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RESUMO 

 

Esse estudo tem como objetivo analisar como os membros da cadeia de suprimentos de cacau 

no Brasil percebem a influência da variação climática nos riscos existentes nesta cadeia. Essa 

cadeia foi escolhida devido a sua grande importância na economia brasileira. Para que essa 

análise fosse possível, foram identificados os principais riscos desta cadeia, bem como eventos 

climáticos recentes, suas possíveis influências e as ações mitigadoras adotadas pelos membros 

da cadeia. Foram feitas 17 entrevistas semiestruturadas com respondentes de todos os elos da 

cadeia: produtores, atravessadores, moageiras e indústrias de chocolates. Alguns dos resultados 

da pesquisa apontam que essa cadeia é afetada por riscos relacionados à carência de informação 

entre os elos, baixa manutenção dos equipamentos e pouca tecnologia na produção, baixa 

precisão de previsão de safra e, inclusive, problemas na qualidade e produtividade na produção. 

Mudanças de temperaturas, ventos e umidade também foram considerados como riscos nesta 

cadeia. Essas alterações climáticas aumentam a incidência dos outros riscos, por exemplo: 

pragas na produção, necessidade de importação, riscos financeiros e dificuldade logística. A 

seca de 2016 afetou diretamente a exposição e vulnerabilidade dessa cadeia aos riscos, tendo 

como consequências diretas a redução da produtividade e da qualidade das amêndoas. Além 

disso, este evento causou rupturas na cadeia, ocasionando a saída de alguns produtores e 

indústrias do mercado. Ações mitigadoras têm sido implementadas por associações que 

auxiliam produtores de cacau, indústrias moageiras e de chocolates e, por grandes produtores. 

Grande parte dessas ações são referentes a como os produtores podem lidar com as influências 

das variações climáticas em suas produções. Um dos objetivos dessas ações é que as fazendas 

possam aumentar a produtividade e qualidade de suas amêndoas, com inclusão de tecnologias 

para o manejo do cacau e de outras culturas na produção. Como consequência, moageiras e 

industrias de chocolate também poderão reduzir seus riscos, minimizando a necessidade de 

importar amêndoas e aumentando a qualidade de seus produtos. 

 

Palavras-chaves: Gestão de Risco na Cadeia de Suprimentos, Fontes de Riscos, Variação 

Climática, Cacau



  

ABSTRACT 

 

The aim of this study is to analyze how members of the Brazilian cocoa supply chain perceive 

the influence of climate variations on other supply chain risks. This chain was chosen due to its 

importance in the Brazilian economy. Conducting this analysis entailed identifying not only the 

main risks to the Brazilian cocoa supply chain but also recent climatic events and their likely 

influence; the mitigating strategies adopted by supply chain members were also analyzed. A 

total of 17 semi-structured interviews were conducted with respondents belonging to all nodes 

of the chain: producers, middlemen, and the grinding and chocolate industries. Some of the 

research results indicate that the Brazilian cocoa supply chain is affected by risks related to a 

lack of information among its members, low equipment maintenance and poor production 

technology, low precision of crop forecasting, quality problems, and low productivity at 

production. Temperature variations, winds and humidity were also considered as chain risks. 

Climate variations increase the incidence of other risks, such as pests in production, import 

necessity, financial risks and logistical bottlenecks. The 2016 drought directly affected the 

exposure and vulnerability of this chain to risks, resulting in reduced productivity and quality 

of cocoa beans. In addition, the drought caused supply chain disruptions, which caused some 

producers and industries to leave the market. Mitigating actions have been implemented by 

associations that provide help to cocoa producers, grinding and chocolate factories, and large-

scale producers. Many of these actions are related to how producers can deal with the influence 

of climate variations on their crops. One of the goals of these actions targets the fact that farms 

can increase their cocoa bean productivity and quality by learning about additional technologies 

for handling cocoa and about new crops that could be incorporated into production. By adopting 

these strategies, the grinding and chocolate industries could also reduce their risks, minimizing 

the need to import cocoa beans while increasing the quality of their products. 

 

 

 

Keywords: Supply Chain Risk Management, Risk Sources, Climate Variation, Cocoa 
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1. INTRODUCTION 

 

During the last decades of the 20th century, the complexity of supply chains increased as a result 

of incessant globalization. This complexity forced companies to coordinate their external 

processes in order to meet customer demands while also maintaining their competitive 

advantages. According to Lambert and Cooper (2000), rather than competing against each other 

individually, companies began to compete between supply chains. In other words, in the face 

of globalization, organizations realized that they had to improve not only the efficiency and 

effectiveness of their own internal processes but also the efficiency and effectiveness of 

processes that take place between companies (Cooper, Lambert, & Pagh, 1997; Lambert & 

Cooper, 2000). In order to achieve such improvements, it is necessary to manage the complex 

flows of materials, information and money while considering the needs and objectives of all 

companies in the supply chain (Mentzer et al., 2001; Faisal, Banwet, & Shankar, 2006). 

 

In this context, supply chain management has received increasing attention from companies 

that see this area as a key factor in their success in today’s business environment, which is 

mainly characterized by complexity and competitiveness. Accordingly, companies have 

identified the management of their supply chains as a major component of their competitive 

strategies (Punniyamoorthy, Thamaraiselvan, & Manikandan, 2013). Punniyamoorthy et al. 

(2013) also consider Supply Chain Management (SCM) to be a way for companies to achieve 

their goals in this competitive context.  

 

The complexity mentioned by Mentzer et al. (2001) and Faisal, Banwet and Shankar (2006) 

can be seen in direct relation to risks. To exemplify how risks can impact the performance of 

companies, Wagner and Bode (2008) discuss two parallel issues: (i) recent series of crises and 

catastrophes and (ii) the vulnerability of modern supply chains. The first includes natural 

disasters, terrorist acts and epidemics, which have also been highlighted in other studies (Ho, 

Zheng, Yildiz, and Talluri, 2015). The second issue stems from the competitive pressures of 

the business environment and of globalization, as mentioned above.  

 

As reported by Bode and Wagner (2015), this complex environment has a negative impact on 

companies’ competitiveness, affecting supply chain efficiency and unleashing supply chain 

disruptions, which, in turn, can have a direct effect on organizational operations. To minimize 
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those disruptions, companies recognize the need to identify the risks that can affect their 

operations (Jüttner, 2005). 

 

The importance of risk management and contingency planning for companies has been 

recognized (Chang, Ellinger, & Blackhurst, 2015; Hohenstein, Feisel, Hartmann, & Giunipero, 

2015; Zhu, Krikke, & Caniëls, 2017). Accordingly, literatures have expanded in many fields, 

including economics, finance and strategic management (Jüttner, Peck, & Christopher, 2003; 

Manuj & Mentzer, 2008). 

 

In the supply chain risk management literature, Wagner and Bode (2008) have noted that the 

matter has attracted attention from both academics and practitioners. In 2015, Ho et al. (2015) 

produced a literature review that covered 224 journal articles, 208 addressing the supply chain 

risk management (SCRM) process. Their study analyzed journals between 2003 and 2013. In 

2003, they found just 8 articles, but that number grew to 33 by 2013. 

 

Overall, SCRM is a relevant research area not only for academia but also for companies, as it 

is critically important that they control and mitigate the negative effects of risks (Ho et al., 

2015). As reported by Blos, Quaddus, Wee, and Watanabe (2009), risk management and 

mitigation can capture financial aspects of decision-making as well. 

 

Regarding the importance of controlling risks, Jüttner et al. (2003) affirm, based on past events, 

that when a disruption affects a supply chain node, no matter where it is located in the chain, 

the entire supply chain will be affected. Based on that assumption, it is clear that companies 

need to develop strong connections between their functional areas and between other companies 

and SC nodes. Considering the importance of these connections and the complexity of the 

environment, it is necessary to identify, assess, rank and manage supply chain risk (Faisal et 

al., 2006). 

 

When identifying risks, it is possible to find many risks sources. Jüttner et al. (2003) considered 

three categories: environmental, network and organizational. Using a more detailed and recent 

classification scheme, the risk sources can be classified in environmental, supply, demand, 

manufacturing, logistics, information and financial (Ho et al., 2015). 
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In considering the body of research, some gaps were found. Jüttner et al. (2003) conducted a 

study about risk management in the supply chain and suggested that future research develop a 

risk evaluation approach for supply networks. A few years later, Ritchie and Brindley (2007) 

suggested studying which risk factors carry the most risk when combined. In 2012, Ghadge, 

Dani, & Kalawsky (2012) suggested studying how sustainability factors could increase supply 

chain risks and disruption. Making another recommendation for further research, Ho et al., 2015 

suggest that “interdependencies and interrelationships among various risk types”  should be 

explored. Additionally, they also affirm that supply chains will be better managed if risks are 

treated together rather than in isolation. 

 

Regarding sources of risk in supply chains, Halldórsson and Kovács (2010) characterized global 

supply chains as one of two areas still requiring research about ecosystem instability, thus 

demonstrating the importance of knowing whether supply chains are prepared for natural 

hazards. One of these sources is defined in the literature as “climate change”, which can cause 

disruptive weather events from time to time, resulting from natural factors and/or human 

activities (Arku, 2013). Dasaklis and Pappis (2013) suggests that new research’s should 

“explore the interrelationships between climate change and SCM”. More specific at food supply 

chain, in 2010, Tirado, Clarke, Jaykus, McQuatters-Gollop, & Frank (2010) affirmed that 

climate change “may give rise to emerging food safety risks”, and there are no scenario-based 

projections of climate change impact on food safety systems. Complementing it, there is a lack 

of research’s on  “food supply chain and their adaptive capacity to climate change effects in the 

input, production, processing and distribution sectors” (Lengnick, 2015). 

 

Climate change is one of the causes of food chain vulnerability (Alam, Siwar, Talib, & Wahid, 

2017), which may affect any dimension of food security: availability of food, conservation of 

the food supply, or the accessibility and utilization of food (Alam, Talib, Siwar, & Wahid, 

2016). When considering the food chain, commodities are especially sensitive to climate 

change, resulting in undesirable effects (Ofori-Boateng & Insah, 2014). In Brazil, commodities 

are a very important sector, responsible for the country’s strong growth in agribusiness. For 

example, even during a crisis period when Brazil’s estimated gross domestic product (GDP) 

was 0.5% for 2017, agribusiness at the Brazil Commodity Index (IC-Br) grew 2.9% in 

February/2017 when compared to November 2016 (BACEN, 2017). 
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Cocoa plays an important role in Brazil’s increasingly productive agribusiness sector. 

Production of this commodity is estimated to grow 28% from 2016 to 2017. During that time 

period, the area of Brazil’s cocoa plantations was forecast to shrink by 5.2%; it occupied 

706.186 hectare (ha) in 2016 and 669.368 ha in 2017. On the other hand, Brazil’s average 

annual cocoa yield (kg/ha) is increasing: it is growing at a rate of 16.2%, from 303 

kilogram(kg)/ha in 2016 to 352 kg/ha in 2017 (IBGE, 2017). This production can still increase 

as long as demands continue to increase for chocolate, which is the main product of cocoa 

plantations. 

 

Considering that a scoping review has identified the gaps mentioned above and a lack of 

understanding of the risks brought about by nature and how companies cope with them (Khan 

& Burnes, 2007), this study will focus on a Brazilian cocoa supply chain, with the goal of 

studying the risks involved in this chain, how supply chain members perceive the influence of 

climate change on supply chain risks and how they mitigated them. This second goal intends to 

fill a research gap suggested by Revilla and Saenz (2017): analyze the impact of a disruption 

caused by a supply chain risk. 

 

This research intends to answer the two following questions: 

 

• How do members of the Brazilian cocoa supply chain perceive the influence of climate 

change on other supply chain risks?  

• How these risks are mitigated? 

 

The specific objectives of this study are as follows: 

(i) Identify the main risks that affect the Brazilian cocoa supply chain; 

(ii) Analyze how those risks influence the Brazilian cocoa supply chain; 

(iii) Identify if supply chain members perceive climate change influence on other risks 

occurrence; 

(iv) Analyze if the risks to the Brazilian cocoa supply chain are mitigated. 

 

Considering these goals, a single case study was chosen, and the Brazilian cocoa supply chain 

is the focus of analysis. To obtain the desired information, this study follows the methodological 

procedure presented by Stuart, McCutcheon, Handfield, McLachlin and Samson (2002), which 

entails 5 stages of research. According to that model, data were gathered through 17 semi-
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structured interviews with respondents representing entities along the entire supply chain. 

Documents provided by these respondents were also analyzed as part of the research process.  

 

This study mapped seven sources of risk to the Brazilian supply chain: environmental, supply, 

demand, manufacturing, logistic, informational and financial risk. All risks sources were 

considered at Brazilian cocoa supply chain by the respondents. It was possible to note that 

environmental and financial risk were sources that influence all supply chain nodes. On the 

other hand, supply chain risk is a concern at grinding and chocolate factory SC node. For 

producers and grinding, manufacturing and logistics risks is a in common source, as Brazilian 

infrastructure. The relationship between those risks was considered as well. It was possible to 

notice that manufacturing risk at producers can entail supply and manufacturing risk at grinding 

industry. Another finding of this research is that the lack of informational at production can 

increase financial risk exposure at grinding and chocolate factory companies. Furthermore, lack 

of information-sharing between entities, and stock exchange variability represent some of those 

risks as well. 

 

During the interviews, it was possible to notice that respondents perceived an influence of 

climate variation on the supply chain operation. They had mentioned about a climate variation 

at north of Brazil in 2016; humidity, winds and temperatures had suffered considerable 

variations, causing a supply chain disruption. Brazilian crop was directly affect, as this variation 

can be considered as an environmental risk at production, decreasing cocoa beans quality and 

productive. This environmental risk also influence on producers logistics, as farms access got 

harder. Further than that, this event had revealed manufacturing and technology weakness at 

production, increasing manufacturing risk. Grinding industry and chocolate factory operation 

had also suffered this influence consequences. As quality and productive at Brazilians farms 

feel out,  those industries had their supply and manufacturing risk raised. To minimize it, those 

industries raised their importation, and as a consequence, exposing themselves to financial risks 

and, as a consequence, exposing producers to new diseases at farms. Another climate change 

consequence is the decrease of crop forecast prevision, an information risk, carrying on supply 

and demand risk at all SC nodes. 

 

Following the abovementioned analyses, it was possible to conclude, considering the 

respondents perception, that the Brazilian cocoa supply chain is strongly affected by the risks 

cited above. As some members of Brazilian cocoa supply chain has been feeling such risks 
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influence, mitigation strategies had started to be implemented, focused on raising cocoa beans 

quality and production, strengthening the relationship between grinding and producers. Some 

producers had included new technologies on their farms, as irrigation and new handling crops. 

Non-governmental associations and grinding industries are undertaking actions so that smaller 

producers could learn about cultivation methodologies and agroforestry systems. For that 

reason, and because of the global environment in which this commodity chain exists, the chain 

can be considered vulnerable and complex.  
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2. LITERATURE REVIEW 

 

This chapter presents a literature review of the main topics relevant to achieving the objectives 

of this study. Accordingly, the review begins by discussing the concept of supply chain risk and 

highlighting the relationship between risks and supply chain. Thus, this part of the text also 

presents the definition and origins of risk. 

 

Additionally, this chapter will describe the concept of supply chain risk management, pointing 

out its relevance to today’s companies. The evolution of this subject in the literature and supply 

chain risks sources and drivers will also be discussed, along with disruptions occurrence and 

mitigation strategies that can be adopted by companies. 

 

Finally, the chapter will analyze the climate change literature, looking into how climate change 

influence supply chains and, consequently, how companies and their supply chains could adapt 

to minimize the consequences of this threat. 

 

2.1 Risk and Supply Chain Risk 

 

Considering the changing new business paradigm and the need to improve internal and external 

processes, companies understand that an efficient and effective supply chain (SC) can help them 

to achieve, develop and sustain their competitive advantage in today’s business environment. 

Competition requires companies to apply new costs, as well as new quality, agility and 

flexibility standards, in order to fulfill consumers’ needs and expectations (Christopher & Peck, 

2004).  

 

In the literature, it is possible to find several definitions of the supply chain (Christopher & Lee, 

2001; Christopher & Peck, 2004; Neiger, Rotaru, & Churilov, 2009; Pfohl, Gallus, & Thomas, 

2011; Rao & Goldsby, 2009). This study will adopt the definition presented by Christopher and 

Peck (2004), who consider a supply chain as a network in which all organizations – both 

upstream and downstream – are involved in producing products or services for the consumer. 

Thus, a supply chain encompasses all the activities and processes that take place between 

organizations and that are associated with production and information flows (Christopher & 

Peck, 2004). 
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According to Christopher, Mena, Khan, and Yurt (2011) and Manuj and Mentzer (2008), one 

topic that has gained importance in the supply chain management literature in recent decades is 

risk management. Poorly controlled risks can cause companies to experience poor results, such 

as loss of reputation, lower product and process quality, and inaccurate estimations. Similarly, 

König and Spinler (2016) noted that 93% of executives cited risk as the top issue in supply 

chain management. 

 

The definition and emergence of the concept of risk are difficult to define, as the term “risk” 

can have different meanings depending upon one’s interpretation of the word, area of interest 

and field of research (Khan & Burnes, 2007; Wagner & Bode, 2006). When defining this 

concept, Manuj and Mentzer (2008) and Neiger, Rotaru, and Churilov (2009) associated it with 

mathematical probability: when there is uncertainty surrounding an event, risk exists referring 

to this same mathematical concept. Khan and Burnes (2007) related it to the gambling games 

played in the seventeenth century, but it was only in the nineteenth century that it was used in 

practical terms. 

 

In the same way, Christopher et al. (2011) affirm that research on the concept of risk started 

during the 17th century; over the years, the concept has been used in different areas, such as 

economics, strategic management and finance. Regarding these approaches, it is important to 

consider the difference between the terms “risk” and “uncertainty”. As “risk” refers to 

something measurable – hence the connection to mathematics – it is therefore possible to 

manage it. “Uncertainty” is not something that can be measured in terms of probability (Khan 

& Burnes, 2007). Some authors, such as Yates and Stone (1992) and Slack and Lewis (2001), 

consider every risk to entail some uncertainty, and if there is a known probability, there is no 

risk.  

 

Even before “risk” was defined, it was something that had to be faced in everyday life. A 

contemporary example is driving a car (or performing any other activity). In the same way, 

risks can be found in daily life in industries and in many areas of research (Kırılmaz & Erol, 

2017). Wagner and Bode (2006) and Giannakis and Louis (2011) consider some examples of 

areas that involve risk: decision theory, insurance, finance, marketing, management and 

psychology.  
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In logistics research, risks can be related to positive or negative impacts. For Wagner & Bode, 

2006, risk refers to a “negative deviation from the expected value of a certain performance 

measure”. As reported by The World Bank (2013), risk can help development when managed. 

Most people relate risk only to its negative impact (König & Spinler, 2016). Bernstein (1996) 

relates the impact of risk to what is already known before a decision is made. In summary, it is 

possible to find many definitions of risk in the literature; Table 1 presents some examples (Rao 

& Goldsby, 2009). 

 
 Table 1 - Definitions of Risk 

Authors Definition 

Markowitz (1952) 

The concepts “yield” and “risk” appear frequently in financial writings. Usually, if the 

term “risk” were to be replaced by “variance of return,” little change in apparent meaning 

would result.  

Rowe (1980)  Risk is the potential for unwanted negative consequences to arise from an event or activity.  

March and 

Shapiro (1987) 

Risk refers to the negative variation in business outcome variables such as revenues, costs, 

and profits.  

Lowrance (1980) Risk is a measure of the probability and severity of adverse effects.  

Miller (1991) Risk refers to the variance in outcomes or performance that cannot be forecast ex-ante.  

Yates and Stone 

(1992) 
Risk is an inherently subjective construct that addresses the possibility of loss.  

Chiles and 

Mackin (1996) 
Risk refers to the possibility of loss.  

Mitchell (1999) 
Risk is defined as a subjectively determined expectation of loss; the greater the probability 

of this loss, the greater the risk.  

Source: Rao & Goldsby (2009). 

 

This study considers the definition of Khan and Burnes (2007), which is based on risk evolution. 

For those authors, “risks embrace both the range of outcomes that might occur and the 

likelihood of their occurring” (p.199). Together with this definition, the research of Wagner and 

Bode (2008), who discuss why the effects of these risks on performance must be known, will 

be considered as well. 

 

Considering the impact of risk on supply chain performance (Wagner & Bode, 2008), another 

definition can be considered: risk is something that will cause a fluctuation in distribution, 
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which can occur from the moment raw material is received until the product or service reaches 

the final customer (Zhao, Huo, Sun, & Zhao, 2013), and the effects of such a fluctuation can 

last a long time. When those fluctuation can cause a supply chain disruption it is called as supply 

chain risk (SCR) (Wagner & Bode, 2008). Accordingly, firms need to be concerned about SCR; 

thus, one question to be posed is how well firms are prepared for this turbulence and 

environmental uncertainty, both of which will impact their distribution. In other words, the less 

the firm can manage its risks, the higher the impact of those risks on its performance. 

Corroborating Zhao et al. (2013), Christopher et al. (2011) affirm that risks, if not well 

managed, can result in lower quality products, loss of reputation, worsening of relationships 

between the other members of the chain, and internal conflicts. The way to eliminate or mitigate 

those effects is by adopting supply chain risk management strategies, as defined in the next 

section.  

 

2.2 Supply Chain Risk Management (SCRM) 

 

Considering the concepts and theories discussed in section 2.1, it can be affirmed that 

companies’ goals can only be achieved after defining the risks are involved in their business 

processes and how they will be managed by the firms (Gaudenzi & Borghesi, 2006). However, 

management is challenged every time the complexity of the environment increases (Ghadge et 

al., 2012). Overall, this complexity is an outcome of competitive pressure, which has increased 

over the years as a result of global operations. Furthermore, it is important to emphasize that 

the more complex the environment, the more difficult it will be for business organizations to 

remain competitive in the global environment (Manuj & Mentzer, 2008).  

 

According to Faisal et al. (2006) and Mentzer et al. (2001), in response to this scenario, 

companies started to manage their supply chains with the goal of meeting their customers’ 

demands, or, in other words, this operational structure was understood as a way to get the most 

of out of products, prices and markets. Regardless of the definition previously mentioned, it is 

important to understand that SCRM is concerned with the operational and financial aspects of 

decision making. SCRM manages supply chain risks to preserve the profitability and continuity 

of the chain, supported by coordination and collaboration among partners (Blos et al., 2009).  

 

Zhao et al. (2013) corroborate the importance of SCRM, arguing that turbulent and uncertain 

environments are growing in importance. On the other hand, Gaudenzi and Borghesi (2006) 
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argue that SCRM is a process that supports the objectives of SCM, which will be just as useful 

if “risk is understood as a multi-faceted phenomenon”.  There are a wide variety of approaches 

to defining SCRM. Ho et al. (2015), after summarizing some SCRM definitions (as shown in 

Table 2), defined it as:  
an inter-organizational collaborative endeavor utilizing quantitative and qualitative 
risk management methodologies to identify, evaluate, mitigate and monitor 
unexpected macro and micro level events and conditions, which adversely impact any 
part of a supply chain (p.5036). 

 
Table 2 - Definitions of SCRM given by researchers 

Authors Definition of SCRM 

Juttner, Peck and Christopher 

(2003) and Juttned (2005, 

124) 

The identification and management of risks to the supply chain, through a 

coordinated approach amongst supply chain members to reduce supply chain 

vulnerability as a whole. 

Norman and Jansson (2004, 

436) 

To collaborate with partners in a supply chain to apply risk management 

process tools to address risks and uncertainties caused by, or impacting, 

logistics-related activities or resources. 

Tang (2006, 453) 
The management of supply chain risks through coordination or collaboration 

among the supply chain partners to ensure profitability and continuity. 

Goh, Lim and Meng (2007, 

164-165) 

The identification and management of risks within the supply network – and 

externally through a coordinated approach amongst supply chain members – to 

reduce supply chain vulnerability as a whole. 

Thun and Hoenig (2011), 

243) 

Characterized by a cross-company orientation aiming at the identification and 

reduction of risks not only at the company level but also focusing on the entire 

supply chain. 

Source: Ho et al. (2015). 

 

Analyzing the definitions presented in Table 2, it is possible to identify preoccupations with the 

identification and management of risks, as well as collaboration with partners.  

 

To define SCRM, Jüttner et al. (2003) identify four constructs: (i) supply chain risk sources; 

(ii) risk consequences; (iii) risk drivers, and; (iv) risk mitigating strategies. The relationship 

among these constructs is demonstrated in Figure 1. 
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Figure 1 - Supply Chain risk management - the basic constructs 
Source: Jüttner et al. (2003).  

 

In the scheme illustrated in Figure 1, it can be understood that the relationship between risk 

sources and adverse supply chain risk consequences is moderated by two factors: the supply 

chain itself and supply chain risk mitigation strategies. Risk sources have a direct influence on 

adverse supply chain risk consequences, but these two factors can change that interaction result. 

The more the Supply Chain constructs are inserted in this relation, the greater the increase in 

the adverse SCR consequences construct. On the other hand, the less the mitigating strategies 

are triggered, the more the adverse consequences will occur. These constructs will be clarified 

in the next paragraph.   

 

These constructs of SCRM entail four steps to identify the critical aspects of managerial 

concepts, according to Jüttner et al. (2003): (i) assessing the risk sources for the supply chain; 

(ii) identifying the risk concept by defining the most relevant risk consequences; (iii) tracking 

the risk drivers, and; (iv) mitigating the risks. The same steps were considered by Ho et al. 

(2015) but as a cyclic process: identification, assessment, mitigation and monitoring. In both 

ways, the goal is to protect the business from adverse events and effects.  

 

Considering the studies presented above and the constructs shown in Figure 1, for this study, 

the process adopted to characterize SCRM is as follows: identification, evaluation and 
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management of the risks involved in the supply chain, with the goal of reducing its vulnerability 

(Jüttner et al., 2003; Manuj & Mentzer, 2008).  

 

Along with this definition and with regard to Wagner and Bode (2008), SCRM strategies are 

connected by two issues: (i) crises and catastrophes, such as natural disasters, terrorist attacks 

and epidemics, and; (ii) the vulnerability of modern supply chains. The vulnerability cited in 

the definition refers to globalized supply chains (Chang et al., 2015). In the past, SC were 

domestic, characterized by short distances or a restricted environment, but in today’s global 

supply environment, suppliers and buyers can be located anywhere in the world, which turns 

the intra-firm business process into an inter-firm supply chain (Wagner & Bode, 2008).  

 

The changes mentioned above are the main reasons for increased exposure to disruptions in the 

supply network and, consequently, the obstruction of material and information flows between 

organizations (Punniyamoorthy et al., 2013), in turn creating financial and demand losses, 

negative images and poor reputations for the companies involved (Jüttner et al., 2003).  

 

Norrman and Jansson (2004) add that another factor that contributes to rising vulnerability to 

supply chain is current business trends, such as reductions in supplier bases, reduced buffers, 

increased demand for on-time deliveries in less time, shorter product life cycles and capacity 

limitations of key components. 

 

An example of disruption occurred in 2011 in Tohoku, Japan, when an earthquake affected the 

flow of the global automobile industry (Chang et al., 2015). This event exemplifies how a 

disruption of one participant in the chain can affect the entire network. Regarding the difficulty 

of managing supply chain risks, Chopra & Sodhi (2004) note that such risks are commonly 

interconnected, carrying the possibility that when one risk is mitigated, another one is 

exacerbated, thus qualifying the chain as “sensitive” (Zhao et al., 2013).  

 

2.2.1 Risk Source 

 

As mentioned above, risk in SCRM is a multi-dimensional construct, of which risk source is 

one element. The definition of supply chain risk source is, according to Jüttner (2005), “any 

variables which cannot be predicted with certainty and from which disruptions can emerge”. It 
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is possible to find many classifications of risk sources in the literature, and these classifications 

will be addressed in this section. 

 

In the SCRM literature, risks can be classified as stemming from two to seven sources. Even 

when categorized into two groups, those two groups can still differ depending on the 

classification being used. The most encompassing way is to consider internal and external risk 

sources (Punniyamoorthy et al., 2013). Another broad distinction, presented by Svensson 

(2000), is between atomistic (direct) and holistic (indirect) sources. For Holzmann, Sherburne-

Benz, & Tesliuc, 2003, risk sources are natural or a result of human activity. These 

classifications can be generic when studying risks, and they do not allow precisely defining the 

main source. 

 

Another two-way classification is mentioned by Johnson (2001); this classification considers 

(1) supply risks: capacity limitations, currency fluctuations and supply disruptions; and (2) 

demand risks: seasonal imbalances and new products. This classification is more detailed than 

the first one (Svensson, 2000), but it only takes into account the provider and the focal industry. 

It does not consider any external or environmental factors. 

 

Offering a more specific classification, Jüttner et al. (2003) consider three categories: (1) 

Environmental Risk Sources; (2) Network Risk Sources and (3) Organizational Risk Sources, 

as shown at Figure 2. 

 
Figure 2 - Risk sources in the supply chain 
Source:  Jüttner et al. (2003). 
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Jüttner et al. (2003) explain these risk sources as described in Table 3. 
 
Table 3 - Risks Sources Explanation 

Source Meaning and Examples Examples 

Environmental risk 

sources 

Any uncertainties coming from the SC-environment 

interaction. 

Accidents – (Fire) 

Socio-Political Actions – (Fuel 

protests or terrorist attacks) 

Acts of God – (Extreme weather 

or earthquakes) 

Organizational risk 

sources 

Any uncertainties that occur inside the boundaries of 

the SC that affect labor, production or IT systems. 
-Strikes 

-Machine failure 

Network risk 

sources 

Any damage that is caused by interactions between 

organizations along the chain. 

-Lack of ownership 

-Chaos 

-Inertia 

Source: Adapted from Jüttner et al. (2003). 

 

Considering the categories exposed by Jüttner et al. (2003), Norrman and Jansson (2004) 

offered examples of their meanings, as shown in Table 4. 

 
Table 4 - Meaning/Examples of Sources 

Source Meaning or Examples 

External to the supply chain 
Political risks, natural risks, social risks and 

industry/market risks 

Internal to the supply chain Labor or production risks 

Network related Interaction between organization within the supply chain 

Source: Adapted from Norman and Jansson (2004). 

 

Jüttner et al. (2003) considers that “environmental and organizational uncertainties are risk 

sources “to” the various links in SC” while network-related are “of” the links. Actually, the 

examples of network risk sources (Table 3) are different types of sources (Christopher & Lee, 

2001). The meanings of each network risk sources, according to Jüttner et al. (2003) are as 

follows: 

 

- Lack of ownership: a result of disorder affecting chain boundaries regarding buyer and 

supplier. This flaw occurs because of outsourcing, as well as the use of manufacturing 
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and logistics partners. As a consequence, organizations have inventory costs and 

markdowns as a result of obsolete products; 

 

- Chaos: result from mistrust, understanding amongst organizations and needless 

interventions. The bullwhip effect is one of its consequences.  

 

- Inertia: is a type of risk to which companies are vulnerable; it stems from the inability 

to react. It can occur as a result of environmental changes, customer demand variations 

and any unpredicted event related to the environment or organization. 

 

This categorization made by Jüttner et al. (2003) is more complete compared to previous ones 

because it considers all external and network problems; thus, it considers the risks “to” the 

entities, to the SC and “of” the various SC nodes (Das & Teng, 1998). The negative side of this 

classification is that it does not specify the external problems, knowing that they can be 

political, natural or social. 

 

Another three-way definition is that proposed by Jüttner (2005), which was developed based 

on the definition of Mason-Jones & Towill (1998). In 1998 these authors bring up a “generic 

model of the causes of uncertainty in the product delivery process”, that considered: supply 

side, demand side, manufacturing process and control systems. This new definition made by 

Jüttner (2005), considers environmental, supply and demand as risk sources. As a risk 

influences, process and control mechanisms are taken into account, as they can amplifier or 

absorber those risks (Jüttner, 2005). 

 

Like Jüttner (2005), Christopher and Peck (2004) developed a definition considering that of 

Mason-Jones and Towill (1998); it takes into consideration three categories: internal to the firm, 

external to the firm but internal to the supply chain network, and external to the network. These 

categories can be divided into five categories (Christopher & Peck, 2004; Jüttner, 2005): 

- Internal to the firm: 

o *Process 

o *Control 

- External to the firm but internal to the SC network: 

o *Demand 

o *Supply 
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- External to the network: 

o *Environmental 

 

Consistent with Jüttner's (2005) definition, Christopher and Peck (2004) consider the “process 

risk” and “control risk” as intermediary. The first definition (Jüttner, 2005) merely considered 

those sources as influencers, being able to amplified or absorbed the others risk effects. In the 

second definition (Christopher & Peck, 2004), “process risk” mediated the relationship between 

supply and demand risks, while “control risk” moderate this relationship, as in Figure 3. 

 

 
Figure 3 - Sources of Risk in the Supply Chain 
Source: Christopher and Peck (2004). 

 

Considering both definitions (Christopher & Peck, 2004; Jüttner, 2005), the five risk sources 

categories are summarized in Table 5. Regarding these risk sources, environmental risk can 

“impact upon the local firm or on those upstream or downstream” (Christopher & Peck, 2004) 

or even on the marketplace. Jüttner (2005) does not consider the supply and demand risks to be 

restricted to dyadic relationships, amplifying the probability of those risk sources having a 

disruptive effect at the SC. 
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Table 5 - Definition and Examples of Risk Sources 

Source Definition Example 

Process Disruptions of managerial activities (Christopher 

& Peck, 2004) 

Disruption of IT systems (Jüttner, 

2005) 
Control Internal risk that comes from application or 

misapplication of rules (Christopher & Peck, 

2004) 

Effect of a sudden change in demand 

if the rules are inflexible; safety 

stocks; policies; order quantities 

(Jüttner, 2005) 
Demand Risks associated with logistics flow, product 

demand, inside disruptions (Jüttner, 2005) or 

disturbance of information flow (Christopher & 

Peck, 2004) 

Seasonality, volatile demand for 

products, short product life-cycles 

(Jüttner, 2005) 

Supply Uncertainty associated with supplier activities 

and relationships (Jüttner, 2005) 

Disturbances to the flow of products 

or information coming from the 

network (Christopher & Peck, 2004) 

Environmental Any uncertainties caused by external factors 

(Jüttner, 2005) that directly impact the firm 

upstream, downstream or in the marketplace 

(Christopher & Peck, 2004) 

Political (fuel crisis), natural (fire, 

earthquake), social (terrorist attacks) 

(Jüttner, 2005) or regulatory changes 

(Christopher & Peck, 2004) 
Source: The Author. Based on Christopher & Peck (2004) and Jüttner (2005). 

 

Another five-class classification is that of Wagner and Bode (2008), in which they divide supply 

chain risk sources into the following categories: 1) Demand side; 2) Supply side; 3) Regulatory, 

legal and bureaucratic; 4) Infrastructure; 5) Catastrophic. 

 

The first two categories, demand and supply side, were already considered by Christopher & 

Peck (2004) and Jüttner (2005), as defined at Table 5. The peculiarity of Wagner and Bode 

(2008) definition is the other 3 classifications, which can be considered as internal or external 

to the chain.  

 

Regulatory, legal and bureaucratic risks are related to the execution of laws and policies due to 

specificities of the industry and the chain, which can include administrative barriers and 

certifications. Some of these factors cannot be predicted easily and can have an influence on 

the operative performance of the chain (Cohen & Kunreuther, 2009). 

 

The fourth set of risks introduced by Wagner and Bode (2008), infrastructure, is related to any 

disruptions that may occur to the chain’s material and equipment flow. Examples include 
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machine breakdown, electricity failures, industrial accidents or vandalism. To conclude, in 

Wagner and Bode's (2008) definition, catastrophic risks are the set of risks that occur due to 

natural forces such as epidemics, natural hazards, socio-political instability or terrorist attacks. 

 

A six-way classification was introduced by Punniyamoorthy et al. (2013) and summarized the 

risks into six constructs: supply risk, manufacturing risk, demand risk, logistics risk, 

information risk and environmental risk. As with Wagner and Bode's (2008) definition, supply 

and demand risk were already defined in previous classifications. For Punniyamoorthy et al. 

(2013), manufacturing-side risk can occur when some inefficiency in the supply chain leads to 

poor performance.  Examples of factors that can cause this risk are production uncertainty, 

inadequate production capability and inflexible capacity. Logistics-side risk, the fourth source, 

can be defined as possibilities of disturbances to the flow of goods, information or money. One 

such example is delay in delivery. 

 

The information shared among members of the SC is considered the fifth source, named 

information risk, which occurs when information is delayed or the security of the information 

system is not operating well. The last source, environmental risk, is caused by the SC network 

and the environment.  

 

The last classification identified in the literature is composed of 7 sources and was introduced 

by Ho et al. (2015). The main difference between this one and Punniyamoorthy et al. (2013) is 

that financial risks are included. Another distinction is that at 2013 classification logistics risks 

was considered, being “categorized as the potential disturbances to the flow of goods, 

information, and money” (Punniyamoorthy et al., 2013). At Ho et al. (2015) definition, logistics 

risk was not a main risk category; “general risk” took its place, considering transportation risk 

your central feature. As a denomination changes, Punniyamoorthy et al. (2013) considered 

“environmental risk” while Ho et al. (2015) treat as “macro risk”. 

 

From this section, it can be concluded that while there are many different approaches to risk 

sources, not all of them have completely different meanings; some of them complement each 

other.  This study will consider the definitions of Punniyamoorthy et al. (2013) and Ho et al. 

(2015), examples of which are given in Table 6. This choice will be explained in the next section 

(2.2.1.1). 
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Table 6 – Summary of supply chain risk sources 

External Risk 
Environmental 

Risk 

Natural disaster, war, terrorism, political events, economic stability, 

epidemics 

Internal Risk 

Supply Risk 

Demand changes, failures to meet delivery requirements, failure on 

competitive pricing, technologically-behind suppliers, inflexibility, low 

supplier integration, supplier opportunism, supplier dependency 

Demand Risk 

Demand uncertainty, bullwhip effect or information distortion, short lead 

times, sudden shoot-up in demand, deficient customer relation 

management function, high competition in the marketplace 

Manufacturing 

Risk 

Labor dispute, inventory holding cost, capacity flexibility, linked phases 

in manufacturing, employee accidents, innovation, operator absence, 

insufficient maintenance, resource breakdown, quality problem, 

technological problem 

Logistics Risk 

Lack of outbound effectiveness, change in transportation modes, lack of 

integration, transportation accidents, selected delivery modes and 

periods, global sourcing network, higher cost of transportation 

Information 

Risk 

Information infrastructure breakdown, e-commerce, information delays, 

lack of information shared between parts, internet security, lack of 

effective system integration, lack of compatibility in IT platforms among 

supply chain partners 

Financial Risk 
Exchange rate, financial strength of customers, price fluctuations, low 

profit margin, market growth,  

Source: Adapted from Ho et al. (2015).  

 

In addition to the definitions and occurrence of risk sources, another factor that can increase 

risk levels is that of so-called risk drivers. According to Pfohl, Gallus, and Thomas (2011), risk 

drivers are events that affect the degree of risk and cannot be neglected in supply chain risk 

management. Jüttner et al. (2003) argue that risk drivers have a direct effect on modern supply 

chain structure; they are calculated and taken by the company “in order to improve 

competitiveness, reduce costs, and increase or maintain profitability” (p.6).  

 

Some risks drivers defined by Jüttner et al. (2003) and Pfohl et al. (2011) are the following: 

globalization, outsourcing, centralization, lean processes, complex products and services, IT-

dependence, information deficits and external threats. It can be noted that some risk drivers 

were considered above in the context of the review of risk sources, as some authors consider 
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risk drivers, risk sources and risk trends as the same concept (Blackhurst, Scheibe, & Johnson, 

2008; Ho et al., 2015; Manuj & Mentzer, 2008; Pfohl et al., 2011; Ritchie & Brindley, 2007; 

Son & Orchard, 2013). Either one of these denominations – risks drivers or risk sources – can 

be responsible for the disruptions caused in the chain. 

 

2.2.1.1  Risk Source Evolution 

 

In the previous section, it was possible to observe that source definitions evolved during the 

last decade. Some earlier definitions were considered in the development of definitions that 

emerged later. This section will analyze the interactions among those definitions; based on those 

interactions, some conclusions will be drawn. It is important to highlight that Mason-Jones and 

Towill (1998) definition was not considered on this evolution review, as the authors do not 

mentioned about risk or supply chain risk theory. 

 

Analyzing the year of publication of each source definition, one finds that the oldest was 

published in 2000 (Svensson, 2000) and the latest in 2015 (Ho et al., 2015). The first definition 

(Svensson, 2000) only distinguished between atomistic and holistic sources. In 2001 (Johnson, 

2001), another two-source study was published, distinguishing between supply risks and 

demand risks. Even this source continued to appear in other subsequent studies, although the 

descriptions of those categories added information and gained complexity. 

 

In 2003 (Jüttner et al., 2003), environmental risk entered the scene, together with network and 

organizational risk. In 2004 (Norrman & Jansson, 2004), the sources appeared as follows: 

external to the supply chain, internal, and network-related. The external source of risk in the 

description corresponds to environmental risk. Those two articles were likely published in the 

same period.  

 

Compared with Svensson (2000) and (Johnson, 2001), those articles published in 2002/2003 

already recognized more complexity in the supply chain. This comparison shows that before 

2000, as Svensson (2000) was submited at July 1999, risk was associated only with capacity 

(supply risk) and seasonal factors (demand risk). By 2004, risks were categorized into 5 sources: 

Process, Control, Demand, Supply and Environmental (Christopher & Peck, 2004). These 

definitions were the same as those of Jüttner (2005). This analysis revealed two interesting 

points: first, both sets of definitions were based on Mason-Jones and Towill (1998), and with 



 35 

just one year of difference in publication date, the authors probably did not know that they were 

proposing the same sources. Second, the organizational source is now divided into two sources: 

process and control. 

 

Four years after Christopher and Peck's (2004) publication, Wagner and Bode (2008) published 

an article discussing five sources of risk. This time, the environmental source was separated 

into regulatory and catastrophic sources, as new events had begun to take place in the 

environment and new forms of red tape had begun to take effect. Process and control sources 

became an infrastructure source, nomenclature changed, and definitions became even more 

detailed.  

 

Finally, the latest articles analyzed in this study were published in 2013 (Punniyamoorthy et al., 

2013) and 2015 (Ho et al., 2015). They considered the following types of risk: supply, demand, 

manufacturing, logistic, informational, environmental and financial. The evolution of risk 

sources over time is outlined in Figure 4. 

 

 
Figure 4 – Risk Source Evolution 
Source: The author, based on review information 

 

Based on the above evolution, it can be assumed that over the course of approximately 15 years, 

the supply chains became more complex: events that could affect the supply or the demand side 

were no longer caused merely by seasonal or capacity disruptions. The environment was no 

longer understood just as something external to the supply chain, i.e., like an economic, political 

or social event. Environmental risk came to be recognized as also caused by natural calamities 

and terrorist attacks (Wagner & Bode, 2008). 
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As an example of these increased complexity, logistics-side risk was first considered within the 

context of supply and demand risks, and was an important factor in the last study analyzed (Ho 

et al., 2015). Just like information risk, that started to be considered as well. Most likely, ten 

years from now, the sources will be different because the events and preoccupations will 

different. This justifies the choice to base this study on the definitions of Punniyamoorthy et al. 

(2013) and Ho et al. (2015), the latter being the most recent one considered in this review. 

 

2.2.2 Supply Chain Disruptions and Mitigation Strategies 

 

Managing the challenges of uncertainty, risk and vulnerability is the main focus of researchers 

and practitioners (Neiger et al., 2009). If an industry does not succeed in this type of 

management, the consequence is disruption to the chain. Son and Orchard (2013) affirm that 

disruptive events; as an example natural disasters, plant shutdowns, IT system failure and global 

economic recession; may have a low probability of occurrence, but when they do occur, the 

long-term impact is very significant. A study by Hendricks and Singhal (2003) showed that not 

managing risks can reduce a firm’s stock market value by 10 percent.  Another study by Black 

& Ray (2011) posits that only approximately 10 percent of firms are prepared for a supply chain 

disruption. 

 

Khan and Burnes (2007) affirm that another issue a firm can face when a disruption occurs is 

being forced to exit the market, as occurred with Enron and Barings Bank. Complementing 

these results, Hohenstein, Feisel, Hartmann, and Giunipero (2015) consider the impact on 

operational and financial performance. This emphasizes the need for organizations to manage 

their supplier reliability (Rao & Goldsby, 2009). Lee (2002) considers that to design modern 

supply chains, companies need to take into account the uncertainties coming from input and 

output markets.  

 

As mentioned at SCRM literature review, modern supply chain are becoming increasingly 

complex. Furthermore, Neiger et al. (2009) affirm that the more complex the chain is, the more 

exposed to vulnerability it will be. Park, Min, & Min (2016) complement this argument by 

considering that globalization can also boost vulnerability and expected risks (Hohenstein et 

al., 2015). Pfohl et al. (2011) define disruption as an action that has a negative impact of long 

duration. Revilla and Saenz (2017) complement this definition by arguing that disruption is an 

unplanned, unintended and exceptional event. A disruption always affects all members of the 
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supply chain, impacting the flow of goods and materials. It may occur in just one part of the 

chain, or perhaps even on multiple tiers of the supply chain (Kırılmaz & Erol, 2017). Kim, 

Chen, and Linderman (2015) complement that idea with the observation that many supply chain 

disruptions originate from the supply network.   

 

Collaborating with those definition, Wagner and Bode (2008) argued that SC disruptions can 

occur “either inside or outside of a SC”, adding that different events will cause disruptions of 

different levels of  severity, bringing about different effects on the supply chain. Some 

companies have developed rules and routines to address disruptive events, with the goal of 

controlling them (Revilla & Saenz, 2017). It should be recognized that even if a firm has rules 

or routines, it is important to check whether other partners also control their operations. Another 

important impact to be considered is how long it takes for the chain to learn about risks or to 

predict their severity, (Kern, Moser, Hartmann, & Moder, 2012) that is directly linked with the 

definition of disruption. 

 

Considering that supply chain disruptions “have the potential to cause heavy short and long-

term losses in shareholder value, sales and reputation” (Bode & Wagner, 2015 p.215), strategies 

and design decisions need to be created to help managers anticipate and track the benefits and 

vulnerability of chains (Jüttner et al., 2003). These efforts can be effective at decreasing 

disruptions frequency and impact (Kern et al., 2012) and are called mitigation strategies. 

 

These strategies are responsible for the actions that aim to reduce the probability of negative 

events occurring (Chang et al., 2015). Norrman and Jansson (2004) consider these strategies as 

the ability “to deal with the situation in a way that minimizes business impact” (p.437).  One 

example of reducing the probability of occurrence can be found in companies located in the 

southeastern United States, which can suffer adverse effects as a result of hurricanes but, despite 

this threat, have developed mitigation strategies to prevent its consequences (Blackhurst et al., 

2008). 

 

The importance of mitigating risks lies in how mitigation reflects on performance, considering 

that mitigating strategies alone can decrease the frequency and impact of incidents on 

companies (Kern et al., 2012). Mitigation strategies can be classified into many different 

categories. For example, Chang et al. (2015) and Ghadge et al. (2012) classified them into two 

categories. The first is redundancy and flexibility, and the second is proactive and reactive risk 
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mitigation strategy. In one study by Ghadge et al. (2012) and another by Kırılmaz & Erol 

(2017), mitigation strategies were classified into proactive and reactive, as defined in Table 7. 

 
Table 7 – Risk mitigation strategies 

Proactive risk mitigation strategy Reactive risk mitigation strategy 

Supplier development/management: risk sharing 

through contract manufacturing, contractual 

governance, dual/multi-sourcing. 

Contingency planning: strategic event management 

plan, enhanced flexibility in options 

 

Supply chain constructs: developing incentive 

contracts, mix and volume flexibility contracts for 

risk mutual benefits, VMI/buffer stock. 

Disaster management: robust recovery, rebuilding of 

supply chain, resource utilization/management, scenario 

analysis for future disruptions. 

Product/process management: product variety, 

postponement, product design and delivery 

management. Demand management: operational rerouting, shifting 

customer demand, dynamic pricing Supplier relationship: supplier collaborations 

through improved confidence, cultural adaptation, 

continuous coordination. 

Source: Ghadge et al. (2012).  

 

In this study by Ghadge et al. (2012), it can be observed that the proactive strategy was 

developed to avoid disruptions on the supply side, mostly with collaboration and contracts. 

Regarding reactive strategies, there is nothing to prevent disruptions from occurring, except 

actions that attempt to re-start supply activities. The definition by Chang et al. (2015) 

considered strategies to prevent and to develop the mitigation strategy of the chain, as shown 

in Table 8.  
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Table 8 - Redundancy and Flexibility risk mitigation strategy 

 Redundancy risk mitigation strategy Flexibility risk mitigation strategy 

Definition 

Strategy to mitigate supply chain risks by 

increasing ongoing availability or access to 

raw materials, components, and finished 

products 

Strategy to mitigate supply chain risks by 

developing the ability to resiliently and 

quickly respond to the occurrence of 

supply chain risks 

Primary purpose 
Reliable and safe supply through 

redundancy 

Greater efficiency in normal situations and 

ability to respond quickly to the 

occurrence of supply chain risks 

Inventory 

Strategy 

Deploy significant buffer stocks of raw 

materials, components, or finished products 

Generate high-inventory turns and 

minimize inventory throughout the chain 

through ability to respond quickly 

Implementation 

difficulty 
Relatively easy to implement Relatively difficult to implement 

Source: Adapted from Chang et al. (2015).  

 

These strategies, shown in Table 8, are generic, as are those discussed by Ghadge et al. (2012), 

because they only consider options to mitigate tangible possibilities, such as disruptions to raw 

materials, components or finished products. Son & Orchard (2013) also consider tangible 

actions to mitigate risks, and their study considers strategic inventory reserves and ordering in 

large lots. 

 

Christopher et al. (2011) consider four mitigation strategies: network re-engineering, 

collaboration among global sourcing parties, agility and creating global sourcing risk 

management. They consider that when a firm implements these strategies in combination, not 

in isolation, they will see a reduction in supply chain risks. Jüttner et al. (2003) consider a fifth 

strategy to mitigate risks: Avoidance, Control, Cooperation and Flexibility. These definitions 

were developed based on interviews with organizations and cannot be considered specific to 

any source, as shown in Table 9. 
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Table 9 - Risk Mitigation Strategies 

Avoidance 
- Dropping specific products/geographical markets/suppliers and/or customer 

organizations 

Control 

- Vertical Integration 

- Increased stockpiling and the use of buffer inventory 

- Maintaining excess capacity in production, storage, handling and/or transport 

- Imposing contractual obligations on suppliers 

Cooperation 

- Joint efforts to improve supply chain visibility and understanding 

- Joint efforts to share risk-related information 

- Joint efforts to prepare supply chain continuity plans 

Flexibility 

- Postponement 

- Multiple sourcing 

- Local sourcing 

Source: Jüttner et al. (2003). 

 

Complementing these definitions, Manuj and Mentzer (2008) consider seven categories: 

avoidance, postponement, speculation, hedging, control, transferring/sharing risk and security. 

In this study, Manuj and Mentzer's (2008) strategies will be considered because their definition 

takes into account more intangible mitigations than do earlier strategies, and theirs can be 

adapted to any analyzed chain. Moreover, the definition introduced by Manuj and Mentzer 

(2008) can be applied to all sources defined above. To connect the mitigation strategies defined 

by Manuj and Mentzer (2008) with the sources defined by Ho et al. (2015), Table 10 was created 

to illustrate it.  
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Table 10 - Mitigation Strategies according to risk sources 

Risk Mitigation Strategies 

Environmental 
Strategic stock, flexible supply base and transportation, economic supply incentives and 

dynamic assortment planning 

Supply 
Work with more than one supplier option, participate only in low-uncertainty markets, 

vertical integration, buffer inventory 

Demand Order-based production, application of simulation model, avoid specific markets 

Manufacturing Postponement of packaging and manufacturing at plant until customer orders are received 

Logistics Program to schedule optimal and safety strategies 

Information Sharing data base with upstream and downstream supply chain partners 

Financial 
Hedging of currency and commodity price fluctuations, and use of mathematical models to 

control financial risks 

Source: The Author. Based on Ho et al. (2015); Manuj & Mentzer (2008). 

 

Considering these research, some gaps were found: Jüttner et al. (2003) suggested that future 

research should develop a risk evaluation approach for supply networks. At 2004, Norrman and 

Jansson (2004) argued that SCRM and logistic/SCM interrelation principles is not clear. A few 

years later, Khan and Burnes (2007) indicated that empirically research about how companies 

manage their supply chain risks should be done, considering their process and technique to 

identify and analyze those risks. Ritchie and Brindley (2007) suggested studying which risk 

factors carry the most risk when combined. In 2012, Ghadge, Dani, & Kalawsky (2012) 

suggested studying how sustainability factors could increase supply chain risks and disruption, 

Considering SCRM, Sodhi, Son, & Tang (2012) argued that these definition has not yet reached 

a consensus, and should be explored. In a more specific way, supply chain risk and supply chain 

integration was mentioned as a future research (Zhao et al., 2013). As another recommendation 

for further research, Ho et al., 2015 suggest that “interdependencies and interrelationships 

among various risk types”  should be explored. Additionally, they also affirm that supply chains 

will be better managed if risks are treated together rather than in isolation.  

 

2.3  Climate Change and Supply Chains 

 

“Climate change refers to a change in the state of the climate that can be identified by changes 

in the mean and/or the variability of its properties and that persists for an extended period, 
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typically decades or longer.” (IPCC, 2014a). As defined by World Meteorological Organization 

(WMO), the classic period to consider a climate change is 30 years. Deviations that occurs 

about months, seasons or years can be called as climate variability. United Nations Framework 

Convention on Climate Change (UNFCCC) related both terms when defining climate change: 

“change of climate which is attributed directly or indirectly to human activity that alters the 

composition of the global atmosphere and which is in addition to natural climate variability 

observed over comparable time periods” (UNFCC, 1992).  

 

Climate change can affect the world´s food supply system because the changes induced by 

climate change interfere with ecological farming conditions. According to Black et al. (2011), 

climate change is one challenge to the sustainability of the food supply chain in the 21st century, 

largely due to high temperatures, variable rainfall, floods, droughts and cyclones. The first – 

high temperatures – has the greatest effect on crops and plant development (Shrestha, 

Chapagain, & Babel, 2017). Another area affected by climate change is energy production and 

use (Hasan, Gupta, Anand, & Kaur, 2013).  

 

Asante, Acheampong, Kyereh, and Kyereh (2017), based on a study of a cocoa supply chain, 

considered climate to be an important factor in agriculture, guiding production. Ruf, Schroth, 

and Doffangui (2015) conducted a similar study in West Africa, and the results revealed that 

climate change would be a critical factor in the future. The same conclusion was reached by 

Perdinan et al. (2017) in a study conducted in Indonesia, where climate extremes are a challenge 

in crop production and food supply chains. Finally, Lim-Camacho et al. (2015) reached the 

same conclusion in their study of an Australian seafood supply chain. 

 

Tirado, Clarke, Jaykus, McQuatters-Gollop, and Frank (2010) add that the safety of food is also 

affected by climate change, which is exacerbated by population growth and depletion of natural 

resources as a consequence of increasing demand. All three of these factors evolve together. As 

societies try to meet increasing demands, land, marine and water resources are becoming scarce. 

Additionally, environmental impacts can be affected by specific factors, as defined by (Ehrlich 

& Holdren, 1971): the size of the human population, the level of consumption by that 

population, and technological consumption. 

 

Because of these intensifications, climate change is happening and may have effects “on natural 

or human systems on all continents and across the oceans” (IPCC, 2014b). Some examples of 
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the effects of climate change are drought, imbalance in water cycles, rising temperatures, 

changes in precipitation, increasing frequency and intensity of extreme weather events, ocean 

warming and acidification, and changes in transport pathways (Tirado et al., 2010). Hasan et 

al. (2013) complete this picture, citing the indirect environmental effects of climate change, 

which include changes in humidity, cloud cover, soil erosion, coastal erosion, water quality, 

fires and growing season length. Kirezieva, Jacxsens, van Boekel, and Luning (2015) outlined 

the relationship between climate change and the activities of farmers (Figure 5). All of the 

changes outlined above are triggered by greenhouse gas (GHG) emissions (M. J. Black et al., 

2011), which have been occurring since the pre-industrial era, increasing concentrations of 

carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) (IPCC, 2014b). 

 

 
Figure 5 - Framework used to analyze climate change pressures on food safety management for fresh produce 
Source: Kirezieva et al. (2015). 

 

Kalfagianni and Kuik (2017) consider agriculture as one of the main culprits of greenhouse gas 

(GHG) emissions. Scherr and Sthapit (2009) corroborate this affirmation and add that this 

activity is responsible for 30% of all GHG emissions. However, Porter and Reay (2016) 

consider agriculture responsible for only 10-12% of emissions. Most of these emissions can be 

traced to fertilizers, manure and livestock. As another cause of climate change, Black et al. 



 44 

(2011) highlight the use of fossil fuels – especially for transportation – and the need to consider 

renewable energy. Hasan et al. (2013) consider energy demands resulting from the need for 

cooling during heat wave events, and Langholtz et al. (2014) demonstrated the importance of 

these fuel changes. These emissions are very worrisome, and if a change does not occur, this 

sector will be the largest emitter by 2030.  

 

In a study by Gouldson and Sullivan (2013), which takes into account information from  the 

Intergovernmental Panel on Climate Change (IPCC), it is argued that restricting temperature 

increases to the range of 2-2.4ºC will require reducing GHG emissions by 50% to 85% by 2050. 

Some countries, such as the United Kingdom, the Netherlands and Italy are managing to reduce 

their emissions, by as much as -20.4, -13.2 and -29.5%, respectively, between 1990 and 2014. 

The goal of these countries for 2050 is to continue their reductions. On the other hand, Spain 

increased its emissions by 0.1% in 2014, and its emissions are expected to increase by +17.8% 

by 2050 (Kalfagianni & Kuik, 2017). In 2005, China was responsible for 18% of the world’s 

total CO2 emissions (Vandenbergh, 2008). China expects its emissions to increase 4.2% by 

2030 compared to 1990 (Vandenbergh, 2008). However, this scenario changed with the signing 

of the Paris Agreement, which stipulated that China will reduce its GHG emissions (UNFCCC, 

2015). This scenario can still changes by the time United Stated of America had decided to 

withdraw from the Paris Climate Change Agreement, according to the Agreement it can just 

occur at November 4th, 2020. 

 

As each country has different ways of controlling its emissions, each one will be affected by 

different variations of climate change. Kirezieva et al. (2015) summarized how each region will 

be affected by climate change and the likelihood of those effects, as shown in Table 11. 
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Table 11 - Projected effects of climate change and their likelihood 

Regions Projected Effect of Climate Change Likelihood 

Africa 
(Boko et al., 

2007) 

More droughts, leading to scarcity of water and worsened quality of water sources Very high confidence 

Increased risk of heavy rainfall and floods High confidence 
Increased risk of illnesses High confidence 

Asia 
(Cruz et al., 

2007) 

Increased risk of flooding by sea and rivers High confidence 
Increased risk of land and mud slides Medium confidence 
Increased risk of diarrheal diseases east, south and southeast Asia High confidence 

Australia 
and New 
Zealand 

(Hennessy 
et al., 2007) 

Increase frequency of tropical storms and other extreme events High confidence 
More droughts, leading to scarcity of water and worsened quality of water sources High confidence 
More severe storms and coastal flooding will likely impact coastal areas High confidence 
Extreme storm events are likely to increase failures of floodplain protection and 
urban drainage and sewerage High confidence 

More heat waves/change of seasonality High confidence 

Europe 
(Alcamo et 
al., 2007) 

Increased variety of pests, new pests Medium confidence 
Heat waves and seasonal-change-related health impacts on the population Very high confidence 
Southern Europe: higher temperatures and drought may reduce water quality and 
availability Medium confidence 

Northern Europe: more frequent winter floods, increased risk of land and mud 
slides Very high confidence 

Latin 
America 

(Magrin et 
al., 2007) 

Worsening of droughts, leading to scarcity of water and worsened quality of water 
sources High confidence 

Sea level rise is projected to increase risk of flooding in coastal areas High confidence 
Changes in precipitation patterns and the melting of glaciers are projected to 
significantly affect water quality and availability High confidence 

North 
America 

(Field et al., 
2007) 

Increased frequency of storms and other extreme events Very high confidence 
Increased winter flooding and run-off Very high confidence 

Reduced summer water flow, leading to reduction of water quality and availability Very high confidence 

Increased variety of pests, new pests Very high confidence 

Heat-wave-related health impacts on the population High confidence 
Stress on coastal communities and habitats, worsening the existing stresses of 
development and pollution Very high confidence 

Source: Kirezieva et al. (2015). 
 

It is critical to discuss GHG emissions because it is impossible to attempt to mitigate global 

climate change without reducing emissions from agriculture, forestry and other land uses 

(Scherr & Sthapit, 2009). The authors suggest five ways to minimize this impact,  all of which 

focus on reducing or sequestering GHG: enriching soil carbon, farming with perennials, 

climate-friendly livestock production, protecting natural habitats and restoring degraded 

watersheds and rangelands. Proposing another solution, Oglethorpe and Heron (2010) found 

out that reducing food-mile logistics, reducing packaging, organic production and reducing 

processing can reduce GHG emissions. 
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Focusing specifically on the food chain, Vermeulen, Campbell, and Ingram (2012) analyzed 

each stage of agriculture and its influence on climate change. The estimated contribution at each 

stage was measured in mega-tons of carbon dioxide equivalent (MtCO2e) emissions. The stages 

considered were preproduction, production and post-production.  Production consists of direct 

and indirect emissions from agriculture and produces the most emissions of any stage: 

approximately 100 times greater than the other stages. 

 

If these emissions are not reduced, it will be necessary to address the impacts of and adaptations 

to climate change, as well as to address climate risk (Meinel & Abegg, 2017). Sometimes, an 

adaptation can result in a new climate risk, as exemplified by Delcour et al. (2015) in a study 

of pesticide use, which was implemented to control pests resulting from climate change but 

now must be reduced because of its influence on climate change. Climate risks can therefore be 

defined as specific or reinforced. The first category includes risks whose main origin is climate 

change, such as demand risks. The second comes from political, environmental or market 

factors affecting companies, such as when a supplier drops out or if environmental 

contamination occurs (Kirezieva et al., 2015). Considering climate change and the definitions 

of risk, Meinel and Abegg (2017) developed a framework for climate risk analysis in the supply 

chain (Figure 6). This definition was based on the research of Christopher and Peck (2004), 

mentioned earlier in this study. 

 

 
Figure 6 - Analytical framework for the analysis of climate risks and entrepreneurial robustness in supply chain networks. 

Source: Meinel & Abegg (2017). 
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Meinel and Abegg (2017) considered four categories of climate risk: upstream, organizational, 

downstream and environmental. Considering this definition and that proposed by Dasaklis and 

Pappis (2013), a summary definition was created (Table 12).  
 
Table 12 - Definition of Climate Risks 

Upstream Climate Risks 

Risk of raw material supply Price fluctuations, disruptions of plants and production lines 

Risk of supplier drop out Deliveries interrupted, disruptions of plants and production lines 

Infrastructural risks 
Disruptions to transport infrastructure, seaports or bridges caused by 

inundations or storms 

Risk to electricity supply 

Damage to power lines or transformation stations caused by inundations or 

storms, rapid increase in consumption, increased costs for energy and 

maintenance activities 

Risk to water supply Heavy precipitation or floods, droughts 

Organizational Climate Risks 

Risk to Labor Security and 

Capacity 

Loss of labor concentration caused by high temperatures, necessity of longer 

rest periods to prevent heat stress, 

Risk to IT networks Damage caused by storms or floods in internal rooms or external networks 

Risks of additionally required 

resources for adaptation measures 

Application of financial or personal resources to cope with damages and 

impacts 

Physical risks for buildings 
Inundations or storms that can cause damage to the plant, offices or storage 

buildings 

Downstream Climate Risks 

Risks of changed customer 

preferences 

Climate change can impact customers’ preferences, it can result in an 

opportunity or in a market loss 

Physical risks to sales markets 
Regions that are climate-sensitive and the main source of income depend on 

climate; firms can lose purchasing power; need for improved product design 

Infrastructural risks 
Disruptions to transport infrastructure, seaports or bridges caused by 

inundations or storms 

Environmental Climate risks 

Political and capital market risks 
Changes in regulations, incentives and reporting requirements can change 

according to the climate; regulations regarding carbon emissions 

Regional risks of natural hazards 
Natural hazards are strengthened by climate change and can affect 

transportation, building and energy systems. 

Source: The Author. Based on Dasaklis and Pappis (2013) and Meinel and Abegg (2017). 
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2.4 Food Supply Chain 

 

As argued by Chang et al. (2015), vulnerability in supply chains is related to globalization, and 

food supply chains are no exception, as seen in the increased globalization of food sources 

(Manning, Baines, & Chadd, 2005).  Globalization was considered a risk driver by Jüttner et al. 

(2003) and Pfohl et al. (2011); in food supply chains, it can be responsible for influencing heath 

and trade in many countries, as the more globalized the chain, the lower its ability to respond 

to a food emergency (Manning et al., 2005). On the other hand, globalization involving 

production, logistics and food consumption has been responsible for the consolidation of multi-

national corporations (Manning, 2015) and for an interconnected system of food supply chain 

management (FSCM) to protect the safety and quality of food (Zhong, Xu, & Wang, 2017). 

This interconnected system is important because, in addition to globalization, the increasingly 

wide reach of food procurement can radiate food contamination regionally, nationally and even 

internationally (Manning et al., 2005). 

 

Like globalization, other risks are increasingly affecting food supply chains, and consequently, 

risk management is evolving (Rathore, Thakkar, & Jha, 2017) and gaining attention in emerging 

markets (Srivastava, Chaudhuri, & Srivastava, 2015). This preoccupation is related to the fact 

that FSCM, unlike SCM of other chains, is affected by food quality, safety and freshness, 

hindering its management (Zhong et al., 2017). Another aspect of this increased attention is that 

the supply chain (harvesting, shipping and storage) is responsible for 2/3 of wasted food (Zhong 

et al., 2017). 

 

FSCM can be considered to connect several companies, from agricultural production until the 

end consumer, and consequently, risk prioritization is important (Srivastava et al., 2015). 

Manning and Soon (2016) consider the following to be risks to food supply chains: natural 

disasters, technological accidents, infectious diseases, terrorism and food safety incidents, food 

fraud and pricing strategies. In a more detailed classification, Rathore et al. (2017) considered 

supply risk, storage and transport risk, social risk and demand risk, detailed in Table 13. Rathore 

et al. (2017) classification was consided in future analyzes. 
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Table 13 - Classification of food supply chain risks 

Risk Detailed Classification 

Supply Risk 

Farmers’ inability to supply; Non-availability of 

procurement centers; Poor quality of the supplied 

foodgrains; Communication failure; Natural disaster 

Storage and Transport Risk 

Storage-warehouse (Inadequate capacity); Poor 

handling-loading and unloading at different 

locations; Poor packaging and preservation; In-transit 

loss; 

Timely availability of vehicles 

Social Risk 
Theft or risk from outside; Technological risk; Labor 

strike 

Demand Risk Sudden spike in demand; Forecasting error 

Source: Rathore et al. (2017). 

 

Based on FSCM review it was possible to find out that these literature is raising as far as food 

safe and SC performance is becoming more worrying. Recent publications as Zhu et al (2017) 

suggest that the relation between industrials risk and FSC risk should be investigate, so as their 

mitigation strategies. Gaudenzi, Zsidisin, Hartley, and Kaufmann (2017) corroborate with Zhu 

et al (2017), adding that how risk perceptions and priorities influence in SC should be 

considered in future research. Food traceability was mentioned as future research as well 

(Ringsberg, 2014). SC sustainability is a concern at this area, decision-making for FSCM 

adaptive food supply chain is considered as a gap on literature (Zhong et al., 2017). Those 

consideration is in line with SCRM recent theory, including those regarding and methodologies 

to fill theoretical and practical gap.  

 

2.4.1 Cocoa  

 

The first sign of cocoa consumption can be traced to Mayan traders and occurred before 400 

BC in Costa Rica. Additionally, Aztec culture used to consider cocoa as sacred, and the drink 

made with it was named “xocolatl”. Later, all products made with cocoa, regardless of their 

physical state, were known as “xocolatl” (Beg, Ahmad, Jan, & Bashir, 2017). In the past, cocoa 

and chocolate were used as medical treatments, helping patients to put on weight and to help 

the nervous system, digestion and kidney function. Not all of these treatments were 
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discontinued, and in the Dominican Republic today, sore throats, anemia, gastrointestinal 

illnesses and mental fatigue are still treated with chocolate drinks (Beg et al., 2017). 

 

Theobrama cacao is the genus of the cocoa tree, and four subspecies are best known: Criollo, 

Forastero, Trinitario and Nacional (Beg et al., 2017; Saltini, Akkerman, & Frosch, 2013). 

Criollo produces the best quality of cocoa (Beg et al., 2017) and needs little or no fermentation. 

It can be found in Venezuela, Papua New Guinea, the West Indies, Sri Lanka, East Timor and 

Java, but it is in south-central America that it is commonly farmed. It is also known as Bahia or 

Sanchez (Saltini et al., 2013). Forastero is the strongest subspecies, the only one that can survive 

under adverse conditions (Beg et al., 2017). This cultivation can be found in the Amazon region 

and is responsible for 95% of world production (Saltini et al., 2013). Trinitario is the 

combination of Criollo and Forastero and is therefore known as hybrid or flavor cocoa. As 

occurs with the Trinitario cultivation, different subspecies can be mixed and created, thus 

producing a new variety. This happens in 15% to 44% of cases, and can lead to problems with 

cultivation and even to producing different qualities of beans and finished products. 

 

Cocoa beans are a relevant crop around the world (Giacometti, Jolic, & Josic, 2015) and serve 

as the raw material for many types of products: chocolate itself, beverages, ice cream, bakery, 

cosmetics and pharmaceuticals are of paramount importance (Beg et al., 2017; García-Cáceres 

et al., 2014). The first regions to engage in cocoa production were in Africa, Asia and Latin 

America. According to the latest publication of the World Cocoa Foundation (WCF, 2014), 

Africa has the world’s largest share of cocoa production, at 68%. The Ivory Coast alone 

accounts for 33% of global supply volume. According to Läderach, Martinez-Valle, Schroth, 

and Castro (2013), Ghana and the Ivory Coast together represent 53% of global supply. Table 

14 shows cocoa production in 2014. 

 
Table 14 - Global Annual Cocoa Production 2014 

Regions Countries Production Share 

Africa Ivory Coast, Ghana, Nigeria, Cameroon 68% 

Asia/ Oceania Indonesia, Malaysia, Papua New Guinea 17% 

America Colombia, Brazil, Ecuador 15% 

Source: WCF (2014). 
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In 2014, 80%-90% of produced cocoa came from small family-run farms. This number 

represents almost 6 million cocoa farmers. The production of family farms varies according to 

the continent, country and type of cocoa. African farms produce 300 to 400 kilograms of cocoa 

beans per hectare, Asia’s farms produce approximately 500 kg, and in America, farms produce 

500 to 600 kilograms of cocoa beans per hectare (WCF, 2014). 

 

Regarding this type of production, Ghana encompasses over 800,000 family-run farms with 

approximately 350,000 cocoa farm owners. This labor is responsible for approximately 70% to 

100% of the family income (Asante et al., 2017). Generally, cocoa production is “one of the 

main cash providers of West and Central African economies” (Sonwa, Weise, Schroth, 

Janssens, & Howard-Yana Shapiro, 2014). For example, in the Ivory Coast, cocoa represents 

7.5% of GDP, and in Ghana 3.4% (Läderach et al., 2013). In Asia, cocoa is important as well, 

where it represents the third largest exported commodity in Indonesia (Nabhani, Daryanto, 

Yassin, & Rifin, 2015). 

 

Until 2012, global cocoa production was increasing at a rate of 3.1% per year. According to 

WCF (2014), this number is shrinking as cocoa trees are becoming sensitive to changing 

weather patterns. This situation is being aggravated by drought, excessive rain and wind. 

However, demand is increasing by the same magnitude as production is shrinking: 3% per year 

(Beg et al., 2017). It is therefore important to understand the changes taking place in the cocoa 

production process. 

 

Asante et al. (2017) emphasize the vulnerability of cocoa production to the impacts of climate 

change. The perfect conditions for growing cocoa beans are temperatures between 18ºC and 

33ºC and rainfall in the range of 1,016 and 10,160 millimeters (mm) per year (Beg et al., 2017); 

according to WCF (2014) the perfect temperature should be between 15-20 ºC. The narrowest 

reference is that of García-Cáceres et al. (2014), who consider a temperature range between 

22ºC and 30ºC and precipitation between 1,500 and 2,500 mm per year to be ideal. The variation 

in recommendations is explained by different cocoa subspecies and the conditions they require.   

 

As climatic conditions are not well established, cocoa pests, pathogens and rates of 

development are changing. Variations are also occurring in regions where pests are used to 

being present (Asante et al., 2017).  One key factor in the variation in climatic conditions is the 

deforestation associated with agriculture, which produces carbon dioxide (CO2) emissions 
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(Newton, Agrawal, & Wollenberg, 2013). This environmental impact can be reduced by 

producing commodities in deforested areas (Schroth, Garcia, Griscom, Teixeira, & Barros, 

2016). 

 

Traditionally, cocoa production has used forestry systems, the most natural type of production. 

In this system, many trees are scattered across a field, shading and protecting crop production 

from micro-climatic variations. Those trees can also keep the soil fertile and store carbon 

(Schroth et al., 2016). With the need to increase production, fields have reduced shadow spaces, 

consequently enlarging the used areas. The downside is that to support these changes, more 

chemical fertilizers, insecticides, herbicides and fungicides need to be used (Millard, 2011). 

This change also affects small farms, as they cannot invest in this type of production but must 

still address the impact of climate change (Asante et al., 2017). 

 

Läderach et al. (2013) note studies showing that crops around the world will be affected by 

climate change, and consequently, there will be a reduction in cocoa productivity, of which 

30%-40% is already affected by pests and diseases (Lalwani, Nunes, & Chicksand, 2016). As 

a result, the food supply chain will be impacted. 

 

The largest element of the food supply that will be directly impacted by any change in cocoa 

production is the chocolate chain. In 2015, Nabhani et al. (2015) published the top ten chocolate 

producers in 2013, according to the International Cocoa Organization (ICCO). Based on the 

same source, the top companies in 2015 were the same as those in 2013, with only some changes 

in rankings (Table 15). These rankings make it clear that any disruption in the cocoa chain could 

affect the incomes of many countries. 

 

As noted in Table 15, not all companies have their head offices in cocoa-producing countries, 

emphasizing the importance of cocoa exportation. Some of these companies, such as Mondelēz 

International, Nestlé SA, Ferrero Group and Arcor, have at least one plant in a cocoa-producing 

country but still need to import from other countries. According to Lalwani et al. (2016), 

approximately 50% of produced beans are consumed by European sweet-making companies. 
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Table 15 - Top ten chocolate producers 

#2015 # 2013 Company Net Sales 2015 (US$ millions) 

1 1 Mars Inc. (USA) 18,400 

2 2 Mondelēz International (USA) 16,691 

3 3 Nestlé SA (Switzerland) 11,041 

4 5 Ferrero Group (Luxembourg / Italy) 9,757 

5 4 Meiji Co. Ltd (Japan) 8,461 

6 6 Hershey Co. (USA) 7,422 

7 8 Chocoladenfabriken Lindt & Sprüngli AG (Switzerland) 4,171 

8 7 Arcor (Argentina) 3,000 

9 9 Ezaki Glico Co. Ltd (Japan) 2,611 

10 10 Yildiz Holding (Turkey) 2,144 

Source: ICCO (2016). 

 

2.4.1.1 The Cocoa Supply Chain 

 

To understand all the steps leading up to cocoa supply chain it will be described below, and 

illustrated at Figure 7. The World Cocoa Foundation (WCF) considers there to be 9 steps in the 

cocoa value chain, from the farm to the consumer: 

 

1. Growing; 

2. Harvesting; 

3. Fermenting & Drying; 

4. Marketing; 

5. Packing & Transportation; 

6. Roasting & Grinding; 

7. Pressing; 

8. Chocolate-Making; 

9. Consumer. 
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According to García-Cáceres et al. (2014), this process can be divided into 3 phases: Upstream, 

Midstream and Downstream. The Upstream and Midstream phases are subdivided into stages, 

as shown in Table 16. 

 
Table 16 - Stages of the Upstream and Midstream phases 

 Upstream Midstream 

Stages 

-Land Selection; Soil Preparation: Weeding and pruning; 

Pest and disease control; Harvest; Pod opening; Shelling; 

Fermentation; Washing; Drying; Selection. 

-Roasting; Threshing; 

Alkalization; Grinding and 

Pressing. 

Source: García-Cáceres et al. (2014). 

 

Not all studies consider the same process; specific stages could be considered among the generic 

ones. To better understand the cocoa supply chain, studies by Beg et al. (2017), García-Cáceres 

et al. (2014), Millard (2011), Saltini, Akkerman and Frosch, (2013), Giacometti et al. (2015), 

and WCF (2014) will be considered in the following discussion, for that, each cocoa value step 

is described: 

 

a) Growing: 

As defined by García-Cáceres et al. (2014),  land selection and soil preparation is 

necessary so the first stage could be started. The land where the cocoa will be cropped 

must have suitable climatic conditions in addition to the appropriate physical and 

chemical properties. In addition to the cocoa trees, accompanying shade trees should be 

planted as well. In the first two years, protection from weeds is needed; pruning can 

help with this protection and should be done twice a year. For control and growth, pest 

and disease control are imperative. The most worrisome threat is witch’s broom. 

 

b) Harvesting: 

Following 3 years of growing the trees, the next stage is harvesting.  This usually occurs 

twice a year, although in some places it may be done year-round (WCF, 2014). 

Environmental changes and conditions can affect harvesting and productivity. 

Harvesting is a manual process that can be done with a cutlass or a long knife (Beg et 

al., 2017). Next, the pods need to be opened, and when ripe, the beans can be removed. 

It is possible to have 20-50 beans in each pod (Beg et al., 2017; WCF, 2014). 
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c) Fermenting & Drying: 

Harvesting is followed by fermentation and drying (Beg et al., 2017; García-Cáceres et 

al., 2014; Saltini et al., 2013; WCF, 2014). This stage can entail different processes 

depending on the farms, areas and countries where cultivation is practiced (Saltini et al., 

2013). The most frequently used process for anaerobic fermentation is packing the beans 

into baskets, boxes, platforms or heaps covered with banana leaves (Beg et al., 2017; 

Saltini et al., 2013).  This process takes 3 to 7 days, during which the beans develop 

their aroma, color and flavor. If all variables work as expected, the beans will be swollen, 

dark brown and easily breakable (García-Cáceres et al., 2014). 

 

Drying the beans is the next process that occurs during this stage and is supposed to 

remove any excess moisture. After drying, the beans retain less than 7.5% humidity 

(Saltini et al., 2013). There are two ways to complete this process: the first is solar 

drying in the open air or in a drying greenhouse. The second way requires infrastructure 

and is done artificially using an oven drier, which inserts warm air into the beans (Beg 

et al., 2017; García-Cáceres et al., 2014). To complete this stage, a selection process 

must be performed to eliminate broken beans and residues. 

 

d) Marketing and Packing & Transportation: 

According to WCF (2014) and García-Cáceres et al. (2014), the next stage is marketing 

and commercialization. This stage is completely linked to the packing and 

transportation stages. The price of cocoa varies according to the quantities of moisture 

and spoiled beans. Beans are packed into bags so they can be sold to local buyers’ 

stations and to local and international traders. Depending on the path that the cocoa has 

taken and how long it remained trucked in a warehouse, more drying could be necessary 

(WCF, 2014). Transportation conditions can also interfere with cocoa quality (Saltini et 

al., 2013). 

 

e) Roasting & Grinding: 

When the cocoa beans arrive at the destination, they need to be cleaned and inspected. 

Roasting is the next stage and can be done in two ways: extracting the nib (inside part 

of the bean) from the shell or with the shell intact. If using the second way, the beans 

need to be shelled after roasting (Beg et al., 2017; WCF, 2014). At this stage, the 
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chocolate taste and aroma can already be sensed (García-Cáceres et al., 2014). Grinding 

is the next stage, which is responsible for the formation of cocoa butter.  

 

f) Pressing: 

Cocoa butter is melted down to form cocoa liquor. This product does not contain alcohol, 

and when refined, it can be used in chocolate manufacturing. Its physical state is solid 

at room temperature (Beg et al., 2017; García-Cáceres et al., 2014; WCF, 2014). 

 

Cocoa liquor can have one more stage, alkalization. This stage reduces the acidity of 

cocoa and makes the liquor darker and milder; it also gives more chocolate flavor (Beg 

et al., 2017). Without this stage or maybe after it, cocoa liquor can be used directly in 

chocolate making (or in any industry). To obtain other different products made from 

cocoa beans, cocoa liquor is required. A hydraulic press is needed for the next stage, 

which is pressing. This stage is responsible for the separation of cocoa butter from the 

cocoa cakes. Both products can go to the market, and cocoa cake can also be pulverized 

into cocoa power (Beg et al., 2017; García-Cáceres et al., 2014; Giacometti et al., 2015; 

WCF, 2014). The cocoa supply chain flow chart is shown in Figure 7. 

 

g) Chocolate-Making and Consumer: 

After all these processes, chocolate or any product that has any cocoa derivative as a 

raw material can be sold to consumers. It is important to emphasize that this production 

and manufacturing process can be modified to include extra treatments, depending on 

the countries where the cocoa is harvested and processed. 

 

Deans, Ros-Tonen, & Derkyi (2017) argue that the cocoa supply chain process can be improved 

with value-chain collaboration (VCC), “a vertical relationship between actors in the chain, such 

as producers, buyers, traders, retailers, and consumers”. As a result of their research, they 

concluded that VCC can increase the achievement of target objectives such as sustainable 

sourcing and mitigating climate change. Some companies, including Nestlé and Lindt, are 

already engaged in VCC in Ghana.   
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Figure 7 - Cocoa Supply Chain 
Source: The author, based on World Cocoa Foundation information 

 

2.4.1.2 The Brazilian Cocoa Supply Chain 

 

Production of Brazilian cocoa beans began during the colonial period due to the commercial 

interests of the Portuguese. During the subsequent centuries, this interest decreased, and 

consequently cocoa cultivation and exploration also declined. However, during the twentieth 

century, interest returned, and Brazil eventually came to lead the world in cocoa cultivation and 

production. Currently, cocoa (Theobroma cocoa L.) is cultivated in several Brazilian regions: 

North, Northeast, Southeast and Midwest (IBGE, 2017), all of which have the same climate 

conditions: hot and humid, without a defined dry season (Gonçalves, Carneiro, & Sena, 2010; 

Piasentin & Saito, 2014). 
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In general, climate conditions are very important for growing cocoa beans. The best known 

disease affecting cocoa beans is called witch’s broom, that due to unfavorable conditions it can 

disseminate rapidly and cause production losses, especially in the dry season (Gonçalves et al., 

2010). As witch’s broom is a fungus, high temperatures, humidity and wind can aid to spread 

it.  These fungus has affected Brazilian production since 1989.. Before witch’s broom, Brazil 

was the most productive country in the world for cocoa (Efraim et al., 2013). To rebuild 

Brazilian plantations, farmers in Ilheus (Bahia) are working on crop clones, which are more 

robust in order to resist witch’s broom (Mendes, 2016). Another climate restriction is the wind, 

which can have a major influence on cocoa plantations, even at low intensity because if wind 

occurs persistently, it can damage crops. Water deficiency and low temperatures can harm crops 

as well. The ideal scenario is when the average annual precipitation is 1250 mm and the 

temperature is over 25.5ºC (Nangoi, José, & Sentelhas, 2006). 

 

Currently, Brazil is an important player on the international cocoa market. In the year 2013, 

Brazil imported and exported a considerable amount of cocoa beans, cocoa powder, chocolate, 

cocoa butter and cocoa paste (Vergo, Assumpção, & Silva, 2014). According to ICCO (2017), 

when considering the 2016/17 forecast for cocoa bean production, Brazil is the 7th largest cocoa 

producer in the world, behind the Ivory Coast, Ghana, Indonesia, Ecuador, Cameroon and 

Nigeria. When considering the 2016/17 forecast for grinding cocoa beans, Brazil is the 6th 

largest country, following the Netherlands, the Ivory Coast, Indonesia, Germany and the United 

States. 

 

Total Brazilian cocoa bean production is expected to grow 10% from 2016 to 2017. The 

production increase is related to the average yield, which should grow approximately 16.2%. 

This strong expectation of average yield persists despite the country’s decreased plantation area, 

which is expected to shrink by 5.2%. The absolute values are shown in Table 17 (IBGE, 2017). 
 
Table 17 - Cocoa plantation area, production and average yield – Brazil 

 
2016 crop 2017 crop (forecast) Variation (%) 

Area (ha) 706,186 669,368 -5.2 

Production (t) 214,065 235,55 + 10 

Average Yield (kg/ha) 303 352 +16.2 

Source: IBGE (2017). 
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Another important piece of data regarding Brazilian cocoa beans production is harvest 

efficiency, which can be measured by considering the planted area and the harvested area. In 

the last decade, these areas remained nearly the same, increasing significantly only in 2016. 

Yet, despite this increase, the worst harvest efficiency year was 2016, when efficiency was only 

91.07%. On the other hand, the best performance was in 2015, at 99.97%. These data and 

relations are shown in Table 18. The year 2016, even with the worst efficiency, was not the 

lowest production of the decade (IBGE, 2017).  

 
Table 18 - Cocoa Beans Planted and Harvest area: 2007 - 2016 

 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Planted area (ha) 685,003 686,206 672,435 662,674 682,482 686,541 692,435 767,627 678,349 775,427 

Harvest area (ha) 628,928 641,337 635,975 660,711 680,484 684,333 689,276 704,122 676,902 706,186 

Harvest efficiency 91.81% 93.46% 94.58% 99.70% 99.71% 99.68% 99.54% 91.73% 99.79% 91.07% 

Production (t) 201,651 202,030 218,487 235,389 248,524 253,211 256,186 273,793 273,124 214,065 

Average Yield (kg/ha) 321 315 344 356 365 370 372 389 403 303 

 Source: Adapted from IBGE (2017). 

 

Considering the 2016 crop, IBGE (2017) disaggregated the data according to each productive 

region and state (Table 19). With this information, it becomes clear that Bahia, followed by 

Para, is the most representative state with regard to Brazilian cocoa bean production. According 

to Mendes (2016), Para is trying to take first place in Brazilian cocoa bean production. To reach 

that goal, they are working on bean improvement and production verticalization. Both states 

have now achieved sustainability certificates. 
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Table 19 - 2016 Cocoa Bean Production/Region - Brazil 

 
North Northeast Southeast Midwest 

 
Rondônia Amazonas Roraima Pará Bahia 

Minas 

Gerais 

Espirito 

Santo 

Mato 

Grosso 

Planted area 

(ha) 
1.8 0.2 0 22.6 72.2 0 3.1 0.1 

Harvest area 

(ha) 
1.7 0.1 0 18.4 76.5 0 3.2 0.1 

Production 

(t) 
2.5 0.3 0 40.1 54.2 0.1 2.6 0.3 

Source: IBGE, 2017 

 

It is important to emphasize that most of this production comes from large producers; however, 

their power over the chain and their efficiency makes it more difficult for small producers to 

participate in the market. Small producers normally lack financial power, which makes difficult 

for them to achieve the minimum standards of competitiveness that are required for 

involvement in the production chain (Estival & Laginestra, 2015). 

 

In general, the Brazilian cocoa supply chain has adopted the same structure as that shown in 

Figure 7. In Brazil, everything from the first stage until harvesting can be done by farmers or 

by industries. These industries will be the same ones that process the cocoa beans and sell them 

to the retail industry. Companies in the processing industry, also called the grinding industry, 

that operate in Brazil are Cargill, Barry-Callebaut, Archer Daniels Midland (ADM) and Indeca, 

the only national company involved. The biggest retail industry that buys cocoa products is the 

chocolate and confectionery industry, mostly represented by Mondelez and Nestlé (Silva, 

Fachinello, Boteon, Julião, & Pozelli, 2015). Therefore, it is possible to affirm that the cocoa 

chain trend is based on bargaining with the chocolate industry (Estival & Laginestra, 2015). 
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3. METHODOLOGY 

 

 

This chapter will present the methodology used in this study; it will explain the procedures and 

concepts used to achieve the objectives of the research. Additionally, this chapter will present 

the literature review procedure, research approach and data analyses. Sampieri, Collado, and 

Lucio (2006) affirm that scientific studies are part of an operational cycle necessary for the 

evolution of science, in the sense that they generate ‘new’ knowledge, which can be said to be 

new ideas that will raise new questions to be answered.  

 

In general, scientific research can be defined by the systematic procedures used to find answers 

to the proposed problem. In this way, all research must develop and use scientific techniques 

and procedures to analyze the literature and data. In so doing, it will be possible to elaborate 

knowledge that can be considered scientific (Sampieri et al., 2006). Thus, the procedures and 

techniques used to prove scientific knowledge can make use of two different approaches by 

taking form, focus and emphasis into account. These approaches are (i) quantitative and (ii) 

qualitative (Sampieri et al., 2006; Van Maanen, 1979). 

 

The qualitative approach is used in studies that aim to develop an understanding of a certain 

phenomenon and involve a rigorous analysis of the environment in which it occurs. Qualitative 

approaches involve a variety of methods to collect meaningful data for research, such as 

interviews, document review, group discussion, and life history reflection (Sampieri et al., 

2006). Overall, the aim of scientific research is not merely to report the research data but to 

interpret them (Marconi & Lakatos, 2004). In that respect, this research uses the qualitative 

approach to analyze the data and assist with deeper interpretations of these questions: how do 

Brazilian cocoa supply chain members perceive the influence of climate change on others 

supply chain risks? How these risks are mitigated? 

 

The stages followed in this study are very similar to those used in other supply chain 

management case study articles. In 2010, Reuter, Foerstl, Hartmann, and Blome (2010) 

considered the stages of case selection, data collection and data analysis. In 2009, Pagell and 

Wu (2009) followed the stages of defining the sample, interview protocol, data collection, 

coding and analysis. The most complete model found was that described by Stuart, 

McCutcheon, Handfield, McLachlin, and Samson (2002), which defined 5 stages. This model 
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was applied by Seuring (2008) and was applied in this study as well. The model is illustrated 

in Figure 8. 

 

 
Figure 8 - The five-stage research process model 
Source: Stuart et al. (2002). 

 

Using this process model, each stage is defined in this section according to this study’s 

intentions.  

  

3.1 Stage 1: Define the Research Question 

 

This stage is considered a scoping review, which was necessary to define the research question 

and the specific objectives. During this review, the main studies were considered, and research 

gaps were identified. Next, articles were selected. Using this body literature, key words were 

selected to perform a search in databases such as Google Scholar, EBSCO, Emerald, Embrapa, 

IBGE and Elsevier.  

 

To begin the process, the main goal was to identify a research or/and practical gap. Thus, 

research was conducted to seek out eventual gaps in two areas: (i) supply chain risk 

management and (ii) food supply. While this research was underway, a gap in the Brazilian 

literature was found: supply chain risk management in the cocoa chain; cocoa is a relevant 

commodity in the Brazilian economy, as discussed previously. As seen in some literature 

(Asante et al., 2017; García-Cáceres et al., 2014; Ruf et al., 2015), one of the risk sources that 

affects cocoa culture is climate change.  

 

Considering the gaps identified, the search was conducted based on the following strings: 

“supply chain* + risk*”; ((“climate”) w/1 (chang*”)) AND (supply chain*); "supply chain risk" 

+ "climate change"; "food supply chain" + "risk management"; “Cocoa + “Supply Chain” and 

“Cocoa + Brazil + “Supply Chain”. For that, Scopus and Web of Science database was used. 

Scopus selection was the same made by Freitas, Costa, and Ferraz (2017) and when compared 
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with Web of Science by Markpin (2013), found out more results at Scopus. In order to cover 

the greatest amount of result, both database was considered. As a result of that search, almost 

3,000 documents were found. The first search was the one that returned more results: 1,846, 

considering 1,141 at Scopus and 723 at Web of Science, that was filtered according to the 

Association of Business School (ABS, 2015),” Operations and Technology Management” 

ranking. That choice was made because this classification does not have a much diverse set of 

subjects (Rafols, Leydesdorff, O’Hare, Nightingale, & Stirling, 2012), and it was based on  

Ghadge et al. (2012) who consider ABS ranking “vastly referred and accepted in the academic 

world”. 

 

 According to each string, some type of filter was used, resulting in 146 documents that were 

considered in the literature review. The only documents that were added to this search were 

The Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), Reports 

from the International Cocoa Organization (ICCO) and data from the Brazilian Institute of 

Geography and Statistics (IBGE). 
 

Considering this search and literature review, the research question of this case study were 

defined as follows: How do Brazilian cocoa supply chain members perceive the climate 

change influence on others supply chain risks? How these risks are mitigated? 

 

3.2 Stage 2: Instrument Development 

 

The aim of this approach is to expand theory, and to do so, this study is based on a single case 

study of a supply chain. Eisenhardt (1989) defines case study as a “research strategy which 

focuses on understanding the dynamics present within a single setting” (p. 534); it can be a 

combination of “data collection methods such as archives, interviews, questionnaires and 

observations” (p.534). Considering these definitions, Meredith (1998) added that a case study 

“considers temporal and contextual aspects of the contemporary phenomenon under study, but 

without experimental controls or manipulations” (p.443). 

 

As mentioned above, this study uses a qualitative approach; thus, according to Barratt, Choi, 

and Li (2011), it will be defined as a qualitative case study, “an empirical research that primarily 

uses contextually rich data from bounded real-world settings to investigate a focused 

phenomenon” (p.329). Another definition of qualitative research approach was proposed by 
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Ketokivi and Choi (2014), who defined as a “research approach that examines concepts in terms 

of their meaning and interpretation in specific contexts of inquiry”. 

 

This study was conducted with a unique case (Seuring, 2008), providing a study along the 

Brazilian cocoa supply chain. This chain is composed of four nodes (Figure 9) as well as many 

associations and non-governmental organization (NGO). Each SC node is explained below: 

 

Production (Farmers): Production can be done by farmers located in various Brazilian 

locations, including Bahia, Pará, Espírito Santo and São Paulo. As illustrated in Figure 7, this 

SC node is responsible for land selection, soil preparation, growing and harvesting cocoa trees, 

fermentation and drying of cocoa beans, packing, and sometimes transportation. Bahia’s 

production is the most traditional; it is called the “cabruca” system and uses shade trees on the 

plantation. In Bahia, it is possible to find plantations of many sizes, from small farms to 

enormous ones. All of them practice a familiar form of production and have already been 

producing for more than three generations. Just like Bahia, Pará has a familiar form of 

production, but it is not as old. In this region, the most commonly used system is the “open 

sun”; that is, shade is not used. In Espírito Santo and São Paulo, production is more recent, and 

more complex systems are used, as irrigation and fertigation. After packing the cocoa beans, 

most of the farmers have two possibilities for sale: through a trader or straight to the grinding 

industry.    

 

Traders/Middlemen: This SC node is composed of companies that buy and sell cocoa beans; 

they can also be called middlemen and handlers. Their role is to buy cocoa beans from small 

farmers who do not have significant production or are located too far from the grinding industry. 

These companies combine the production of many farmers to sell to the grinding industry. 

When there is capacity to export cocoa beans, they are the responsible for that. There are two 

large companies in Bahia and minor ones in Bahia and Pará. Some cooperatives perform this 

task as well.  

 

Grinding Industry: There are four sites of the grinding industry in Brazil: three located in 

Bahia and one in São Paulo. There is also an association supporting this industry. The grinding 

industry’s raw material is cocoa beans, which can be purchased from farmers or traders, or 

imported when necessary. These industries are responsible for roasting and grinding cocoa 
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beans, and after those processes are completed, they produce cocoa liquor, cocoa butter, cocoa 

cake and cocoa powder. These products can be sold in Brazil or exported.  

   

Chocolate Factory or Other: These SC nodes are responsible for buying processed products 

from the grinding industry. Depending on the product the company produces, it will buy 

different cocoa-derived products. Chocolate factories are the dominant members of this 

category, which also includes companies that produce cookies, ice cream, candies, cosmetics 

and even cigarettes. This study focused on chocolate factories. 

 

Associations and Non-Governmental Organization (NGO): They are not considered as a 

supply chain node, excepted cooperatives that act as middlemen. Mostly, their role is to support 

small producers and help them to improve their quality, productivity and knowledge. Others 

associations has their goal on cocoa supply chain research, considering soil, plant clones, seeds 

development and better cocoa handling and meteorological and market information. Some 

examples of those associations at Brazil are: The Nature Conservancy (TNC), World Resource 

Institute (WRI), Floresta Viva Institute (IFV), Arapyaú Institute, Cocoa Innovation Center 

(CIC) and Executive Committee of the Cacao Plan (CEPLAC). Considering grinding industry, 

researches are made by National Association of Cocoa Processing Industries (AIPC). Brazilian 

Association of the Chocolate Industry, Cocoa, Peanut, Candies and Derivate (ABICAB)  

support the entire chain. For the employers, a Labor Union considering ABICAD products 

works at São Paulo State – SICAB. At Ilheus, a specific cocoa Labor Union employers support 

them, called as SINDICACAU. 

 

         
Figure 9 - Brazilian cocoa supply chain 
Source: The author 
 

According to Reuter et al. (2010), the use of multiple data types and respondents was 

considered. Accordingly, in this study, companies managers at each supply chain node were 

interviewed, representing all supply chain members and a wide variety of documents were 

analyzed. In all supply chain node more than one company was considered at interviews. At a 

grinding industry and a chocolate factory more than one person was interview. 
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3.3 Stage 3: Data Gathering 

 

As this study does not intend to measure the impact of the risk of climate change but rather 

recognizes the existence of that risk and analyzes perceptions of their influence along the chain, 

interviews with companies managers from supply chain members were conducted. Data were 

gathered through 17 semi-structured interviews, followed by an outline protocol (Attachment 

B) based on the literature, previous studies, and other documents. Before the first interview was 

conducted, the protocol was validated by three academics and two cocoa researchers. A semi-

structured interview approach was chosen because it offers the possibility to ask unplanned 

questions depending on the answers received.  

 

Interviews were conducted with all nodes along the Brazilian cocoa supply chain, which 

provides “a better opportunity to penetrate important issues” (Norrman & Jansson, 2004). The 

number of respondents representing each node varies because many of the interviewees had 

experience in other areas of the supply chain in addition to the work they were doing at the time 

of the interview.  

 

The criteria used to define a respondent were as follows: a) works in a cocoa supply chain 

entity; and b) works in an area that can be affected by any type of risk. To define which Brazilian 

cocoa supply chain entity should be analyzed in this study, companies presented at Silva et al. 

(2015) research were considered. A convenience contact was made with three interviewed: C_1, 

C_P_1 and P_R_1, as they work on a representative company for this research. In order to reach 

others respondents, snowball technique was used. P_R_1 and C_P_1 indicated others 

respondents, and, one of them had also indicated others. The indications were considered as 

they filled the requirements for the research. Producers node do not had any specific 

requirements, so it would be possible to analyze the chain without filter production size or 

certification. 

 

Table 20 presents a summary of the interviews done in this research. 
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Table 20 - Respondent characteristics 
SC 

Node 
 

Company 
Role 

Respon
dent 

Duration 
(min) 

Experience 
Pr

od
uc

er
 

A 
Large Environmental 

Institute 
Forest Director P_R_1 46' Producer and Researcher 

B 
Small Cocoa Institute/ 

Medium producer 
Counselor and Producer P_R_2 45' Producer and Researcher 

C 
Small Cocoa Institute / 

Medium Producer 

Cocoa Researcher P_R_3 45' Producer and Researcher 

Cocoa Advisor G_P_1 60' Grinding (N) and Producer 

D Medium Producer Farm owner P_R_4 60' 
Producer, Researcher and 

works at Agriculture ministry 

E Large Association Cocoa Researcher A_1 40' Producer 

Tr
ad

er
/ 

M
id

dl
em

an
 

F 
Small Trader / Medium 

Producer 
Owner / Cocoa 

Purchase and Sales 
T_P_1 85' Trader and Producer 

G 
Small Trader / Medium 

Producer 
Cocoa Purchase and 
Sales / Farm owner 

T_P_2 20' Trader and Producer 

G
rin

di
ng

 

H Large Association Executive Director G_1 50' Grinding 

I Medium Grinding Operation Management G_2 45' Grinding 

J Large Grinding Cocoa Regional Sales G_C_1 55' 
Grinding and Chocolate 

Factory (N) 

K 

Large Grinding 

Agricultural Project 

Supervisor 
G_3 40' Grinding 

L Sourcing Manager G_C_2 55' 
Grinding and Chocolate 

Factory (N) 

M Cocoa Advisor G_C_3 60' 
Grinding and Chocolate 

Factory (N) 

C
ho

co
la

te
 F

ac
to

ry
 

N 
Large Chocolate 

Factory 

Cocoa Purchase C_P_1 40' 
Chocolate Factory, grinding 

and producer 

Cocoa Analyzer C_R_1 62' 
Chocolaty Factory and 

Researcher 

O 
Large Chocolate 

Factory 
Director Global 

Business Development 
C_1 73' Chocolate Factory 

Source: The Author 
 

To include all respondents, more than 14 hours of interviews were conducted between 

December 2017 and January 2018, all by the researcher. As the chain is distributed across the 

country, only 6 of the interviews could be conducted face-to-face. The remaining 11 interviews 

were conducted by Skype or telephone. Regardless of the type of interview, the first step was 

to thank the respondent for contributing to the study and to explain the research. Next, the 

respondent was asked for permission to record the conversation (Attachment A). All interviews 

were recorded and transcribed for future analysis.  
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3.4 Stage 4: Data Analysis 

 

According to Stuart et al. (2002), the “researcher’s challenge is not just to observe, listen and 

record in a systematic manner. Much of the important data come from analyzing and 

interpreting what individuals are trying to say” (p. 427). To analyze the recorded and transcribed 

information, key categories were identified according to the literature review, ‘interviewer 

notes and secondary data’ (Pagell & Wu, 2009). This process is the same as that of Reuter et 

al. (2010): after the key categories were identified, they were refined and expanded, enabling 

an incremental analytical process as well as the comparison and discussion of individual results. 

Here, coding technique is useful to identify the central ideas of interviews and to compare 

information across respondents (Pagell & Wu, 2009). 

 

As the interviews were being conducted, it was possible to collect information that had not been 

found in the literature review of the Brazilian cocoa supply chain. Considering this information 

gap, the first category to be examined in the data analysis was related to an overview of the 

cocoa market; this overview made it possible to more effectively introduce the peculiarities of 

the Brazilian cocoa supply chain. Considering the goals of this study, the second category was 

that of risk sources, as presented by Ho et al. (2015); this made it possible to identify and 

classify the risks facing the chain. Interviewees’ perceptions of how risk sources would be 

influenced by climate change were also examined. As determined through the interviews, some 

risks incidence can result in the occurrence of other risks in the same entity and in other SC 

node. Thus, the influence of risks was considered a code as well. Exportation and importation 

activities have also been identified as peculiarities, making it important to analyze these 

activities separately. Lastly, mitigation actions and strategies were considered. Codes are 

presented in Table 21. This stage was completed with Atlas TI software. Each interview was 

analyzed in relation to the codification scheme, and the findings are reported in the next section.  
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Table 21 - Interview Codification 

Definition Code   
Definition 

(Perception 
about how 

climate change 
influences 

these risks:) 

Code 

  Definition 
(How the 

other risks are 
influenced by 
these risks:) 

Code Information 
Risk INF   

Demand Risk DEM   

Supply Risk SUP  Information 
Risk CC_INF 

 
Information 

Risk IMP_INF 

Environmental 
Risk ENVIR  Demand Risk CC_DEM 

 
Demand Risk IMP_DEM 

Financial Risk FIN  Supply Risk CC_SUP  Supply Risk IMP_SUP 

Logistic Risk LOG  Environmental 
Risk CC_ENVIR 

 
Environmental 

Risk IMP_ENVIR 

Manufacturing 
Risk MANU  Financial Risk CC_FIN 

 
Financial Risk IMP_FIN 

Exportation or 
Importation 

Risk 
EXP IMP  Logistic Risk CC_LOG 

 
Logistic Risk IMP_LOG 

Market 
Information MKT  Manufacturing 

Risk CC_MANU 
 

Manufacturing 
Risk IMP_MANU 

Mitigation 
Action and 
Strategies 

MIT   
Exportation or 

Importation 
Risk 

CC_EXP 
IMP   

Exportation or 
Importation 

Risk 

IMP_EXP 
IMP 

Source: The Author. 
 
3.5 Stage 5: Disseminate the research findings 

 

As considered by Stuart et al. (2002), case-based researches “are often subject to criticisms: 

some valid, some invalid”. A way to minimize invalid ones is emphasizing reliability and 

validity of the research, testing: construct validity, internal validity, external validity and 

reliability (Yin, 2003). When describing how data were collected, who were considered on 

interviewees,  and which were the codes considered, construct validation was done (Stuart et 

al, 2002).  

 

As this study considered a single-case, internal validity was preserved so far as data were 

matched with proposed patterns (Yin, 2003). As this research fill a theoretical gap with 

interviews made with all chain members and considering different companies and producers, 

findings generalization is supported,  justifying external validity (Stuart et al., 2002). As this 

research follows an interview protocol (Attachment B), it can be repeated with the same results 

(Stuart et al., 2002), supporting this study reliability. 
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4. FINDINGS 

 

This chapter is divided into five sections, each one considering the interview data and 

documents provided by respondents. The first section presents a market overview of cocoa’s 

importance, history and the particularities of the Brazilian chain. The second section describes 

risks involved in the Brazilian cocoa supply chain. Considering these risks, the third section 

reports the interviewees’ perceptions of the influence of climate variation on other risks of the 

chain. As presented in FSC and cocoa supply chain literature review, section 2.4 and 2.4.1.1, 

distinction between climate change and climate variability was not considered on papers, the 

following analyzes will just considered climate variation term, according to UNFCC meaning: 

“change of climate which is attributed directly or indirectly to human activity that alters the 

composition of the global atmosphere and which is in addition to natural climate variability 

observed over comparable time periods” (UNFCC, 1992). As a way of discussing the relations 

and mutual influences among various chain nodes, the fourth section presents the relations 

among the risks mentioned in section 4.2. Last, the fifth section reports on mitigation strategies 

in light of the risks facing the Brazilian cocoa supply chain. 

 

4.1 Market overview 
 

The cocoa supply is recognized as a huge global financial product that has worldwide financial 

impacts. This widespread impact stems from the fact that as cocoa go thorough each chain node, 

the product increase its added value, as an example: fermented bean, cocoa liquor or derivatives, 

chocolate or another product. Chocolate can be considered an expensive product in some 

countries and is normally consumed by populations with high purchasing power. Currently, 

Switzerland is the largest consumer, while India consumes less. 

 
“Our chain has a financial movement of over 20 billion. Just the chocolate industry 

has a direct income of 1 bi to the producer. With that, I produce 4. The chocolate 

industry turns in at least 15. If I add the other industries, it will be 20. So, I am talking 

about 25 considering the whole chain, considering candy, cookie…” [G_1] 

 

“…European per capita consumption can reach up 16 kilograms. At Brazil, we can 

consider about 2-2,200 kilogram.” [G_C_1] 
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 “India and China have a consumption of 100 grams of cocoa bar equivalent per capita, 

while Switzerland has 9 kilograms.” [G_1] 

 

The world’s consumption of cocoa beans is projected to grow in the coming years, but 

unfortunately, global production does not have the capacity to keep up with that growth.  World 

production faces the challenge of increasing production by 1,000 tons, which could result in a 

supply clash. The situation will worsen as huge producing regions start to fail. In this scenario, 

newer land needs to be developed and land that already produces cocoa need to increase their 

productivity; Brazil could be one country where this can occurs. One factor that could impact 

this development is Africa’s concentration of production because, regardless of whether there 

is a decrease in production, Africa’s geopolitical instability can increase market volatility.  

 
“The truth is: you have a consumption projection in the range of 5 million tones, in a 

world that has never produced more than 4,300. So, at any time a clash will happen. 

Optimistically, say that 4,300 is an exception, because in a normal situation we 

produce 4. So the challenge is to increase the global production from 4 to 5 million 

tons.” [G_1] 

 

“The cocoa market is a conglomerate market. 70% of global production is in Africa, 

an unstable and unreliable continent. Market information is based on their production, 

which makes the market extremely volatile. In 2016, the market price was $3,200, in 

2017, it was $1,800.” [P_R_4] 

 
“The challenges we have: Africa has the biggest cocoa production but has huge 

geopolitical instability. All projects in Africa and Asia had collapsed. Indonesia, 

which is the third largest producer, is failing. Producers are replanting as palm 

plantations, it takes 8 years to grow. So, the producer that is replanting now will take 

at least 8 years to harvest, so 25 years to give up on produce palm. 25 years without 

cocoa plantation. Hope is at Latin America. Ecuador has been doing a great job.” 

[G_1] 

 

As mentioned regarding Figure 9, the Brazilian chain is mainly composed of four nodes. The 

first is the producer, composed of approximately 600,000 producers and 700,000 hectares of 

land. The second is the trader or middleman. The grinding industries have the next-highest 

responsibility for the cocoa chain. This node is composed of four industries in Brazil: Cargill, 

Barry-Callebaut, Olam Group and Indeca, the only Brazilian company. It is important to note 

that Olam Group was not cited in the literature review, as it bought its cocoa operation from 
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Archer Daniels Midland (ADM), which was cited in the review, at the end of 2014. As noted 

in the review and interviews, the chocolate industry is the largest – and last production related 

– node in the chain. The huge companies that operate in the Brazilian Market are Nestlé, 

Mondelez, Mars, Ferrero and Lindt. 

 
 “our grinding industry is exactly in the middle of the chain, I have about 600,000 

producers at one side, with about 700,000 ha. At the other side I have about 150 

chocolate companies, whereas 5 of them own almost 80% of the market share: Nestlé, 

Mondelez, Mars, Ferrero and Lindt” [G_1] 

 

“At Para there are 1,500-1,800 families that produce cocoa” [A_1] 

 

“…Barry, just cocoa. Olam, their cocoa operation is the second largest of their 

company and they are at third place. Cargill is the second one, and Indeca is the only 

one that is national” [G_1] 

 

“After the producer, we have the beans origination, by us or by a third party. In Brazil, 

usually the sourcing is done by a trader (middleman).” [G_1] 

 

Brazilian cocoa bean production has oscillated over the last few years. In the past, Brazil was 

known as a cocoa bean exporter, but it is currently a country that needs to import beans to 

supply its market. This situation began in the 1980s, when witch´s broom, a disease caused by 

a fungus affecting cocoa plantations in Pará and Bahia, began to kill cocoa crops. Many farmers 

needed to borrow money from banks in order to save their cocoa plantations. Others decided to 

abandon the cocoa business by leaving their land, changing what they produced, or even 

burning their plantations. Currently, some smaller farmers are still indebted, and their actions, 

as burning and changing culture production, have influence on climate variation. 

 
“Nowadays I do not have even the beans to be self sufficient” [G_1] 

 

“After the 1989 crises, my generation left.”  [P_R_2] 

 

“The cocoa economy in Brazil grew up in an era when it was easy to earn money. At 

that time, witch´s broom did not exist. When witch’s broom started, everything 

changed, producers had to invest money to take care of their plantation. Before they 

had money, many producers had lost their seedlings.” [P_R_1] 
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“In the 1980s, cocoa’s economic activity almost ended. Many farmers cut their 

production, had it burned, had to leave it…there was nothing to do, no one wanted to 

buy it.”  [T_P_1] 

 

“Every money that comes in from cocoa production is to pay debt.” [P_R_1] 

 

“We had lost about 150,000 ha when cocoa was substituted by livestock….. this 

change has affected the region’s climate resiliency. It decreased the gap between dry 

seasons, causing more drought and raining periods, impacting the cocoa bloom.” 

[P_R_2] 

 

Brazilian cocoa production began to be restructured in the 1990s, but it never again reached the 

production level that the country had enjoyed before witch´s broom. In 2012, Brazil had a 

“super crop”, which was unexpected. All conditions were favorable to the growth of cocoa: 

humidity, temperature and wind. However, in 2015-2016, there was a major drought, which 

impacted production. In 2017, Bahia’s crop felt the drought influence as well. 

 
“In 2015, Brazilian production was 229,000 tons…..in 2016, 152,000” [G_1] 

 

“At that moment Brazil used to produce 400,000 tons of cocoa beans. After the witch´s 

broom devastation and a political turnaround, Brazilian cocoa bean production was 

100,000 tones.” [C_1] 

 

“Nowadays in Brazil, internal demand is higher than internal supply” [G_C_2] 

 

Currently, as Brazil attempts to restore production, new variations of cocoa species are being 

tested. Technological and innovative actions, as wind barriers, handling soil and irrigations can 

help producers to mitigate some of the risks they face. The interviewees are unanimous in their 

agreement that the Brazilian cocoa chain is very sensitive  in its approach. Some factors 

mentioned by the interviewees are crises, productive fluctuations, laws, market prices and 

environmental changes. The next section will define the risks facing the Brazilian cocoa chain. 

 
 “Cocoa culture has more than 200 years of history in Bahia. Many generations faced 

crises, crop conditions and productive fluctuations, disease incidences, labor issues, 

law modifications and climate variation.” [P_R_2] 

 

“The agricultural segment has higher risk exposure. You have many uncontrollable 

activities, if one is wrong, your business will be wrong as well.” [P_R_4] 
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4.2 Risks to the Brazilian Cocoa Supply Chain 

 

This section was constructed based upon the definition of risk sources presented by Ho et al. 

(2015), illustrated in Table 6.  

 

4.2.1 Environmental Risk 

 

The cocoa supply chain is very sensitive to environmental variations. Because cocoa grows on 

tropical plantations, any extreme temperature, humidity or wind variation can devastate 

production. The main event mentioned by the interviewees was a recent drought that occurred 

in 2016. Some respondents compared this drought with one that occurred 50 years ago. Thus, 

as argued by P_R_4 and G_3, there are some questions if whether drought is a cyclic event. 

 
“The 2015/2016 drought was global. Cocoa is produced at 20º degrees in Ecuador, 

almost all regions is suffering the same climate and environmental factors. Obviously, 

in Africa is Harmattan, dry winds that come from the Sahara. In Brazil is El Nino and 

La Nina, responsible for those climate variation. In 2016 there was a huge drought 

and we had lost plantation area.” [G_C_1] 

 

“The 2016 drought affects cocoa production and the recent plantation. If there is 

drought, it can’t grow.” [A_1] 

 

“In 2015, we had a huge drought, it was almost 10 months without rain. We don’t 

know if there is a chance that will be permanent or if it is a 50-year cycle.” [G_3] 

 

To the producers, environmental risks such as climate variation are most relevant. For cocoa 

bean production to succeed, climate characteristics must be perfectly timed and in perfect 

combination, as mentioned by Asante et al. (2017); Beg et al. (2017); García-Cáceres et al. 

(2014) and WCF (2014). As many plantations are infested with witch´s broom, climate 

conditions become more worrisome. Previously, in Bahia, the seasons were more defined, but 

currently, farms cannot plan ahead for rain or drought. In Para, this challenge is less relevant, 

as the rainy and dry periods are better defined. It is important to highlight that the witch’s broom 

fungus is a native disease from Para, but when a dry period occurs, the witch’s broom inoculum 

is inhibited. 
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 “In Bahia, due to witch’s broom at the farms, if it rains a lot, this disease is more 

aggressive. If it does not rain, cocoa is very sensitive to dry periods.” [G_1] 

 

“Considering producers, their biggest risk is about rain.” [G_2] 

 

“On the agricultural side, the risk is to have a bad crop. Risks have to do with drought 

and climate.” [G_P_1] 

 

“Environmental risk is uncontrolled, and it can affect production.” [A_1] 

 

Any climate variation during production can directly affect quality and productivity. Indirectly, 

it can influence the spread of diseases, another environmental risk. The best-known diseases 

affecting cocoa plantations are witch’s broom, moniliasis and brown-rot. As these are fungal, 

their spread is facilitated when periods of rain occur [T_P_1]. Phytosanitary risk is extremely 

worrisome, as some of those diseases can decimate a crop. 

 
“Drought can affect fruit quality, as it can abort many flowers. If you don’t have 

flowers you can’t produce fruit. At revenge fruits drought will impact too, it cannot 

grow enough.” [P_R_1] 

 

“In Brazil, we know we have started to overcome witch’s broom disease. If a disease 

such as moniliase started in Brazil, I don’t know what cocoa’s future would be.” 

[P_R_3] 

“When witch’s broom started, where I used to harvest 70 kg, I have harvested 10” 

[T_P_2]. 

 

 
Witch’s broom in Bahia’s cocoa plantations is linked to political risks. Some respondents and 

reports mentioned that this disease was implanted in Bahia during a political event. Another 

political factor that creates risk for the cocoa chain is the government’s relationship with 

producers and grinding industries. According to some respondents, these relationships are 

responsible for growth in Pará both in production and economy. In Pará, there is a political 

agreement that reduces the circulation of goods and reduces service taxes on producers and 

middlemen; there is also an institute that promotes events and seed distribution to producers. 

 
 “There is a governmental risk, they had asked us to pay a road maintenance fee. But 

I do not have to pay for it.” [G_C_1]  
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“Political engagement at Bahia and Para is different. Para is growing because there is 

a State preoccupation, supporting with incentives and tools. While at Bahia, there is 

an eternal lamentation.” [G_2] 

 

“In Bahia we have a landless movement, much land was handed out for them. Some 

worked, others did not.” [P_R_1] 

 

“In Para we have an incentive, it reduces the movement of goods and service taxes on 

who is selling, and transfers to who is buying. What state government has is a program 

that is called FUNCACAU (Cocoa Institute). For every cocoa ton we trade out of the 

state we should pay R$ 98.00 for them. This money is invested in cacao production, 

as a modernization rate. So, they promote events, seed and seedlings distribution and 

help to monitor production. Their purpose is to consolidate Pará as the largest cocoa 

producer in Brazil.” [T_P_1] 

 

“Nowadays, we can’t work at cocoa farms anymore, production decreased as a 

consequence of witch’s broom. We don’t have incentive.” [T_P_2] 

 

Although these economic factors can help the cocoa supply chain, most economic factors can 

reduce cocoa chain performance. Economic instability in Brazil can reduce chocolate 

consumption and consequently affect the cocoa bean market. When the cocoa bean market 

shrinks, the needs of employers also decline, and more people become unemployed. Lastly, as 

Brazilian currency is unstable, profits and raw material prices can always be disrupted.  

 
“Brazil had a crisis that had reduced chocolate consumption. This event shrinks the 

consumer market, grinding and cocoa bean utilization.” [G_C_1] 

 

“As an consequence of the economic crisis, there are more jobless people in the 

countryside.” [P_R_3]  

 

“Cocoa price is dollarized, when real devaluation occurs, producers can have a bigger 

profit. On the other hand, the chocolate raw material price gets higher.” [G_P_1]  

 

Cocoa derivatives exportations are very common. The biggest risk of exportation is non-tariff 

barriers versus Brazilian cocoa quality.  After the witch’s broom crisis, Brazil lost its foreign 

market, as Brazilian cocoa had difficulty in obtaining approval.  For example, Europe will not 

buy any cocoa derivative that contains polycyclic compounds. But in Bahia, with its rainy 

conditions, beans do not dry easily, so a manual process that uses firewood is necessary. This 
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process is responsible for polycyclic non-aromatic PAH being present in cocoa beans. After 

grinding, cocoa butter absorbs this, and it is easily perceived. 

 

As Europe will not accept this type of cocoa butter, and they are a very important consumer, 

Brazilian grinding has two options: i) do not export to Europe, or ii) include one more processes 

to remove this element from the cocoa butter. Not all grinding companies have the machinery 

required to perform this extra process, and only those that do can export their products. Still, 

with regard to exportation to Europe, chocolatiers have a similar issue: Europe will only accept 

chocolate bars that are composed of 35% cocoa solids at minimum, while Brazilian legislation 

considers 25% as a minimum. So, Brazilian chocolates cannot be sold in Europe unless 

Brazilian factories comply with the 35% rule. 

 
 “Brazil does not export to Europe because of “cocoa smoke”. I lost about $ 

100,000,000 because of it.” [G_1] 

 

“That’s why their chocolate is different, and it is why we can’t export our chocolates, 

they don’t fill the legislation. Obviously that we can produce a better chocolate.” 

[G_C_1] 

 

4.2.2 Supply Risk  

 

Following environmental risk, supply risk was considered most harmful to the Brazilian cocoa 

supply chain because a problem with any SC node can stop all chain operations. Currently, the 

Brazilian cocoa supply chain is not extremely dependent on Brazilian cocoa beans, as the 

grinding industry has needed to import beans ever since the advent of witch’s broom. Currently, 

Brazil’s cocoa bean supply depends on importation from Ghana. 

 
 “Brazil does not have beans to be self-sufficient. It is a challenge.... if we have a 

breakdown out of African crop, we can’t get beans.” [G_1] 

 

“If there is a supply risk, we need to manage the entire chain from production until 

sales.” [G_C_2] 

 

When considering importation, it is important to highlight that the need to import cocoa beans 

is directly related to Brazilian cocoa bean production capacity. The lower Brazilian production, 
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the higher the need for importation. But, there is a law stating that grinding industries can import 

only 40% of their production [G_3]. Further, chocolate production and consumption capacity 

influence the need to import cocoa beans. 

 
 “Brazil is one of the biggest chocolate consumers in the world. If it wasn’t so big it 

would be easy, just reduce the production. But, as we are, the lack of a national crop 

makes a lot of difference. As a consequence, we need to import cocoa beans. Brazil is 

extremely protectionist; cocoa importation is crazy. Huge cost, financial cost, political 

cost,…” [ G_1] 

 

One of the greatest risks that the grinding industry faces it that cocoa bean importation comes 

from only one supplier, Ghana, and only for 5 months, October to February. Crop prevision 

needs to be very accurate, as there is a risk of running out of raw material or of paying for 

unnecessary raw material. The first risk could impact industry operations, while the second 

could impact spending, grinding storage, and producers’ storage if there is no sales forecast.  

 
“It’s no use to find out that we need importation in March, we will just get it in 

October. The result would be to close my factory….every time I need to import I have 

a higher cost, that will impact on my derivate price and as a consequence, on chocolate 

price. If the chocolate industry decided to repass it, the consumer will pay for it.” 

[G_1] 

 

“In 2012 we had a super cocoa offer. Industry made the crop forecast and had imported 

cocoa beans. Brazil produced more than expected, but the grinding industry had 

already bought importations. Some industries remained for up to a week without 

buying. The cocoa chain got destabilized.” [P_R_4] 

 

Assuming the necessity of importation, it will take approximately 40 days for cocoa beans to 

reach Brazil. The greater the need to import, the more Brazil is exposed to phytosanitary and 

supply risks. The country is not independent; so, if a collapse occurs in Ghana, Brazilian 

products will be exposed and Brazil will not receive beans; consequently, cocoa derivatives 

cannot be produced, and it becomes impossible to do business. On the other hand, if importation 

is forbidden, the risk is even higher. 

 
“Importation exposes Brazil to a new risk of diseases.” [P_R_4] 
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“The Brazilian government has banished industries from importing cocoa from Ivory 

Coast. We just can import from Ghana’s main crop.” [G_C_1]  

 

Another supplier dependence faced by the grinding industry, is considering the necessity to buy 

60% of their cocoa beans at the local market. Grinding industry has to accept almost all cocoa 

produced in Brazil, which can impact quality and producers’ dependency.  

 
“If cocoa bean importation is barred, we end up without enough cocoa. It is a risk for 

us.” [G_C_1] 

 
“When you are not self-sufficient, the industry needs to buy everything that is 

produced. As an example: the producers have a Cupuaçu crop near the cocoa 

plantation. Cupuaçu beans will be in the cocoa bag. We can find tool pieces in the 

bag, smoke, dirtiness, stone, etc. Obviously, we have our process and controls, but 

there is a lot of poor-quality cocoa that I have to buy, or I will be out of cocoa. So, 

you can’t improve producers’ quality. If in Brazil we produced more than we grind, I 

would say: No, I will not receive these beans.” [G_C_1]    

 

Dependency on middlemen is a result of the need of all Brazilian farmers to obtain enough 

beans. As the farmers know, supplier opportunism can happen, resulting in non-delivery of 

cocoa beans.   
 “The grinding industry is dependent on middlemen. They make the logistics to get a 

little truck or a motorcycle and get cocoa beans. Imagine if the grinding industry 

needed to go withdraw one or two bags. We depended on middlemen.” [C_P_1] 

 
“In Brazil we have Counterparty risk: we buy the contract, mostly for 1 or 2 months 

in the future. There are companies that make 6 months future. In Brazil, volatility is 

too high. If middlemen sold a bag today and it values R$ 100, if 6 months from now 

a bag value R$ 170, he won’t deliver it to you. He did not deny that there is a contract, 

but he will not deliver.” [G_2]  

 

Another supply risks facing the industry at Brazilian cocoa supply chain is the failure to meet 

delivery requirements, which can occur at the grinding stage and in the chocolate industry. In 

the grinding industry, some examples of this problem are producers supplying of badly 

fermented beans, overly fermented beans, lightweight beans, low-fat beans, smoked beans, very 

dry beans and low-dry beans. All these defects stem from low technology behind suppliers -

producers, that can result in bad manufacturing processes at farms and can impact the cocoa 
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derivation process and, as a consequence, chocolate flavor and quality. If the beans have any of 

those problems, they can be rejected, or there may be a discount on payment.  

 
“When I receive the beans, I can put them in a classification table, so I can find out if 

there is any defect. … Something that is fatal is the beans’ weight. There is a 

regulation, made by Agriculture Ministry, that makes us classify the beans according 

to weight. The more the beans are dry, the less powder and butter they will produce, 

mainly butter. The drier the beans, worse is the quality. We pay according to the 

classification.” [G_1] 

 

“When we receive beans, we have a cut proof. We put 100 beans in a machine and cut 

it with the aid of a guillotine, so we can analyze the defects. We have millions of 

defects, smoke, bad fermentation, violet, willow, over fermentation, low fermentation, 

too much drying, little drying, etc. Depending on the amount of defects, we can give 

a discount on that cocoa, or even may not receive it. Humidity is one of the defects, 

farmers water beans so the bags get heavier. So, in a bag that weighs 60 kg, there is 

not 60kg beans. ….. If there are a lot of defects in that cocoa, we do not take it. And 

obviously, even if it has defects, we can make a mix of products during the process“ 

[G_C_1] 

 

“In Bahia we have a lot of low quality cocoa beans. Nowadays, the grinding industry 

processes everything. They have quality control, but almost everything is 

accepted.”[C_1] 

 

“I’ve just got paid when I delivered the cocoa beans to the grinding industry. The 

cocoa classification is done, if it is according to the requirement, they make the 

financial operation.” [T_P_1] 

 

In the chocolate industry, failure to meet delivery requirements can happen as well.  

 
 “We order to the supplier: my specification range is X% of humidity. We can refuse 

the delivery; cocoa liquor is an example. Cocoa liquor needs to be at 1.1 or 1.2% 

humidity. If it was delivered with 2% humidity, I can reject it.” [C_1] 

 

4.2.3 Demand Risk 

 

Demand risk, according to the interviews, was one of the less worrisome risks, as Brazil faces 

a huge supply risk and consequently companies are already used to importing the difference 
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between supply and demand. When asked about this risk, and their uncertainty and sudden 

changes, the answers always considered the lack of capacity to supply the operations. The entire 

chain depends on the chocolate industry, which has a continuous and predictable demand. 

 
 “Chocolate is a growing Market, even at small rates. It is hard to note a decrease 

perspective. 2016 was the first time that chocolate demand had been lower at Brazil, 

but considering the general trend, consumption is growing.” [G_P_1] 

 
“The biggest sale of the year is at Easter, the second one is Valentine’s day, the third 

one is Mother’s Day.” [G_1] 

 

As chocolate consumption can be predictable, cocoa butter and derivate demand are predictable 

as well. The chocolate industry buys its raw material at the stock exchange, in consideration of 

future purchases. When the grinding industry confirms this sale, they also confirm their demand 

forecast and set the quantity they need to import. As this quantity does not oscillate widely, 

middlemen and producers do not experience uncertainty or sudden demand. The most common 

situation in Brazil is that supply capacity is smaller than the forecasted demand. 

 
 “Although we have demand variations, we buy future, about 6 months….as we buy 

future, the grinding industry already knows how much we bought and the price we 

bought. If there is a crop variation in Brazil, they need to import.” [C_1] 

 

“There is a consumer projection of about 5 million tons, in a world that has never 

produced more than $4,300.” [G_1] 

 

Usually, the chocolate industry and the grinding industry are coordinated regarding demand 

forecasts and the need for products. Communication between grinders and producers is weaker, 

as there are many smaller producers, and this relation is sometimes mediated by traders; 

consequently, exact demand cannot be predicted. Another issue that can contribute to this low 

level of knowledge is the lack of market information given to producers. 

 

Despite being an unusual risk, in 2012, an oversupply event occurred. As the grinding industry 

had already imported cocoa beans for its supply, its need to buy Brazilian beans decreased. As 

a result, middlemen and producers had a sudden drop in demand. 

 
 “In 2012, we had cocoa oversupply. The grinding industry had made its forecast and 
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noted that we would need importation. When the harvest happened, Brazil had 

produced more than expected. As a consequence, many industries stopped buying 

cocoa beans for about a week. Producers and middlemen wanted to sell, but it was 

hard to make it. For a few moments, cocoa purchasing was suspended.” [P_R_4] 

 

4.2.4 Manufacturing Risk 
 

Producers, the grinding industry and the chocolate industry all suffer from manufacturing risk. 

The leading risk for all entities is related to manufacturing costs, as the costs of manpower are 

very high. On farms, the need to comply with employment law makes it harder to retain a large 

number of employees. In addition to being expensive to maintain, the production and grinding 

industries have difficulties to have skilled workers. In addition to labor costs, the grinding 

industry must contend with interference from labor unions, which can increase manufacturing 

risks. 
 

“The risks are related with Manpower, considering manpower lost, the fragility of 

labor relations, agricultural profit decreases. Labor lost is a constant event, newer 

generations do not want to live here, as a cocoa producer. Labor middle age is 40 

years, and they do not have production succession. If they pass it to other family, there 

is a risk that the culture will be replaced, as coffee and livestock.” [P_R_2]   

 

“Energy shortage..of all shortages, it has the biggest costs: Manpower and energy.” 

[G_C_1] 

 

“At Ilheus we have a lack of specialized Manpower. Now we are arguing with the 

unions. It wasn’t a profit year for us, and even though they want us to pay ‘results and 

profit participations’ like the last year. But, we have not had that profit, and now we 

have a risk of strike. “ [G_C_1] 

 

“Having a business that needs intensive use of labor makes it your highest cost. It is 

related with minimum wage, according to a law that is updated according to inflation. 

But, cocoa is indexed by the market; a complete mismatch between revenue and 

production cost.” [P_R_4]  

 
Considering the above comments, the better solution to reduce dependency on employers would 

be technology insertion, but in addition to the high cost of such an investment, cocoa production 

entails some specific processes that need to be done manually. One operation that can be 

completed by machines is the dry bean stage. However, even when a technological process is 
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used, there is still risk. The machines may be too old and may be unmaintained, which can 

impact the quality of the cocoa beans, possibly resulting in smoked beans. This defect impacts 

the quality of cocoa derivatives, particularly cocoa butter. 

 
“Regarding technology, we’d stopped on time. In the past, CEPLAC was in charge of 

it, aiming for a productive increase, pests and diseases clash…” [P_R_3] 

 

“Cocoa is very good for the culture, but it is not simple to handle. Workmanship that 

works with cocoa has been very demobilized, resulting in unemployment. Today there 

is a lack of good workers who know who to make a good cocoa pruning and crop. 

Labor relations have changed, and it affects cultures that depend on hand work. One 

risk is labor cost, if cocoa production were mechanized as coffee, there would be some 

production strategies. Cocoa does not have this, you can only mechanize some 

operations, but most of it needs to be manual. So it depends on labor that is expensive. 

It is not expensive for those who receive it, it is a minimum wage, but in the production 

system it is expensive.” [P_R_1] 

 

“Mechanization in the grinding industry is the same as in 1970. In the field, 

technology is almost nonexistent. It would be good to talk about after harvesting 

mechanization, motorcycle and drying.” [G_2] 

 

As cocoa culture faced problems with quality and technology, cocoa producers began to change 

their culture to make it more profitable. The higher risk occurs when they change to livestock 

because the soil can be degraded, or woods may be sold from the cocoa plantation. As Bahia 

cocoa plantations need shadow to grow, deforestation could be fatal. The final manufacturing 

consideration concerns stock, a huge risk for both producers and the grinding industry. If 

producers overstock their production, they can lose money or even lose their crop, as mold and 

insects can harm the quality of cocoa beans. This risk is extended to the grinding industry as 

well. 

 
“If there is a need for money, they sell plantation woods. When witch’s broom started 

to wipe out cocoa production, many farms changed to coffee plantations.” [P_R_1] 

 

“I’ve already worked with beans. If you stock them for a long time you can have mold 

on them and the price will decrease.” [C_P_1] 

 

“We can’t hold cocoa bean stock for a long time, it can get insects on it. We try to 

keep the least possible….or we can have financial loss.” [T_P_1]  
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In Para, in addition to those risks, there is another specific risk: as cocoa plantations are near 

pastures, aerial spraying of herbicides can kill the cocoa plantations, and in the dry season, 

pastures is burned, what can entail in cocoa plantations burn [A_1]. On farms, the way the 

stock is kept can be a risk, as many producers keep cocoa beans in the same storage area as 

rations and gasoline [A_1]. Cocoa beans and cocoa power can explode as they continue to 

ferment [G_3]. 

 

4.2.5 Logistics Risk  

 

When the interviewees were asked about logistics risk, it was expected that each entity would 

cite one risk characteristic or perception. Throughout the interviews, it was understood that the 

strongest preoccupation was with how production logistics were managed, considering a lack 

of outbound effectiveness at farms, grinding industry have difficulty to receipt it. At farms, 

receive inputs for production is hard as delivery their beans.  

 

When discussing logistics risk, it is important to consider the characteristics of the Brazilian 

cocoa chain: i) the highest Brazilian cocoa bean production is in Bahia and Pará; ii) all grinding 

industries in Brazil are located in Bahia. Given this peculiarity, logistics considerations are 

different when production in Bahia is compared with that in Pará. After the harvesting, 

fermentation and drying processes, when the cocoa beans are ready to be sold, farmers or 

middlemen deliver them to the grinding industry. As Brazil has many small cocoa farms, each 

producer don’t have enough productivity to uphold a high transportation cost to delivery their 

beans to grinding industry.  

 
 “Bahia production is mostly familiar culture, about 25 ha. Logistics to withdraw their 

beans is very difficult. This is the reason why the cocoa chain has middlemen.” 

[G_C_1] 

 

Bahia production is less affected by logistics risks, as it is located nearest to the grinding 

industries. Still, many roads are not properly prepared to handle this cargo. Unfortunately, this 

trouble also occurs when transporting cocoa beans from Pará, but in a more severe way, 

increasing the incidence of this risk source. Pará is located in the transamazonous region, where 

some stretches of road are unpaved. This infrastructure deficit impairs the transportation of 
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cocoa beans within the region and to Bahia. Transporting cocoa beans from Pará to Bahia is 

extremely expensive, which is worrisome, as cocoa is the largest business in Pará. 

 
 “From March on it is impossible to get in or out of the Amazon region. There we 

have about 170,000 ha and 22,000 producers. At Novo Progresso (a producing region 

in the transamazonous region), we have the biggest world settlement at Tueri. When 

raining, producers need to drive about 8 hours until Novo Progresso to deliver cocoa 

beans. The person who received it will drive about 8 to 10 hours to deliver it at 

Altamira. At Altamira, the responsible person will select the beans and drive 2,800 

kilometers, about 2.5 up to 4 days to deliver it at Ilheus….even with all those 

hindrances, it is one of the most profitable businesses there” [G_1] 

 

“..roads are unpaved, it makes logistics much more difficult.” [T_P_1] 

 

“Logistic risk is more severe at Pará. A cocoa characteristic is that the producer’s 

region is not the same as consumer regions. Where you have cocoa, you do not have 

market. So, you will always have logistics issues, resulting in value lost and raised 

price.”  [G_P_1]  

   

The opposite logistical path is even more difficult than transporting cocoa beans. Just as it is 

difficult to move the output of production, receiving agricultural input is also affected by 

difficult and expensive logistics. Many farmers in the transamazonous region do not have access 

to limestone and fertilizer. This logistic difficulty results in a higher transportation cost, which 

is absorbed by the producers. In addition to this cost, farms and middlemen need to address the 

issue of cargo theft by adding transport insurance.  

 
 “There are many roads without maintenance. Road issues make the input and output 

of raw materials much more difficult.” [P_R_3] 

 

“.The best known event was in 2009 and 2015, somebody stole the truck and they 

never found it. It never happened to us, we always had transport insurance, besides 

the carrier one. This way we are as safe as possible.” [T_P_1] 

 

Some respondents mentioned the quality of Brazilian infrastructure and highlighted the 

difference between Bahia and Pará. Other respondents referred to this poor quality only when 

considering the logistics of beans, as cocoa derivatives and chocolates flow along better roads. 
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Logistics risk affecting grinding, as well as chocolatiers’ transportation, were only mentioned 

if an unexpected event happened, such as a bridge collapse. 

 
 “Infrastructure….it is a ‘Brazilian cost’.” [G_1] 

 

“First, let’s make an expectancy negotiation: we are in Brazil, a continental country 

that has structural problems. On average, at Bahia we have a reasonably logistics 

infrastructure. Freight is very expensive…….in the North the reality is completely 

different: you have a large operation area, resulting in logistics problems.” [P_R_4] 

 

“In the market region, where the chocolatiers are located, the infrastructure is 

relatively good.”  [G_P_1] 

 
One respondent mentioned a hypothetical situation that would reduce Pará farmers’ logistical 

risks and costs. This scenario involved the construction of a mill park at Pará, where cocoa 

beans produced at Para and in the North would be ground there. This situation would minimize 

logistics costs but, at least at present, it is impractical due to the region’s total production. 

 
 “…when cocoa beans are transported, it is done with cocoa beans shell, humidity…it 

is expensive to transport. If you grind there and transport cocoa liquor, it will be less 

water and dirt. Grinding industry can just build an operation with at least 60,000 tons. 

This region produces 60,000 tons now, but 60,000 tons distributed in 3 companies that 

want to buy, not 60,000 for each one. So, it is possible that Pará will turn into a new 

Brazilian cocoa center, but only in a while.” [G_C_1]   

 
 
Importation and exportation are logistical concerns reported by respondents. Importation 

operations can be done by the grinding industries, using cocoa beans, or by the chocolatier 

industries, using cocoa derivatives. Exportation activities are related to producers and traders 

(for cocoa beans) and to the grinding industry (for cocoa derivatives). Both operations are not 

constant, and they vary according to many different factors, especially the infrastructure of 

Brazilian ports. Another factor is that importation and exportation operations are related, both 

in terms of productive capacity and in terms of financial strategies.  

 
 “Brazil has a port which supports industries’ necessities, the only problem is that it 

does not support large ships. This year, the government started some new efforts, so 

probably this issue will be solved.” [P_R_3] 
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“Brazil used to be the third biggest chocolate consumer in the world, so obviously we 

have exportation capacity. We are a huge cocoa derivative exporter to Argentina. If 

Brazilian cocoa bean production does not increase, it will be necessary to import.” 

[P_R_4] 

 

“Grinding industries apply a benefit that if they import cocoa beans, turn it into a 

derivative, and export it, they have a tax benefit.” [C_1] 

 

A logistical risk of importation is high cost. The grinding industries are very close to the Ilheus 

port, but according to customs policies, cocoa beans can only be imported through the Aratu 

port, which is far away from where the grinding industries are located. When importation is 

done at Aratu, the logistics cost to transport it to the grinding industry is equivalent to the cost 

of importing from Africa to the Santos Port. Given this cost issue, Brazilian grinding companies 

started to lose their competitiveness, as some chocolatiers began to import cocoa derivatives 

directly from Africa. 

 

4.2.6 Information Risk 

 

This risk source is characterized by the way information is scattered across the chain. The need 

for information and better communication throughout the chain is recognized by many 

respondents. Regarding this information breakdown, respondents noted the lack of information 

shared between parts of the chain and lack of effective system integration. Overall, the Brazilian 

cocoa chain is considered by respondents as disorganized, due to poor coordination and low 

integration between supply chain members, and with few resources, which is an extractive chain 

characteristic in Brazil. 

 

The respondents’ considerations started with the production node. As already mentioned above, 

Brazilian production is fragmented, performed by small farmers mostly around Bahia and Pará. 

This characteristic entails two information risks for the cocoa chain: i) it makes it difficult to 

monitor cocoa crops with precision; and ii) it stimulates the need for traders (middlemen), 

which hinders the flow of information to the mills. Among the middlemen, the information risk 

is more representative, considering that most producers are not aware of the other chain 

operations [C_P_1]. 
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“There is no professionalization of production that can allow producers to get 

organized and have collective systems to monitor climate. With monitoring, they 

could have an idea about what lies ahead and what they could do with this 

information.” [G_P_1] 

 

“The middlemen are the node where the chain loses more information.” [G_2] 

 

The precise monitoring of cocoa crops was formerly done by the Executive Committee of the 

Cocoa Plan (CEPLAC). When cocoa bean exportation was frequent, CEPLAC had financial 

investments and was responsible for calculating Brazilian cocoa bean production. Furthermore, 

CEPLAC used to provide information to producers about the climate, market and prices. 

Beginning in 1994, this committee began to lose its governmental incentives, and as a 

consequence, it lost the equipment and resources it needed to make updated and comprehensive 

forecasts. Nowadays, non-governmental organizations and other associations are trying to fill 

this information lack. 

 
 “All cocoa chain knowledge, especially cocoa, was fragmented. Now, the chain 

started to do more work together. All primary production was under CEPLAC control. 

As they dismantled, we started to have a deficit about information.” [P_R_4] 

 

“Nowadays, the industry has difficulty getting consistent information about actual 

production and scenarios. What are rural work conditions today? There is no safe 

database.” [P_R_2]  
 

This lack of crop information is what most affects the grinding industry. As a commodity, cocoa 

derivatives are sold on the futures market. The grinding industry sells its products 

approximately 3 to 6 months before they produce them. As a consequence, lack of crop 

precision can influence importation precision as well. This relation will be defined in the next 

section.  
 

“We require production basic data.” [G_1] 

 

“There is a lack of information between nodes for demand calculation.” [C_P_1] 
 
Currently, IBGE provides cocoa crop forecasts every year. Unfortunately, the lack of an 

effective system integration continues. The first reason is still the difficulty of accessing  

information in both ways: IBGE accessing all cocoa farms to have a precise information and 
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IBGE data being easily available to all producers. The second reason is the adopted 

methodology of calculating the crop. To make its forecast, IBGE considers how many fruits are 

on the cocoa trees. In contrast, the grinding industry considers the quantity of ground cocoa 

beans.   

 
“...since 2000, if we sum the difference between the crop measure by us (grinding 

industry) and the crop measure by IBGE, there is a difference of about 850,000 cocoa 

bean tons. In those 15 years, the average cocoa bean price was $3,000. We are talking 

about 2.5 billion dollars. How do you disappear with that? You don’t. Different 

methodologies.” [G_1] 

 
“There is a system fragility in Brazil. IBGE and agricultural censuses lost quality and 

effectiveness. Industry wants to make their crop forecast, but they can’t access all 

producers. And it is not about unavailability, it is about legitimacy. There is a problem 

about data production.” [P_R_2] 

 

‘You have divergent information: State has one, grinding industry another, IBGE 

another and State Secretary of Agriculture other. Which one is right? What can we 

do? An average? This lack of information is a lower priority consequence.” [P_R_3] 

 

The lack of information on cocoa farmers and crops can even affect their inputs and raw 

materials. As there have been few studies of cocoa plantation land and impacts on it, fertilizer 

industries do not have a specific product for cocoa.  

 
 “I think the communication problem is general..... if it were better, we could have 

less problems.” [G_C_1] 

 

4.2.7 Financial Risk 

 

As cocoa is a commodity, financial risk is extremely prominent in the business life of companies, 

even if they do not have this perception, as some respondents mentioned regarding producers. 

Price fluctuation occurs all the time and is almost impossible to predict. Considering the final 

node on the chain, chocolatiers or other types of companies, their sales are directly impacted 

by Brazil’s economy, as consuming chocolate is not considered as basic need. This reduction 

impacts the internal sales of the grinding industry, and as a consequence, can influence bean 

sales.  
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 “Chocolate is extremely economically sensitive, when the economy shrinks, 

chocolate consumption shrinks as well……When Brazil was facing an economic 

crisis, the consumer market shrank, reducing grinding and bean utilization” [G_C_1]  

 

“Producers don’t care about storage risk or stock exchange risk. They don’t do 

anything about financial risk.” [C_P_1] 

 

Another financial risk that chocolatiers face is “price risk”, which they see as fluctuation in the 

prices of raw materials. As cocoa derivatives can have uncontrollable price variation, even over 

the course of the week, it is impossible to modify the prices of products so frequently. So, 

chocolatier companies assume this risk, and as consequence, their profits will vary.  

 
“We have the ‘price risk’. As cocoa butter and cocoa are commodities, with a high 

price variation, we can’t pass it along to our consumers. This is a high risk that impacts 

our business. We can even decide to keep our markup, I will reduce my sales or I will 

reduce my markup to continue selling the same chocolate amount that I sell.” [C_1] 

 

This “price risk” is the same as that faced by the grinding industry, but they face it when the 

prices of the products they are selling vary on the NY Stock Exchange. To illustrate, cocoa 

beans and derivatives are sold on the futures market. Chocolatiers purchase cocoa derivatives 

from the grinding industry based on the NY price on that day, at T0, but the product will be 

delivered approximately 6 months from now, at T6. When the grinding industry sells the 

product, sometimes they do not have it in their possession, as they can ask for different 

specifications that can vary according to the process or even according to the beans’ location. 

When they sell this product, they will buy cocoa beans. The price of the beans is determined by 

the Stock Exchange as well, and if they cannot produce it in Brazil, they will need to import it, 

and the price of this raw material could be higher than they had imagined. So, the grinding 

industry can lose markup as well. 

 

Still, regarding the grinding industry’s sales, another financial risk concerns the process, which 

results in two products simultaneously, each with a different market and price. As cocoa butter 

is a chocolate raw material, it is more valued than cocoa powder, which is used for cookies and 

other products. Additionally, cocoa butter has higher sales. This difference in value and quantity 

results in a powder stock, and as a consequence, lost profit. Because it is a commodity, the same 

can occur with cocoa butter. 
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 “The grinding industry has a risk when separates cocoa powder and butter, due to 

oscillation sales and price. Sometimes butter is more expensive than cocoa powder, 

and sometimes powder is more expensive than cocoa butter. Thereby, the grinding 

industry needs to cover these risks in the futures market. Furthermore, Brazil has 

another risk: dollar risk. As cocoa is dollarized, when Real devalues, procurers 

received more, but there is a cost increase for raw materials at chocolatiers.” [G_P_1] 

 

“Cocoa butter has always been more valued by chocolatiers. To produce a good 

chocolate it is necessary to add cocoa butter. Butter has always been more noble, and 

powder the ‘ugly duckling’, because it was used to produce less-noble products such 

as ice-cream and cookies. Their price dynamics change because they are different 

sectors. When you have a chocolate increase, cocoa butter is overvalued and cocoa 

powder declines in price, as butter gets more expensive….. If they can’t sell both, and 

have sold butter, they hold powder and the price may fall, so they lose money... on the 

other hand, if cocoa powder gets overvalued, companies that produce cheaper 

products like cookies will suffer a lot, how they will input an expensive raw material?”  

[G_P_1] 

 

“...after grinding the beans, we have cocoa liquor, which we press, and it results in 

cocoa butter and cake, almost 50%-50%. Each product has a different buyer: butter 

buyer can buy 6 months, 1 year or even 2-year future. For the grinding industry to 

complete its cost, they need to sell cocoa powder, but this kind of buyer does not buy 

on the futures market. I will have to wait about a year to sell it.” [G_2] 

 

Just as the grinding industries face financial risk in selling their products, they have the same 

risk when buying cocoa beans from middlemen or producers. They buy cocoa beans according 

to the NYSE price, including an agile price or a discount according to the beans’ quality and 

the need for them. As mentioned before, the cocoa market has a high oscillation, which can 

impact prices. On the other hand, producers and middlemen benefit when overvaluing occurs, 

but when a discount or devaluation occurs, they face extreme financial risk. 

 
 “We make a daily monitoring of the stock exchange and companies’ prices. What 

determines the price at which we will buy from the producers is the price that we have 

sold to grinding. As we had already sold, we don’t speculate, it is a high risk. Even 

because if I want to buy at a lower price to try to have a high profit, I won’t buy, 

producers will sell to the ones who pay more for it…” [T_P_1] 
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As noted, all nodes in the cocoa supply chain face huge financial risks. The main factor is high 

market volatility, as well as the exchange difference between Brazilian currency and the dollar, 

which can exacerbate the impact of stock exchange fluctuation. 

 
 “In 2016, the cocoa price was $3,000, this year it values $2,100. Next year it can be 

$3,000 again or be $5,000. There was a time it was $18,000, and $600 also. If you 

plant wishing it always would be $18,000, you will break. If you believe that it will 

always value $600, you won’t even plant. [G_1]   

 

“You can be impacted by some uncontrolled variables: climate and market. You have 

two markets: stock exchange and dollar. Both are very volatile…. In 2016 the price 

was $3,200, 2017 dropped to $1,800. It is an extremely risky activity, you make a bet, 

almost a lottery.” [P_R_4]   
 
4.2.8 Supply Chain Risks Summary 

 
Whereas cocoa supply chain risks was presented, it was possible to note that at each supply 

chain risk source the supply chain nodes was impacted in a different way. This section presents 

a summary considering each supply chain node risk according to Ho et al 2015 risk source 

classification. Is important to highlight that the presented information (Table 22) just consider 

risks that directly impact the SC node, none relation or consequence is considered in this section.  

 

As presented in Table 22 is possible to note that producers is the most impacted by risk on the 

supply chain. Different from the others nodes, phytosanitary and climate risks can have a 

significant impact on their crop. Furthermore, this node is the only can that has a high 

manufacturing risks, as they have low innovation and maintenance capacity and a high product 

quality necessity. Considering logistics risks, producers are the most impacted node. 

 

Unlike producers, middlemen is the node that has less risks sources involved. As their 

operations does not need crop care or do not has any industrial operations, none specific risks 

affected them. As those companies needs to be supplied by farms, supplier dependency and 

transportations costs are the most impactful risks. Labor laws, inventory holding and another 

supply risk can influence them. 

 

Grinding industry and Chocolate factory nodes are also impacted by some manufacturing risks, 

when considering employers and inventory holding. As they are larger and, mostly, 
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multinational company, regulations, economics, laws and product quality can be more 

impactful to them. Further than that, supplier failure on delivery requirement is a representative 

risk to grinding industry. For chocolate factory, consumer economic instability is most 

important environmental risk. 

 

Information and financial risk is a regard for all supply chain nodes, as cocoa is a commodity, 

NY Stock Exchange cocoa price variations can increase this risk exposure. Exchange rate  can 

impact at this same way. Lastly, information lack is a common risk to all nodes, and can be 

representative when entail other risks, as will be presented at section 4.4. 

 
Table 22 - Supply Chain Risk Source X Supply Chain Node 
SC Node/   Risk 

Source 
Producers Middlemen Grinding Industry 

Chocolate 

Factory 

Environmental 

Climate variation, Diseases and 

Phytosanitary risks, Political 

and governmental relationship, 

Labor laws 

Labor laws 

non-tariff barriers at Europe 

Exportation, Political and 

governmental relationship, 

Importation Regulation, 

Labor laws 

economic 

instability at 

chocolate 

consumers , labor 

laws 

Supply 
failure on competitive price, 

Inflexibility 

low 

technologically 

behind suppliers, 

supplier 

dependency 

supplier dependency and 

opportunism, Failure on 

delivery requirement, failure 

on competitive price, Low 

technologically behind 

suppliers, Inflexibility, low 

suppliers integration 

Chocolate demand 

variation, Failure 

on delivery 

requirement, low 

suppliers 

integration 

Demand Demand uncertainty and information distortion   

Manufacturing 

Low flexibility capacity, poor 

innovation and technology, 

insufficient equipment 

maintenance, resource 

breakdown, quality problem 

   

inventory holding cost, Employee accident and absence 

Logistics 

Lack of outbound effectiveness  
lack of integrations 

cargo theft, higher cost of transportation 

precarious Brazilian sourcing network 

Information lack of information between parts and lack of compatibility on data 

Financial 

Exchange rate ( Real value or devalue), price fluctuations (NY Stock Exchange) 

Low profit margin   
financial strength 

of customers 

Source: The Author. 
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4.3 Influence of Climate Variation on Risks 

 

As mentioned at section 2.4.1.1, climate variation is an extremely relevant risk to the cocoa 

supply chain, it can influence the plantation, productivity, logistics and even result in financial 

risk (Asante et al., 2017; Beg et al., 2017; García-Cáceres et al., 2014 & WCF, 2014). To map 

this influence in the studied supply chain, this chapter will analyze the perception of the 

influence of climate variation risk while also considering the other risks to the chain. First, it is 

important to report that almost 90% of the respondents considered the 2015-2016 drought as an 

extreme event. They considered this event as a result of climate variation, that has been 

happening over the last decades. As a drought consequence, supply chain interruption had 

occurred. The others respondents argued that the extreme event that had caused a supply chain 

disruption was a 50 years ago drought, similar to 2016 one.  

 

More specifically, the drought of 2015-2016 affected the Brazilian cocoa crop in Bahia and 

Pará. In Bahia, the impact was so severe that it also affected the 2017 crop. As the event was 

called a “drought”, it may seem as if there was no rain at all, but what really happened was that 

a huge drought had occurred when the plants needed rain, and rain had occurred when the 

plantation needed less humidity. Considering these extreme events, the perception of the 

influence of climate variation is analyzed according to each risk category. Some relations 

between climate variation and other risks were illustrated according to each situation. It is 

important to highlight that the following analysis and discussed relation were made considering 

the perception of the interviewees, and do not intends to measure or quantify cause and effect 

relationship neither measure impact of climate variation risk on other supply chain risks. 

 

4.3.1 Climate variation and environmental risk 

 

When climate conditions change at a cocoa plantation, can directly influence disease 

propagation. Respondents noted that plantations are extremely sensitive to humidity and 

temperature variations. Temperature variation is a consequence of humidity variation [G_3]. 

Some respondents have argued that a beneficial aspect of drought is that it inhibits the growth 

of fungi, on the other hand, when humidity is high, fungi become more developed, decimating 

the crop [T_P_2]. Another change in climate that can influence plantations is wind force, as 

wind can help to spread diseases such as witch’s broom. This climate influence can be crucial 

for all entities involved in the Brazilian cocoa supply chain.  
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“Climate variation issues were not a concern. I mean, climate has always interfered. 

If rain more, less, this interferes with production. If it rains a lot, there is a 

phytosanitary issue related to fungi. When it rains a lot, humidity increases and helps 

fungus develop. So, climate variation is always important, but it was not a permanent 

concern.” [P_R_4] 

 

“…regarding demand, there is an entire chain concern, phytosanitary issues. Climate 

is a long-term issue, and we can’t control so much. A way to control it is no deforesting. 

Phytosanitary issues converge to all chain nodes. I’m talking about witch’s broom and 

another disease called monilia………if there is water, fungus development can be 

favored.” [P_R_3]  

 

Figure 10 illustrates climate variation’s influence on environmental risks. 

 

 
Figure 10 – Influence of Climate Variation on Environmental Risk 

                                                      Source: The Author. 
 

4.3.2 Climate variation and supply risk 

 

As climate variation increases, so does supply risk. As mentioned above, an inadequate supply 

of cocoa beans can compromise the entire chain if importation has not been assured [C_G_3, 

C_R_1 and A_1]. As production is influenced by climate variation, Brazilian crops decline in 

productivity, and consequently, importation must be relied upon . As the price of cocoa beans 

is measured based on the NY stock exchange, the price will be approximately the same, but the 

grinding industry will need to pay more freight charges, influencing the price of the supply 

[G_C_1]. 
 

“When a drought occurs, producers’ sales will decrease, as their plantation will be 

impacted. So, they need to sell what they have. A way to make it fast is to skip some 

of the process, and as a consequence, cocoa quality will be impacted.” [G_C_2] 
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Another factor that climate variation can intensify is the failure to meet delivery requirements. 

As drought or rainy periods can influence the quality of cocoa beans, when the grinding industry 

receives their purchased bags, two defects occur more frequently: “smoked” cocoa beans and 

lightweight beans [G_C_3 and G_C__2]. These defects will influence the odor and yield of 

cocoa butter. Odor is more than a quality problem: it will preclude exportation of the cocoa 

butter to Europe [G_1 and G_C_1]. The only way to still export to Europe is by using a 

deodorization process, which reduces profit. This failure is accentuated as Brazilian cocoa bean 

productivity declines, and as a result, supplier dependency and opportunism increase.  These 

increases are due to the need of the grinding industry to buy 60% of its production from Brazil. 

These relationships are illustrated in Figure 11. 
 

 
Figure 11 – Climate variation influence on Supply Risk 

                                                     Source: The Author. 
 

 

4.3.3 Climate variation and demand risk 

 

Any climate variation event has a direct influence on crop productivity. As grinding industries 

foresee in their forecasts that the quantity of cocoa beans they need to supply their clients will 

not be produced in Brazil, industries import from Ghana to meet their demands. Therefore, 

when the Brazilian crop begins to be harvested and producers try to sell it, industries have 

already made importation commitments. This situation can result in uncertain demand for the 

producers and middlemen. The influence of climate variation on demand risk is illustrated in 

Figure 12. 
 “Climate variation can impact on producers: if I have a huge crop break, grinding 

industries will import cocoa beans.” [C_P_1] 
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Figure 12 – Climate Variation influence on Demand Risk 

                                                  Source: The Author. 
 

4.3.4 Climate variation and manufacturing risk 

 

As mentioned in the analysis of environmental, supply and demand risks, crop quality and 

productivity are highly susceptible to the influence of climate variation. Some of these effects 

can reverberate as manufacturing risk to other chain nodes. The first influence is seen in the 

size of the beans: if there are more periods of drought, the beans will be smaller. As a 

consequence, producers will have to harvest more beans to produce the same 60 kg bags 

[G_1,G_3 and C_R_1]. When grinding receives those beans, there will be a similar problem: 

more beans will be necessary to make the cocoa derivative [G_C_2]. Another quality problem 

occurs at the drying stage: Bahia produces “smoked cocoa,” and Pará does not dry it as 

necessary. The first situation is related to insufficient maintenance of the producer’s equipment, 

the other is related to the poor technological tools of the producers [P_R_2 and G_3]. 

 

Both situations will influence the products of the grinding industries and the odor of the 

chocolate. Some producers noted that to be competitive on the bean market, they would have 

to irrigate their plantations, mainly at Bahia, where rainy periods are no longer defined. There, 

this implantation is very costly, so some producers have chosen to move to another cocoa region, 

where they can get a better return on their investment [G_2 and G_3]. When considering rainy 

periods, there is a risk of fungal proliferation [P_R_4 and C_R_1]. 

 

Still, regarding lack of productivity and quality, inventory management can entail high risk. 

Chocolate and grinding companies are afraid of being out of stock [G_2 and C_P_1]. Therefore, 

they stock more products to reduce their exposure to supply risk and financial risk. On the other 

hand, they will have more inventory management risk, such as loss of quality, loss of bean 

weight and fire [G_P_1, C_R_1 and G_3]. During the 2016 drought, companies ran out of stock, 

and every bean that was bought went straight to production [C_P_1]. 
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In the chocolate industry, climate variation influence other manufacturing risks as well. As this 

process needs to be done at controlled temperatures, climate variations force industries to invest 

in technological equipment such as air conditioning to reduce temperature variations during the 

chocolate-making process. If companies do not invest in this equipment, climate variation can 

influence chocolate quality, flavor and texture. Inventories must be conditioned as well [C_1 

and G_P_1].  

 

The final influence of climate variation to be considered pertains to employees. This risk can 

influence all nodes. At the production stage, they have to worry about accidents; when it rains 

a lot, they have more difficulties bagging and transporting cocoa [C_P_1]. Another 

consequence is unemployment and precarious working conditions: when events triggered by 

climate variation occur, farms need fewer employees and have less money to pay them [P_R_2 

and T_P_2]. With regard to grinding industries, climate variation can influence their need to 

improve their water, energy and cocoa supplies. They may need to use water trucks and 

importation; thus, their profits will decline. With less profit, it becomes harder to achieve their 

goals, and as a result, employers’ profit distribution will be smaller, leading to increased risk of 

strikes [G_C_1]. Some of these risk relations are shown in Figure 13. 

 

 
Figure 13 – Climate Variation influence on manufacturing risk 

                                             Source: The Author. 
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4.3.5 Climate variation and logistic risk 

 

According to the respondents’ perceptions, logistics risks can be affected by rain or temperature 

increase. When considering drought, which results in less humidity, there are no modifications 

to logistics risks. The SC nodes that are less affected by logistic risk variation are the grinding 

industries. For the producers and middlemen, C_P_1 affirms that when it is raining, is harder 

to access the farmers, making it difficult for farmers in all locations to withdraw cocoa beans. 

For Pará farmers, when it is raining, in addition to the difficulty of withdrawing the beans, the 

transportation logistics of reaching the grinding industries also become more difficult, resulting 

in longer delivery times and higher delivery costs. As grinding industries pay for cocoa based 

on the stock exchange and on quality, this additional cost is a financial risk to middlemen and 

producers [ C_P_1 and G_2] (figure 14). 

 

 
Figure 14 – Influence of rain on logistic risk 

               Source: The Author. 
 

Regarding temperature, cocoa butter transportation becomes more difficult at temperatures that 

are too high or too low. It is important to highlight that cocoa butter melts at 37ºC and can be 

transported in two different states: liquid or solid. The first type of transportation carries the 

cocoa butter at 50ºC, the second one needs to be below 37ºC. If the air temperature increases, 

the only way to transport solid cocoa butter is on a refrigerated truck [G_C_1 and C_1], 

resulting in higher logistics costs. In the same way, if the temperature is too low, it becomes 

difficult to transport liquid cocoa butter, as the truck will not heat up and only maintains its 

temperature. This situation may occur when cocoa butter is transported to the South of Brazil, 

where temperatures are lower. Figure 15 illustrates this relation. 

 

 
Figure 15 – Temperature’s influence on Logistic Risk 

     Source: The Author. 
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4.3.6 Climate variation and information risk 

 

The influence of climate variation on information risk in the Brazilian cocoa chain was 

perceived in relation to three after-effects, but they can influence the entire chain. Producers 

and grinding industries can be influenced in two different ways: increasing the necessity of pod 

forecasting and decreasing the effectiveness of pod counting [G_2, G_3 and G_C_3].  As is 

well known, climate variation influence cocoa bean plantations by decreasing their productivity. 

For the grinding industry, pod forecasting is very important because it allows grinders to 

estimate how many beans they will need to import to cover their demand. If climate variation 

did not affect the Brazilian crop, no pod forecasting would be necessary, as Brazilian production 

would cover Brazilian demand. As climate variation has a greater influence on Brazilian 

products, more pod forecasting will be necessary, resulting in the decision to import cocoa 

beans [G_1]. 

 

Another way that climate variation can affect information risk is through pod counting, which 

can affect future pod forecasting. Every month, producers analyze cocoa tree growth in order 

to document how plant production varies each year. Considering that producers have used this 

pod forecasting methodology for more than 20 or 30 years, they have accurate information to 

give to the grinding industry. As climate variation has influence cocoa plantations, even causing 

the death of many plantations, pod counting has lost it veracity, resulting in a lack of 

information for the Brazilian cocoa supply chain [G_2 and G_C_2]. 

 

The last influence that climate variation can have on information risks pertains to chocolatiers. 

When temperatures become higher, the cocoa butter present in chocolate migrates to the 

chocolate’s surface. When temperatures decrease again, the cocoa butter that had moved to the 

surface cannot return to the chocolate, and as a result, this layer will be whitish. This 

phenomenon is called Fat Bloom [C_1 and G_C_2]. As many consumers complained about it, 

thinking it was a quality problem, chocolate companies started to share information about their 

logistics, storage and markets [C_1].  Figure 16 illustrates the relation of climate variation and 

information risk. 
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Figure 16 - Influence of Climate Variation on Information Risk  

                                            Source: The Author. 
 

4.3.7 Climate variation and financial risk 
 

Climate variation can increase all entities’ perceptions of financial risks. The influence of 

climate variation on financial risks can be observed when rain and drought periods are 

considered. As already mentioned, both extremes are considered harmful to cocoa bean crops, 

as they affect productivity. When rainy periods increase, the difficulty of drying cocoa beans 

using a natural process increases as well [ G_1, P_R_3, G_3 and C_R_1]. As farmers need to 

sell their beans, the natural drying process is replaced by a non-natural process that uses 

firewood. This process affect cocoa quality, as the cocoa will smell like smoke. The “smoked 

cocoa” is sold at a discount, which will influence producers. Another point is that cocoa butter 

derived from “smoked cocoa” cannot be sold to some chocolate industries or exported to Europe, 

unless it is deodorized [G_C_1 and G_3]. Both situations will influence the grinding industry’s 

financial risk.  

 

Drought periods are harmful to cocoa bean productivity and quality. The direct consequence of 

drought is a decrease in the number of producers selling. Considering this influence on 

production, the grinding industry needs to import cocoa beans to deliver what they have already 

sold on the futures market, and if this need was not foreseen, the grinding industry will lose 

profits [G_C_1], unless their risk exposition was calculated [G_3]. Another consequence that 

drought can cause is a lack of water supply. Drought occurred in 2016, and the grinding industry 
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needed to contract a water truck. Thus, the industry did not need to stop operation, but it did 

have a cost increase [G_C_1 and C_1]. These situations are shown in Figure 17. 

 

 
Figure 17 – Influence of Climate Variation on Financial Risk 

                                               Source: The Author. 
 

4.3.8 Summary of climate variation influence 

 

In Table 12, which is based on Dasaklis and Pappis (2013) and Meinel and Abegg (2017), 

definitions of climate change risks were presented. Considering that literature, the climate 

change risks that were triggered by the 2016 disruption are presented in Table 23: 
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Table 23 - Climate Change Risks in the 2016 Disruption 

Upstream Climate Risks 

Risk to raw material supply Price fluctuations, disruptions of plants and production lines 

Risk of supplier drop out Deliveries interrupted, disruptions of plants and production lines 

Infrastructural risks Disruptions to transport infrastructure 

Risk to electricity supply 
Damages to power lines or transformation station caused by inundations 

or storms, and increased costs for energy and maintenance activities 

Risk to water supply Heavy precipitation or floods, droughts 

Organizational Climate Risks 

Risks of additionally required 

resources for adaptation 

measures 

Application of financial or personal resources to cope with the damages 

and impacts 

Downstream Climate Risks 

Risks of changed customer 

preferences 

Impact of climate change on customers’ preferences can result in an 

opportunity or in a market loss 

Infrastructural risks Disruptions to transport infrastructure,  

Environmental climate risks 

Regional risks of natural 

hazards 

Natural hazards are strengthened by climate change, and can affect 

transportation, building and energy systems. 

Source: The Author. Based on Dasaklis and Pappis (2013) and Meinel and Abegg (2017). 

 
 
4.4 Relations between risks in the cocoa supply chain 

 

As noticed, the cocoa supply chain is composed of few nodes and is heavily influenced by the 

bullwhip effect with regard to risks, considering its effects amplifications along other risks and 

node. If one single entity is affected by a risk, all others SC nodes can be directly affected as 

well. During the interviews, it was possible to identify many effects that a risk can have on the 

chain, whether as another risk reflection or even as a repercussion on another SC node. To 

understand this effect, a relationship among risks was established. 
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4.4.1 Environmental Risk 

 

When considering environmental risk, natural disasters, diseases, political events and economic 

instability were considered. As the influence of climate variation was already considered in 

section 0, this item only related political and economic consequence. As mentioned, the 2016 

drought devastated Brazilian cocoa production, considering the climate factors required for a 

good crop and the influence of witch’s broom. At the same time as the drought, Brazil was also 

facing a financial crisis. Those environmental risks can influence the following risks: 

 

a) Financial risks: Brazilian currency, the Real, was devalued. Thus, producers received 

less money for their cocoa bags. For the grinding industry, when the Real is devalued, 

exportation is a good option [G_C_1]. 

 

Another financial risk pertains to consumer financial strength. As chocolate is extremely 

economically sensitive, when the population needs to save money, chocolate is one of 

the first items they will consume less of, or perhaps buy cheaper versions of (with less 

cocoa and more sugar and fat). As a consequence, grinding and bean utilization will be 

reduced [G_C_1 and C_1]. The environmental influence on financial risks is illustrated 

in Figure 18. 

 
Figure 18 - Environmental Risk influence on Financial Risk 

                Source: The Author. 
 

b) Manufacturing risks: As labor law has intensified, employers’ costs have also increased 

according to economic inflation. Unfortunately for producers, cocoa prices on the NY 

stock exchange have not had the same growth, creating a mismatch between revenue 
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and the cost of production [P_R_3, T_P_2, A_1 and P_R_4]. Figure 19 illustrates this 

influence. 

 

 
Figure 19 – Influence of Environmental Risk on Manufacturing Risk 

        Source: The Author. 
 

4.4.2 Supply Risk 

 

Any source of supply risk has a significant influence on other sources of risk. An insufficient 

supply of Brazilian cocoa beans can intensify the following problems: 

 

a) Grinding industry importation necessity: Considering that the consumption of cocoa 

bean derivatives does not fluctuate, the smaller the Brazilian cocoa bean supply, the 

more beans the grinding industries will need to import to maintain their sales [G_C_2, 

G_C_1, G_3 and G_C_3]. As importation takes time and is more expensive, financial 

risk can also be intensified. As one way to minimize importation rates is the exportation 

of cocoa derivatives, exportation will need to increase. It is important to note that the 

importation of agricultural commodities can be more bureaucratic than importations of 

other goods. Thus, considering the African supply, the grinding industry needs to 

increase its stocks [G_C_1, G_C_2 and G_1]. Figure 20 presents this relation. 

 

 
Figure 20 – Influence of Supply Risk on Importation of Cocoa Beans 

        Source: The Author. 
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b) Manufacturing risk at production: In addition to being intensified by the lack of 

Brazilian supply, manufacturing consequences are intensified as importations occur. 

The more Brazil needs to import, the more vulnerable it is to new diseases, increasing 

phytosanitary risks. Another consequence of manufacturing risk is on manpower in the 

field: if Brazil produces less, more importation is required; as a result, the number of 

employers will decrease, which increases unemployment [P_R_3 and P_R_4]. This is 

presented in Figure 21. 

 

 
Figure 21 - Supply Risk Influence on Manufacturing Risk at Production 

     Source: The Author. 
 

4.4.3 Demand Risk 

 

To analyze how demand modification can influence other risks and nodes, demand was split 

into the following two categories: 

 

a) Chocolate Factory and Market Demand Variation: The first consideration concerns the 

demand that the grinding industry has the capacity to supply. According to G_C_1, the 

grinding industry has the capacity to grind 275,000 tons, but the actual market demand 

is approximately 170-230,000 tons (Figure 22). 

 

 
Figure 22 - Demand Risk Influence on Grinding Idleness 

                                  Source: The Author. 
 

The second consideration (Figure 23) concerns the difference between the demands for 

cocoa butter and cocoa powder. As already mentioned, each product has a different 
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market and a different way of managing its purchases when considering the futures 

markets and prices. According to G_2, this demand variation results in product 

management in order to forecast prices and better balance and manage both product 

stocks and prices. Another issue is the grinding industry’s need to stock their products 

[G_C_2]. 

 

 
Figure 23 - Demand Risk Influence on Grinding Stock and Price Fluctuation 

                 Source: The Author. 
 

b) Grinding demand variation: If, for any reason, grinding industries reduce their demand, 

producers or middlemen will have to stock the beans they had harvested or had bought. 

According to C_P_1 and T_P_1, when this variation occurs, it is a risk that they have 

to address. The more cocoa beans the producers need to stock, they more exposed they 

are to manufacturing and financial risk (Figure 24). 

 

 
Figure 24 - Influence of Grinding Demand Variation 

       Source: The Author. 
 

4.4.4 Manufacturing Risk 

 

Manufacturing risk can influence the grinding industry’s supply risk and need to import; it can 

also affect financial risk for all nodes. The factors that trigger those influence are lack of 

technological equipment and lack of equipment maintenance by producers.  These factors 

worsen the quality of cocoa beans, leading to “smoked cocoa”. As a result, producers will 

receive a lower payment when the grinding industry buys these beans. Considering this defect 

remaining in the cocoa derivatives, the grinding industry will have to add a process so that their 

product can be accepted in Europe or by premium chocolate factories. These processes will 
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affect the grinding industry’s profits and increase their exportation risk [G_C_1 and G_3]. 

Chocolate factories will have a lower-quality supply, increasing their supply risk, in addition to 

having to pay more for deodorized butter and to maintain their products’ quality [C_1]. These 

considerations are illustrated in Figure 25. 

 

 
Figure 25 – Influence of Manufacturing Risk on Cocoa Supply Chain 

       Source: The Author. 

 

4.4.5 Logistic Risk 

 

According to the interviews, logistic risk can influence the chain in four different ways, all of 

them pertaining the lack of infrastructure that affects roads and farm access. The first influence 

of this need for infrastructure is that the new generation increasingly wants to leave the 

countryside [P_R_3].  The second influence is that of increasing freight costs, which will reduce 

producer profit and consequently increase financial risk [P_R_4]. Increased freight costs result 

from delivery of cocoa beans and purchases of raw materials. As access to farms becomes 

increasingly precarious, it will become more difficult to receive imports, resulting in 

manufacturing risk and, as a result, financial risk to producers as well [G_1]. 

 

The last influence mentioned concerned the need for middlemen on the chain. As it is difficult 

to reach production areas because there are so many producers in Brazil and cocoa is pulverized 

in many regions, it is necessary to have middlemen. With the work of middlemen, it is possible 
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to account for almost all producers in Brazil. As it becomes more difficult to reach farmers, 

middlemen will be even more necessary on the chain [G_C_1 and G_2], as a result, 

communication between the grinding industries and producers is impaired, raising the 

information risk to the chain. Another consequence of this need for middlemen is the reduction 

in producer profit [G_1]. The relation between logistic risk and these influence is shown in 

Figure 26. 

 

 
Figure 26 - Influence of Logistic Risk on the Cocoa Supply Chain 

          Source: The Author. 

 

4.4.6 Information Risk 

 

The lack of information along the Brazilian cocoa supply chain is very worrisome. During the 

interviews, some sources of information risk were mentioned in response to the questions, 

showing the necessity of managing information risk. This preoccupation stems from the fact 

that any missing or mismatched information can be a trigger for others risks. The influence of 

information pertains to the following nodes: 

 

a) Producers: One influence of information risk is on manufacturing risk. The lack of 

information on productive areas makes it difficult to develop specialized supplies, such 

as fertilizer. As there are very few studies of the soil used for cocoa production, farmers 

are forced to use corn fertilizer, which they mix with other elements [T_P_1]. Another 

comment was made regarding the lack of information exchange between SC nodes, 

particularly the grinding industry and producers. This lack of information made it more 
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difficult for producers to obtain financial information and increased the need for 

middlemen, which resulted in a financial influence on the producers (Figure 27) [C_P_1, 

G_2, G_3, C_R_1]. 

 

 
Figure 27 – Influence of Information Risk on Producers 

    Source: The Author. 
 

b) Grinding Industries: The lack of information and commitment between the grinding 

industry and producers or middlemen can increase counterparty risk. As the SC nodes 

do not have a system or method of information exchange, their commitment can 

decrease, and supply may not happen. For the grinding industry, this situation can result 

in supply risk and financial risk, as they will need to buy beans on short notice [G_2]. 

 

Another consequence on supply risk that information risk can cause to the industry 

concerns the low precision of crop forecast information. As cocoa beans can only be 

imported from Ghana during a certain season, if the Brazilian forecast was lower than 

the actual crop, the grinding industry will run out of cocoa beans, with no possibility for 

importation. If the forecast was higher, the grinding industry will have to pay 

importation fees unnecessarily. Another consequence of inaccurate crop information is 

the higher cost of importation. As grinding industries have their own methodology, 

separate from any government agency, they have a more precise crop forecast. As 

already mentioned in section 4.2, the results are not compatible: the agency forecast is 

usually higher, which makes the political and social costs of importation higher 

[G_C_1]. 

 

The influence of information risk on the risk to grinding industries is presented in Figure 

28. 
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Figure 28 – Influence of Information Risk on Grinding Industries 

           Source: The Author. 
 

4.4.7 Financial Risk 

 

Consumers’ financial strength and price volatility are the main financial factors that can 

influence other risks and nodes. As consumers’ financial strength decreases, chocolate 

consumption changes. When a financial crisis occurs, chocolate consumption can also decrease, 

as it is economically sensitive. However, in such a situation, people do not necessarily stop 

consuming chocolate; rather, they choose different chocolate products that are cheaper and 

contain less cocoa. This change in habits results in a sales decrease for chocolatiers, grinders 

and producers [G_1 and G_C_1]. This relation is illustrated in Figure 29. 

 

 
Figure 29 – Influence of Consumer Financial Strength on the Cocoa Supply Chain 

            Source: The Author. 
 
Financial risk can also be influence by the exchange rate. As the Brazilian currency is devalued, 

exporting cocoa derivatives becomes more profitable.  When considering price volatility, the 

more prices change, the more counterparty risk increases, resulting in both supply and financial 

risks [C_P_1 and G_2]. The final consideration regarding price volatility is the following: if the 

price of cocoa on the NY stock exchange is too low, grinders will have to pay an agile price, so 

the price will be more attractive to producers. If the price is too low, farmers may lose the 

motivation to produce. If the price of cocoa on the NY stock exchange is too high, raw materials 
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become too expensive, and thus a discount needs to be included. These relation are presented 

in Figure 30. 

 

 
Figure 30 – Influence of the Brazilian Exchange Rate on the Cocoa Supply Chain 

            Source: The Author. 
 

4.4.8 Summary of the relation between risks in the cocoa supply chain   

 

As a way to represent the most significant relations between Brazilian cocoa supply chain risks 

and node, Attachment C present a summary of those influences. It is import to highlight that all 

risks relation perceived on interviews was considered at the above section, but not all risks was 

considered at the map. Financial and demand risks was not considered, as their relation with 

other risks are more specific. 

 

4.5 Mitigation Strategies  

 

Due to the importance of the cocoa chain in Brazil and the negative effect that disruptions can 

cause, some mitigation strategies have been developed in recent years. Not only after the 

drought but also since witch’s broom started to decimate Bahia’s production, some strategies 

have been implemented. There was almost unanimous agreement that the Brazilian cocoa chain 

was not prepared for the 2016 drought; thus, many reactive strategies began. Currently, some 

proactive risk mitigation strategies, as defined by Ghadge et al. (2012) classification presented 

at Table 7, are been made along the chain. This section presents those strategies.  

 

4.5.1 Product and process management: Cocoa Bean Production Improvement  

 

Brazil is no longer known as a huge cocoa bean producer, but some industries and associations 

are trying to restore their reputations for quality. To achieve this goal, the Cocoa Innovation 
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Center (CIC) guides producers regarding the best ways to manage their plantations [P_R_3 and 

P_R_1].  One way to prevent witch’s broom from decimating a plantation is pruning, cleaning 

the farm’s materials and removing every contaminated part, but this is not practical for 

everyone, as it requires a large investment [P_R_1], and the best medicine for witch’s broom is 

a “big knife” to cut it out [T_P_1]. In Pará, some NGOs visit farms and help producers by 

providing knowledge and doing technical follow-ups; they also provide soil correctives, 

limestone and fertilizer. FUNCACAU helps to improve production as well, promoting events, 

seed and seedling distribution and production monitoring [T_P_1]. Mitigation strategies related 

to improving cocoa beans involve a) innovation and technology and b) agroforestry systems. 

 

a) Innovation and Technology: To increase plant resistance, studies about genetic 

modification have been conducted by private companies [P_R_3 and P_R_1]. The goal 

of this modification is to develop more tolerant plants that can withstand witch’s broom 

and other pathogens that may arrive at the plantation. Another goal is to develop a more 

drought-resistant plant [P_R_4].  

 

In addition to genetic modification, “good production habits” are considered an 

imported technology [G_3] and a way to mitigate the spread of disease and the influence 

of climate. One mitigation strategy that has been introduced is the use of trees as barriers; 

they can provide wind protection and thus minimize the influence of strong winds [C_1]. 

Following the 2016 drought, investments in irrigation projects are being considered by 

moneyed producers [P_R_4]. When irrigation and fertigation are used, crops can 

produce 2.5 times more than an open-sun system, and the harvest time can be longer 

[C_1]. 

 

b) Agroforestry System (SAF):  This system is known as a way to restore forests and 

degraded areas, simultaneously combining tree species with agriculture crops and 

promoting economic and ecological benefits. SAF is known as a more resilient way to 

run a plantation, in addition to being sustainable and reducing deforestation. For 

producers, it is a way to be less dependent on a monoculture [P_R_1] and reduce risks 

[P_R_4].  Cocoa SAF can be combined with rubber trees, acai and banana. Another 

important consideration is that because cocoa is a native plant, when farms create a 

cocoa plantation, they are reforesting. In addition, in some cases, producers adopting 

SAF have increased their profits 20 times per hectare per year. Another benefit of SAF 
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is that when diversified farming is implemented, soil moisture capacity increases, and 

forest cover is more natural, resulting in better humidity balance and biodiversity [G_1].   

 

4.5.2 Supplier relationship: Information and Communication Improvements 

 

The lack of information in the cocoa supply chain can be considered one of the main issues 

when the whole chain is analyzed. Accordingly, there are many mitigation strategies intended 

to reduce this risk. Some of them are the following: 

 

a) Communication among SC nodes: Communication among producers, grinding 

industries and chocolate factories has been improved. The intention is to develop better 

cocoa chain statistics and newer programs [G_1 and P_R_4]. Each grinding industry 

makes its own crop forecast, increasing communication and information-sharing with 

producers [C_P_1]. Some of that information is produced by an association that 

instructs producers on how to manage their crops, stock their products and maintain 

hygiene on farms  [A_1]. 

 

b) Communication among Chocolate factories, Distributors and Supermarkets: In addition 

to investments in air conditioning and better technological equipment to ensure a safe 

and homogenous product, chocolate factories offer training to distributors and 

supermarkets so they will know how to take care of chocolate products [C_1]. 

 

c) Communication between Chocolate factories and Grinding industries: According to the 

respondents, there is strong communication between these nodes, with the goal of 

reducing defects, losses and impacts. One example is a study conducted by the grinding 

industry to raise the melting temperature of cocoa butter, which would prevent it from 

melting during transportation or on the shelf as a final product. 

 

4.5.3 Supplier development: Sustainability Programs 

 

Industries have realized that sustainability is a way to increase cocoa supply. According to 

[G_P_1],  to “be sustainable is to have raw materials and a way to have it is growing plantation, 

donating seedlings and fertilizers”. Grinding industries around the world created the World 

Cocoa Foundation (WCF), which is responsible for creating platforms to help each individual 
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program. Brazil does not have relations with the WCF; what the country does have is called 

Cocoa Action plan [G_P_1 and G_2].  The industries’ desire to have a connection with the 

WCF in Brazil shows that many companies, both chocolate and grinding, are concerned about 

cocoa chain development in Brazil [P_R_4]. Many companies already have their own social 

programs aimed at producers, some examples include Cocoa Plain (Nestlé), Cocoa Life 

(Mondelez), Olam Livelihood Charter (Olam), Mars Center of Cocoa Science (Mars), Cargill 

Sustainable Programs and Forever Chocolate (Barry-Callebaut). 

 

Another program is cocoa certification, which ensures that companies do not use slave or child 

labor and that they plant in reforested areas. This certification will help producers to increase 

their productivity and their prices when they export [A_1].  
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5 DISCUSSION 

 

This research identified the main risks that affect the Brazilian cocoa supply chain, their 

relations and how the current climate variation effects can influence on the emergence of other 

supply chain risks. Data collected thought the interviews showed that if climate variation risk 

at producers is not well-managed, the entire chain will suffer the impact leading to a supply 

chain disruption, thus resulting in poor quality, bad reputation, profit loss and even the need to 

leave the market. That information corroborates with Christopher et al. (2011) concern, who 

argue that if risks are not well-managed, lower product quality, loss of reputation and worsened 

relationship between SC nodes can occur. 

 

This relation between complexity and vulnerability was noted by Chang, Ellinger and 

Blackhurst (2015), and considered by Wagner and Bode (2008), as an issue in  SCRM, together 

with crises and catastrophes such as natural disasters, terrorist attacks and epidemics. During 

the interviews it was possible to notice the relevance of crises and epidemics when taking into 

account the risks facing the Brazilian cocoa supply chain. Based on data from the interviews it 

was possible to find out that all supply chain risk sources considered by Ho et al. (2015), shown 

in Table 6 are present at the Brazilian cocoa supply chain. It was also possible to realize that 

the most affected supply chain nodes are the producers since they are impacted by almost all 

risk sources and their lack of knowledge hinders new crop handing possibilities. In contrast, 

they are the most important node at the Brazilian cocoa supply chain, as the entire chain material 

flow depends on their productivity. As mentioned, import cocoa beans is a possibility for the 

grinding industry but,  as long as the only way to have cocoa beans is buy importing, 

multinational grinding industry will leave the Brazilian market, and import cocoa derivate to 

Brazil. To prevent it,  all efforts to mitigate the SCRM are focused on them. In order to fulfill 

those arguments, the findings of this research will be discussed. 

 

The first supply chain risk source considered on this study was environmental risks. Examples 

given by respondents on this source category were: phytosanitary risks, political events, 

economic instability and climate variation. Although war and terrorism, example of 

environmental risks sources presented by Ho et al. (2015) do not fit into the Brazilian territory, 

they can impact the chain. Ghana, a Brazilian cocoa beans supplier, is a vulnerable country to 

these two risks. Besides Ho et al. (2015) risk examples, respondents also considered import-
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export regulations as an environmental risk. Christopher and Peck (2004) have also identified 

regulatory changes as an environmental risk source.  

 

As for producers, as reported by the respondents, climate variation is the main risk that should 

be mitigated in view of the fact that it can trigger other supply chain risks. A similar 

consideration was made by Perdinan et al. (2017), who considered climate change as the biggest 

challenge to food supply chain. Still having climate change in mind, in a research made by 

Kirezieva et al. (2015), worsening drought incidence has been said to be of high likelihood of 

occurrence both in Latin America and Africa, that way, corroborating with some respondents’ 

concerns, then directly fracturing Brazilian producers and grinding industry. 

 

At supply risk source, respondents identified as main risks for producers: farmers’ inability to 

supply; poor quality of the supplied beans and communication failure. Rathore et al. (2017), in 

a recent study on Indian food supply chain identified the same concerns, with only one 

exception: “non-availability of procurement centers”. This last risk was not mentioned by 

respondents in our research. Besides those risks, producers lack of technology was mainly cited 

by the respondents and considered by Rathore et al. (2017) as a social risk. This lack of 

technology is seen at the drying stage, and because climate change impacts the solar drying 

capacity, some drying equipment is needed (Beg et al., 2017; García-Cáceres et al., 2014). As 

a consequence of this low technology, producers have more trouble meeting the delivery 

requirements. Supplier opportunism and dependence were considered by the respondents as a 

grinding industry supply risk. 

  

Regarding demand risk, only information distortion and demand uncertainty were considered 

by the respondents. Those considerations were the same as mentioned on Rathore et al. (2017) 

research. Manufacturing risk, inventory holding costs, resource breakdown and operator 

absence are common risks at all supply chain nodes. Quality and technological problems, 

together with low equipment maintenance are considered by producers as manufacturing risks. 

That agrees with SCRM and FSCM literature presented by Ho et al. (2015) and Rathore et al. 

(2017). Logistics risk source, high cost of transportation and the poor Brazilian infrastructure 

are the main risks that affect producers and middlemen, though those factors were not found at 

the literature review they were mentioned by most respondents. Information risk was 

considered as a trigger for many other risks when there is a lack of information between the 

entities, making the chain more vulnerable. As almost uncontrolled, financial risk was 
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mentioned by the respondents considering the NY Stock Exchange commodity price and “Real” 

exchange rate. Those evidences were not found in the literature review search, so they could 

not be confronted. 

 

In 2011, Black et al. (2011) had affirmed that climate change would be the main challenge to 

the sustainability of the food supply chain in the 21st century, due to high temperatures, variable 

rainfall, floods, droughts and cyclones. The 2016 drought event mentioned by the respondents 

can be considered as one of those challenges mentioned by Black et al. (2011). On Brazilian 

farms, crop and plant development were affected by 2016 drought. In a recent study on rice 

supply chain in Thailand, Shrestha et al. (2017) had considered those same drought effects to 

be the main impacts caused by temperature fluctuation in a study. As data show, at grinding 

industries and chocolate factories drought can both influence on crop and also lead to increased 

energy and water use. This fact was also identified by Hasan et al. (2013) when the impact of 

climate change on energy production was investigated. Those inputs are crucial for the industry 

operation, as well as backup supply needs to be available, bringing financial consequences, as 

discussed by Jüttner et al. (2003). This backup was mentioned by respondents as a necessity to 

improve cocoa beans inventory and also a backup plan at grinding and chocolate factories so 

that they might have enough energy and water supply.  

 

Another influence of climate variation on risks, as mentioned by the respondents was the 

increasing of potholes and floods on highways which makes it even difficult for producers to 

deliver their cocoa beans to the grinding industry. As a consequence, one more entity is needed 

to mediate the relationship between producers and the grinding sector, the middlemen. One 

more entity, reduces the accuracy of information sharing between parts, and, as a consequence, 

the capacity to recognize and improve risk mitigation. This information sharing can be fatal for 

the SC, as the all SC nodes need accurate information about Brazilian crop quality and 

productivity so that they can forecast their import demand.  

 

Crop quality and productivity are influenced by climate variation as well, and these data 

collected through the interviews corroborate with the study made by Läderach et al. (2013) that 

had confirmed this influence and also with the one made by Ofori-Boateng and Insah (2014) 

that argued that commodities are especially sensitive to climate change that can result in 

undesirable effects. Some of those effects, as mentioned by the respondents, are a trigger into 

many other risks such as: need to equipment maintenance at producers’ premises, low cocoa 
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beans quality, low cocoa derivative quality, higher deodorization process necessity at grinding, 

more cocoa beans import and less cocoa derivative export possibility. All of those risks will 

also represent a financial risk to each entity. 

 

Considering data collected, it was possible to note that some SC risks influenced just one chain 

entity, while other risks would reverberate throughout the whole chain. Regarding Ho et al. 

(2015) recommendation as a future study considering the interrelationship among risks, 

according to our results, climate change can be considered a trigger to other supply chain risks, 

as it increases crop risk emergence. This result is also in agreement with Ghadge et al. (2012) 

findings at a systematic literature review study, which suggested that “non-compliance with 

sustainability factors could provide SC risks and disruptions”, and suggest this area as a future 

research agenda. At 2013, Dasaklis and Pappis (2013) suggested that the interrelationships 

between climate change and SCM should be explored. Considering this recommendation, this 

qualitative research results can corroborate with Tirado et al. (2010) affirming that climate 

change can give rise to emerging food safety risks.  

 

According to the literature review, risk can be responsible for distribution fluctuations that 

affect everything from the income earned on raw materials to the purchases of the final 

customers (Zhao et al., 2013). Based collected give evidences that the Brazilian cocoa supply 

chain has been affected by some poorly mitigated risks. For example, product quality 

constitutes one of the biggest drawbacks resulting from producers’ failure on manufacturing 

risks mitigation. The low reputation of Brazilian cocoa beans is another consequence of that 

failure. 

 

As affirmed by Wagner and Bode (2008), nowadays companies have to cope with global supply 

environment, as suppliers and buyers can be located anywhere in the world. Cocoa supply chain 

can be seen inside a global environmental, and it can be a preoccupation to the Brazilian Cocoa 

supply chain, as the SC risks are the main reasons for increased exposure to disruptions in the 

supply network resulting in the obstruction of material and information flows between 

organizations, as mentioned by  Punniyamoorthy et al. (2013). Based on information data, if an 

irreversible disruption at production happens, other than the consequences argued by Jüttner et 

al. (2003), financial or demand losses  or operational and financial performance, (Hohenstein 

et al, 2015) can occur. The result can be that all SC nodes had to leave the market for a period 

of time, which was also one of the consequences noted by Khan & Burnes (2007) at a research 
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agenda SCRM study, which considered as an example companies like Railtrack, Barings Bank 

and Enron 

 

According to some respondents, mitigation actions can minimize some of those risks, and as a 

consequence, reduce repercussions on the Brazilian cocoa chain. Most of the mitigation 

strategies used in Brazilian cocoa chain can be considered as reactive actions, as the companies 

were not expecting neither prepared to a disruptive event in 2016, namely the drought. This 

reactive action is consistent with Black & Ray's (2011) study, which found that only 10% of 

firms are prepared for a disruption. Although the drought event occurred in 2015/2016, 

Brazilian chains are still being influenced today. This long-term impact was mentioned in Son 

and Orchard's (2013) study. Data indicates that couple of mitigation strategies in the Brazilian 

cocoa supply chain are being made by some entities. Therefore we could classify this chain as 

proactive, according to Ghadge et al. (2012) classification.  

 

Implementation of mitigation strategies are seen as a preoccupation to the grinding industries 

with producers’ risks; they want to know how to mitigate those risks at the farms and want 

backup plans to reduce the influence on their own industry. Another example is the concern of 

chocolate factories regarding raw material quality, logistics and shelf life specificities that can 

affect consumer health. Both findings agree with the studies of Faisal et al. (2006) and Mentzer 

et al. (2001), which affirm that when managing risks, companies aim to meet their customers’ 

demands while getting the most out of their products, pricing and markets.  

 

The strategies to mitigate climate change at farms and to improve cocoa production quality and 

productive is in line with Schroth et al. (2016) study, which affirms that the environmental 

impact will be reduced by producing commodities in deforested areas. This strategy started to 

be implemented  in Brazil, once cocoa is a native crop, replanting it in deforested areas is to 

revive native forest, as mentioned by some respondents. Another mitigation strategy called 

agroforestry system (SAF) can minimize climate variation impacts as well, and also improve 

cocoa crop. As researched by Schroth et al. (2016), those systems can also keep the soil fertile 

and store carbon, besides protecting crop production from micro-climatic variations.  

 

As mentioned by Ghadge et al., (2012) and Manuj & Mentzer, (2008), environmental conditions 

are more complex and the growth of global competition is constant. The cocoa chain can 

exemplify this affirmation, as itself is globalized, when one considers prices, raw materials and 



 121 

even chocolate consumption. The prices of cocoa beans and their derivatives are defined by the 

stock exchange and are based on Africa’s productivity. Raw materials, such as cocoa beans and 

derivatives can be produced and bought in many parts of the world, which creates a more 

competitive market for producers and grinding industries, as chocolate factories can import 

cocoa derivatives just in the same fashion as they can import cocoa beans. The research made 

by Manning (2015) affirms that globalization involves production, logistics and food 

consumption and it has been responsible for the consolidation of multi-national corporations. 

Many Brazilian supermarkets sell chocolate from other countries. Unfortunately, the opposite 

does not happen as often, as Brazilian chocolate is not accepted in some countries because of 

its ingredients and composition. All of these factors make the Brazilian cocoa chain more 

complex and vulnerable to risks and uncertainties. According to Lalwani et al. (2016), 

approximately 50% of produced beans are consumed by European sweet-making companies, 

this information agrees with the respondents’ knowledge of the chain. 

 

Nearly all – 93% – of the executives consider risk management to be one of their top issues 

(König & Spinler, 2016). This study did not interview company executives exclusively, but also 

cocoa technicians, producers and analyzers, with a view too on cocoa purchase; however all 

respondents – representing diverse entities and roles– affirmed that risk management is a 

concern of the entire chain and it was a consensus that not all SC nodes care and mitigate SC 

risks in the same way. 

 

A final finding is related to supply chain member’s attitude towards climate change. Brito, 

Miguel, & Pereira (2016), in a study made in a local food supply chains in the State of São 

Paulo (Brazil), identified three main groups: the influence group, the vulnerable and the risk 

managers. By examining the data collected, it was possible to identify the same groups in the 

Brazilian cocoa Supply chain, according to each mitigation risk strategy adopted once climate 

change influence was noticed. As in Brito et al (2016), small producers could be classified in 

the so called vulnerable group, as they are directly exposed to droughts at their farms, are not 

well-informed and neither prepared for future events. Grinding industries, chocolate factories, 

large producers, non-governmental organizations and associations can be classified as risk 

managers, as they perceived droughts influence on supply chain risks and are implementing 

mitigation strategies so these expositions may be reduced. Lastly, cooperatives that perform 

middlemen activities could be classified in the influence group, as they have direct contact with 

producers and understand this risk exposition and how it could harm production but “did not 
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help providing alternative solutions or searching for sources of information” (Brito et al., 2016)  

to farmers. Most of the others middlemen cannot be considered as influence group, as they do 

not perform to mitigates those risks. 

 

An example of the risk manager groups mentioned on the interviews is that the grinding and 

chocolate industries each have a risk management sector, responsible for running the 

companies’ risks in the stock exchange market. In the grinding industries, because they depend 

on Brazilian cocoa production, the import of beans, the stock market and chocolate 

consumption, there is a special sector in the companies that brings all these areas together every 

month so that risks can be better managed, and the companies will be less vulnerable. This 

example corroborates with Gaudenzi and Borghesi (2006) finding, which assumes those actions 

can reduce SC vulnerability, which was emphasized by Asante et al. (2017) in a cocoa supply 

chain study. Furthermore, these “special company sector” was similarly mentioned by Revilla 

and Saenz (2017) as “rules and routines to address disruptive events, with the goal of controlling 

them”. Small producers are an exception to this practice because, as noted by respondents, the 

only risks they are concerned about are climate variation and disease incidence. This study only 

interviewed large producers, which are aware of the risks they face and how they can manage 

them by taking mitigation actions to improve their production. 
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6 CONCLUSION 

 

This study aimed to analyze how Brazilian cocoa supply chain members notice the influence of 

climate change on other chain risks. To understand this relation, risks to the Brazilian cocoa 

supply chain, climate variation events that occurred in Brazil and mitigation strategies were 

identified. To pursue this aim, a single study case methodology was applied, interviews were 

carried out, and documents analyzed. 

 

This study identified several Brazilian cocoa supply chain risks, considering a seven risk 

sources classification proposed by Ho et al. (2015): environmental, supply, demand, 

manufacturing, logistics, information and financial risk. Some of those risks influenced a 

specific chain entity, while other risks reverberated throughout the whole chain. A similarity 

that was perceived across all supply chain risks identified was the future financial impact. 

 

For the producers, it was possible to note that the three main risk sources that affect them are 

environmental, manufacturing and logistics. The environmental risk source is relevant as far as 

any climate variation can affect the cocoa crop, increasing disease incidence and decreasing the 

quality and productivity of cocoa beans. This final climate influence is a manufacturing risk 

that can be exacerbated by poor maintenance of equipment and lack of technology for crop 

management. As cocoa farms are located in difficult-to-access places, transportation costs and 

time have a huge influence. 

 

For the grinding industries, supply and information risk have the greatest consequence. The 

poor quality and quantity of Brazilian cocoa beans, together with the lack of effective 

information about the Brazilian crop forecast, make this entity more vulnerable to the need to 

import cocoa beans and to lower-quality production, which can lead to financial risk. At 

chocolate factories, the supply risk to the grinding industry will be reflected, as the poor quality 

and quantity of Brazilian cocoa beans can lead to poor quality cocoa derivatives due to “smoked 

cocoa flavor” or an expensive raw material, if cocoa beans were imported by the grinding 

industry. All those risks are affected by stock exchange interference, as the price of cocoa beans 

is global.  
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The main disruptive event that affected the Brazilian cocoa chain was the drought of 2016. This 

event demonstrates how climate variation can affect risks to the cocoa chain: it had the power 

to increase production-related disease and to decrease quality and productivity in addition to 

making cocoa bean logistics more difficult and making middlemen more necessary to the chain. 

Consequently, supply risk to the grinding industry increased, just as crop forecast information 

and the relationship between grinders and producers both declined. Another consequence was 

the increased necessity of cocoa bean import, resulting in more phytosanitary risks during 

production, more risk exposure and financial influence for the grinding industries and, for the 

chocolate factory, more financial risks and product quality risks. This last consideration is based 

on the fact that each cocoa bean production location has different characteristics; for example, 

Ghana’s cocoa beans are more similar to Pará’s cocoa beans. By the time Bahia’s production 

begins to decline, the chocolate flavor can be affected. 

 

To mitigate those risks, many actions are being taken by different SC members. The main 

actions, made by the ones classified as risk manager group, impact Brazilian producers, with 

the intention of reducing the reverberation of their risk effects on others entities and nodes. 

Mostly, mitigation strategies aim to bring producers and grinding industries closer together so 

producers can be better informed about the chain and learn about soil technological 

management, such as aspects of open-sun growing, how to prevent disease, and irrigation 

methodology. 

 

Considering the above information, this study has made some empirical contributions: (i) 

identifying Brazilian cocoa supply chain risks; (ii) contributing to a deeper analysis of the 

relations among chain risks; (iii) listing the effects of climate variation on the supply chain; and 

(iv) identifying mitigation strategies adopted in the chain. As a theoretical contribution, this 

study presents how risk sources have evolved over the course of publications in SCRM studies. 

Moreover, by considering the evidence provided by data collected, it is possible to propose that 

the lack of information between SC node can influence the SC stability as much as climate 

variation on crop. This argument could be considered if information and communication 

between SC nodes were more developed at the time drought disruption had occurred on this 

chain, producers could have been more sensitive to this possibility, and so, others mitigation 

strategies could have been made. 
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The following points should be considered as limitations of this study: (i) The sample does not 

include respondents from companies representing all entities; particularly, smaller producers 

are missing; (ii) Data analysis was performed by only one researcher; (iii) As respondents were 

preoccupied with the consequences of the 2016 disruption, no other relevant event was 

considered by them, preventing the research recognition from other scenario possibility. 

 

As presented in this study, mitigation strategies are starting to be implemented and are very 

important to the survival of the Brazilian cocoa supply chain. As a future research opportunity, 

the influence of mitigation actions on the cocoa supply chain could be thought of. Another 

research could measure the impact of climate variation on the cocoa supply chain. Besides, this 

qualitative study could be carried out for other chains, such as agrifood and commodities 

allowing further comparisons.  
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ATTACHMENT A 

 
CARTA DE APRESENTAÇÃO E CONSENTIMENTO 

CONVITE PARA PARTICIPAR DE PESQUISA ACADÊMICA 

 

 “A INFLUÊNCIA DO CLIMA NA GESTÃO DE RISCO DA CADEIA DE 

SUPRIMENTOS” 

 

 

Primeiramente, agradecemos a oportunidade de entrarmos em contato. O objetivo deste contato 

é convidar o senhor(a) a participar de uma pesquisa acadêmica, que tem como  foco  analisar 

como as mudanças climáticas afetam a cadeia de suprimentos brasileira de cacau. O sr(a) foi 

convidado para ser um  possível respondente devido ao conhecimento e atividade na área 

pesquisada. 

 

Por favor, leia este documento e caso tenha alguma dúvida ou necessidade de esclarecimento 

nos informe. A pesquisa se trata de um projeto de mestrado na Fundação Getúlio Vargas SP, 

orientado pela profa. Susana Pereira e conduzido pela aluna Amanda V. B. Alvarez. 

 

Objetivo do Estudo 

O objetivo deste estudo é identificar os riscos envolvidos na cadeia de suprimentos brasileira 

de cacau e conhecer a percepção de como os riscos climáticos, provenientes das mudanças 

climáticas, podem influenciar nestes riscos. A escolha desta pesquisa se deu devido a grande 

importância do Cacau na economia brasileira, por ser a fonte de renda de muitas famílias e 

devido seu alto consumo como matéria prima. O foco nas mudanças climáticas e riscos 

climáticos foi escolhido devido às grandes alterações de temperatura, humidade e poluição 

sofrida nos últimos anos.  

  

Número de pessoas que participarão do estudo 

Esta pesquisa contará com a participação de aproximadamente 20 entrevistados, todos 

participantes da cadeia de suprimentos brasileira do cacau, em diversas áreas. 
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Procedimentos do estudo 

A entrevista será realizada presencialmente e tem a duração estimada de 60 minutos. Caso 

permitido, a entrevista será gravada, o que resultará em maior veracidade na transcrição e 

codificação da mesma. Durante toda a entrevista o senhor(a) terá total liberdade de recusar 

responder a qualquer questionamento, da mesma forma que poderá desistir de participar do 

estudo durante a entrevista. 

 

Resultados esperados do estudo 

Por meio das entrevistas é esperado que os riscos na cadeia estudada sejam definidos, bem como 

o impacto dos riscos climáticos nos mesmos. Ações para minimizar estes riscos também são 

esperadas. 

 

Confidencialidade 

Nenhuma identidade será divulgada. Qualquer publicação proveniente deste estudo tratará o(a) 

senhor(a) com uma identidade genérica. 

 

Contato para questionamento 

Qualquer esclarecimento em relação ao estudo poderá ser feito via contato telefone ou e-mail 

com a pesquisadora Amanda V. B. Alvarez. 

Telefone: (11) 9.7100-3311 

e-mail: avbraune@gmail.com 

 

Considerando o exposto acima, concordo em participar da referida pesquisa. 

 

Nome do respondente: 

 

 

 

 

 

(   )  Autorizo que minha entrevista seja gravada para posterior transcrição, análise e codificação 

pelo pesquisador. Nenhuma informação pessoal ou vínculo à pessoa entrevistada será 

divulgada. A gravação tem como único objetivo aumentar a qualidade do estudo. 
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(  ) Não autorizo que minha entrevista seja gravada. 

 

 

 

 

Assinatura do respondente:                                      Data: 

 

 

____________________________                    __________________ 

 

 

Nome e contato do entrevistador: 

 

Amanda V. Braune Alvarez 

(11) 9.7100-3311 

avbraune@gmail.com 
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ATTACHMENT B 

 
ROTEIRO PARA A PESQUISA 

 
Stage/ Theoretical 

Framework Autor Pergunta/Procedimento Objetivo 

Apresentação - 

-Meu nome é..... 
-Este estudo tem como 

objetivo ..... 
 

Apresentação pessoal 
Explicação do estudo 

Permissão para gravação - 

- o sr(a) autoriza que esta 
conversa seja gravada? O 
áudio não será divulgado, 

somente será utilizado para 
facilitar a análise de 

informações. 

Explicar o protocolo e 
termos de 

confidencialidade 
Assinar o protocolo 

Quebra de Gelo - 

- Me conte um pouco sobre a 
sua carreira, há quanto tempo 

está na empresa ___? 
- Há quanto tempo está 

trabalhando com a área de 
cacau? 

- o Sr já trabalhou em outra 
área ou segmento empresarial? 

Quais são as principais 
diferenças encontradas quando 
comparamos com a do cacau? 

Conhecer o entrevistado e 
fazer com que ele se sinta 

confortável para iniciar 

Supply Chain Risk 

Khan and 
Burnes, 
2007; 

Wagner & 
Bode, 2008 

O Sr e sua empresa estão 
familiarizados com o tema 

“risco”? Qual seria a definição 
de risco para a sua 

organização/departamento? 

Entender como é definido 
o risco 

Kahn & 
Burnes, 

(2007);Yates 
and Stone 

(1992) Slack 
and Lewis 

(2001) 

O Sr e a sua empresa entendem 
que os riscos, mencionados na 

questão anterior, podem ser 
medidos ou administrados? 

Entender se é feita a 
distinção de riscos e 

incertezas. 

Konig and 
Spinler 
(2016) 

Como o Sr avalia a 
preocupação dada a gestão dos 
riscos pela sua empresa? Existe 

alguma preocupação com a 
gestão de riscos associados 

com a cadeia de suprimentos? 
(Caso não sabia o conceito, 

explicar) 

Os autores afirmam que 
93% dos executivos 
consideram o risco o 
principal problema 

Supply Chain Risk 
Management 

Blos et al, 
2009 

Em sua opinião, é possível 
administrar uma CS sem a 

identificar os riscos 
relacionados a ela? 

Na sua opinião, quais são os 
principais riscos associados à 
cadeia de suprimentos em sua 

Entender em cada elo o 
quanto preocupado com o 

risco estão 



 138 

empresa? Eles já foram 
enfrentados? 

Norrman 
and Jansson 

(2004) 

Como o senhor analisa a 
relação de frequência e 

impactos dos riscos da cadeia?  

Entender se há aumento de 
riscos na cadeia; 

Diagnosticar se existe 
determinados riscos na 

cadeia; 

Ho et al 
(2015) 

Em sua opinião, quais são os 
impactos dos riscos na cadeia 

de suprimentos da sua 
empresa? 

Quais ações são realizadas para 
diminuir tais impactos? Se 

houver alguma ação, ela é feita 
em conjunto com alguma outra 

empresa da cadeia ou é feita 
isoladamente? 

Autor mostra que as 
maiores preocupações são: 
identificação e gestão dos 

riscos e a colaboração 
entre parceiros. 

Wagner and 
Bode (2008) 

Quais são os principais 
desafios enfrentados? 

Os autores afirmam que 
crises e catástrofes como 

desastres e epidemias, 
juntamente com a 

vulnerabilidade de cadeias 
modernas são os principais 

fatores. 

Risk Sources Ho et al 
(2015) 

O Sr consegue identificar as 
principais causas dos riscos 
associados à sua cadeia de 

suprimentos? 

Entender quais são os 
riscos na cadeia, e em cada 

etapa, de acordo com 
quem for o respondente.  

Risk Drivers, Disruptions and 
Mitigation 

Son and 
Orchard 
(2013) 

O sr se recorda de ter 
presenciado ou ter 

conhecimento de algum evento 
que causou interrupção nos 

processos da cadeia de 
suprimentos do cacau? 

Em caso positivo, qual foi o 
tempo de duração dessa 

interrupção? 
Ainda em caso positivo, qual 
foi o tempo de duração dessa 

interrupção? 
Ela teve algum impacto 

posterior na sua empresa ou na 
CS? Por quanto tempo? 

Descobrir se já ocorreu 
alguma ruptura na cadeia. 
O autor comenta que esses 

eventos têm pouca 
probabilidade de ocorrer, 
mas o impacto é longo. 

Essa pergunta tem o 
objetivo de saber como foi 
a continuação na cadeia, 

será perguntada de acordo 
com o elo entrevistado 
(Hendricks and Singhal 

(2003) dizem que afeta o 
valor de mercado) 

Black and 
Ray (2011) 

Como foi a antecipação para 
esta interrupção? Ocorreu 
algum acompanhamento? 

Autores afirmam que 
somente 10% das 

empresas estão preparados 
para o evento. Descobrir 

se eles estavam. 

Khan and 
Burnes 
(2007) 

O(a) senhor(a) se recorda de 
algum caso de interrupções 
(paradas) na cadeia  em que 

alguma empresa não conseguiu 
se recuperar? Qual foi o caso e 

quando correu? 

Os autores afirmam que 
algumas empresas acabam 
saindo do mercado se não 
conseguem se reerguer. 

Verificar se na cadeia do 
cacau já ocorreu. 

Kern et al., 
(2012) 

Ghadge et al 
(2012) 

Recordando os casos 
comentados a respeito das 

interrupções, quais ações sua 
empresa poderia ter tomado 

Estratégias mitigadoras 
auxiliam a reduzir os 

efeitos. Verificar o que a 
cadeia pensa a respeito.  
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Kirilmaz 
and Erol 
(2017) 

para reduzir o impacto do 
incidente? 

Quais foram essas ações? 

Os autores classificaram 
as estratégias mitigadoras. 
Conhecer como elas são 

feitas na cadeia. 
Classifica-las segundo a 

tabela. Proativa ou 
reativa? 

Climate Change and Cocoa 
Supply Chain 

Meinel and 
Abegg 
(2017)  

O(a) senhor(a) tem 
conhecimento de algum evento 

extremo (relacionado a 
temperaturas ou umidade) que 

tem afetado a 
cadeia/produção/logística? 

Pode ser de forma positiva ou 
negativa. 

Saber se existe mudanças 
climáticas na cadeia. Para 

auxiliar: variação de 
temperatura, humidade, 

chuvas, GHG 

Dasaklis and 
Pappis 
(2013) 

Quais foram os efeitos dessa 
mudança?  

Conhecer os efeitos das 
mudanças na cadeia. Para 

auxiliar: variação de 
demanda, pragas, 

necessidade de aumento 
de pesticida, etc 

Agradecimento pela 
participação    
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ATTACHMENT C 
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