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Abstract 
 

Ferreira, Felipe de Azevedo Lage; Carmo, Luiz Felipe Roris Rodriguez 

Scavarda. (Advisor) An Empirical Risk Analysis of the Brazilian 

Shipbuilding Industry. Rio de Janeiro, 2015. 81p. MSc. Dissertation 

(Opção profissional) - Departamento de Engenharia Industrial, Pontifícia 

Universidade Católica do Rio de Janeiro.  

 

Supply Chain Management (SCM) is an area of growing interest by 

scholars and practitioners, and companies are increasingly paying attention to the 

role of risk in their business, in particular, to the development of Supply Chain 

Risk Management (SCRM) techniques. However, a gap in the literature is 

observed in regards to empirical studies on SCRM, in special for large projects as 

the shipbuilding industry, despite the fact that many characteristics of this industry 

- such as long lead times, complex processes, financial intensity and dynamic 

organization structures - make it fundamentally vulnerable to risks. For the 

Brazilian shipbuilding in particular, empirical evidence also showed to be more 

crucial, not only because there is a scarcity of studies for shipbuilding in general, 

but also because the Brazilian shipbuilding industry experienced a long period of 

stagnation during the 80s and 90s decades. This study attempts to fulfill this gap, 

by identifying the main supply chain risks for Brazilian ship builders and offering 

an initial risk profile for the industry. The study integrated and implemented 

methodologies proposed by other scholars in the field to develop a survey 

approach targeted at experts from shipyards in Brazil. The survey asked 

participants to: (1) identify the main risks present in the Brazilian shipbuilding 

industry; (2) evaluate the likelihood of their occurrence; and (3) recognize main 

sources and potential impacts, as well as potential strategies to mitigate them. The 

study confirmed the presence of risks identified in the literature and new ones of 

particular importance to the Brazilian context. The study also yielded a 

preliminary risk profile for the Brazilian shipbuilding industry. 

 

 

Keywords 
Engineer-to-Order; Supply Chain; Risk Management; Brazil. 
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Resumo 
 

Ferreira, Felipe de Azevedo Lage; Carmo, Luiz Felipe Roris Rodriguez 

Scavarda. Análise Empírica de Risco da Indústria Naval Brasileira. 

Rio de Janeiro, 2015. 81p. Dissertação de Mestrado – Departamento de 

Engenharia Industrial, Pontifícia Universidade Católica do Rio de Janeiro.  

 
A Gestão da Cadeia de Suprimento é uma área de crescente interesse na 

literatura, e da mesma forma as companhias estão cada vez mais voltando à 

atenção, especificamente, para técnicas para Gestão de Risco da Cadeia de 

Suprimento. Porém, existe uma carência na literatura para estudos empíricos da 

Gestao de Risco, em particular para grandes projetos como a construção naval, 

mesmo sendo muitos das características dessa indústria – como longos períodos 

de lead time, complexos processos produtivos, alto investimento de capital e 

estruturas de organização dinâmica – aumenta a sua exposição a riscos. Existe 

um gap na literatura com relação à gestão de risco para estudos empíricos, em 

especial para grandes projetos, como a construção naval. No Brasil em 

específico, esta carência da indústria se tornou mais evidente devido ao fato da 

indústria de construção naval no Brasil ter vivenciado um longo período de 

recessão nas décadas de 80 e 90. Este estudo empírico visa preencher essa 

lacuna, através da identificação dos principais riscos da cadeia de suprimentos 

para os principais estaleiros brasileiros e oferecendo um perfil de risco inicial 

para que a indústria. Foi realizada uma coleta de dados com os estaleiros visando 

(1) identificar os principais riscos presentes na indústria naval brasileira; (2) 

avaliar a probabilidade de ocorrência destes riscos; e (3) reconhecer as fontes 

principais e potenciais impactos de riscos, bem como possíveis estratégias para 

mitigar os riscos. O estudo confirmou a presença de riscos identificados em 

estudos da indústria de construção naval em outros países, e também identificou 

novos riscos relevantes no contexto brasileiro. Por fim, for apresentado um perfil 

de risco para a indústria naval brasileira.  

 

 

 

Palavras-chave 
Engineer-to-Order; Cadeia de Suprimento; Gestão de Risco; Brasil. 
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1. 
Introduction 

In today’s globalized and highly competitive environment, Supply Chains 

(SC) became larger and more complex with globally dispersed components 

(Blackhurst et al., 2005; Chapman, 2006). The more complex the SC is, less 

predictable is the likelihood and the impact of disruption, which indicate a higher 

exposition to SC risks (McGillivray, 2000; Engardio, 2001; Harland et al., 2003; 

Christopher and Lee, 2004; Finch, 2004; Jüttner, 2005; Kleindorfer and Saad, 

2005; Tummala and Schoenherr, 2011). 

Recently, companies have given more attention to disruption or contingency 

plans by developing a Supply Chain Risk Management (SCRM) technique, in 

order to avoid the identified SC risks, or if not possible, to mitigate or control 

them. For that reason, it is necessary that firms understand SC interdependencies 

and be able to identify potential risk factors by measuring their likelihood and 

consequences. (Norrman and Jansson, 2004; Hendricks and Singhal, 2005; 

Pujawan and Geraldin, 2009; Thun and Hoenig, 2009; Tang and Musa, 2011; 

Tazelaar and Snijders, 2011; Tummala and Schoenherr, 2011; Ceryno et al., 

2014). 

According to Jüttner (2005), SCRM is still a recent subject and a very 

specific task to many industries. For Tang (2006) only minorities of companies 

have implemented adequate methods for SCRM, although they are quite aware of 

the consequences of SC risks. 

Recent studies by Tang and Musa (2011) and Sodhi et al. (2012), claim that 

there are three gaps in SCRM: (1) there is no clear definition of SCRM, (2) lack of 

research on mitigating supply chain risk and (3) clear deficiency of empirical 

studies in this area.  

The lack of empirical research is even more critical for large projects as for 

ship construction (Lu and Tang 2000, Moyst and Das, 2005). Additionally, when 

compared to many other industries, shipbuilding, as a typical Engineer-to-order 

production (ETO), is more exposed to SC risks due to the unique features of this 
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activity, such as long lead time, complex processes, financial intensity and 

dynamic organization structures (Kanerva, 2004; Moyst and Das, 2005; Lee et al., 

2009; Basuki et al., 2010).  The uncertainties within an ETO production are 

basically from the product specification and design, and demand forecast for the 

manufacturing process. These uncertainties have great influence on the 

complexity of the production control situation and serious impact on lead-time 

duration (Galbraith, 1973). Hence, taking effective SCRM techniques to manage 

these variables of ship construction along the SC is important to a successful 

delivery of a ship project (Flanagan and Norman, 1993; Akintoye and MacLeod, 

1996). 

For the Brazilian shipbuilding in particular, empirical evidence also showed 

to be crucial, not only because there is a scarcity of studies for shipbuilding in 

general, but also because the Brazilian shipbuilding industry experienced a long 

period of stagnation, reducing to almost zero the investments and researches in the 

area (Lima, 2009). Only in recent years it started again to receive attention of 

academics and practitioners, due to the boom generated by the deep-water oil 

exploration in Brazil (Lima, 2009; Faverin et al., 2010 a; Queiroz, 2012). During 

this strong period of growth, Brazilian shipyards are still dealing with great 

challenges in their development, which has not yet reached a level of global 

competitiveness (Coutinho, 2006; Faverin et al., 2010 a; Queiroz, 2012).  

The uncertainties presented in this industry allow a great opportunity for 

research and development for SCRM techniques. Hence, this study purposes to 

identify the main risks along the shipbuilding supply chain by probability and 

severity of occurrence. In addition, it is proposed the construction of an initial risk 

profile for the Brazilian shipbuilding, in order to obtain a better outline of this 

industry. Furthermore, this approach contributes to fulfill a gap in the literature for 

empirical researches in SCRM and also can help professionals to better 

understand the vulnerabilities related to ship construction around the risk concept. 

Moreover, the identification of risks can also be viewed as the trigger for SCRM 

and could serve as a guide for practitioners to start the SCRM processes (Kern et 

al., 2012; Ceryno et al., 2014). The SCRM process helps to access, analyze and 

treat areas of vulnerability and risk in supply chains (Nieger et al., 2009; Ceryno 
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et al., 2014). The research goal is achieved based on a survey approach with three 

Round of questionnaires. The survey included executives from major shipbuilders 

considering their steel processing capacity. 

 The dissertation is organized into 7 chapters, beginning with this 

introduction. Chapter 2 provides a conceptual foundation around SCM and SCM 

structures, focusing on ETO production. Next, Chapter 3 outlooks the literature 

review for risk and SCRM concept and techniques, followed by Chapter 4 that 

presents the main characteristics for the shipbuilding activity and also a global 

market overview for this industry. Chapter 5 that presents the research method. 

Finally, Chapters 6 and 7 bring the research results and discussion, and propose a 

future research for this study. 
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2.  
Conceptual Foundation 

This chapter presents the main definitions and concepts about SCM and SC 

structures, with special attention to ETO, as a typical shipbuilding structure. 

2.1. 
Supply Chain Management (SCM) 

Over the past two decades, SCM has come to be seen as a key component of 

organizational competitiveness and effectiveness. In this way, the interest in the 

concept of SCM increased significantly when companies saw the benefits of 

collaborative relationships within and beyond their own organization. Moreover, 

continuous advances in communication and transportation technologies have 

motivated the evolution of supply chain and to effective managing techniques, 

such as Enterprise Resource Planning (ERP) systems, Vendor Managed Inventor 

(VMI), Collaborative Planning, Forecasting, and Replenishment (CPFR), and 

others (Porter, 1985; Mentzer et al., 2001; Khan and Burnes, 2007; Simchi-Levi et 

al., 2008). 

While interest in SCM is immense, it is clear that much of the knowledge 

about the theme resides in narrow functional fields such as purchasing, logistics, 

IT and marketing. By virtue of this, a number of definitions have been proposed 

concerning the concept of “the supply chain” and its management (Burgess et al., 

2006). 

Scott and Westbrook (1991) and New and Payne (1995) describe supply 

chain management as the chain linking each element of the manufacturing and 

supply process from raw materials through to the end user.  

Lambert and Cooper (2000) state a similar definition for SCM as, “the 

integration of key business processes from end-user through original suppliers that 

provides products, services, and information that add value for customers and 

other stakeholders”. Simchi-Levi et al. (2008) define SCM as a series of activities 

concerning the planning, coordinating and controlling movement of materials, 

parts, and products from the suppliers to the customer. This includes the 

management of material, information and financial flows in the supply chain. 
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However, as Hendricks and Singhal (2005) argue, by developing SCM, 

which focus on cost reduction and effectiveness, the organizations have ignored or 

played down the risks from a disruption to the entire supply chain. In this way, 

companies became more aware that they can no longer effectively compete in 

isolation of their suppliers and other entities. Modern SC are in fact dynamics 

networks of interconnected firms and industries (Lummus and Vokurka, 1999; 

Mentzer et al., 2001). 

Many researchers have sought to investigate the relationship between risk 

and supply chain management. This is considered as initial step when 

understanding the SC risks and a further SCRM method (Kraljic, 1983; Puto et al., 

1985; Eisenhardt, 1989; Pilling and Zhang, 1992; Ragatz et al., 1997; Hallikas et 

al., 2000; Zsidisin et al., 2000; Macintosh, 2002; Harland et al., 2003; Karjalainen 

et al., 2003).  

2.2.  
Supply Chain Structures 

As well as understanding the SCM and its SC risks, it is also important to 

observe the characteristics and particularities of production systems, in order to 

understand the features and uncertainties and also the relationship between 

productive activities (Lustosa et al., 2008), in particular for shipbuilding 

production system, as center of this study. 

Based on Rudberg and Wikner (2004) and Olhager (2010), there are four 

basic types of production systems: Engineer-to-Order (ETO), Make-to-Order 

(MTO), Assemble-to-Order (ATO), and Make-to-Stock (MTS), often referred as 

‘supply chain structures’. 

 In terms of the lead time and product customization, these supply chain 

structures can be organized around the concept of customer order decoupling 

point (CODP) (Gosling and Naim, 2009). CODP is most often defined as the 

point in the material flow where the product is tied to a specific order from the 

client. In the literature, this point has received different denominations. Some 

authors define it only as decoupling point (DP), others as order penetration point 

(OPP) (Yang and Burns 2003; Olhager 2003; Olhager 2010). 
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 Sharman (1984) also introduces CODP in a logistics context, emphasizing 

the product specifications and stock. He defines CODP as the point where 

specifications are typically unchanged until demand is known, and the last point at 

which the stock is held.  

 In other words, CODP divides the production cycle in two distinct stages 

as shown in Figure 1: prior to decoupling point the product value chain remains 

based on forecast activities; whereas after decoupling point it’s driven by the 

market demand (Rudberg and Wikner, 2004). Thus, all activities in supply chain 

performed after the CODP are customized and targeted at the specific customer 

order, while all activities in the supply chain performed before the CODP are 

standardized (Yang and Burns, 2004). 

 Additionally, due to the possible market uncertainties, CODP may act as a 

strategic buffer between fluctuating customer order and/or product variety. 

Volatile markets require agility in decision making and quick reactions in order to 

ensure that customer needs are met in the shortest time and at the lowest cost 

(Bertrand and Muntslag, 1993; Naylor et al., 1999). 

Figure 1 – Types of CODP 

 

 

 

 

 

 

 

Source: Based on Olhager, 2003; Rudberg and Wikner, 2004 
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Hoesktra and Romme (1992), Porter et al. (1999), Amaro et al. (1999), and 

Olhager (2003) explored the ways of classifying these logistics structures in 

conjunction with distinct decoupling point settings, as follows: 

 Make-to-Stock (MTS) – Standardized products are produced based on 

demand forecasts and any customized product is manufactured. This 

structure has the advantage of quick delivery items, but generates high 

levels of stock, which is vulnerable to forecast demands more accurately. 

In MTS the decoupling point is located at finished goods; 

 Assemble-to-Order (ATO) – This structure means in principle that all 

materials are sourced and all component manufacturing is carried out 

without connection to specific customer orders. In this case the decoupling 

point is located at sub-assemblies within the assembly process. 

 Make-to-Order (MTO) – The final product is developed from contacts 

with the customer and delivery times are usually long. The decoupling 

point is located at purchased goods; 

 Engineer-to-Order (ETO) – This structure is an extension of MTO 

strategy, since the design and engineering of the product is also custom 

made (Rocha et al., 2005). But for this production system, the decoupling 

point is located at the design stage, so each customer order penetrates at 

the design phase of a product. 

Shipbuilding, as focus of this study, is a typical ETO industry. This type of 

supply chain structure basically starts upon a project sale, which is the point 

marked by the CODP. At this stage the contract is signed and the detailed design 

and production begin (Walter and Ries, 1996; Gosling and Naim, 2009).   

2.3.  
Engineer-to-order 

In the literature, different terms are often used to describe very similar 

operation systems as ETO, such as one-of-a-kind (Hameri, 1997) and design-to-

order (Hicks et al., 2000). For that reason, this study searched for main definitions 

around the ETO concept in order to build a clear description for this production 

system. 
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Table 1 – Literature definitions and characteristics for ETO 

Definition Authors 

Customized production dimensions with the 

decoupling point located at the design stage 

Olhager, 2003; Lampel and Mintzberg, 

1996; Rudberg and Wikner, 2004 

The ETO supply chain is usually associated as large 

and complex project environments 
Gosling and Naim, 2009 

ETO supply chains offer customized products where 

completely new designs are developed to order 

Amaro et al., 1999; Rudberg and 

Wikner, 2004; 

ETO is a type of manufacturing process for highly 

customized products which are required to be designed 

and engineered in detail as customer’s orders 

specification 

Cho and Porter, 1986; Pandit and Y. 

Zhu, 2007; Clark et al., 2007 

Companies making ETO products are essentially 

project (value stream) driven and are typically 

involved in several concurrent projects at any one time. 

Cameron and Braiden, 2004. 

ETO companies are characterized by time-limited 

projects related to the supply of complex equipment to 

third parties, and this process often includes the 

phases: design, manufacturing, installation, and 

commissioning 

Caron and Fiore, 1995 

Offers a standard product range with the availability of 

modifications and customizations 
Galbraith, 1973; Porter el al., 1999 

 

Based on the findings observed in the literature in Table 1, ETO can be 

associated to low-volumes, high degrees of customization, long lead times and 

project-based process, which are in contrast to high-volume manufacturing. Also, 

ETO has a typical large and complex project environments, where often includes 

the phases of design, manufacturing, and commissioning. 

According to Galbraith (1973) an ETO production is characterized as 

project based and very customized, these main factors have a great influence on 
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the complexity of the production control and serious impact on lead-time duration. 

Walter and Ries, (1996) and Hicks et al. (2000) states that in ETO industry, it is 

common for key procurement and manufacturing activities to be associated with 

long lead-time, where these activities take place before the design is finished. As a 

result, production planning is constantly under changes during construction phases 

causing delays and rework, as well with wrong purchases. 

In order to minimize impacts of long lead times, it is usual to have 

overlaps between the different stages of the production process: engineering, 

planning, procurement and production, as shown in Figure 2. Not only the 

processes can often overlap but also the order and amount of effort put into each 

process can vary (Walter and Ries, 1996). 

 

Figure 2 – ETO overlapping processes 

 

Source: Based on Walter and Ries (1996) 

Additionally, the literature offers different classifications for ETO 

companies. For instance, Amaro et al. (1999) suggest four types of ETO, which is 

constructed on the basis of three major dimensions. The first is the degree of 

product customization, covering pure customization, tailored customization and 

standard customization. Amaro et al. (1999) ETO types were all are characterized 

as pure customized products as first dimension, and by their responsibility to the 

design and specification of products, the sourcing and purchasing of materials 

relative to the customer, as second dimension. Finally, the activities performed by 
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the company as assembly, processing (or fabrication), purchasing, specification 

and design correspond to the third dimension. These three dimensions compose 

the four types of ETO as demonstrated in Table 2. 

 

Table 2 – Taxonomy for ETO companies 

Classification ETO 1 ETO 2 ETO 3 ETO 4 

Degree of customization:     

Pure     

Tailored - - - - 

Standardized - - - - 

None - - - - 

Company responsibility for:     

Design  - - - 

Specification   - - 

Purchasing    - 

Activities after receipt of order:     

Delivery     

Assembly     

Processing     

Purchasing    - 

Specification   - - 

Design  - - - 

     

Source: Based on Amaro et. Al (1999) 

Hicks et al. (2001) also develop a typology of four ETO companies, in order 

to explain how production processes are organized and examine the impact of 

market changes on the configuration of production processes. His framework has 

shown that ETO companies can be classified according to the level of vertical 

integration, product complexity and the volume of production.  

Hicks et al. (2000) conclude that the project concept and basic and 

functional design are the non-physical processes, and considered as the core 

capabilities for ETO companies. 
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3.  
Literature Review 

This chapter offers a brief overview of the literature of SCRM regarding 

key definitions for risks and SC risks, as for shipbuilding risks. This chapter also 

describes the SCRM process and main techniques used in the literature. 

3.1. 
Risk and SC Risk Sources 

The term ‘risk’ is normally associated with uncertainty (Zsidisin, 2003; 

Jüttner et al., 2003; Khan and Burnes, 2007). Knight (1921) made a simple 

distinction between risk and uncertainty, defining risk as something measurable 

and manageable that can be made of the probabilities of the outcomes, while 

uncertainty is not quantifiable and the probabilities of the possible outcomes are 

not known. According to Manuj and Mentzer (2008), risk can be defined as the 

combination of probability of occurrence and the severity of an unwanted event. 

However, Yates and Stone (1992) argue that every conception of risk implies that 

there must be uncertainty about the prospective outcomes, and if the probability of 

those outcomes is known, there is no risk. This research does intend to contribute 

on the definition around risk and uncertainties, adopting the concept that risk is 

both measurable and manageable.  

Depending on the field of research, the term risk is expressed with a variety 

of meanings, measurements, and interpretations (Wagner and Bode, 2006). At an 

academic level, a growing body of research on risk has emerged from a number of 

different fields, such as accounting, finance, economics, marketing, business, 

supply chain (Zsidisin, 2003, Jüttner, 2005; Wagner and Bode, 2006). Regardless 

of the area of interest, risk is always associated with an undesirable loss created by 

an unwanted negative consequence and uncertainty. This study focused on SC 

risks. 

According to Christopher et al., (2004) Supply Chain risk has been defined 

as “any risk to the information, material and product flow from original suppliers 

to the delivery of the final product”. 
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Goh et al. (2007) classify SC risks based on their sources, differentiating 

risks arising from the internal of the SC network from those created by the 

external environments. In a similar definition, Kleindorfer and Saad (2005) 

categorized SC risks into operations and disruptions risks. According to Tang 

(2006), the operations risks are associated with uncertainties inherent in a SC, 

which include demand, supply, and cost uncertainties. Quinn (2006) refers to 

disruption risks caused by major natural and man-made disasters such as flood, 

earthquake, tsunami, and major economic crisis. Both operations and disruption 

risks could seriously disrupt and delay materials, information, and cash flow, 

which in the end could damage sales, increase costs, or both (Chopra and Sodhi, 

2004). 

Zsidisin (2003), Christopher and Peck (2004), Manuj and Mentzer (2008), 

suggest four categories of risk as supply, demand, operational, and security. 

Similarly, Christopher and Lee (2004) identify process, control, demand, supply, 

and environment as risk sources, while Chopra and Sodhi (2004) present nine risk 

sources as disruptions, delays, systems, forecast, intellectual property, 

procurement, receivables, inventory and capacity. Table 3 presents an illustrative 

list of supply chain sources, compiled from the various studies in the literature. 

 

Table 3 – Supply Chain risks 

Risk Category Risk Source Reference 

Demand 
 Order fulfillment errors 

 Inaccurate forecasts 

Chopra and Sodhi (2004); 

Christopher and Peck (2004); 

Quinn, (2006); Tummala and 

Schoenherr (2011) 

Delay 

 High capacity utilization at 

supply source 

 Inflexibility of supply 

source 

 Transportation breakdowns 

 Excessive Handling 

 Custom clearances 

Chopra and Sodhi (2004); 

Christopher and Lee (2004); 

Kleindorfer and Saad, (2005) 
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Disruption 

 Natural disaster 

 Labor dispute/strike 

 Supplier bankruptcy 

 War and terrorism 

Chopra and Sodhi, (2004); 

Christopher and Lee (2004); 

Christopher and Peck (2004) 

Inventory 

 Rate of product 

obsolescence 

 Inventory holding cost 

 Demand and supply 

uncertainly 

Chopra and Sodhi (2004); 

Christopher and Lee, 2004; 

Schoenherr et al., 2008 

Procurement 

 Exchange rate risk 

 Percentage of a key 

component or raw material 

procured from a single 

source 

 Industry wide capacity 

utilization 

 Long-term versus short-

term contracts 

Chopra and Sodhi, 2004; 

Christopher and Lee, 2004; 

Christopher and Peck, 2004; 

Schoenherr et al., 2008 

Project 

 Exceeding budget and 

schedule plan 

 Project design versus 

manufacturing capability 

Jüttner, 2005; Lee et al., 2009 

Quality 

 Product specification 

 Product standardization 

maintaining quality 

Zsidisin, 2003; Christopher and 

Peck, 2004 

Intellectual Property 

 Vertical integration of 

supply chain 

 Global outsourcing and 

markets 

Christopher and Peck, 2004; 

Manuj and Mentzer 2008 

Sovereign 

 Regional instability 

 Communication difficulties 

 Government regulation 

Christopher and Peck, 2004; 

Manuj and Mentzer 2008 
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System 

 Information infrastructure 

breakdown 

 System integration or 

extensive systems 

networking 

 E-commerce 

Zsidisin, 2003; Christopher and 

Peck, 2004; Kleindorfer and 

Saad, 2005; Quinn, 2006;  

Capacity 
 Cost of capacity 

 Capacity flexibility 

Zsidisin, 2003; Chopra and 

Sodhi, 2004; Quinn, 2006; 

Manuj and Mentzer 2008; 

Tummala and Schoenherr 2011 

 

As Goh et al. (2007) and Gilaninia et al. (2013) presented, risk sources can 

be also extended to a view of internal or external risks. According to Kleindorfer 

and Saad (2005), external supply chain holds environmental factors altering from 

political reasons, economic, technological or geographical. In the other hand, 

internal supply chain risk, as defined by Rice and Caniato (2003) is caused by 

problems in organizational boundaries and internal SC network including 

machinery or equipment failure, system breakdown, inventory issues and others. 

Following this criteria, risk sources can be divided into internal or external 

influences as below Figure 3. 
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Figure 3 – Internal or External Risk Sources 

Source: Based on Goh et al. (2007); Gilaninia et al. (2013) 

 

3.2.  
Supply Chain Risk Management (SCRM) 

 Risk management is in general described as the identification and analysis 

of risks, as well as their monitoring and mitigation (Ceryno et al., 2014). A main 

particularity of SCRM, contrary to traditional risk management, is that it is 

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

reduction of risks not only on the company level, but rather focusing on entire 

supply chains (Jüttner, 2005) 

To survive in a risky business environment, it is imperative for companies to 

have a proper SCRM. If poorly handled, disruptions in SC could result in costly 

delays causing deficient service level and high costs (Hendricks and Singhal, 

2003; Blackhurst et al., 2005). As stated by Norrman and Jansson (2004) and 
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Jüttner (2005), the focus of SCRM is to understand, and try to avoid, the 

devastating effects that disasters or even minor business disruptions can have in a 

SC. 

In the literature, the SCRM process is described in similar ways, which can 

vary from risk identification and/or measurement, risk assessment and/or risk 

evaluation to mitigation plans and control and/or monitoring (Hallikas et al., 

2002; Neiger et al., 2003; Jüttner et al. 2005; Kleindorfer and Saad 2005; Tse et 

al., 2005; Cucchiella and Gastaldi, 2006; Ritchie and Brindley, 2007; Adhitya et 

al., 2008; Knemeyer et al., 2009; Giannakis and Louis, 2011; Tummala and 

Schoenherr, 2011; Kern et al., 2012; Ghadge et al., 2013; Ceryno et al., 2014; 

Elleuch et al., 2014). Different systems have been put forward but most 

approaches for SCRM process tend to follow the generic process shown in Figure 

4. 

Figure 4 – SCRM Process 

 

Based on White (1995); Neiger et al. (2003); Jüttner et al. (2005); Kleindorfer and 

Saad (2005); Knemeyer et al. (2009); Tse et al. (2005); Tummala and Schoenherr 

(2011). 
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As seen in Figure 4, the literature essentially presents two main phases for 

SCRM: Phase I, which corresponds the risk analysis from Risk Identification, 

Risk Assessment, and Risk Evaluation; and Phase II, which involves risk control 

from Risk Mitigation and Risk Monitoring. 

Beginning with the first point of phase one is the risk identification, which 

is considered as fundamental stage of the entire risk management process.  This 

involves a comprehensive and structured determination of potential SC risks 

associated with the given problem. The main focus of supply chain risk 

identification is to recognize SC uncertainties in order to enable an efficient risk 

management (Hallikas et al., 2000; Norrman and Jansson, 2004; Kleindorfer and 

Saad, 2005; Cucchiella and Gastaldi, 2006; Ritchie and Brindley, 2007; Pujawan 

and Geraldin, 2009; Blome and Schoenherr, 2011; Kern et al., 2012; Ghadge et 

al., 2013; Ceryno et al., 2014).  

A large number of techniques exist for Risk Identification, such as 

brainstorming and workshops (Harland et al., 2003; Oehnen et al., 2009; Elleuch 

et al., 2014), Failure Checklists (Chase et al., 2006; Tummala and Schoenherr, 

2011), survey and interviews (Shen et al, 2001; Hallikas et al., 2002; Hallikas et 

al., 2004; Lee et al., 2007; Tuncel and Alpan 2010), Delphi groups (Ghadge et al., 

2013), Risk Mapping (Gardner and Cooper, 2003; Norrman and Jansson, 2004; 

Pujawan and Geraldin, 2009; Tummala and Schoenherr, 2011), Value-Focused 

Process Engineering (VFPE) (Neiger et al., 2007); KPI monitoring (Giannakis and 

Louis, 2011) and various diagramming approaches such as Cause-Effect diagrams 

(Tummala et al., 1994; Chase et al., 2006), Failure Tree Analysis (FTA) and 

Event Tree Analysis (ETA) (Tummala and Schoenherr, 2011), Failure Mode And 

Effect Analysis (FMEA) (McDermott et al., 1996; Karim et al., 2008; Tuncel and 

Alpan 2010; Tummala and Schoenherr, 2011; Elleuch et al., 2014) and Influence 

Diagrams (Chapman, 1997; Hollnagel, 2004).  

According to Mojtahedi et al. (2008) there is not a ‘‘best method’’ for risk 

identification. Shen et al. (2001), Hallikas et al. (2002), Chapman and Ward 

(2003), Harland et al. (2003), Oehnen et al. (2009) suggest the directed-thinking 

approach for identifying specific risks, which includes activities such as the 
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interviewing or surveying individuals or groups, brainstorming, and using 

checklists.  

Risk assessment is the second step for SCRM, which focuses on the 

prioritization of the risks that will affect the vulnerability of the SC, as 

consequence contributes with the selection process of suitable corrective 

management actions for the identified risk in the Risk Identification phase 

(Harland et al., 2003; Hallikas et al., 2004; Norrman and Jansson, 2004; Adhitya 

et al., 2008; Oehnen et al., 2009; Giannakis and Louis, 2011; Blome and 

Schoenherr, 2011; Tummala and Schoenherr, 2011; Elleuch et al., 2014). Many 

authors define risk assessment as the determination of the likelihood of occurrence 

and severity level for each risk identified (Hallikas et al., 2002; Hallikas et al., 

2002; Harland et al., 2003; Norrman and Jansson, 2004; Kleindorfer and Saad, 

2005; Ritchie and Brindley, 2007; Adhitya et al., 2008; Manuj and Mentzer, 2008; 

Oehnen et al., 2009; Tuncel and Alpan, 2010; Blome and Schoenherr, 2011; 

Giannakis and Louis, 2011; Tummala and Schoenherr, 2011; Kern et al., 2012; 

Ghadge et al., 2013).  

When dealing with project environments, Ward (1999) suggested that risks 

should be prioritized based on an assessment of a probability and severity matrix. 

The specific combinations of probability and impact leads to a risk rating of 

‘‘high,” ‘‘moderate,” or ‘‘low” and aims at selecting an adequate risk 

management process for the rated risks. The results from a risk probability and 

severity matrix also contribute for a risk profile picturing. 

As noted on risk identification, the literature also offers many tools for risk 

assessment. Assessing risks into a probability and severity matrix are largely 

adopted, as seen in methods by Deloach (2000), Hallikas et al. (2004), Norrman 

and Jansson (2004), Thun and Hoenig (2009) and Dey (2010). These authors also 

referred to this method as risk map/matrix assessment. 

Last stage for phase I of SCRM process is the Risk Evaluation. According 

to Tummala and Schoenherr (2011), Risk Evaluation includes two sub-steps of 

risk ranking and risk acceptance. Common definition for risk ranking is the 

expression of probability x severity (The Royal Society, 1992; Deloach, 2000; 
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Wittmann, 2000; Shen et al. 2001; Tummala and Mak, 2001; Wang and Liu 2004; 

Zhou et al., 2007; Thun and Hoenig, 2009; Dey, 2010; Tummala and Schoenherr, 

2011).  Risk ranking determine the risk exposure level for each one identified and 

assessed (Tummala and Schoenherr, 2011). In order to construct a risk map/matrix 

it is preceded a risk ranking process (Deloach, 2000; Wittmann, 2000; Hallikas et 

al., 2004; Norrman and Jansson, 2004; Thun and Hoenig, 2009; Dey, 2010). Once 

the SC risks are classified, acceptable levels of risk must be established, which is 

performed in the risk acceptance step. 

Finally, phase II of SCRM process is based on the risk mitigation plan and 

control (Figure 8). Tummala and Schoenherr (2011) indicated that risk mitigation 

involves the development of risk response action plans to contain and treat risks 

(risk planning), while risk control and monitoring consists on examining of the 

progress made regarding the implemented risk treatment strategies and corrective 

actions that can be taken if deviations occur in achieving the desired SC 

performance (Norrman and Jansson, 2004; Oehnen et al., 2009; Tummala and 

Schoenherr, 2011; Kern et al., 2012).  

3.3.  
Shipbuilding risks 

The literature presents a lack of empirical research in the shipbuilding 

industry (Mentzer et al., 2001; Lee et al., 2007; Arica and Alfnes, 2012; 

Gunasekaran, and Spalanzani, 2012). However, for risk assessments there are 

some studies carried out, englobing mathematical modeling and statistical 

approaches to cost and schedule, as well as simulation methods, among others. 

As for statistical approach, Both Lee et al. (2009) and Basuki et al. (2010) 

identify risks in shipbuilding using a Bayesian network. A Bayesian belief 

network, also called a causal network or belief network, is a powerful tool for 

knowledge representation and reasoning under conditions of uncertainty (Cheng et 

al., 2002), and visually presents the probabilistic relationships among a set of 

variables (Heckerman, 1997). Although the Bayesian belief network has many 

advantages, one of this method drawback is to require continuous variables to be 

discretized (Uusitalo, 2007). In an analysis including continuous variables, the 

need to be transformed to discretize variables could bring to information loss. 
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Basuki et al. (2010) used the Bayesian network with the assistance of a 

probabilistic Value At Risk (VaR) in order to analyze every node of the model. 

Overall, the major risks identified in both studies were design change, raw 

material supply and production risks related to hull construction process, as with 

highest probability of causing project delays. 

Duffey and Van Dorp (1999) analyze risk for the design and contracting 

stages of large engineering projects using a Monte Carlo simulation. In this 

method, the risk analysis integrate schedule and cost information using activity 

networks and simulation iterations with Monte Carlo approach to quantify the 

uncertainty in the project as costs. During design stages main risks were 

identified, such as: determining firm fixed-price bids, complex make-or-buy 

subcontracting decisions, evaluation of different production process design 

alternatives, and others. Other related risk issues observed by Duffey and Van 

Dorp (1999) are engineering change orders and rework. The Monte Carlo 

methodology has some limitation in regards to the activity network used. In this 

methodology, the activity network has a deterministic structure, which presumes 

that all activities in the network will performed one time only during the project. 

This can be more questionable for highly concurrent processes that include both 

product and process design innovations. 

Floriano et al. (2010) developed a process for identification and analyses 

of risks in the Brazilian shipbuilding industry environment through methods of 

brainstorming and Delphi. His work included the participation of experts from 

various segments of the shipping industry, members of classification societies, 

yards, shipowners and scholars from the area of education and research. He 

presented an Analytical Risk Framework (ARF) for the project divided into seven 

levels: External factors, Funding, Procurement, Planning, Design, Construction 

and Marketing. The Construction item was further subdivided into three 

sublevels: Technology, Infrastructure and Human resources. In this way, the risks 

were classified into these categories and also evaluated according to the 

probability of occurrence and the severity of impact on the project schedule and 

budget. As a result, each risk was rated according to their level of criticality for 

each construction phase. Queiroz (2012) also used the method of Analytical Risk 
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Framework (ARF) in order to identify the risks associated with naval 

construction. However, his study is a comparative analysis of project risks 

shipbuilding in Brazil, from the point of view of shipowners and as financial 

institutions. As a result, it presents a risk rating-yard based on credit rating 

evaluation, which is organized hierarchically according to AHP method. 

Goldberg et al. (2010) proposed a methodology that qualitatively assesses 

the main risks as to the probability and severity, and rank by relevance. These 

risks are classified in three classes (demand, country and project), and subclasses, 

shown in Figure 5.  

Figure 5 – Shipbuilding risks types 

 

Source: Goldberg et al. (2010) 

Lee et al (2007) analyzed the critical risks in the Korean shipbuilding industry, 

identifying and evaluating them according to their relationships with phases of 

construction. He conducted a survey of 248 respondents from 10 major Korean 

shipbuilders and presented a list of 26 risks, as follows: 

1. Typhoon, flood, earthquake and other uncontrollable events happen. 

2. Regulations against shipbuilders tighten or are amended  

3. Classification’s rules change and influence shipbuilders. 

4. Incendiary fire or burglaries occur. 

5. There is difficulty in supply of raw materials. 

6. Labor costs rise and cause problems. 

7. There is difficulty in meeting labor demands for production. 
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8. There is difficulty in supplying production equipment. 

9. Unexpected changes in inflation occur. 

10. New taxes or big changes in tax rates occur. 

11. Unexpected changes in exchange rates occur. 

12. Unexpected changes in interest rates occur. 

13. Changes in company credit ratings occur. 

14. Refund guarantee, operating costs, and other difficulties in capital 

funding. 

15. Unexpected difficulties in cash flow occur. 

16. There are shortages in design manpower. 

17. Changes in design occur. 

18. Introduction of new technologies incur new risks. 

19. Failures in production equipment occur. 

20. Instances arise where specifications of the contract cannot be met. 

21. Productivity does not improve. 

22. Problems in quality management arise. 

23. Problems arise due to strikes at headquarters. 

24. Problems arise due to strikes at subcontractors. 

25. Time schedule is exceeded and does not go according to plan. 

26. Budget is exceeded and does not go according to plan. 

Lee et al. (2007) presented each phase of construction with the main risks 

associated: At the beginning stage of shipbuilding design and financial risks were 

related while during the steel manufacture and block assembly, important risk 

factors were management of production equipment, supply of raw materials and 

labor, and quality management. During a more advance stage of production, risks 

such as changes in design and managerial risks such as exceeding time and budget 

limits proved to be important. Finally, according to Lee et al. (2007) at the project 

finalization, phase risks were exchange rates, interest rates, timeline, fulfilling 

specifications, and natural disasters.  

Lee et al. (2007) have an important overview of the risks in shipbuilding, 

which study was a result from an extensive survey in the Korean Shipbuilding. As 

for the purpose of this study, Lee et al. (2007) 26 listed risks was applied as an 
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initial step to identify and assess the risks in the Brazilian shipbuilding. As will be 

reviewed in the methodology section, the 26 risks were first assessed through a 

survey approach with main shipbuilders in Brazil. 
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4.  
Shipbuilding overview 

This section brings an overlook on the shipbuilding from different aspects, 

starting with a general introduction to the industry, its main actors, the main 

macro process and activity costs, and finally a global market overview. The main 

goal is to analyze the relationship of shipbuilding supply chain from its main 

actors and processes as well as to understand uncertainties and the behavior of this 

activity in a global market scale. 

4.1.  
Shipbuilding industry 

The shipbuilding industry is basically surrounded by two types of other 

industries: front industries, which include maritime transportation and supply 

service, fishery and defense; and backward industries, which include machinery, 

electronic parts, steel and other general marine supply, as shown in Figure 6 

(Queiroz, 2009; Moura 2008).  

Figure 6 – Shipbuilding industry links 

  

Source: Based on Coutinho (2006) and Moura et al. (2007) 

Shipbuilding itself is composed of construction, repair and vessel’s 

scrapping, which all obtain the primary demand from the Front industry. This 
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study is focused on construction activity only, which corresponds of almost 90% 

of the Brazilian shipbuilding activity (Faverin et al., 2009). 

On the other hand, the backward industry is there to supply the shipyards 

and provide distinctive sorts of materials, from steel plates to small parts such as 

nut and bolts, to complex machinery and electrical parts. The backward industry is 

intrinsically connected to the success of the shipbuilding business (Moura et al., 

2007). 

Based on Olhager (2010), it is also important to investigate the role of the 

CODP on different industries around the shipbuilding. As observed in section 2.2, 

the CODP has a key role in developing and managing value chain for upstream 

and downstream the CODP. For firms where there is only one type of decoupling 

situation, it applies a single approach for the value chain. Basically, the steel 

industry follows a MTS structure, which maintain a mass production strategy and 

keeps an inventory in the distribution system. However, most firms tend to have a 

mix of MTO and MTS products, based on demand volume and variability, as 

observed in machinery and electronic parts suppliers. Finally, in ATO situations 

the two types of approaches need to be applied to different parts of the value chain 

for a single product line. This is the case for general marine part suppliers.  

The important issue is to fit the approach to the task of each material flow – 

both upstream and downstream the CODP. This is seen as a challenge for an ETO 

that shares many different production strategies as observed in shipbuilding 

industry, and ultimately is focused on flexibility and lead time reduction (Olhager, 

2010). 

Nevertheless, the stability of both Front and Backward industries directly 

affects the shipyards. For example, a disruptive event can take the form of price 

increases in material parts and equipment from the suppliers, likewise the fall of 

shipbuilding demand that can dramatically reduce new ship orders. In any of these 

situations, a serious consequence for the business continuity of the shipyards and 

the entire shipbuilding industry is on alert (Moura et al., 2007; Queiroz, 2009). 

Therefore, it seems a great concern to observe the economic scenario and potential 

risks when studying shipbuilding, further examined in section 4.5. 
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4.2. 
Shipbuilding main actors 

The shipbuilding is centered on two main actors: shipyards and shipowners. 

They both extend a wide list of relationships with Classification Society 

(Regulatory, Research & Education Organizations), Government and Multilateral 

Institutions (Federal institutions, Transportation Ministry and Unions), raw 

materials and equipment suppliers, bank institutions, as well as with other 

shipowners and shipbuilders (Pires, 2004; Queiroz, 2009; Sarderet al., 2010).  

Coutinho (2006), Liu and Zhao (2006) and Araujo et al. (2011), presented 

the main links around the shipyards and shipowners with a more comprehensive 

and a macro outline of their relationship, with other actors in the shipbuilding 

chain (see Figure 7). 

Figure 7 – Shipbuilding macro Supply Chain 

 

Source: Based on Coutinho, (2006); Liu and Zhao, (2006); Araujo (2011). 

Shipowners are extremely important agents in the chain, ranging from small 

owners with a vessel to carriers with significant fleets. The relationship between 

the shipowners and the shipbuilding industry is significant as they are the primary 
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customers for new vessel’s orders (Pires, 2004; Coutinho, 2006; Liu and Zhao 

2006). As observed on the previous chapter, the sale of a vessel is considered as 

the mark of the CODP for an ETO production system as ship construction. 

Additionally, multilateral institutions, government and agencies have an 

important role to support the shipbuilding activity (Liu and Zhao 2006; Sarderet 

al., 2010). As demonstrate in the Figure 6, they have direct connection with 

Shipowners and Shipyards. 

In the case of Brazil, local government has implement many incentives for 

the local shipyard production, ranging from taxes exemptions, funding to support 

ship construction and many protectionism actions to develop local content and 

build a sustainable and competitive local industry. 

Multilateral intuitions can also participate directly or indirectly in the 

demand of new ship orders (Liu and Zhao, 2006). In the case of Brazil, a major 

energy company directly contributed to the recovery of the shipping industry. This 

major energy company has developed several ocean fleet renewal programs and 

raised numerous new ship orders to supply vessels, oil carriers, oil platforms and 

others types. (Faverin et al., 2010 a) One of the main reasons for renewing the 

fleet was also due to booming period of a new type of oil exploration from pre-salt 

layers. The pre-salt exploration requires modern vessels with higher supply 

capacity and that are able to sustain longer periods offshore. This is necessary 

since the distance from the coast to oil platforms expanded and consequently the 

time for each single voyage also increased, as well as its operational costs. 

Therefore, to sustain this new oil exploration activity, the vessels needed to be 

larger and more self-sufficient in order to obtain more gain in scale (Coutinho, 

2006; Queiroz, 2009). 

The last upstream actor in figure 6 is the Bank institutions, which acts as 

financial agents granting loans to shipping companies and also to shipyards in 

order to support new ship constructions (Balance, 2000), as represented with point 

arrows from bank institutions to shipyards and shipowners in Figure 7. Their role 

is basically to assume the credit risk of this activity. Due to this risk, banks charge 

a rate of interest from its beneficiary that can vary from 2.5 to 5% for the 
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construction of ships, which is defined by the Brazilian Monetary Council 

(Balance, 2000; Queiroz, 2009).  

These financing rates are generally progressive, inversely proportional to the 

local content index, which range between 50% and 70% of the sales price of the 

vessel. In other words, the interest rates vary according to the percentage of local 

content applied in the ship construction, which local content is basically the 

amount of materials and equipment used from a local supplier, as well as the 

quantity of local labor used (Balance, 2000; Kanerva, 2004; Araujo et al., 2011). 

The next important actor is the Classification Society, which is a non-

governmental organization that establishes and maintains technical standards for 

the construction and operation of ships and offshore structures (Coutinho, 2006; 

Liu and Zhao, 2006). 

As represented by the arrow in Figure 7, the Classification Society has a 

strong relationship with the shipyards and shipowners, since the society is hired 

by the shipowners to evaluate if a construction is in compliance with the required 

standards (Pires, 2004; Coutinho, 2006; Liu and Zhao, 2006). 

A vessel that has been designed and built according to appropriate Rules of 

a Society may apply for a certificate of classification from that Society. However, 

such certificate does not imply, and should not be interpreted as a warranty of 

safety but to purpose seaworthiness of the ship. It is only certification that the 

vessel is in compliance with the Rules that have been developed and published by 

the Society issuing the classification certificate, which is a requirement for the 

vessel’s insurance. 

According to Liu and Zhao 2006, the project is developed by a firm of 

skilled engineers. In this case, the project must be suited to the needs of the 

owner, the characteristics of ports and routes that will serve, capacity and 

industrial facilities builder shipyard and by the standards of the classification 

society. The engineering has also the important role of providing the construction 

drawings in order to start the shipbuilding activities and also to support the 
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specifications for material and equipment to be purchased, which has to follow the 

production schedule. 

Furthermore, there is the steel industry at the bottom of Figure 7, directly 

supporting the shipyards with steel plates for hull construction, and directly 

supporting the backward industry with raw materials for ship parts and equipment. 

Noteworthy, the existence of a developed steel industry substantiates important 

competitive advantage for a national shipbuilding industry (Pires, 2004; Coutinho, 

2006). 

As will be explored in the next section, the steel plates used for the hull 

constructions are responsible for a significant portion of the costs of building a 

ship. In that case, steel producers have great bargain in the supply chain and upon 

shipyards (Faverin et al., 2010 a; Queiroz, 2009). 

4.3.  
Shipbuilding macro processes 

Shipbuilding can be divided into two macro processes: Design and Hull 

Production and Outfitting (Montes, 1993; Lamb, 2003; Favarin, el al., 2010 b; 

Tancredi et al., 2012). These macro processes are segmented into sub-processes, 

from the concept of development and contract, to commissioning and delivery, as 

displayed in Figure 8. 

Figure 8 – Shipbuilding processes overview 

 

 

Source: Montes (1993); Lamb (2003); Favarin et al. (2010 b); Tancredi et al. 

(2012) 
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The first phase of the design begins with conceptual development, where the 

designers and engineers start defining the shape and dimensions of the vessel, as 

well as its specifications. After modeling the theoretical design, the ship model is 

tested in a proof tank, being submitted to a variety of conditions that can attest its 

seaworthiness. The key objective of the concept development is to ensure the 

feasibility of the project (Fleischer et al., 1999).  

One of the main products of the concept development is the General 

Arrangement that shows, in a determined scale, the drawing showing the inside of 

a ship and where the main elements are placed. Also in this stage, a document 

describing the specifications of construction (Build Specification) is provided, 

which outlines the standards for workmanship and mentions the overall 

requirements for the functionality of the vessel. Usually the Build Specification 

includes a Maker’s list, and a list of suppliers qualified to provide each type of 

equipment to be followed by the contract of construction (Favarin et al., 2010 b). 

After the ship concept is approved, the project of construction can be now 

ordered to shipyards, and this stage the basic design process initiate. All of the 

drawings from the design are subjected to a class approval with a classification 

society. The last stage of the design macro process starts now to overlap to other 

process. 

Commencing now the macro process of Hull production and outfitting, it 

begins with the procurement process by purchases of structural steel, marine parts 

such as motors, cranes, caps basement, propellers, navigation equipment etc. 

Ultimately, this is also when it triggers the start of the detailed engineering.  

The hull production takes place by cutting steel plates and assembling vessel 

hull blocks. This is also referred as the structural part of the vessel and often 

represents the higher production cost of the shipyard, since this process is the 

most time consuming, compared to other processes (Tancredi el al., 2012; Eyres, 

2007; Lamb, 2003; Favarin et al., 2010 b; Montes 1993). 

 Defined also as part of the production, the outfitting phase represents the 

phase where the vessel is equipped with propulsion, support materials such as 
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plumbing, electrical installations and etc. In some cases, the hull production and 

outfitting may also occur simultaneously during the phase of construction (Walter 

and Ries, 1996). 

Finally, at the end of the production process the vessel is submitted to the 

commission step. Through commissioning, the vessel is assured that all systems 

and components installed of the vessel are tested according to the construction 

specification established on the design stage. After approved by commissioning, 

the vessel is now ready for delivery to the shipowners. 

4.4.  
Shipbuilding activity costs 

According to Sarderet al. (2010), the start of a ship construction activity is 

characterized by being a high capital-intensive activity. As shipyards require 

gigantic facilities such as dorks, goliaths, and cranes, as well as workshops and 

complex structures for assembling hull part, it is clear that a hefty initial 

investment is required. This is also shown by the high amount of capital disbursed 

for the early stages of ship construction to cover the purchase for raw materials 

(mainly steel plates) and heavy machinery.  

The vessel, in general, is considered a product of high value (final price). 

Depending on the size of the ship by its deadweight tonnage (DWT), the final 

product may have approximately 300,000 pieces of 2,000 different types (Lamb, 

2003; Eyres, 2007).  

In this way, the procurement cost is the largest part of the total expenses, 

which can represent 80% of the total costs. It has a huge direct impact on the cost 

and quality of production activities. Therefore, the construction activity expenses 

involve mainly man-hour expenses and special production expenses (Balance, 

2000; Favarin et al., 2006 b; Coutinho, 2006; Queiroz, 2009). 
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Figure 9 – Shipbuilding macro expenses 

 

Source: Based on Kanerva (2004); Favarin et al. (2010 b) 

As displayed on Figure 9 above, the division for the costs of shipbuilding, 

are basically: steel, marine parts and workforce (Balance, 2000; Ferraz et al., 

2002; Kanerva, 2004; Coutinho, 2006; Queiroz, 2009; Favarin, 2010 b).  

4.5.  
Shipbuilding global market overlook 

As mentioned on previous chapter, shipbuilding industries have a direct 

relationship with the Front and Backward industries. Overall, they are affected by 

the global demand and economic activity. Basically, whenever the economy is 

heated, international trade intensifies and ocean freight rises. This can result in a 

positive trend to many industries, as well as to shipbuilding, that can have an 

increase in new ship orders in a short time (Stopford, 2005). 

However there are many uncertainties that circle around the global market. 

For shipbuilding industry in particular, there is a typical lag between the actual 

contract and the delivery of the vessel, which can take 2 to 5 years. In this case, 

the freight market is absorbed and amplified by the shipbuilding industry, causing 

a similar “bull whip effect”, as in reference to the effect observed in Supply 

Chains (Liu and Zhao, 2006). Basically, the present demand for a new ship order 
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can generate great expectations, in the way that the market will follow the 

growing demand for the next few years. Conversely, this can create an 

environment of uncertainty and a tendency to overcapacity, meaning that by the 

time the order is attended the market may not be as good as expected. 

Additionally, large improvements in the productivity of the shipyards, over 

investments in addition to many governmental benefices to this industry can also 

contribute to this overcapacity by facilitating the ship construction in large scale  

(Fleisher et al., 1999; Colin and Pinto 2006; Pires Jr. et al, 2007; Paraschiv and 

Albescu, 2008).  

Today, the shipbuilding market worldwide is already suffering from a 

significant excess capacity. The present ship production shows that Asian 

countries such as Japan, South Korea and China, was expanded forcefully before 

the economic crisis by the end of 2008 – for instance, in only a few years, China 

rose to the largest shipbuilding nation in the world, which account for about 79% 

of world production, more than 3,400 vessels in 2014 (as showed in Table 3). 

Other countries in Europe have lost its market share for the booming of maritime 

industries in the Far Eastern countries, as well as for Brazil, showing a very timid 

participation representing only 0.4% of the world ship’s orders (Colin and Pinto 

2006; Pires Jr. et al, 2007).  

Table 4 – World’s new ship orders book 

Year World Brazil Brazil Share USA USA Share Europe Europe Share China Korea Japan Asia Share 

1996 1948 10 0.5% 56 2.9% 329 16.9% 172 316 546 62.3% 

1997 2113 4 0.2% 66 3.1% 279 13.2% 249 295 636 65.5% 

1998 2251 5 0.2% 135 6.0% 265 11.8% 237 302 683 62.5% 

1999 2044 5 0.2% 113 5.5% 251 12.3% 205 305 561 60.6% 

2000 1885 5 0.3% 74 3.9% 226 12.0% 242 357 524 66.0% 

2001 2182 4 0.2% 73 3.3% 238 10.9% 284 513 558 69.1% 

2002 2239 13 0.6% 96 4.3% 217 9.7% 340 479 542 67.4% 

2003 2342 17 0.7% 105 4.5% 181 7.7% 382 484 642 69.6% 

2004 3288 25 0.8% 80 2.4% 201 6.1% 615 785 960 76.0% 

2005 4306 23 0.5% 64 1.5% 253 5.9% 938 1014 1127 75.1% 

2006 5521 26 0.5% 85 1.5% 336 6.1% 1366 1123 1309 73.5% 

2007 7558 35 0.5% 145 1.9% 349 4.6% 2339 1456 1557 74.3% 

2008 10557 60 0.6% 174 1.6% 363 3.4% 3847 2211 1834 77.1% 

2009 11074 75 0.7% 143 1.3% 339 3.1% 4330 2292 1886 78.7% 

2010 9198 74 0.8% 83 0.9% 258 2.8% 3862 1826 1517 79.8% 

2011 8447 102 1.2% 69 0.8% 206 2.4% 3825 1543 1324 80.0% 

2012 6785 135 2.0% 90 1.3% 194 2.9% 3023 1152 1045 77.8% 

2013 5113 162 3.2% 111 2.2% 116 2.3% 2101 839 837 74.8% 

2014 5535 148 2.7% 123 2.2% 85 1.5% 2441 926 989 79.4% 

Source: Clarkson’s Shipping Intelligence (2014) 
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As demonstrated into Figure 10, the excess of capacity is observed after the 

economic crises of 2008, which also dramatically decreased new ship orders. The 

Figure 7 shows the described delay on the industry from the time that the 

economic crises hit the market and the time that the demand has dropped. It was 

only in mid 2009 that ship orders started to plunge. In 2013, four years later, total 

ship orders had dramatically fallen to about 5,000, less than half the 2009 total of 

about 11,000 ship orders  (Faverin et al., 2009; Queiroz, 2009). 

Figure 10 – World’s new ship orders 

 

Source: Clarkson’s Shipping Intelligence (2014) 

Overall, an imbalance between supply and demand in shipbuilding has also 

affected shipping markets since so much new tonnage is entering the market. 

Although the demand for shipping services has been growing after the economic 

downturn, the fleet oversupply is still overrunning the cargo growth and the future 

demand ship’s orders remains uncertain.  
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5.  
Research design and methodology 

The research method adopted was based on a survey approach. A survey 

was conducted in order to identify and examine risks in shipbuilding supply chain, 

considering the Brazilian industry. The choice for the Brazilian shipbuilding 

industry was motivated by the fact that there are few studies regarding risk 

management in literature. The lack of empirical research became even more 

crucial since this industry has experienced a long period of stagnation (Kanerva, 

2004; Colin and Pinto, 2006; Queiroz, 2012). This necessity of empirical evidence 

offers a great opportunity for research in SCRM in shipbuilding as well as a great 

interest in risk profile in this industry for both practitioners and academics. 

The survey method was based on three Rounds, in order to cover all steps of 

the first phase of the SCRM process, which this study is focused on. The last 

Round of the survey took place to discuss and analyze the results with the 

respondents. These processes are represented in figure 11. 

Figure 11 – Methodology summary 

 

In Risk Identification and Assessment step, the Round 1 and 2 consisted on 

the identification of (i) the main risks presented in the Brazilian shipbuilding 

industry (ii) the likelihood of occurrence (iii) their severity and finally (iv) phase 

of construction that is associated. These phases were based on Lee et al. (2007), 

where Phase I of construction is described from contract phase until the steel 

processing; Phase II of construction is defined by the production period of 

assembly steel blocks and blocks building into the slipway area; Phase III of 

construction represents the launching phase of the vessel on the water until 

advanced outfitting completion; and finally, Phase IV is from commissioning 

process until delivery 
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As observed in Chapter 3, assessing risks by their likelihood and severity is a 

common method in the literature (The Royal Society, 1992; Deloach, 2000; 

Thummala and Mak, 2001; Wand and Liu, 2004; Hallikas et al., 2004; Norrman 

and Jansson, 2004). This also initiates the data treatment step for the Risk 

Evaluation process.  In the first Round, the identification step started from a list 

based on the 26 risks offered by Lee et al. (2007), recognized in the South Korean 

Shipbuilding industry. The likelihood of their occurrence and their severity were 

associated to a three point scale offered in Shen et al. (2001), “highly likely”, 

“likely”, “less likely” for likelihood and “high magnitude”, “medium magnitude” 

and “low magnitude” for severity. Round 1 also offered a space to include 

additional risks that were not included in Lee et al. (2007), but could be 

representative to the Brazilian Industry. Additional four risks were obtained as the 

scope of Round 2. This new Round aimed to identify the likelihood of occurrence 

of these new risks and their severity using the same three point scale from Round 

1. Finally, Round 3 consisted in recognizing the main sources and impacts for the 

top listed risks, as well for mitigation plan adopted or actions required for 

controlling them. The respondents in Round 3 could also state any complementary 

opinion or comment for the result presented by Round 1 and 2. Appendix 1 

presents the questionnaire used for Round 1, while Appendix 2 presents the one 

used for Round 3. 

The Brazilian shipbuilding industry counts with 32 shipyards (Sinaval, 2014). 

The shipyards in this survey were selected according to their steel processing 

capacity per year, a common measurement indicator for this industry. This 

research included the major shipbuilders considering their steel processing 

capacity. Nineteen shipyards were chosen covering around 91% of the total of 

steel processing capacity in Brazil. 

Executives from the selected shipyards were then reached directly once a 

contact already existed, and indirectly by a common connection, when there were 

no direct contact. The executives were asked to appoint one expert in their 

shipyard, considered in his point of view, as a good respondent for the survey. 

This approach assisted the selection of the appropriate respondent(s) from the 

company to take part of the survey. Twenty-two respondents from seventeen 
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shipyards responded to Round 1 of the survey.  The survey obtained a valid 

response rate of almost 73%, which is very assertive according to Moser and 

Kalton (1971). Together, these 17 shipyards covered 85% of the total of steel 

processing capacity in Brazil, what results in a representative sample of the 

industry for the research. 

Based on Shen et al. (2001) Wang and Liu (2004) and Zou et al. (2007) the 

three point scale used in Rounds 1 and 2 was associated to numerical values, 

where “highly likely” and “high magnitude” corresponded to a value of 1, “likely” 

and “medium magnitude” corresponded to 0.5 and “less likely” or low 

magnitude” corresponded to 0.1. Following the Risk Evaluation process, the data 

gathered was also treated by removing outliers.  

There has been much debate in the literature regarding what to do with 

extreme or influential data points. Outliers can arise from several different 

mechanisms or causes.  Anscombe (1960) sorts outliers into two major categories: 

those arising from errors in the data, and those arising from the inherent 

variability of the data. According to Osborne and Overbay (2004), outliers are 

often caused by human error or different assumptions from the rest of the sample 

population.  Although some authors argue that removal of extreme scores 

produces undesirable outcomes, they are in the minority, especially when the 

outliers are illegitimate. Orr et al. (1991) states that the dataset are suspected of 

being legitimate and more likely to be representative of the population as a whole 

if outliers are not removed. Conceptually, there are strong arguments for removal 

or alteration of outliers. As Osborne and Overbay (2004) empirically have 

demonstrated the benefits of outlier removal, this study have proceeded with this 

data treatment. 

The most common method is the identification and removal of outlier using 

the mean plus or minus three Standard Deviation (SD) (Miller, 1991; Howell, 

1998; McClelland, 2000; Leys et al. 2012). However, three problems can be 

identified when using Standard Deviation method. First, it assumes that the 

distribution is normal (outliers included); Second, standard deviation is strongly 

impacted by outliers; and third, this method is very unlikely to detect outliers in 

small samples (Miller, 1991; Cousineau and Chartier 2010; Leys et al. 2012). An 
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alternative method, which is totally immune to the sample size, is based on the 

absolute deviation from the median, referred as MAD (median absolute 

deviation). This method was proposed by Hampel (1974) and popularized as 

Hampel’s test, which is considered one of the basic robust statistical techniques. 

In this method, the median (M) is, like the mean, a measure of central tendency 

but offers the advantage of being very insensitive to the presence of outliers. In 

this general form, the central point can be the mean, median mode or the result of 

another measure of central tendency (Huber, 1981; Rousseeuw and Croux, 1993; 

Leys et al., 2011). 

Considering the characteristics of the data set of this study, the method MAD 

using the mean as central tendency was selected as a technique to identify and 

remove outliers. In this case, the MAD can be calculated by the following 

equation (1): 

      (1) 

Where  = total number of observations;  = ordinal number of the 

observation;  = is the original n observation; and = is the mean of the 

series. 

The approach to the MAD method is similar to the SD when calculating the 

intervals of the outliers.  According to Miller (1991) the values for plus or minus 

MAD depends on the research criteria. The values can range from 3 (very 

conservative), 2.5 (moderately conservative) or even 2 (less conservative).  The 

MAD method can be described as below eq (2). 

 3 MAD method:  

    2.5 MAD method:  

       2 MAD method:     (2) 

Where  Central tendency (median, mean or mode) 

For this study, the method of 2 MAD was selected due to the small variance of 

the data set (3 point scale from 0.1, 0.5 or 1). 
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After removing outliers, a clear recognition of the main risks was obtained by 

a risk assessment from data-set obtained in Rounds 1 and 2 of the survey. This 

technique supports the constructing of a risk profile for the Brazilian shipbuilding 

industry. The risk assessment was done based on the risk map/matrix from 

Deloach (2000), Wittmann (2000) Hallikas et al. (2004), Norrman and Jansson 

(2004), Thun and Hoenig (2009) and Dey (2010). According to Deloach (2000), 

Wittmann (2000) and Dey (2010), the risks in the map/matrix can be also 

classified into groups levels of ‘‘probability’’ and ‘‘severity’’ through a risk 

ranking method.  

According to Dey (2010), the score of the probability versus severity can 

derive the risk map/matrix into groups of risk exposure levels. For this matrix, the 

x-axis represents probability/likelihood of risk occurrence and the y-axis 

represents severity of risk impact (Deloach, 2000; Wittmann, 2000; Dey, 2010). 

Dey (2010) divides these axes by 5 points intervals. In the index used from Shen 

et al. (2001), where low index is 0.1 and high index is 1, this scale were divided 

into 5 points by intervals of 0.25. 

Figure 10 shows the groups of risks used in the research from the result score 

of axis-x by axis-y scale. As for example the square at the northeast corner 

correspond the number 1 as it is the score by likelihood scale 1 versus severity 

scale 1. Similarly, the central square is represented as 0.25, from likelihood scale 

0.5 versus impact scale 0.5. Based on Deloach (2000), Norrman and Jansson 

(2004) and Thun and Hoenig (2009), each group risk requires an action of 

mitigation plan, as also demonstrated in Figure 12.  
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Figure 12 – Risk map/matrix groups and actions remove 

1 0.10 0.25 0.50 0.75 1.00 RISK	LEVEL ACTION	REQUIRED

0.75 0.08 0.19 0.38 0.56 0.75 VERY	HIGH

0.5 0.05 0.13 0.25 0.38 0.50 HIGH

0.25 0.03 0.06 0.13 0.19 0.25 MEDIUM

0.1 0.01 0.03 0.05 0.08 0.10 LOW

0.1 0.25 0.5 0.75 1

SE
V
ER

IT
Y	

PROBABILITY	

Risk mitigation is required.If the risk is not 
mitigated monitoring and making a 

contingency plan is necessary. 

Risk mitigation is optional but a monitoring is 
required. 

No further risk mitigation is required 

 

Once establishing the risk map/matrix and each group interval, the risks were 

populated in the matrix according to the average value for their probability and 

severity. In order to compare results with another ranking method, the approach of 

a risk index proposed by Shen et al. (2001) was also used. In Shen et al. (2001) 

method can be calculated through Eq.(2) below: 

      (3) 

Where average score for each risk;  significance score assessed by 

respondent j for the risk severity ;  = ordinal number of risk, ;  = 

total number of risks;  = ordinal number of valid feedback to risk ; n 

= total number of valid feedbacks to risk = likelihood occurrence of risk , 

assessed by respondent ; = level of consequence of risk  assessed by 

respondent . From Shen et al. (2001) method the results are demonstrated with 

the risks ordered from the highest risk index to the lowest, as calculated in 

Equation 3. As part of the risk evaluation process, based on Lee et al. (2009), risks 

are also categorized from areas influence (political, economic, technical, 

managerial, legal, social or natural) and also by environment (internal or external). 
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Finally, Round 3 surveyed the respondents (based on Appendix 2) in order to 

evaluate the results from Round 1 and 2. At this point, a discussion about 

mitigation plans adopted by the shipyards is conducted, as well as further actions 

and main causes for the risks identified. Moreover, a comparison is made with the 

results obtained by Lee et al. (2007). 

As observed in this section, the methodology can be now described into the 

following processes as shown on Figure 13. 

 

Figure 13 – Methodology expanded overview 
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6.  
Results and discussion 

The results obtained in this research outline the potential risks that the 

shipbuilding industry is facing and how it can be globally competitive among 

major players, such as Asian shipyards. Hence, the results found are also 

compared to the results on Lee et al. (2007) from Korean Shipyard. 

Table 5 below displays the finding of Rounds 1 and 2 of this research survey, 

based on the validation of each risk by 22 respondents and by phase of 

construction. This is the first step of the SCRM process, presenting the 

identification of potential risks in the Brazilian shipbuilding industry. From a total 

of 30 risks, at least 17 risks were validated by the 22 respondents, indicating with 

a good percentage of replies that all risks are valid for the Brazilian shipbuilding 

industry (at least by 17 respondents).  

As defined in this research methodology, each risk was associated in any of 

the four phases of construction. In this case, Table 5 shows the quantity of each 

risk that according to the respondents is presented into a phases of construction. 

Note that a single respondent is able to appoint a risk in more than one phase of 

construction and also not all respondents have validated the risks to be relevant for 

the industry, likewise to a specific phase. 

The risks numbered from 1 to 26 are the risks identified in the literature by 

Lee et al. (2007), and subsequently the risks numbered from 27 to 30 are the 

additional risks identified by the respondents as relevant to the Brazilian 

shipbuilding. The four new risks identified were: 

27. Discontinuity of incentive programs by local government 

28. Decline in demand for new vessels 

29. Bankruptcy of local suppliers 

30. Delays in construction due to lack of licenses required. 
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Table 5 – Main risks in Brazilian shipbuilding industry 

Validation

Y/N I II III IV

1 Typhoon,	flood,	earthquake	and	other	uncontrollable	events	happen. 19 15	of	19 15	of	19 15	of	19 15	of	19

2 Regulations	against	shipbuilders	tighten	or	are	amended	 22 20	of	22 10	of	22 10	of	22 7	of	22

3 Classification’s	rules	change	and	influence	shipbuilders. 22 17	of	22 16	of	22 15	of	22 12	of	22

4 Incendiary	fire	or	burglaries	occur. 17 12	of	17 15	of	17 15	of	17 15	of	17

5 There	is	difficulty	in	supply	of	raw	materials. 21 13	of	21 13	of	21 14	of	21 14	of	21

6 Labor	costs	rise	and	cause	problems. 22 5	of	22 21	of	22 21	of	22 9	of	22

7 There	is	difficulty	in	meeting	labor	demands	for	production. 22 3	of	22 21	of	22 21	of	22 9	of	22

8 There	is	difficulty	in	supplying	production	equipment. 22 2	of	22 11	of	22 22	of	22 15	of	22

9 Unexpected	changes	in	inflation	occur. 21 20	of	21 14	of	21 14	of	21 11	of	21

10 New	taxes	or	big	changes	in	tax	rates	occur. 21 20	of	21 16	of	21 16	of	21 12	of	21

11 Unexpected	changes	in	exchange	rates	occur. 21 20	of	21 16	of	21 16	of	21 13	of	21

12 Unexpected	changes	in	interest	rates	occur. 22 18	of	22 2	of	22 1	of	22 1	of	22

13 Changes	in	company	credit	ratings	occur. 22 20	of	22 5	of	22 4	of	22 1	of	22

14 Refund	guarantee,	operating	costs,	and	other	difficulties	in	capital	funding	occur. 22 21	of	22 7	of	22 4	of	22 3	of	22

15 Unexpected	difficulties	in	cash	flow	occur. 22 18	of	22 21	of	22 21	of	22 18	of	22

16 There	are	shortages	in	design	manpower. 22 10	of	22 20	of	22 17	of	22 7	of	22

17 Changes	in	design	occur. 22 7	of	22 21	of	22 18	of	22 4	of	22

18 Introduction	of	new	technologies	incur	new	risks. 22 18	of	22 15	of	22 15	of	22 13	of	22

19 Failures	in	production	equipment	occur. 22 17	of	22 22	of	22 20	of	22 16	of	22

20 Instances	arise	where	the	specifications	of	the	shipbuilding	contract	cannot	be	met. 22 3	of	22 11	of	22 10	of	22 13	of	22

21 Productivity	does	not	improve. 22 4	of	22 13	of	22 21	of	22 8	of	22

22 Problems	in	quality	management	arise. 22 2	of	22 8	of	22 9	of	22 4	of	22

23 Problems	arise	due	to	strikes	at	headquarters. 22 8	of	22 15	of	22 15	of	22 10	of	22

24 Problems	arise	due	to	strikes	at	subcontractors. 22 5	of	22 15	of	22 15	of	22 10	of	22

25 Time	schedule	is	exceeded	and	does	not	go	according	to	plan. 22 3	of	22 3	of	22 3	of	22 17	of	22

26 Budget	is	exceeded	and	does	not	go	according	to	plan. 22 2	of	22 7	of	22 12	of	22 18	of	22

27 Discontinuity	of	incentive	programs	by	local	government 22 22	of	22 10	of	22 10	of	22 10	of	22

28 Decline	in	demand	for	new	vessels 22 22	of	22 16	of	22 16	of	22 16	of	22

29 Bankruptcy	of	local	suppliers 22 22	of	22 14	of	22 10	of	22 4	of	22

30 Delays	in	construction	due	to	lack	of	licenses	required. 22 22	of	22 4	of	22 2	of	22 2	of	22

Risk	Identification

# Risk
Phases	of	construction	indication

 

 

The results revealed that Table 5 were unable to be determine a predominant 

phase of construction for each risk. For example, the respondents appointed risk 

12 in 82% for phase I of construction and also risk 17 had mostly phases II and III 

corresponding 42% and 36% respectively, accounting 78% for both phases. 

Moreover, other risks showed a balanced distribution into phases, as for risk 5, 

which presented phases I, II, III and IV with 23%, 27%, 27%, and 23% 

correspondingly. This result shows that risk 5 has all phases of construction 

related with a minor difference on phases II and III.  

As a preliminary finding, one can say that all phases of construction share 

many risks and it is not possible to identify one phase that is exposed to more 
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risks than another. Additionally, some risks in general could not be determined to 

be exclusive to just one phase of construction. 

Next, risks were assessed according to their probability of occurrence and 

severity of the impact, also as part of Rounds 1 and 2 of this research survey. 

From the responses received, the outliers were removed based on a MAD (Mean 

absolute deviation) method. Table 6 shows the average values for both probability 

and severity obtained, as indicated in columns 5 and 9. Additionally, Columns 

“Low”, “Med” and “High” indicate the quantity of answers assessed for the 

probability and severity of each risk. 

Table 6 – Risk assessment result 

 

PHASE 2 - Risk Assessment 

 

Probability Severity 

 

Quantity 

Average 

Quantity 

Average 

 
Low           
(0.1) 

Med           
(0.5) 

High           
(1) 

Low           
(0.1) 

Med           
(0.5) 

High           
(1) Risk 

1 16 3 0 0.124 3 11 5 0.568 

2 15 7 0 0.227 1 14 7 0.641 

3 7 13 2 0.360 5 12 5 0.500 

4 7 9 1 0.325 8 9 0 0.312 

5 6 9 5 0.505 0 10 10 0.750 

6 1 12 9 0.714 1 9 12 0.786 

7 6 13 3 0.374 1 9 12 0.786 

8 9 11 2 0.320 0 8 14 0.818 

9 12 9 0 0.271 0 12 9 0.714 

10 11 10 0 0.290 3 16 2 0.500 

11 5 14 2 0.395 4 13 4 0.406 

12 12 10 0 0.282 2 7 13 0.825 

13 11 11 0 0.300 7 14 1 0.367 

14 6 14 2 0.380 4 16 2 0.420 

15 5 11 6 0.545 1 10 11 0.762 

16 5 13 4 0.389 0 11 11 0.750 

17 1 9 12 0.786 5 15 2 0.400 

18 12 10 0 0.282 12 10 0 0.282 

19 4 15 3 0.500 2 18 2 0.500 

20 3 17 2 0.500 0 11 11 0.750 

21 1 11 10 0.738 0 10 12 0.773 

22 3 17 2 0.500 0 11 11 0.750 

23 2 19 1 0.500 0 14 8 0.533 

24 12 10 0 0.282 5 17 0 0.409 

25 0 10 12 0.773 1 20 1 0.500 

26 2 14 6 0.650 0 13 9 0.705 

27 17 5 0 0.191 0 10 12 0.773 

28 13 9 0 0.264 0 11 11 0.750 

29 14 8 0 0.245 1 17 4 0.500 
30 17 5 0 0.100 12 10 0 0.282 

DBD
PUC-Rio - Certificação Digital Nº 1213365/CA



55 

Based on each risk average score of probability and severity, the risks were 

populated into the risk map/matrix and separated by each risk level group. The 

result offers an initial risk profile for the shipbuilding industry as presented in 

Figure14. 

Figure 14 – Brazilian shipbuilding risk profile 
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The risk profile above demonstrates that the average quantities of risks are 

presented in the medium risk exposure level group. In this case, a total of 15 risks 

as medium level, accounting 50% of the data set, followed by 9 risks classified as 

High and 6 risks classified as low, as exhibited in Table 7. This outcome indicates 

that the risks appear to have a clusterization behavior on the medium groups. 

Table 7 – Risk exposure levels 

Risk numbers      Quantity of risks Group 

            - 0 Very High 

6,21,26,17,25,15,5,
20 and 22 

9 High 

23, 19, 7, 16, 3, 14, 
11, 8, 12, 28, 9, 2, 29, 10 

and 24 
15 Medium 

27, 13, 4, 18, 1 and 
30 

6 Low 

Furthermore, some risks were observed in the same quadrant of risk 

exposure level. For example, risks numbered 7 and 16 can be difficult to assure 

which is higher by a risk exposure level. In this case, risk 7 has a higher severity 

level whereas risk 16 has a higher probability level and they are the same quadrant 

group.  

Shen et al. (2001) shows a good method to distinguish these risks into 

same quadrant groups, as called Risk Index. Once the risks were ordered, they 

were also categorized according to their risk source, based on the literature from 

Table 3, and also remarked as internal or external risk based on Lee et al. (2009). 

Hence, as shown on Table 8, risks numbered as 21, 6, 26, 25 and 15 are the 

highest risks for the shipbuilding industry. 
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Table 8 – Risk ranking by risk category 

Risk # Risk items Risk Rank Risk Source Remark 

21 Productivity does not improve. 0.514 Project 

 

Internal 

6 Labor costs rise and cause problems. 0.509 Project Internal 

26 Budget is exceeded and does not go according to plan. 0.407 Project Internal 

25 Time schedule is exceeded and does not go according to plan. 0.400 Project Internal 

15 Unexpected difficulties in cash flow occur. 0.386 Project Internal 

16 There are shortages in design manpower. 0.370 Project Internal 

7 There is difficulty in meeting labor demands for production. 0.364 Project Internal 

5 There is difficulty in supply of raw materials. 0.363 Procurement Internal 

20 Instances arise where the specifications of the shipbuilding contract cannot be met. 0.355 Project Internal 

22 Problems in quality management arise. 0.343 Quality Internal 

17 Changes in design occur. 0.337 Project Internal 

23 Problems arise due to strikes at headquarters. 0.316 Disruption Internal 

8 There is difficulty in supplying production equipment. 0.298 Procurement Internal 

11 Unexpected changes in exchange rates occur. 0.255 Procurement External 

19 Failures in production equipment occur. 0.243 Operational Internal 

3 Classification’s rules change and influence shipbuilders. 0.228 Sovereign External 

14 Refund guarantee, operating costs, and other difficulties in capital funding occur. 0.212 Project Internal 

12 Unexpected changes in interest rates occur. 0.205 Sovereign External 

28 Decline in demand for new vessels 0.202 Sovereign External 

9 Unexpected changes in inflation occur. 0.193 Sovereign Internal 

27 Discontinuity of incentive programs by local government 0.150 Sovereign External 

29 Bankruptcy of local suppliers 0.148 Disruption External 

2 Regulations against shipbuilders tighten or are amended  0.139 Sovereign External 

10 New taxes or big changes in tax rates occur. 0.139 Sovereign External 

1 Typhoon, flood, earthquake and other uncontrollable events happen. 0.124 Disruption External 

24 Problems arise due to strikes at subcontractors. 0.103 Disruption Internal 

13 Changes in company credit ratings occur. 0.096 Sovereign External 

4 Incendiary fire or burglaries occur. 0.086 Disruption External 

18 Introduction of new technologies incur new risks. 0.083 Project Internal 

30 Delays in construction due to lack of licenses required. 0.045 Sovereign Internal 

Based on the Risk map and Table 8, all the risks cited as the highest 5 risks, 

are all referred to internal risks. According to Alquier and Tignol (2001), internal 

risks are those that are supposed to be under the company control as production 

processes. Also as mentioned by Lee et al. (2009), internal risks could be 

eventually connected or resulted by external risks.  

Considering the higher risks 6 (labor cost rise) and 21 (productivity does not 

improve), from the Round 3 of the survey, the respondents cited that the increase 

in labor costs in Brazil is primary associated by the ascendant period of the 

Brazilian shipbuilding industry of investments and ship orders. This current 

growth has a significant impact on increasing labor-work in the shipyards, as well 

as the local industry. According to Sinaval (2014), the number of employees rose 

from nineteen hundred (1,900) in 2000 to seventy eight thousand (78,000) by the 

end of 2013, as displayed in Figure 15. 
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Figure 15 – Brazilian shipbuilding workforce 

 

Source: SINAVAL, 2014 

Additionally, the respondents consider that the increasing demand on 

shipbuilding industry creates a highly competitive market for skilled labor, where 

the number of job offers began to be greater than the number of the experienced 

professionals available. The cost for skilled labor naturally rises. The outcome 

shows that local shipyards face a major challenge in training an unqualified 

workforce in order to make them profitable and productive. The respondents also 

believe that over the next few years the labor market should stabilize, considering 

that have been passed almost 15 years since the big recession in the Brazilian 

shipbuilding industry. Nowadays is more likely to be experiencing a moment of 

peak. Following this period, a maturation stage should emerge and deflate the 

base salaries for qualified professionals. 

Few shipyards have a mitigation plan for the raise in labor costs of risk 

number 6. According to the answers received, some mention that the construction 

contract signed between shipyards and ship-owners have labor adjustment clauses 

based on the annual inflation rate or similar, which should be only during the 

construction timetable period. The common practice is to have a compact number 

of employees at the shipyard and to subcontract extra workforce according to the 

production demand. This practice is generally used in large construction projects 

as for shipbuilding.  
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Moreover, using the common measure of man/hours, today Brazilian 

shipyards spend can spend more than two times man/hours then Asian shipyards. 

The unqualified workforce not only impacts the productivity for the shipyards, but 

also increases labor expenditure (Floriano et al., 2010; Goldberg et al., 2010). 

Another item that is worth highlighting is that every year in Brazil there is a 

minimum salary adjustment, based on the annual inflation rate. According to the 

OECD Economic Outlook 2014, inflation rate project to Brazil in 2015 is around 

6% while Asian countries around 2%. Besides the Brazilian labor being more 

expensive to Asian workforce it is also less trained. The outcome is low 

productivity levels and higher production costs. Consequently, more risk exposure 

for production delays and exceeding project budget. Moreover, The respondents 

also mentioned that is not entirely due to unqualified workforce, but also from 

lack of interest on improvement in production methods and equipment. 

Following next higher risk number 26, as for exceeding the budget plan may 

be a result of the factors as some described above.  Based on the responses in 

Round 3, this can also happen due to a poor budget plan, complexity level of the 

ship project or higher quality standard required from the ship owners. Many 

respondents opinion that a poor budget plans is a current reality in the shipyards. 

Regarding to exceeding time schedule as risk numbered 25, the respondents 

appointed that it can occur for many reasons, including problem with labor 

(strikes, serious work accident, low productivity), changes in original design, 

delays in equipment supply, issue for construction license, natural disaster and 

others.  

Results from Lee et al. (2007) and Lee et al. (2009) showed a different 

behavior between Brazilian and Asian industry, despite the fact that both 

industries had a similar rapid growth during the last years. According to Clarkson 

Research (2014), Asian shipyards from 2003 to 2010 increased by almost 260% 

for ship orders, while at the same period Brazilian shipyards increased by almost 

400% for ship orders. 
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Based on Lee et al. (2007), Korean shipyards have a higher risk for exchange 

rates and interest rates at delivery phase. Since most of the shipbuilding funding is 

prepaid by cash and if it is insufficient has to be filled by loans, which is repaid 

after delivery. The exchange rate and interest rate become significant factors for 

shipbuilding industry, especially for Asian shipyards, which are characterized as 

an export industry and every sale is dealt in US Dollars. For the Brazilian 

shipbuilding, the unexpected change in exchange rates listed as risk number 11, 

showed to have a lower risk factor. Differently from Lee et al. (2007) result, the 

Brazilian shipbuilding could be less impacted since mainly supplies the local 

demand. Besides, according to the respondents, most of local shipyards have 

foreign investors and in general all income is received in US Dollars while all 

production costs are dealt in Brazilian Reais, protecting Brazilian shipyards from 

a possible fluctuations in the rate exchange rate to foreign currencies. 

Another items that Brazilian and Asian shipbuilders are not much alike is that 

Asian shipyards show low risk level for labor strike then the Brazilian shipyards. 

As already observed in this chapter, Asian shipyards present a higher productivity 

level as and also with higher use of technology process. Additionally, Asian 

shipyards have also low level of risk for equipment failure. 

Furthermore, Lee et al. (2007) and Lee et al. (2009) showed a critical risk 

from ship design capabilities and design manpower, while represented with a less 

risk rate for Brazilian shipyards. According to Faverin et al. (2010 b), the 

Brazilian shipyards are mainly focused on detailed project design. In some cases, 

the main project and ship drawings are sourced by foreign engineering offices 

(Queiroz, 2012; Coutinho, 2006).  In contrast, the Asian shipyards have the 

planning and engineering activities together and also the shipyard designs the 

entire project (Iskanius and Helaakoski, 2009). This characterizes a much more 

dynamic department, which also requires a more skilled design labor. This 

comparison demonstrates why the design manpower shows a less risk in Brazilian 

shipyards. 
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7.  
Conclusion and future research 

This study aimed to fill a gap in the literature regarding the lack of empirical 

studies for SCRM, focusing on the Brazilian shipbuilding industry. However, it 

was not intended to exhaust all types of SCRM techniques but rather identify 

potential risks and develop a risk profile to the Brazilian shipbuilding industry. A 

survey approach was adopted with 22 respondents, among executives and 

managers, from 17 significant shipbuilders in Brazil. Together these shipyards 

cover around 85% of the total of steel processing capacity in Brazil. The number 

of the dataset could be considered a study limitation, although it is not believed to 

compromise the research findings due to the expertise level of the respondents and 

also because of the representativeness of the shipyards in the Brazilian 

shipbuilding industry. 

As center objective, it was offered an initial risk profile of the Brazilian 

shipbuilding industry, which presented the risks by their probability and severity 

of occurrence. The risk profile was constructed through a map/matrix exhibiting 

four groups of risk exposure. For each group there was a mitigation action 

associated, found in the literature. 

Essentially, the outcome of the survey was that productivity and rise in labor 

costs are the highest risk factors for Brazilian shipyards. These risks also appeared 

to have a strong relationship between each other. Comparing to Asian industry, 

the Brazilian workforce is more expensive and also less trained. The consequence 

is low productivity levels and higher production costs, which also contribute to a 

higher risk exposure for production delays and exceeding project budget. 

Additionally, the main risks obtained were recognized as project risk source, 

which should be expected in such projectized and complex environment that is 

shipbuilding. Moreover, the main risks were also observed as an internal 

environment, indicating that the internal process could be not under control and 

should be revaluated carefully. 

This research appointed to an existing gap regarding to risk mitigation plans 

and control by local companies. Although the importance of SCRM was 
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recognized in the literature, it is possible to observe by other studies conducted in 

different industries (Ceryno et al., 2014) that the deficiency for a mitigation plan 

is not exclusive in the shipbuilding industry. Findings from Jüttner (2005), Bloss 

et al. (2009) and Gunasekaran and Spalanzani (2012) also corroborate that 

different industries and countries lack in terms of identifying risks and 

constructing a robust mitigation system. A challenge for SCRM seems to appear 

in developing ways for risk control and mitigation plans. In this case, a future 

research turns to be valuable by advancing on Phase II and completing the entire 

SCRM process. This development would benefit not only the shipbuilding 

industry but also many others. 

Besides, the results also revealed that it was not possible to determine the risks 

by phase of construction. Unfortunately, the information obtained was not 

sufficient to affirm, for all cases, if a risk was more presented in a certain stage of 

construction. Lee et al. (2007) presented a rule association method that allows this 

examination. However, his approach requires an extensive dataset that might be a 

challenge for the Brazilian shipbuilding, which could be considered smaller and 

less experienced, if compared to Asian shipyards. This allows an opportunity for a 

future research to develop ways to identify risks and investigate by phase of 

construction. This also can be extended not only to phases but also to any aspect 

that is desired to be investigated in an industry, such as different manufacturing 

process, supply chain stages and others. In addition, the relationship of internal 

and external risks, as well as the type of risk sources could also be explored to 

better understand the behavior and connection that risks may have.  

Furthermore, the findings of this research can be used as a systematic risk 

management tool for strategic planning. They can be helpful for practitioners to 

identify and understand risks related to the shipbuilding industry and to recognize 

their severity and likelihood. This study is particularly relevant to initiate the 

SCRM, since the risk identification phase is the trigger for this process (Ceryno et 

al., 2014). Moreover, the adopted methodology can provide guidance in different 

industries for the SCRM approach. 

Noteworthy, this case evidence is only for a single industry, within a single 

country, which should not be generalized, although some aspects could be 
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comparable to other circumstances. All in all, this study took an initial step to 

investigate the SCRM techniques, offering a significant contribution for empirical 

research in the literature. 
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Appendix I – Survey Rounds 1 and 2 

Dear (a) participant, 

This present questionnaire is one of the data collection instruments for 

conducting the master's dissertation research in logistics, developed by the student 

Felipe Ferreira of Production Engineering Department of PUC-Rio and advised by 

Prof. Luiz Felipe Scavarda and Adriana Piles, and  

Your participation is of fundamental importance to assist statistics 

development and verification of the proposed questions for the shipbuilding 

Industry study in Supply Chain Risk Management. In this way, we would ask the 

kindness to individually fill out these forms. 

We appreciate your attention and we are at your disposal for any questions 

or clarifications. 

Kind Regards, 

Felipe Azevedo Lage Ferreia, 

Master in Logistics 

Pontifical Catholic University of Rio de Janeiro 

msc.felipeferreira@gmail.com 
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First Round 

The first round of the questionnaire has two (2) parts: 

Part I: 

The first part has 30 rows and seven (7) columns. The first column presents 

the main risks associated to shipbuilding featured in the academic literature. The 

second column associates these risks with the probability of their occurrence and 

the third to the size of its impact (severity of the consequences if they occur). The 

four columns (4) to seven (7) present the four main phases of construction of this 

industry. Please complete this part of the questionnaire in the following steps: 

 

Risk items in shipbuilding project 

Risk Assessment Phase of Construction 

Probability of 

occurrence  

(H, M, L) 

Severity of 

the impact 

(H, M, L) 

I II IIII IV 

#1 Typhoon, flood, earthquake and other uncontrollable events happen.       
#2 Regulations against shipbuilders tighten or are amended       
#3 Classification’s rules change and influence shipbuilders       
#4 Incendiary fire or burglaries occur       
#5 There is difficulty in supply of raw materials       
#6 Labor costs rise and cause problems       
#7 There is difficulty in meeting labor demands for production       
#8 There is difficulty in supplying production       
#9 Unexpected changes in exchange rates occur       

#10 New taxes or big changes in tax rates occur       
#11 Unexpected changes in exchange rates occur       
#12 Unexpected changes in interest rates occur       
#13 Changes in company credit ratings occur       
#14 Refund guarantee, operating costs, and other difficulties in capital funding occur       
#15 Unexpected difficulties in cash flow occur       
#16 There are shortages in design manpower       
#17 Changes in design occur       
#18 Introduction of new technologies incur new risks       
#19 Failures in production equipment occur       
#20 Instances arise where the specification of the shipbuilding contract cannot be met       
#21 Productivity does not improve       
#22 Problems in quality management arise       
#23 Problems arise due to strike at headquarters       
#24 Problems arise due to strike at subcontractors       
#25 Time schedule is exceed and does not go according to plan       
#26 Budget is exceeded and does not go according to plan       
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Step 1)  

a. Please validate if each listed risk below is presented in the Brazilian 

Shipbuilding industry. Please do not fill the columns 2-7 for the 

risks it deems not relevant to the Brazilian reality. 

 

b. Please fill in column 2 associating the risk with their probability of 

occurrence (low, medium, high) 

 

c. Please fill in column 3 associating the risk to the size of its impact 

in case of occurrence (low, medium, high) 

 

d. Please fill in columns 4 to 7 the construction phase in which the 

risk is present, which may be present in only one stage or more of 

the following phases: 

 

PHASE I - Contract / Steel processing (Column 4) 

PHASE II – Keel Laying / Block assembly (Column 5) 

PHASE III – Hull launching / Outfitting (Column 6) 

PHASE IV - Commissioning / Delivery (column 7) 

 

Step 2) 

In your opinion, if any additional risks to the 26 listed in the first column, 

the questionnaire offers in lines 27-30 the possibility of adding up to four new 

risks (additional risk I, II additional risk, additional risk III, IV additional risk). 
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Please fill in the remaining columns for each additional risk as the previous 

procedure and in the "other" specify the name of each. 

 

 

Second Round 

 

Based on the result from Round 1, four new risks were identified to be present in 

the Brazilian shipbuilding Industry, as follows: 

 

27. Discontinuity of incentive programs by local government 

28. Decline in demand for new vessels 

29. Bankruptcy of local suppliers 

30. Delays in construction due to lack of licenses required. 

 

In this case, please repeat sub steps “b”,”c” and “d” from step 1 for the four new 

risks listed above. 
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Appendix II – Survey Round 3 

Third Round 

 

From the previous Rounds the survey, the results demonstrated that 5 from 30 

listed risks were identified as high risk of exposure, considering their probability 

of occurrence and severity of the impact. The 5 risks are: 

 Rise in labor costs 

 Changes in design 

 Productivity rates does not improve 

 Time schedule is exceeded 

 Budget is exceeded 

 

Based on the listed 5 risks, please answer the following questions for each 

type of risk: 

1) What are the main causes for the said risks to occur? 

 

 

2) What can be done to avoid the listed risks? Is there any mitigation 

strategy? 

 

3) Please give examples if the said risks have happened to the shipyard you 

work for, and if yes, how was the impact for this risk and what were the 

main consequences? 
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