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Summary 

This report is the result of a master thesis with a focus on risk analysis of production 

location decisions. The project is a part of “PROLOC-manufacturing footprint during 

the product’s life cycle”. The main aim of this thesis is to point out how current 

applicable risk analysis techniques evaluate the risks involved in production location 

decisions and then underline the most important risks involved in production location 
decisions and elicit strengths and weaknesses of these methods. 

A systematic review of literature with a focus on journal papers of risk analysis and 

production fields is conducted by using the content analysis and coding technique. 

The current risk analysis techniques identified are failure mode and effects analysis 

(FMEA), life cycle cost (LCC) analysis, and system based techniques like 

multiobjective analysis, decision tree analysis, and analytic hierarchy process (AHP). 

In addition two identified frameworks of foreign direct investment (FDI) and 

international production are the research fields that have contributed extensively in 

identifying various risks of production location decisions. 

Having reviewed the literature, it is realized that majority of companies take a short 

sighted vision in choosing production location and consider just cost based issues like 

cheaper raw material and low labour cost in some countries and simply ignore 

uncertainties that can be sources of political, economic, social, competitive, and 

seismic risks. Low cost countries are usually situated in politically instable areas that 

can cause long production halts or expropriation. Political risk is mainly identified in 

FDI literature and is usually triggered by a political turmoil, coup d’état, or 

revolution. On the other hand cheap labour does not necessarily mean decrease in 

costs and might bring about quality issues and damage company prestige among 

customers which results in time and monetary loss. Currency exchange and inflation 

in costs often causes the initial forecast and cost analysis go wrong. Supply risks are 

because of disruption of ties with raw material or part suppliers in home country and 

might result in risk of misuse by new suppliers or partners. Also the seismic risk is 

introduced as a separate category of risks of production location decisions which can 
be considered a matter of more investigation and requires further research. 

The study also presents a review of strengths and weaknesses of existing risk analysis 

techniques of production location decisions. The lack of consistency, vagueness of 

information, unfamiliarity with design to cost concept are among the major 

weaknesses of risk analysis techniques of production location decisions. The study 

concludes with the fact that just considering the cost oriented factors like cheap labour 

and raw material by production companies exposed them to various risk and might 

make the whole investment in vain. Suggestions for further study on techniques and 

risks of production location decisions are also proposed. 
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1 Introduction 

This is the introductory chapter of the master thesis which is a literature review on 

risk analysis of production location decisions. Firstly the background of the concept of 

production location decision is pictured. Then the objective and delimits of the thesis 

are written aligned with research questions. In the last part of the chapter the whole 

thesis work is portrayed. 

 

1.1 Background 

The global spread of production in recent years has made a distinctive change in 

production strategy of firms and obliges them to produce products with higher quality 

at reasonable price to survive in today’s competitive market (Ferdows, 1997). The 

strong move towards better integration of emerging markets and plant births has 

created a mainstream of competition among countries to absorb foreign influx of 

capital. Ferdows (1997) refers to rapid move into an age of transitional 

manufacturing, where things manufactured in one country are shipped beyond borders 

for more work, inventory, sales, repair, remanufacture, recycle, or disposal; but also 

reminds that the current laws, policies, and management practices are very slow in 

adjusting to this reality. Canel and Khumawala (1996, P.49) state that: “this recent 

trend has resulted in a rapid increase of global markets which are causing new 

competitive pressures on companies to engage in global production and service 

operations”. On one hand world politics, two economic crises in less than two 

decades, and high western production costs made companies to decrease their total 

production costs (Ferdows, 1997). On the other hand increasing need to get use of 

global market, competitive rivalry to procure raw materials from the cheapest possible 

sources, need to tap into foreign sources of money and technology, entering new 

markets to expand market share and organizational competiveness have drived 

companies to relocate and move to regions that are economically justified for 

production (Dunning, 1994). Therefore, manufacturing location decision is of great 

importance for newly established or relocating plants due to impact of various types 

of risks like political, social, economic and cultural differences (Canel and 

Khumawala, 1996). MacCarthy and W.Atthirawong (2003) also put emphasis on the 

importance of location decisions as a key aspect of strategic and logistical decision 

making for manufacturing firms and argue that ability to gain access to low labour 

costs and labour skills, proximity to markets, tax incentives and other privileges from 

the host government, ability to gain access to host raw material and energy, and 

counterattack against competitors are among main motivations for firms to 

manufacture across borders.  
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Relocation refers to when a firm changes one or more business activities to a location 

outside the country or to another location within the country (Van Eenennaam and 

Brouthers, 1996). When a firm wants to move its production to a new location, using 

an appropriate production location decision model is inevitable (Vereecke and Van 

Dierdonck, 2002; Van Eenennaam and Brouthers, 1996). It is seen that most 

problematic relocations go back to moving production to other countries and hence, 

the focus of this thesis is more on moving production to other lands(Miller, 2009; 

Dunning, 1994; Busse and Hefeker, 2005; Bradley, 1997; Butter and Joaquin, 1998; 

Van Eenennaam and Brouthers, 1996; Ferdows, 1997; Glass and Saggi, 1998). In 

order to avoid catastrophic consequences of relocation that are usually economic, 

organizations need to estimate different uncertainties regarding selection of plant 

location (Miller, 1992). Therefore organizations need to conduct a risk analysis of 

their relocation decisions.  Broder (2006, P1) refers to the meaning of risk as: “the 

uncertainty of financial loss, the variation between the actual and expected results or 

the probability that a loss has occurred or will occur”. Broder adds more by 

underlining the significance of loss by stating: “the end result of risk is loss or a 

decrease in value”. Haimes (2009, P22) states that: “risk assessment and management 

process is aimed at answering specific questions in order to make better decision 

under uncertain conditions”. Hence in this study, a risk is the probability of 

occurrence of an uncertainty or something perceived as source of risk like economic, 

political, social, and seismic ones and all the risk analysis techniques that are 

presented optimize a decision support system for avoiding uncertainties as much as 

possible. Furthermore countries are flourishing so fast that some manufacturing 

networks that used to make excellent economic sense some few years ago may be 

sources of economic risks for a company now (Shorten, Pfitzmann, and Mueller, 

2005).  

As stated by Broder (2006), a risk is the probability of occurrence of adverse effect of 

an uncertainty which is usually followed by loses of money for a production 

company. Since many of the risks of moving production to another country will lead 

to monetary loss, an effective cost calculation technique can also be considered in the 

initial stages of decision making to avoid catastrophic results.  After the first round of 

review of more than 90 journal papers, the most related risk analysis techniques and 

frameworks of production location decisions are introduced. The motivation behind 

just focusing on these techniques and frameworks is based on the reviewed literature 

of mentioned journals in attachment. Life cycle costing (LCC), failure modes and 

effects analysis (FMEA), system oriented methods and two frameworks are used to 

identify the risks of production location decisions. 

Woodward (1997) states that it has thus become essential to plan and monitor assets 

from their procurement to their disposal and hence introduces life cycle costing (LCC) 

as an appropriate approach for assessing the financial consequences of decision 

making while a lot of alternatives exist. FMEA is profoundly used for assessing risks 

of outsourcing where the risks are very near to risks of production location decisions 

(Welborn, 2007; Nowicke, 2008). 

A framework under which some political and legal risks involved in production 

location decisions are uncovered is foreign direct investment (FDI) where high risk 

regions for production location decisions are also introduced (Busse and Hefeker, 

2005; Butler and Joaquin, 1998; Dunning, 1994; Worral and Thomas, 1994, Coughlin, 

Terza and Arrondee, 1991; Truitt, 1970). 
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International production is the second framework through which the mostly relevant 

risks involved in production location decisions are introduced (Miller, 1992; Ferdows, 

1997; Vereecke and Van Dierdonck, 2002; Van Eenennaam and Brouthers, 1996; 

Shorten et.al, 2005; Lan and Young, 1996). Therefore three risk analysis techniques 

and two frameworks are considered as main sources of production location decisions 

in this thesis. 

However the research field of production location decision models is suffering from 

lack of literature on risks of moving production beyond borders and also the 

uncertainties regarding the models used for production location decisions. Previous 

reviews of relevant literature published on production location decisions models (e.g. 

Meijboom and Vos, 1997; Ferdows, 1993; MacCarthy and W.Atthirawong, 2003) not 

only shed light on the breadth and depth of the factors of production location and 

international business, but also the fact that the field is gradually expanding as new 

research areas are unveiled and gaps are highlighted (Rudberg and Olhager, 2002). 

However most publications on the topic deals with factors of production location 

decision models (MacCarthy and Atthirawong, 2003) or describe the functions of 

mathematical models (Azani and Khorramshahgol, 1990; Hennart and Park, 1994) 

and there are very few empirical studies on risk analysis of production location 

decisions because of uncertainties involved in such decisions. Withstanding all the 

publications on location decisions, there still is need for a study on common risks 

analysis techniques of production location decisions and those techniques that can be 

applicable to production location decisions. 

 

1.2 Aim and research questions 

1.2.1  Aim 

This study aims at firstly point out how risk analysis techniques evaluate the risks 

involved in production location decisions and secondly highlight the most critical 

risks involved in production location decisions and elicits the drawbacks of 

production location decision models. 

1.2.2 Research questions 

RQ1: How are risk / sensitivity analysis techniques that either have been or can be 

applied to production location decisions, addressed in the literature? 

RQ2: Which risks, have been emphasized in the risk/sensitivity analysis 

techniques that are applied to production location decisions? 

RQ3: What are the strengths and weaknesses of risk analysis techniques of 

production location decisions? 
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1.3 Delimits 

The scope of the report is limited to academic books and mainly journal papers that 

explicitly are written on production location decision and risk analysis approaches 

which are either relevant or applicable to production location decisions. The thesis 

does not describe mathematical location models or networking models. Also the thesis 

just focuses on risks of production location decisions that are concerned with going to 

other lands. 

1.4 Outline 

The key features of thesis are presented in Figure 1 to demonstrate the structure of the 
report for readers: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

             

      

      

      

      

      

      

      

      

  
     Figure 1: The thesis in a look                                
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2 Research Methodology 

This chapter describes the research methods and techniques that are applied for 

conducting the research with the purpose of expressing why they are appropriate for 

this type of research. As mentioned by Yin (2003), a research should be formulated in 

a way that commences with choosing research approach, method for data collection 

and discussing the research evidences to come up with the theory or having a result. 

According to Bryman and Bell (2007), a research is conducted with the ultimate goal 

of achieving a better understanding of interactions and presenting appropriate 

interpretations. When it comes to our study, it is conducted with the purpose of having 

a better understanding of risk analysis techniques of production location decisions and 

frameworks under which the most relevant risks of production location decisions are 

mentioned. Hence a systematic method of literature review that includes content 

analysis and coding (Bryman and Bell, 2007) is conducted to ease the process of 

analysis. Following this section, firstly our research strategy is justified and presented. 

Then the method of content analysis will be shortly introduced. Having used coding 

manual, coding schedule, and right words for searching the most relevant articles to 

the subject; the appropriate material for thesis was looked for. Reliability and validity 

of research design is also discussed to assure thesis is answering to its questions. 

2.1 Methodology Approach 

In this section methodology approaches and research traditions are compared to 

emphasize the similarities between research study traits and mostly used research 

approaches. According to Bryman and Bell (2007), research strategy is the general 

orientation to the conduct of a research which has been classified to qualitative and 

quantitative.  In every research the collected data is to be interpreted and discussed 

and the procedure of interpretation and discussion can be changed depending on 

whether the research is quantitative or qualitative. According to Williamson (2002) 

the qualitative analysis is the way that researchers interpret collected data and 

articulate the results by articles and books.  

 

 

 

 

 

 

 

 

 

 

 

                

         Figure 2: Qualitative research design framework (Williamson, 2002, PP.33) 
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In this study, the process of structuring and giving meaning to the mass of collected 

data follows a qualitative design. The data collected are presented as the result of a 

literature review. Qualitative strategy toward the research is chosen which its 

principal approach to theory is inductive. 

2.1.1 Basic Research and Applied Research 

Williamson (2002) introduces two research types of ‘basic research’ and ‘applied 

research’. Basic research is defined as a fundamental, theoretical research which 

mostly concerns with new knowledge that could be applied to unique problems in 

order to broaden the perspective and thus focuses on theory building. The second type 

of research introduced by Williamson (2002) is the applied research with the aim of 

solving specific problems in real life context. Although the field of production 

location decision seems to be an applied research because of its applicability to new 

plant births, it is realized that the state of categorizing risks involved in production 

location decisions has more characteristics of basic research. Therefore many of the 

research done so far on risk analysis of production location decisions are of basic 

research type and there are very few applied researches conducted on this topic. 

However Williamson (2002) articulates that there is no clear distinction between basic 

research and applied research and common techniques are sometimes used for both 

research types.  

2.1.2 Deductive and Inductive Reasoning 

Before going through the research approach, it is necessary to introduce the 

underlying reasoning throughout the research. Williamson (2002) suggests there are 

two main reasoning styles according to the used philosophy to shape the research. The 

two subjected reasoning styles are deductive and inductive. While deductive 

reasoning is related to positivistic approach which is associated with hypothesis 

testing, the inductive reasoning is associated with forming hypotheses from special 

instances and ends in general principle conclusion by analysis of data collected 

(Williamson, 2002; Bryman and Bell, 2007). 

This research study is conducted under the inductive reasoning logic and the literature 

review is done through main risk analysis techniques of production location decisions 

and frameworks under which general risks of facility location decisions are presented. 

2.1.3 Positivist and Interpretive Approaches 

Having found the appropriate reasoning logic, an approach based on the chosen 

reasoning style should be selected. Based on the Williamson (2002), positivist and 

interpretive approaches are two main and distinct research approaches. 
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The positivist approach is mainly associated with quantitative data and experimental 

design (Williamson, 2002; Bryman and Bell, 2007). On the other hand, interpretive 

approach is involved with the qualitative methods of research and is generally applied 

to case studies and basic research. According to Williamson (2002), interpretive 

researchers conduct a literature research to gain an understanding of their topic, and 

afterwards develop the theories and research questions. Although this research does 

not present any theory at the end; since the only source of data for this research were 

mainly journal papers and verbal reasoning, an interpretive approach to analyse the 

qualitative data is taken beforehand. 

As stated in 2.1, this thesis is designed as a qualitative research study with the aim of 

achieving knowledge and understanding of risk analysis techniques and frameworks 

of production location decisions and classifying the important risks involved in 

production location decisions. 

 

2.2 Content Analysis as Research Method 

Bryman and Bell (2007, P302) define content analysis:“as an approach to the analysis 

of documents and academic published materials that try to quantify content in terms 

of predefined categories and perform it in a systematic and replicable way”. 

Withstanding the claim that content analysis is not a research method and is an 

approach used to create data through reading articles and texts, it is known as a 

research method because of its distinctive approach to analysis (Bryman and Bell, 

2007). 

 There are three main phases in content analysis including (1) selecting the sample; 

(2) choose of the terms that need to be counted, and (3) coding which is illustrated in 

Figure 3. 

 

 

 

 

 

                              

                            

                        

                    Figure 3: Content analysis stages explained by Bryman and Bell (2007) 

 

The research question can to a large extent determine what needs to be counted in 

terms of words, significant authors or special subjects and themes in the second stage 

of the method. According to Bryman and Bell (2007) the coding includes coding ID 

and coding manual. The coding manual collects all the data that should be collected 

from articles and documents in special categories. The coding ID guides how to 

clearly describe these categories according to which the articles and books will be 

classified. 
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2.3 Selecting the sample 

Choosing the media has two phases in content analysis (Bryman and Bell, 2007). 

Firstly the types of media are chosen and afterwards the dates of media are designated 

by the reviewer. 

2.3.1 Sampling Media 

Six major databases of management journals are specifically chosen for media search 

for the study. The main six search databases are: 

 Journal Storage (JSTOR) 

 EBSCO 

 Emerald Journals 

 Web of Science (ISI) 

 Science Direct (Elsevier) 

 Scopus 

The study tries to highlight the published scholar on risk analysis of production 

location decisions.  For instance since foreign direct investment (FDI) is a framework 

under which most of uncertainties and risks of going beyond borders for production 

firms are mentioned, the search term of “FDI” in title, keywords or abstract was used 

in order to find the corresponding articles. Also because the study deals with ‘risk 

analysis of production location decisions’; the search terms of “risk analysis”, 

“location decisions” also used in this stage. Furthermore since FMEA and LCC are 

two fields found in previous search terms (risk analysis applied to production location 

decisions); the search terms of “FMEA” and “LCC” in title, keywords or abstract of 

articles were searched to find relevant articles to production location decisions. 

Moreover the search was not restricted to production sciences only, since many of the 

risks of production location decisions are monetary based and are mentioned in 

business and economy journals. For example some of the risks mentioned under the 

framework of FDI like expropriation and inflation are mainly covered by international 

business articles. In order to cover the whole related published media on risk analysis 

of production location decisions and maintain the reliability of study, two journals of 

‘risk analysis’ and ‘location science’ were separately searched for relevant articles to 

risk analysis of production location decisions in order to assure covering all the 

relevant media. 

The search was also expanded to a separate seek in Google scholar search engine of 

website of Jönköping university for finding related articles. The mentioned search 

terms in title, keywords or abstract were used. Although it can be argued that the 

choice of media and search terms makes the study biased; the comprehensive range of 

journal articles that are related to the topic of risk analysis of production location 

decisions justifies the right choice. A descriptive statistics of used journals are 

presented in section 2.7 and 2.8 sections. 
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2.3.2 Sampling Dates 

In order to maintain the validity and comprehensiveness of research, the reviewers of 

this thesis did not consider a specific time interval for media search. However in order 

to facilitate more work in future, it is tried to focus more on recently published media 

using coding manual. 

 

2.4 What needs to be considered 

2.4.1 Words and Important Authors 

What needs to be considered is determined by the research questions that the master 

thesis aims to answer. For this master thesis the most significant thing was to find 

appropriate search words in order to find articles and documents as related and near as 

possible to our theme of thesis to make it valid and reliable. Also the most 

contributing authors to the subject are introduced in order to ease the future research. 

2.4.2 Subjects and Themes 

The search of appropriate words leads to identifying the most related subjects and 

themes of production location decision.  Foreign direct investment and international 

production are two frameworks under which the most relevant risks of production 

location decision are identified. Furthermore life cycle costing, failure mode and 

effects analysis, and system engineering are the three subjects of risk analysis 

techniques of production location decisions. 

 

2.5 Coding 

We used a modified version of Bryman and Bell’s (2007) coding phase of content 

analysis. A combination of open and structured coding took place by filling out the 

scheme based on coding manual for each article. We also made an overall discussion 

of every article by separately summarizing the most important and related issues of it. 

The structured coding approach bears a bivalent function for the thesis. Firstly this 

approach helps reviewers to answer the research questions mentioned in 1.2.1 section. 

Secondly it helps readers to know about authors who are among the most active 

scholars in the subject and introduces journals which have published relevant articles 

to the subject. Also this system eases further research in future. Appendix 2 shows the 

coding scheme and coding manual which contributes to replicability and validity of 

thesis. 

The first research question: 

How are risk / sensitivity analysis techniques that either have been or can be applied 

to production location decisions, addressed in the literature? 
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asks for most applicable risk analysis techniques or those that can help to create a 

decision support system for a production location problem. In order to answer this 

question certain words and phrases which pertain to the specific risk analysis 

techniques are chosen and looked for in the title and abstract of articles. The title, 

abstract, purpose and conclusion of each article was meticulously studied since these 

parts carry the most important ideas of them. In the table 1, each category introduces 

separate subcategories of risk analysis techniques related to production location 

decisions or frameworks like FDI that encompasses risks of international production 

which have been looked for in the media. This process helped to find and categorize 

the risks of production location decisions and hence answer the second research 

question:  

Which risks, have been emphasized in the sensitivity analysis techniques that are 

applied to production location decisions? 

which asks for risks of establishing production in a location in a second country and is 

answered through categorizing risks of moving production beyond borders.                                  

It is evident that some words in the third column of table 1 were common among 

other categories. Thus in order to find more relevant material, one should consider the 

common key words in the process of search. In order to categorize the risks better and 

make it easier for future studies on risk analysis of production location decisions, 

open coding is done after complete review of literature which decides upon what 

category the article belongs to. The coding ID table is illustrated below. 

 

Table 1: Coding ID table which is a part of content analysis process 

 

Coding 

ID 

Category Related Words and clues 

1 Failure Mode Effect 

Analysis 

potential failure mode, potential effects of failure, risk 

priority number 

2 
System Engineering 

Multi objective risk analysis, risk filtering, risk ranking, 

trade-off analysis, fault tree analysis, analytic hierarchy 

process 

3 
Foreign Direct Investment 

Foreign investment, investment risk, international business 

risk, international management risk, intellectual property, 

expropriation, technology transfer  

4 

Life Cycle Cost Analysis 

Fixed asset acquisition, total cost management, total cost of 
production, system operation cost, production resource cost, 

training cost, technical data cost, logistics cost, design to 

cost, supply support cost 

5 
International Production 

Social risk, cultural risk, economical risk, international 

business risks, coordination risk, marketing risk, monetary 

risk, competitive risks, supply chain risks 

6 Production Location 

Models 

Network modelling, distribution modelling, Analytic Network 
Process, weighting methods, multi objective models, facility 
location analysis, manufacturing footprint 



A Literature Review on Risk Analysis of Production Location Decisions 

18 

Each article was studied, transcribed, and summarized after categorizing and 

codifying them according to content analysis procedure (Bryman and Bell, 2007). The 

last step of the procedure included interpreting the document, underlining important 

words, summarizing articles and classifying them under one of the six categories of 

table 1. One may argue that the original content analysis technique mentioned by 

Bryman and Bell (2007) does not have the ‘transcribe and summary’ part, but it is 

obvious that transcribing and detail study of literature in order to avoid a shallow 

analysis is necessary. The classification of fields which contributed to the study makes 

further study on ‘risk analysis of production location decisions’ easier. 

 

2.6 Validity and Reliability 

The validity and reliability of a qualitative study depends to a large extent on the 

ability and effort that a researcher makes (Bryman and Bell, 2007). Contrary to 

quantitative studies, qualitative studies do not apply the terms validity and reliability 

explicitly and instead of that some words like credibility, transferability and 

trustworthiness during the research is used. However the terms are justified in the 

context of this thesis in this section. 

2.6.1 Validity 

According to Bryman and Bell (2007) validity refers to the degree that a research 

reflects what the researchers intend to analyse. If a research design measures the right 

variable, then the validity o f a research can be satisfied to a great extent (Bryman and 

Bell, 2007; Hart, 1998). In this thesis, the validity of research is supported by 

choosing the right search words and carrying out the coding method through which 

the synonyms of key words were also regarded to enrich the thesis and increase its 

span of media coverage. 

2.6.1.1 Internal Validity 

The strength of qualitative research which is based on the mentioned systematic 

review of literature has maintained a reasonable level of congruence between the 

concept of risk analysis of production location decisions and what is found from 

reviewed papers and hence satisfies internal validity. Since it is tried to explicitly 

answer to research question and avoid any deviation the internal validity is to a great 

extent satisfied. Bryman and Bell (2007) state that: “if there is a good fit between 

researchers’ observations and the theoretical ideas they develop, internal validity is 

satisfied”. In this research chapters 4 , 5, and 6 answer to first and second research 

question, and chapter 7 answers to the third research questions. Finally chapter 8 

summarizes these findings which accentuate the internal validity of thesis. 

2.6.1.2 External Validity 

External validity refers to the degree to which findings can be generalized and 

repeated across social setting if the same research aim is pursued (Bryman and Bell, 

2007). The six different categories used in coding method was an attempt to look for 

relevant data in order to generalize the findings of study. However the comprehensive 

data search in online databases mainly for recently published journal articles in a 

systemic method assures the external validity criterion to a large extent. 
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2.6.2      Reliability 

According to Bryman and Bell (2007) reliability is the degree to which a study can be 

replicated. Production related researches are subject to change since a production is 

considered as a system which is in interaction with its environment and society. 

Although it seems impossible to stop a social setting from change and therefore the 

probability that a research can be replicated is very low as time passes, it is important 

that those who want to question the reliability of a research use the same search tools 

and techniques. 

 

2.7 Presenting the Descriptive Statistics of Results 

The descriptive statistics of reviewed literature is presented in this section. The 

presentation of statistics of papers is the first step of content analysis method. Also a 

summary of the number of articles, journals, authors, major topics, and most 

contributing works are presented in the form of tables and figures, so that the reader 

gets a general view of the literature span. 

2.7.1 Overview of the Recent Literature 

The search in mentioned databases in 2.3.1 returned more than 90 articles of which 

mainly journal papers are used for the study. The full primary list of articles 

containing every result even those excluded and filtered is presented in Appendix 

section. 

2.7.2 Journals  

A full list of journal articles found in the sampling and data collection stage is 

presented in tables 3 in appendix section. Having read each journal article in detail a 

data reduction is conducted and only the journal articles that are related to production 

location decisions are categorized, summarized and analysed. 

It is realized from table 4 in the appendix that the production location decisions 

literature is spread over wide range of various journals, but with a more emphasis on 

international operation and production management, international business, 

international organization and economic studies.  

 

Table 5 shows a list of most contributing authors to thesis. 

Number Author Category No. of Works Used 

1 Albuquerque,  R 
Foreign Direct 

Investment 
2 

2 Ferdows, K 
International 

Production 
2 

3 Haimes, Y.Y System Engineering 2 
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4 Lan, P. & Young, S 
International 

Production 
2 

Table 5: The most contributing authors 

 

 

2.7.3 Books 

Table 6 shows the list of books used as reference for methodology and analysis of 

thesis. 

Number Book Name Author 

1 Business research methods Bryman & Bell 

2 Life cycle costing Fabrycky & Blanchand 

3 Doing a Literature review Hart 

4 
Risk modelling, Assessment and 

management 

Haimes 

5 
Handbook of systems engineering and 

management 

Sage and Rouse 

Table 6: The list of books used for analysis 

 

2.8 Descriptive Statistics of Research Design of Papers 

The research design of all papers collected at the first stage of data collection before 

detail study, summary, and transcribing them is presented in the table below. Table 7 

show that majority of works are survey and literature review. 

Research Design No. Of Articles 

Case Study 10 

Literature Review 28 

Survey/Questionnaire 22 

Conceptual  14 

Others  28 

Table 7: Overview of Research Designs 

 



A Literature Review on Risk Analysis of Production Location Decisions 

21 

3 Literature Review 

The production literature usually treats location choice in the context of international 

production (Ferdows, 1997; MacCarthy and Atthirawong, 2003; Klassen and 

Whybark, 1994; Meijboom and Vos, 1997; Miller, 1992). This act is usually followed 

by establishing production and distribution facilities in the host country based on 

certain capabilities (why), location dimension (where), and the choice for the type of 

investing and contracts (how) (Meijboom, and Vos, 1997). These questions are the 

basis for uncertainties of going to another land and may give birth to economic, 

political, social, and environmental risks (Van Eenennaam and Brouthers, 1996; 

Vereecke and Van Dierdonck, 2002; Treleven and Schweikhart, 1988). In this section 

background information about risk assessment and models of risk analysis in 

production location decision for a better understanding of the study is presented. 

Furthermore basic concepts of risk assessment and risk analysis techniques are 

introduced which is supportive for overview of concept. 

Discovery of uncertainties within the production location decisions is one of the core 

principles of risk assessment phase. It is a fundamental requirement for many 

applications in order to minimize risks as much as possible. Risk assessment is a 

systematic and holistic approach to dealing with risk. In risk assessment, the analysts 

often attempt to answer the following set of questions (Haimes, 2009): 

 

 What can go wrong? 

 What is the likelihood that it would go wrong? 

 What are the consequences? 

 

Risk assessment should be an integral part of the decision making, which aims at 

assessing perceived risk in order to take better decision. Sage and Rouse (2009) argue 

that identification, quantification, evaluation and trade off of risks, benefits and costs 

should constitute an integral and explicit component of the overall managerial 

decision making process. Risk analysis methods associated with production location 

decisions are Failure Mode Effects Analysis (FMEA) (Welborn, 2007; Nowicke, 

2008), Systems Engineering Risk Analysis and Risk Modelling like multiobjective 

analysis (Current, Min & Schilling, 1990) and fault tree analysis (Fulton, 1971). On 

the other hand since any production location decision involves investing a huge 

amount of money; a through cost accounting from the initial capital ownership that 

usually is purchasing land and machines to start of production is necessary which is 

called life cycle costing (Fabrycky and Blanchard, 1991; Woodward, 1997). Besides; 

most of the risks in international manufacturing are mentioned under the framework 

of foreign direct investment (Albuquerque and Loayza and Serven, 2005; Dunning, 

1994; Milberg, 1999; Miller, 1992; Butler and Joaquin, 1998). The classifications of 

techniques and models are illustrated in Figure 4. 
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Failure Mode 
Effects Analysis 

•Step by step 
procedure for 
identifying all 
failure modes 

•Analysing the 
concequences of 
failure modes 

•Prioritizing the 
failure modes 

Life Cycle Costing 
(LCC) 

•Process of 
identifying all 
costs associated 
with decision 
making 

•Comparison of 
different 
alternatives during 
decision making  

Systems 
Engineering Risk 
Analysis & Risk 
Modeling 

•Planning, 
integration and 
excusion 

•Multiobjective 
decision making 

•Evaluating 
qualitaive and 
quanitative factors 
in a systematic 
manner. 

Foreign Direct 
Investment  and 
International 
Production 

•Identification of 
political risks 

•Expropriation  

• Inflation 

•Intellectual 
Property 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure 4: Risk analysis techniques and frameworks for production location decision 
 

3.1 Failure Mode and Effect Analysis 

Failure mode effect analysis (FMEA) is a systematic process for identifying the most 

critical potential design and process failure modes before they occur, in order to 

eliminate their effects at early stages (Stamatis, 2003) and refers to errors found in a 

product or process. FMEA is conducted with cross functional team members who will 

identify the failure modes, the effects of those failures and possible causes of those 

failures. FMEA is a risk analysis process, whereby potential failure modes are 

outlined and ranked according to severity. Dale and Aldridge (2003, P389) state that: 

“there is no particular standardized procedure for conducting FMEA in decision 

making process”. Based on application, the procedure will be varying, but the FMEA 

process should fulfil some specific needs. Onodera (1997) investigated about 100 

FMEA applications and concluded that the FMEA technique is useful at every stage 

of an industrial process for decision making. 

The main elements of FMEA are as following: 

 

 Severity (Seriousness or Effects of the failure) 

 Occurrence (Frequency of failure) 

 Detection (Ability to detect the failure) 

 Risk Priority Number (RPN)= Severity*occurrence*Detection 
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                             Figure 5: Life Cycle of FMEA (Aldridge and Dale, 2003) 
 

FMEA life cycle consists of series of steps; including calculation of severity, 

probability, detection, and RPN of risks which are basic findings for any FMEA 

implementation. RPN is the final measure for assessing risk in order to identify the 

critical failure modes associated with the process. Lower RPN values normally 

indicate less critical failure modes. Severity is an assessment of the rate of severity of 

the potential effect of the failure, probability, and detection. Severity is an assessment 

of the rate of severity of the potential effect of the failure, probability identifies the 

rate of likelihood that the failure will occur, and finally detection identifies rate of 

likelihood that the problem will be detected before it reaches the end user. Rating 

scales normally range from 1 to 5 or from 1 to 10, in this rating higher number 

indicates higher risk. 

 

Nowicke (2008) suggests a basic approach in order to conduct a basic FMEA. This 

approach provides an outline of basic steps that are seen most often in each type of 

FMEA. The basic approach of FMEA mainly focuses on recognition and evaluation 

of potential failure modes and their effects in the process. In order to identify the 

potential failure modes, FMEA process requires a team of decision makers. The team 

should take on variety of disciplines, where each member has knowledge from 

different areas. The experience and skills of a balanced team are required for 

successful compete of FMEA. FMEA worksheet contains information regarding 

process, which brings all the team members on the same page. 

 

Identification of all possible failure modes is an important step in FMEA process, 

which means determining the ways in which the process can go wrong. Nowicke 

(2008) explained that effects identification gets the team thinking how the company 

will be affected by the failure modes. Based upon the potential effects, team members 

can generate a severity rating score on a scale of 1 to 10. Identification of potential 

cause of failure also plays an important role in FMEA process. Stamatis (2003, P.714) 

defines a basic question for identifying the causes, which is “In what way can this 

system fail to perform its intended function”? It guides the team to think about what 

events act as a catalyst to the failure. With influences of these causes, team can access 

the occurrence rating of the failure which is also measured on a scale of 1 to 10. 

Furthermore the team identifies the ways to detect a failure mode before its failure, 

which indicates the rate of detection. According to the ratings of severity, occurrence, 

and detection team member calculates the risk priority number (RPN). RPN can be 

calculated for each failure mode as is stated in equation 1: 
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                    RPN = SEVIRITY× OCCURRENCE× DETECTION 
                        Equation 1 (Onodera, 1997; Welborn, 2007; Nowicke, 2008) 
                             
                                              
RPN calculation is a continuous process until decision making team gets a lower 

value. Team discusses actions in order to improve the RPN value (lowering the 

number). Nowicke (2008) suggest that team should keep in mind the resources and 

time plan in order to take the actions. In general, FMEA identifies the all failure 

modes throughout the process, but life cost based FMEA measures the risk in terms of 

cost, which predicts life cycle failure cost, and afterwards life cycle cost analysis is 

used to quantify total costs for decision making. 

 
                         

3.2 Life Cycle Costing 

 

Decision over production location is influenced by various perspectives. However 

consideration of cost perspective is crucial for an efficient location choice. Life cycle 

costing (LCC) method can be employed for production location decisions through 

identification of high cost (high risk) areas (Woodward, 1997). LCC is concerned 

with optimizing value for money in the ownership of assets by considering all the cost 

factors relating to the asset during its operational life (Woodward, 1997; Fabrycky and 

Blanchard, 1991). LCC is an economic evaluation tool that determines the sum of 

initial and future costs associated with production operation from production location 

decision making to the time the product is delivered to the customer. LCC detects 

most cost effective approaches from a series of alternatives. It is essential for decision 

making to address system requirements from a life cycle perspective, especially the 

decisions associated with risks (Fabrycky and Blanchard, 1991).  

 

LCC is not only useful for determination of total cost, but also in comparing different 

decision alternatives under cost perspective (Woodward, 1997; Fabrycky and 

Blanchard, 1991). An LCC process includes costs associated with research and 

development, installation and operation throughout the system life cycle (Woodward, 

1997). While management decisions may be based on some aspect of cost, the 

consequences must be assessed in terms of total cost in order to identify the true risks 

associated with these decisions (Sage and Rouse, 2009). Fabrycky and Blanchard 

(1991) argue that a successful LCC process implementation requires clear problem 

definition for future, appropriate information for each alternative, and evaluation of 

each alternative which ends up with an appropriate recommendation which is 

optimum from cost perspective. 
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                    Figure 6: Life Cycle Cost applications (Sage and Rouse, 2009) 

 

LCC is applicable in numerous applications in order to evaluate the life cycle cost. 

Some of these applications are identified in Figure 6. Nazim (1988) proposed the 

procedure for analysis of life cycle cost, which is generally accomplished through the 

following steps: 

 

 Identification of major cost categories 

 Identification of sub cost categories 

 Identification of cost elements in the cost subcategories 

 Estimation of cost data and establishment of cost time matrix 

 

When a company intends to establish a production plant in the most appropriate 

location; LCC entails decision makers to evaluate supplier situation of that location, 

alternative location design configurations, conduct a precise project management, set 

up long range planning which includes budgeting, and identify high cost (areas of 

high risk) which is also briefly demonstrated in figure 6 as identification of high cost 

contributors (Areas of risk), allocation of resources, justifying replacement decisions, 

and finally evaluating alternative production profiles (Sage and Rouse, 2009; 

Fabrycky and Blanchard, 1991). 

3.2.1 Uncertainty and sensitivity analysis in LCC 

LCC is highly dependent on the forecasts and estimates made after data collection is 

conducted. There is always an element of uncertainty associated with these estimates 

and assumptions.  According to Woodward (1997) five major sources of uncertainty 

are: 

 

1. Differences between the actual and expected performance of the system 

subsystems that could affect future operation and maintenance cost.  

 

2. Future technological advances that could provide lower cost alternatives and 

hence shorten the economic life of any of the proposed systems. 
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3. Changes in operational assumptions arising from modifications in user 

activities. 

4. Change in price level of any resource such as energy and manpower, relative 

to other resources can affect future alteration cost. 

5. Errors in estimating relationships, price rates for specific resources and rate of 

inflation in overall costs from the time of estimation to the availability of the 

asset. 

Sensitivity analysis will identify the areas of uncertainty and risk exposure and 

reduces the effect of those areas and its helps decision maker to concentrate on 

improves the parameter estimates. Moreover, It can help decision makers to identify 

which parameters are key drivers for occurrence of uncertainty.  There are many ways 

in which the results of sensitivity analysis can be shown, of which the simplest is to 

organize and compute a sensitivity table. Graphical representation is also useful for 

quick indication of most sensitive or critical variables. 

 

3.3 Foreign Direct Investment 

Foreign direct investment (FDI) is the net flow of investment to achieve a long-lasting 

management interest in an economy other than that of investor (Dunning, 1994). 

Meijboom and Vos (1997, P793) state: “when considering how to serve a foreign 

market, a company can choose between several modes of entry such as export, 

licensing or foreign direct investment”. FDI is considered as a guiding index rather 

than a risk analysis techniques. However it is useful to pay a look at the footprint of 

international capital flow to realize which countries have attracted the most foreign 

investment to have a picture of risk free regions of the world. The act of moving 

production or establishing a factory in a foreign country entails investing a huge 

amount of money in the target country and a wide comprehensive study of desired 

locations, thus FDI international statistics is regarded as a tool that indicates which 

places have the most return on investment for foreign industries (Dunning, 1994). 

Albuquerque (2003) refers to imperfect conditions of indigenous markets and its 

financing constraints that cause companies to move their business to areas with high 

FDI ranks. Hennart and Park (1994) refer to governance and strategic factors that 

cause a firm to directly invest in a location other than its national place of business. 

For instance Japan’s low economy of scale and trade barriers encourages Japanese 

FDI in U.S. In a similar work Woodward (1992) studied Japanese-affiliated 

manufacturing investments in the United States and refers to the attraction of 

American cities as an appropriate destination for Japanese manufacturers. 
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Good infrastructure of American locations, state of the art transportation facilities, and 

higher degree of worker intelligence are among the main reasons that make Japanese 

industries move to the United States (Woodward, 1992).  Coughlin, Terza, and 

Arromdee (1991) conveyed a survey on FDI of American industry which indicated 

that those states with higher densities of manufacturing activity attracted relatively 

more FDI. In addition Coughlin et.al (1991) realized that higher wages and taxes 

deterred FDI, while high rate of unemployment and more extensive transportation 

infrastructure attracted it. Tong and Walter (2001) conducted an empirical study of 

plant location decisions of foreign manufacturing investors in the United States which 

denotes the relationship of various location plant factors under the FDI perspective. 

Worrall and Thomas (1994) and Bradley (1977) refer to the risk of expropriation in 

FDI procedure which is the forceful confiscation of a company’s property by the 

government of host country that usually occurs during political turmoil or after 

revolutionary movements in developing countries.  

 

3.4 Systems Engineering Risk Analysis and Risk 
Modeling 

 

Systems Engineering is an interdisciplinary field of engineering that focuses on how 

complex engineering projects should be controlled and managed over the complete 

life cycle, which comprises planning, integration and execution (Haimes, 2009). 

Haimes (2009) believes that almost every living entity, all infrastructures, both natural 

and artificial environment, plants and factories, organizations as complex systems 

often composed of hundreds or even thousands of  subsystems which are 

interconnected and interrelated to each other with multiple functions, operations and 

efficiencies. Systems engineering deals with work-processes and tools to handle 

projects, and it overlaps with both technical and human-centred disciplines such 

as industrial engineering, control engineering, project management and organizational 

studies (Lindbland, 2001; Haimes, 2009). This is accomplished by integrating three 

major activities consisting of development phase, system engineering process, and life 

cycle integration. In the development phase that takes control of process and provides 

the foundations for coordinating design attempts. Afterwards a system engineering 

process creates a structure for approaching design problems and identifying stream of 

requirements by design effort. At last cycle integration phase that considers customers 

in the design procedure and makes sure that the development of phase is sustainable. 

 

Lindblad (2001, P42) defines system engineering as: “the planning, integration, and 

execution of sub process that, when successfully executed, deliver a best-value system 

product that meets customer requirements”. It is believed that technology can be the 

organization, application, and delivery of processed data as information to create 

comfort and better service for the final customer. The system engineering is a concept 

rather than a technique. It considers the elements of a system as a whole and tries to 

streamline or optimize the flow of data, information, energy, material or whatever is 

needed to keep the system alive.  

According to Sage and Rouse (2009), the ultimate purpose of system engineering in a 

decision making process is to: 
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1. Give an understanding of the system’s nature, functional behavior, and 

interaction with what exists in its environment 

2. Optimize, improve and streamline the decision making process in different 

phases of planning, design, development, operation  and management 

3. Identify, quantify and evaluate risks, uncertainties and variability of decision 

making process 

Engineering systems are always designed, constructed, integrated, and operated under 

uncertain conditions and unavoidable risks (Haimes, 2009). Identifying, quantifying 

and evaluating the risks of an engineering system should not be considered as a single, 

separate operation and it is very important that the decision maker or the team of 

decision making take a holistic approach toward risk assessment of a system from 

input through the system plant. Therefore value-focused process engineering is 

sometimes useful to identify the whole system which considers the whole process 

from input of a system through its body and finally ending in output that usually is 

customer in production systems (Haimes, 2009; Lindblad, 2001). As a good example 

of value-focused risk identification, Neiger, Rotaru, and Churilov (2009) identified 

latent risks within supply chain using a system engineering perspective.  

 

According to Sage and Rouse (2009) systems engineering management is a 

multifunctional course of actions that integrates life cycle functions, the systems 

engineering problem solving process, and continuous improvement base lining (Sage 

and Rouse, 2009). In system analysis and control; risk management is made up of 

three processes of risk assessment, risk identification and risk reduction (Haimes, 

2009; Sage and Rouse, 2009). 

  

Risk-oriented decision approaches are usually applied to identify uncertainties using a 

systematic process. Lindblad (2001, P43) states that: “Risk management is a 

fundamental element of every system engineering sub process”. 

System based risk analysis is dependent to a high extent on the quality of risk 

management planning, early identification and analysis of risks, successive and 

sequential risk mapping and re-evaluation, early execution of improving actions, 

communication, documentation, and coordination. Figure 7 shows the basic risk 

management process in a system based risk analysis techniques which has four parts: 

Planning, Assessment, Handling, and Monitoring. 

 

 

 

 

 

 

 

 

 

                          Figure 7:  Basic risk management process (Lindblad, 2001) 
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Risks and uncertainties must be identified, analyzed, handled, and tracked. There are 

four primary methods of handling risk: avoidance, transfer, acceptance, and control. 

Process risks are classified as low, moderate, or high depending on consequences and 

probability of occurrence. Risk classification should be based on quantified data to the 

extent possible. Since many of the information necessary for production location 

decision is acquired through qualitative data like attitude of people to international 

companies and political situation, some of the system based risk analysis methods like 

analytic hierarchy process (AHP), multiobjective analysis, and fault tree analysis can 

be useful (Current et.al, 1990; Fulton, 1971; Ko, 2005; MacCarthy and Atthirawong, 

2003).  

3.4.1 Analytic Hierarchy Process (AHP) 

Production location is one of the research topics that depend on qualitative factors like 

attitude of local government and people to foreign companies and culture distance, 

therefore it is important to come up with a system based technique for ranking 

qualitative factors of production location and also need to find risks involved in going 

to that particular location. AHP is a method for enabling the decision makers to 

structure a complex problem as a simple hierarchy, which can also evaluate a large 

number of often conflicting quantitative and qualitative factors in a systematic manner 

(Saaty, 1980; MacCarthy and Atthirawong, 2003; Ko, 2005; Azani and 

Khorramshahgol, 1990).  
 
AHP was first introduced by Saaty (1980), and is a flexible methodology that can be 

applied for a wide verity of applications. It is a systematic approach that deals with 

complex decision making like selection of production location, in which many 

competing alternatives exist as MacCarthy and Atthirawong (2003) applied this 

method to identify the most important factors involved in location decisions. When 

AHP is employed, qualitative decision factors can be readily incorporated into 

production location problems. Lee, Green and Kim (1981) believe that qualitative 

factors are crucial but often too cumbersome to handle and are usually treated as part 

of management’s responsibility in analyzing results rather than be quantified and 

included in a model formulation of the production location problem. 

 
This model considers various location decision factors like availability of labor, 

transportation costs, cultural and political differences, environmental, and economic 

issues (MacCarthy and Atthirawong, 2003). In a particular location decision, different 

alternatives for production location decision are evaluated by an integrated decision 

model. In this model decision factor analysis is performed firstly, based on different 

questionnaires. Then AHP is used to arrange factors hierarchically, that indicates 

which components have the highest priority.  To determine priorities, a matrix of pair 

wise comparisons should be constructed using a pair wise comparisons scale (Azani 

and Khorramshahgol, 1990). 
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3.4.2 Multiobjective Analysis 

Production location decision factors mainly affect cost and sales of producing goods 

and determine if companies have access to certain markets to sell their products or 

not. But it is often difficult to come up with an approach which considers all the 

conflicting factors of production location decision procedure. For example proximity 

to market usually is satisfied by locating in lands where the labor wage is high. 

Current et al (1990, P.296) states that: “location decisions are ubiquitous and those are 

often strategic in nature”. Production location decision is influenced by either single 

objective or multiple objectives. Multiobjective decision making is an extension of the 

single objective based decision making (Current et al, 1990). Haimes, (2009, P.216) 

states that: “Multi criteria decision making has emerged as a philosophy that 

integrates common sense with empirical, quantitative, normative and descriptive 

analysis”. Moreover, most of the production location decisions are multi objective in 

nature. Objectives are related to risk, benefits, costs, market and environment. 

Traditionally, cost was the principle objective for facility location decisions; however 

there are now lots of other factors that should be considered in order to achieve an 

optimum decision for production locations. Multiobjective Decision trees guide 

decision makers when they deal with multiple and often conflicting objectives of 

location decision (Haimes, 2009; Current et al, 1990). Decision tree is a graphical 

representation approach for descriptive and simple understanding and is efficient for 

analyzing complex problems (Fulton, 1971). Multiobjective analysis might be viewed 

as an indicator in decision making process under risk and uncertainty (Haimes, 2009). 

Multiobjective analysis is a decision making model for impact analysis of conflicting 

factors, which explicitly develops trade-offs among different objectives. Since the 

decision making process often involves conflicting objectives, it is important to 

achieve trade-off of objectives at different levels in order to come up with a less risky 

decision. 

 

3.5 International Production Framework 

It is becoming more and more general for firms to start their international production 

to evade high economic cost of production in costly countries (Ferdows, 1997). 

Therefore such firms establish their new plant in foreign lands where the production 

cost is low in order to decrease their cost and hence, expect to gain more with less 

investment which is the origin of many problems. The field of international 

production encompasses a great majority of problems faced by companies in 

international manufacturing (Milberg, 1999; Miller, 1992; Ferdows, 1997; MacCarthy 

and Atthirawong, 2003). The motivation to gain access to low labor costs and to 

access labor skills in order to alleviate the cost of production sometimes causes such 

firms to ignore potential problems like cultural barriers to the country of target, social 

uncertainty, political instability and the risk of getting expatriated by the host country 

(Kobrin, 1979; Klose and Drexl, 2003; Klassen and Whybark, 1994; Busse and 

Hefeker, 2005).  
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Tong and Walter (1980) conducted an empirical study on production location 

decisions of foreign manufacturing countries in the U.S. (mainly Japanese firms) to 

understand the motivation behind their move and consequences of their relocation. 

Surprisingly many managers who one day dreamed of driving their business in a 

smooth and free ambience away from restrictions of their own land, articulated 

unexpected sources of risks and uncertainties in managing their corporation in U.S. as 

well as attitude of people, labor conditions, community environment and cultural gap. 

One of the most contributing works to identifying potential problems of international 

production operation is the work of Klassen and Whybark (1994) which is a Delphi 

study to refine and rank the potential obstacles to effective international management 

of production plants. Klassen and Whybark (1994) classified the sources of risks and 

uncertainty of managing international corporations and production location decisions 

under eight categories. 

The mentioned eight categories consist of social and cultural, staff management, 

monetary considerations, general management, information control, marketing, 

logistics and support and technology. However lack of global view, manufacturing 

strategy conflict and language/culture differences are rated as the most significant 

sources of risks in international production decisions (Klassen and Whybark, 1994).  

According to Klassen and Whybark (1994) and Ferdows (1997), an international 

production operation entails companies to have a global view. Manufacturing strategy 

is hardly formed in a foreign work context and domestic strategy is not usually the 

same as target one (Klassen and Whybark, 1994; Milberg, 1999; Van Eenennaam and 

Brouthers, 1996).  

Managing global logistics is another source of risk for new production location 

decisions since the complexity of distribution networking increases. Whybark and 

Klassen (1994) and Simchi-Levi and Kaminsky (2008) argue that crossing country 

borders, warehousing internationally and establishing distribution channels are among 

logistics uncertainties that foreign firms might have in host countries. Simchi-Levi 

and Kaminsky (2008) argue that approaching target markets or moving to land with 

lower costs which necessitates moving production to new lands might perform 

twofold. On one hand the outbound logistics cost decreases and on the other hand the 

outbound cost increases. Hence there should be a trade-off of these measures so a 

company can get benefit of their production location decision. 
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4 Risk Analysis Techniques of Production 

Location Decisions 

The first research question investigates those risk/sensitivity analysis techniques that 

have been applied to production location decisions. The answer also encompasses risk 

analysis approaches that can be applied to risk analysis of production location 

decisions. The following chapters answer to the first research question of thesis by 

going through system engineering risk analysis techniques like decision tree analysis 

(Fulton, 1990), analytic hierarchy process (Ko, 2005), and multiobjective analysis 

(Current et.al, 1990) ,FMEA (Welborn, 2007; Nowicke, 2008), and life cycle costing 

(Woodward, 1997). Also FDI (Dunning, 1992; Milberg, 1999) is introduced as a 

framework where most of the risks involved in international production and going 

beyond borders for production are mentioned. 

  

4.1 FMEA in Production Location Decisions 

Failure mode and effect analysis (FMEA) is according to Chen and Lee (2007, P1): “a 

kind of design and analysis technology of reliability of prevention, which is a 

structured systematic formula identifying the potential malfunction mode in design or 

manufacturing, then taking necessary correction measures and prevention methods 

while aiming at the problems lying in the systematic reliability”. The traditional 

procedure of FMEA is to rank the risks from the most important ones to the smallest 

according to the criteria or special given weights to each risk (Welborn, 2007; 

Nowicke, 2008). FMEA uses risk priority numbering (RPN) to evaluate the weight of 

risks of production location decisions and rank them. 

 

 

 

 

 

 

 

 

 

 

 

 

                                          

                                 Figure 8: FMEA process steps (Welborn, 2007) 
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Welborn (2007, P18) states that: “A risk priority number (RPN) is calculated for each 

potential failure. A common RPN is a product of multiplication of three factors of 

probability of failure, detectability of failure and severity of failure”. The steps to 

complete an FMEA process is shown in figure 8. 

Analyzing the risk associated to production location decisions is a relatively new 

subject, and little research has been done. But documenting and analyzing risk is an 

essential element to process improvement (Welborn, 2007). Therefore FMEA is used 

to gather information related to risk management decisions especially for production 

location decisions. 

The FMEA process is a bottom-up approach to risk analysis which is used in three 

realms of product realization, manufacturing system design and service. A design 

FMEA examines potential product failures and effects of these failures, while a 

manufacturing or process FMEA looks for uncertainties and risks that can have a 

great impact on production system design from choosing an appropriate location for 

production plant to system design procedure. Typically the main elements of FMEA 

are: 

 The failure mode that describes the situation in which a design fails to work as 

intended or according to designed specification; 

 The effect or the impact on the customer resulting from the failure mode;  

 The causes or means by which an element of the design results in a failure 

mode.                                                                                                                                          

It is very important to consider that the relationship between failure modes of a 

system, effects and causes can be very complex. For example, one single cause may 

lead to multiple effects or a mixture of causes can result in a single effect. The cause 

and effects can have mutual effect on each other and propagate each other. Reliability 

and safety of the product or aimed system (that in this research is more and less the 

plant location choose) are of significant importance (Teng et.al, 2004).  

Braglia (2000) introduces another form of multi-attribute failure mode analysis 

(MAFMA) which is a multi-criteria decision making technique, which integrates four 

different factors: 

 Chance of failure 

 Chance of non-detection 

 Severity 

 Expected cost 

 

FMEA procedure according to Braglia (2000) comprises six steps: 

 

1. Listing the subsystems and parts of the system 

2. Listing and description of all failure modes 

3. A critically assessment is performed to measure the risk of level 2 

4. Ranking the faults with respect to the critically assessment 

5. Taking action on the high risk problems 

6. Checking the effectiveness of action, adapted and received risk analysis 

 

Every potential failure studied is evaluated in terms of frequency of happen and 

severity. Common variables used to determine the quantity of risks frequency of an 
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activity associated with the defect, quantity of parts associated with the defect, ability 

to detect a defect, probability of defect and severity of defect. The FMEA procedure 

suggested by Braglia (2000) can be applied to any decision making procedure that is 

to choose between different alternatives. 

 

The existing studies which focus on the application of FMEA in evaluating potential 

risks of taking the business beyond borders go back to outsourcing risks which are 

extracted and ranked by this method. Welborn (2007) refers to lower workforce wage 

in India and China as driving factor for taking the business offshore. Withstanding 

numerous successful outsourcing stories, going beyond borders does not guarantee 

business success and there are risks involved in such an operation and not all sides 

might benefit from such arrangements (Welborn, 2007). Nowicke (2008) mentions 16 

steps for FMEA process to identify and rank the relevant risks for outsourcing.  

Nowicke (2008) names six different areas that FMEA can be used as a technique for 

analyzing the risks. Product/design FMEA, system/concept FMEA, process FMEA, 

application FMEA, and service FMEA are the six different but related FMEA 

applications (Nowicke, 2008). Onodera (1997) studied 100 applications of FMEA and 

believes that FMEA can be applied at every stage of decision making for industrial 

processes.  

Although the empirical literature on explicit application of FMEA in risk analysis of 

production location decision is handful, it is still considered as a risk analysis 

technique for production location decisions (Nowicke, 2008; Welborn, 2007). 

Wellborn (2007) refers to FMEA application for assessing risks of outsourcing that to 

a large extent resemble the uncertainties involved in production location decision. 

Figure 9 is an example of calculating RPN for outsourcing risks. 

Relationship-specific investment for the supply side, transportation delays for the 

company, intellectual property problems, and rise in logistics costs are just some of 

the common risks. As an example Boeing Company used FMEA for assessing 

outsourcing risks and consequences of establishing long term relationship with some 

of its suppliers (Nowicke, 2008).  
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          Figure 9: Example of analysis of outsourcing risks using FMEA (Welborn, 2008)  

 

4.2 System Engineering: Measuring Reliability and 

Availability of Resources in Production Location 
Decisions  

When a system meets its intended functions, it can be said that it is reliable (Sage and 

Rouse, 2009; Haimes, 2009). On the other hand; one can consider risk as a measure of 

probability of a system malfunction when severity (consequences) of adverse effects 

of it is high. Engineers or decision makers usually try to make a system reliable so 

that they will have no or at least little anxiety about the adverse consequences of a 

failure mode that is shortly called risk (Lindblad, 2001; Haimes, 2009). However; the 

decision makers should consider the cost of making the system over-reliable and 

avoiding all types of risks. For example consider a company that intends to shorten its 

delivery lead time and hence chooses to take its production plant closer to end-

customer. If they wish to meet all the customer offers, they probably should have 

more plants in more locations and thus it might bring about the risk of increase in 

costs (Treleven and Schweikhart, 1988). 

The probability of having multiple or compound failure modes in a system entails the 

need for multiple explicit trade-offs among risks. Compound failure modes are paths 

to failures that their consequences depend on the occurrence of combination of 

failures (Haimes, 2009; Teng et al, 2004; Fulton, 1971). Therefore it is seen that the 

concept of reliability plays a major role in planning, design and development of 

systems, so a production location should be reliable so that it meet customer needs 

and at the same time satisfy important production location factors like proximity to 

market and low cost (MacCarthy and Atthirawong, 2003; Canel and Khumawala, 

1996). 
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4.2.1 Sources of Failure in Risk Assessment and Risk Management in 
Production Location Decisions 

Following the answer to second research question, some sources of failures in risk 

analysis of production location decisions that can be identified by applying system 

engineering methods, are discussed in this section. A production system can be 

considered as a technological system. Haimes (2009) says that the failure of a 

technological system can have roots in its hardware, software, organization, or the 

humans involved. It is argued that albeit the initiating event can be a natural disaster 

like Japan’s 2011 tsunami that impacted Japan’s manufacturing industry (Kusuda, 

2011) or a terroristic attack like New York world trade centre attacks which all seem 

almost inevitable, it is the management of system that should have a thorough 

knowledge of its elements and identify the sources of risks by answering a set of 

questions concerning what problems might happen for the system and what is the 

likelihood and consequence of it happening (Haimes, 2009; Sage, 2009). Treleven and 

Schweikhart (1988) offer asking questions such as what happens if a vendor’s plant is 

destroyed by fire. Or what happens if a vendor’s employees go on an extended strike? 

Or what happens if a vendor goes bankrupt? 

Haims (2009) believes that answering to these questions can help analysts identify 

measure, quantify, and evaluate risks and their consequences and impacts which are 

called risk assessment.  

Risk management comes after risk assessment and entails answering to three 

following questions (Haimes, 2009): 

 What can be done and what solutions are available? 

 What is the associated trade-off in terms of costs, benefits and risks? 

 What are the impacts of current management decisions on future options? 

       

For production location decision making, the decision making team should beware 

that choosing an appropriate country and location for their plant would have 

consequences on overall strategy of company and no decision should be made unless 

all the negative and positive impacts of current decision on future options are assessed 

and evaluated (Van Eenennaam and Brouthers, 1996; Hennart and Park, 1994; 

Rudberg and Olhager, 2002; Treleven and Schweikhart, 1988).  
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Therefore in order to find the impacts of current management decisions on future 

options; quantitative and qualitative, objective and subjective efforts should be 

synthesized to achieve a trade-off among determinants of decision making (Haimes, 

2009). For example if a firm intends to move its production to a low tax country with 

a low average income per person to pay less for labor salary and hence decrease cost 

to remain competitive in market, should also beware of factors like indigenous 

people’s attitude toward a foreign company or lack of skilled workforce in such 

countries (Miller, 1992). The political and economic uncertainties of such locations 

would be also sources of uncertainties. Thus a good management should incorporate 

and address risk management within a holistic framework that considers the four 

sources of failure of a system depicted in figure 10. The importance of four sources of 

system failure depends on two facts. Firstly it necessitates a total involvement of 

organization or system elements in risk assessment process of production location 

decisions that should include all the environmental, social, political, and economic 

issues.  

 

 

 

 

 

 

 

 

 

 

                                         Figure 10: System failure sources (Haimes, 2009) 

Secondly the identification of failure sources require involving all aspects of system’s 

life cycle including planning, design, construction, integration, operation and 

management.  
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4.2.2 Multiobjective Analysis of Production Location Decisions 

Current, Min and Schilling (1990) use a multiobjective analysis of location decisions 

and try to maintain a holistic systemic view of production location decision. 

Multiobjective analysis is particularly appropriate for situations like production 

location decisions where there are conflicting objectives which cannot be measured in 

commensurate units. It can facilitate inter-disciplinary approaches to location 

problems by incorporating the concerns and opinions of decision making team which 

is made up of people with different skills. Four different but overlapping categories of 

cost minimization; demand orientation, profit maximization, and environmental 

concern are the determining factors for choosing an appropriate location for a factory 

(Current et al, 1990). Each general category mentioned in the work of Current et.al 

(1990) includes subcategories. Within these four categories, cost minimization is the 

most emphasized factor that usually is satisfied through distance minimization for 

production location decisions. Figure 11 shows the four main categories and relevant 

subcategories of each objective. 

 

  

 

      

      

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure11: Four different objective categories of facility location decision in multiobjective 
analysis   (Current et.al, 1990). 
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Location problems are often defined by their unique and particular problem 

specification and it should be considered that both the constraints and objective 

function will vary by the application of plant. For example; if a company intends to 

have a plant nearer to end-customer, it is obvious that proximity to market should be 

its priority in analysis of different alternatives. 

Strategic decision making process such as allocation of demands and siting of 

production plants are usually multiobjective in essence (Current et.al, 1990; 

MacCarthy and Atthirawong, 2003). Objectives like minimization of periodic 

distribution costs, a low level of investment in new facilities, achieving high level of 

customer satisfaction (translated as distance and travel time between customer and 

inventories), and a moderate and balanced use of facility capacities are often the most 

challenging factors that are to be traded off in order to end up with the best decision 

(Klose and Drexl, 2003). The use of a bicriteria location problem, where one objective 

is to minimize cost and the second is to maximize the customer demand is another 

application of multiobjective analysis in location decisions (Klose and Drexl, 2003).  

Canel and Khumawala (1996) propose a mixed-integer programming approach to 

solve facility location problems. They considered the factors to locate foreign 

manufacturing facilities in two dimensions of reactive and proactive. Reactive factors 

go back to the external environment of a factory and are generally beyond a 

company’s control, while proactive factors imply that a factory seeks for advantages 

and benefits available at international locations. 

Multiobjective analysis of conflicting factors has always been a challenge for 

managers and decision makers and it has always been difficult to come up with a 

method that can consider all the factors and result in a very optimal solution which 

brings about no risk for the whole system and satisfies all the requirements of it. 

However system engineering science has given birth to multiobjective risk analysis 

methods like trade-off analysis, decision-tree analysis, risk impact analysis method, 

fault trees, and multiobjective statistical methods. 

The huge amount of study on multiobjective analysis has led to modeling activities 

that usually should satisfy the following requirements (Haimes, 2009): 

 Developing a casual relationship among different system inputs and outputs 

 Determining the decision makers preferences to come up with an optimal 

solution 

Examples of trade-off analysis in production location decisions are numerous. One of 

them is environmental trade-off analysis which has become a matter of debate 

recently as new production standards like green and sustainable solutions emerge to 

make the industries more compatible to environmental regulations. Haimes (2009) 

thinks that a decision maker or team of decision making should make a balance 

between the advantages of development of a facility against the disadvantages to the 

environmental system. 
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Another example of trade-off analysis is when a company intends to go to a country 

where the salary is very low, but should consider the distance of country which is 

usually situated in locations far from target market (Current et.al, 1990). A trade-off 

analysis of two objectives of cost reduction and proximity to market can be applied 

here. In such case the decision making team creates a list of low-salary based 

countries. Afterwards they identify the locations with the possible nearest distance to 

end-market. The rest of process necessitates the decision making team to obtain the 

mathematical relation between two different function of salary cost and proximity to 

market and minimize it.  

4.2.3 Multiobjective Decision Tree Analysis: pruning uncertainties in 
production location decision 

One of the other system engineering risk analysis techniques that are applicable to 

production location decisions is multiobjective decision tree analysis. Decision tree 

analysis applies to numerous decision making application as an effective and useful 

tool in decision making. Haimes (2009) broadens the concept of decision tree analysis 

to three categories of: 

 Multiple noncommensurate, and conflicting objectives 

 Impact analysis 

 Analysis of extreme and catastrophic events 

As stated in previous sections, most production location problems are complex 

misleading problems which bear minimizing costs of labor salary and raw material, 

maximizing benefits like proximity to market and having a bigger market share, and 

finally minimizing risks of various kinds like political, economic and environmental 

ones (Canel and Khumawala, 1996; MacCarthy and Atthirawong, 2003).  

Beside trade-off analysis, many systemic methods like economic modeling, cost-

benefit analysis, mathematical programming, optimum system control and system 

estimation, identification theory and fault tree analysis can be regarded useful for risk 

impact analysis (Haimes, 2009). Fault tree analysis is the most pervasive technique to 

track the malfunction of a system and its roots of failure.  

An application of decision tree analysis in production location decision making is 

mentioned by Fulton (1971, P16) as he refer to its application: “decision tree analysis 

provides a convenient method for representing and analyzing a series of chance events 

that will affect a given investment decision. Thus it can be an important tool in a plant 

location decision where the investment is large and, in many cases, distinctions 

among the final communities under consideration are not great; no town is either 

clearly attractive or clearly unattractive”. Fulton clarifies the subject by giving an 

example of application of decision tree analysis in plant location decisions. 

Figure 12 shows a very simplified example of plant location decision tree analysis.  

As Fulton (1971) indicates; the uncertainties for two towns of A and B are evaluated 

in this model. The uncertainties for town A include:  

 Whether or not the company will be faced with a national or local wage 

pattern 

 Whether or not local raw material will be usable, and 
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 Whether or not the community will grant a tax concession 

Only the first two chance events are valid for town B since it has no tax concessions. 

The numbers on the right of the picture shows the annual operating cost that would be 

incurred if each chance event represented by a particular branch happened. By 

averaging the costs according to their probability of occurrence and by reverse 

analysis from end to beginning of branches, a decision maker can determine the 

expected value of location in Town A or in Town B. Obviously the branch with 

lowest operating cost offers a better choice.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 12: An application of Plant Location Decision Tree Analysis (Fulton, 1971) 

Fulton (1971) reminds that although complexity of today’s production location 

decisions and increased number of uncertainties introduced into production location 

decisions makes it difficult to use decision trees, this method is still used by 

production location decision makers where the number of alternatives and 

uncertainties are handful. 
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4.3 Life Cycle Costing: Analysis of Risks of Production 
Location from Cradle to Grave 

Life cycle cost analysis in production location decisions is a tool that helps managers 

and decision makers choose between various alternative system design configurations, 

alternative logistic support policies, and alternative disposal concepts. Fabrycky and 

Blanchard (1991) explicitly ascribe life cycle costing to decision processes and 

mention the need for many technical and nontechnical decisions during the product or 

system life cycle. Most actions; particularly those in the earlier phases, have life-cycle 

implications that greatly affect total cost. The analysis comprises a multi-stage 

approach employing life-cycle cost figures of merit as criteria to arrive at a cost-

effective solution. This analysis process is iterative in nature and can be applied to any 

phase of the life cycle of the product, system, or structure”. 

A definition of life cycle costing given by Woodward (1997, P.336) clarifies the 

concept as: “The Life Cycle Cost (LCC) of an item is the sum of all funds expended 

in support of the item from its conception and fabrication through its operation to the 

end of its useful life”. LCC is an economic evaluation tool that determines the sum of 

initial and future costs associated with production location decision. The main aim of 

the LCC is to determine most cost effective approach from a series of alternatives, as 

Assaf, Al-Hammad, Jannadi, and Abu Saad (2002, P.17) argue that: “Life cycle 

costing is the economic assessment of alternative designs, construction or other 

investments considering all significant costs of initial costs, and ownership costs over 

the economic life of each alternative, expressed in equivalent economic units. These 

costs include the initial cost, operation and maintenance cost, and finance costs over 

the life of the asset”. Henceforth LCC is regarded as one of the risk analysis 

techniques of production location decisions concerning the cost issues of each 

production location decision alterative. 

LCC tries to streamline the money value in the operational life cycle of decision 

making by taking physical assets into consideration. Acquisition of a physical asset is 

firstly considered as the primary stage of an LCC process. The process ends when the 

physical asset is ultimately taken out of function for disposal or redeployment (when a 

new LCC begins).  The process of LCC is made up of first estimation of costs on a 

life cycle basis prior to making a decision from the different alternatives in hand. The 

general procedure for LCC analysis is illustrated in figure 13: 

 

 

 

                        

                        Figure 13: Life Cycle Costing Procedure (Woodward, 1997) 
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4.3.1  The Cost of Elements of Interest in LCC analysis of Production 
Location Decisions 

Cost element includes all the cash flow that occurs during the life of the production 

system acquisition from choice of location to the final stage of production life cycle. It 

will be apparent that the LCC of an asset includes all expenditure incurred in life 

cycle of it, from acquisition of asset like a plant or a factory until disposal or recycling 

of it at the end of its life and all costs should be included in the calculations 

(Woodward, 1997). 

4.3.2 Defining the Cost Structure of Each Element in Production 
Location Decisions 

Basically, the nature of the cost structure depends on required depth and breadth of 

the LCC study and also based on number of alternatives structures. Cost structure 

involves grouping costs so as to identify potential trade-offs, thereby to achieve 

optimum LCC.  Cost categorization comprising engineering, manufacturing, 

distribution, service costs, sales costs and refurbishment.  It is important to note that, 

the cost structure must be designed so an analyst can perform the necessary LCC 

analysis and trade-offs that suits the objective of the project (Fabrycky and Blanchard, 

1991; Woodward, 1997).  

 

But what comprises an LCC in process of production location decision? The answer 

encompasses four items of initial capital cost, life of the asset, operating and 

maintenance cost, and information and feedback cost (Woodward, 1997). 

4.3.2.1 Initial Capital Cost of Production Location Acquisition 

According to Woodward (1997) the initial capital cost of choosing a production 

location choice includes all the costs of buying asset and bringing it into operation. 

Mainly the initial capital costs can be divided into three categories: 

 

 Purchase costs 

 Acquisition/Finance costs 

 Installation of machines/commissioning/training foreign labors costs 

4.3.2.2 Life of the Asset 

Woodward (1997) underlines the main impact of the forecast life of an asset on life 

cycle analysis and designates five possible determinants of an asset’s life which are 

functional, technological, economic, and social and legal life cycles of new acquired 

production facility in the new location. 

 

4.3.2.3 Operation and Maintenance Cost 

It is essential to estimate operating and maintenance costs to minimize the total LCC 

of the asset as a new plant employs new machines and fresh staff. Direct labor and 

material, direct expenses, indirect labor and material and establishment costs shape 

the operating cost. Maintenance costs include fuel power, equipment and purchased 

service (Woodward, 1997). 
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4.3.2.4 Disposal Cost 

Disposal cost is the cost of the asset when its life cycle ends and varies based on asset, 

life time, type of asset and others. Disposal cost includes the cost of scrapping, 

demolition and tax allowance. When a firm wants to move its production to a new 

country, the decision makers are to consider the cost of recycling the residual material 

of production or disposal of some of its machinery if they become not functional any 

more (Woodward, 1997, List, Millimet, Fredriksson and McHone, 2003). For LCC 

analysis, the disposal cost will be deducted from residual value of asset. Residual 

value is the remaining value of an asset after it has been deployed completely. 

4.3.3 A Cost Estimating Relationship 

Cost estimating is a mathematical expression that describes, for estimating purposes 

the cost of an item or activity as a function of one or more independent variables. 

Historically collected costs will normally be the basis of such estimates, utilizing 

linear, parabolic, and hyperbolic correlations which involve choosing an appropriate 

methodology to evaluate the asset’s LCC.  Methodology is an important aspect in 

order to get efficient and appropriate results (Fabrycky and Blanchard, 1991; 

Woodward, 1997). However the objectives of LCC are as follows: 

 To enable investment options to be more effectively evaluated 

 To consider the impact of all costs rather than only initial capital costs. 

 To assist in the effective management of completed building & projects. 

 To facilitate choice between competing alternative 

4.3.4 Life Cycle Costing and Risk Management 

Risk management is integrated with LCC. Effective life cycle costing needs an 

equally effective risk management system in order to use the risk and uncertainty to 

improve decision making. Figure 14 illustrates diagrammatically how risk 

management system could be inter-related with LCC. Risk management system 

followed by three stages. Which involves risk identification, risk analysis and risk 

response. 

 

  

 

 

 

 

 

 

 

Figure 14: Life Cycle Costing and Risk Management (Flanagan, Kendell, Norman and Robinson, 1987) 

 



A Literature Review on Risk Analysis of Production Location Decisions 

45 

Risk management system followed by three stages which involves Risk identification, 

risk analysis and risk response. In the following sections, different phases of risk 

management system in a LCC analysis are described. 

4.3.4.1 Risk identification in LCC 

Forecasting is an important phase for LCC analysis. It is possible to identify a series 

of probable risks by forecasting. Different approaches are used to identifying such 

risks as well as decision tree which is generally used to identify the various risks 

involved in forecasting and whole process of LCC. Decision tree approach first 

divides the total LCC into its major constituent parts. Again these major parts will be 

sub-divided in a hierarchical manner. This approach is more appropriate for 

identifying risk at each and every level (Flanagan, Kendell, Norman and Robinson, 

1987). 

4.3.4.2 Risk analysis in LCC 

More generally, the production process involves the coordination of a wide range of 

disparate and interrelated activities. For this reason it involves more risk and 

uncertainty. Effective LCC process addresses those risks and uncertainties. Two 

dominant techniques to risk analysis can be suggested: Sensitivity analysis and 

Probability analysis.  

 

Sensitivity analysis is a technique used for investigating the impact of changes in a 

project by changing a single parameter. Basically it is a univariate approach or one-

way sensitive analysis, because of that it can be easily applicable for risk analysis. 

The main purpose of sensitivity analysis is used to identifying the risk parameters in 

the project and identifying the consequences of each parameter by maintaining other 

parameters constant.  In rare cases it is necessary to analyze the relationship of two or 

more parameters at a time; this is called multi-way sensitivity analysis.  

Probability analysis is a complicated process compared to sensitivity analysis and it 

requires sophisticated statistical methods. It is a multivariate approach and it gives an 

overall assessment of project by considering the all the parameters (Flanagan et.al, 

1987). 

4.3.4.3 Risk response 

Risk response is the final stage of effective risk management system. However it is 

the most crucial stage of the process, since the effectiveness of the response 

significantly determine whether risk exposure decreases or increases on the project. 

Moreover risk response should be correct level and cost effective. Mainly two 

different types of classes are available for when planning risk responses: Risk transfer 

and Risk control (Flanagan et.al, 1987). 

The strategy of Risk transfer is the transfer of ownership or liability for a particular 

risk to a third party. In recent, most of the organizations are preferred to follow risk 

transfer, since it is possible to arrange third party to pay money in the event of risk 

occurring.  Mostly, it is appropriate for complete project (whole building) instead of 

individual or sub stages of project. 
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Risk control is the strategy of control or elimination of uncertainties in the project. It 

can be applicable for complete and individual projects also. The control of the risk 

exposure can be achieved by obtaining the information, improving communication 

and acquiring expertise, but the tradeoff between value of the information and cost of 

information should be maintained. 

4.3.5 Life Cycle Concept in Relation to Production Location Decisions 

Life cycle concepts are broad and based on a general “cradle-to-grave” perspective. 

This perspective encompasses a wide array of issues from environment and health 

effects to use of resources. It also concerns separate steps like raw material extraction, 

energy delivery and use of all steps and transportation between them, process of 

material and production, distribution, use, and finally recycling and disposal of wastes 

(Owens, 1997). Hence LCC analysis can particularly help decision makers at 

identifying the total disposal cost of a production process. Environmental 

uncertainties are usually spotted and avoided by an appropriate LCC analysis. 

Environmental issues usually create problem for facility location decisions. Owens 

(1997, P364) states that: “Site-specific health data are not easily obtained and are 

subject to considerable uncertainty. In any event, the environmental impact statement 

is most frequently used to make siting decisions”. Sonnemann, Castells, and 

Schuhmacher (2003) introduce a new framework for assessing environmental risks by 

integrating life cycle assessment (LCA) and environmental risk assessment and refer 

to environmental problems of location decisions.  

List, Millimet, Fredriksson and McHone (2003) also highlight the negative effects of 

environmental regulations on manufacturing plant births. List et.al (2003) find that 

pollutant intensive plants respond negatively to stringent environmental regulations; 

however Jeppesen, List and Folmer (2002) believe that environmental regulations do 

not have to do with flow of capital. Jeppesen et.al (2002) underscores the gap between 

literature and empirical study on environmental regulation and argues that since 

environmental regulations have changed through the time, it is difficult to find a 

consensus point estimate on effect of environmental regulations on facility location 

decisions. Thus cost estimation from initiating stages of decision making to the last 

phase of project can be helpful in avoiding catastrophic situations like huge monetary 

fines implemented by local authorities. 

Fabrycky and Blanchard (1991) refer to the rapid increase of inflation and cost growth 

in improving countries that are usually seen as appropriate destination for firms and 

specify seven cost increasing problems that occurred by moving production to another 

country: 

1. Poor quality of products, systems, and structures in use 

2. Engineering changes during design and development 

3. Changing suppliers in the procurement of system components 

4. System production and construction changes 

5. Changes in logistic support capability 

6. Estimating and forecasting inaccuracies 

7. Unforeseen events and problems 
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             Figure 15: The problem of total cost visibility (Fabrycky and Blanchard, 1991) 

 

Total system cost including system operation and support is not visible. Fabrycky and 

Blanchard (1991) refer to this problem as “iceberg” effect. It is also mentioned that 

individual cost factors are applied improperly and the classification of costs are 

usually done in a wrong way. For instance the decision makers may consider variable 

costs as fixed costs and vice versa. Mostly the current methods of accounting do not 

permit a realistic assessment of total cost. In addition, it is often very difficult to 

forecast the functional costs beforehand. The inflexibility of budget practices and their 

shift from year to year makes it difficult to facilitate cost improvements in system 

acquisition and utilization. 
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5 FDI: A Compass to Show the Way 

One of the most related frameworks under which risks of production location 

decisions can be investigated is foreign direct investment (FDI) which explicitly 

speaks out important monetary and legal issues of going beyond borders like inflation, 

confiscation of properties by host country or expropriation, political instability, and 

intellectual property (Dunning, 1994; Miller, 1992; Worrall and Thomas, 1994; 

Albuquerque, 2003; Busse and Hefeker, 2005; Butler and Joaquin, 1998). Although 

many believe that the direction of capital flow has changed dramatically from 

developed countries to recently developing ones because of low labor wage and 

inferior costs, Ferdows (1997) disagrees with this premise and declares that 

manufacturing companies still find the old industrialized world more attractive and 

there are regions that are more successful in attracting foreign capital and have a 

higher index of FDI. Based on Ferdows work (1997), it is the media that magnifies the 

investment in developing countries like Malaysia and Brazil and does not reflect 

investment in European and North American countries. According to Ferdows (1997) 

and Milberg (1999), investment in both industrialized world and developing countries 

is increasing and this increase is more tangible in industrialized countries than in 

developing countries. Ferdows believes that low-cost production is not the motivation 

for companies to go abroad; rather it is access to market and long term vision like a 

better customer service, preempt competitors and connect to sophisticated suppliers. 

Leading worldwide manufacturers use plants in foreign countries as complimentary 

rather than a substitute for investment at home and seek to share their rapidly growing 

national or regional market. Figure 16 illustrates most FDI in industrialized countries 

and figure 17 compares the level of FDI in industrialized world with developing 

countries. 

 

 

    

      

      

      

      

      

      

      

      

      

      

       

             

 

 

                   Figure 16: Most FDI in industrialized countries from (Ferdows, 1997)  
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           Figure 17: Destinations of FDI from (Ferdows, 1997) 

 

5.1 Risks of FDI: What Lies Behind? 

As moving production facility to a developing country is turning to be the new trend 

of global manufacturing; determining factors like tariffs, quotas, safety regulation and 

a plethora of other ones should be considered to avoid adverse consequences of 

investing in a foreign country. Ferdows (1997, P109) writes: “when considering a 

factory abroad, settling for simplistic answers, limited benefits, and modest 

expectations would result in underutilization of the company’s resources”. Pursuing 

the footprint of global trend of investment necessitates the firms to maintain a long 

term vision; otherwise the huge amount of money investment in a developing country 

would not worth the challenge. Figure 18 illustrates the most significant motives and 

challenges behind global spread of production that entails foreign investment. 

Withstanding all motives of global production and direct investment in some 

economically attractive countries, there are risks of directly investing in a foreign 

country using FDI method. The negative points of FDI are uncertainties and sources 

of risks which are embedded in the FDI nature. In the model identified by Ferdows 

(1997) the risks within the FDI framework are finding alternate source and foreign 

exchange fluctuation. 
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 Figure 18: Drivers behind global production (Ferdows, 1997)  

 

Dunning (1994) identifies the motives behind FDI under two perspectives of country 

and firm. According to him the factors related to country specification are a good 

market system, enhanced mobility, and the degree to which the country is globalized. 

Factors that may drive a firm to go and invest in a foreign country are competitive 

pressure, regional integration with suppliers, market share expansion, and foreign 

sources of technology and skilled labor in target country. Dunning (1994) also 

believes that the cost of coordinating intra and inter-firm cross border activities will 

ultimately determine the degree of a firm’s territorial movements and classifies the 

risk under FDI framework to three groups of currency exchange and economic 

uncertainty, environmental volatility and coordination, and different business cultures 

and political regimes.  

On the other hand FDI may bring about some negative consequences for the host 

country. Dunning (1994) ranks the transaction and coordination cost variables much 

higher than the other cost generating items. He also mentions possible negative 

contribution of FDI of companies to the competitiveness of host country as follows: 

 Providing too few and wrong kind of assets 

 Fail to adjust to local capabilities and needs 

 Limiting indigenous industries by restricting the local production to value-

added activities and importing the major proportion of higher value-added 

parts of products 

 Worsening the balance of payments, through limiting exports and promoting 

imports and eliminating the local rival firms 

 Promoting a division of labor based on international payment standards and 

creating inconsistency with dynamic comparative advantage of local firms 

 Causing political, social, and cultural unrest or divisiveness by applying 

unacceptable values (e.g. advertisement, business customs, environmental 

regulations and etc.)  
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In addition to contributions mentioned above, Dunning (1994) also believes that FDI 

has the potential to raise the productivity of indigenous resources and capabilities, 

improve quality standards, and stimulate economic growth through transfer of 

resources and transaction with domestic firms. Furthermore he refers to spatial 

characteristics as well as industry firm and country specific contextual variables. 

Since many of the governments of low-income countries; have not taken into account 

the unique characteristics of their resources and organizational capabilities, the 

expectation of them have not turned to reality. Also Busse and Hefeker (2005) argue 

that FDI may increase the host country capital stock, cause transfer of new 

technologies and economic growth. Milberg (1999) argues that FDI stimulates 

economic growth through more efficient production, technology transfer, and 

enhancing competition among local and foreign firms. 

 

Tong and Walter (1980) refer to massive investment of Japanese firms in US and 

highlight the increase of America’s national payment level and balance of US 

international payments through FDI. However Lan and Young (1996 &1997) argue 

that the level of technology spillover depends on technology capacity of host country. 

They relate problems involved in technology transfer to limitations and incentives 

imposed by both the entering company and host country. Likewise Dunning (1994) 

refers to two caveats in FDI implementation. The first caveat goes back to some of the 

possible costs of FDI for host countries since most decisions that can affect the overall 

situation of inbound investment of foreign firms are taken by their parent companies 

and host governments usually lack the knowledge or are uncertain. The second caveat 

relates to the competitiveness of host country in producing a specific set of products. 

The allocation of resources and capabilities should be in a way that each country 

engages in the kind of economic activity to which it is comparatively best made for. 

 

Directly investing in a foreign country is usually followed by keeping the research and 

development in the host country and taking just the production part of supply chain to 

the target country. This causes problem occurrence in the interface of product 

development and production which is usually the consequent of not solving the 

technology transfer issues and training of host country’s labor force (Lan and Young, 

1996). 
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5.1.1 FDI: Political Risk  

With a quick look at the list of countries with an increasing FDI, it is observed that 

such countries are usually situated in politically instable regions of world. Therefore it 

is expected that political instability affect the business of foreign companies. However 

MacCarthy and Atthirawong (2003) argue that managers rank political factors very 

low when it comes to classify the determining location factors and there are just few 

studies on international location decisions that address this factor or attempt to capture 

in international location decisions. Political risk is usually defined as an adverse 

consequence of a political event that will change the prospects for the profitability of 

an investment (Boyacigiller, 1990). According to Miller (1992) political uncertainty is 

generally associated with major shifts in political regimes of countries that reflect the 

threats and opportunities associated with potential or real time changes in the political 

system. Political instability can originate from a war, revolution, coup d’état, 

democratic changes of governments or any other political disturbance (Miller, 1992; 

Kobrin, 1979; Ting, 1988). Butler and Joaquin (1998) explore the less frequent but 

significant impact of political risk on investor’s required return and cost of capital of 

multinational corporations and believe that firms should beware of backlash of 

governments in case of a political problem.  Escalating relation of host government 

with foreign company’s country and internal political turmoil can result in 

unfavorable reactions of host country. Butler and Joaquin (1998, P603) remark: “Host 

governments frequently impose penalties on foreign-owned firms when market 

conditions deteriorate. Penalties typically come in the form of restrictions on the 

multinational corporation’s capital flow, imports, or inbound investment. For example 

Brazil imposed a 25 percent tariff on non-Mercosure imports in response to its 1997 

stock market collapse. In this case, the association of a negative consequence of 

political risk with an unfavorable market return increases systematic risk”.  

On the other hand these countries quickly relax penalties after market turmoil and 

political instability and start to liberalize and improve their market conditions again. 

Therefore there is the risk for companies with a short term insight might that leave 

their homeland for good and step into volatile, unstable market of such countries. 

Therefore Butler and Joaquin (1998, P603) states that: “...the association of a positive 

consequence of political risk with a favorable market return, increases systematic 

risk…governments that respond negatively to a stock market collapse are those most 

likely to respond positively to a stock market rise”. Hence Ferdows (1997) believes 

that industrialized world is more experienced in treating problems of this type and as a 

result the U.S. and European market still draw the most money inward.  

Yet both Ferdows and Butler believe that a mixture of domestic production model and 

investing abroad can help managers to diversify risks easier. For example Butler and 

Joaquin (1998) refer to 1987 stock market decline because of labor party’s victory in 

U.K’s election as an inevitable risk for investors with 100 percent of their capital in 

U.K. 
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In a recent study by Busse and Hefeker (2005), the relation among political risk, 

institutions, and foreign direct investment is explored. They used different economic 

metrics and found out government stability, the state of internal conflict and ethnic 

tensions, and law and order of the country are major determinants of foreign 

investment inflows. However Ellstrand, Tihanyi, and Johnson (2002) study the 

composition of 95 manufacturing firms and state that firms with a high level of inner 

decision makers prefer more politically stable countries. On the other hand those 

organization with more active stakeholders in decision making tend to take the risk 

and invest in low cost locations though existing political instability.  

Busse and Hefeker (2005, P397) argue that: “short –term credits and portfolio 

investments run the risk of sudden reversal if the economic environment or just the 

perception of investors change, giving rise to financial and economic crises”. 

According to this paper, there is a negative link between institutional uncertainty and 

private investment. Busse and Hefeker (2005) refer to relation between corruption and 

FDI flows as well and also confirm the positive relation between FDI and intellectual 

property (Busse and Hefeker, 2005). As a supplement to this opinion; Shorten, 

Pfitzmann and Mueller (2005) argue that companies with cost-reduction tunnel insight 

usually put at risk intellectual property and proprietary information worth many times 

the savings possible from reduction of production costs in a low-cost based country.  

The relationship between fundamental democratic rights and FDI is positive. 

Multinational corporations are likely to go to countries in which democracy and 

human rights is respected (Busse and Hefeker, 2005). Many scholars argue that 

improvement in democracy boosts property right protection and hence leads to an 

increase in foreign investment (Busse and Hefeker, 2005; Harms and Ursprung, 2002; 

Jensen, 2003). 

Busse and Hefeker (2005) underline the significance of internal and external conflicts 

and believe that many multinational corporations appear to care about conflicts that 

affect the host country’s political situation and instability. The threat of incidence of 

civil war, political violence, trade sanction or a probable war intensifies the risk of 

investment and as a result leads to a reduction in overall investment. Albeit that, the 

findings show no important relation between corruption and FDI inflows. 

 

5.1.2 FDI: Risk of Inflation 

When foreign companies flock to a country, the huge amount of incoming money may 

quickly lead to a stock market raise and consequently risk of inflation for the host 

country. If the host country does not know how to deal with such a problem, they may 

blame foreign investors for inflationary prices and implement severe tax regulations 

for them (Miller, 1992). As a result there is a risk of losing foreign capital for the host 

country, while the companies face risk of losing their business because of high tariffs 

and taxes. However Busse and Hefeker (2005, P11) argue that: “...FDI flows to Brazil 

have increased significantly in the 1990s, which, in turn, boosted average FDI inflows 

and leads to the (wrong) impression that higher inflation is associated with increased 

FDI inflows over a period of 20 years”. Canel and Khumawala (1996, P53) state that: 

“Plant and equipment costs increase over time as a function of the rate of increase in 

the cost of equipment and inflation rate in the corresponding country”. 
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5.1.3 FDI: Risk of Expropriation 

Although many classify expropriation under political risk category, we think that it is 

so important that can be considered as a single subcategory of FDI risks. Truitt (1970, 

P24) defines expropriation as: “An official taking by a sovereign state of tangible 

property of alien corporate ownership with a view toward the continued exploitation 

of that property for the public utility of expropriating state in lieu of continued 

ownership and control by private foreign enterprise”. Expropriation is the most severe 

form of adverse political risk although this type of risk has become less common 

today because of strict international monetary treaties among countries and third party 

money organizations (Butler and Joaquin, 1998). Albuquerque, Loayza and Serven 

(2003, P274) argues that expropriation is the most significant risk of foreign direct 

investment: “Participation in international capital markets has obvious risk to 

investors, most notably the risk of direct and indirect expropriation”. Countries not 

only expropriate foreign direct investors, but also international debt creditors and 

portfolio equity investors. The risk of expropriation naturally gives rise to financing 

constraints because international investors perceive the increase in the likelihood of 

expropriation as more capital is funneled in”. 

A closely related article is Thomas and Worrall (1994, P81) that directly talks about 

risk of expropriation: “An investor for example a transitional corporation that invests 

directly abroad risks that its investment will be expropriated for the simple reason that 

international contracts are practically impossible to enforce”. Thomas and Worrall 

(1994, P82) underline the vulnerability of such contracts and recall: “the host country 

can; because of its sovereign status, renege on the contracts and expropriate output or 

capital of multinational companies”. 

According to Bradley (1977) the risk of expropriation differs for companies 

depending on different dimensions of ownership, technology, vertical integration, and 

size. Bradley conducted his research considering three perspectives of region, industry 

and individual characteristics of managers. The research shows that the most 

confiscation of properties happened in Latin America and the oil industry has been the 

most attacked industrial group.  

In a recent survey on location decision factors in U.S., Mueller and Morgan (1962) 

allude to the term ‘industrial climate’ which is the attitude of local people of that 

region to newcomers. Mueller and Morgan (1962) ranked the answers of a number of 

American managers to a survey which shows the tax consideration and many cost 

determinants are to a great extent influenced by the ‘industrial climate’, where in the 

radical case may lead to further problems like official confiscation of properties. 
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5.1.4 FDI: Currency Exchange and Economic Uncertainty  

Many scholars refer to risk of wealth effect, the impact of currency exchange on 

sourcing, economic uncertainty, during FDI that affects the relative wealth levels of 

foreign investors and may result in a decline in their purchasing power that 

consequently hinders their progress (Albuquerque et.al , 2003; Dunning , 1994; 

Klassen & Whybark 1994). Transaction and coordinating-cost variables such as inter-

personal relations, lack of information technology, searching for and dealing with sub-

contractors, learning about the quality of local business and trying to adapt to it, 

difference in customer needs, and bureaucratic obstacles are all among the 

uncertainties involved in FDI (Ferdows 1997; Dunning, 1994; Milberg, 1999; Miller, 

1992). MacCarthy and Atthirawong (2003) refer to strength of currency against US 

dollar and think this can be source of too much risk for companies going to another 

country for business.  

The foreign exchange transaction can be twofold and cause huge amount of money 

loss or help a company to save money. MacCarthy and Atthirawong (2003) refer to 

the case of Colgate that lost ten million dollars from foreign exchange transactions in 

other countries, whereas others such as Exxon gained a large amount of money from 

such transactions. Shorten; Pfitzmann and Mueller (2005) argue that currency 

fluctuation makes it difficult to predict profitability in any region and a long term 

insight should be taken in order to take advantage of a plant located beyond borders. 

For example Shorten et al. (2005) argue that if Chinese government wants to float 

Yuan, the effect on economies of Chinese manufacturing will be profound, which 

subjects the entering foreign company into a big uncertainty that will bring about a lot 

of economic risk. Hodder and Jucker (1985) refer to the risk of exchange of currencies 

and remind that sometimes the volatility of minor currencies will impose greater risk 

in terms of both size and suddenness, because usually these types of uncertainties are 

more often difficult to predict. 

 

5.2 How to treat FDI risks? 

Albuquerque (2003) thinks that FDI is less volatile than other financial flows and 

countries can share financing risks with foreign companies and thereby overcome 

budgeting constraints. Albuquerque et.al (2003) also defend the nature of FDI and 

state that FDI is hard to expropriate because of intangible asset like engineering 

technology and skilled labor attached to it. Mudambi and Navarra (2003) argue that 

foreign investment decisions should not be negatively affected by unstable political 

climate and this type of risk must be treated like any other component of business 

risk. Albuquerque et.al (2003) contend that a perfect level of risk sharing is possible 

through increasing integration of capital markets, and believe that factors including 

growth in local productivity, high quality transportation, trade openness, financial 

depth, low government burden, and macroeconomic stability can help countries and 

firms diversify risks much better. Having a highly state of the art technology, vertical 

integration, creating a joint venture with domestic suppliers and economic leverage of 

raw material are among several strategies that managers can use to avoid risk of 

expropriation. Van Eenennaam and Brouthers (1996) propose a six-stepped process to 

aid managers in making global relocation decisions which is illustrated in figure 19. 
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Figure 19: A six-stepped process proposed for relocation (Van Eenennaam and Brouthers, 1996) 

 

Thomas and Worrall (1994) highlight the effectiveness of contracts and remind that 

although the risk of expropriation is usually the adverse consequence of a 

revolutionary act, an appropriately assigned contract in which the long-term benefits 

from adhering to it overweighs any short-term gain can be beneficiary for both 

investing corporation and host country. It is also stated that a step to step investment 

procedure until it reaches its maximum level of investment is an efficient approach 

against expropriation. 

Lan and Young (1996) recommend establishing a research and development office in 

the host country to avoid problems pertained to technology transfer. The office should 

organize systematic research to guide policies and map strategies for fitting new 

entering technologies to situation of host country. 
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6 International Production: Uncertainties 

and Risks 

This section explicitly deals with the second research question of thesis, which asks 

about the risks of production location decisions. The act of going to another land for a 

new production location has always been followed by uncertainties like the optimal 

number of plants, the exact location of plants, level of competence in new location, 

strategic role of plants, configuration of new plants, and coordination of 

them.(Vereecke and Van Dierdonck, 2002; Meijboom and Vos, 1997). As stated in 

introduction, firms usually tend to relocate or establish a new plant in a developing 

country to avoid the soaring costs of labor wage and raw material which are more 

expensive in western countries in comparison or gain a competitive edge like better 

service or more advanced technology (Van Eenennaam and Brouthers, 1996). Factors 

like infrastructure, labor characteristics, and policies of host countries are among the 

major driving factors that can determine the final location for firms which may bring 

about unwanted results and be sources of risks (MacCarthy & Atthirawong, 2003; 

Wellborn, 2007; Ferdows, 1997; Van Eenennaam & Brouthers, 1996). Miller (1992) 

argues that general environmental variables, industry related variables and firm-

specific variables are main sources of risks for a corporation. General environmental 

uncertainties correspond to variables like political instability, government policy 

instability, macroeconomic uncertainties, social uncertainties and natural uncertainties 

which is illustrated in figure 20 (Miller, 1992). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: General uncertainties involved in international business risk management (Miller, 

1992)    

According to reviewed literature, the risks of production location decisions are 

categorized to four main classes of economic, political, social, and seismic which all 

consequently result in financial loss.  
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6.1 Economic Risks 

In international production literature, going to a new location is usually justified by 

low labor cost, less expensive raw material, and proximity to market and the impact of 

relocation is just considered on corporate objectives under cost minimization 

perspective (Van Eenennaam and Brouthers, 1996). In addition supply chain and 

logistical theories usually conflict, since the location of a low cost resource is in a 

region which causes huge distribution and transportation costs because of physical 

distance to final customers or very poor infrastructure of selected low cost country 

(MacCarthy and Atthirawong, 2003). As a result the relocated firm tries to make for 

the physical movement of people and goods to new location and that may cost even 

more than expected save. Van Eenennaam and Brouthers (1996) refer to usually huge 

marketing cost of moving to a low cost country because of lack of required know-how 

and skills in such areas which consequently leads to paying more to engineers and 

skilled people in those areas that undoes low labor cost. Miller (1992) believes that 

unanticipated movements in interest rates, inflation rates, foreign exchange rates, are 

among the most significant sources of economic risks. 

Shorten, Pfitzmann and Mueller (2005) argue that establishing a manufacturing plant 

with a network in an emerging country is a challenge and there are risks including 

local currency exposure, political issues, and fluctuation in local taxes and penalties. 

Shorten et.al (2005) states that labor costs in Hungary got a 17 percent raise from 

2001 to 2003 and 11 percent in Czech Republic. Also a wage increase in South Korea 

overtook productivity growth of the country.  In addition to that intellectual property 

is another issue, especially when a company outsources its activities or sets plants in 

lands where patents and property laws are not as strictly enforced as in the US or 

European countries (Lan and Young, 1996) whereas high taxes, unavailability of land 

for expansion, and inadequate parking are among other emerging problems for foreign 

productions (Tombari, 1979; Ferdows, 1997; Miller, 1992). 

 

6.2 Competitive Risks 

Another risk of moving to a low cost region is the chase of competitors. As an 

example of this Van Eenennaam and Brouthers (1996) refer to Chinese market where 

many western firms flocked after cost-based opportunities imposed by local 

government as motivation for foreign firms, thus any relocation benefit that firms had 

initially hoped to gain was quickly eliminated. However things are not as simply as 

stated for a foreign firm and the difficulty to make a sustainable competitive edge and 

knowledge transfer still remain as important issues (Lan and Young, 1996; Van 

Eenennaam and Brouthers, 1996), nonetheless MacCarthy and Atthirawong (2003) 

argue that it is risky for highly automated industries to sacrifice quality for low wage 

rates, because system and integration costs are usually higher in low-cost countries. 

As a supplement to this Vereecke and Van Dierdonck (2002) also refer to risk of 

falling behind productivity if improvement in a low-wage country is very weak that 

may lead to wiping out from industrial competition. Shorten, Pfitzmann and Mueller 

(2005) argue that number and location of the company’s manufacturing facilities 

which they explicitly name it as “manufacturing footprint” of a company can impact 

the competitiveness of a company.  
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Miller (1992) argues that firms operating in developing countries frequently encounter 

uncertainties due to the lack of robust public utility, communication, and 

transportation infrastructure. Shorten et.al (2005) refer to the case of an American 

company with medium-sized factories in Europe and Vietnam, where its European 

plants do not operate efficiently and its supposedly low-cost plant in Vietnam 

demonstrate very poor labor productivity and quality results. 

 

6.3 Coordination and Supply Risks 

Coordination mechanism of plant in a new location with the main plant in home 

country is one of the other debates of production location decisions. Meijboom and 

Vos (1997) refer to the deceptive nature of low-cost lands and remind that paying just 

attention to misleading factors without taking coordination, configuration, and lower 

labor productivity and not taking supplier performance of new plants into 

consideration can result in huge monetary loss instead of money save. Van 

Eenennaam and Brouthers (1996) also refer to risk of wrong mechanism for 

coordination of new plants and managing risks across borders and categorize the 

global relocation problems into five major categories of communication with 

suppliers, risk of misuse by partners, sudden shift in supplier and customer demand, 

increased level of dependency and loss of technical experience, and irreversibility of 

the move. When a firm moves to a new location, it is very crucial to set connection 

with new suppliers and it may sometimes bring about communication and language 

problems (Klassen and Whybark, 1994; Simchi-Levi and Kaminsky, 2008). 

Treleven and Schweikhart (1988, P99) remind about risk of misuse of partners and 

suppliers: “The price escalation risk category is the other mostly cited risk associated 

with sourcing strategies which is the risk of the vendor escalating its prices once it 

becomes the vendee’s only source of particular item”. Furthermore a new market 

entry is usually followed by a possible reduction or loss in competitive edge by 

sharing technology with another firm (Van Eenennaam and Brouthers, 1996; Glass 

and Saggi, 1998; Lan and Young, 1996).  

The fluctuation in market demand is another set of problems that necessitates 

adjusting technical arrangements to accommodate the changes imposed by new move. 

The final category of problem mentioned by Van Eenennaam and Brouthers (1996) 

refers to irreversibility of location decision because facilities must be built and 

employees must be trained and all these activities cause huge costs that if not well 

thought, might have an extremely adverse effect on the financial performance of firm. 

New lean production trends like just-in-time (JIT) entail firms to go from traditional 

inventory management to producing concurrently according to what is demanded by 

customer to decrease the cost. However this requires the firm to have close ties with 

suppliers and if a firm intends to follow its operation in a new geography other than 

its home, they are obliged to seek for new local suppliers. Treleven and Schweikhart 

(1988) classified risks involved in relation to sourcing to five categories of disruption 

of supply ties because of any probable occurrence like strike, accident, price 

escalation, inventory schedule, delivery delay, and technology access category which 

is mentioned by Lan and Young (1996 and 1997). 
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6.4 Social and Cultural Differences; Sources of 
Uncertainties  

Taking advantage of sustainable low-cost resources of a country depends on the 

ability of a company to accommodate to culture and social conditions of the second 

country. Van Eenennaam and Brouthers (1996) argue that American firms had 

difficulty in working in China because Japanese multinationals restricted access of 

them to low-cost resources because they were successful in understanding of Chinese 

culture. Klassen and Whybark (1994) refer to cultural and language differences as a 

barrier to successful management of international firms and argue that ability in 

settling communication and organizing a crisp execution of plans depends on having a 

thorough knowledge of host country’s culture.  

According to Miller (1992), social uncertainty follows from beliefs, values, and 

attitudes of the people that are not directly reflected in current government policy or 

business affairs. Social uncertainty is a result of difficulty in forecasting the likelihood 

of a probable collective action of people when they are faced with inconsistency 

between what their values and what is embodied in firms impacting their lives and can 

gradually lead to riots, changing social concerns, demonstrations, and finally policy 

change of host country (Miller, 1992). 

According to a Delphi study done by MacCarthy and Atthirawong (2003) although 

social and cultural factors can give birth to numerous problematic consequences, they 

were not ranked highly important by managers as determining location factors since 

fixed costs like transportation and wage rates and proximity to market are more of 

importance for them. However when it came to real world context, many of managers 

confessed that it is difficult to adapt to a completely new culture in short time interval. 

Historic relationships between countries of entering firm and host and attitude of local 

people to international companies are among significant factors that should be paid 

more attention while making a location decision. 

 

6.5 Seismic Risks and Natural Disasters 

According to Perry (2007) natural disasters, including tsunamis, hurricanes, floods, 

and earthquakes are increasing in frequency of occurrence. Miller (1992) refers to 

natural uncertainties like Hurricanes and earthquakes for production location decision 

makers. It should be noted that many of low-cost Asian countries that appear 

attractive for production location are situated in areas with high risk of earthquake and 

tsunami (Perry, 2007). For instance Kusuda (2011) states that Japanese car industry 

which operates based on just-in-time concept with least amount of inventory stock is 

the immediate victim of the natural disaster because of shortage of component, since 

many key component manufacturers are based in the worst hit region of Japan and 

immediately, after the quake all the manufacturing facilities of the Japanese car 

industry halted operation. The destroyed supply chain of parts and raw materials 

impacted Japanese manufacturing severely and already the effects are spreading 

around the world.  

Foreign companies working in Japan were also severely affected by Japan’s 2011 

earthquake. For instance a shiny pigment in car paints is only produced by a German 

company situated in a region in Japan that was damaged by Tsunami and exposed to 

nuclear radiation (Kusuda, 2011).  
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7 Production Location Decision 

Techniques: Strengths and Weaknesses 

Location decision has multiple dimensions and this entails decision makers to apply 

different risk analysis techniques at different life cycle stages of decision making 

process. First of all the decision maker team should list the most appropriate countries 

and location, where the footprint of multinational companies can be helpful (Shorten 

et al, 2005; Young and Lan, 1997; Ferdows, 1993 & 1997). As stated earlier 

international investment footprints can also be helpful for decision makers since it 

shows which countries have absorbed the most foreign production investment and 

hence are appropriate choices for establishing new production plants. Welborn (2007) 

and Nowicke (2008) refer to FMEA as an appropriate risk analysis technique for 

evaluating different country alternatives for outsourcing. Onodera (1997) and Teng et 

al (2004) mention application of FMEA for process decision making. Fulton (1971) 

believes that multiobjective fault tree analysis which is one of the system engineering 

field techniques which is appropriate for choosing between different alternatives. The 

third research question investigates the strengths and weaknesses of risk analysis 

techniques of production location decisions. 

 

7.1 FMEA: Strengths 

Onodera (1997) investigated about 100 FMEA applications and argues that it is a 

widely used analytical tool which is useful in the conduct of reliability, 

maintainability, and safety analysis. Onodera’s investigation revealed that the FMEA 

technique is helpful in every stage of today’s modern industrial process. Onodera 

(1997, P50) argues that: “The FMEA has life-cycle applicability in that it is useful 

from the earliest stages of design and development of system to the ultimate operation 

and maintenance thereof”. FMEA specially contributes to deriving optimum choice 

between alternatives and construction methods (Onodera, 1997; Welborn, 2007; 

Nowicke, 2008). Onodera (1997) argues that since it is possible to prepare an 

individual FMEA worksheet for each stage of decision making, the continuous 

application of the FMEA process is possible through all stages from choice of a new 

production location to manufacturing and quality assurance. Onodera (1997, P50) 

states that: “FMEA has proven to be a useful method of analyzing reliability, 

maintainability, and safety in identifying system failures of significant 

consequence…. The FMEA’s flexibility allows it to be adaptable to almost every 

aspect of industry. It is useful in the evaluation of reliability, maintainability, 

operability, and safety in the areas of electronics, automobiles, and consumer 

products”.  

 



A Literature Review on Risk Analysis of Production Location Decisions 

62 

7.2 FMEA: shortcomings and weaknesses 

Teng et.al (2004) studied application of FMEA in a collaborative supply chain and 

concentrated on the common problems observed in FMEA implementation which are 

due to inconsistency in the ranking of severity, occurrence, and detection of risks. 

Teng et.al (2004) refers to some of the general problems of FMEA application at 

various facilities like the lack of detailed information on process functions, potential 

failure modes, potential effects of failure, potential causes of failure and current 

design controls. The provided information in the FMEA process is often too general 

or too vague and leads to misunderstanding, confusion or uncertainty for the decision 

makers of supply chain (Teng et.al, 2004). Teng et.al (2004) argues that: “With this 

type of vague and general information on the FMEA report, collaborating 

suppliers/sites will not be able to make immediate corrective action since there are no 

measurable data available for reference. The confusion caused by the ambiguity is a 

major obstacle to the full implementation and utilization of FMEA in a supply chain”. 

Another FMEA problem frequently seen in supply chain applications is the 

inconsistency in the format of FMEA software and documentation of risks within all 

the participants of decision making process (Teng et.al, 2004). The inconsistency 

problem makes the integration of FMEA process across different facilities/companies 

in a supply chain very difficult (Teng et.al, 2004; Huang et.al, 2000). 

One of the other problems in implementing FMEA is the difficulty in translating the 

qualitative data into quantitative in order to weigh the risks and rank them (Teng et.al, 

2000). The problem of inconsistency also exists in the process of detecting and 

ranking the risks. Teng et.al (2004, P184) states that: “…FMEA teams often combine 

multiple potential effects of failures into one effect. FMEA teams in a supply chain 

have to be aware that a failure mode may have multiple potential effects of failure in 

one mode and each effect may have different categories of severity and different 

probability of occurrence”. Likewise Teng et.al (2004) refers to treating of multiple 

potential causes/mechanism failures as one cause, since a failure mode may have 

multiple potential causes/mechanism failures with various probabilities of happening. 

 

7.3 LCC: Strengths 

LCC is strong in estimating the cost aspect of risks of production location decisions, 

since it calculates the cost of all operations and acquisition of all alternatives from the 

beginning to the end (Woodward, 1997). Also LCC can be useful in estimating the 

cost of ownership of some location by surveying the environmental consequences of 

choosing a location alternative (Sonnemann et.al, 2003; List et.al, 2003). 

The other strength of LCC method is its ability in identification of all latent costs 

associated with acquisition, life cycle, maintenance, and disposal of assets 

(Woodward, 1997).  

Fabrycky and Blanchard (1991) refer to LCC’s ability in predicting unforeseen events 

and problems such as computer resource cost of the final production location’s region, 

test and support of equipment in the region of chosen location, training cost of people 

in target place, and distribution and transportation and logistics cost. 
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7.4 LCC: Limitations and Weaknesses in 
Implementation 

Rebitzer and Hunkeler (2003) argue that life cycle costing is a cost management 

method rather than a technique and there are lots of ambiguities in its implementation 

such as failure to assess uncertainty and lack of systematic structure for analysis of 

data. Assaf et.al (2002) classifies problems of LCC application into five major 

categories of knowledge, data, procedure, management, and cost. Knowledge based 

problems include unfamiliarity with design to cost concept, lack of knowledge of 

LCC implementation, unknown relationship between initial and future cost, and 

unavailability of enough references (Assaf et.al, 2002). LCC is usually implemented 

by incomplete data. Assaf et.al (2002) argues that unavailability of all associated data 

with development of a facility usually hinders successful implementation of LCC. 

Data related to fee, site and other construction costs in another country or location is 

usually subject to change because of currency fluctuation, unavailability of interest 

rate data, and inflation (Assaf et.al, 2002; Miller, 1992). Data associated with 

maintenance and operating a facility in another land such salaries of operators and 

energy costs are usually unavailable (Assaf et.al, 2002). LCC decisions can be major 

sources of risk. Assaf et.al (2004, P18) state that: “A majority of LCC calculations 

involve uncertainty. The decision is said to be uncertain if it has several possible 

outcomes. Most of the data in LCC is uncertain because much of it relates to the 

future, which will be affected by inflation and other factors”.  

Apart from limitations mentioned; Woodward (1997) and Assaf et.al (2002) state that 

there are very few empirical examples of successful LCC implementation and very 

few firms appear to undertake LCC studies at the acquisition stages of a physical 

asset’s life. Hence Assaf et.al argues that decision makers have difficulty to access to 

similar project data and make a logic decision. 

 

7.5 System Engineering Risk Analysis Methods of 
Production Location: Strengths and Weaknesses 

Current et.al (1990) argues that multiobjective analysis of facility location is 

particularly appropriate for location decision problems because of in-built nature of 

such problems that entails decision maker consider a great range of conflicting and 

incommensurate factors. Current et.al (1990, P.304) argues that: “The dollar cost 

associated with health risks and environmental degradation is frequently difficult or 

impossible to measure. Locating facilities (both noxious and benign) to minimize 

health risks and environmental degradation will frequently impose additional dollar 

cost. Multiobjective analysis is particularly appropriate in situations where there are 

conflicting objectives which cannot be measured in commensurate units”. However 

since multiobjective analysis is a sheer mathematical model, it should not be far from 

expectation if already mentioned  factors like environmental regulations and risk of 

natural disasters like earthquakes which might threaten production plant in future are 

more often given less priority. 

Multiobjective decision tree analysis is an appropriate method for a case when the 

number of location alternatives is handful. However this can be considered as a weak 

point for this method if there are too many numbers of location choices (Fulton, 

1971). 
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8  Results 

As hinted by the literature review presented in the previous sections, the production 

location decision concept has been mentioned to a varying extent by the scholar. The 

answer to the first research question of thesis identified risk analysis techniques and 

frameworks under which risks of production location decision can be studied. The 

summary of most significant risk analysis techniques and frameworks of production 

location decision respectively are shown is in figures 21 and 22. On one hand the 

following table shows briefly how risk analysis techniques of production location 

decisions are addressed in the literature which refers back to the first research 

question. It also presents the most important articles on each technique and 

framework. On the other hand a summary of risks involved in production location 

decisions which goes back to the second research question is illustrated in figure 22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

        

         Figure21: Risk Analysis Techniques Applied to Production Location Decisions 
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FDI and international production are two main frameworks under which the most 

significant risks involved in production location decision are identified. Risks like 

confiscation of properties by the host country’s government, currency fluctuation, 

political turmoil, and cause of inflation in the host country are among the most 

emphasized risk in FDI literature. However less mentioned risks like losing 

competitive edge, low labor quality, disruption of tie with supplier, cultural 

differences in management style, and natural disasters are identified in papers of 

international production field.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Frameworks of FDI and International Production under which risks associated with 

production location decisions are identified 

 

The third research question discusses the strengths and weaknesses of risk analysis 

techniques of production location decisions. FMEA is an approach that has the 

potential to be applied at every single stage of decision making process, and is useful 

for assessing reliability and maintainability of a system. It is also helpful at finding 

about significant consequences of potential failure.  



A Literature Review on Risk Analysis of Production Location Decisions 

66 

LCC analysis if applied properly can be useful at identifying latent costs of 

maintenance, disposal, and recycling. Hence LCC analysis is crucial for avoiding 

huge penalties imposed by the host country’s government if an infringement of 

environmental regulation is happened. Strengths of applicable risk analysis techniques 

to production location decisions are shown in figure 23. 

 

   Figure 23: Strengths of applied risk analysis techniques of production location decisions 

 

However it is obvious that the identified risk analysis techniques of production 

location decisions have several drawbacks. The limitations and drawbacks of each 

technique are identified based on its application.  For instance, FMEA usually lacks 

consistency in the ranking of severity and frequency of risks, and firms usually have 

difficulty in providing right information for FMEA analysts. 

LCC usually lacks a systematic structure for analysis of data. Also there is always an 

unknown relationship between initial and future cost in LCC application. 

Unavailability of associated data with development of facilities is another 

shortcoming of LCC analysis. Moreover decisions made based on an LCC analysis 

are usually uncertain because of inflation and currency fluctuation. 

Multiobjective analysis of production location is usually a mathematical approach 

toward the location problem and ignores factors like environmental regulations and 

natural disasters that can be sources of future risks for a firm in future. The summary 

of weaknesses of risk analysis techniques are illustrated in figure 24. 
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  Figure 24: Weaknesses of applied risk analysis techniques to production location decisions 

 

 

 

 

 

 

 

 

 

 

 



A Literature Review on Risk Analysis of Production Location Decisions 

68 

9 Conclusion and Discussion 

9.1 Conclusion 

This thesis aimed at identifying how risk analysis techniques evaluate the risks 

involved in production location decisions and at the same time highlight the most 

critical risks involved in changing production locations. In addition the strengths and 

weaknesses of risk analysis techniques are mentioned. A structured content analysis is 

used as a systematic way of literature review. 

The first research question of thesis is answered in this section as follows: 

RQ1: How are risk / sensitivity analysis techniques that either have been or can be 

applied to production location decisions, addressed in the literature? 

FMEA is one of the most pervasive risk analysis techniques and its application in any 

stage of a system life cycle of more than 100 applications is investigated by Onodera 

(1997). Most of the FMEA research papers are concerned with modifying its current 

procedure (Chen and Lee, 2007; Braglia, 2000). The most relevant FMEA research 

works are Nowicke (2008) and Welborn (2007) that the researchers refer to FMEA 

application on assessing outsourcing risks where the types of risks are very similar to 

risks of changing production plant as which are mainly cost and time based. Welborn 

(2007) refers to cost based risks like unforeseen transition cost and unforeseen 

management cost. The uncertainties associated with production lead time are delay in 

production start-up, delay in manufacturing process, and delay in transportation of 

goods (Welborn, 2007). However there was no empirical study which explicitly refers 

to application of FMEA as a decision support system for deciding production 

locations. 

LCC approaches to risk analysis from a cost-based perspective. Sonnemann et.al 

(2003) uses life cycle assessment technique to investigate the environmental risks and 

problems of location decisions and believes that an appropriate initial analysis of costs 

in the design and decision making phase can be helpful in avoiding catastrophic 

situations like huge monetary fines by host countries. According to LCC, any 

uncertainty in a system that will cost more than what it is designed for is a source of 

risk and should be avoided in the design stage of a system (Woodward, 1997). 

Flanagan et.al (1987) conducts a study on how LCC is applied for risk analysis of a 

construction project where the risks can be attributed to total cost management of a 

construction project when a firm intends to establish a new plant in a foreign land. 

Fabrycky and Blanchard (1991) refer to applicability of LCC in identifying latent 

costs of operation in a new and different environment which is known as ice-berg 

effect (Figure 15). Rapid increase of cost in improving countries which usually seem 

appropriate for location choice of production firms is a major source of uncertainty 

and is usually a consequence of weak LCC analysis. 

Other techniques that are currently used as applicable methods to risk analysis of 

production location decisions belong to system engineering field as well as 

multiobjective analysis (Current et.al, 1990), decision tree analysis (Fulton, 1971), 

and AHP (Ko, 2005). Multiobjective analysis is an appropriate risk analysis technique 

when the determinant factors of decision making process are conflicting as well as 

market proximity and labor cost. Although decision tree analysis is a very old 

technique, it is still used when the number of location alternatives is handful. 
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Mostly the risks of going beyond borders are identified under two frameworks of 

foreign direct investment and international production.  

In order to get to know the most relevant risks of production location decision, the 

second research question is answered as follows: 

RQ2: Which risks, have been emphasized in the sensitivity analysis techniques that 

are applied to production location decisions? 

Dunning (1994) categorizes the risks of moving production under framework of 

foreign direct investment  into groups of economic uncertainty and currency 

exchange, coordination and environmental volatility, different business cultures and 

various political regimes. In addition Dunning (1994) believes that FDI may bring 

about negative consequences for the host country like providing few assets, limiting 

indigenous industries, worsening balance of import and export, and causing political 

and social unrest. 

There is also the risk of inability to adjust the foreign company’s high technology to 

the host country’s industry because of low technological capacity of target country 

(Lan & Young, 1996).The other risk of moving production to low cost countries is 

often caused by political instability of such countries. Although the frequency of such 

risk is very low, the adverse effect of it can be substantially high. A political risk is 

usually caused by an unexpected war, coup d’état, or any other political disturbance in 

host country. The adverse consequence of such events might result in expropriation 

which is risk of asset confiscation sovereign power (Albuquerque et.al, 2003; Butler 

and Joaquin, 1998; Thomas and Worrall, 1994).Currency exchange and economic 

uncertainty is another source of risk during FDI that affects the relative wealth levels 

of foreign investors. Transaction variables, lack of information technology, difference 

in customer needs, and bureaucratic barriers are all among the economic uncertainties 

involved in FDI (Ferdows, 1997; Dunning, 1994; Milberg, 1999). Currency 

fluctuation makes it difficult to forecast profitability in any region in long term. On 

the other hand the adverse effect of currency exchange risk on foreign investment is 

considerable because of suddenness and spontaneous nature. 

As already mentioned, international production is another framework in which the 

risks of moving production to other lands are mentioned. Uncertainties like optimal 

number of plants, the precise location of plants, level of competitiveness in new 

location, and their coordination and configuration are mentioned mainly in 

international production literature (Vereecke and Van Dierdonck, 2002; Meijboom 

and Vos, 1997). Miller (1992) believes that general environmental variables, industry 

oriented factors, and firm specific issues make the firms in foreign lands subject to 

risks. The risks under framework of international production are categorized into four 

main groups of economic, political, social, and natural disasters in the thesis.  

Since most firms relocate in order to benefit from low labor cost and less expensive 

raw material, there is a probability of losing proximity to market and necessary know-

how which necessitates a firm to make for them by investing on excess transportation 

and increasing payments. Miller (1992) believes that economic risks in international 

production mainly originate from an unanticipated raise in interest rates, inflation 

rates, and foreign exchange rates. 
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Competitive risks usually go back to probable low quality of labor work and lack of 

needed skills in low cost regions that lead to losing competitive edge for a production 

corporation in an industry. Miller (1992) believes that sometimes it is lack of robust 

public utility, bad communication infrastructure, and inadequate transportation in low 

cost and improving countries that cause entering foreign firms lose their 

competiveness in international market. 

Risks associated with coordination and supply chain are another category identified in 

international production literature. Firms going out usually lose their tie with original 

part or raw material suppliers and should find new suppliers. It is often a matter of 

uncertainty to trust a new supplier and can be sources of risks like missing delivery 

date, increase in lead time and losing customers (Treleven and Schweikhart, 1988; 

Van Eenennaam and Brouthers, 1996). 

Social and cultural differences in management style are sources of risks that 

sometimes can restrict the foreign company from accessing to low cost natural 

resources or benefiting from low cost labor if another firm from the same or nearer 

culture grabs them beforehand.  

Natural disasters like earthquakes, floods and storms have shown to be a potential 

source of risk for foreign companies in special regions of world. Although these kinds 

of risks seldom happen, the adverse effect of them is very huge. Kusuda (2011) refers 

to extreme damage caused by tsunami to Japanese car industry that works according 

to just in time and lean concept that is very time oriented. The effect of tsunami on 

supply chain of parts and raw materials spread quickly over the world and foreign 

companies were also severely impacted by Japan’s earthquake. However few journal 

papers refer to such type of risk. 

The thesis third research question investigates the mentioned strengths and 

weaknesses of risk analysis techniques of production location decisions: 

RQ 3: What are the strengths and weaknesses of risk analysis techniques of 

production location decisions? 

FMEA is a risk analysis technique which is applicable to every stage of design and 

development of a system and is particularly helpful in finding optimum solution 

between alternatives by ranking the risks associated to each alternative according to 

the severity and frequency of occurrence of risks. However the method lacks 

consistency and vagueness of raw data creates ambiguity in final ranking of risks. 

Teng et.al (2004) refers to confusion cause by this ambiguity and argues that it 

hinders full implementation and utilization of FMEA. It is also sometimes difficult to 

translate the qualitative data like the level of risks to measurable and tangible 

numbers. 
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LCC is an approach which is strong in managing all types of costs associated to 

development of a system from the very beginning stages of its establishment to the 

lasting parts of it. However the method is more a cost management approach than a 

perfect risk analysis technique and decision makers should consider the most costly 

locations the riskiest ones which sometimes turns to be wrong. Assaf et.al (2002) 

refers to in-built uncertainty of LCC calculations and believes that the decisions are 

very uncertain because they often result in several possible outcomes and are not 

reliable if the costs growth is of great probability. Besides the LCC technique is 

subject to forecast inaccuracies. Future inflation and currency fluctuation can cause 

unforeseen problems which are explicitly discussed in answer to third research 

question. 

Multiobjective analysis is a system engineering technique used for production 

location decisions that considers different factors like proximity to market and low 

labor cost which are not necessary commensurable. Nevertheless the technique has 

sheer mathematical specifications and decision makers should use other techniques 

not to ignore other factors which are hard to measure like cultural differences and 

coordination issues. 

 

9.2 Discussion 

Risk analysis of production location decisions is a multidisciplinary field which 

demand decision makers have a wide range of disciplines on economic, political and 

intercultural sciences. However the field has not explicitly been a topic of debate for 

academia so far and there is need for further research on every type of risk involved in 

production location decision process.  

The levels of analysis of this thesis are to a large extent formed by organizations, 

systems and techniques, and companies that can be considered as industrial groups. 

One of the attributes of a research methodology is the concept of level or, the primary 

unit of measurement and analysis (Bryman and Bell, 2007). Bryman and Bell (2007) 

adds further that some research designs may collect samples that combine different 

levels of analysis. This raises the question if one can use data from two different 

levels of analysis and combine them to achieve a meaningful analysis, since if 

researchers make inferences about one subject by using the data from another there 

might be the risk of making a cross-level misattribution (Bryman and Bell, 2007). 

They also suggest that in order to avoid misinterpretation and cross-level 

misattribution, it is better to articulate the level of analysis that is being used and then 

to switch to another level.  

For instance, some of the reviewed articles were on system engineering and risk 

modelling (Haimes, 2009) which did not explicitly mention risks involved in 

production location decisions, but some of the discussed concepts can be applied to 

the problem of production location decision as production plants can be regarded as 

systems. As another example we went through the works of Welborn (2007) and 

Nowicke (2008) which both were written on risks associated with outsourcing 

operation. Since there is a great degree of similarity between the uncertainties 

involved in outsourcing and relocation like finding new vendors and suppliers; 

logistics and supply chain trade off, the techniques used for identifying and ranking 

outsourcing risks can be attributed to production location decisions. 
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 Another good example of this is the work of Treleven and Schweikhart (1988) which 

explores the risks and benefits of sourcing strategies and conducts a comparison of 

cons and pros of single versus multiple sourcing in supply chain, where risks are very 

near to uncertainties involved in production location decisions as well as disruption of 

supplier and manufacturer and local market escalation. One more illustration of using 

data from another level of analysis is the work of Teng, Ho, Shumer, and Liu (2004) 

where they call attention to general implementation of failure mode and effect 

analysis (FMEA) in a collaborative environment rather a specific application of 

FMEA in production location decisions. However based on this study major strengths 

and weaknesses of FMEA method is brought up that can be applicable to any FMEA 

application. Besides, the strengths and weaknesses of other applicable risk analysis 

techniques are brought up. The three-step content analysis method that applies coding 

scheme assures the internal validity and reliability of thesis to a great extent. 

Moreover there has not been adequate research on risk of natural disasters in 

geographical regions which are attractive for production firms, and there is need for 

more study on seismic risks of low cost regions. For instance eastern and south 

eastern Asian countries usually attract the most foreign production because the labor 

cost is very low and at the same time the seismic risk is very high in these countries. 

Many of the production corporations ignore seismic and natural disasters risk, 

although numerous examples of such catastrophic calamities occurred in recent years 

and caused lots of money loss for production firms. In addition further research is 

needed to examine the social and cultural gap between management style of entering 

company and dominant management culture of host country. Moreover besides the 

theoretical contributions this study presented; some important managerial implication 

on the level of awareness were derived from foreign investment and international 

production literature, but still the absence of a sound theoretical framework on risk 

analysis of production location decisions is tangible and is a matter of further study. 

Also there is a need for a comprehensive and well formulated risk analysis technique 

which can make an appropriate decision support for managers and decision makers on 

production location and encompass all the needed attributions of an appropriate 

production location risk analysis technique like multiobjectivity, ability to detect and 

rank risks, and managing costs. Today most of European companies leave the product 

development in their homeland and take just the production and manufacturing to low 

cost regions that would lead to consequent problems in interface of product and 

production that also needs to be considered in production location decisions. 

Furthermore since this study is a qualitative research and has not gone through 

mathematical models and algorithms of production location, a comprehensive study 

that includes strengths and weaknesses of such models can be considered as realms 

for further study. A study that extensively discusses the strengths and weaknesses of 

mathematical models as well as continuous and discrete network location models, hub 

location problems can be useful. Moreover application of heuristic methods such as 

genetic algorithm in solving location problems can be deemed as further research 

topics.  
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11 Attachments 

 

11.1 Table 2 presents coding manual applied to 
analyze the literature content 

 

Research dimension Answer 

Title of Article Title of publication 

Author of Article Name(s) of Author(s) 

Publisher Names of journal or publisher 

Does the article match with 

previous categories 

1.Yes 

2.No 

Which category does the article 

belong to? 

1. Failure Mode and Effect Analysis 

2. System Engineering 

3.Foreign Direct Investment 

4.Life Cycle Costing Analysis 

5.International Production 

6.Production Location Models and 

Networking Algorithms 

Table 2: Coding Manual 

11.2 Table 3 presents the list of all the Journal 
articles found in the first round of data collection. 
 

Ref No. Journal Name 
No. of 

Articles 

1 Academy of Management Journal 2 

2 Advanced Engineering Informatics 1 

3 American Journal of Political Science 1 

4 American Journal of Small Business 1 

5 Columbia Journal of World Business 1 

6 Computers and Operations Research 1 

7 Construction Management and Economics 1 

8 Cost Engineering 1 

9 Economic Inquiry 1 

10 Engineering Cost and Production Economics 1 

11 European Economic Review 1 
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12 European Journal of Operational Research 4 

13 European Journal of Political Economy 1 

14 Harvard Business Review 3 

15 IIE Transaction 1 

16 Industrial Management and Data System 1 

17 International Organization 2 

18 International Journal of Industrial Robot 1 

19 International Journal of Operations and Production Management 4 

20 International Journal of Physical Distribution and Logistics Management 2 

21 International Journal of Project Management 1 

22 International Journal of Quality and Reliability Management 1 

23 International Monetary and Financial Issues for the 1990s 1 

24 Journal of Comparative Economics 1 

25 Journal of Development Economics 2 

26 Journal of High Technology Management Research 1 

27 Journal of International Business Studies 9 

28 Journal of International Economics 2 

29 Journal of Operations Management 4 

30 Journal of Regional Science 1 

31 Location Science 1 

32 Long Range Planning 1 

33 Management International Review 1 

34 Management Research News 1 

35 Management Science 1 

36 Operational Research 2 

37 Production and Operations Management 1 

38 Production and Inventory Management Journal 1 

39 Quality Progress 1 

40 Quality Tools and Techniques 1 

41 Reliability Engineering and System Safety 1 

42 Regional Studies 1 

43 Review of Economic Studies 2 

44 Risk Analysis 8 

45 Southern Economic Journal 1 

46 Risk Management 1 

47 Southern Economic Journal 1 

48 Strategic Management Journal 3 

49 Technology Review Journal 1 

50 The Academy of Management Journal 1 

51 The American Economic Review 1 

52 The International Journal of Advanced Manufacturing Technology 1 

53 The International Journal of Life Cycle Assessment 2 

54 The International Journal of Management Science 1 

55 The International Journal of Quality and Reliability Management 2 

56 The Review of Economics and Statistics 3 

57 The Scandinavian Journal of Economics 1 
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58 The World Bank Research Observer 1 

59 Transnational Corporations 2 

Total  99 

 

    Table 3: Full list of journal papers found at first round of data collection 

 

 

 

11.3 Table 4 presents a list of journal papers after 
further study and data reduction. 

 
 

Ref No. Journal Name 
No. of 

articles 

1 American Journal of Small Business 1 

2 Columbia Journal of World Business 1 

3 Computers and Operations Research 1 

4 Construction Management and Economics 1 

5 Cost Engineering 1 

6 Economic Inquiry 1 

7 Engineering Costs and Production Economics 2 

8 European Journal of Operational Research 2 

9 European Journal of Political Economy 1 

10 Harvard Business Review 2 

11 International Journal of Industrial Robot 1 

12 International Journal of Life Cycle Assessment 2 

13 International Journal of Operations and Production Management 3 

14 International Journal of Physical Distribution and Logistics Management 1 

15 International Journal of Project Management 1 

16 The International Journal of Quality and Reliability Management 2 

17 International Monetary and Financial Issues for the 1990s 1 

18 International Organization 1 

19 Journal of Development Economies 1 

20 Journal of International Business Studies 5 

21 Journal of International Economics 2 

22 Journal of Operations Management 3 

23 Production and Operations Management 1 

24 Journal of Regional Science 1 

25 Long Range Planning 1 

26 Management International Review 1 

27 Production and Inventory Management Journal 1 

28 Quality Progress 1 

29 Regional Studies 1 

30 Risk Analysis 2 
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31 Southern Economic Journal 1 

32 Strategic Management Journal 1 

33 The Academy of Management Journal 1 

34 The American Economic Review 1 

35 The International Journal of Advanced Manufacturing Technology 1 

36 The International Journal of Management Science 1 

37 The Review of Economic Studies 2 

38 The Review of Economics and Statistics 2 

39 The Scandinavian Journal of Economics 1 

40 Transnational Corporations 2 

Total  58 

 

Table 4: List of journal papers after data reduction 

 


