

This study aimed to display the most common strategies of coordination in the South African 

egg industry and the map of its egg value chain. The strategies were divided into two 

configurations based on the levels of interdependencies between their chain players, which 

were either high levels or low levels. Then, the fragility measure of both configurations was 

performed, together with their comparative fragility analysis. The aim was reached by using 



vi 
 

the heuristic stress-testing approach, which represented 17 chain fragility factors. A 

questionnaire was sent to the chain players in the South African egg industry and got completed 

by a sample size of 73 respondents, mainly retailers, egg producers and pullet rearers. The 

respondents were required to rate fragility factors as adverse events against their business 

continuity as they progressively deteriorated. 

 

The results showed the fragility scores of each factor and their imperativeness to each chain 

player. Hence, factors such as information visibility and relationship with the supplier are 

imperative for retailers, while factors such as training of human resources and chain complexity 

are imperative to pullet rearers. Additionally, the factor that is imperative for egg producers is 

quality and safety performance requirements. 

 

The fragility scores per factor were combined into a fragility composite index of each chain 

player. Subsequently, the composite index of fragility per chain players was combined into a 

final composite index that represents the fragility of each of the two configurations. The 

comparative fragility analysis of the configurations was performed using unequal variance t-

test to determine the significant difference of the fragility means of the strategies. The 

performed t-test resulted in the rejection of the null hypothesis that statistically, there is no 

significant difference in the chains’ fragility means of the two configurations. Precisely, the 

difference between the chains’ strategies is associated with a variety of differences at the factor 

and chain player level that led up to 21% greater overall chain fragility of the chain with higher 

levels of interdependency. 

 

The results concur with literature that considers lean and highly integrated strategies result in 

interdependencies due to increased coordination. Which in return act as catalysts or causes of 

agri-food chains fragility because they expose them to uncertainties that are disruptive and 

detrimental. The affirmation of the results of the analysis with the literature put down the 

central point of this dissertation that there is a trade-off between the chain performance and 

fragility. 

 

The practical implication of the trade-off is that strategies of increased vertical coordination 

improve chain performance by reduction of transaction costs and risks within agri-food chains. 

However, the strategies multiply the fragility of the chains, under uncertainty. Hence, the 

important strategic choice for chain players of the South African egg industry and their value 
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chains, is to attain a suitable coordination strategy that balances chain performance and 

fragility. 

 

This study concluded that the increased vertical coordination strategies improve chain 

performance under certain environment. But as uncertainty increases the strategies become 

fragile and contribute to the closure of businesses. Therefore, the following recommendations 

are made for the stockholders in the South African egg industry; First, a chain structure and its 

coordination strategies be decentralised in an organisation’s value chain management. Second, 

developing a “layered organisational” structure, which allows for containment of adverse 

impacts within the system and facilitates learning within and across different layers to drive 

survivorship. Third, planning for spare capacity. Last, considering which value chain strategy 

an organisation should pursue to improve chain performance and contain fragility. 

 

Keywords: coordination strategies, chain performance, chain fragility, chain 

interdependencies, uncertainty, South Africa egg chain 
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CHAPTER 1 

INTRODUCTION 

1.1. BACKGROUND  

The South African egg industry is represented by very few producers that have integrated 

strategies or subsidiaries and several small, medium, and micro enterprises (SMMEs) (DAFF, 

2018; SAPA, 2017). The production of eggs occurs throughout all nine provinces of the 

country; however, KwaZulu-Natal appears to be the top pullet-rearing province (DAFF, 2018). 

The industry makes the production of eggs the fourth-largest animal product in South African 

agriculture: over the past ten years, the industry’s annual gross turnover has averaged R8.1 

billion (DAFF, 2018). The domestic egg chain is dominated by a small number of big retailers, 

which buy the largest share of the South African production of eggs.  

 

South African egg producers started 2017 with a fresh vision and relief after experiencing a 

severe and sustained drought and rapidly increasing feed prices, which had made it hard to 

trade (SAPA, 2017). However, in mid-2017, South Africa experienced its very first outbreak 

of highly pathogenic avian influenza (HPAI) (SAPA, 2017; DAFF, 2018; NAMC, 2019). The 

outbreak was first recorded in the broiler industry in Mpumalanga province, and the egg 

industry’s first case was in Standerton in Mpumalanga (SAPA, 2017). Consequently, control 

measures were put in place to prevent further outbreaks in most South African provinces. But 

the outbreaks still occurred, with the worst-hit sector being commercial layers (SAPA, 2017).  

 

The South African Poultry Association’s report of 2017 noted that over 70 outbreaks had been 

recorded (including ostrich farms) and that about 4.7 million layers died or were selectively 

slaughtered. Millions of table eggs were destroyed if they were “produced by hens placed under 

quarantine” (SAPA, 2017). Furthermore, SAPA (2017) reported that the Department of 

Agriculture, Forestry and Fisheries (DAFF) had agreed to “compensate farmers for uninfected 

birds culled as a result of measures to prevent the spread” of HPAI. According to SAPA (2017), 

the Bureau for Food and Agricultural Policy (BFAP) (2018) estimated the financial effect of 

the HPAI outbreak in biological losses and direct costs to be around R1.87 billion. This 

financial effect occurred because the outbreak represented 18% of the gross value of egg 

production and 76% of income lost (SAPA, 2017). 
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The outbreak of HPAI caused several egg farms in the country to close down, resulting in job 

losses, the closure of farms, losses in the export market, and a decline in consumption (NAMC, 

2019). Product recalls also had to be done, resulting in over three million eggs being removed 

from the market and egg retail prices increasing by between 15% and 20% (SAPA, 2017). This 

shows that the HPAI outbreak was a detrimental event that exposed how fragile a value chain 

can be. The outbreak also showed that a detrimental event to a value chain contributes to the 

closure of businesses. The egg industry not only faced this outbreak, but other challenges, such 

as lingering drought, compliance and regulatory requirements, feed costs, and economic, 

social, and political crises. These events exposed the vulnerability of the industry and forced 

several firms in the industry to close their businesses (SAPA, 2017). 

 

These detrimental events are thus disruptive to the normal functioning of the agri-food chain. 

The disruption is influenced by the coordination strategies of the chain, which result in 

interdependencies between chain players (Jordaan, 2017). Assessing the influence of 

coordination strategies on the fragility of the South African egg chain, therefore, seems more 

practical than assessing which of the above-mentioned events could expose its fragility. Some 

authors, such as Jordaan and Kirsten (2019), Aven (2015), Jordaan (2017), and Taleb (2012), 

emphasise that it is quite uncomplicated to discover whether a complex system such as an agri-

food chain is fragile, rather than determining various events that would expose its fragility. 

 

1.2. PROBLEM STATEMENT 

The South African egg value chain, like most agri-food chains, has an integrated chain 

management system (Jordaan, 2017) with vertical linkages (coordination) between chain 

players (Bailey, 2016; Ncube, 2018); lean logistics operations (Maslaric et al., 2013); just-in-

time supply (Maslaric et al., 2013); and globalised chains (Enyinda, 2009; Bosman, 2006). The 

concept of chains pursuing an integrated chain management system is mainly driven by the 

transaction costs economics (TCE) theory – that chain players intend to reduce the cost of 

transacting resulting from f environmental and behavioural uncertainties by using strategies of 

coordination that are intensively tight and vertically linked (Williamson, 1979, 1987, 2008).  

 

Transaction costs are influenced by three key elements: how frequently transactions occur; the 

specificity of assets involved in the transaction; and uncertainty surrounding the transaction 

(Hobbs, 1996; Kirsten et al., 2009; Williamson, 2008). Therefore, risk acts as a vital component 
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in all these above-mentioned elements (Jordaan, 2017). The statement drives two arguments; 

the first one is that increased uncertainty and increased asset specificity transaction costs 

increase which tends to make transactions ‘less efficient’. The second one is that higher 

transaction costs can be offset by selecting a more coordinated mode of governance, such as 

higher levels of vertical integration. Hence, the TCE theory underpins that “there is an 

economic rationale and therefore benefit” that is attained through increased coordination 

(Håkansson & Persson, 2004).  

 

The literature also shows that there are challenges other than transaction costs that influence 

the adoption of increased coordination strategies by chain players. These include “input/output 

price risks, quantity/quality risks, and safety/health risks”, (Jordaan, 2017) as well as the 

increasing concerns about food safety, product quality (Martinez & Zering, 2004), and 

traceability of products (Van der Merwe et al, 2018). The increased vertical linkages of chain 

activities between chain players are believed to enhance chain performance and result in the 

competitive advantage of a chain (Anand & Grover, 2015; Bailey, 2016; Liu et al., 2012; Storey 

et al., 2006).  

 

The intrinsic belief in improved chain performance suggests that the development of 

partnerships or ownership of the value chain results in better product flow, information 

transparency, and money-flow throughout the chain (Martinez, 2002a, 2002b; Mentzer et al., 

2001; Peterson et al., 2001). Martinez (2002a) adds that vertical coordination strategies such 

as vertical integration and contracts enhance production efficiency in the US poultry sector, 

due to better information transparency. Louw et al. (2017) highlight that increased vertical 

linkages in the South African commercial broiler industry enable the industry to accommodate 

and manage advanced technological changes, due to better product flow and information 

transparency.  

 

Although increased vertical coordination contributes considerably to the performance and 

competitiveness of value chains by reducing transaction costs, it also results in 

interdependencies between chain players (Wever et al., 2012a). The existence of 

interdependencies between chain players (Jordaan, 2017; Lazzarini et al., 2001; Wever et al., 

2012a) can be either by types or channels (Thompson, 2003). For instance, chain players can 

be interdependent through their involvement in similar systems of quality management (Van 
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Plaggenhoef, 2007; Wever et al., 2010). The other example is whereby, different layers 

produce for one egg brand either owned by a retailer or cooperation (Raynaud et al., 2005).  

 

The interdependencies are common in South Africa because most of the big supermarkets use 

their “distribution centres to centrally source and internally distribute fresh produce and other 

merchandise from contracted farmers and or suppliers” ( Louw et al., 2007; Louw et al., 2008). 

The nature and extent of the interdependency between chain players is an aspect of the 

reciprocal action between risks and their impacts across the entire chain (Wever et al., 2010). 

High levels of interdependency between chain players expose the value chain vulnerability to 

new forms of risks (disruptive risks) resulting from chain vertical linkages (Elms & Low, 

2013). These new forms of risks are inappropriately named ‘systemic risks’ and can cause the 

collapse of a value chain if one link is disrupted (Martínez-Jaramillo et al., 2010). These 

systematic risks are referred to as “detrimental events that cause disruptive chaos to the normal 

functioning of a chain” (Jordaan, 2017). For example, the outbreak of HPAI in South African 

caused misfunctioning of the poultry value chain, by resulting in the closure of many egg farms 

(Davids et al., 2018; NAMC, 2019; BFAP, 2018; SAPA, 2017). 

 

Value chains face disruptive events that have the lowest probabilities of occurrence with the 

highest impacts. That is, businesses and their chains face uncertainties that are hard to predict 

and even to manage (Jordaan, 2017; Vilko et al., 2014). These uncertain events such as a 

drought, a default in payment, a demand-side shock such as panic buying, a closure of farms 

or something more extreme such as a disease outbreak that wipes out suppliers like HPAI. They 

result in irreparable, disastrous outcomes that threaten the continuity of the business and their 

value chains’ sustainability (Engber, 2012; Kleindorfer & Saad, 2005; Leat & Revoredo-Giha, 

2013; Zsidisin et al., 2005). Therefore, the consideration of value chain vulnerability relates to 

its exposure to detrimental disruptions (Christopher et al., 2002), and escalating vulnerability 

as harmful stressor relates to chain fragility (Jordaan, 2017).  

 

For clarity, Jordaan (2017) defines chain fragility by putting it in context. He emphasises that 

“a fragile chain implies that a ‘break’, or ‘adverse event’, in one link in the chain results in an 

accelerating impact, or non-linear feedback, into the rest of the chain”. This means that the 

unforeseen detrimental event’s impact on one link in the chain can have similar effects on the 

next chain players because of “sequential interdependencies” between these chain members 

brought on by increased coordination (Jordaan & Kirsten, 2019). Chain fragility, therefore, 
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threatens business continuity (Engber, 2012; Zsidisin et al., 2005) because a fragile chain 

facing detrimentally disruptive events lead to the closure of most of its chain players’ 

businesses (Jordaan & Kirsten, 2019). 

 

It has been reported numerous times by different centres, media, associations, and organisations 

that the South African poultry industry is experiencing detrimental events that threaten business 

continuity and chain sustainability. The obvious events that have been reported by SAPA 

(2017), DAFF (2018), and NAMC (2019) are an outbreak of HPAI, crippling drought, and 

broiler imports. Most of these events are reported to have resulted in the closure of some farms 

and processing centres (SAPA, 2017) and the removal of several products from the market 

(NAMC, 2019; SAPA, 2017).  

 

This dissertation aims to discuss the most common coordination strategies adopted in the South 

African egg industry and to map its value chain structure. Both chain structure and coordination 

strategies assist with the empirical assessment of the industry’s chain fragility since there is a 

relationship between the coordination strategies and chain fragility (Jordaan, 2017). Other 

researchers focussed only on-chain performance while neglecting fragility. Given the trade-off 

between performance and fragility, it is important to consider both when recommending 

coordination strategies to role-players in any particular industry. The lack of research 

considering both performance and fragility in the egg industry suggest that there is no scientific 

evidence to recommend a coordination strategy that balances performance and fragility in the 

South African egg industry. Therefore, the purpose of this study is to address this missing gap 

in the existing knowledge. 

 

Adding more to the study’s purpose is to popularise the fragility of the chain as a phenomenon 

because, as emphasised by Jordaan (2017), fragility remains an “awkwardly counter-intuitive” 

concept to the majority of value chains players. Using the South African egg value chain as a 

case study is believed to enhance the application of the concept of fragility by practitioners, 

and to make fragility a familiar concept under “traditional risk and uncertainty discourse” 

(Jordaan, 2017). 

 

It has become increasingly important to address the unforeseen detrimental risks, together with 

their consequential impacts on the egg value chain, and to bring in information that helps to 

develop strategies and policies that can overcome these catastrophic events. Since it seems very 
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difficult to manage and predict these worst-case scenarios, it becomes imperative to address 

the role of coordination strategies in risk management and the fragility of the egg chain. 

 

1.3. CONCEPTUAL FRAMEWORK 

Agri-food chains are unique compared with other industries’ chains – such as automotive, 

manufacturing, and digital – because of their characteristically biological nature (Clay & 

Feeney, 2019; Sporleder & Boland, 2011). Agri-food chains possess products that are 

perishable by nature (Behzadi et al., 2018; de Keizer et al., 2017; Weseen et al., 2014), are 

highly varied in their quality (Akerlof, 1970; Martinez & Zering, 2004; Migliore et al., 2015), 

and are exposed to uncertainty (Assefa et al., 2015; Behzadi et al., 2017).  

 

A widely known and distinct feature of agribusiness systems is the biological nature of their 

chains (Jordaan, 2017), which influences the chain managers or practitioners to adopt vertically 

tight coordination strategies as to reduce transaction costs and risks associated with the systems 

(Gereffi, 2014; Handayati et al., 2015; Ye et al., 2018). The vertically intense coordination of 

value chains is influenced by technological advances, compliance, regulatory changes, and 

socio-economic elements (Contò et al., 2013; King et al., 2010; Sexton, 2012). 

 

Furthermore, agri-food chains face other challenges such as “input/output price risks, 

quality/quantity risks” (Jordaan, 2017), and food safety concerns which influence increased 

coordination (Jordaan, 2017). For example, the food safety concerns were most prevalent under 

open market strategies (Hobbs, 1996) which ultimately increased transaction costs to ensure 

safe food. Ultimately it was less costly to rather enter into formal contracts or even vertical 

integration to ensure safe food compared to the alternative (Hobbs, 1996; Kirsten et al., 2009; 

Peterson et al., 2001; Weseen et al., 2014; Williamson, 2008).  

 

The transaction costs are influenced mainly by three attributes: investment in relationship-

specific assets, the frequency of economic exchange, and uncertainty surrounding that 

exchange (Crook et al., 2013; Hobbs, 1996; Masten, 1996; Weseen et al., 2014; Williamson, 

1979). Consequently, increasing vertical coordination is based on economising on the costs of 

transacting, and therefore assisting in enhancing the performance of value chains (Bijman et 

al., 2011; Martinez, 2002b; Wang et al., 2006; Zhong et al., 2018).  
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However, improving chain performance seems to be possible only under conditions that do not 

involve uncertainty (Jordaan, 2017; Sexton, 2012) because vertically integrated chains conceal 

risks that are detrimental and disruptive as a result of the interdependencies and 

interconnectedness (Wever et al., 2012a) between those chain players (Christopher et al., 2002; 

Jordaan, 2017; Wagner & Bode, 2006; Wagner & Neshat, 2010).     

 

The interdependencies and interconnectedness (Jordaan, 2017; Lazzarini et al., 2001; Wever 

et al., 2012a) come with “systematic risks and complex payoffs” (Jordaan, 2017) that are 

vulnerable to “convexity effects” (Jordaan, 2017) under an uncertain environment within and 

around the value chains (Sexton, 2012). As a consequence, the chains are defined as fragile 

(Jordaan, 2017; Peck, 2005), since fragile chains “introduce new strategic risks which will 

require additional analysis and/or skills to manage or mitigate those risks” (Gray & Boehlje, 

2005) far beyond what is normally known.  

 

Modern agri-food chains face unpredictable and risky events that are hard to manage and that 

cause irreversible damage to these chains (Jordaan, 2017). It is thus imperative to improve the 

risks management strategies of the value chains because they are a crucial part of business 

continuity (Leat & Revoredo-Giha, 2013). The conceptual framework (Figure 1-1) of this 

dissertation considers the fragility of the South African egg value chain. In essence, it is 

strategically important for the agri-food chain players “to deal with the trade-off between the 

high performance and the fragile value properties of value chains” (Jordaan, 2017).  

 

The argument for a trade-off focuses centrally on the coordination of the agri-food chains, and, 

in particular, “where the pursuit of chain performance is juxtaposed against the inevitable ruin 

of any vulnerable system” (Jordaan, 2017). The argument of Taleb (2012) supports this point 

by stating that anything fragile will break as time goes on. The conceptual framework provides 

a way to explore fragility as a phenomenon in the South African egg value chain and provides 

guidelines to address the trade-off considering the chain coordination.  
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Figure 1-1: The conceptual framework of increasing vertical coordination and fragility 

Source: Adopted from Jordaan (2017) with the researcher’s own additions 

 

Profit generation is the main goal of any economic exchange. Thus, risk management and 

business survival are subordinate goals for economic operations that generate profits (Jordaan, 

2017). Taleb (2012) makes a strong argument that “what is missed is the strong logical 

precedence of the survival over success”. Jordaan (2017) adds that fragility mitigation is a 

crucial and compulsory activity of doing business. Although the arguments sound obvious, 

they are insufficiently emphasised.  

 

Consequently, the chapters of the dissertation that follow provide details and contribute to this 

conceptual framework. The framework provides a roadmap for the chapters to explore fragility 

as a phenomenon in the South African egg value chain. This is the domain of the dissertation 

and its research objectives.  
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1.4. RESEARCH OBJECTIVES   

The main objective was to discuss the trade-off between chain performance and fragility, 

considering the South African egg value chain’s coordination strategies. The objective was 

achieved through the following specific objectives:  

1. To display the most common strategies of coordination in the South African egg 

industry and the map of its egg value chain. 

2. To use the Jordaan (2017) framework to measure the fragility of the South African egg 

value chain. 

3. To perform a comparative fragility analysis of the two main coordination strategies 

(configurations) of the South African egg chain. 

 

1.5. RESEARCH HYPOTHESES  

Jordaan and Kirsten (2019) state that “the comparison of chains with different 

interdependencies in the South African lamb chain affirms the hypothesis that increasing 

coordination intensity in chains, driven by traditional new institutional economic principles, 

may also be associated with increased fragility of these chains”. This study’s hypotheses are 

therefore influenced by the existing interdependencies between chain players as a result of 

increased coordination strategies that are lean and highly integrated (Jordaan, 2017; Jordaan & 

Kirsten, 2019). The following hypotheses are related to the third objective of the study:  

 

• Null hypothesis: Statistically, there is no significant difference in the means of chain 

fragility of the two South African egg value chain strategies. 

• Alternative hypothesis: Statistically, there is a significant difference in the means of 

chain fragility of the two South African egg value chain strategies. 

 

1.6. CONTRIBUTION AND JUSTIFICATION OF THE STUDY 

The dissertation presents an argument that there is a trade-off between chain performance and 

fragility. The practical implication of this trade-off is that highly integrated and lean strategies 

improve chain performance by the reduction of transaction costs and risks in agri-food chains. 

However, the strategies multiply the fragility of the chains (Jordaan, 2017; Maslaric et al., 

2013; Wagner & Neshat, 2010, 2012). The important strategic choice among the following 

coordination strategies, contract specifications, vertical and horizontal integration, alliance 

formations based on either trust or equity and cooperation memberships for chain players in 
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the South African egg industry, and their value chains is thus to find a suitable coordination 

strategy that positions chain performance and fragility at the equilibrium (Jordaan, 2017; 

Nooraie & Parast, 2016). The concept of a trade-off between chain performance and fragility 

in the literature is minimally noted. For instance, Brede and de Vries (2009) highlight that 

efficient systems (chains with improved chain performances) are not robust (they are fragile), 

while robust systems are inefficient.  

 

The argument is that both chain performance and fragile chain structures necessitate imperative 

requirements in the design of agri-food chains (Brede & de Vries, 2009; Jordaan, 2017). 

Consequently, a trade-off is vital to the coordination of agri-food chains, signalling that there 

is an equilibrium between chain performance and fragility (Jordaan, 2017). The conceptual 

framework of the dissertation is a central argument for the trade-off. Moreover, the 

contemplation of this trade-off is essential to reassessing the TCE framework as it has 

commonly been applied in agribusiness research (Jordaan, 2017); as well as being a guide for 

the coordination question (Peterson et al., 2001) in agri-food chains to issue a new framework 

(Jordaan, 2017; Maslaric et al., 2013; Vlajic et al., 2012). The new framework would position 

the impacts of chain performance and fragility at a strategic equilibrium in the design of agri-

food chains and their management (Jordaan, 2017; Maslaric et al., 2013). 

 

The dissertation contributes to the popularisation of the concept of fragility in agri-food chains. 

This is because Jordaan (2017) states that fragility “seems awkwardly counter-intuitive to 

average” chain players. Last, the dissertation aims to inform the chain players’ management in 

the South African egg industry, particularly when it comes to strategising on value chain 

coordination to avoid closure of businesses and decrease fragility, but still improve chain 

performance. 

  

1.7. THE OUTLINE OF THE STUDY  

This section provides information about the six chapters of the dissertation. Following this is 

Chapter 2, which provides the literature on value chain coordination, chain performance, 

interdependencies within value chains, risks and uncertainties within value chains, and chain 

vulnerability and fragility. The third chapter provides an overview of the South African egg 

industry And, in particular, the strategies that are used for coordinating within the industry, its 

value chain structure, and the most common risks and uncertainties. The chapter aims to attain 
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the first objective of the dissertation and to state the prevailing risks and uncertainties that are 

used to explain unforeseen detrimental events that are disruptive to the egg chain. The fourth 

chapter describes the methods and procedures used in the dissertation and describes the data 

sources. The fifth chapter presents the fragility analysis of the results and a discussion based 

on the information in Chapter 4. The sixth and final chapter concludes the dissertation, notes 

the limitations of the study and offers recommendations for South African egg chain players 

and further research on related issues. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1. INTRODUCTION 

Agribusinesses seem to exhibit high levels of vertical coordination (linkages) due to the 

uncertainties surrounding transactions, the frequency of transaction occurrences, and 

investments in specific assets (Hobbs, 1996; Weseen et al., 2014). These challenges are widely 

known as transaction cost attributes (Williamson, 1979, 1987, 1991, 1993). Transaction cost 

economics (TCE) is a well-known paradigm used to counteract these challenges to reduce 

transaction costs (Williamson, 2008; Hobbs, 1996). Many agricultural value chains, therefore, 

seem to be leaner and more highly integrated to attain better chain performance (Anand & 

Grover, 2015; Boehlje et al., 2011; A. Louw et al., 2011; Ncube, 2018; Vorley et al., 2016). 

The leaner and highly integrated these chains become, the more the interdependencies between 

their chain players increase (Jordaan, 2017; OECD, 2013)  

 

The interdependencies between the chain players reveal a certain structure of the value chain 

(Srai & Gregory, 2008) and the chain structure seems to be prone to chain disruption (Gray & 

Boehlje, 2005; Wagner et al., 2009). Chain disruption is influenced by unforeseen events that 

expose the value chain’s vulnerability (Wagner & Bode, 2006). The chain vulnerability 

concerns about the exposure of the chain relate to any detrimental disruptive event (Christopher 

et al., 2002). The rapid spread of this vulnerability through the entire chain also relates to the 

chain’s fragility (Jordaan, 2017).  

 

It is quite clear that the risk and uncertainty faced by agricultural chains and their coordination 

strategies influence chain fragility, which threatens business continuity (Leat & Revoredo-

Giha, 2013). Therefore, this chapter positions the dissertation in the context of currently 

relevant information about the strategies of value chain coordination, interdependencies, chain 

performance, vulnerability, fragility, risk, and uncertainty to justify the dissertation’s empirical 

fragility analysis. 
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2.2. VERTICAL COORDINATION, TRANSACTION COSTS, AND 

CHAIN PERFORMANCE 

The lean and highly integrated strategies of increased coordination act as the way for 

agricultural chains to reduce the cost of transacting and to attain production efficiency 

(improved chain performance) (Martinez, 2002b). The reduction of transaction costs via 

vertical linkages, as mentioned earlier, can be influenced by transaction attributes (Hobbs, 

1996), while the achievement of improved chain performance via increased coordination can 

be because of market uncertainties such as price and quality instability (Martinez, 2002b), 

technological advances (Louw et al., 2017; Martinez, 2002b), and production expectations 

(Ncube, 2018).   

 

Many studies support the idea that a reduction of transaction costs is obtained by increased 

coordination. For instance, the arguments of Fischer et al. (2009) and Gulati (1995) support 

the frequency of a transaction by stating that frequent transacting between trading partners 

creates trust between them, such that the behavioural uncertainty and transaction costs of those 

individuals are reduced by the trust that has developed between them for their subsequent 

alliance relationship. Also, Fischer et al. (2009) highlighted that repeated economic exchanges 

build trust. They also observed that a high frequency of transactions in the ethanol supply chain 

led to increased coordination. 

 

The specificity of an asset, as stated before, leads to high transaction costs (Hobbs, 1996; 

Riordan & Williamson, 1985). The different types of asset specificity are mainly physical, 

temporal, and site-related (Martinez, 2002b). The investment in specific assets leads to limited 

alternative uses; and users of the assets, which means it is difficult or very costly to use the 

assets outside of the specific transaction and parties to the transaction are vulnerable to hold-

up1 (Fan, 2000; Martinez, 2002b). Therefore, Klein et al. (1978) propose that “vertical 

integration is one solution to the hold-up problem because unified ownership suppresses the 

holdup possibility”. The arguments that Klein et al. (1978) make are supported by an empirical 

study by Weseen et al. (2014), which indicates that increased vertical coordination is a 

 
1 Hold-up arises when part of the return on an agent’s relationship-specific investments is ex post 

expropriable by his trading partner. The hold-up problem has played an important role as a foundation 

of modern contract and organization theory, as the associated inefficiencies have justified many 

prominent organizational and contractual practices (Che & Sákovics, 2006; Rogerson, 1992). 
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preferred coordination strategy to reduce transaction costs against investment in specific assets. 

The study by Weseen et al. (2014) reveals that the role players in the Western Canada ethanol 

industry vertically integrate or contract as needed to seek ways to reduce transaction costs due 

to the threat of opportunistic behaviour2. 

 

The degree of uncertainty around a transaction – whether environmental or behavioural 

uncertainty – can lead to high transaction costs (Williamson, 2008). Environmental uncertainty 

may arise due to “technological changes, unpredictable changes in consumer preferences, and 

random acts of nature” (Jordaan, 2017), while behavioural uncertainty is likely to arise due to 

strategic behaviour “regarding nondisclosure, disguise, or distortions of information” 

(Martinez, 2002b).  

 

Therefore, the higher the level of uncertainty surrounding an economic exchange, the more 

preferred increased vertical linkages will be (Masten, 1996). The findings of Fan (2000) 

support the above statement, that the extent of vertical integration by petrochemical firms in 

their input stages is influenced by input price uncertainty. Fan’s (2000) findings relate to the 

argument of Cembalo et al. (2014) that increased vertical coordination assists farmers to reduce 

price risk. Watabaji et al. (2016) highlight that uncertainty in exchange situations between a 

farmer and a trader, and also between a malt factory and a trader, has a positive correlation 

with value chain integration. Thus, farmers and traders go for integration to avoid or minimise 

any possible risks in their transactions. 

 

The frequency of a transaction, as stated earlier, affects transaction costs, and can influence 

agribusinesses’ choice of vertical coordination (Hobbs, 1996; Weseen et al., 2014). The point 

that Weseen et al. (2014) make is that frequent economic exchanges develop themselves into 

highly vertical linkages because of similarities and developed trust; and so, relationship-based 

coordination results (Kwon et al., 2012; Williamson, 1993). This means that the number of 

times a transaction occurs between exchange partners reduces the cost of transacting, develops 

trust between them, and then automatically results in increased coordination. Fischer et al. 

(2009) and Gulati (1995) argue that frequent transacting between trading partners causes trust 

 
2 Opportunism is a foundational assumption of many economic theories that claims human beings are 

generally self-interested and will take advantage of others when possible (Noorderhaven, 1996). 
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between them, such that the behavioural uncertainty and transaction costs of those individuals 

are reduced for their subsequent alliance relationships. 

 

The increased vertical linkages, such as contracting, alliance formations and vertical 

integration, seem to be the most preferred coordination strategies that significantly reduce 

transaction costs in businesses’ value chains (Cadot, 2015; Pieri & Zaninotto, 2013; Martinez, 

1999, 2002b; Goncharuk & Gamma, 2013; Zhong et al., 2018; Weseen et al., 2014). However, 

even though they are preferred because they reduce transaction costs, they seem to introduce 

agency costs3 into the businesses (Cadot, 2015; Bontems & Fulton, 2009; Shleifer & Vishny, 

1989). Still, businesses conclude “that the internal transactions costs associated with owning 

stages of the chain (agency costs, influence costs, increased production risks, employee risks) 

are less than the external transactions costs (moral hazard, adverse selection, and risk premia)4” 

(Jordaan, 2017). This explains why they prefer higher vertical linkages as coordination 

strategies (Gray & Boehlje, 2005; Jordaan, 2017). That statement is supported by the findings 

of Cadot (2015) that vertically integrated firms in the French wine industry have lower agency 

costs than non-vertically integrated firms. Also, Wever et al. (2012a) highlight that a 

coordination strategy is only regarded as efficient if its implementation costs are lower than 

not implementing it at all. In other words, if the implementation costs of the new coordination 

strategy are lower than the transaction costs associated with the current coordination strategy, 

then it is regarded as efficient. 

 

As stated before, the increased vertical coordination of agribusinesses contributes not only to 

the reduction of transaction costs but also to production efficiency (improved chain 

performance) (Martinez, 1999, 2002a, 2002b). Martinez (2002b) states that “reducing 

transaction costs, contracts, and vertical integration are also associated with gains in production 

efficiency and more value-added product offerings of consistent quality”. There are other 

challenges that agri-food chains face and that have an influence on the agribusinesses’ chains 

ability to pursue intensively tight coordination strategies. These challenges include 

 
3 An agency cost is a type of internal company expense which comes from the actions of an agent acting 

on behalf of a principal. Agency costs typically arise in the wake of core inefficiencies, dissatisfactions 

and disruptions, such as conflicts of interest between shareholders and management. Payment of the 

agency cost is to the acting agent (Ang et al., 2000). 
4Moral hazard occurs when there is asymmetric information between two parties, but where a change 

in the behaviour of one party is exposed after a deal is struck. Adverse selection occurs when there's a 

lack of symmetric information prior to a deal between a buyer and a seller (Quiggin et al., 1993). 

https://www.investopedia.com/terms/p/principal.asp
https://www.investopedia.com/terms/c/conflict-of-interest.asp
https://www.investopedia.com/terms/m/moralhazard.asp


16 
 

input/output price risks, quantity/quality risks, and safety/health risks (Jordaan, 2017) and 

increasing concerns about food safety, products’ quality, and the traceability of products to 

their point of origin (Bailey, 2016; Jordaan, 2017; Van Der Merwe et al., 2018). Consequently, 

the results of intensively linked value chains are increased interdependencies between the value 

chain players (Bailey, 2016; Jordaan, 2017; Jordaan & Kirsten, 2019; Wever et al., 2010; 

Wever et al., 2012b). 

 

2.3. INTERDEPENDENCIES IN VALUE CHAINS  

The nature of agri-food chains involves the specific exchange relationships that make most 

firms or chain players not internally self-sufficient concerning strategic and critical resources, 

resulting in interdependencies between activities (Kembro, 2015; Kembro et al., 2014; 

Peterson et al., 2001). Therefore, firms purposefully seek to manage these interdependencies 

by adopting an efficient coordination strategy for them – mainly strategies that are vertical and 

lean, such as contracts and vertical integration (Paulraj & Chen, 2007; Ulrich & Barney, 1984; 

Petersen et al., 2008).  

 

As discussed earlier, firms seek to reduce the costs of transacting that arise because of 

investments in specific assets and uncertainty surrounding their exchange relationships, by 

involving their activities in vertically linked transactions (Martinez, 2002b). This point is 

supported by Malone and Crowston (1990), who say that coordination and vertical linkages in 

chains are the management strategies of “interdependencies between activities, and where there 

are no interdependencies there is nothing to coordinate”. Furthermore, these coordination 

strategies act as alternatives for chain players and as an integral part of value chain coordination 

(Barbarosoglu, 2000). Although the vertical coordination assists firms to manage these 

interdependencies between activities, they create interdependencies between chain players 

(Petersen et al., 2008; Skipper et al., 2008). Therefore, those interdependencies expose the 

individual players and their chains to risks that emerge as a result of the lean and highly 

integrated strategies that arise from increased coordination.  

 

As firms in the value chains increasingly coordinate and integrate their activities with other 

firms, this results in exposure to risks within chains and firms. Also, these risks emerge from 

the interconnectedness and interdependencies of chain players in the chains (Jordaan, 2017). 

The risks that emerge from the chains are those that would certainly lead to a chain-breaking 
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down because the risks can escalate through the entire chain due to chain players’ 

interconnectedness and interdependencies (Garvey et al., 2015; Jordaan, 2017). Therefore, the 

interdependencies resulting from tightly linked value chains somehow contribute to the 

vulnerability of the chains to disruptive events (Elms & Low, 2013; Martínez-Jaramillo et al., 

2010). 

 

The value chain is composed of a dyad that represents different relationships between chain 

players (Capaldo & Giannoccaro, 2015). Dyadic relationships involve complex 

interdependencies that influence the behaviours and performance of chain players (Nair et al., 

2009). Also, the interdependencies become evident when the behaviour of the chain players in 

a dyad, and the outcomes of their behaviour, depending on the behaviour of other chain players 

in the chain (Jordaan, 2017; Wever et al., 2012a, 2012b). Thus, there are some differences 

between the interdependencies that can be decided between the ‘type’ (Figure 2-1) and the 

‘channel’ (Figure 2-2) in that all dyadic relationships among chain players are formed (Wever 

et al., 2012b). 

 

The differentiation of interdependencies between chain players by ‘type’, as shown by the work 

of Thompson (2003), can be pooled (that is, independent), sequential, or reciprocal, depending 

on the dyadic relationships between those chain players (Dubois et al., 2004; Kembro, 2015; 

Lazzarini et al., 2001; Paulraj & Chen, 2007; Segerstedt et al., 2010; Skipper et al., 2008; 

Wever et al., 2012a, 2012b). The independent (pooled) interdependency is regarded as a weak 

form of interdependence (Skipper et al., 2008) because chain players work together as more-

or-less completely independent individuals who are loosely linked because they share common 

resources (Kembro, 2015; Wever et al., 2012a) – for example, egg layers using the same feeds 

from a single provider; thus all would be affected by the demand for the feeds. 

 

Sequential interdependency involves direct linkages between chain players, whereby the inputs 

of one chain player are directly dependent on the output of another chain player (Wever et al., 

2012a; Kembro, 2015; Skipper et al., 2008). In other words, sequential interdependence can be 

seen where activities of one chain player precede those of another (Lazzarini et al., 2001). For 

example, the broiler producer delivers broilers to an abattoir that then delivers them to a 

processor. These chain players have direct sequential linkages.  

 



18 
 

Last but not least, reciprocal interdependency occurs when the inputs of one chain player are 

directly dependent on the outputs of another chain player and vice versa (Lazzarini et al., 2001); 

(Skipper et al., 2008; Wever et al., 2012a). Furthermore, there is a mutual exchange of inputs 

and outputs between chain players (Kembro, 2015). For a simple illustration, the figure below 

shows the different interdependencies defined above.  

 

 

 

 

Figure 2-1: Different types of interdependencies between chain players 

Sources: Wever et al. (2012a); Lazzarini et al. (2001); Jordaan (2017) 

 

The differentiation of interdependencies between chain players by ‘channel’ is a situation in 

which chain players may be interdependent via several interfaces (Borgatti & Li, 2009). The 

chain players can be directly or indirectly linked because of their engagement in systems such 

as quality management schemes (Martinez & Zering, 2004; Wever et al., 2010), or there may 

be some linkages between them because they produce for the same brand (Raynaud et al., 

2005). Therefore, there is a connection between types and the channel of interdependencies. 

This means that there can be more than one interdependency type between chain players when 

their dyadic relationships are linked via multiple channels (Wever et al., 2012a). Also, Wever 

et al. (2012a) state that the channel in which chain players are interdependent influences the 

interdependency types between chain players, and vice versa. The figure below illustrates 

channel interdependency. 



19 
 

 

Figure 2-2: Channel interdependencies between chain players 

Sources: Jordaan (2017); Wever et al. (2012a) 

The intensity of interdependencies between chain players affects systemic risks, as these 

interdependencies can contribute to the vulnerability of a chain that involves a series of 

interdependent economic exchanges (Mentzer et al., 2001). Wever et al. (2012a) support this 

by indicating that the type and the channel via which chain players are directly or indirectly 

linked model how these players would be influenced by externalities. Thus, the 

interdependencies expose agri-food chains to uncertainties and risks that may arise either 

internally or externally and cause disruptions (Jordaan, 2017). 

 

2.4. RISK, UNCERTAINTY, AND DISRUPTIONS IN VALUE CHAINS  

2.4.1. Definitions and categorisation of risk and uncertainty 

‘Risk’ and ‘uncertainty’ can be defined in numerous ways (Hardaker et al., 2015), and they are 

often confused and used interchangeably (Bailey, 2016; Miller, 1992). Thus, it is imperative to 

define them and locate them in the context of agri-food chains. 

 

Hardaker et al. (2015) define ‘risk’ as deficient information with well-known probabilities of 

possible results, and ‘uncertainty’ as still deficient information with unknown probabilities of 

possible results. The definitions of risk and uncertainty by Hardaker et al. (2015) relate to the 

classification of risk and uncertainty by Knight (2012), for whom risk is classified as 

measurable, while uncertainty is not measurable. Holton (2004) brings in the concept of 

exposure by stating that “risk requires both exposure and doubt dimensions about a proposition 

or event”. Therefore, risk and uncertainty involve the measurement of a probability 
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distribution, an event exposure, and the state of being joined or linked through that exposure 

(Jordaan, 2017; Taleb, 2005, 2009).  

 

The risks and uncertainties have also been mainly categorised into two classes in a value chain 

context to treat them differently (Bailey, 2016). The most commonly used categories are 

internal and external sources of risk and uncertainty to value chains (Marchese & Paramasivam, 

2013; Wu et al., 2006). Internal sources relate to value chain demand and supply functions, 

while external sources involve political and environmental issues (Bailey, 2016; Jordaan, 

2017). Trkman and McCormack (2009) are some authors that have used these categorising 

criteria to distinguish risk and uncertainty sources by classifying them as endogenous or 

exogenous to a value chain. Other authors include Rao and Goldsby (2009), Marchese and 

Paramasivam (2013), and Ritchie and Brindley (2007). These authors have distinguished the 

risk and uncertainty sources by emphasising that the internal sources involve risk and 

uncertainty that arise from the strategic risk management practices of value chain players – for 

example, the bull-whip effect5 – while external sources involve unforeseen once-off or ongoing 

events that could be politically, economically, socially, or environmentally driven – for 

example, political unrest, new regulatory requirements, or natural disasters. 

  

2.4.2. Uncertainty and risk in a value chain context  

Modern value chains seem to face an increasing uncertainty that is mainly driven by how these 

chains are coordinated and strategized (Sodhi et al., 2012; Zsidisin et al., 2005; Sheffi & Rice 

Jr, 2005). Gray and Boehlje (2005) state that “the development of more tightly aligned supply 

chains creates new and less easily quantifiable risks for the participants in the supply chain”. 

Kleindorfer and Saad (2005) mention that firms, together with their entire value chains, face 

rising vulnerability because their value chain design is intensive, lean, and efficient. 

 

These increasing uncertainties are known to be major value chain disruptors (Bailey, 2016; 

Christopher et al., 2002; Jordaan, 2017; Jüttner et al., 2003; Kleindorfer & Saad, 2005; Simba 

et al., 2017; Vanany et al., 2009) and can contribute to the closure of some businesses 

(Kleindorfer & Saad, 2005; Jordaan & Kirsten, 2019; Engber, 2012; Leat & Revoredo-Giha, 

 
5 Bull-whip effect occurs when companies significantly cut or add inventories. Economists call it a 

bullwhip because even small increases in demand can cause a big snap in the need for parts and 

materials further down the supply chain (Lee et al., 1997). 
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2013). In the South African context, these uncertainties include the outbreak of listeriosis that 

affected the South African pork value chain (NAMC, 2019), the deadly outbreak of avian 

influenza that affected the South African poultry industry (SAPA, 2017; BFAP, 2018), and 

poultry meat imports that affected the South African broiler industry (SAPA, 2017). These 

events with unknown occurrence probabilities have detrimental effects on firms and value 

chains (Bailey, 2016; Jordaan, 2017). Thus, disruptors such as these have caused ‘black swan’ 

events6 (Taleb, 2007), highlighting the need for an assessment of very low probability events 

that could have catastrophic impacts. 

 

Based on the different perspectives of risk and uncertainty, this dissertation aims to adopt the 

assessment of risk and uncertainty in the value chain context suggested by Vilko et al. (2014). 

They argue that the assessment of risk and uncertainty that is used in value chains, based on 

risk probabilities and impact, does not present a true picture because the probabilities are 

merely subjective. They state that the commonly used Knightian basic risk and uncertainty 

definitions make it impossible to quantify risk and uncertainty, and argue that “all influential 

environmental factors are therefore impossible and information based on which probabilities 

are formed is more or less imperfect”. So, they emphasise that uncertainty in the context of 

value chains should be “examined through the lenses of substantive and procedural 

uncertainty”. They give more clarity by defining both uncertainty concepts  

“Substantive uncertainty derives from the incompleteness of information set and it 

relates to a lack of information about environmental events and all information which 

would be necessary to make decisions with certain outcomes … [while] procedural 

uncertainty arises from the inability of agents to recognise and interpret the relevant 

information even when available. It concerns the competency gap in the problem 

solving and limitations on the computational and cognitive capabilities of agents to 

pursue unambiguously their objectives, given the available information” (Vilko et al., 

2014). 

The figure 2-3 below is a framework to illustrate the argument of Vilko et al. (2014). 

 
6 A black swan is an unpredictable event that is beyond what is normally expected of a situation and has 

potentially severe consequences. Black swan events are characterized by their extreme rarity, their 

severe impact, and the widespread insistence they were obvious in hindsight (Taleb, 2005, 2007a, 

2007b). The most applicable example of black swan event is covid-19 
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Figure 2-3: Certainty, risk, and uncertainty in the value chain 

Source: Vilko et al. (2014) 

The point that Vilko et al. (2014) make is that, within all the different categories of uncertainty 

noted above, the decision-maker has different information about environmental events, and 

also a different resource to cope with the uncertainty.  

 

The Knightian basic uncertainty scenario offers a similar, if not the same, explanation as that 

given previously by Hardaker et al. (2015) and Holton (2004). There is also “parametric 

uncertainty”, which is “environment-dependent”, and it considers subjective risk probabilities 

and their impacts (Dosi & Egidi, 1991). This uncertainty is assessed subjectively; therefore, 

some events cannot be quantified by this method (Vilko et al., 2014). This means that there 

would not be a holistic picture of the value chain, and objective probabilities could not be 

quantified. 

 

The other uncertainty is ‘procedural uncertainty’, which means that “the decision-makers are 

constrained by their computational and cognitive capabilities” (Vilko et al., 2014; Dosi & 

Egidi, 1991). These inabilities of decision-makers, together with incomplete information about 

upcoming events, limit them in carrying out their goals (Vilko et al., 2014). Therefore, this 

dissertation adopts a framework to perceive uncertainty in the value chain context (Vilko et al., 
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2014). This is mainly because value chains face some of the unforeseen and detrimental events 

that cannot be quantified using probabilities, since doing so seems to be impossible, given the 

complexity of the risks and value chains. 

 

These risks and uncertainties have given rise to a growing impetus for value chains to consider 

the risks and uncertainties that affect value chain management (Kleindorfer & Saad, 2005), and 

to consider the identification and mitigation of these uncertainties with low probabilities that 

have catastrophic impacts (Zsidisin et al., 2005; Norrman & Jansson, 2004). The detrimental 

disruptions caused by these uncertainties make value chains vulnerable because of the 

interdependencies that exist within them (Bailey, 2016; Jordaan, 2017), and expose the chains’ 

vulnerability (Christopher et al., 2002). This vulnerability escalates because of the 

interdependencies within the chains as disruptions arise related to their fragility (Jordaan, 

2017). Also, the chains’ fragility, together with increasing detrimental disruptions, put chain 

players’ businesses in jeopardy (Leat & Revoredo-Giha, 2013; Jordaan, 2017). Spiegler et al. 

(2012) agree that these detrimental risks and the consequent exposure of the vulnerability of 

businesses threaten their existence. 

 

2.5. VULNERABILITY AND FRAGILITY OF VALUE CHAINS 

2.5.1. Concept of vulnerability in a value chain 

There needs to be a clear definition of vulnerability in the context of the value chain. Therefore, 

Wagner and Bode (2009) define ‘chain vulnerability’ as a situation in which value chain 

disturbances are activators of the risks that will arise. However, these disturbances are not the 

only deciders of the final loss in a chain. The susceptibility of the value chain is also a 

contributor to the chain’s harm. This leads to the concept of value chain vulnerability. For 

greater clarity, Jüttner (2005) defines it as “exposure to serious disturbance arising from supply 

chain risks and affects the supply chain’s ability to effectively serve the end customer market”. 

However, these definitions seem to exclude the interdependencies within the chain and their 

contribution to chain vulnerability. 

 

The concept of interdependencies is touched on by Svensson (2004), who emphasises the 

concept of vulnerability in terms of interdependencies between chain players. Svensson (2004) 

emphasises that the level of interdependencies is relevant when it comes to vulnerability 

because higher levels of interdependencies between chain players equate to higher levels of 
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susceptibility in the value chain. The definitions and the concept of ‘interdependencies’ show 

the urgent necessity for chain managers to observe and analyse chain vulnerability for the sake 

of their firm’s survival. However, Wagner and Neshat (2012) highlight that the vulnerability 

of the value chain cannot be observed unless the factors (variables) that determine the 

vulnerability are understood. Therefore, Wagner and Neshat (2010) describe variables that can 

be used to determine vulnerability, including buyer and supplier dependencies, value chain 

complexity, and the globalised sourcing value chain.  

 

Vlajic et al. (2012) add other variables by categorising the sources of chain vulnerability into 

either external or internal sources. The main influences from external sources – the value 

chain’s environment – include natural disasters, political instability, unequal technological 

developments, market decline, and regional economic downturns. The internal sources exist 

within the value chain and include insufficient collaboration, information asymmetry, having 

only one key business partner, and the complexity of the chain (Vlajic et al., 2012). Also, 

Christopher and Peck (2004) agree that the exposure of a value chain to internal and external 

risks sources is exactly what chain vulnerability is about. Vilko et al. (2014) also agree with 

Christopher and Peck (2004) that chain complexity and specialisation emerge as major 

challenges that make a value chain vulnerable to exogenous and endogenous sources of 

vulnerability.  

 

The design of the value chain, as previously stated, focuses more on maximising efficiency and 

speed by adopting cost-reducing strategies in fast-changing and competitive markets. However, 

focusing mostly on maximising efficiency results in chains vulnerable to detrimental events 

(Stecke & Kumar, 2009). Thus, these disruptions increase the vulnerability of the value chain. 

It is reasonable to conclude, therefore, that the vulnerability of a value chain is an “exposure to 

a harmful or serious disturbance or stressor, arising from risks within and external to the chain” 

(Christopher et al., 2002). Furthermore, the increased susceptibility of a chain extends into 

chain fragility (Jordaan, 2017). In other words, “fragility extends the concept of vulnerability 

and is defined as an accelerating vulnerability to a harmful stressor” (Taleb et al., 2012). 

 

2.5.2. Concept of value chain fragility 

The concept of fragility has been addressed in many contexts, including complex networks that 

show interdependencies (Vespignani, 2010), investment funding (Thurner et al., 2012), food 
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global system (Puma et al., 2015), the 2008 financial crisis (Taleb et al., 2012), power systems’ 

vulnerability in extreme weather (Panteli et al., 2016), and the assessment of banks’ financial 

fragility (Montesi & Papiro, 2018). In these contexts, the fragility of a system is argued to be 

the consequence of misjudged risks and the uncertainties of unanticipated random events that 

result in the probability of massive impacts.  

 

The conceptualisation of fragility in agri-food chains is vital because, just like businesses, a 

chain can be either fragile or anti-fragile (Jordaan, 2017). Jordaan and Kirsten (2019) have 

assessed the fragility of the South African lamb value chain to address the concept of fragility 

in the value chain context. So, Jordaan (2017) comments that “a fragile chain implies that a 

‘break’ or ‘adverse event’ in one link in the chain results in an accelerating impact or non-

linear feedback into the rest of the chain”. The ‘non-linear feedback’ or escalating sensitivity 

of an impact from an event implies the vulnerability of a system (Jordaan, 2017). As noted 

earlier by Taleb et al. (2012), “fragility extends the concept of vulnerability and is defined as 

an accelerating vulnerability to a harmful stressor”. Thus, the analysis of fragility cannot be 

regarded simply as risk analysis (Jordaan, 2017). 

 

2.5.3. Analysis of chain fragility 

There are differences in analysing fragility and in analysing risk for risk management. The 

analysis of risk entails frameworks that could assist with risk identification, assessment and 

mitigation for risk management practices (Altay & Green III, 2006; Kleindorfer & Saad, 2005; 

Nishat Faisal et al., 2006; Nooraie & Parast, 2016; Yeboah et al., 2014). Therefore, for value 

chain managers to execute risk management practices through risk analysis, they would need 

frameworks that already have “reliable and accurate measures of risk” (Jordaan, 2017). This, 

in turn, can make it difficult or even impossible for chain managers to perform risk management 

because chains have recently faced risks and uncertainties that are said to be “structural and 

procedural” (Vilko et al., 2014). 

 

On the other hand, ‘fragility analysis’ can be regarded as the opposite of ‘risk analysis’ 

(Jordaan, 2017). Jordaan (2017) emphasises that analysing chain fragility using a risk 

management approach involves ascertaining a chain’s vulnerability to detrimental events rather 

than dealing with these events’ probabilities and impacts. This concurs with the argument of 
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Taleb (2012) that “it is far easier to figure out if something is fragile than predict the occurrence 

of an event that may harm it” – that is if an event involves “structural and procedural” 

uncertainties (Vilko et al., 2014) that entail unpredictable probabilities and impacts. 

Consequently, analysing chain fragility is to be preferred over risk analysis in this dissertation. 

Some factors are either internal or external that drive the fragility of value chains (Jordaan, 

2017). 

 

2.5.4. Factors that drive chain fragility 

There is a range of risks, and some are irrelevant to value chains (Manuj & Mentzer, 2008) – 

for instance, individual firms’ risks. A risk’s relevance to chains is dependent on the chains’ 

attributes or features and the losses that firms incur due to the vulnerability of their chains 

arising from chain disturbances (Wagner & Bode, 2006). The complexity of the production 

process and of the chain itself (Hashemi et al., 2013), together with a chain’s operational risks 

and disruption risks (Tang, 2006; Kleindorfer & Saad, 2005), are regarded as crucial 

components of uncertainty that affect the coordination of agri-food chains and their 

management (Jordaan, 2017). Thus, these risks are fundamental issues that constitute factors 

which are believed to influence fragility differ from sector to sector and from organisation to 

organisation (Stonebraker et al., 2009). 

 

The literature highlights different possible fragility factors. They mainly constitute internal and 

external factors relating to value chains. Internal factors mainly include management, 

marketing, logistics, and sales operations (Jüttner, 2005; Vlajic et al., 2012; Jordaan, 2017; 

Stonebraker et al., 2009; Wagner & Bode, 2008). These factors are elements that involve 

adding value to the different processes of product development through to delivery to the 

consumer (Jordaan, 2017). The table below presents operationalised internal fragility factors 

from Jordaan (2017), with some additions from Stonebraker et al. (2009). 
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Table 2-1: Internal fragility factors 

 

Sources: Jordaan (2017); Stonebraker et al. (2009) 

 

The external factors mainly include compliance, legal and regulatory requirements, and social, 

economic, political, and environmental issues such as political unrest, natural disasters, and 

economic collapse (Chopra & Sodhi, 2004; Coleman, 2006; Jordaan, 2017; Stonebraker et al., 

2007, 2009; Vlajic et al., 2010; Vlajic et al., 2013). Such factors are known to arise from the 

environment within which the value chain is operating, and they have significant reverberations 

on some segments of the chain or the entire value chain (Jordaan, 2017). Jordaan (2017) adds 

that this set of factors is based on the judgement that they influence the success of value chain 

operations. The table below shows the operationalised external fragility factors presented by 

Jordaan (2017), with some additions from Stonebraker et al. (2009).  

 

Table 2-2: External fragility factors 

 

Sources: Jordaan (2017); Stonebraker et al. (2009) 
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Jordaan (2017) emphasises fragility factors that most studies do not consider: chain fragility 

factors. Their existence is the result of chains’ complexities and how these chains are 

coordinated, together with the alignment between chain players (Jordaan, 2017). The 

coordination strategies and systems developed to cater for competitive issues (Luke & Heyns, 

2018), food safety and traceability (Van Der Merwe et al., 2018), transaction costs (Hobbs, 

1996), and operational efficiency (Martinez, 2002b) are also core elements that expose a 

chain’s vulnerability and from which chain fragility factors emerge (Jordaan, 2017). Also, as 

much as the chain coordination strategies and the tight alignment of chain players contribute 

massively to efficient chain performance, they become sources of exposure (Gray & Boehlje, 

2005) to chain susceptibility, resulting in a rippling impact caused by chain disruption (Jordaan, 

2017). The table below shows the operationalised chain fragility factors identified by Jordaan 

(2017). 

 

Table 2-3: Chain fragility factors 

 

Source: Jordaan (2017) 

 

2.6. ALTERNATIVE APPROACHES TO ASSESS FRAGILITY 

There are several ways in which an assessment of fragility has been taken, but the most closely 

common to this study approach is developed by Stonebraker et al. (2007, 2009), where they 

assess supply chain fragility based on the decisions taken by the management of stakeholders 

on cost evaluation as levels of threat and operational impact (fragility). The authors came up 

with The Goldhar- Stonebraker Supply Chain Fragility Index Matrix to assist with assessing 

sources and impact of fragility, together with sustainability in association with supply chain 

disturbances. However, this approach leaves out an important part of this study argument stated 

early about risk and uncertainty analysis in an attempt to comprehend supply chain disruptions 

rather than their results. 
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The other alternative approach closely related to this study’s approach is developed by 

Korniyenko et al. (2017). The authors assess fragility using network analysis tools for 

evaluation and ranking traded goods’ supply fragility. The network analysis does provide a 

piece of information to study risks associated with supply shocks in systems that are highly 

interconnected with each other (Korniyenko et al., 2017). This approach relates to this study’s 

method based on analysing fragility looking at the interconnectedness of the systems involved. 

However, the minor difference is that this approach assesses fragility of the supply shocks 

based on the characteristics of goods traded in the network systems.     

  

2.7. SUMMARY 

The literature has shown that most agri-food chains have coordination strategies that are 

vertically intensive and tightly integrated to improve their chains’ performance (Anand & 

Grover, 2015). These coordination strategies are preferred for several reasons, such as a 

reduction in transaction costs (Hobbs, 1996), attaining production efficiency (Martinez, 

2002b), production expansion (Ncube, 2018), restricting barriers to entry (Louw et al., 2017), 

catering for technological advances (Louw et al., 2017; Martinez, 2002b), catering for 

challenges that chains face such as “input/output price risks, quantity/quality risks, and 

safety/health risks” (Jordaan, 2017) and increasing concerns about food safety and traceability 

of products to their origins (Van der Merwe et al., 2018; Bailey, 2016). 

 

However, the argument is that increased coordination strategies do not only improve chain 

performance but also expose the vulnerability of chains to unforeseen detrimental events or 

“substantive and procedural uncertainties” (Vilko et al., 2014) because of the 

interdependencies between the chain players (Stecke & Kumar, 2009; Wagner & Bode, 2006; 

Jordaan, 2017; Christopher et al., 2002; Bailey, 2016; Jüttner, 2005; Wagner & Neshat, 2010). 

Jordaan (2017) adds that the increasing and acceleration of chain susceptibility through the 

entire chain relates to the fragility in value chains. 

 

The following chapter provides an overview of the South African egg industry And, in 

particular, the strategies that are used for coordinating within the industry, its value chain 

structure, and the most common risks and uncertainties. 
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CHAPTER 3 

THE STRATEGIES OF COORDINATING IN THE SOUTH 

AFRICAN EGG INDUSTRY AND ITS VALUE CHAIN 

STRUCTURE: AN OVERVIEW 

 

3.1. INTRODUCTION  

South African poultry production remains the most developed and commercialised industry in 

the country’s agricultural sector, with highly intensive production operations (NAMC, 2019). 

The poultry industry is described as the biggest contributor to the country’s agricultural sector 

(Naidoo et al., 2008). It consists of broiler production, egg production, and the ostrich, duck, 

goose, guinea fowl, and turkey industries (Nkukwana, 2018). 

 

In 2017 the poultry industry contributed around 19.8% and 40% respectively to the total gross 

value of agriculture and animal products (SAPA, 2017). The SAPA report states that “the 

19.8% contribution from poultry products breaks down into 15.9% from poultry meat and 3.9% 

from eggs”. The poultry industry is crucial to employment in South Africa. This is because it 

provides about 112 000 jobs for South African people by either direct or indirect employment 

(SAPA, 2017). The industry is one of the biggest consumers in the maize industry and is a 

contributor to and fundamental supporter of several businesses related to it – mainly the 

upstream firms in its value chain (SAPA, 2017). For instance, the feed industry is particularly 

dependent on the poultry industry. 

 

The chapter positions the dissertation in the context of currently relevant information to achieve 

the first specific objective – that is, to identify the most common coordination strategies in the 

South African egg industry. It then compares its strategies with the top egg-producing countries 

internationally. Identifying coordination strategies and mapping the egg value chain structure 

are the first steps towards measuring the fragility of the chain. 

 

3.2. CLARIFICATION OF COORDINATION STRATEGY 

In the context of value chains, it is clear that there are sequential activities required for the 

production of goods, their distribution, their marketing and other services like finances to 

ensure they reach the hands of the consumer (Hobbs, 1996; Jordaan, 2017; Van der Merwe, 
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2017). These activities involve transaction costs since they drive organisations’ economic 

exchange via once-off market exchange to a wider range of the chain (Hobbs, 1996). The 

process in which these activities take place is called vertical coordination structure (Hobbs, 

1996; Jordaan, 2017). Since the occurrence of the activities involves costs of transacting, then, 

the organisational objective is to economise on such costs in the chain (Hobbs, 1996).  

 

The objective is attainable via suitable coordination strategic choice, which guarantees zero 

occurrences of coordination errors and is prevented by costly means of control and operation 

(Jordaan, 2017; Peterson et al., 2001). Also, the success of the value chain in attaining its 

objective is driven by which coordination strategy is suitable (Jordaan, 2017). In consideration 

of this rationality, quoting Peterson et al. (2001), “a coordination strategy may be too costly 

for one of two reasons. First, it allows costly coordination errors to occur. For example, it 

regularly exposes the firm to the opportunism of trading partners, or it results in chronic over 

or underproduction concerning demand. Second, the coordination mechanism creates more 

operating cost than the cost reduction in coordination errors it is designed to control.”  

Coordination strategy inevitably remains an important part of the managerial tool in 

methodising sequential economic exchange in chains to enhance performance (Jordaan, 2017). 

This brings in a coordination question in the egg chain involving different coordination 

strategies, on how the egg chain players determine which strategy to implement, in which 

economic exchange (Jordaan, 2017; Peterson et al., 2001). 

   

3.3. THE SOUTH AFRICAN EGG INDUSTRY’S CHAIN 

STRUCTURE AND ITS CHAIN PLAYERS’ACTIVITIES   

The South African egg industry is the second-largest contributor, after the broiler industry, to 

the poultry sector’s gross turnover (SAPA, 2017). The industry’s product (eggs) ranks as the 

fourth largest animal product industry behind other agri-products in the South African 

agricultural sector, such as poultry meat, beef, and milk (SAPA, 2013). However, eggs’ share 

of the gross value of animal products and all agricultural production declined from 8.5% to 

7.9% and from 4% to 3.9% respectively (SAPA, 2017).  

 

The decline may have been caused by several challenges, such as the 2017 outbreak of HPAI, 

the lingering drought, sky-rocketing feed costs, a decline in egg consumption, the closure of 
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other producers’ operations, and the loss of foreign markets (SAPA, 2017; DAFF, 2018;  

Davids et al., 2018; NAMC, 2019; BFAP, 2018; SAPA, 2017).  

 

3.3.1. The South African egg industry’s chain structure  

The South African egg value chain is structured by different companies and individuals that 

use different strategies to coordinate the achieving of their chain objectives and to add value to 

their products (eggs). The value chain displayed below (Figure 3-1) shows the different stages 

that are involved in adding value to the products (eggs) until they are delivered to consumers. 

These stages mainly consist of breeders, parent stock, hatcheries, inputs to the egg industry 

(feed, financial, and veterinary services), and the market, which entails retailers and consumers.  

 

The stages of egg production are placed strategically to enhance chain performance, and some 

are investment opportunities that have been taken. The South African egg chain is represented 

by a few integrated firms (retailers and commercial producers) and some small, medium, and 

micro enterprises (SMMEs), most of which operate with contracts, equity, or relationship-

based alliances (DAFF, 2018; SAPA, 2017). 
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Figure 3-1: South African egg value chain in 2017 

Source: Compiled from DAFF (2018) and SAPA (2017) 

 

3.3.2. Activities of South African egg chain players  

Breeding stock 

The production of eggs in South Africa begins with the importation of breeders (grandparents), 

with the main breeds for the commercial market being Lohmann and Hyline (DAFF, 2018; 

SAPA, 2017). These breeds come from Europe and America respectively, and the breeding 

stock is distributed through companies such as Pioneer Foods and Golden Lay Farms, which 

pursue joint venture business strategies (DAFF, 2018). The grandparents are reared until they 

reach maturity and can lay hatching eggs, which produce day-old pullets (parents).  
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Parent stock and pullets  

The parent stock (day-old pullets) are distributed through Nulaid Division and Avichick 

(DAFF, 2018). The day-old pullets are sold to some integrated and independent firms and are 

reared to lay eggs to produce pullets (called ‘layers’), which mature in 21 weeks (DAFF, 2018). 

Many pullet-producing companies sell their pullets (layers) to independent egg producers that 

rear them as laying stock so that they mature to produce commercial eggs. 

  

Laying stock and commercial eggs  

Most South African egg producers rear their own laying stock. This is believed to be a crucial 

phase in the life of this stock, as issues that relate to hens’ quality and their efficiency in 

producing eggs matter the most (DAFF, 2018). The other phase of egg production involves 

commercial eggs as the final product. This phase is dominated by a small number of big 

companies, which have a production share of about 51%. These companies are Eggbert, Nulaid, 

and Highveld Co-op (DAFF, 2018; SAPA, 2017). The remaining 49% of production is shared 

by small and medium-sized producers (DAFF, 2018; SAPA, 2017). The different eggs7 – such 

as free-range eggs, barn eggs, and pasteurised eggs – are produced in different sizes, and graded 

and packaged (DAFF, 2018; SAPA, 2017). They are then distributed to several retailers or 

processors.  

 

Retailers and processors 

A small number of big retailers, processors, SMMEs, and informal traders dominate the South 

African market share of eggs (DAFF, 2018). These big retailers use strategies that incorporate 

several independent egg producers being in the quality management schemes and producing 

for the same brand ( Louw et al., 2007; Ortmann & King, 2010; Vermeulen et al., 2008). There 

are some activities in egg production, such as packing and value addition (liquid egg), that are 

vital to the egg chain (DAFF, 2018). Therefore, the big retailers have either integrated strategies 

or subsidiaries to perform these production activities effectively, while small and independent 

producers are contracted to the big retailers (DAFF, 2018; SAPA, 2017; Vermeulen et al., 

2008).  

 
7 Eggs included in this study are mainly free-range eggs, barn eggs, and pasteurised eggs, therefore, 

the term “eggs” represents only these mentioned ones.  
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3.4. INTERNATIONAL EGG CHAIN COORDINATION 

STRATEGIES 

Coordination of the poultry industry among producers in the egg- and broiler-producing 

countries “is explained by risk-sharing, technological progress and innovation dissemination, 

consumer demand for products reputation and uniform quality and access to capital” (Vukina, 

2001). Thus, the coordination of egg production, marketing, and distribution differs between 

emerging economies and developed economies around the world (Mcleod et al., 2009). The 

poultry sector, in general, “has been quick to take advantage of economies of scale and has 

rapidly become consolidated and integrated” (Mcleod et al., 2009). This change has been quite 

rapid in countries that are developed and that trade internationally.  

 

3.4.1. Coordination strategies in the egg industries of the top egg-

producing countries 

The top egg-producing countries in the world are China (with a market share of 37%), the US 

(with a share of 9%), and India (with a share of 5%) (Ahmad et al., 2016; Windhorst et al., 

2015). The egg production and marketing systems in these countries are driven by intensified 

vertical or horizontal coordination. China’s egg industry is the largest one globally (Fu et al., 

2019; Magdelaine, 2011; Windhorst et al., 2015), and is dominated by the top six egg 

producers, which of each possess an average of five million laying hens (Yang et al., 2018). 

These massive egg producers are vertically integrated and can use both backward and forward 

integration systems (Yang, 2011). Yang et al. (2018) mention that there is an increasing 

expectation that Chinese egg producers will adopt more intense vertical coordination in the 

future. Chinese egg production displays similar coordination strategies to those in the US 

(Mench et al., 2011). 

 

The US egg industry is the second-largest egg producer after China (Ahmad et al., 2016; 

Windhorst et al., 2015). This egg industry is dominated by increased vertical coordination 

strategies that exist due to the influence of the following incentives (Martinez (2002b):   

• First, “the emergence of new specialised large-scale technologies that place prominence 

on the quality control and efficient use of information”.  

• Second, “the heightened speed of production, the perishability of the products and 

significance of measuring and sorting costs”.  
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These incentives increase the costs of economic exchange and increase the difficulty of 

obtaining accurate economic information (Martinez, 2002b). The US egg industry thus uses 

tighter vertical coordination strategies (Lo, 2010; Martinez, 2002a, 2002b; Thompson et al., 

2019; Vukina, 2001). 

 

The increased vertical coordination in the US egg industry is mostly done through long-term 

production contracts (Martinez, 2002a, 2002b) and vertical integration (Lo, 2010; Martinez, 

2002a, 2002b). These strategies of coordination enable most of the US egg-producing firms to 

be highly integrated, and so they can deal directly with breeders and obtain parent stock and 

produce their hatching eggs, chicks, and pullets (Hayenga et al., 2000; Rogers, 1979). As a 

result, the integrated companies maintain their egg marketing and distribution operations 

(Martinez, 2002b; Oberholtzer et al., 2006). The leading egg-producing firms in the US own 

egg brands in the country’s retail sector (Dive & Ambade, 2016; Scrinis et al., 2017). The 

branding of agri-products helps to reduce measuring and sorting costs and acts as a quality 

assurance method (Dive & Ambade, 2016; Martinez, 2002a).  

 

The vertical coordination assists with regional integration and industry expansion (Hayenga et 

al., 2000; Ncube, 2018; Ncube et al., 2017), and so requires massive investments (Hayenga et 

al., 2000). This is shown by egg-producing countries that dominate, practise, and can manage 

high vertical coordination strategies in their regions, such as China’s dominance in Asia (Hellin 

et al., 2015) and US dominance in North America (Windhorst et al., 2015). This is probably 

the reason for the significant amount of increased vertical coordination in the egg industries of 

developed economies. However, in many emerging economies, egg production and marketing 

are done by independent smallholder producers that use less intense coordination strategies 

(Mcleod et al., 2009). 

  

3.4.2. Coordination strategies in the egg-producing industries of 

developing countries 

The developing egg-producing countries behind the top two are India, Japan, Mexico, Brazil, 

and Indonesia (Windhorst et al., 2015). In contrast to the top two egg industries, the developing 

egg-producing countries have similar coordination strategies that differ from the two developed 

countries. The existence of vertical integration in the egg industries of developing countries is 

minimal, which may be due to a lack of investment. For instance, in the Indian egg industry, 



37 
 

the commonly practised coordination mechanism is a hybrid, which involves several egg 

cooperatives (Mehta & Nambiar, 2007) and joint venture business strategies (Karthikeyan & 

Nedunchezhian, 2013) in which the chain players of the country’s egg industry form 

partnerships that are based on either equity or trust (Reddy, 2010).  

 

Horizontal coordination seems to dominate the Indian egg industry. This integration acts as a 

measure to ensure a consistent supply of high-quality eggs (Hellin et al., 2015). The integration 

has resulted in more take-overs by retailers to standardise quality, “improve bargaining power 

and achieve economies of scale” (Hellin et al., 2015). Also, the existence of such integration 

and the retail boom in India paved the way to organised retailing (Karthikeyan & 

Nedunchezhian, 2013). The practice of vertical integration in the Indian egg industry is rarely 

seen, unlike in its broiler industry (Reddy, 2010). Therefore, very few leading Indian egg 

producers own their egg value chain fully or partially, from parent breeding to hatcheries, and 

the retail chain outlets (Karthikeyan & Nedunchezhian, 2013).  

 

Coordination in the Brazilian egg industry has similar features of a developing country in egg 

production. The Brazilian egg production system involves independent egg producers that are 

members of different egg cooperatives (Mizumoto & Zylbersztajn, 2004). The wholesalers and 

retailers are the main distribution channels, which several egg producers produce under their 

brands (Mizumoto & Zylbersztajn, 2004; Similä, 2013).  

 

The coordination strategies in the egg industries of Mexico and Indonesia are the same as those 

of India and Brazil. For instance, the Indonesian egg production system also involves the 

distribution of eggs through egg branding channels of wholesalers and retailers (Ahmad et al., 

2016). There are also independent egg producers who are contracted to these retailers, and 

some of the independent producers are producing for certain egg brands that belong to certain 

cooperatives (Ahmad et al., 2016). 

 

3.5. STRATEGIES OF COORDINATING IN THE SOUTH AFRICAN 

EGG INDUSTRY 

The South African egg industry is ranked number 26 among egg-producing countries, with an 

annual production volume of 467,100 tonnes (Windhorst et al., 2015). Its coordination 

strategies are indistinguishable from the strategies of other egg-producing developing 
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countries. The procurement of eggs is organised, managed, and coordinated by a small number 

of firms. These firms form a large production system, and multiple independent egg producers 

operate either on contracts (DAFF, 2018; Nkukwana, 2018; SAPA, 2017; Vermeulen et al., 

2008) or produce for similar egg brands that are owned by retailers and cooperatives (DAFF, 

2018; Louw et al., 2007). Table 3-1 below shows some of the South African egg chain players 

and their chosen coordination strategies for each stage of the egg chain. 

 

There are only a few breeders in the South African egg industry, and they operate on contract 

to supply day-old chicks to the different independent egg producers. However, some day-old 

chick suppliers breed for their own vertically integrated organisations. There are several 

independent egg producers in the South African egg industry that rear and raise their pullets 

for their chicken layer farms, and produce different types of eggs that are pasteurised, free-

range, barn. Many of these producers distribute their products by producing for egg 

cooperatives’ brands or for retailers’ brands (DAFF, 2018) such as Highveld’s Topley, Pick n 

Pay’s No Name, or Shoprite’s Rebrand (Louw et al., 2007). These egg producers practise 

vertical integration, contracting alliances based on either equity or trust to achieve their chain 

objectives (Karwat-Woźniak, 2013; Peterson et al., 2001; Sjauw-Koen-Fa et al., 2016). 
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Table 3-1: Different coordination stages of South African egg producers 

 

Sources: Compiled from DAFF (2018), SAPA (2017), and from the profiles of the listed 

companies 

 

Table 3-1 displays the different forms of coordination strategy most commonly used by the 

chain players in the South African egg industry. Some producers are vertically integrated, from 

breeding stock to rearing and raising pullets, owning chicken layer farms, producing eggs, and 

owning their retail outlets or contracting with egg processing companies that transform shell 

eggs to liquid or powdered eggs (Oliveira et al., 2013). Other producers use joint venture 

business strategies by being in relationship-based or capital-based partnerships (Williams, 

2019) with retailers, or they operate in contract conditions with retail outlets (Louw et al., 

2008). 
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Vermeulen et al. (2008) highlight that “the incorporation of emerging farmers is usually done 

through the distribution of empowerment shares to farmworkers in the egg industry”. The 

authors add that independent emerging producer operates on specified contracts that state the 

volume, quality, and delivery date requirements, and the range of egg prices. In essence, the 

South African egg industry under commercial production excludes the open market and that’s 

the focus for this study. Since commercial production includes mainly a token number of big 

firms that pursue lean and highly integrated strategies and some independent producers that 

operate on long-term production contracts (DAFF, 2018; Nkukwana, 2018; SAPA, 2017; 

Vermeulen et al., 2008).  

 

3.5.1. Strategic choices along the vertical coordination continuum in the 

South African egg chain   

Based on the information in Table 3-1, the dominant coordination strategy seems to be a hybrid 

one, consisting of contract specifications, an alliance based on equity or relationships, joint 

business ventures, and cooperatives (Peterson et al., 2001), while vertical integration is 

minimally represented. The decision of the coordination stage taken by these chain players is 

indicated by label (x) under each stage. The more label (x) appears as the direction of 

coordination shifts from left to right, imply that many players operate using coordination 

strategies such as cooperation membership, partnership formation based on either trust of 

equity or contract basis. This means that the most dominant strategy is hybrid in the south 

African egg industry as the about mentioned strategies of coordination all fall under hybrid. 

Figure 3-2 below displays different strategic choices for vertical coordination that are taken to 

enhance business chain performance (Anand & Grover, 2015; Schiefer et al., 2009; Van der 

Merwe, 2017).  

 

The strategic choices have different characteristics of coordination shown in Figure 3-2 

(Peterson et al., 2001; Wognum & Wever, 2008; Zhong et al., 2018). The interdependency 

(intensity of control) is one of the main arguments built into this study. The figure shows that 

intensity of control increases from the spot market to the vertical integration along the 

horizontal axis denoting an increase in vertical coordination. South Africa egg chain players 

have a high intensity of control in their value chain as they pursue either hybrid (contractual 

relationship, relation, or equity-based alliance) or vertical integration for strategic coordination.
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Figure 3-2: Strategic choices for vertical coordination and their determining variables   

Source: (Schiefer et al., 2009; Van der Merwe, 2017) 
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As a result, the interdependencies between the chain players in the South African egg industry 

act as catalysts for its chain fragility. This is because they expose the chain to risks and 

uncertainties that seem to be disruptive and detrimental. 

 

3.6. RISK AND UNCERTAINTY IN THE SOUTH AFRICAN EGG 

INDUSTRY 

Coordination in the egg chain is arranged in different ways to deal with the operational risks 

(Kleindorfer & Saad, 2005; Sodhi et al., 2012; Tang, 2006) shown earlier; these risks are 

associated with the coordination of supply and demand together with the uncertainties within 

such strategies. This dissertation does not particularly focus on such risks, but rather on the 

disruptive risks that result in catastrophic impacts such as the closure of businesses (Bailey, 

2016; Jordaan, 2017; Kleindorfer & Saad, 2005; Sodhi et al., 2012; Tang, 2006). The disruptive 

risks deal with events that occur due to crises (Bailey, 2016; Jordaan, 2017; Kleindorfer & 

Saad, 2005). These events result in risks that are categorised as having a low likelihood but a 

high consequential impact (Bailey, 2016; Jordaan, 2017; Kleindorfer & Saad, 2005).  

Inevitably, unforeseen events serve to underline that agri-food chains, such as the South 

African egg chain, are vulnerable to variables in the fragility that emanate from internal, 

external, or chain factors (Bailey, 2016; Jordaan, 2017; Stonebraker et al., 2009). The events 

can also result in escalating susceptibility throughout the entire chain (Bailey, 2016; Jordaan, 

2017; Peck, 2005). This dissertation focuses on these disruptively risky events that occur in the 

South African egg industry. 

 

3.6.1. The outbreak of highly pathogenic avian influenza  

The most recent and deadliest event was the 2017 outbreak of HPAI, which occurred first in 

the broiler industry on 19th June 2017 (Abolnik et al., 2018; BFAP, 2018). The outbreak 

occurred in the egg industry in Standerton in Mpumalanga province (SAPA, 2017). The report 

by SAPA (2017) highlights that control measures were put in place to contain and prevent 

further outbreaks. However, more outbreaks occurred in other provinces, such as Gauteng, 

North West, Western and Eastern Cape, Free State, and KwaZulu-Natal; and these outbreaks 

hit the commercial layer sector the worst (SAPA, 2017).  

 

Seventy-eight outbreaks were reported in 2017, which included commercial ostrich farms 

(SAPA, 2017). The consequences were that 4.69 million laying hens died, some of which were 
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selectively slaughtered; and millions of eggs that were produced daily by hens that were put 

under quarantine were reported to have been destroyed (SAPA, 2017). About 25 South African 

egg farms went out of production (Davids et al., 2018; SAPA, 2017). Furthermore, product 

recalls were made, which resulted in about 3.7 million eggs per day being removed from the 

market (SAPA, 2017). The consequences of the outbreak, the product recalls, and the decline 

in egg production caused an increase in egg retail prices and a decline in egg consumption 

(Davids et al., 2018; BFAP, 2018; SAPA, 2017).  

 

The control measure that was taken to contain the outbreak was to cull affected birds while a 

possible vaccination strategy was being considered (Davids et al., 2018; BFAP, 2018). The 

culling of birds – the strategy used – came with compensation for the affected producers 

(Davids et al., 2018; BFAP, 2018; SAPA, 2017). Nevertheless, some major financial losses 

were reported by the Bureau for Food and Agricultural Policy (BFAP), including biological 

and income losses and direct costs which all amounted to R1.87 billion (BFAP, 2018; Davids 

et al., 2018; BFAP, 2018; SAPA, 2017). These financial losses represented about 18% of the 

gross value of egg production, and the egg industry suffered 76% of the income lost due to the 

outbreak in 2017 (SAPA, 2017).  

 

Fundamentally, detrimental events such as this outbreak disrupt the normal functioning of a 

chain, expose its vulnerability, and contribute to the closure of businesses (Christopher et al., 

2002; Engber, 2012; Jordaan, 2017; Kleindorfer & Saad, 2005). Disease outbreaks such as an 

HPAI outbreak are factors that are that contribute to chain fragility (Jordaan, 2017; Stonebraker 

et al., 2009). 

 

3.6.2. Regulatory and compliance issues 

Regulatory and compliance changes disrupt the normal functioning of a chain (Jordaan, 2017; 

Stonebraker et al., 2009). The South African Government Gazette published on 15th April 2016 

contains information about the Agricultural Product Standards Act (Act 119 of 1990) (DAFF, 

2019). According to SAPA (2017), DAFF has appointed an agency, Food Safety and Quality 

Assurance (FSQA), to deal with the regulation of agri-food products in respect of marking, 

grading, and packing eggs destined for sale in South Africa. The FSQA was appointed as an 

independent agency that has to make sure that food safety and the quality of agri-food products 

that are either imported or produced in the country meet the required standards (DAFF, 2019; 
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SAPA, 2017). The agency has also defined the methods of producing eggs – barn eggs, organic 

eggs, free-range eggs, and caged eggs – that should be followed.  

 

All these regulations came into effect on 15th April 2017 (SAPA, 2017). This affected egg 

producers, as the gazetted fee of R1.8 per dozen, had to be paid by the producers to fulfil the 

regulations. The producers also have to incur the costs of travelling and laboratory fees (SAPA, 

2017). However, after several objections were lodged, the fee was decreased to R0.72 per 

dozen (SAPA, 2017).  

 

The literature has shown that compliance and regulatory issues disrupt the normal functioning 

of a chain and that they are regarded as external factors that contribute to the fragility of a chain 

(Jordaan, 2017; Stonebraker et al., 2009; Vlajic et al., 2012). These regulatory issues faced by 

the egg value chain are regarded as one of the many disruptive events that can contribute to the 

fragility of the egg chain. 

 

3.6.3. Lingering drought  

South Africa has experienced a crippling drought in recent years that has had a severe impact 

on agriculture as a whole, with the Western Cape province being the most severely affected 

(Archer et al., 2019; SAPA, 2017). Weather-SA (2018) stated that South Africa is susceptible 

to continual droughts, with the long-term annual rainfall estimated at 600mm. Most egg 

producers in the provinces that were worst affected due to lack of water for operations at their 

farms – the Western Cape, the Eastern Cape, and KwaZulu-Natal – are still dealing with the 

consequences of that lingering drought (SAPA, 2017). The dam levels in those provinces are 

recovering, but at a slower rate (SAPA, 2017). The drought elevates the prices of products such 

as maize (Moobi, 2019), which in turn become a high input cost to the egg industry. 

 

The drought is thus an environmental issue that disrupts the normal functioning of a chain and 

exposes its vulnerability (Christopher & Peck, 2004; Vlajic et al., 2012). It is thus regarded as 

an external factor that contributes to the fragility of a value chain (Jordaan, 2017; Stonebraker 

et al., 2009; Vlajic et al., 2012).  
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3.6.4. A decline in the consumption of eggs   

The consumption of eggs has dropped recently for the reasons stated by Davids et al. (2018) 

and SAPA (2017): retail price increases, and the outbreak of HPAI. The decline of egg 

consumption is a negative spillover effect caused by few issues raised by SAPA (2017) below 

and this spillover disrupt the normal functioning of the egg chain, hence, it is regarded as a 

disruptive event8: 

• The latest studies of cholesterol and high egg protein and fat contribute significantly to 

the decline in egg consumption.  

• Concerns about food safety (eggs are associated with bacterial diseases such as 

salmonella) are assumed to have contributed to the decline.  

• Constrained consumer spending is assumed to be a third contributor to the decline.  

 

These are assumed to be the main contributors to the decline in the demand for eggs in South 

Africa (SAPA, 2017). The figure below displays annual egg consumption per capita, revealing 

a massive drop in egg consumption in South Africa in 2017. 

 

 

Figure 3-3: Declining annual consumption of eggs per capita in the South African 

market   

 

Source: SAPA (2017)  
 

 
8 The negative spill overs effects are regarded as consequences of disturbances and these effects fall 

under disruptive events because their disruptions on a normal functioning of a chain.  
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The drop in the egg consumption rate in South Africa left most firms with poor cash flow, as 

eggs are their main product. The cash flow is regarded as an internal fragility factor of the agri-

food value chain (Jordaan, 2017; Jordaan & Kirsten, 2019), and can result in the closure of 

businesses if the firm has a very poor cash flow, as the incoming cashflow would be insufficient 

to meet the outgoing cash flow needs of the business. 

 

2.3. SUMMARY  

Coordination strategies – such as long-term contracts, lean operations, outsourcing, vertical 

integration, horizontal integration, and alliance partnerships based on either equity or 

relationships – are commonly used in the South African egg industry (Vermeulen et al., 2008). 

Most retailers, big commercial egg producers, and cooperatives use channels such as grouping 

producers under the same quality management schemes, or producing for the same egg brand, 

as their way of enhancing their chain performance (Louw et al., 2007; Vermeulen et al., 2008). 

All these strategies and channels lead to increased coordination, which creates the 

interdependencies and interconnectedness between chain players (Jordaan, 2017; Wever et al., 

2012a). In return, the interdependencies expose the vulnerability of the chain to the 

detrimentally disruptive events that were mentioned above, and many more (Christopher et al., 

2002; Jordaan, 2017; Stonebraker et al., 2009; Wagner & Bode, 2006). 

 

The more often that such disruptive events occur, the more vulnerable the chain becomes. That 

is, if a single chain player is affected or disrupted, that disruption can spread rapidly throughout 

the entire chain because of the existing interdependencies between chain players (Jordaan, 

2017) – hence the emphasis that Jordaan (2017) places on the fragility of a chain. The focus of 

this dissertation is therefore on coordination strategies in the South African egg industry, and 

the interdependencies they create between chain players, to highlight the fragility concept. 

Fragility is detrimental to business continuity and leads to the collapse of a value chain.  

 

The South African egg value chain is considered for empirical analysis in this study. This 

empirical analysis takes into account the notable popularity of fragility as a concept and justifies 

the fragility measure framework developed for agri-food chains by Jordaan (2017). Thus, this 

chapter leads into the next chapter, which describes the methodology of this study. 
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CHAPTER 4 

METHODOLOGY 

4.1 INTRODUCTION  

This chapter discusses the measurement of the fragility of the South African egg value chain, 

considering the different arrangements of the chain’s coordination strategies. The measurement 

is carried out using an approach called heuristic stress-testing, which was developed by Taleb 

et al. (2012); its first application in the value chain context was done by Jordaan (2017). The 

approach is used to assess whether systems such as value chains (Jordaan, 2017) can withstand 

the consequences of adversely disruptive events.  

 

The chapter also describes the methods used to collect and analyse data and provides the details 

about the unequal variance t-test on the comparative fragility analysis of two egg chains’ 

configurations to provide accurate results and a justification of the fragility analysis. It then 

outlines the descriptive overview of the respondents and the accuracy of the sample size are 

provided. 

 

4.2 MEASURING VALUE CHAIN FRAGILITY 

This study adopted the tool to measure value chain fragility by Jordaan (2017) and Jordaan and 

Kirsten (2019), which presents each of the 17 value chain fragility factors explained in the 

second chapter of this dissertation. The same procedure with the respondents is followed as 

that used by Jordaan and Kirsten (2019): 

 

 “…the respondents’ reactions were elicited in response to a progressively worsening 

adverse event, concerning the specific factor. The extent of adverse events was worsened 

in 10% increments from 10% to 90% and respondents were required to indicate the 

corresponding impact of the adverse event on business continuity in 10 equally sized 

incremental categories, ranging from 0%–10% to 90%–100%.”  

 

For more details refer to the questionnaire in the appendix on page 92 of this dissertation. 

 

As already stated, the measurement of fragility in the South African egg value chain was carried 

out using heuristic stress testing. This approach sought to evaluate the value chain’s fragility 
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rather than a specific incident that would reveal its fragility. Also, this approach did not give a 

single measure that confines all fragility factors for agri-food chain (Jordaan, 2017). Thus a 

procedure is used to put in place a composite index for each value chain player, and then 

combine the composite indices of the respective chain players to come up with an outcome that 

indicates the chain’s fragility (Jordaan, 2017).  

 

For more details, Taleb et al. (2012), Jordaan (2017), and Jordaan and Kirsten (2019) provide 

information on the application of a heuristic for fragility detection in the context of stress 

testing in the banking sector. Their perspective on heuristic stress-testing entails:  

 

“... averaging the model results over a range of shocks. When convexity effects are 

present, the average of the model results will not be equal to the model results of the 

average shock. The heuristic is a scalar that measures the extent of that deviation, and 

is calculated as H, where:  

 

Equation 4-1: H = 
𝐟(𝛂−∆)+𝐟(𝛂+∆)

𝟐
 – f(α) 

 

f(x) is the profit or loss for a certain level α in the state variable concerned, or a general 

vector if we are concerned with higher dimensional cases. ∆ is a change in α, a certain 

multiple of the mean deviation of the variable. The severity of the convexity expressed 

by H should be interpreted concerning the total capital (for a bank stress test, or GDP 

for a sovereign debt stress debt), and can be scaled by it, allowing for comparability of 

results, and hence an ordinal ranking of fragilities, among similar types of institutions. 

When H=0 (or a small share of the total capital) the outcome is robust, in the sense that 

the payoff function is linear and the potential gain from a smaller (by the amount ∆) x 

is equal to the potential loss from an equivalently sized larger x. When H<0, and 

significantly so concerning capital, the outcome is fragile, in the sense that the 

additional losses with a small unfavourable shock (that is, compared to a given tail 

outcome) will be much larger than the additional gains with a small favourable shock. 

Thus, volatility is bad in such a situation; that is, we can say that an institution for which 

H is negative is ‘fragile’ to higher volatility. When H>0 the output is anti-fragile, with 

the sense that additional losses with the unforeseen event will be much lower than 

additional gains as a shock would be a favourable one.” 
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Figure 4-1 below shows the concept explained above.  

 

 

Figure 4-1: Fragile results of heuristic stress test 

Source: Adopted from Taleb et al. (2012), Jordaan (2017), and Jordaan and Kirsten (2019) 

 

The action plan to measure the South African egg value chain’s fragility is represented by most 

of the value chain fragility factors – internal and external – as stated in the literature review. 

The above procedure is put in place to assist with assessing the comparative fragility analysis 

of two different egg value chains’ coordination strategies. 

 

4.3 COMPARATIVE VALUE CHAIN FRAGILITY ANALYSIS 

The specific reason for choosing the heuristic stress testing approach was because of Jordaan 

and Kirsten (2019) state that the approach gives the techniques to cross-examine the concept 

that there is some sort of relationship between the strength of a value chain’s coordination 

strategy and its fragility. Therefore, as stated before, the approach does not give a single 

measure that confines all fragility factors for agri-food chain (Jordaan, 2017). To come up with 

a measure of fragility, Jordaan (2017) and Jordaan and Kirsten (2019) state that there is a 

development of “a composite index per chain player and final score denoting ‘value chain 

fragility’, comprised of all the composite indices of each value chain player in the chain being 

analysed”. 
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As a result, to complete a single measure of fragility, a polygon is developed with final sub-

index values, which entails the fragility of a particular chain that is being analysed (Jordaan & 

Kirsten, 2019; Jordaan, 2017; Gopal & Thakkar, 2015). For comprehensive details on this 

approach, Jordaan (2017) and Jordaan and Kirsten (2019) state their perspective as follows:  

 

“… the point where the axes meet corresponds to a value of 0. The value corresponding 

to the edges of the polygon is 0.4461. The larger the area of the polygon is, the greater 

the fragility of the individual chain player under analysis is. The area of the polygon is 

calculated by dividing the total area of the polygon into triangles. Then, using the 

formula (0.5*a*b*sin (360/17)), the area of each separate triangle is calculated and 

summed to arrive at a total value for fragility.” 

 

Jordaan and Kirsten (2019) emphasise that the above-explained procedure is then used to 

combine the individual fragility scores per chain player into a composite index that represents 

the measure of fragility for the whole chain. For simplicity, Jordaan and Kirsten (2019) 

summarise the steps required to accomplish a measurement of a value chain’s fragility: 

 

Step 1 – determine the fragility of each of the fragility factors for each player. 

 

Step 2 – combine each of the fragility outcomes per fragility factor into a composite 

index of fragility for each chain player. 

 

Step 3 – combine each of the fragility outcomes per chain player into a composite 

index of fragility for each chain. 

 

This means that there is a specific trade-off between chain performance and chain fragility 

(Jordaan, 2017). Thus, the South African egg value chain is considered in two different 

configurations to compare its coordination strategies for a comparative analysis of its fragility. 

 

1. The first configuration of the chain incorporates the lower levels of the vertical linkages 

(low levels of interconnectedness and interdependency). 
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2. The second configuration of the chain incorporates the higher levels of the vertical 

linkages (high levels of interconnectedness and interdependency). 

 

Then the unequal variance t-test is used to test whether the average fragility of the two different 

egg value chains, which possess different levels of interdependency among their chain players, 

are significantly different from each other. Below are two hypotheses for the activity. 

 

1. The null hypothesis: There is no statistically significant difference in the average chain 

fragility of the two different South African egg chain coordination strategies.  

 

2. The alternative hypothesis: There is a statistically significant difference in the average 

chain fragility of the two different South African egg chain coordination strategies. 

 

The data collection was carried out through an emailed questionnaire and arranged interviews. 

A stratified and random sampling selection of the South African egg value chain players was 

conducted. The different activities in the chain were the strata, and within these strata, 

respondents were randomly selected sources. The data analysis was carried out using Microsoft 

Excel.  

 

4.4. OVERVIEW OF THE RESPONDENTS AND ACCURACY OF THE 

SAMPLE SIZE 

A stratified and random sampling selection of the South African egg value chain players was 

conducted. The 195 randomly selected members from South African commercial egg chains 

were invited to participate in the study; the questionnaire was then presented and distributed to 

them. The response rate was 37.4% (73 complete questionnaires). The respondents were 

distributed across the egg chain configurations, as shown in Figure 4-2 below, but mainly in 

vertical integration, specified contracts, equity-based alliances, and relationship-based 

alliances.   

 

The sample size of 73 respondents offered a marginal error of 10% and a confidence level of 

90% for the adequacy of the sample, given that the total population size was 1,216 egg 
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producers, 43 pullets rearers, and 29 retailers (SAPA, 2017; DAFF, 2018; Igumbor et al., 

2012). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2: Distribution of respondents from South African egg chain 

 

4.5. SUMMARY  

This chapter described the methodology used to attain two specific objectives of the study: to 

measure the fragility of the South African egg value chain, and to carry out a comparative 

fragility analysis of the South African egg value chain by a comparison of two egg chains. Both 

objectives were achieved using heuristics stress testing. Then a comparative fragility analysis 

was done using the unequal variance t-test to compare two egg chains with different 

coordination strategies (high and low interconnectedness and interdependencies). This was 

done to simulate the variation of possible results for the fragility of the two chains.  

This chapter leads into chapter 5, which addresses the results and discusses them. 
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CHAPTER 5 

RESULTS AND DISCUSSION 

5.1. INTRODUCTION 

The previous chapters provided an overview of the study’s problem statement, its objectives, 

its conceptual framework, and details about the methods and procedures used in the study. This 

chapter presents the fragility analysis and fragility results and discusses them. The fragility 

results are presented based on fragility factors, fragility scores per chain player, and fragility 

scores of specific individual chain structures. Then the fragility analysis compares the two 

South African egg chain configurations, which involve levels of interdependencies between 

chain players as the study hypotheses have highlighted. 

 

This chapter outlines the findings of the heuristic stress testing are presented; and last, the 

reports of the fragility results are followed by a discussion of the results.  

 

5.2. FRAGILITY SCORES PER FACTOR  

The results of the fragility analysis showcase a notable outcome of the average fragility scores 

of the fragility factors and this is the first step of measuring fragility as stated in chapter 4, 

which is to determine the fragility of each of the fragility factors for each player. The fragility 

scores result from two South African egg chain configurations representing two chains: one 

with higher levels of interdependency between its chain players (Figure 5-1 below), and the 

other with lower levels of interdependency between its chain players (Figure 5-2 below).  

 

These scores confirm what Jordaan (2017) and Jordaan and Kirsten (2019) say about “non-

linear effects” that are in correlation with the fragility of any particular factor. These effects 

ultimately indicate the susceptibility of a factor to unforeseen and highly detrimental events. 

Both Figure 5-1 and Figure 5-2 show the fragility scores per factor for each of the egg chain 

configurations and its chain players. The negative scores, which are known as the negative 

convexity effect, specify fragility, while the positive scores, known as the positive convexity 

effect, specify anti-fragility (Jordaan, 2017; Jordaan & Kirsten, 2019). 

 



54 
 

Based on the results presented in Figures 5-1 and 5-2, the fragility factors such as business 

operational reliability, products’ quality, and safety performance, supporting infrastructure, 

business’s cash-flow position, and buyer and supplier reliabilities have high fragility scores.
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Figure 5-1: Average fragility per factor in South African egg chain with higher levels of interdependency
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Figure 5-2: Average fragility per factor in South African egg chain with lower levels of interdependency
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Figures 5-1 and 5-2 also show the factors that display anti-fragility, because they possess 

positive convexity effects across both chains and for their chain players. These factors are the 

state of the economy and prices, social stability and public relations, information sharing with 

the buyer, and private and public compliance requirements. These positive convexity effects 

differ across the chain players in both configurations. The only two factors that display the 

effects for egg producers in both chains are social stability and public relations, together with 

private and public compliance requirements, while information sharing with the buyer is the 

only factor that displays the effects for pullet rearers that are in the chain configuration with 

lower levels of interdependencies. Last, the state of the economy and prices displays minimal 

effects for the retailers in both chains’ configurations.  

 

Although it is important to consider fragility scores per factor, it is also important to consider 

the fragility factor across the chain players in the same chain configuration. Also, the 

consideration ranks the most important factors per player to determine whether there is any 

convergence across the chain of the same factors. This determination provides important 

information and knowledge about which chain player is more exposed to uncertainty under that 

factor. 

 

Therefore, in the chain configuration with higher levels of interdependencies, it is notable that 

the following factors are important to all chain players due to their higher fragility scores: 

supplier reliability, buyer reliability, cash flow position, and operational reliability. The 

following factors such as information visibility and relationship with the supplier are key for 

retailers, while the training of human resources and chain complexity is key for pullet rearers, 

and egg producers most face quality and safety performance requirements. Furthermore, all 

these factors are vital for chain players in the chain configuration with lower levels of 

interdependencies.  

 

In other words, quite a few factors – such as like operational reliability, quality and safety 

performance, and the training of human resources – are vital to pullet rearers and egg producers 

in the chain with lower interdependencies; supporting infrastructure is an important factor for 

retailers and egg producers, and the cash flow position is the only fragility factor that is key for 

all chain players in both egg chain configurations. Consequently, the chain players are exposed 
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to uncertainty in different ways, even though they are in the same chain configuration. The 

figures below (Figures 5-3, 5-4 and 5-5) show the fragility of each chain player in both chain 

configurations.  

  

5.3. FRAGILITY PER CHAIN PLAYER 

The results of the fragility per chain player (from Figures 5-3 to 5-5) show that pullet rearers 

and retailers have a higher exposure to fragility than do egg producers under both chain 

configurations, this is seen by larger areas of their polygons. The results support the 

observations of Jordaan (2017) and Jordaan and Kirsten (2019) that there is a connection 

between the differences in the fragility factor per chain player and the equal size of the total 

fragility per chain player. As stated in Chapter 4, “the larger the area of the polygon is, the 

greater the fragility of the chain player under analysis is” (Jordaan & Kirsten, 2019). Thus, the 

observation supports the finding of Jordaan (2017) and Jordaan and Kirsten (2019) that the 

massive impact but infrequent incidence for a particular chain player could predictably have 

an indistinguishable impact on the other chain player. 

 

A fascinating observation drawn from the results is that all the chain players in both chain 

configurations are differently exposed to fragility. That is, the chain players in one 

configuration with similar levels of interdependencies possess differences in the fragility they 

face. This means that the chain players are exposed to uncertainty differently. This suggests 

that, even though players have the same levels of interdependencies, their fragility scores differ 

due to their distinctive features. For instance, the pullet rearers are exposed to more uncertainty 

than are the egg producers and retailers in both configurations as shown by Figure 5-6. That is, 

in whatever chain configuration they operate, that does not change anything, as they have 

sequential interdependencies in both chains. However, further reasons were not assessed, as 

that would have required further analyses that were beyond the scope of the study.  
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Figure 5-3: Fragility of pullet rearers in South African egg chain with lower levels of 

interdependency and with lower levels of interdependency  

 

Figure 5-4: Fragility of egg producers in South African egg chain with lower levels of 

interdependency and with lower levels of interdependency 

-20

-15

-10

-5

0

5

Relationship with the

supplier
Relationship with the

buyer
Information Sharing with

the buyer

Information sharing with

the supplier

Chain complexity

Data analysis and

decision making

The state of economy and

prices

Social stability and

public relations
 Supporting infrastructure

Public and private

compliance requirements

Operational reliability

Quality and safety

performance

Training of human

resource

Information visibility

Cash-flow position

Buyer reliability

Supplier reliability

Higher levels of interdependency Lower levels of interdependency

-15

-10

-5

0

5

10

Relationship with the

supplier
Relationship with the

buyer
Information Sharing with

the buyer

Information sharing with

the supplier

Chain complexity

Data analysis and

decision making

The state of economy and

prices

Social stability and

public relations
 Supporting infrastructure

Public and private

compliance requirements

Operational reliability

Quality and safety

performance

Training of human

resource

Information visibility

Cash-flow position

Buyer reliability

Supplier reliability

Higher levels of interdependency Lower levels of interdependency



60 
 

 

Figure 5-5: Fragility of retailers in South African egg chain with lower levels of 

interdependency and with lower levels of interdependency 
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Figure 5-6: Comparison of fragility per chain player in two specified South African egg 

chains 

 

5.4. COMPARING THE FRAGILITY OF TWO EGG CHAIN 
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Thus, the polygon’s area in the egg chain with higher levels of interdependency between chain 

players is 225 815, while the polygon’s area in the egg chain with lower levels of 

interdependency between chain players is 114 624. Both of these values that represent chain 

fragility indicate that South African egg chain fragility was attainable using Jordaan (2017) 

framework. Then, Figure 5-7 below shows the overall fragility of the South African egg value 

chain’s two chain configurations.  

 

To achieve the dissertation’s third objective, a comparative analysis of the two chain 

configurations was performed. This found that the egg chain with higher levels of 

interdependency was significantly more fragile than the one with lower levels of 

interdependency. Also, an unequal variance t-test was performed to justify the significance of 

the difference between the two chain configurations. 

 

 

Figure 5-7: Comparison of overall chain fragility of two specified South African egg 

chains 
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To justify the significant differences, the hypotheses of the study were tested as to whether the 

fragility averages of the two South African chain configurations were statistically and 

significantly different. Using a 5% level of significance and a degree of freedom of 30, the 

critical value of 2.042 under two tails was less than the calculated t-value of 2.364. This 

indicated that the calculated t-value was greater than the critical value at a significance level of 

5%. Thus, the null hypothesis – that there is no statistically significant difference in the chain 

fragility means of the two South African egg value chain strategies – was rejected. The 

alternative hypothesis – that there is a statistically significant difference in the chain fragility 

means of the two South African egg value chain strategies – was therefore not rejected.  

 

In this specific instance, the difference between the chains’ configurations is associated with a 

variety of differences at the level of the factor and the chain player (Figure 5-6) led to a 21% 

higher overall chain fragility (Figure 5-7) of the chain with higher levels of interdependency. 

That is the chain’s higher fragility results from the extensive fragility at the levels of pullet 

rearers and retailers. Interestingly, this implies that the increased coordination intensity of 

South African egg value chains results in increased levels of interdependency between their 

chain players, which increases the fragility of the chain. 

 

5.5. DISCUSSION 

This chapter aimed to measure the fragility of the South African egg value chain and to perform 

a comparative analysis of the chain’s two configurations. This aim was attained by following 

the steps that are explained in Chapter 4: first, determining the fragility of each of the fragility 

factors per chain player (Figure 5-1 and Figure 5-2); second, combining each of the fragility 

outcomes per fragility factor into a composite index of fragility for each chain player (Figure 

5-3 to Figure 5-5); and third, combining each fragility’s outcomes per chain player into a 

composite index of fragility for each chain (Figure 5-7). 

 

These steps of measuring the fragility of the chain are equally essential, as they enable a supply 

chain manager or an analyst to identify the causes or catalysts of the fragility at a specific level 

of analysis, which can be at factor level, chain player level, or chain level (Jordaan & Kirsten, 

2019). Such comparative analysis can be done at any of those levels and is essential to trace 

and recognise the magnitude of such fragility. This measure of fragility for the South African 

egg value chain supports the finding of Jordaan and Kirsten (2019) that “the ability to measure 
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fragility, therefore, enables the prioritisation of factors for purposes of strategic decision-

making at a range of levels in the chain”. Thus, the results of the analysis show that, at factor 

level, a higher priority should be given to those fragility factors that have high fragility scores. 

These factors are a business’s operational reliability, product quality and safety performance, 

the supporting infrastructure, a business’s cash flow position, and supplier and buyer 

reliabilities (Jordaan & Kirsten, 2019; Jordaan, 2017; Stonebraker et al., 2009). However, the 

results have shown that these factors did not occur across all of the chain players. 

 

Ultimately it is imperative to consider the fragility factor across chain players in the same chain 

configuration. Also, that consideration should rank the most important factors per player to 

determine whether there is any convergence of the same factors across the chain. In return, that 

determination should provide important information and knowledge that shows which chain 

player is more exposed to uncertainty for each factor. Thus, supplier reliability, buyer 

reliability, cash flow position, and operational reliability rank high in the chain configuration 

with higher levels of interdependencies (Wever et al., 2012b; Jordaan & Kirsten, 2019), while 

training of human resources and supporting infrastructure rank high in the chain configuration 

with lower levels of interdependencies (Jordaan, 2017; Stonebraker et al., 2009). 

 

Some factors display anti-fragility because they possess positive convexity effects across both 

chains and for their chain players. These factors are the state of the economy and prices, social 

stability and public relations, information sharing with the buyer, and private and public 

compliance requirements (Jordaan, 2017; Jordaan & Kirsten, 2019). Their convexity effects 

differ from chain to chain. However, information sharing with the buyer is the factor that 

displays the positive effects in chain configuration with lower levels of interdependencies, 

while private and public compliance requirements rank high in the chain configuration with 

higher levels of interdependencies. However, the only two factors that rank high under both 

chains are social stability and public relations and the state of the economy and prices. 

 

The results show that, at chain player level, pullet rearers and retailers are exposed to higher 

uncertainty than egg producers because of their higher fragility scores (Figure 5-6). Therefore, 

the chain players are equally responsible for the task of fragility management for the entire 

South African egg value chain. Their responsibility mainly includes the discussion and 

restructuring of strategies that could assist with the reduction of fragility through the whole 

chain due to the existing interdependencies among themselves.  
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The comparative analysis of the two configurations of the South African egg value chain raised 

the relationship between strategies of coordinating and fragility. The results of the analysis 

show that increased coordination in strategies such as vertical integration and contracting 

results in sequential interdependencies (Wever et al., 2012a; Lazzarini et al., 2001; Jordaan, 

2017), which result in the increased fragility of a chain (Jordaan, 2017). These findings concur 

with those of Jordaan and Kirsten (2019) on the South African lamb value chain: that there is 

a relationship between increasing coordination intensity and increasing fragility. The findings 

also support an argument of Jordaan (2017) that “increasing fragility is due to the increasing 

vertical coordination intensity and not that the coordination intensity is due to this fragility”. 

 

Furthermore, the results also concur with the literature that suggests that leaner and highly 

integrated strategies – such as contracting and vertical integration – are due to increased 

coordination as major ways to reduce costs and risks within supply chains (Maslaric et al., 

2013; Jordaan, 2017; Cadot, 2015; Watabaji et al., 2016; Weseen et al., 2014; Martinez, 2002a, 

2002b). These coordinating strategies produce the interdependencies between chain players 

(Jordaan, 2017; Lazzarini et al., 2001; Wever et al., 2012a) and these interdependencies, in 

turn, expose the vulnerability of chains that pursue such lean and highly integrated strategies 

due to disruptive and detrimental events with very low likelihoods but huge impacts (Bailey, 

2016; Simba et al., 2017; Kleindorfer & Saad, 2005; Jüttner, 2005; Wagner & Bode, 2009; 

Vlajic et al., 2013; Christopher et al., 2002; Wagner & Neshat, 2012). Also, increased chain 

vulnerability as a harmful stressor relates to chain fragility (Jordaan, 2017).  

 

5.6. SUMMARY 

This chapter has shown the results of measuring the fragility of the South African egg value 

chain. The measurement has revealed the quantification and the magnitude of both negative 

and positive convexity effects (Jordaan, 2017; Jordaan & Kirsten, 2019) at the factor, chain 

player, and chain levels. The fragility measurement of the egg chain is akin to heuristics stress-

testing, in that the responses at the three levels were tested against fragility factors that were 

continually deteriorating (Jordaan & Kirsten, 2019). On both factor levels, the following 

fragility factors ranked high: a business’s operational reliability, product quality and safety 

performance, a supporting infrastructure, a business’s cash flow position, and supplier and 

buyer reliabilities.  
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Then, on the chain player level, the chain players of a chain with higher levels of 

interdependency between its members are exposed to more uncertainty than those of a chain 

with lower levels. Chain players in the same chain also have different fragility scores, meaning 

that they are exposed to uncertainty differently (Jordaan, 2017). This supports points made by 

Jordaan and Kirsten (2019), Sporleder and Boland (2011), and Jordaan (2017) that chain 

players in the same chain have different fragility scores due to their uniquely different features. 

 

On the chain level, the comparative analysis was performed on the South African egg chain. 

The analysis proves the study’s alternative hypothesis, that statistically there is a significant 

difference in the chain fragility means of the two South African egg chain strategies. This 

concurs with the literature that states that the adoption of leaner and highly integrated strategies 

to reduce costs and risks in supply chains as a result of increased coordination results in 

increased fragility (Jordaan, 2017; Maslaric et al., 2013; Jordaan & Kirsten, 2019; Vlajic et al., 

2013). Also, the affirmation that the results of the analysis are in line with the literature 

confirms the central point of this dissertation, that there is a trade-off between chain 

performance and fragility.  

 

The practical implication of the trade-off is that highly integrated and lean strategies improve 

chain performance by reducing transaction costs and risks in agri-food chains. However, these 

strategies increase the fragility of the chains (Maslaric et al., 2013; Jordaan, 2017; Wagner & 

Neshat, 2010; Wagner & Neshat, 2012). Thus, the important strategic choice for chain players 

in the South African egg industry and their value chains is to find a suitable coordination 

strategy that locates chain performance and fragility at the point of equilibrium (Nooraie & 

Parast, 2016). However, the concept of a trade-off between chain performance and fragility is 

only slightly discussed in the literature. For instance, Brede and de Vries (2009) highlight that 

efficient systems (chains with improved chain performances) are not robust (are fragile), while 

robust systems are inefficient.  

 

Also, the argument is that both chain performance and fragile chain structures are essential 

requirements in the design of agri-food chains (Brede & de Vries, 2009; Jordaan, 2017). Thus, 

the trade-off is essential in the coordination of agri-food chains, signalling that there is an 

equilibrium between chain performance and fragility (Jordaan, 2017). The conceptual 

framework of the dissertation is a central argument for such as trade-off.  
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This chapter leads to the sixth and final chapter of the dissertation, which presents its 

conclusions and recommendations. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1.    INTRODUCTION 
This chapter first provides the conclusions that are based on the insights obtained from the 

results of the analysis, the study’s contribution to the existing literature, and its limitations. 

Second, the recommendations are presented into two parts. The first part involves 

recommendations for chain players in the South African egg industry, and the second offers 

recommendations to scholars for pursuing further research in the field.  

 

6.2.    CONCLUSIONS OF THE STUDY 
The study had several objectives. The first was to map the South African egg value chain and 

to showcase the coordination strategies that are mostly adopted in the egg industry. The second 

was to measure the fragility of the South African egg chain. The third and final purpose was to 

perform a comparative fragility analysis of the two egg chain configurations, which reflect two 

strategies of coordinating: a chain with higher levels of interdependency between its members, 

and a chain with lower levels of interdependency between its members. 

 

The first objective of the study revealed the strategies of coordination that are mostly used in 

the South African egg industry:  

• The use of contracts between several egg producers, pullets rearers, feed providers, 

breeders, and retailers. 

• Retailers’ use of their egg brands channels to organise their procurement vertically, 

bringing many producers and marketers of eggs under their brands.  

• Very few large companies that produce eggs that are fully or partially vertically 

integrated.  

• Few cooperatives with their egg brands, under which their members produce and 

market their produce. 

 

The main goals of these strategies are to enhance their egg chains. Also, the goals are attainable 

via reduced transaction costs and risks associated with outputs and inputs, products’ quality, 

traceability of products from their origin, and safety of performance as a result of food safety 
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scandals (Canavari et al., 2010; Hernández‐Espallardo et al., 2010; Hobbs, 1996; Hobbs & 

Young, 1999; Andre Louw et al., 2008; Andre Louw et al., 2007).   

 

However, as was repeatedly emphasised in Chapter 3 and Chapter 5, although increasing 

coordination into strategies that are leaner and highly integrated reduces costs and risks in 

supply chains, it also creates interdependencies between chain players (Lazzarini et al., 2001; 

Jordaan, 2017; Wever et al., 2012b; Wever et al., 2010). Eventually, the interdependencies 

make the chain and its players vulnerable to disruptive and detrimental events with low 

likelihoods but huge impacts (Jordaan, 2017; Bailey, 2016; Kleindorfer & Saad, 2005; 

Christopher et al., 2002). Thus, the vulnerability escalates throughout the chain due to the 

linkages between chain players, contributing to the fragility of the chain (Jordaan, 2017; 

Stonebraker et al., 2009). 

 

The fragility measurement of the South African egg chain at the levels of the factor, chain 

player, and chain provides useful information about the causes and catalysts of fragility at each 

level (Jordaan & Kirsten, 2019; Jordaan, 2017). At the factor level, it was concluded that a 

higher priority should be placed on the fragility factors that have high fragility scores. These 

factors are a business’s operational reliability, product quality and safety performance, a 

supporting infrastructure, a business’s cash flow position, and supplier and buyer reliabilities. 

 

At the chain level, performing a comparative fragility analysis of the chain’s two strategies 

showcased which coordination strategy is fragile. It was also concluded that the increased 

coordination in the South African egg industry not only enhances the industry’s chain 

performance, but it also contributes to the fragility of the chain and its players. In this specific 

instance, the difference between the chains’ configurations was associated with a variety of 

differences at the factor and chain player level that led to 21% greater overall chain fragility of 

the chain with higher levels of interdependency. More specifically, the chain’s greater fragility 

evolves from the extensive fragility at the pullet rearers’ and retailers’ levels. Interestingly, this 

implies that the increased coordination intensity of the South African egg value chain results 

in increased levels of interdependency between its chain players, which in turn increases the 

fragility of the chain (Jordaan, 2017; Jordaan & Kirsten, 2019). This conclusion agrees with 

the conceptual framework of the study. 
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6.3.    CONTRIBUTION OF THE STUDY TO THE LITERATURE 
The contribution of the dissertation to the literature is on the concepts in agri-food chains 

regarding uncertainty, risk, vulnerability, fragility, interdependencies, and sustainability. In 

this regard, agri-food chains – particularly the South African egg chain – have demonstrated 

the tension between their chain performance and their fragility. Thus, this dissertation has 

practically explored the difference between the strategies of coordination that are most often 

used in the egg industry. The strategies are influenced by the TCE framework, which is 

concerned with the coordinating of supply and demand in value chains to economise on the 

costs of transacting (Hobbs, 1996; Hobbs & Young, 1999). The conceptual framework of the 

study has presented its central thesis: that there is a trade-off between chain performance and 

fragility (Jordaan, 2017).  

 

The practical implication of the trade-off is that highly integrated and lean strategies improve 

chain performance by reducing transaction costs and risks in agri-food chains. However, the 

strategies also increase the fragility of the chains (Maslaric et al., 2013; Jordaan, 2017; Wagner 

& Neshat, 2010; Wagner & Neshat, 2012). Thus, the important strategic choice for chain 

players in the South African egg industry and their value chains is to develop a suitable 

coordination strategy that positions chain performance and fragility at the point of equilibrium 

(Nooraie & Parast, 2016). The need for a trade-off is noted in the literature. For instance, Brede 

and de Vries (2009) highlight that efficient systems (chains with improved chain performances) 

are not robust (are fragile), while robust systems are inefficient.  

 

Also, the argument is that both chain performance and fragile chain structures are essential 

requirements in the design of agri-food chains (Brede & de Vries, 2009; Jordaan, 2017). As a 

result, the trade-off is essential to the coordination of agri-food chains – that is, that there is an 

equilibrium between chain performance and fragility (Jordaan, 2017). The conceptual 

framework of the dissertation presents a central argument for the trade-off. 

 

Moreover, consideration of this trade-off shows that it is urgently necessary to reassess the 

TCE framework as it has been commonly applied in agribusiness research (Jordaan, 2017), and 

to address the question of coordination (Peterson et al., 2001) as agri-food chains develop a 

new framework (Vlajic et al., 2012; Jordaan, 2017). The new framework would position the 

impacts of chain performance and fragility at a strategic equilibrium in the design of agri-food 

chains and their management (Maslaric et al., 2013; Jordaan, 2017).  
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It is a priority for chain players in the South African egg industry to manage fragility for the 

sake of the sustainability of their chains. As Taleb (2012) says, “what is missed is the strong 

logical precedence of survival over success”. A fragile system or chain will surely break as 

time goes by (Taleb, 2012).  

 

6.5.     LIMITATIONS OF THE STUDY 
Just as most research has some limitations, so too does this research; to some extent, this has 

affected the applicability and generalisation of its findings. The first limitation involves the 

concept of heuristic stress-testing as a measure of fragility in the South African egg chain. This 

method of measurement can lead to flaws in the fragility analysis: the respondents were asked 

to gauge the fragility factors used in the study as they were continuously deteriorating. 

Therefore, because the fragility of these factors depended on the respondents, there was a 

probability that they gauged some factors equally, even though this might not be the true 

picture. Thus, this would limit the quality of the results as relevant and appropriate.  

 

The second limitation involves the comparative fragility analysis of both the South African egg 

chain’s configurations. The results of the analysis might or might not have favoured certain 

chain configurations, as the number of chain players in the chain with lower levels of 

interdependencies was higher than the number of chain players in the other chain configuration. 

However, this could not be avoided: the South African egg industry is dominated by chain 

players that are involved in coordination strategies that result in low interdependencies. This 

too would limit the quality of the results as relevant and appropriate. 

 

The third limitation involves the respondents to the study questionnaire, whom all participate 

in the commercial production of eggs in South Africa. Therefore, this limits the study to 

appropriately generalise its findings as small egg producers were not involved in the study. 

Their exclusion is mainly because the South African egg industry is mainly commercial and 

small-scale egg production amounts to a very small percentage. 
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6.5.     RECOMMENDATIONS OF THE STUDY 

6.5.1.     Recommendations to the egg industry 

This dissertation recommends several approaches that the management of individual egg firms 

and other role players in the South African egg industry could adopt. However, first, to put 

them in context, there are explanations in the first and second chapters of the dissertation of 

the uncertainties and risks in the egg industry and their consequences. For instance, the 2017 

HPAI outbreak forced several egg firms to shut down their operations. That is why the whole 

industry and its role players must consider strategies of coordination to limit its fragility and 

still improve chain performance.  

 

The coordination strategies explored in the second chapter of the dissertation show that role 

players in the South African egg industry prefer increased coordination because it results in 

leaner and highly integrated strategies for improved chain performance. Although these 

strategies improve chain performance, the results of the analysis show that strategies of 

increased coordination eventually result in increased fragility.  

   

Consequently, the recommendation to egg firms is that it is important to contain fragility when 

worrying about the performance of a business or the chain. Relevantly, Taleb (2012) point out 

that “if something is fragile, its risk of breaking makes anything you do to improve it or make 

it ‘efficient’ inconsequential unless you first reduce that risk of breaking”. For instance, a value 

chain with higher levels of interdependency due to its leaner and highly integrated strategies of 

coordination is more vulnerable to unforeseen, disruptive, and detrimental events such as HPAI 

outbreak. Also, that vulnerability escalating throughout the entire chain contributes towards its 

fragility. 

 

Ultimately, a chain’s fragility contributes to the closure of businesses as most South African 

egg firms shut down their operations. Therefore, the recommendations to the South African 

egg industry and its role players are as follows: 

• The first recommendation is that a chain structure and its coordination strategies be 

decentralised in an organisation’s value chain management. This is because a 

decentralised system allows for the containment of adverse impacts. 
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• The second recommendation is about developing a ‘layered organisational’ structure, 

which allows for containment of adverse impacts within the system and facilitates 

learning within and across different layers to drive survivorship. 

• The third recommendation is about planning for spare capacity (redundancy). This is 

argued to be at the heart of managing fragility and it is essential in dealing with 

unanticipated events. 

• The fourth recommendation is about considering which value chain strategy an 

organisation should pursue. This is because [an] organisation needs to strike a balance 

between reducing transaction costs to increase efficiency and enduring some 

transaction costs to contain fragility (Jordaan, 2017). 

 

6.5.2.      Recommendation for further research 

The conclusion of this dissertation highlights further possible research into the fragility of the 

South African egg chain and agri-food chains in general. To popularise the concept of fragility 

in agri-food chains, there is a need for more research on this concept. Therefore, the 

recommendations below are made for further research.  

 

First, a more rigorous fragility analysis of the value chain players’ features in similar chain 

configurations needs to be explored. This is because the chain players in the same chain seem 

to display different levels of fragility – although one could ask why, since they are exposed to 

similar uncertainties, and the interdependencies between them are the same most of the time. 

Therefore, the interesting point is why chain players in a chain with similar interdependencies 

seem to have different levels of fragility.  

 

Second, since the sequential interdependencies between chain players cause fragility to shift 

from player to player, and eventually throughout the entire chain, the point to note is whether 

the egg chain’s fragility could influence the fragility of chains in other industry such as feeds, 

financial services, and veterinary services, due to the dependence of the egg chain on such 

industries. 

 

Last, the concept of fragility was discussed in more depth in this dissertation than the concept 

of anti-fragility. Therefore, in further research, the researcher could analyse whether pursuing 

anti-fragility decreases a chain’s performance. As repeatedly discussed in the various chapters 
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of the dissertation, pursuing chain performance increases fragility. Thus, it is important to find 

the point of equilibrium when pursuing both goals in value chain management.  
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APPENDIX 

The measure of fragility of the South African egg value chain 

Overview 

Introduction  

The value chain must deliver value and derive returns on investment in an increasingly 

challenging environment. These challenges are brought about the interdependencies, 

interconnectedness, and the complexity of the value chain to minimise costs. Therefore, the 

value chain faces adverse events that are not only frequently changing but also, they are have 

massive impact. Consequently, the decisions must be made in the environment of growing risks 

and uncertainty.  

Goals 

The goal of this questionnaire is to measure fragility of the South African egg value chain, to 

conduct a comparative value chain fragility analysis of the egg chain configurations 

(strategies). These measures and analyses will enable chain players to make improved and 

informed strategic decisions when it comes to coordination management of their businesses’ 

chains. 

Definition  

Fragility in the concept of value chain is relevant like businesses, chains can be fragile, 

robust/resilient, or even anti-fragile. A fragile chain implies that a “break” or “adverse event” 

in one link in the chain results in an accelerating impact or non-linear feedback into the rest of 

the chain. 

 

Fragility is observed as a concave curve in gains or losses in reaction to random events and 

mathematically culminates in more losses than gains from random risky events. 

 

The graph below illustrates the concepts of fragility and anti-fragility   
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The agribusiness value chain fragility factors 

The factors below were identified as the most influential in causing the fragility of the 

agribusiness value chain. therefore, these factors will be used to quantify South African egg 

value chain’s fragility.  

Chain factors  

➢ Supplier relationship and alignment  

➢ Buyer relationship and alignment  

➢ Information sharing with buyers  

➢ Degree of chain-wide communication 

➢ Degree of chain complexity 

➢ Adequate, accurate timely data, analysis and decision making  

External factors  

➢ State of the economy and prices 

➢ Social stability and public relations  

➢ Changes in public and private compliance requirements 

➢ Quality and adequacy supporting infrastructure  

Internal factors  

➢ Operational reliability 
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➢ Product quality and safety performance  

➢ Supplier reliability 

➢ Buyer reliability 

➢ Quality and training of human resources 

➢ Cash flow position  

➢ Information visibility  
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The measure of fragility of the South African egg value chain 

Enterprise profile  

1. Please provide details of your company profile  

Respondent’s name              

      Company                   

Address  

Address 2  

City/Town  

State/Province  

ZIP/Postal code  

Country  

Email Address  

Phone number  

 

2. Please indicate your company or business unit’s function in the value chain (More 

than one option is available for vertically integrated operations) 

                

 Input provider (Animal health, Animal feeds, etc)      

       Farmer/Producer   

    Breeders (Parent stock) 

   Hatcheries (Pullets)                 

    Packers and processors (Egg grading, liquid egg) 

         

  Retailers (Small, Medium, and Micro-sized Enterprises, informal traders, 

supermarkets) 

               

 Intermediary/Support function (Broker, Financier, Insurer, Consultant, State 

agencies) 
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The measure of fragility of the South African egg value chain 

Overview of relational interdependencies 

 

3. Please provide your top three suppliers and top three buyers, by their names, in your 

value chain (e.g. Letlama egg producers or Hatfield packers) 

 

The specific details are to ensure are full analysis of South African egg value chain by 

surveying every link in the chain. in the case of the vertically integrated enterprises 

please provide the preceding function or business unit name.  

 

Suppliers (Starting with the biggest). Please name the specific companies or persons 

to include in further analysis 

1  

2  

3  

 

Buyers (Starting with the biggest). Please name the specific companies or persons to 

include in further analysis  

1  

2  

3  

 

4. What is your company’s degree of the interdependency with each listed supplier? 

The information below describes the degree of interdependency starting with (1) meaning 

no interdependency to (5) which means extreme interdependency. 

 

Not interdependent at all/Independent (Characterised by self-interest, short-term, 

limited information sharing, flexibility) 

 

Slightly interdependent  

 

Somewhat interdependent  

 

Very interdependent  

 

1 

2 

3 

4 
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Extremely interdependent (Characterised by self-interest, short-term, limited 

information sharing, flexibility) 

 

To question 4 above, use the matrix below by ticking under each supplier indicating the 

degree of the interdependency as explained above. 

 

 

5. What is your company’s degree of the interdependency with each listed buyer? The 

information below describes the degree of interdependency starting with (1) meaning no 

interdependency to (5) which means extreme interdependency. 

 

Not interdependent at all/Independent (Characterised by self-interest, short-term, 

limited information sharing, flexibility) 

 

Slightly interdependent  

 

Somewhat interdependent  

 

Very interdependent  

 

Extremely interdependent (Characterised by self-interest, short-term, limited 

information sharing, flexibility) 
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Suppliers 

Supplier 1  Supplier 2 Supplier 3 
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To question 5 above, use the matrix below by ticking under each buyer indicating the degree 

of the interdependency as explained above. 
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Buyers 

Buyer 1  Buyer 2 Buyer 3 

1 
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3    

4    

5 
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The measure of fragility of the South African egg value chain 

Instructions 

Please complete all the following questions in the contest of South African egg value chain. 

please significantly indicate the impact of changes in each of the factors to your business 

continuity. The factors are grouped into three categories: internal, external and chain factors.  

Please keep in mind that business continuity is defined as a position where business 

operations can continue and that products and services are delivered at predefined levels, 

that brands and value-creating activities are protected, and the reputations and interest 

of chain players are safeguarded whenever, disruptive incidents or disturbances occur in 

the value chain.  
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The measure of fragility of the South African egg value chain 

Chain factors 

8. Please indicate the impact of deterioration in the strength and alignment of the 

relationship   with the supplier (business culture, ethics, size, goals, duration of 

relationship, quality of the relationship) on your business continuity in the following 

scenarios. 

 

 

 

 

 

 

 

 

 

 

 

 

 



101 
 

9. Please indicate the impact of deterioration in the strength and alignment of the 

relationship   with the buyer (business culture, ethics, size, goals, duration of 

relationship, quality of the relationship) on your business continuity in the following 

scenarios. 

 

 

10. Please indicate the impact of deterioration in the information sharing with the buyer 

(prices, volumes, requirements, disputes, trends, joint planning) on your business 

continuity in the following scenarios. 
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11. Please indicate the impact of deterioration in the degree of chain complexity (number 

of links, number of suppliers, number of buyers, number of products, etc) on your 

business continuity in the following scenarios. 

 

 

12. Please indicate the impact of deterioration in the degree of chain-wide 

communication (market prices, market trends, industry events, [like drought, diseases, 

floods]) on your business continuity in the following scenarios. 
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13. Please indicate the impact of deterioration in the adequacy, accuracy and timeliness 

of data, analysis and decision making in the chain (strategic management 

information) on your business continuity in the following scenarios. 
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The measure of fragility of the South African egg value chain 

External factors 

 

14. Please indicate the impact of deterioration in the state of economy and prices (interest 

rates, economic growth rate, consumer spending, consumer debt, market prices, etc) on 

your business continuity in the following scenarios 
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15. Please indicate the impact of deterioration in the social stability and public relations 

your business (strikes, protects, socio-economic-political conditions, business public 

image) on your business continuity in the following scenarios. 

 

16. Please indicate the impact of deterioration in the quality and adequacy of supporting 

infrastructure (roads, electricity, water, communication, exchanges, etc) on your 

business continuity in the following scenarios. 
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17. Please indicate the impact of in changes in the number and intensity of public and 

private compliance requirements (laws, regulations, certifications, specifications, 

etc) on your business continuity in the following scenarios. 
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The measure of fragility of the South African egg value chain 

Internal factors 

 

 

18. Please indicate the impact of deterioration in your business’s operational reliability 

on your business continuity in the following scenarios. 
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19. Please indicate the impact of deterioration in your business’s product quality and 

safety performance on your business continuity in the following scenarios. 

 

 

20. Please indicate the impact of deterioration in the quality and training of your 

business’s human resource on your business continuity in the following scenarios. 
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21. Please indicate the impact of deterioration in information visibility (business 

management systems) on your business continuity in the following scenarios. 

 

22. Please indicate the impact of deterioration in cashflow position on your business 

continuity in the following scenarios. 
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23. Please indicate the impact of deterioration in supplier reliability (failure to perform, 

quality, delivery, prices) on your business continuity in the following scenarios. 

 

24. Please indicate the impact of deterioration in buyer reliability (failure to perform, 

prices) on your business continuity in the following scenarios. 
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The measure of fragility of the South African egg value chain 

 

 

 

 

 

Thank you so much form your valued time and respected 

inputs. 
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