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ABSTRACT 
 

Real estate development is considered as one of the sectors with transaction of billions of Birr in 

the Ethiopian market. Real estate development contributes to the economy of the country and in 

alleviating housing problems. However, the sector is facing different problems. Problems that exist 

in real estate development make the business environment susceptible to uncertainty. Therefore, 

this research is aimed at identifying risk factors in private real estate development projects and 

their impact on project objectives, examining the current practice of risk allocation in real estate 

purchase agreements and providing a practical mechanism that can be used by real estate 

developers to allocate risks properly. Risks were identified and impact analysis was conducted. 

Subsequently, residential real estate purchase contracts were reviewed and it was found that most 

of the reviewed agreements do not include the severe risk factors. Purchase agreements currently 

being used lack completeness in addition to risks being misallocated. It is believed the decision 

support mechanism provided helps real estate developers make proper risk allocation decisions. 

Key words: Decision support mechanism, Purchase agreement, Real estate, Risk, Risk allocation, 

Risk allocation principles, Risk impact. 

 

 



1. OVERVIEW OF THE RESEARCH 
 

1.1 Background of the Study 

Real Estate Development is considered as one of the sectors with transaction of billions of birr in 

the Ethiopian market. Real estate contributes about 15% of the overall GDP of the country 

(Bewket, 13 January 2014). However, the trend of real estate development in the country shows 

problems that the sector faces are growing in leaps and bounds (Muluken, 15 April 2013 ). 

Problems that exist in the real estate development makes the environment susceptible to 

uncertainty. An uncertain environment involves risk and compared with many other industries, the 

construction industry is subject to more risks due to the unique features of construction activities 

(Flanagan and Norman, 1993, Akintoye and MacLeod, 1997, Smith, 2003). 

In construction projects, risk may be defined as the likelihood of a detrimental event occurring to 

the project. Since the objectives of construction projects are usually stated as targets established 

for function, cost, time and quality, the most important risks in construction are the failure to meet 

these targets. However, risks are not always associated with negative outcomes (Baloi and Price, 

2003). 

Risk allocation, the definition and division of responsibility associated with a possible future loss 

or gain, seeks to assign responsibility for a variety of hypothetical circumstances should a project 

not proceed as planned (Uff and Odams, 1995). As part of a risk management strategy it is 

commonly defined through contractual documents, such as real estate purchase contracts in the 

case of real estate development projects. Commonly the buyer/client and the real estate developer 

are the two parties who get into contractual relationship. How risk is allocated among the two can 

significantly affect project cost and performance (Zaghloul and Hartman, 2003).   
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The motive of this research is to identify risk factors in real estate development projects and their 

impact on project objectives, examine the current practice of risk allocation in real estate purchase 

agreements and provide a practical mechanism that can be used by real estate developers to allocate 

risks properly. 

1.2 Statement of the Problem 

Non-delivery of housing projects on time is one of the major problems affecting trustworthiness 

of real estate developers (Muluken, 15 April 2013 , Bewket, 13 January 2014). Research shows 

that there exists problems of land management, inadequate infrastructure, low construction 

capacity of developers or contractors hired for construction, poor borrowing capacity, low 

affordability (Eshete and Teshome, 2015), price escalation (Kiros, 2009, Paulos, 2011, Eshete and 

Teshome, 2015) slow and insufficient supply of land, foreign currency shortage, and shortage of 

housing construction materials. In addition, inflation and non-existence of long term housing 

finance were factors which affected the real estate market (Kiros, 2009). All these problems are 

risks to real estate projects since they create uncertainty.  

Contract agreement is the primary vehicle for risk allocation to the construction project parties 

through contract conditions and clauses (Alsalman, 2012). Risk allocation is very important for 

project success. If risk is not allocated to the party that is best able to manage it efficiently and 

effectively but to party with the least amount of control and influence over risk, this is going to 

have an adversarial effect on the project (Alsalman, 2012).  

It is important to know what risks exist in the real estate development projects and their impact on 

project objectives. Many different researches were done on risk prioritization. This include the 
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works of Hastak and Shaked (2000), (Shen et al. (2001), Thomas et al. (2003)), San Santoso et al. 

(2003), Zou et al. (2006), Dikmen and Birgonul (2006), Hsueh et al. (2007), Majid P. Jalal et al. 

(2008), Zayed et al. (2008), El-Sayegh (2008), Bu-Qammaz et al. (2009), Tavakkoli-Moghaddam 

et al. (2011), Dusane and Bhangale (2012), Tadayon et al. (2012), Li et al. (2013), Aboshady et al. 

(2013), Altoryman (2014), Addis (2014), Sohrabinejad and Rahimi (2015), El et al. (2015), and 

Aras and Amirhosseini (2016). These reviewed researches have covered residential projects, real 

estate development projects, high rise buildings, highway projects, dam construction project and 

modular construction. Joint ventures, Build-Operate-Transfer (BOT), and Engineering, 

Procurement and Construction (EPC) contracts were also considered by different authors. One of 

these researches, regarding building projects in Ethiopia, was done by Addis in 2014.   

Similarly, researches have been done on risk allocation in construction projects. These include risk 

allocation models suggested by Bing et al. (1999), Bing et al. (2005), Lam et al. (2007), Majid P. 

Jalal et al. (2008), Favié et al. (2009), Jin and Doloi (2009), Jin and Zhang (2011), Jin and Zhang 

(2011), Khazaeni et al. (2012), Nasirzadeh et al. (2013), Rouhparvar et al. (2014), Issa et al. (2015), 

and Nasirzadeh et al. (2015) were reviewed. From these risk allocation models, some focused on 

PFI/PPP and some on construction projects generally. Joint-venture and multiparty projects were 

also areas of concern. 

However, the researcher couldn’t find any research paper on construction or real estate risk and its 

allocation in Ethiopia. Therefore, this study aims at identifying the major risks in real estate 

development and studying how risks are allocated in real estate purchase contracts. This study will 

compare risk allocation in real estate purchase agreements with allocation decision made by a 

decision mechanism provided in this research.  
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1.3 Research Questions 

Research questions are formulated as follows. 

1. What are the different risk factors related to real estate development projects? 

2. What are the key risk allocation principles?  

3. Which risk factors have a greater impact on private real estate development project cost 

and schedule? 

4. What risks are allocated to whom (developer or client) in private real estate purchase 

contracts according to current practice?  

5. How risks should be allocated to whom (developer or client) in private residential real 

estate purchase agreements? 

The first and the second questions are answered by a review of relevant literature addressing risk 

management and risk allocation in the construction industry in general and in the real estate 

development in particular. The third and partly the fifth questions are answered by survey 

questionnaires and analysis of the survey results. The fourth question is answered by reviewing 

the real estate purchase agreements being used currently in the industry. Part of the fifth question 

is answered by development of a mechanism that aids risk allocation decision fourth question risk 

allocation mechanism.   

1.4 Objectives of the Study 

The main goal is to provide professionals working in real estate development projects a mechanism 

that will support them in making contractual risk allocation decision particularly in real estate 
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purchase agreements that can serve as an alternative way of allocating risks. The specific 

objectives of the study are listed below.  

1. Identify risk factors related to real estate development projects. 

2. Prioritize the risk factors according to their impact on project cost and schedule. 

3. Evaluate risk factors against contractual risk allocation criteria.  

4. Assess how risks are allocated in real estate purchase agreements of real estate 

development projects in Addis Ababa, Ethiopia. 

5. Provide a mechanism that supports real estate developers in making contractual risk 

allocation decision particularly in real estate purchase agreements. 

1.5 Research Methodology  

The research started with a comprehensive literature review of the available work reported on risk 

management in construction and real estate industries and allocation of risks.  The review was 

basically undertaken to identify risk factors associated with real estate development and risk 

allocation criteria. Data on the impact of identified risk factors was obtained using a questionnaire 

survey. The data collected were qualitative in nature and the analysis is a quantitative one. The 

impact assessment was conducted with the use of Fuzzy Set Theory and the risks are ranked 

according to their impact on project schedule and cost. The risk factors were also evaluated against 

risk allocation criteria identified from literature. The next step was the review of real estate 

purchase contract documents in order to understand the current contractual risk allocation practice 

in residential real estate development since they indicate the risk management strategy of 

developers. Finally, a risk allocation mechanism based on risk allocation principles is proposed 
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and the output of the tool is compared with contractual risk allocation in residential real estate 

purchase agreements.  

1.6 Significance of the Research   

Real estate development as a business venture dates back about quarter of a century in Ethiopia 

and the industry is suffering from various difficulties due to different factors. Risks associated to 

Real Estate Developments affect projects negatively and this is not an issue that can be ignored. 

Risk allocation is one of the approaches deployed in risk management and it is important for project 

success. Therefore, this study will be a stepping stone by giving a broader insight on risks and their 

impact on project objectives, mainly cost and schedule. Furthermore, it can serve as a risk 

allocation decision aid for practitioners and real estate development companies in Addis Ababa. It 

is believed this could help the companies move towards a better risk management practice.  

1.7 Scope and Limitation of the Research  

This research deals with contractual risk allocation in private real estate purchase contracts by 

focusing on residential real estate development firms working in Addis Ababa, Ethiopia who build 

or have builders build housing projects and control the process of development from the beginning 

to end. Real estate agents and developers who sell houses or apartments after construction is 

completed are not included in the study.  

Since the risks associated to real estate projects have high scope, aspects concerning the real estate 

market are not addressed in order to focus on real estate associated risks with reference to 

construction risk management.  
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1.8 Organization of the Research   

This thesis is divided into five chapters.  Chapter One is an overview of the research and Chapter 

Two is the review of previous research works. Chapters Three presents design of the research, and 

the methodologies applied for data collection and analysis. Chapter Four covers results and 

discussion with decision support mechanism of risks allocation in real estate purchase contracts.  

The last chapter covers the main conclusions and recommendations of the research, and indicates 

the way forward for future research. 

 



2. LITERATURE REVIEW 
 

2.1 Introduction 
 

This chapter presents a thorough conceptual and empirical review of relevant literature on real 

estate development, risk management and risk allocation. The research focused mainly on thesis 

works, conference proceedings and articles published in academic journals specialized in 

construction engineering and management, project management, risk management, systems 

engineering, engineering management, and management science. Reports and newspapers were 

also reviewed in addition.  

The electronic databases used for searching research works were Science Direct, Web of Science, 

ABI-Inform Complete (Proquest), Business Source Premier (EBSCO) and Emerald Insight. 

Google Scholar search engine was utilized to support the review of published literature. Addis 

Ababa University’s electronic library was also used for accessing local thesis works together with 

few hard copies. The key words used in the search were construction risk, project risk, construction 

risk management, risk modelling, risk allocation and real estate risk. Yet, different combinations 

of them were used to ensure the extensiveness of the search.  

This chapter consists of four sections. The first section defines real estate development and gives 

a general overview of real estate development in Addis Ababa, Ethiopia. The second section 

defines and discusses risk and risk management, identifies risks related to real estate development 

through a comprehensive review of literature and covers risk prioritization methods used and 

suggested by different authors. The third section covers principles and approaches to risk 

allocation mainly with regard to contracts and review of risk allocation models. Lastly summary 
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of the literature review is presented by discussing the gap in the literature and highlighting the 

need for this research. 

2.2 Real Estate Development 
 

2.2.1 Real Estate Development in General 
 

As Khedekar and Dhawale (2015) put it, the term real estate stands as land, including the air above 

and the ground below it and any buildings or structures on it. It covers residential housing, 

commercial offices trading spaces such as theatres, hotels and restaurants, retail outlets, industrial 

buildings such as factories and government buildings. Real estate involves the purchase, sale, and 

development of land, both residential and non-residential buildings. The main players in real estate 

market are the developers, builders, real estate agents, tenants, buyers, etc., and the activities of 

real estate sector encompasses the housing and construction sector (Khedekar and Dhawale, 2015). 

Isaac, Balchin and Chen  (2000: 320) define development with respect to real estate or property as 

a process of conversion (development or redevelopment) of land from one use to another  (Truneh, 

2013). 

Real estate development is linked with specialization in the sense that a person develops land and 

property for sale or rent (Truneh, 2013). Wiegelmann (2012) cited Wilkilson and Reed (2008:2) 

adopted the definition that real estate development is “a process that involves changing or 

intensifying the use of land to produce buildings for occupation.” 

A developer can be defined as the person or firm that is actively involved in the development 

process and takes the risks and receives the rewards of development (Truneh, 2013). Developers 
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can be distinguished by their product categories which are residential, commercial and special use 

(Wiegelmann, 2012). 

2.2.2 Private Residential Real Estate Development in Ethiopia 

Private real estate development started during the Haile Selassie Regime. The Bole Housing 

Project was one of the private housing projects which was undertake by a company known as 

Continental Homes, Eth. P.L.C. This company built ‘The Bole Homes’ near the Haile Selassie 

Airport (currently known as Bole International Airport). The pamphlet of this project shows the 

undertaking of this housing project was jointly guaranteed by the Government of Ethiopia and the 

United States.  

Private development of houses as a formal commercial activity was abolished by the Government 

during the Derg Regime (Libanos, 2005). But real estate development as commercial housing 

started again during the regime of Ethiopian People's Revolutionary Democratic Front (EPRDF) 

after the adaption of free market economy in 1991 (Eshete and Teshome; 2015, Truneh, 2013).  

A number of investors have involved in the development of real estate in Ethiopia. According to 

the data from Addis Ababa City Administration Land Management and Construction Licensing 

Authority which was collected in the 2011/2012 fiscal year, 124 investors have received business 

licenses to work in the real estate development sector of Addis Ababa (የቤቶች ልማት, 2012). 

Real Estate development is considered as one of the sectors with transaction of billions of birr in 

the market. Real estate contributes about 15% of the overall GDP of the country (Bewket, 13 

January 2014). However, the trend of real estate development in the country shows problems that 

the sector faces are growing (Muluken, 15 April 2013 ). 
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Researches concerning real estates in Ethiopia mainly in Addis Ababa show the real estate 

development sector faces different problems and challenges. Eshete and Teshome (2015) 

examined the performance, challenges and prospects of real estate financing in Addis Ababa with 

a micro and macro outlook. The result of their research shows problems of land management, 

inadequate infrastructure, low construction capacity of developers or contractors hired for 

construction, poor borrowing capacity, price escalation, and low affordability are some of the 

challenges and shortcomings of real estate development in Addis Ababa. Kiros (2009) also 

assessed and described the factors affecting the real estate market and shares similar results with 

Eshete and Teshome (2015). Kiros stated that there exists a slow and insufficient supply of land, 

foreign currency shortage, shortage and price escalation of housing construction materials. In 

addition, inflation and non-existence of long term housing finance were factors which affected the 

real estate market. He outlined that there is a considerable decline in sales and that housing prices 

are less affordable in the market. Similarly, research done by Paulos (2011) on private residential 

real estate developers shows price escalation and devaluation of birr are major challenges.  

Findings of Paulos (2011) also show that a major delay in handing over was a point most real 

estate developers agreed.  Price escalation and shortage of construction materials, and lack of 

adequate finance were the major causes to the delay. Adverse climatic conditions and 

unavailability of skilled labors were also found to have a significant causes of delay.  

Non-delivery of housing projects on time is one of the major problems affecting trustworthiness 

of real estate developers (Muluken, 15 April 2013; Bewket, 13 January 2014). Only 15 of them 

have completed the houses and transferred houses to the hands of their clients and four of them 



Decision Support Mechanism for Risk Allocation in  Chapter Two 
Private Real Estate Purchase Agreements 
 
 
 

  

October 2016 12 

 

were kicked out while the rest are still with incomplete houses for up to ten years (Bewket, 13 

January 2014).  

As per the report of Land Administration and Building Permit Authority of the City 

Administration, the usual excuses mentioned as major challenges by developers are delay in 

handing over of the site on the part of the City Administration, delay in provision of infrastructure, 

price escalation of building materials and lack of finance (Truneh, 2013). According to experts 

and developers, the major problems were delays in the original timetable due to lack of available 

accessible land, finances obtained from clients for housing projects being used for other purposes 

and the shortage of experienced and organized professional teams to handle such huge investments 

(Muluken, 15 April 2013 ). 

Delays affect not only the clients but also developers themselves since delay causes rise in initial 

cost which was originally estimated by the contractors for a specific project in relation to inflation, 

foreign currency exchange and other issues. Still, clients mostly become the primary victims of 

the delay incurred since they are definitely expected to cover the additional cost. Whereas, real 

estate developers also argue that some of them may become bankrupt, forcing them out of the 

market. Insufficient fund is also an issue which contributed in a major way to delays for long 

periods because customers are the only sources of finance in real estate projects (Muluken, 15 

April 2013 ).  

The Government is going to pass a new real estate development and transaction proclamation, 

which highly favors real estate buyers by providing guarantees to customers, requiring real estate 

developers to deliver homes on time (Meron, 05 June 2012; Muluken, 15 April 2013 ). Even if a 
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draft proclamation is developed by the Ministry of Urban Development and Construction 

(MoUDC), the proclamation is not official yet. Still, it is understood that real estate developers 

should be conscious about their project schedule. Not only because of the proclamation but also 

because not meeting project phases and delivery deadlines has cost implications (Muluken, 15 

April 2013 ). Therefore, since risks have impact, developers need to manage risks and minimize 

their impact on project objectives and their business as a whole. 

2.3 Risk and Risk Management 
 

2.3.1 Definition of Risk 
 

Risk has been defined differently in reviewed literatures. Most definitions of risk have focused on 

the negative side of risks such as losses or damages which is the downside of it (Schieg, 2006).  

This definition which signify the negative aspect has been connoted as a traditional view of risk 

(Simon et al., 1997; Hillson, 2002; Teneyuca, 2001; Zhang et al., 2006; Wiegelmann, 2012; 

Khedekar and Dhawale, 2015).  

Some literatures encompassed both the possibility of downside/loss and upside risk /gain, i.e. 

uncertainties that could have a beneficial effect on achieving objectives (Williams, 1995; Hillson, 

2002; Ward and Chapman, 2003; A. Faridi and El-Sayegh, 2006; Lam et al., 2007; Wiegelmann, 

2012; PMI, 2013; Renuka et al., 2014; El et al., 2015). Schieg (2006) presented a theoretical 

meaning of risk, as a positive or negative deviation of a variable from its expected value. Fisk and 

Reynolds (2011) put a similar meaning of risk.  

Though risk has both upsides and downsides, only the downside of risk is to be considered in this 

study. This is because problems which exist in the real estate development sector might affect both 
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clients and developers negatively, and it is the prior objective this research to provide a way to 

allocate risk which can help in minimizing the effects of risks. 

2.3.2 Risk and Uncertainty 

Risk and uncertainty might be found being used interchangeable in different literatures. However, 

PMBOK describes risk through the notion of uncertainty, risk has its origins in the uncertainty 

present in all projects. “Project risk is an uncertain event or condition that, if it occurs, has a 

positive or negative effect on one or more project objectives such as scope, schedule, cost, and 

quality” (PMI 2013: 310) which shows these two phenomena are not synonymous. 

According to Al‐Bahar (1990), uncertainty represents the probability that an event occurs which 

entails how likely an event is to occur, i.e., the chance of the event occurring. Renuka et al. (2014) 

Alsalman (2012) and Al‐Bahar (1990) defined risk as exposure to the consequences of uncertainty. 

Similarly, Khedekar and Dhawale (2015) defined risk as exposure to the possibility of loss or gain, 

as a consequence of the uncertainties associated with pursuing a particular course of action. Olsson 

(2007) and Hillson (2004) put risk as a measurable uncertainty and uncertainty as an immeasurable 

risk, which implies that, when measurable, an uncertainty is to be considered as risk. 

Byrne (1996) defines risk as a term appropriate for situations where it is possible to define 

probability distributions for probable outcomes and uncertainty as a term that better suits situations 

where such probability distributions cannot be made. This definition clearly indicates the 

distinction between risk and uncertainty, stating risk is measurable and quantifiable, and that 

uncertainty is not measurable and cannot be quantified  (Alsalman, 2012). These definitions 

highlight the distinction between the two terms which is related to its quantification (Wiegelmann, 

2012; KarimiAzari et al., 2011).  
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2.3.3 Risk Management 

Risk management is defined in different ways by authors. Edwards and Bowen (1998) and El et 

al. (2015) defined risk management as a systematic approach to dealing with risk. According to 

Uher (2003) risk management is “a systematic way of looking at areas of risk and consciously 

determining how each should be treated. It is a management tool that aims at identifying sources 

of risk and uncertainty, determining their impact, and developing appropriate management 

responses. ” Risk management is also defined as a scientific approach of identifying, anticipating 

and minimizing the possible adverse impacts on the projects (Koirala, 2014). 

Risk management is also presented as a process in reviewed literature. To name a few, Koirala 

(2014) defined risk management as a set of processes concerned with conducting risk management 

planning, risk identification, risk analysis, response planning, and monitoring and control on a 

project. Thompson and Perry (1992) and El et al. (2015) presented risk management as a 

systematic process of identifying, analyzing, and responding to project risk, and it includes 

maximizing the probability and consequences of positive attributes and minimizing the probability 

and consequences of attributes adverse to project objectives.  

A risk management process typically comprises establishment of context, risk identification, risk 

analysis, risk evaluation and risk response (Perry and Hayes, 1985; Edwards and Bowen, 1998; 

Uff and Odams, 1995; Lyons, 2003; Wiegelmann, 2012; Mead, 2007; Lam et al., 2007; Wysocki, 

2011; Berkeley et al., 1991; Flanagan and Norman, 1993). It establishes a strategy to avoid losses 

and use available chances or rather chances potentially arising from risks and influence risk 

decision-making (Edwards and Bowen, 1998; Raftery, 1994; Flanagan and Norman, 1993; Baloi 

and Price, 2003; Schieg, 2006). This means recognizing potential risks and circumventing a threat 
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by averting, evading or reducing their negative effects (Schieg, 2006; Mead, 2007) and realizing 

potential opportunities (Mead, 2007). 

Zavadskas et al. (2010) share a similar view that  risk management is a process of defining sources 

of uncertainty (risk identification), estimating the consequences of uncertain events/conditions 

(risk analysis), and generating response strategies in the light of expected outcomes and finally, 

based on the feedback received on actual outcomes and risks emerged, carrying out identification, 

analysis and response generation steps repetitively throughout the life cycle of an object to ensure 

that the project objectives are met.  

Each PMI knowledge area in itself contains some or all of the project management processes. For 

example, project risk management includes (PMI, 2008): 

 Risk management planning;  

 Risk identification;  

 Risk analysis;  

 Risk response planning;  

 Risk monitoring and control. 

 

i. Risk Management Planning 

Risk management planning is a process of defining how to conduct risk management activities for 

a project. It is a very important process for the success of a project and therefore, the process should 

begin as a project is conceived and should be completed during project planning (PMI, 2013).  
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ii. Risk Identification 

Risk identification is the first and perhaps the most important step in the risk management process 

(Wang and Chou, 2003) for the very reason that, without identifying a risk, it is impossible to 

analyze, assess, or control it (Wiegelmann, 2012).  Risks should be identified if they are to be. In 

practice, the primary aim should be to identify the key, critical, important risks in the project so 

that they can be analyzed and an appropriate response can be determined because considering 

every risk is wasteful, inefficient and doomed to failure (Andi, 2006). 

Risk identification attempts to identify the source and type of risks including the recognition of 

potential risk event conditions in the construction project and the clarification of risk 

responsibilities (Wang and Chou, 2003). Risk identification develops the basis for the next steps: 

analysis and control of risk management (Carbone and Tippett, 2004).  

iii. Risk Analysis 

Risk analysis is the systematic assessment of decision variables which are subject to risk and 

uncertainty. Risk analysis aims at taking the inherent uncertainty of costs (or duration) of 

individual activities or elements within a project when assessing the anticipated final cost of a 

particular scheme. This enables the project director to evaluate the likelihood of meeting budget 

or time limits (Mack, 1995). It comprises the establishment of probabilities of occurrence of 

adverse events; the setting of assumptive bounds to associated uncertainties; and the measurement 

of the potential impact of risk event outcomes (Edwards and Bowen, 1998) in a qualitative or in a 

quantitative way (Gehner et al., 2006).  
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There exist numerous risk analysis techniques that are described in the context of project and 

construction management, such as sensitivity, scenario, or stochastic analysis, the expected-

monetary-value method, risk-adjusted-discount rate method and real options (Gehner et al., 2006). 

iv. Risk Response  

Risk can be transferred, accepted, managed, minimized, or shared, but cannot be ignored (Latham, 

1994). Risk response is a process of developing options an actions to enhance opportunities and to 

reduce threats to project objectives (PMI, 2013). It aims at deciding whether or not to accept the 

total of risks in a project (Gehner et al., 2006).  

Risk response is a decision supported by a risk analysis (Gehner et al., 2006). The decision is based 

on the willingness to knowingly take risks (Simon et al., 2000). One can take measures to risk 

according to the four general types of risk response methods: avoidance, reduction, transfer, and 

acceptance of a risk (Gehner et al., 2006). According to Chapman (1997), mitigating actions are 

normally based on classical approaches such as: risk avoidance/ mitigation, risk sharing, risk 

transfer or risk acceptance providing a suitable contingency. Once risk is accepted, there are three 

main approaches for risk allocation, either to retain the risk, transfer it or share it (Alsalman, 2012).  

The risk mitigation actions are discussed here below. 

a) Risk avoidance 

Risk avoidance, prevents any risks from materializing by reducing their likelihood to nil. Given 

an existing risk, risk avoidance implies the intentional exclusion of potential opportunities (Haller, 

1986). Risk avoidance will generally apply only where a risk represents a significant exposure 
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potential when using alternative management measures and if it exceeds the risk appetite of an 

organization (Wiegelmann, 2012). 

b) Risk reduction 

Risk reduction is the prevention or limitation of loss by decreasing the likelihood of a disturbance 

occurring and its significance is called risk reduction (Haller, 1986). Risk reduction measures are 

called reactive measures. They are for risks that do not appear suddenly, which rather emerge over 

a period of time. Risk reduction measures may be taken even after the risk has materialized 

(Wiegelmann, 2012).  

c) Risk transfer 

Risk transfer is an action of transferring business implications of risks to external risk bearers 

(Laster, 1999). It does not eliminate the cause of risk but only passes the implications of risks on 

to third parties. Risk transfer can also be done by spreading the implications across multiple 

partners, with not only the risk but also the profit being shared among the partners or by entirely ; 

transferring the risk to third parties entirely (Wiegelmann, 2012). 

The shifting of risk is the safest type of risk management; however, it is associated with relatively 

high costs and limited applicability. Certain risks, for example, may be transferred to suppliers or 

customers by way of contractual arrangements (Wiegelmann, 2012). 

Contractual exclusions, limitations of liability, indemnity clauses, risk transference, guarantees, 

performance bonds and insertion of a risk premium are within mitigation strategies particularly 

risk transference (Mead, 2007). 
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d) Risk retention 

Risk retention involves a voluntary and involuntary assumption of possible risk implications 

(Laster, 1999). Relevant risks and their possible impact on the investment decision are deliberately 

accepted with the risk appetite of the investor being taken into consideration (Wiegelmann, 2012).  

v. Risk Monitoring and Control 

Risk monitoring is a process examining to what extent operation adheres to the planned standards 

across all units and functions. It determines whether the established goals have been met, risk 

management complies with risk policy, the organization is efficiently designed and a 

corresponding risk culture is in place, and whether responsibilities have been clearly defined. It is 

done by gathering and analyzing data through key indicator analysis and benchmark comparisons, 

among others, and reported both internally to the responsible functions and externally to its 

stakeholders (Wiegelmann, 2012).  

Risk control is intended to actively influence the risks identified and assessed in order to manage 

all significant loss exposures through the targeted use of risk management measures (Wiegelmann, 

2012). It is a process of implementing risk response (PMI, 2013). 

2.3.4 Risks Related to Real Estate Development Projects 

Risk management has become increasingly important for any commercial organizations operating 

in today’s environment (Mead, 2007; Groton et al., 2010; Wiegelmann, 2012) where risks are 

inherent (Mead, 2007). It is important that risks identified, understood, anticipated, assessed, 

analyzed, and to learn to manage risks (Groton et al., 2010; Wiegelmann, 2012).  “Failure to 
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accurately identify and make appropriate allowance for risks being assumed under complex 

commercial and contractual arrangements can have terrible consequences” (Mead, 2007). 

The construction business is risky like any other business (El-Sayegh, 2008; Taroun, 2014). Risks 

are inherent in all construction projects (M. Motiar and M.M, 2002; Dey and Ogunlana, 2004; El-

Sayegh, 2008) because the construction industry is one of the most dynamic, risky, challenging, 

and rewarding fields (Sterman, 1992; Kangari, 1995; Uher and Loosemore, 2004; Zeng et al., 

2007). Flanagan and Norman (1993) argued that the construction industry is subject to more risks 

and uncertainties than any other industry. Dey and Ogunlana (2004) have the same opinion.  

There is no risk free construction project (Lam et al., 2007). Construction projects are always 

unique (Oyegoke, 2006; Pheng and Chuan, 2006) and are built only once (Zavadskas et al., 2010). 

In addition, construction involves numerous stakeholders and long production durations (Zou et 

al., 2007) which increase the susceptibility for uncertainty.  

The outcomes of all construction projects can potentially be affected adversely by a large number 

of risks (Loosemore and McCarthy, 2008). The construction process is complex and characterized 

by a number of uncertainties which make many construction projects fail to achieve their time, 

cost and quality goals (Mohammad and Jamal, 1991; Zhang et al., 2006; Zeng et al., 2007; 

Zavadskas et al., 2010; Baloi and Price, 2003; Banaitiene and Banaitis, 2012). Project risks may 

even cause construction project a total failure (Banaitiene and Banaitis, 2012). 

Risks and uncertainty are inevitable in the construction industry. Incorporating risk management 

concepts into construction practice is important for managing uncertainty and risk (KarimiAzari 

et al., 2011), for the enhancement the performance of a project (Nasirzadeh et al., 2008) and for 
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the successful delivery of a project (Zou et al., 2006). However the construction industry is not 

with a good reputation of coping with risk. Many projects fail to meet deadlines, cost targets, and 

specifications (Dey and Ogunlana, 2004).  

The real estate development business shares the risky nature of construction as well. Risks and 

uncertainties are associated with all projects in real estate development like any other commercial 

activity. As mentioned earlier, these risks and uncertainties can strongly influence all related 

progresses at all stages of the entire lifecycle of properties (Chen and Khumpaisal, 2009).  

Wiegelmann (2012) says as best applied to the real estate development industry, the definition of 

risk is but not limited to an element of uncertainty aligned with expectations and objectives of a 

real estate development organization within a specified time horizon and budget differentiating 

between negative (threat) and positive (opportunity) aspects of risk. Yet, it is the downside of risk 

this research is concerned with. 

As discussed before, construction projects life cycle is full of various risks (Zavadskas et al., 2010). 

Risks raise from a number of different sources (Oyegoke, 2006; Pheng and Chuan, 2006; 

Zavadskas et al., 2010). Construction site, the size and complexity of construction objects, 

technology being used, speed of construction, and political, economic and social conditions are to 

be mentioned (Zavadskas et al., 2010; Dey and Ogunlana, 2004) . 

Risk classification is a significant step in the risk management process, as it helps structure the 

diverse risks affecting a construction project  (Zou et al., 2006). There are different ways of risk 

classification recommended in literature (Tah et al., 1993; Zou et al., 2006; Baloi and Price, 2003; 

El-Sayegh, 2008; Zavadskas et al., 2010).  
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Some classifications are related to project phases (e.g. design, construction and operation), others 

with the environment of the project (e.g. political, economic, environmental, and financial) or 

related levels where the risk occurs (e.g. macro level and micro level) (Issa et al., 2012).  

Classifying according to their sources, positive/negative, estimated cost or likely impact, 

likelihood of occurrence, or countermeasures required is also an approach (Baloi and Price, 2003). 

It is also common to classify project risks into sets of classifications like dynamic/static, 

corporate/individual, internal/external, positive/negative, acceptable/unacceptable and 

insurable/non-insurable (Baloi and Price, 2003). Risks may also differentiate between strategic 

and operational risks (Wiegelmann, 2012). 

Another approach of project risk classification is pure risk versus speculative risk (Vaughan, 2003, 

Alsalman, 2012). Pure risk involves situations that can only end in a loss and speculative risks on 

the other hand are situations that might end in a loss or a gain. Pure risks are more static due to 

their nature while speculative risks are dynamic and changing (Alsalman, 2012). 

Baloi and Price (2003) mentioned most categorizations considered the source criteria as the most 

important. According to this criteria, a broad classification of construction project risks could be: 

technical, construction, legal, natural, logistic, social, economic, financial, commercial and 

political. Risks can also be categorized into dynamic/static, corporate/individual, internal/external, 

positive/negative, acceptable/unacceptable and insurable/non-insurable. 

External risks are those that are prevalent in the external environment of projects and are relatively 

non-controllable and so there is the need to continually scan and forecast these risks and in the 

context of a company’s strategy. External risks are due to inflation, currency exchange rate 
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fluctuations, technology change, major client induced changes, politics, climate, weather condition 

and major accidents or natural disasters.  Internal risks are relatively more controllable and vary 

between projects and cover uncertainties due to labor, plant, material and subcontractor, resources 

and the site conditions (Renuka et al., 2014).  

Renuka et al. (2014) included the different categorizations used by many authors in review of 

literature. Many researchers classified risk factors into different types depends on the nature of 

risk such as Physical, Environmental, design, Financial,  Contractual / legal, Construction, 

Political, Management, Natural hazards, Safety  and Delay risk (Mustafa and Al-Bahar, 1991; 

Akinci and Fischer, 1998; Dey, 2002; Ghosh and Jintanapakanont, 2004; Wiguna et al., 2005; 

Wang et al., 2004; Rezakhani, 2012; Goh et al., 2012). 

Tah and Carr (2001) suggested a two level hierarchy classification of project risks two levels being 

external and internal risks.  Flanagan and Norman suggested three ways of classifying risk:  based 

on consequence, type, and impact of risk. Chapman (2006) grouped risks into four subsets: 

environment, industry, client and project. Shen-fa and Xiao-ping (2009) grouped project risks into 

six according to the nature of the risks, i.e. financial, legal, management, market, policy and 

political, as well as technical risks.  suggested three levels for project risk classification: external, 

project, and internal levels along with the source of each level (Alsalman, 2012). Rezakhani (2012) 

classified the risk factors into external, legal and internal. External risk was sub divided into two 

subsets: unpredictable/ uncontrollable, predictable/ uncontrollable and Internal risk was sub 

divided into two subsets: Non-technical/ controllable, Technical / controllable (Renuka et al., 

2014). Khedekar and Dhawale (2015) classified risks in real estate projects considering 
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stakeholders who involve in projects and the groups are lender’s perspective of Risks, developer's 

perspective of risks, government's perspective of risks and contractor's perspective of Risks.   

For the purpose of this research, the author has adopted a simplified classification based on nature 

of risks.  Four categories are selected and these are Economic and financial, Technical and 

Environmental, Governmental and Political, and Legal and contractual. Nature of risk is used as a 

selection criteria assuming it helps consider the concerns of real estate purchasing agreement 

between a real estate developer and the buyer/client than other criteria mentioned earlier whether 

the risks under the selected categories are pure/speculative, static or dynamic, 

controllable/uncontrollable. Forty two risk factors identified from numerous researches done on 

real estate and construction projects varying in type, size and delivery systems etc. are collected 

and are grouped according the four classifications adopted in this research as shown in Table 2.1. 

The classification and the risk factors included herein are those which could possibly be the 

concerns for both parties, the developer and the client/buyer, and could be included in purchase 

agreements.   
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Table 2.1 Risk Factors from Literature 

No Risk Factors Author 
Economic and Financial 

1 Exchange rate fluctuation Al‐Bahar (1990), Mustafa and Al-Bahar (1991), Edwards and Bowen 
(1998), Bing et al. (1999), Ökmen (2002), Baloi and Price (2003), Dey and 
Ogunlana (2004), FSA (2005), Morledge et al. (2006), FSB (April 2007), 
Hsueh et al. (2007), El-Sayegh (2008), Bu-Qammaz et al. (2009), 
Mojtahedi et al. (2010), Fu-zhou and Hong-yuan (2011), Hartmann et al. 
(2011)),  Banaitiene and Banaitis (2012), Aboshady et al. (2013), Yoon et 
al. (2014), El et al. (2015). 

2 Inflation rate fluctuation Al‐Bahar (1990), Kangari (1995), Edwards and Bowen (1998), Bing et al. 
(1999), M. Motiar and M.M (2002), Ökmen (2002), Baloi and Price (2003), 
Vaughan (2003), Bing et al. (2005), Andi (2006), Zhang et al. (2006), Lam 
et al. (2007), Hossen (2007), Hsueh et al. (2007), Loosemore and McCarthy 
(2008), El-Sayegh (2008), Bu-Qammaz et al. (2009), Mojtahedi et al. 
(2010), Hartmann et al. (2011),  Khazaeni et al. (2012), Banaitiene and 
Banaitis (2012), Nasirzadeh et al. (2013), Aboshady et al. (2013),  Renuka 
et al. (2014), Yoon et al. (2014). 

3 Interest rate fluctuation Edwards and Bowen (1998), Ökmen (2002), Baloi and Price (2003), (FSA, 
2005), Nabarro and Key (2005), FSA (2005), Bing et al. (2005), Gehner et 
al. (2006), FSB (April 2007), Frodsham (2007),  Hsueh et al. (2007), 
Sagalyn (2009), Hartmann et al. (2011), Fu-zhou and Hong-yuan (2011), 
Banaitiene and Banaitis (2012), Aboshady et al. (2013), Yoon et al. (2014), 
El et al. (2015). 

4 Tax rate increase Ökmen (2002), Baloi and Price (2003), Bing et al. (2005), Hossen (2007), 
Mojtahedi et al. (2010), Banaitiene and Banaitis (2012), Aboshady et al. 
(2013), Yoon et al. (2014), (El et al., 2015). 

5 Increase in customs  Aboshady et al. (2013) 
6 Increase in oil price  Mojtahedi et al. (2010) 
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7 Construction material price escalation arising 
above the estimated allowances  

Baloi and Price (2003), Zou et al. (2006), Zou et al. (2007), Hsueh et al. 
(2007), Hossen (2007), El-Sayegh (2008), Aboshady et al. (2013), Kuo and 
Lu (2013), El et al. (2015). 

8 Changes in labor costs Ökmen (2002), Baloi and Price (2003), Hsueh et al. (2007),  Hossen (2007), 
Nasirzadeh et al. (2013), Kuo and Lu (2013), Aboshady et al. (2013). 

9 Financial failure of any party  Kangari (1995), M. Motiar and M.M (2002), Ökmen (2002), Andi (2006), 
Loosemore and McCarthy (2008) 

10 Bankruptcy Hsueh et al. (2007), Rasool et al. (2012). 
11 Availability of local labor Al‐Bahar (1990), (Kangari, 1995), Edwards and Bowen (1998), Ökmen 

(2002), Zou et al. (2006), Zou et al. (2007), Lam et al. (2007), M. Motiar 
and M.M (2002), Danter (2007), Hsueh et al. (2007), Hossen (2007), El-
Sayegh (2008), Zayed et al. (2008), Loosemore and McCarthy (2008), 
Khazaeni et al. (2012), Yildiz et al. (2014), Yoon et al. (2014), El et al. 
(2015). 

12 Availability of material (Kangari, 1995), Edwards and Bowen (1998), Ökmen (2002), M. Motiar 
and M.M (2002), Andi (2006), Zhang et al. (2006), Zeng et al. (2007), 
Hsueh et al. (2007), Loosemore and McCarthy (2008), Khazaeni et al. 
(2012), Yildiz et al. (2014), Yoon et al. (2014). 

Technical and Environmental 

13 Weather conditions (wind, temperature, rain, 
and so forth) 

Edwards and Bowen (1998), M. Motiar and M.M (2002), Ökmen (2002), 
Baloi and Price (2003), Bing et al. (2005), Zhang et al. (2006), Lam et al. 
(2007), Hossen (2007), Hsueh et al. (2007), El-Sayegh (2008), Zayed et al. 
(2008), Mojtahedi et al. (2010), Fu-zhou and Hong-yuan (2011), Hartmann 
et al. (2011), PMI (2013), Li et al. (2013), Renuka et al. (2014), Yoon et al. 
(2014), El et al. (2015). 

14 Natural disaster (flood, earthquake, landslide, 
fire, and so on) 

Al‐Bahar (1990), Mustafa and Al-Bahar (1991), Kangari (1995), Edwards 
and Bowen (1998), Ökmen (2002), M. Motiar and M.M (2002), Vaughan 
(2003), Bing et al. (2005), Zhang et al. (2006), Andi (2006), Zayed et al. 
(2008), Loosemore and McCarthy (2008), Fu-zhou and Hong-yuan (2011),  
Zhao et al. (2011), Hartmann et al. (2011), Hartmann et al. (2011), 



Decision Support Mechanism for Risk Allocation in    Chapter Two 
Private Real Estate Purchase Agreements 
 
 
 

  

October 2016 28 

 

Banaitiene and Banaitis (2012), Rasool et al. (2012), Kuo and Lu (2013), 
Yoon et al. (2014), Renuka et al. (2014), El et al. (2015). 

15 Subsurface conditions  Edwards and Bowen (1998), Ökmen (2002), Baloi and Price (2003), Bing 
et al. (2005), Zhang et al. (2006), Andi (2006),  Lam et al. (2007), Hossen 
(2007), Zayed et al. (2008), Loosemore and McCarthy (2008),  Hartmann 
et al. (2011), Khazaeni et al. (2012), Li et al. (2013), Yoon et al. (2014), El 
et al. (2015). 

16 Poor site condition (location, accessibility of 
site, etc...) 

Al‐Bahar (1990), Mustafa and Al-Bahar (1991), Kangari (1995), M. Motiar 
and M.M (2002), Baloi and Price (2003), Lam et al. (2007), Zeng et al. 
(2007), Yoon et al. (2014), El et al. (2015). 

17 Change of client's interest in design El-Sayegh (2008), Aras and Amirhosseini (2016) 
18 Change of client's interest in type of 

construction material and in other related things 
Aras and Amirhosseini (2016) 

19 Quantity variations  Kangari (1995), M. Motiar and M.M (2002), Lam et al. (2007), Loosemore 
and McCarthy (2008), Hartmann et al. (2011), Khazaeni et al. (2012) 

20 Lack of readily available utilities on site Zou et al. (2006), Zou et al. (2007) 
21 Availability of infrastructure Yildiz et al. (2014) 
22 Damage to Structure  Al‐Bahar (1990), Mustafa and Al-Bahar (1991),  
23 Unpredicted technical problems in construction El-Sayegh (2008) 
24 Impact of adjacent buildings  Fu-zhou and Hong-yuan (2011), Li et al. (2013).  

Governmental and Political 

25 Delay in permits and licenses Al‐Bahar (1990), Bing et al. (2005), Hsueh et al. (2007), Hossen (2007), 
El-Sayegh (2008), Zayed et al. (2008), Kuo and Lu (2013), Yoon et al. 
(2014), Yoon et al. (2014), El et al. (2015). 

26 Political interference Yoon et al. (2014)  

27 Bribery and Corruption Hsueh et al. (2007), El-Sayegh (2008), Bu-Qammaz et al. (2009), Yoon et 
al. (2014), El et al. (2015). 

28 Custom and import restrictions  Bing et al. (1999) 
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29 Relocation of projects due to development plans  Fu-zhou and Hong-yuan (2011), Khedekar and Dhawale (2015). 

Legal and Contractual 

30 Vagueness of purchasing agreement/contract 
clauses 

 Yildiz et al. (2014) 

31 Inappropriate risk allocation in purchasing 
agreement/contracts 

 Ward and Chapman (2003), Khedekar and Dhawale (2015). 

32 Purchasing agreement/contract errors Hartmann et al. (2011), Yildiz et al. (2014). 
33 Delay in meeting milestone deadline Bing et al. (2005), Gehner et al. (2006), Zayed et al. (2008),  Zhao et al. 

(2011),  Gohar et al. (2012). 
34 Occurrence of claim and dispute M. Motiar and M.M (2002), Zou et al. (2006), Zou et al. (2007),  Zayed et 

al. (2008), Zhao et al. (2011). 
35 Delays in resolving contractual issues M. Motiar and M.M (2002), Andi (2006), El-Sayegh (2008).  
36 Delays in resolving disputes M. Motiar and M.M (2002), Ökmen (2002), Andi (2006), El-Sayegh 

(2008), Hartmann et al. (2011), Khazaeni et al. (2012). 
37 Breach of contracts  Hsueh et al. (2007)  

38 Communication between project parties Bing et al. (1999), Ward and Chapman (2003). 
39 Changes in laws, regulations, and policies Al‐Bahar (1990), Mustafa and Al-Bahar (1991), (Kangari, 1995), M. 

Motiar and M.M (2002), Ökmen (2002), Bing et al. (2005), Gehner et al. 
(2006), Andi (2006), Zhang et al. (2006),  Lam et al. (2007), Hossen (2007), 
Hsueh et al. (2007), Loosemore and McCarthy (2008), El-Sayegh (2008), 
Hartmann et al. (2011), Banaitiene and Banaitis (2012), Khazaeni et al. 
(2012), Li et al. (2013),  Yoon et al. (2014), (El et al., 2015). 

40 Changes in requirements for permits and their 
approval 

 Al‐Bahar (1990) 

41 Inconsistency in government policies, laws, and 
regulations 

Bing et al. (1999)  

42 Existing codes and regulations  Edwards and Bowen (1998), M. Motiar and M.M (2002).  
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2.3.5 Risk Prioritization 

Risk prioritization helps to identify risks that matter and to support decision-making and 

consideration of possible responses from individual risks or particular outcomes (Association, 

2008). Risks can be prioritized with respect to project cost separately from project schedule or they 

can be prioritized based upon the combined impacts. Prioritizing risks helps determine which risks 

are high-cost and significant schedule delaying risks to a project (Parsons, 2004).  

Researches have been done on risk prioritization by different researchers. Table 2.2 shows the 

methods used for risk prioritization and the type of construction projects and delivery methods 

they are applied on. The reviewed researches have covered residential projects, high rise buildings, 

highway projects, dam construction project and modular construction are. Joint ventures, Build-

Operate-Transfer (BOT) and Engineering, Procurement and Construction (EPC) contracts were 

also considered in reviewed researches. One research, done by Aboshady et al. (2013),  covered 

risks in Egyptian real estate development projects.   

Different approaches have been adopted for prioritizing risk, and these include Risk Significance 

Index, Factor Analysis, Relative Importance Index, Probability-Impact Matrix, Fuzzy Techniques, 

Delphi Technique, Analytic Hierarchy Process, Analytic Network Process, Analytical Neural 

Network, Utility Theory, Technique for Order of Preference by Similarity to Ideal Solution, and 

Decision-Making Trail and Evaluation Laboratory.  

The top ranked risks in the researches include political and financial risks, design related risks, 

availability of material and labor, contractor and sub-contractor related risks, delay, construction 

planning, coordination and control, and many other.  
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Table 2.2 Risk Prioritization Methods and Top Ranked Risks 
Author Method Application Top  Ranked Risks 

Hastak and 
Shaked (2000) 

Analytic Hierarchy 
Process (AHP) 

Construction 
Societal conflicts, monetary inflation, market suitability for advanced technology, problems in 
technology transfer and implementation, and type of partnership 

Shen et al. (2001) Risk Significance Index 
Sino-Foreign 

construction joint 
ventures in China 

Cost increase due to changes of policies, improper project feasibility study, project delay, 
inadequate forecast about market demand and improper selection of project location 

San Santoso et al. 
(2003) 

Factor Analysis 
High rise building 

construction in 
Jakarta 

Change orders, problems in coordination of sub-contractors, slow payment by client, 
incomplete design scope and delay in material and shop drawing approval 

Thomas et al. 
(2003) 

Fuzzy-Delphi Technique 
Build-Operate-

Transfer (BOT) road 
projects - Indian 

Administrative delay in land acquisition, delay due to litigation/agitation, delay due to increase 
in cost of land acquisition, delay due to non-availability of land and delay in financial closure 
due to delay in debt syndication 

Zou et al. (2006) Risk Significance Index Construction projects 
Tight project schedule, design variations, inadequate scheduling, excessive approval 
procedures in administrative government departments and variations by the client 

Dikmen and 
Birgonul (2006) 

Analytic Hierarchy 
Process (AHP) and Risk 

Breakdown Structure 

International 
construction projects 

Instability of political conditions, societal conflict/public unrest, poor performance of joint 
venture partner, strict quality requirements and immaturity of legal system 

Hsueh et al. 
(2007) 

Analytical Hierarchy 
Process (AHP) and 

Utility Theory 

Construction joint 
ventures in China 

Cost increase due to changes of policies, improper project feasibility study, project delay, 
inadequate forecast about market demand and improper selection of project location 

Zayed et al. 
(2008) 

Analytic Hierarchy 
Process (AHP) Risk 

Index Model 

Chinese highway 
projects 

Dependence on major power and hostilities with neighboring country or region (political), 
problems in technology transfer and implementation, current market volume in competency 
and financing difficulties because of tax or capital movement restrictions 

Majid P. Jalal et 
al. (2008) 

Fuzzy Set Theory 
Iran's Dam 

construction Projects 
With a priority winning a project rather than execution with a bidding lower tender price  

El-Sayegh (2008) 
Relative Importance 

Index (RII) 
UAE construction 

industry 

Owners’ delayed payment to contractors ,owners’ unreasonably imposed tight schedule, 
owners’ improper intervention , change of design required by owners and lack of scope of work 
definition by owner 
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Bu-Qammaz et 
al. (2009) 

Analytic Network 
Process (ANP) 

International 
constructionprojects 

Vagueness of contract clauses, poor performance of client, immaturity and (or) unreliability of 
legal system, poor performance of partners and change in regulations 

Tavakkoli-
Moghaddam et 
al. (2011) 

Fuzzy Logic - Multiple 
Criteria Group Decision 

Matrix (MCGDM) 
EPC Projects 

International relations, delay in equipment delivery to site, critical weather conditions, 
subcontractor interfaces and ambiguity in project cash injection 

Tadayon et al. 
(2012) 

Non-parametric Test 
(mean) 

Large Construction 
Projects in Iran 

Financial, construction and demand and product risks 

Dusane and 
Bhangale (2012) Risk Factor Analysis 

Residential 
Construction Projects Delays in construction project, completion, cost and financial 

Li et al. (2013) 
Fuzzy Analytic 

Hierarchy Process 
(AHP) 

Modular construction 
Site condition, temperature, material and drawing quality, availability and skill of labor, 
drawing quality and supply time, construction planning, coordination and control, and 
condition of construction equipment 

Aboshady et al. 
(2013) 

Fuzzy Fault and Event 
Tree 

Egyptian real estate 
development projects  

Loss due to inflation, increase in price of raw materials and cost of equipment, currency 
devaluation and exchange rate fluctuation, and increase in borrowing interest rate 

Addis (2014) Probability-Impact 
Analysis 

Ethiopian building 
construction projects 

Financial difficulties, poor contract management, availability of material, low bid price and 
inaccurate time estimates 

Altoryman 
(2014) 

Relative Importance 
Index (RII) 

Construction projects 
in Kuwait and  

Bahrain 

Kuwait: Cost estimation accuracy, revising / approving design documents, shop drawings and 
sample materials, data collection and survey before design, material delivery and complete 
documents and drawings of projects                                                                                                                                                                                                                                                                                                                                                                                                                         
Bahrain: Contractor’s experience, cost estimation accuracy, material delivery, availability of 
construction materials in market and decision making process. 

El et al. (2015) 
Analytic Hierarchy 

Process (AHP) 
Construction projects Political, engineering and design, site location, contractor related and project management 

Sohrabinejad and 
Rahimi (2015) 

Fuzzy Analytical Neural 
Network, DEMATEL 

and TOPSIS 

Construction Project 
Case Study 

Inflation, change in managerial methods, delays in executive plan execution and human 
resource turnover 

Aras and 
Amirhosseini 
(2016) 

Fuzzy Logic 
Case Study - 

Construction Project 
of Iran 

Failure to welcome customers from project, change managers and officials associated with the 
project, changes in the design specification and scope of work, complexity of project and non-
performance of contractual obligations and the provisions for meetings 
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According to the findings of Addis (2014), the top ranked risks in Ethiopian building construction 

projects are financial difficulty and poor contract management. Availability of material, low bid 

price and inaccurate time estimates were also found to have high impact on project objectives. 

Addis considered different project delivery methods and analyzed the level of risk in each delivery 

system. Addis’ result shares similar risk factors with the works of Zou et al. (2006), Zayed et al. 

(2008), Majid P. Jalal et al. (2008), Tadayon et al. (2012), Dusane and Bhangale (2012), Aboshady 

et al. (2013), Altoryman (2014) and El et al. (2015).  

2.4 Risk Allocation  

Risk exists wherever the future is unknown (Fisk and Reynolds, 2011). The nature and extent of 

risks may change, new risks may emerge and existing risks may change in importance and any 

such changes may also aggravate or ease some other risks as a project progresses. (M. Motiar and 

M.M, 2002). Managing risks systematically and proactively is important (Kumaraswamy et al., 

2001). 

Risks play a significant role in business decision making (Wiguna et al., 2005; Taroun, 2014). 

Risks should be identified and a way to determine how to deal with those risks and the changing 

environment of risk by planning the risk response should be planned (Mubarak, 2015). Risk 

allocation is a major process of the risk response (Alsalman, 2012) . 

2.4.1 Definition of Risk Allocation 

Risk allocation always occurs in any situation where more than one party is responsible for the 

implementation of a project (Zaghloul and Hartman, 2003; ACEC, 2005). Risk allocation is a 

process of identifying risks and determining how they fairly share among project stakeholders (Kia 

and Tohidi, 2002). It is the decision of which party or parties should bear the consequences of 
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risks, if they occur in the project (Wibowo and Mohamed, 2008; Uff and Odams, 1995). The risk 

allocation process can be performed qualitatively and quantitatively (Rouhparvar et al., 2014).  

Risk allocation is an important issue (El-Sayegh, 2008; Zaghloul and Hartman, 2003). It can affect 

the success of the project by impacting project performance and the total construction costs 

(Zaghloul and Hartman, 2003; Levitt et al., 1980; Lam et al., 2007; Kia and Tohidi, 2002). A fair 

risk allocation is essential for the successful completion of a project (Mubarak, 2015; Zayed et al., 

2008; Roumboutsos and Anagnostopoulos, 2008). It is the goal of risk management to minimize 

the total cost of risk to a project, not necessarily the costs to each contracting party separately (CII, 

1993; Alsalman, 2012). Companies can expect that their projects will have fewer claims, reduced 

costs and timely completion by advocating fair risk allocation (Rahiman, 2006; Kia and Tohidi, 

2002; Zaneldin, 2006; Groton et al., 2010). 

Different adjectives have been used to define the nature and quality of the kind of risk allocation. 

that achieves maximum economic efficiency and some of them are  “ideal,” “optimum,” “wise,” 

“smart,” “balanced,” “appropriate,” “reasonable,” “sensible,” “equitable,” and “fair.” Groton et al. 

(2010) argues these terms have been criticized as being either too vague, too subjective, too 

judgmental, or too weak in a competitive business world. Groton et al. (2010) concluded that the 

most accurate adjective to use is the word “realistic,” because the true test of the quality of risk 

allocation provisions is the relationship they bear to the realities of the particular construction 

project and their impact on maintaining a productive working relationship among the relevant 

parties. 
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Alsalman (2012) used the adjective “optimal” defining optimal risk allocation as the decisions to 

allocate risk factors to a party or parties (shared) such that the allocation minimizes the negative 

impacts on explicit and measurable project performance indicators such as project cost; project 

schedule; project quality; or any other explicit measurable project indicator, at the time and 

circumstances of making that decision. Ke et al. (2011) defined optimal risk allocation as not 

passing all risks to one project party, but  seeking  a solution minimizing the total management 

costs of project parties involved.   

The ultimate goal of optimal allocation of risk is promotion of project implementation in terms of 

time and cost without sacrificing quality. It is the allocation of risk to the party who has the best 

position to reduce, control and prevent high risk and conventional balance prevents the reduction 

of risk and its effects (Kia and Tohidi, 2002). 

Although adjectives are used to express the nature and quality of the kind of risk allocation, this 

research will not adopt any adjectives for the same purpose. Rather principles that should be 

followed to ensure the efficiency and effectiveness of contract clauses explained in section 2.4.3 

are applied. 

2.4.2 Risk Allocation in Contracts  

Risk allocation is done in three approaches; by retaining, transferring, and/or sharing of risks 

(Alsalman, 2012). Mostly, risk allocation is conducted through contract in construction industry 

(Alsalman, 2012; Nasirzadeh et al., 2015). The fundamental function of contract conditions would 

be to allocate obligations to each of the contracting parties (Uher and Davenport, 2009) with 

contractual provisions and clauses (Alsalman, 2012). Common contractual clauses used to 
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distribute risk include indemnification provisions, warranties, schedule related requirements 

(including the imposition of liquidated damages), and the ability to withhold payment (DLAPiper, 

2015).  

SuretyLearn (2014:8) cited Justin Sweet’s (Law Professor) definition of good contract. 

 “A good contract clearly informs each party what it must do and to what it is entitled.  It 

also informs each party of its rights if the other party does not perform as promised.  It 

anticipates the likely problems and resolves them clearly and in a way that strikes the 

parties as reflecting a proper allocation of risks and responsibilities.” 

It a challenging task to decide what the equitable risk allocation is such that the goal is effectively 

accomplished. Even if there are standard and general conditions of contract, it is argued problems 

might arise due to the fact that nature and extent of risks tend to be project-specific in today’s high-

risk scenarios. Rahman and Kumaraswamy (2002) claim that adoption of tailor-made contract 

strategies is more desirable (Lam et al., 2007).  

Willingness of a party and awareness to bear the risk will affect its response to risk (Ward et al., 

1991). However, the decision itself depends on the level of information regarding future situation 

and on the risk appetite of the company since it is a key factor in evaluating strategic options. 

According to COSO (2009), risk appetite is the degree of uncertainty an enterprise is willing to 

accept. Risk appetite of an organization varies with its strategy as well as evolving conditions in 

its industry and markets (Wiegelmann, 2012). 

The party which drafts the contract might tend to contractually pass the responsibility for most of 

the risks to the other party (Lam et al., 2007). Most likely such action has unfavorable results for 
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both transferees and transferors (Levitt et al., 1980; Pipattanapiwong, 2004). Unfair shifting of 

risk, transferring of all responsibility on a party that is not generally expected to control that risk, 

can result in that party having to spend resources looking for ways to stay alive in the project, 

usually to the detriment of the project itself (Alsalman, 2012).  

According to Jannadia et al. (2000), as a result of unfair risk transfer, the RED will build a 

contingency into the price to cover the risk; or, the RED will not have a contingency and will face 

financial problems. Both occurrences affect the project negatively. This is because high 

contingencies make the total price of the property higher and the price might not be competitive 

in the market. Not having a contingency, REDs face lower profit margins in addition to other 

financial problems. 

In contractual relation, parties may be bound by a general agreement that does not reflect their 

understanding if clear information is not given (Jennings, 2013). This shows that completeness of 

information is very important for parties to be aware of the general agreement that they are 

bounded by and are obliged to fulfill.  

Efficiency and effectiveness of contract clauses can only be comprehended when both contracting 

parties have the same understanding of risk allocation and risk management accountability. In the 

absence of such clear contractual provisions, the contractual parties may have disagreement toward 

risk accountability. This may lead to mismanagement of a risk by assuming that the risk or its 

consequences are not their responsibility. Mismanaged risks may cause project execution 

inefficiencies and ultimately project cost increases (Hartman and Snelgrove, 1996).  
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2.4.3 Risk Allocation Principles 

There are a number of principles that should be followed to ensure the efficiency and effectiveness 

of contract clauses (Loosemore et al., 2006). Various risk allocation principles had been suggested 

by a number of researchers such as (Abrahamson, 1973; Abrahamson, 1984; Casey, 1979; Kuesel, 

1979; Barnes, 1983; Thompson and Perry, 1992) and many others. Adopting these principles as 

the basis for allocating risks is useful in reaching an equitable decision. 

Mead (2007) mentioned the set of principles of allocating obligations and/or risks for construction 

was projects expounded by the international construction lawyer Max Abrahamson, referred to as 

“the Abrahamson principles”. The Abrahamson principles suggest that risk should be allocated to 

a party if (Mead, 2007; Zhang et al., 2006; Uher and Davenport, 2009): 

1. The risk is within the party’s control/If the risk is of loss due to his own willful misconduct 

or lack of reasonable efficiency or care; 

2. The party can transfer the risk, for example through insurance, and it is economically 

beneficial to deal with the risk in this fashion 

3. The preponderant economic benefit of controlling the risk lies with the party in question 

4. To place the risk upon the party in question is in the interests of efficiency, including 

planning, incentive and innovation 

5. If the risk eventuates, the loss falls on that party in the first instance and it is not practicable, 

or there is no reason under the above principles, to cause expense and uncertainty by 

attempting to transfer the loss to another. 

Risk allocation principles suggested by different researchers is listed here below.  
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1. Whether the party can bear the risk at the lowest cost - (Kerf, 1998; Kia and Tohidi, 2002, 

Ng and Loosemore, 2007; Fisk and Reynolds, 2011; Mubarak, 2015) 

2. Whether the party has the necessary desire to take the risk - (Loosemore et al., 2006; Ng 

and Loosemore, 2007) 

3. Whether the party is able to control the chance of the risk occurring - (Kerf, 1998; Loyd, 

2001; Kia and Tohidi, 2002; Loosemore et al., 2005; Committee, 2001; Lam et al., 2007; 

Pipattanapiwong, 2004; Fisk and Reynolds, 2011; Mubarak, 2015)  

4. Whether the party is able to foresee the risk - (Kia and Tohidi, 2002; Lam et al., 2007) 

5. Whether the party is able to manage the risk in the case of occurring - (Kerf, 1998; 

Committee, 2001; Loyd, 2001; Kia and Tohidi, 2002; Pipattanapiwong, 2004; Lam et al., 

2007) 

6. Whether the party is best able to assess the risk - (Kia and Tohidi, 2002; Lam et al., 2007) 

7. Whether the party has the capability and resources to deal with the risk 

consequences/sustain - (Loyd, 2001; Committee, 2001; Kia and Tohidi, 2002; 

Pipattanapiwong, 2004; Ng and Loosemore, 2007; Lam et al., 2007)  

8. Whether the party has the necessary resources to cope with them eventuating - (Kerf, 

1998; Loosemore et al., 2006) 

9. Whether the premium charged by the transferee is likely to be reasonable and acceptable 

- (Committee, 2001; Kia and Tohidi, 2002; Pipattanapiwong, 2004; Loyd, 2001; Lam et 

al., 2007) 

10. Parties accepting them risk should be able to charge an appropriate premium - (Loosemore 

et al., 2005; Ng and Loosemore, 2007; Fisk and Reynolds, 2011) 
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11. Whether the party will benefit from bearing the risk - (Kia and Tohidi, 2002; Lam et al., 

2007) 

12. Whether the party is fully aware of these risks - (Loosemore et al., 2005; Ng and 

Loosemore, 2007) 

13. Whether, if the risk is transferred, it leads to the possibility of risks of different nature being 

transferred back to the employer - (Committee, 2001; Loyd, 2001; Pipattanapiwong, 2004; 

Mubarak, 2015) 

14. Allocation of the risk to the party who is best able to undertake it financially - (Fisk and 

Reynolds, 2011) 

15. Whether the party has the greatest ability to diversify the risk - (Kerf, 1998) 

These principles serve as risk allocation criteria in making risk allocation decision. In addition to 

the principles, some authors considered which party should carry the risk if it cannot be controlled 

is important (Committee, 2001; Loyd, 2001; Pipattanapiwong, 2004).  

Lam et al. (2007) adopted seven risk allocation criteria in developing risk allocation model for 

traditional construction contracts. These criteria are whether the party is able to foresee the risk, 

assess the possible magnitude of consequences of the risk, control the risk chance of occurring, 

manage the risk in case of occurring, sustain the consequences if the risk occurs, whether the party 

will benefit from bearing the risk and whether the premium charged by the risk receiving party is 

considered reasonable and acceptable for the payer. Lam’s criteria encompass all the principles 

identified from literature one way or another.  

This research adopts all Lam’s criteria for risk allocation, namely whether the party is able to 

foresee the risk, assess the possible magnitude of consequences of the risk, manage the risk in case 
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of occurring and sustain the consequences if the risk occurs. The rest three are not included in the 

allocation criteria the risk allocation mechanism provided here in this research adopted. It is the 

assumption of this research that the control of the risk chance requires a risk management practice 

in real estate development and this might not be the reality. Whether the premium charged is 

considered reasonable and acceptable is not included because it is not within the scope of this 

research. The reason for the exclusion of whether the party will benefit from bearing the risk is 

excluded because this research focuses on the downside of risk.  

2.4.4 Risk Allocation Models 

“Models are used as a prime means of coping with complexity.” (Kossiakoff et al., 2011:263) 

There are several risk allocation models suggested in reviewed literature. Here below in Table 2.2 

the reviewed models are listed with their specific feature, methodology used for modelling and the 

area or project type they are applied to. The modelling methods used are Fuzzy Logic, Artificial 

Neural Networks, Utility theory, Analytical Hierarchy Process (AHP), Delphi technique and 

System Dynamics.  

From these risk allocation models some focused on PFI/PPP and some on construction projects 

generally. Joint-venture and multiparty projects were also areas of concern. Risk allocation models 

focusing on real estate purchasing agreements were not found by the researcher.  

As it can be seen from the allocation models review table, fuzzy techniques are used by five 

authors. They are also used for risk prioritization by six authors as shown in Table 2.2. Therefore, 

it would be beneficial to elaborate fuzzy techniques briefly since they are the most frequently used 

method for modelling and because fuzzy set theory is used for data analysis in this research. 
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Table 2.3 Risk Allocation Models Suggested by Authors 

Author Objective and Method Application  
Bing et al. (2005) 
 

Identify preferred risk allocations in 
PPP/PFI projects in the UK 

PPP/PFI construction projects 

Lam et al. (2007) 
 
 

Quantitative based analysis by using fuzzy 
logic 

Between the owner and the 
contractor in a traditional 
contract arrangement 

Majid P. Jalal et al. 
(2008) 

Fuzzy risk allocation model to client and 
contractor in accordance with FIDIC 
General Conditions of Contract in 
traditional contracts(DBB), Design Build 
contracts (DB) and EPC\turnkey contracts 

 
 
Dam construction projects in 
Iran 

Favié et al. (2009)  Model for risk allocation  Joint-venture 

Jin and Doloi (2009) Model risk allocation - Fuzzy Set Theory  PFI construction projects  
Jin and Zhang (2011)  Artificial Neural Network (ANN) models 

for modelling risk allocation decision 
making 

public–private partnership (PPP) 
projects, 

 
Alsalman (2012) 

Identify barriers to optimal risk allocation  
 
Construction projects 

Provide optimal risk allocation decision 
support model with the use of Utility 
function 

 
Khazaeni et al. 
(2012) 

Quantitatively address the balanced 
allocation of risks based on a Fuzzy 
Analytical Hierarchy Process (AHP) 
method  

for complex and multi-party 
contract strategy 

Nasirzadeh et al. 
(2013) 

System dynamics based approach for risk 
allocation to determine the optimum risk 
allocation strategy both qualitatively and 
quantitatively 

 
 
Construction projects 

Rouhparvar et al. 
(2014) 

Quantitative risk allocation approach by 
integrating fuzzy logic and bargaining 
game theory to find the equitable risk 
allocation between the client and the 
contractor. 

 
 
Construction projects 

Issa et al. (2015) Simple risk allocation mechanism based on 
Delphi method by the expert's judgment 

 
Construction projects in Yemen 

Nasirzadeh et al. 
(2015) 

System dynamics simulation scheme and 
fuzzy bargaining game theory based risk 
allocation model to determine the 
contractor and client costs at different 
percentages of risk allocation 

 
 
Construction projects 
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As defined by Chan et al. (2009:1241), “fuzzy techniques refer to all fuzzy concepts, which include 

fuzzy set, fuzzy logic, and hybrid fuzzy techniques (those that combining fuzzy set/fuzzy logic 

with other techniques), such as fuzzy neural network, neurofuzzy, fuzzy reasoning, fuzzy expert 

system, fuzzy analysis, and fuzzy clustering.”  

Fuzzy is a branch of modern mathematics introduced by Zadeh in 1965 (Pedrycz and Gomide, 

2007; Chan et al., 2009) “to model vagueness intrinsic in human cognitive process and to solve ill-

defined and complicated problems because of ambiguous, incomplete, vague, and imprecise 

information that characterize the real-world system.” (Chan et al., 2009) As Chan et al. (2009) 

argues, it is generally accepted that two fundamental fuzzy concepts are fuzzy set and fuzzy logic. 

Both deal with a different type of uncertainty that probability theory deals with, which are 

vagueness and imprecision.  

“Fuzzy set is a method for capturing vagueness, uncertainty, imprecision, embedded human 

knowledge, human behavior, and intuition.” (Sachs and Tiong, 2009) Fuzzy sets work with shades 

of gray (not just black or white) and help consider the natural language which is fuzzy in nature 

(Chan et al., 2009). Linguistic variables with varying grades are used to model uncertainty inherent 

in natural language (Zimmermann 2001).  

Fuzziness is lack of precise boundaries of a collection of objects and, the manifestation of 

imprecision and a particular type of uncertainty which arise due to the lack of knowledge and 

incomplete information (Pedrycz and Gomide, 2007). In the fuzzified world, a fuzzy set can have 

graded or partial membership (Byrne, 1995). Membership functions are used to represent linguistic 

variables. Values between 0 and 1 can be used to indicate the degree of membership to a set, 0 
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indicating non-membership of a particular fuzzy set and 1 indicating full membership (Byrne, 

1995).  

Fuzzy logic is a reasoning system that uses fuzzy sets (Chan et al., 2009). Fuzzy logic is used to 

handle the concept of partial truth and true values between “completely true” and “completely 

false.” (Zimmermann, 2001) It is a data analysis methodology applied to generalize any specific 

theory from “crisp” to “continuous.” (Chan et al., 2009) Its functioning is based on mathematical 

tools (Chan et al., 2009). Fuzzy logic enables computing with words where words are used instead 

of numbers (Sachs and Tiong, 2009).  

 “The procedure that converts raw data from the practical world into membership values of 

corresponding fuzzy subsets is known as Fuzzification. The fuzzy mathematic operations are 

implemented, producing membership values belonging to the output variables. Defuzzification is 

followed to convert the values to a single output action giving a clear indication to the human user” 

(Lam et al., 2007:487). 

2.4.5 Contractual Issues in Real Estate Projects in Addis Ababa 

Article 2876 of the Civil Code of Ethiopia states that if a party undertakes to deliver to the other 

party a house, a flat or another building which does not yet exist, then this is a contract of work 

and labor relating to immovable and not a contract of sale (Ethiopia, 1960). In this case, there shall 

be an evidence of where the contractor has undertaken work to the knowledge of the client or 

received an advance from the client (Article 3020 of the Civil Code). This shows it is not a must 

for a contract of work and labor to be a written agreement. 
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On the other hand, for the delivery of an already existing property, Article 2877 of the Civil Code 

states a contract sale of an immovable shall be of no effect unless it is made in writing (Ethiopia, 

1960). The sale of real estate property which exists during the sale should be done in writing. 

Therefore, a written property purchasing agreement is used for the transaction which define the 

relationships and obligations of the two contracting parties, the developer and the buyer/client. 

However, as per this researcher’s preliminary study on the use purchasing agreement, it seems all 

developers use a written agreement whether the property is existing or not during the time the 

developer and the buyer enter into a contract agreement. 

As discussed is section 2.1.2, the real estate development in Addis Ababa is facing different 

problems and challenges. Although this is the fact, this doesn’t mean the problems cannot be 

addressed. Paulos (2011) argues most of the causes of delay stated by developers are not beyond 

the control of the developers since they could foresee them during planning process or could handle 

it by contractual clauses.  

Even if contractual clauses and proper administration of contracts are important, real estate 

development projects are facing problems in these regards. Paulos (2011) identified although there 

is delay in delivery due to the mentioned and other reasons developers are facing, surveyed 

customers of developers did not receive any compensation from the developer. Apology is the only 

thing they were offered by developers. 

Finings of Paulos (2011) show that time extension is not the only issue in client-developer 

contractual relationship. Price adjustment is found to be what most developers do considering price 

escalation of some construction inputs and devaluation of birr. Most of these developers make 
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consultants approve the adjustment and few of them get approval. However, customers usually 

refuse to accept the adjustment as some developers stated. This is another cause of delay in handing 

over.  

Price adjustment as a result of escalating prices of construction material affects not only new orders 

to come, but also the ability of customers/buyers to pay remaining installment payments (Kiros, 

2009). This might lead to terminations of contract before delivering the homes unless clients agree 

to new terms and conditions which include a new price and can result in customers taking their 

seller to court to get the homes they had paid for (Tadeos, Jul 14, 2012 ). Developers who faced 

shortage of finance to complete projects caused terminations of contract for customers who do not 

agree to new terms and conditions which include new price (Selam, 2016).  

Unwarranted termination of contract due to reasons such as price adjustment is an unethical deed. 

It is also not supported by the law. The Ethiopian Civil Code (Art. 1764) states a contract shall 

remain in force notwithstanding that the conditions of its performance have changed and the 

obligations assumed by a party have become more onerous than he foresaw. The researcher 

believes price escalation is foreseeable and therefore buyers have the right not to accept price 

adjustments by developers. A client with a terminated contract as a result of disagreement on price 

adjustment can sue the developer but the case will have to pass through an elongated judicial 

process. This is what happened to the clients of May Real Estate when this developer adjusted 

price. It is when the clients wrote a warning to the developer stating that they don’t accept the price 

adjustment this developer notified clients that the contract is terminated (Cassation, 2015). The 

clients sued the developer and went through a long judicial process.   
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Paulos (2011) concluded there is a problem in the performance of contract due to the absence of 

independent contract administration who can decide on different issues between the developer and 

the client. In addition, he also stated that the absence of standard condition of contract for the sale 

of residential properties developed by developers is a problem. These issues cause more problems 

which are commonly related to price adjustment, extension of time and rectifying defects. 

2.5 Gap in Reviewed Literature 

Researches concerning real estates in Ethiopia mainly in Addis Ababa focused on problems and 

challenges the sector is facing. Non-delivery of housing projects on time is one of the major 

problems of real estate developers (Paulos, 2011; Muluken, 15 April 2013; Bewket, 13 January 

2014). Other issues that exist in the sector are problems of land management, inadequate 

infrastructure, low construction capacity of developers or contractors hired for construction, poor 

borrowing capacity, low affordability (Eshete and Teshome, 2015), price escalation (kiros, 2009; 

Paulos 2011; Eshete and Teshome, 2015) slow and insufficient supply of land, foreign currency 

shortage, shortage of housing construction materials. In addition, inflation and non-existence of 

long term housing finance were factors which affected the real estate market (Kiros, 2009). 

The researcher believes although these researches which identified the major problems are relevant 

sources which help in having an insight on the factors which are affecting real estate development, 

there is still a clear need for study on how uncertain these problems make the real estate 

development environment and how these risk factors are likely to occur, and on their impact 

explicitly.  
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Developers need to manage these and other risks which are inherent in real estate development 

and minimize their impact on project objectives and their business as a whole. It is argued most of 

the causes of delay stated by developers are not beyond the control of the developers since they 

could foresee them during planning process or could handle it by contractual clauses (Paulos, 

2011). 

It is the fundamental function of contract clauses to allocate obligations to each of the contracting 

parties (Uher and Davenport, 2009) with contractual provisions and clauses (Alsalman, 2012). Yet, 

it is a challenging task to decide what the equitable risk allocation is such that the goal is effectively 

accomplished. Even if there are standard and general conditions of contract, it is argued that 

problems might arise due to the fact that nature and extent of risks tend to be project-specific in 

today’s high-risk scenarios. Rahman and Kumaraswamy (2002) claim that adoption of tailor-made 

contract strategies is more desirable (Lam et al., 2007).  

It has been explained in the review of risk allocation models that there are several risk allocation 

models suggested in reviewed literature on different types of construction projects and different 

project delivery methods. Nonetheless, risk allocation models focusing on real estate purchasing 

agreements could not be found by the researcher.  

In summary, it can be concluded that a gap exists in literature regarding risk and risk allocation in 

real estate development in Addis Ababa, Ethiopia. Therefore, this study aims to identify the major 

risks in real estate development and their impact on project objectives, and study the current 

practice of risk allocation in residential real estate purchasing contracts. It also attempts to provide 

a practical mechanism that can be used by real estate developers to allocate risks properly. 



3.  RESEARCH DESIGN AND METHODOLOGY  
 

3.1 Research Design 
 

This chapter delineates the activities of the research, how the research was conducted and what 

steps were taken to realize the objectives of the study. The main goal of this paper is to provide a 

mechanism for risk allocation in real estate purchase agreements as a decision support tool by 

addressing the concerns of risk allocation. The study focuses on the main contract/agreement for 

the purchase of a real estate and the risk allocation between real estate developers/seller and the 

client/buyer.  

Given the objective of this study, risk factors and risk allocation criteria were extracted from 

reviewed literature as discussed in section 2.3.4 and shown in Table 2.1. The risk factors are related 

to construction projects in general and to market oriented residential real estate development 

projects in particular. As outlined in Figure 3.1, these risk factors were measured and evaluated 

through a structured questionnaire survey. The next step was the review of real estate purchase 

contract documents in order to understand the current contractual risk allocation practice in 

residential real estate development since they indicate the risk management strategy of developers. 

Finally, a risk allocation mechanism based on risk allocation principles is proposed and the output 

of the mechanism is compared with contractual risk allocation residential real estate purchase 

contracts. Findings of the survey are analyzed, summarized and are reported in the next chapter. 
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Figure 3.1 Data Collection and Analysis Flow Chart 
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3.2 Research Population  

Compiling a potential list of participant commercial real estate developers registered and 

developing housing units in Addis Ababa was the first step in the data collection process.  Real 

estates which delivered at least one housing project had to be selected so assuming they would 

have a relevant experience to share. However, information on which real estate has delivered or 

not was not available so it had to be checked by calling (phone) all the registered and currently 

working on projects and a door to door survey because some real estates gave wrong information 

through phone call regarding the selection criteria. Thus, 74 were approached from a list of 134 

real estates with addresses publicized on different online databases such as www.2merkato.com, 

Yellow Pages Africa and www.ethioconstruction.com. The rest 60 couldn’t be approached with 

their given address. Of the approached real estates, only 13 of them were found to satisfy the 

selection requirement, that they should have delivered at least one housing project which made the 

population size 13. 

3.3 Types of Data and Tools of Data Collection 

This section explains the selected data collection methods which are adopted within this research. 

During the study of relevant literature, lack of empirical data was noted within the context of the 

formulated issue. A broad analysis of risk factors and their impact on real estate development 

project schedule and cost would therefore appear to be important in order to have broad-based 

insights that could lead to the understanding of the importance of proper risk allocation. For this 

purpose, a standardized questionnaire survey was initiated in order to obtain the required data.  

Literature review was used to identify risks related to construction projects in general and in 

commercial real estate projects specifically. The risk factors extracted from literature are 42 in 

http://www.ethioconstruction.com/
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number. The next step would be obtaining data which allows prioritize the risk factors with regard 

to their impact on project schedule and cost. This could be satisfied by collecting existing data 

from project information or by collecting new data from study subjects. Assuming project 

information on risk which could satisfy the concerns of the research would not be available, a 

survey is selected as a data collection method.  

A questionnaire survey was chosen as the most effective method to meet the objective of this study 

through pursuing the opinions and experiences of professionals and practitioners involved in real 

estate development projects. This selected data collection tool is believed to be the most adequate 

for this research considering oral survey would not be feasible due to the fact that the risk factors 

are large in number. In addition, measuring the impact of risk factors on schedule and cost, and 

evaluating the risk factors against risk allocation criteria would be too much to handle with an oral 

survey. A written survey was considered to be more efficient than an oral survey since it was 

possible to structure the survey to a higher degree. 

This study is based on a survey conducted among residential real estate developers through 

pursuing the opinions and experiences of professionals and practitioners involved in real estate 

development projects. Thus, qualitative data is expected from the questionnaire survey. 

The questionnaire had three sections. The first section explored a general organizational 

information on REDs and the second section explored about the survey respondents. The third 

section was the main section of the questionnaire in which risk factors were measured and 

evaluated, and in the final section, respondents were enquired to include additional risk factors 

which were not included in the survey.  
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For the main section, respondents were asked to measure the probability of occurrence of risk 

factors and their impact on project cost and schedule, and also to measure risk factors against risk 

allocation criteria based on their experience and opinions. They were asked to assign the 

probability of occurrence of risk factors by responding to a Likert agreement scale of 1 to 5, where 

1= Very Unlikely (VU), 2 = Unlikely (U), 3 = Moderate (M), 4 = Likely (L) and 5 = Very Likely 

(VL). The same scale was used for measuring risk factors against risk allocation criteria. The scale 

used to measure impact of risk factors on project cost and schedule was also 1 to 5, where 1= 

Insignificant (I), 2 = Minor (MI), 3 = Moderate (MO), 4 = Major (Ma) and 5 = Catastrophic (C). 

A 5 scale Likert agreement was chosen assuming it would be easy for respondents to give their 

opinion in a structured way with options which are not too few or too many to choose between.  A 

sample questionnaire is attached in Appendix D. 

For the purpose of understanding the current contractual risk allocation in residential real estate 

development, reviewing the purchase agreement is obviously the best option because it reflects the 

practice in black and white how the developers use contract clauses as risk response strategy. 

3.4 Data Collection Procedure  

The next task after preparing the questionnaire was a pilot testing and modification of the 

questionnaire which was done by obtaining insights from 1 project risk management expert and 1 

contractor. Real estates were not included in the pilot test be because the population size is small 

and it would have been at the cost of losing a participant. Collection of contract documents and 

questionnaire survey was done from early February 2016 up to Mid-March 2016.  
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One point to be noted here is that a written survey is somehow disadvantageous because there is 

virtually no control over the circumstances under which the questionnaires are completed. The 

design of a questionnaire therefore required a high level of care and consideration in order to 

minimize these problems. Altogether it made the survey count on personal contacts and networks 

for a better participation of respondents. 

3.5 Data Processing and Methods of Analysis 

3.5.1 Data Processing 

It was stated before that the study used two data collection methods or sources, questionnaire 

survey and purchase agreements. The response rate was somehow lower than expected. On the 

questionnaire survey, a total of 13 survey questionnaires were distributed. One of the real estates 

couldn’t participate in the survey stating the firm has no relevant experience in risk management 

and one real estate stated they cannot give data because they don’t practice risk management in a 

level which enables them give data for the research. All the rest 11 participants responded to the 

questionnaires even if there were some incomplete parts. Besides, it is seven real estates which 

agreed to give sample contract document stating it is a very confidential document and it serves as 

a competitive edge for their business. Two of the real estates agreed to tell the contents of their 

standard contract agreement orally but enough information could not be gathered because there 

was a problem in remembering all the contents while listing.  

Profile of the real estate developers and the respondents are included in Appendix B and C 

respectively. 
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The processing of data began with entering the responses from the survey questionnaires into a 

Microsoft Excel work book and then coding the responses of the survey participants to reflect 

based on their experience and opinions with Likert agreement scale using:  1= Very Unlikely (VU), 

2 = Unlikely (U), 3 = Moderate (M), 4 = Likely (L) and 5 = Very Likely (VL) for probability of 

occurrence of risk factors s and for measuring risk factors against risk allocation criteria. Similarly, 

the response on impact of risk factors on project cost and schedule was also 1 to 5, where 1= 

Insignificant (I), 2 = Minor (MI), 3 = Moderate (MO), 4 = Major (Ma) and 5 = Catastrophic (C).  

Data from the survey were summarized and are presented using tables in Appendix E. 

3.5.2 Methods of Data Analysis  

This sub-section covers the processing and analysis of the collected data starting with the 

challenges encountered in data collection.  

The main aim of this research is to provide professionals working in real estate development 

projects a mechanism that will support them in making risk allocation decision particularly in real 

estate purchase agreements that can serve as decision support.  The first attempt of this research 

was to identify risk factors related to real estate development projects.  

As explained earlier, the 42 risk factors were related to real estate development were identified. 

The likelihood of occurrence of risk factors and impact on project cost and schedule were measured 

by survey participants. The purpose is to prioritize the risk factors according to their impact on 

project cost and schedule so that the vital risk factors could be identified. 
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3.5.2.1 Risk Prioritization 

In situations where there is no statistical or detailed and appropriate information, opinions of 

experts could be used instead.  Fuzzy set theory helps  quantify these linguistic terms which are 

fuzzy in nature (Bakhshi and Touran, 2014). As discussed in literature review, fuzzy set theory 

uses linguistic variables and membership functions with varying grades to model uncertainty 

inherent in natural language. It allows the use of linguistic variables whose values are not numbers 

but words or sentences in a natural or artificial language which are less specific than numerical 

ones.  

The responses from the survey questionnaires were qualitative expert opinions. For each variable, 

the fuzzy sets are defined on some relevant universal set, which is often an interval of real numbers.  

Let the linguistic variables for “Likelihood of Occurrence” in this research be ‘X’ and let the 

Languages be ‘L’. Then the fuzzy set L (X) will be  

L (Likelihood of Occurrence) = {Very Unlikely, Unlikely, Moderate, Likely, Very Likely}.  

The same is true for impact. 

L (Impact) = {Insignificant, Minor, Moderate, Major, Catastrophic} 

The risk factors included in the questionnaire were 42 categorized into four, namely Economic and 

Financial, Technical and Environmental, Governmental and Political, and legal and contractual. 

Eight respondents completed the measurement of likelihood of occurrence and risk impact. Most 

of the respondents did not complete the measurements of risk factors under the category 

Governmental and Political, and the last two risk factors under legal and contractual. Therefore, 
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these risk factors are not included in the analysis. The steps followed for analysis are included here 

below. 

i. Establish response frequency table and divide the count with the number of responses.  

To show with an example, the response count on likelihood of occurrence is 0 - VU, 4 – U, 2 – M, 

1 – L and 1- VL. The number of responses is 8 and all the values under each linguistic variable 

will be divided by eight. The same will be done for impact on schedule and cost. The responses 

and the frequency of responses for each risk factor are included in Appendix E. 

Table 3.1 - Frequency of Responses 

VU U M L U 

 1 2 3 4 5 

0 4 2 1 1 

0 0.5 0.25 0.125 0.125 

 

ii. Normalize (Divide all by the maximum value)  

All the values in the last raw of the frequency table will be divided by the maximum value, 0.5. 

 

 

 

 

 

 

 

Table 3.2 - Normalization of Responses 

VU U M L U 

 1 2 3 4 5 

0 0.5 0.25 0.125 0.125 

0.00 1.00 0.50 0.25 0.25 
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iii. The next step is to approximate the curves to triangular membership function with a visual 

analysis. However, the relative error between the approximate and actual values has to be 

calculated, and it has to be checked whether the error lies within a certain confidence 

interval.  In cases where there are more options of approximation for the normalized 

responses, the best approximation can be selected by calculating the error and the one with 

lesser error can be selected. Figure 3.2 shows the triangular approximation of the curves of 

normalized values.  

         

Figure 3.2 Triangular Approximation  

Error and confidence interval are calculated for all normalized responses of each risk factors. The 

formula used for error and confidence interval calculation are shown below.  

𝐸𝑟𝑟𝑜𝑟 =
/𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒−𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒 𝑉𝑎𝑙𝑢𝑒/

𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒
 . . . . . . . . . . . . . . . . . . . . . . . . . . . ..Equation 3.1 (Carlson, 2002) 

 

 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.00 2.00 3.00 4.00 5.00

Normalized/Actual value
Approximate Value

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.00 2.00 3.00 4.00 5.00

Normalized/Actual value
Approximate Value



Decision Support Mechanism for Risk Allocation in  Chapter Three 
Private Real Estate Purchase Agreements 
 
 
 

  

October 2016 59 

 

  

 

 

 

 

 

 

𝐶𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝐼𝑛𝑡𝑒𝑟𝑣𝑎𝑙 = x̅  ± 𝑧𝜎. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Equation 3.2  (Šafr, 2014) 

 Where, x̅  = mean of the actual normalized values  

σ = standard deviation of the actual normalized values 

z = confidence coefficient 

The desired confidence level has to be chosen before calculating the confidence coefficient.  The 

most commonly used confidence levels are 90%, 95% and 99%. The confidence coefficient is 

calculated with 95% confidence level in this research for likelihood of occurrence, and for impact 

on cost and time. The result shows that all errors lie within the confidence intervals. For cases 

where there are two or more approximation options, the approximate value with the lesser error is 

taken. The normalized and approximate values, and the calculated errors and confidence intervals 

are included in Appendix E.  

 

Table 3.3 – Error Calculation 

Item VU U M L U 

Scale  1 2 3 4 5 

Actual Value 
0.00 1.00 0.50 0.25 0.25 

Approximate Vale 
0.00 1.00 0.67 0.33 0.00 

 
Error  0 0 0.3333 0.3333 1 
 
Average error = Σ Error/5 0.27 
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iv. Multiplication 

R-I is a multiplication function. Now to get the risk impact on schedule, likelihood of occurrence 

is multiplied with impact on schedule.  

         

Figure 3.3 Triangular Membership Function 

This research is a data driven one since there is no an expert system supplied with consensus values 

of transition from variable to variable. 

Therefore, in order to carry out algebraic operations of the fuzzy numbers, the α-cut method is 

used for interval analysis. An α-cut of a fuzzy set A, denoted by Aα, is a set consisting of the 

elements of the universe whose membership values are equal to or exceed a certain threshold level 

where α ε {0,1} (Pedrycz and Gomide, 2007). 

 Aα =  [(j − a)α + a, (j − c)α + c] ……….[Equation 3.3] (Pedrycz and Gomide, 2007) 

Bα =  [(h − d)α + d, (h − f)α + f] ……….[Equation 3.4] (Pedrycz and Gomide, 2007) 

When the two (A=likelihood of occurrence and B=impact on schedule) are multiplied with the 

above values in the graphs/triangle, then multiplication will be as follows. 
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Aα =  [(2 − 1)α + 1, (2 − 5)α + 5] = [α + 1, −3α + 5] 

Bα =  [(4 − 2)α + 2, (4 − 5)α + 5] = [2α + 2, −α + 5] 

Aα ∗ Bα = (α + 1, −3α + 5) * (2α + 2, −α + 5)  

= [min {2α2 + 4α +2, 3α2 + -20α + 25}, max {2α2 + 4α +2, 3α2 + -20α + 25}] 

where α ε (0, 1) 

Thus, assuming  85% confidence interval (𝛼 = 0.85), the two equations give the Max and Min 

value and this maximum which is the Risk Magnitude (RM) interval.  

Aα ∗ Bα = [6.845, 10.1675] 

RM interval = [6.845, 10.1675]  

Both likelihood of occurrence and impact on schedule have five values so the scale will be 5*5. 

Therefore, the minimum value of the multiplication is 1 and maximum value is 25. After 

calculating the risk magnitude interval, the minimum and the maximum value will be added and 

divided by two and gives the risk magnitude value. This average value will be then divided by 25 

and the obtained value is the relative value which is the risk magnitude. The calculation is as 

follows. 

Central value of the interval = (6.845 + 10.1675)/2 = 8.505 

The relative value/Risk Magnitude = 8.505/25 = 0.3402 

Risk magnitude is calculated for all the risks except for those risk factors in which responses are 

not given on. The results of the analysis are included in section 4.1. 
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3.5.2.2 Evaluation of Risk Factors against Contractual Risk Allocation Criteria 

 

Respondents were asked to measure risk factors s against risk allocation criteria responding to a 

Likert agreement scale of 1 to 5, where 1= Very Unlikely (VU), 2 = Unlikely (U), 3 = Moderate 

(M), 4 = Likely (L) and 5 = Very Likely (VL). The data is used evaluate risk evens against 

contractual risk allocation criteria.  

Eight respondents completed the measurement of risk factors against risk allocation criteria. 

Weight analysis was conducted to measure the risk evens. The risk allocation criteria used to 

measure were whether the risk factors are Foreseeable, Assessable, Manageable, and Sustainable. 

Most of the respondents did not complete the measurements whether the risk factors are 

sustainable.  In addition, of the 42 risk factors included in the questionnaire most of the respondents 

did not complete the measurements of risk e factors under the category Governmental and Political, 

and the last two risk factors s under legal and contractual. Therefore, these risk factors and whether 

the risk factors are sustainable are not included in the analysis.  

The weight analysis was conducted by counting the number of responses, that how much of the 5 

scales are there for each risk factors. The scale which outweighed the count from the eight 

responses is taken as the final evaluation result of the risk factors. However, not all risk factors get 

to be assigned foreseeable, assessable and manageable because there isn’t a response that 

outweighed the rest in some risk factors. The detailed analysis is included in Appendix F. 
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3.5.2.3 Current Risk Allocation in Real Estate Purchase Agreements 

Sample residential real estate purchase agreements were collected form 7 real estate developers 

and the documents were assessed to explore how risks are allocated. The detailed review result is 

tabulated and presented in section 4.3.   

3.6 Ethical Considerations 
 

The researcher is responsible for maintaining the confidentiality of the data and for any errors that 

might have been committed in this study. The researcher would like to state that identity of 

respondents and data collected form any real estate developer is not and will not be exposed.  



4. RESULTS AND DISCUSSION 
 

The previous chapter covered the analysis methods and the steps followed. This chapter will 

present, discuss, and summarize the results of the research.  

4.1 Risk Prioritization 

The responses from the survey questionnaires on the likelihood of occurrence of risks, and impact 

on time and cost were analyzed with the use of fuzzy set theory as shown in sub-section 3.5.2 and 

Appendix E. The results of the analysis are shown here below in Figure 4.1 and 4.2., and Table 

4.1 and 4.2. 

Not meeting milestone deadline and communication problems between developer and client are 

found to be risks with the greatest impact on project schedule. Lack of readily available utilities 

on site, exchange rate fluctuation, increase in inflation rate, in customs (on imported goods) and 

in oil price, price escalation of construction material, and change in labor cost are factors with 

similar level of impact on schedule. These factors also have high impact on schedule. 

Risk factors with similar and with a bit lower but still with a significant impact are interest rate 

fluctuation, financial failure of any party, availability of material, change of client's interest in 

design, quantity variations and availability of infrastructure.  

In the case of project cost, exchange rate fluctuation and increase in inflation rate have the greatest 

impact according to the survey result. Increase in oil price, price escalation of construction 

material, change in labor cost and not meeting milestone deadlines also have a great impact on 

project cost.  
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Financial failure of any party (buyer or developer), change of client's interest in design, quantity 

variations, and availability of infrastructure follow the fore listed factors in having impact on 

project cost.  
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Figure 4.1 - Impact On Schedule
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Table 4.1 Risk factors ranked according to their impact on schedule 

Rank RF # Risk Factor Risk 
Magnitude 

  

Rank RF # Risk Factor Risk 
Magnitude 

1 RF 33 Not meeting milestone deadline clause 0.7274 6 RF 39 Changes in laws, regulations, and policies 0.3636 

1 RF 38 Communication between project parties 
(client, consultant and developer) 0.7274 7 RF 15 Subsurface conditions (geotechnical) 0.34025 

2 RF 20 Lack of readily available utilities on site 0.60715 7 RF 36 Delays in resolving disputes 0.34025 
3 RF 1 Exchange rate fluctuation 0.5965 8 RF 14 Natural disaster  0.3347 

3 RF 2 Increase in inflation rate  0.5965 8 RF 16 Poor site condition (location, accessibility 
of site, etc...) 0.3347 

3 RF 5 Increase in customs (on imported goods) 0.5965 8 RF 23 Unpredicted technical problems in 
construction 0.3347 

3 RF 6 Increase in oil price 0.5965 8 RF 24 Impact of adjacent buildings  0.3347 

3 RF 7 Construction material price escalation 
arising above the estimated allowances  0.5965 9 RF 35 Delays in resolving contractual issues 0.26715 

3 RF 8 Changes in labor costs 0.5965 9 RF 37 Breach of contracts  0.26715 
4 RF 3 Interest rate fluctuation 0.4656 10 RF 4 Tax rate increase 0.2616 

4 RF 9 Financial failure of any party (client or 
developer) - project specific 0.4656 10 RF 10 Bankruptcy 0.2616 

4 RF 12 Availability of material 0.4656 10 RF 13 Weather conditions  0.2616 

4 RF 17 Change of client's interest in design 0.4656 10 RF 30 Vagueness of purchasing 
agreement/contract clauses 0.2616 

4 RF 18 Change of client's interest in type of 
construction material and in related things 0.4656 10 RF 31 Inappropriate risk allocation in purchasing 

agreement/contracts 0.2616 

4 RF 19 Quantity variations  0.4656 10 RF 32 Purchasing agreement/contract errors 0.2616 
4 RF 21 Availability of infrastructure 0.4656 10 RF 34 Occurrence of claim and dispute 0.2616 
5 RF 22 Damage to Structure  0.4078 11 RF 11 Availability of local labor 0.1885 
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Table 4.2 Risk factors ranked according to their impact on cost 

Rank RF # Risk Factor Risk 
Magnitude 

 

Rank RF # Risk Factor Risk 
Magnitude 

1 RF 1 Exchange rate fluctuation 0.60715 6 RF 20 Lack of readily available utilities on site 0.34025 
1 RF 2 Increase in inflation rate 0.60715 6 RF 36 Delays in resolving disputes 0.34025 

2 RF 6 Increase in oil price 0.5965 7 RF 14 Natural disaster  0.3347 

2 RF 7 Construction material price escalation 
arising above the estimated allowances 0.5965 7 RF 16 Poor site condition (location, accessibility of 

site, etc...) 0.3347 

2 RF 8 Changes in labor costs 0.5965 7 RF 22 Damage to Structure 0.3347 
2 RF 33 Not meeting milestone deadline clause 0.5965 7 RF 32 Purchasing agreement/contract errors 0.3347 

3 RF 5 Increase in customs (on imported goods) 0.47625 7 RF 34 Occurrence of claim and dispute 0.3347 

4 RF 9 Financial failure of any party (client or 
developer) - project specific 0.4656 8 RF 4 Tax rate increase 0.26715 

4 RF 17 Change of client's interest in design 0.4656 8 RF 35 Delays in resolving contractual issues 0.26715 
4 RF 19 Quantity variations 0.4656 8 RF 37 Breach of contracts 0.26715 
4 RF 21 Availability of infrastructure 0.4656 9 RF 10 Bankruptcy 0.2616 

4 RF 38 Communication between project parties 
(client, consultant and developer) 0.4656 9 RF 11 Availability of local labor 0.2616 

5 RF 3 Interest rate fluctuation 0.3636 9 RF 13 Weather conditions 0.2616 
5 RF 12 Availability of material 0.3636 9 RF 23 Unpredicted technical problems in construction 0.2616 

5 RF 18 
Change of client's interest in type of 
construction material and in other related 
things 

0.3636 9 RF 24 Impact of adjacent buildings 0.2616 

5 RF 39 Changes in laws, regulations, and policies 0.3636 9 RF 31 Inappropriate risk allocation in purchasing 
agreement/contracts 0.2616 

6 RF 15 Subsurface conditions (geotechnical) 0.34025 10 RF 30 Vagueness of purchasing agreement/contract 
clauses 0.1885 
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4.2 Whether the Risk Factors are Foreseeable, Assessable and Manageable 

A weight analysis of responses from the survey questionnaires on whether the risk factors are 

foreseeable, assessable and manageable was conducted as shown in sub-section 3.5.2 Appendix F. 

The results of the analysis are shown in Table 4.3.1. 

Regarding foreseeability, exchange rate fluctuation, increase in inflation rate, price escalation of 

construction material, quantity variation, lack of readily available utilities on site and availability 

of infrastructure were found to be likely foreseeable. On the other hand, increase in customs and 

tax rate, subsurface conditions, impact of adjacent building, inappropriate risk allocation, 

occurrence of dispute and delays in resolving disputes were claimed to be unlikely foreseeable. 

Vagueness of contract agreement and error in clauses were unlikely foreseeable.  

Similarly, the results on whether the risk factors are assessable and manageable are shown in Table 

4.3.1. Interest rate fluctuation, exchange rate fluctuation, availability of local labor and material, 

poor site condition, availability of infrastructure, change of client's interest in design, change of 

client's interest in design, lack of readily available utilities on site, change of client's interest in 

type of construction material and communication between project parties are likely assessable. Tax 

rate increase, subsurface conditions (geotechnical) and impact of adjacent buildings were found 

unlikely assessable.  

Concerning manageability, Increase in inflation rate, poor site condition, change of client's interest 

in design are availability of local labor and material were found likely manageable. On the 

contrary, not meeting milestone deadline clause and tax rate increase were found unlikely 

manageable. 
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To show some of the risk factors which have the same result on the three allocation criteria, 

construction material price escalation is likely foreseeable, assessable and manageable. The same 

is true for quantity variations.  Tax rate increase, subsurface conditions, inappropriate risk 

allocation in contracts, occurrence of claim and dispute, delays in resolving disputes and 

contractual issues are unlikely foreseeable, assessable and manageable. Increase in oil price, 

weather conditions, damage to structure, breach of contracts and changes in laws, regulations, and 

policies are moderately foreseeable, assessable and manageable. 

As explained in sub-section 3.5.2., the weight analysis was conducted by counting the number of 

responses. However, not all risk factors were assigned foreseeable, assessable and manageable 

because there wasn’t a response that outweighed the rest in some risk factors. Risk factors with 

incomplete evaluation result are presented in Table 4.3.2. 
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Table 4.3.1 Whether the Risk Factors are Foreseeable, Assessable and Manageable 

No. Risk Factors RF # Foreseeable Assessable Manageable 

1 Interest rate fluctuation RF 1 M L M 
2 Tax rate increase RF 4 U U U 
3 Increase in customs RF 5 U M M 
4 Increase in oil price RF 6 M M M 

5 Construction material price escalation 
arising above the estimated allowances  RF 7 L L L 

6 Changes in labor costs RF 8 M M M 

7 Weather conditions (wind, 
temperature, rain, and so forth) RF 13 M M M 

8 Subsurface conditions (geotechnical) RF 15 U U U 

9 Poor site condition (location, 
accessibility of site, etc...) 

RF 16 
L L L 

10 Change of client's interest in design RF 17 M L L 
11 Quantity variations  RF 19 L L L 

12 Lack of readily available utilities on 
site RF 20 L L M 

13 Availability of infrastructure RF 21 L L M 
14 Damage to Structure  RF 22 M M M 
15 Impact of adjacent buildings  RF 24 U U M 

16 Vagueness of purchase 
agreement/contract clauses RF 30 VU M VU 

17 Inappropriate risk allocation in 
purchase agreement/contracts RF 31 U U U 

18 Purchase agreement/contract errors RF 32 VU M VU 
19 Occurrence of claim and dispute RF 34 U U U 
20 Delays in resolving contractual issues RF 35 U U U 
21 Delays in resolving disputes RF 36 U U U 
22 Breach of contracts  RF 37 M M M 

23 Changes in laws, regulations, and 
policies RF 39 M M M 
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Table 4.3.2 Risk Factors with Incomplete Evaluation Result 

No. Risk Factors RF # Foreseeable Assessable Manageable 

1 Exchange rate fluctuation RF 1 L L   

2 Increase in inflation rate  RF 2 L   L 

3 Financial failure of any party (client 
or developer) - project specific RF 9 

U     

4 Bankruptcy RF 10     VU 

5 Availability of local labor RF 11   L L 

6 Availability of material RF 12   L L 

7 Natural disaster (flood, earthquake, 
landslide, fire, and so on) RF 14 

U     

8 
Change of client's interest in type of 
construction material and in other 
related things RF 18 

M L   

9 Unpredicted technical problems in 
construction RF 23 

  L M 

10 Not meeting milestone deadline 
clause RF 33 U   U 

 
11 

Communication between project 
parties (client, consultant and 
developer) RF 38 

   
L   

 

4.3 Current Risk Allocation in Real Estate Purchase Agreements 

Contract documents were collected form 7 real estate developers. All of them stated that they use 

a standard format of contract agreement. The general information on the REDs from the 

questionnaire shows the developers do not assess risk as a formal procedure of project planning 

except for checking cost overrun which is only done by two of them. 
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The collected documents were assessed to explore how risks are allocated in real estate purchase 

agreements of real estate development projects in Addis Ababa, Ethiopia. The contract documents 

consist of written clauses and provisions which specify the interests and obligations of contracting 

parties.  21 risk factors were identified from the agreements and it is indicated whether the 

developers have considered them in their standard agreement by putting “yes and “no”. This is 

shown in Table 4.4.   

From the risk factors identified, failure of client to pay, termination of contract, occurrence of 

dispute and change in laws/regulations/policies are considered and included in all reviewed 

purchase agreements. Force majeure, RED not meeting deadline and defect are also considered by 

all except by one of the REDs. To the reverse, design error is considered only by one developer.  

Foreign currency shortage, change in labor cost and tax rate increase are included in the purchase 

agreements of 5 REDs. Exchange rate fluctuation, change in labor cost, increase in oil price, 

change in tariffs issued by government, eviction, plot area variation, damage on the property, 

construction by client after delivery and change of client's interest in design are factors included 

in purchase agreements, some in three and some in four.  

Increase in inflation rate has a great impact on time and cost, ranking third and second respectively 

in the impact analysis. However, it is not included in any of the reviewed purchase agreements. 

Unpredicted technical problems in construction, change of client's interest in type of construction 

material and in other related things, subsurface conditions (geotechnical), and availability of 

construction material and local labor are also not included in reviewed agreements.   
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From the identified 42 risk factors, not all are expected to be included in contract documents. These 

factors are poor site condition, bankruptcy, vagueness of purchase agreement/contract clauses, 

inappropriate risk allocation in purchase agreement/contracts, delays in resolving contractual 

issues, errors in contracts and communication between parties.  They are included in the analysis 

to analyze their risk magnitude. Design error and plot area variation are factors identified from 

purchase agreements that are not included in the analysis. 

Table 4.5 shows which risk is allocated to whom and how the risks are allocated is assessed from 

the review of purchase agreements.  

To see how price escalation of construction material, exchange rate fluctuation, foreign currency 

shortage, and increase in oil price and change in labor cost are allocated by the three REDs, one 

RED stated price will be adjusted considering the fluctuation whether it is an increase or a 

decrease. Another RED stated the client shall pay the additional cost.  
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Table 4.4 Risk Factors in Real Estate Purchase Agreements 

No. Factors RED 
1 

RED 
2 

RED 
3 

RED 
4 

RED 
5 

RED 
8 

RED 
13 

1 Failure of client to pay Yes Yes Yes Yes Yes Yes Yes 
2 Price escalation Yes No Yes No Yes No Yes 

3 Exchange rate fluctuation No No Yes No Yes Yes Yes 
4 Foreign currency shortage No No Yes No No No Yes 
5 Change in labor cost No No Yes No No No Yes 
6 Increase in oil price No No Yes No Yes No Yes 
7 Change in tariffs issued by government No No Yes No No Yes Yes 
8 Eviction No No Yes Yes No No Yes 
9 Defect  No Yes Yes Yes Yes Yes Yes 
10 Force majeure No Yes Yes Yes Yes Yes Yes 
11 RED not meeting deadline Yes Yes Yes No Yes Yes Yes 
12 Plot area variation No No No Yes Yes No Yes 
13 Quantity variations  No No No No No Yes Yes 
14 Design error No No No No Yes No No 
15 Damage on the property Yes No No Yes Yes Yes No 
16 Construction by client after delivery Yes Yes No No No Yes Yes 
17 Termination of contract Yes Yes Yes Yes Yes Yes Yes 
18 Tax rate increase No No Yes Yes Yes Yes Yes 
19 Change of Client's interest in design No No Yes Yes Yes No Yes 

20 Change in laws/regulations/policies Yes Yes Yes Yes Yes Yes Yes 
21 Occurrence of dispute Yes Yes Yes Yes Yes Yes Yes 
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Table 4.5 Risk Allocation in Purchase Agreements  

No. Factors RED 1 RED 2 RED 3 RED 4 RED 5 RED 8 RED 13 

1 Failure of client to pay Client Client Client Client Client Client Client 
2 Construction material 

price escalation arising 
above the estimated 
allowances  

 
 

RED 

 
 

No 

 
 

Will be 
notified in 

writing to the 
client if it 

makes 
delivery on 

the specified 
time difficult, 

will be 
decided on 

with the 
client 

 
 

No 

reduce price or 
increase considering 

the escalation 

 
 

No 

 
 
 
 
 
 
 
Client pays the 
additional cost 

 
3 

 
Exchange rate 
fluctuation 

 
No 

 
No 

 
No 

reduce price or 
increase considering 

the fluctuation 

 
Client 

4 Foreign currency 
shortage 

No No No reduce price or 
increase considering 

the fluctuation 

No 

5 Change in labor cost No No No No No 
 
 

6 

 
Increase in oil price 

 
 

No 

 
 

No 

 
 

No 

reduce price or 
increase considering 

the fluctuation 

 
 

No 
 

7 
Change in tariffs 
issued by government 

 
No 

 
No 

 
Client 

 
No 

 
No 

 
Client 

 
Client 

 
 
 

8 

 
 
 
Eviction 

 
 
 

No 

 
 
 

No 

 
 

RED if it is 
before 

delivery 

 
 
 

RED 

 
 
 

No 

 
 
 

No 

RED until 
ownership 

confirmation 
certificate is 
given to the 

buyer 
 

9 
 
Defect  

 
No 

1 year 
guarantee 

for 
constructi
on defect 

 
1 year 

guarantee 

 
1 year guarantee 

 
1 year guarantee 

1 year 
maintenance 

guarantee 

 
1 year 

guarantee 

10 Force majeure No Yes Yes Yes Yes Yes Yes 
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11 RED not meeting 
deadline 

 
RED unless the delay occurred due to force majeure 

12 Plot area variation No No No Yes Yes No Yes 
13 Quantity variations  No No No No No Yes Yes 
14 Design error No No No No Yes No No 

 
 
 
 

15 

 
 
 
 
Damage on the 
property 

 
 
 

RED is if it 
is caused 

by the 
developer 

 
 
 
 

No 

 
 
 
 

No 

 
 
 

Client is 
responsible if it 
occurs during 
finishing work 

done by the client 

 
 

 
RED if it is before 

delivery 

Not the RED 
if it is due to 

natural causes, 
improper use 
by client or 
any other 
reason the 
RED is not 
responsible 

for 

 
 
 
 

No 

 
 

16 

 
Construction by client 
after delivery 

Forbidden 
if it 

changes the 
exterior 
design  

Allowed 
with the 

permission 
of the 
RED 

 
 

No 

 
 

No 

 
 

No 

 
 

Yes 

 
 

Yes 

17 Termination of 
contract 

Yes 

18 Tax rate increase No No Client No No Client  Client  
 
 

19 

 
Change of Client's 
interest in design 

 
 

No 

 
 

No 

Allowed until 
construction 

of 
substructure 

ends 

 
Allowed with the 
permission of the 

RED 

 
Allowed with the 
permission of the 

RED 

 
 

No 

Allowed until 
structural 

concrete work 
is completed 

20 Change in 
laws/regulations, and 
policies 

 
All relevant laws of the country shall apply 
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According to the review, all the REDs which included clauses regarding defect guaranteed a 1 year 

defect liability.  

In case of not meeting milestone deadline, the RED shall bear it unless it is caused due to force 

majeure. What needs to be noted here is that the type of force majeure differs from developer to 

developer. What the developers consider as force majeure are listed here below.  

 RED 2 – As stated in the Ethiopian Civil Code Article 1792 and 1793 

 RED 3 - War, social unrest, man-made happenings, natural disasters, foreign currency 

shortage, foreign currency devaluation, price escalation and shortage of construction 

materials and equipment, transport problem due to increase in oil price and increase in 

labor cost 

 RED 4 – It does not specify what factors are considered as a force majeure 

 RED 5 – It does not specify what factors are considered as a force majeure 

 RED 8 – Issues related to government legislations, rules and regulations or natural disasters 

 RED 13 – conditions stated in the Ethiopian Civil Code article 1792 and 1793 as well as 

lack of electricity supply, price escalation of construction materials and the like, that 

prevents the real estate developer to handover the house to the client within the agreed time 

period. 

According to the Ethiopian Civil Code Article 1792, force majeure results from an occurrence 

which the debtor could normally not foresee and which prevents him absolutely from performing 

his obligations. Cases of force majeure could be (Art. 1973): 

(a) The unforeseeable act of third party for whom the debtor is not responsible; or 
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(b)  An official prohibition preventing the performance of the contract; or 

(c) A natural catastrophe such as earth quake, lightning or floods; or 

(d) International or civil war; or 

(e) The death or a serious accident or unexpected serious illness of the debtor. 

However, an increase or reduction in the price of raw materials necessary for the performance of 

the contract; or the enactment of new legislations whereby the obligations of the debtor become 

more onerous shall not be deemed to be cases of force majeure unless otherwise expressly agreed 

(Art. 1794). 

As it can be seen from how the REDs considered force majeure in their contract document, it is 

only two REDs which included price escalation and other similar factors as a force majeure. Only 

one RED included enactment of new legislations as a force majeure. 

4.4 Risk Allocation Decision Support Mechanism 
 

Providing a mechanism that supports in making contractual risk allocation decision for real estate 

development projects particularly in real estate purchase agreements is the main aim of this 

research.  The two parties in which risk is to be allocated to are real estate developer and client.   

The steps followed to satisfy this objective are: 

i. Conduct risk-impact analysis: The result of the risk impact analysis presents the risk factors 

and their rank according to their impact on time and cost.  

ii. Measure whether they are foreseeable, assessable and manageable: All the risk factors 

ranked were measured against risk allocation criteria as shown in Table 4.1, 4.2 and 4.3.  
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iii. Set a rule for allocation decision:  

Proposition 1: If Risk Factor X is unlikely foreseeable by the RED, unlikely assessable 

by the RED and unlikely manageable by the RED, then the risk should be allocated to 

the client - adopted from allocation rule established by Lam et al. (2007). 

Proposition 2: If Risk Factor X is likely foreseeable by the RED, likely assessable by 

the RED and likely manageable by the RED, then the risk should be allocated to the 

RED (adopted from allocation rule established by Lam et al. (2007). 

Proposition 3: If the Risk Factor’s foreseeability, assessablity and manageability are 

combination of moderate, likely, and unlikely, then the risk should be shared. 

iv. Make a decision: a flow chart is used to represent the how the mechanism helps make risk 

allocation decision as shown in Figure 4.1. 

The allocation decision was made following the above procedure and the result is Table 4.6. The 

results of the decision making were compared to how real estate developers allocated the above 

risk factors in their standard purchase agreement. The comparison is presented in Table 4.7.  Here 

it has to be stated that risk allocation decision is not made for risk factors with incomplete 

evaluation result. Due to this, critical risk factors such as exchange rate fluctuation and increase in 

inflation rate could not be allocated. Availability of local labor and material were also not 

allocated. 
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Figure 4.3 Risk Allocation Decision Making Flow Chart 
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Table 4.6 Risk Allocation Decision 

No. Risk Factors RF # Foreseeable Assessable Manageable 
Risk 

Allocation 
Decision 

1 Interest rate fluctuation RF 1 M L M Share 
2 Tax rate increase RF 4 U U U Client 
3 Increase in customs RF 5 U M M Share 
4 Increase in oil price RF 6 M M M Share 

5 Construction material 
price escalation  

RF 7 L L L RED 

6 Changes in labor costs RF 8 M M M Share 

7 
Weather conditions 
(wind, temperature, 
rain, and so forth) 

RF 13 M M M Share 

8 Subsurface conditions 
(geotechnical) 

RF 15 
U U U Client 

9 Change of client's 
interest in design 

RF 17 
M L L Share 

10 Quantity variations  RF 19 L L L RED 

11 Lack of readily 
available utilities on site 

RF 20 
L L M Share 

12 Availability of 
infrastructure 

RF 21 
L L M Share 

13 Damage to structure  RF 22 M M M Share 

14 Impact of adjacent 
buildings  

RF 24 U U M 
Share 

15 Changes in laws, 
regulations, and policies 

RF 39 
M M M Share 
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The decision making flow chart (Figure 4.3) shows the results of the mechanism are three 

allocation decisions, Client, RED or Share. The result of the mechanism shows tax rate increase 

and subsurface conditions (geotechnical) should be allocated to a client. Construction material 

price escalation and quantity variations are suggested to be allocated to the RED. 

Increase in oil price, changes in labor costs, weather conditions (wind, temperature, rain, and so 

forth), damage to structure and changes in laws, regulations, and policies are all moderately 

foreseeable, assessable and manageable. These risk are suggested to be shared between the two 

parties. Here, further decision is required which is on the amount and how to be shared between 

the two parties.  However, this is not within the scope of this study. 

The results of the decision mechanism have some similarities with Lam’s risk allocation decision. 

Changes in laws and regulations and availability of labor are both suggested to be shared by both 

the decision mechanism of this research and Lam’s model result.  The rest of the risk factors 

considered in this research and Lam’s paper are different. 

4.5 Comparison of Risk Allocation in Purchase Agreements and by Decision 
Mechanism  
 

The comparison between how developers allocated risks and the decision making mechanism 

shows a difference in allocation of price escalation, change in labor cost and increase in oil price 

as shown in Table 4.7. The result of the decision mechanism suggests price escalation to be 

allocated to the RED, and change in labor cost and increase in oil price to be shared. It is three 

developers that considered these factors as explained earlier. To recall, one RED stated price will 

be adjusted considering the fluctuation whether it is an increase or a decrease and another RED 
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stated the client shall pay the additional cost. The third RED’s agreement states if the above factors 

make delivery on the specified time difficult, they will be notified to the client and will be decided 

on with the client. Increase in oil price and changes are moderately foreseeable, assessable and 

manageable. Price escalation of construction material was found to be likely foreseeable by the 

developer according to the result of the survey and it suggested to be allocated to the RED.  

Change of Client's interest in design, change in tariffs issued by government (specifically change 

in customs), change in laws/regulations and damage on the property are also suggested to be 

shared. Change of Client's interest in design is allowed with the permission of the RED until 

completion of a phase of construction, substructure and structural concrete work. Change in tariffs 

issued by government is allocated to clients in purchase agreements. Regarding change in 

laws/regulations, all seven purchase agreements stated all relevant laws of the country shall apply. 

This includes changes in laws.  

Here it is important to restate that from the risk factors identified, failure of client to pay, 

termination of contract and occurrence of dispute included in all reviewed purchase agreements. 

Even if it needs more exploration, one can argue that inclusion of these factors by all developers 

can be an indication for the greater possibility of occurrence of dispute due to failure of client to 

pay which could be before or after adjustment of price, leading to termination of contract as a 

result. In any way, these clauses give the power to the developer in the contractual relationship 

and this makes clients be disadvantaged and bear the risk of losing their time and money. Even if 

most developers say they would pay back the money the buyer paid when contract is terminated 
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with a penalty deducted, the paid back money will not have the same value with the value it had 

before.  

Damage on the property is suggested to be shared between the two parties in this paper. The sharing 

is to consider the causes which could be improper use of property by the client or developer’s fault. 

Four agreements have considered this factor and three of them stated it is the developer who will 

be responsible if the damage occurs before delivery or if it is caused by the developer. Although 

all developers give a one year guarantee for construction defect, problems which occur after a year 

will be the responsibility of client even if they occur due to developer’s fault. This s a clause which 

is protective for developers but not a fair one for clients because delivery of housing units is not 

processed after quality inspection is conducted by an impartial body. Clients cannot be sure about 

the quality of the property they buy and all they could have is trust on the developer.  
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Table 4.7 Comparison of Risk Allocation Decision by the Mechanism and Risk Allocation in Purchase Agreements 
No Factors Risk     

Allocation 
Decision 

RED 1 RED 2 RED 3 RED 4 RED 5 RED 8 RED 13 

1 Construction material 
price escalation arising 
above the estimated 
allowances  

 
 
 

RED 

 
 
 

RED 

 
 
 

No 

Will be notified 
in writing to the 
client if it makes 
delivery on the 
specified time 

difficult, will be 
decided on with 

the client 

 
 
 

No 

Reduce price or 
increase 
considering the 
escalation 

 
 
 

No 

 
 
 
 
 
Client pays 
the 
additional 
cost 

2 Change in labor cost Share No No No No No 
 
3 

 
Increase in oil price 

 
 

Share 

 
 

No 

 
 

No 

 
 

No 

Reduce price or 
increase 
considering the 
fluctuation 

 
 

No 

4 Quantity variations  
RED 

No No No No No Yes Yes 

 
 
 
5 

 
 
 
Damage on the property 

 
 
 

Share 

 
RED is if 
it is caused 
by the 
developer 

 
 
 

No 

 
 
 

No 

Client is 
responsible 
if it occurs 
during 
finishing 
work done 
by the client 

 
 
 
RED if it is 
before delivery 

Not the RED if it 
is due to natural 
causes, improper 
use by client or 
any other reason 
the RED is not 
responsible for 

 
 
 

No 

 
6 

 
Termination of contract 

Share  
Yes 

 
7 Tax rate increase 

Client No No Client No No Client Client 

 
 
8 

 
Change of Client's 
interest in design 

 
 

Share 

 
 

No 

 
 

No 

Allowed until 
construction of 
substructure 
ends 

Allowed 
with the 
permission 
of the RED 

Allowed with 
the permission 
of the RED 

 
No 

Allowed until 
structural 
concrete work 
is completed 

 
9 

Change  in laws, 
regulations, and policies 

 
Share 

 
All relevant laws of the country shall apply 
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4.6 Summary and Discussion of Results 

The aim of this study was to provide professionals working in real estate development projects a 

mechanism that will support them in making contractual risk allocation decision particularly in 

real estate purchase agreements that can serve as an alternative way of allocating risks in real estate 

purchase agreements.   

Different risk factors related to real estate development projects and key risk allocation principles 

were identified through review of thesis works, reports, newspapers and conference proceedings 

and articles published in academic journals. As indicated in Chapter One of this study, the second 

major objective was to prioritize the risk factors identified from literature according to their impact 

on project cost and schedule by collecting data from real estate developers. The data collected were 

qualitative and Fuzzy Set Theory was used to change the linguistics of the qualitative data into 

numbers with meanings. Unavailability of quantitative data documented for a long period time 

which could at least show the risk experience is a shortcoming of the collected data.   

The result shows that the top ranked risks are; not meeting milestone deadline, communication 

between project parties, lack of readily available utilities on site, exchange rate fluctuation, 

increase in inflation rate, customs and oil price, price escalation of construction material, and 

change in labor cost have high impact on project time.   

Interest rate fluctuation, financial failure of any party, availability of material, change of client’s 

interest in design and in type of construction material, quantity variation, and availability of 

infrastructure are factors with significant impact on project schedule. 
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Regarding cost, exchange rate fluctuation and increase in inflation rate have the greatest impact. 

Increase in oil price, price escalation of construction material, change in labor cost and not meeting 

milestone deadlines also have a great impact on project cost. The factors with the lowest impact 

are availability of local labor, weather conditions, unpredicted technical problems in construction, 

impact of adjacent buildings, inappropriate risk allocation in contract and vagueness of contract 

clauses. 

Inflation and delay in project schedule were also found to be top ranked risks in some researches 

done on risk prioritization. Inflation was top ranked in the works of Hastak and Shaked (2000), 

Aboshady et al. (2013) and Sohrabinejad and Rahimi (2015). Delay in project schedule is also top 

ranked by Shen et al. (2001), Hsueh et al. (2007) and Dusane and Bhangale (2012). The rest of the 

severe risks were not found similar with the results of reviewed literature. As compared to the 

result of Addis (2014) on risk ranking, only availability of material was found to be a common risk 

with this paper’s result.  

Furthermore, the risk factors considered in the risk prioritization were evaluated against three risk 

allocation criteria which are whether the risk factors are foreseeable, assessable and manageable. 

The result of this evaluation was used for risk allocation decision in developing the decision 

support.  

The most severe risk, not meeting milestone deadline was found unlikely foreseeable and 

manageable. Exchange rate fluctuation is likely foreseeable and assessable and so is increase in 

inflation rate were found to be likely foreseeable and manageable. Price escalation is likely 
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foreseeable, assessable and manageable and increase in oil price is moderately foreseeable, 

assessable and manageable. 

On the other hand, inappropriate risk allocation, occurrence of dispute and delays in resolving 

disputes were claimed to be unlikely foreseeable. Vagueness of contract agreement and error in 

clauses were found unlikely foreseeable.  

In order to achieve the fourth objective which is review of the current practice, contract documents 

were collected form real estate developers. All of them stated that they use a standard format of 

contract agreement. Risk factors were identified form the purchase agreements and examined 

whether the developers have considered them in their standard agreement. 21 risk factors were 

extracted from the sample agreements. From the seven REDs, it is only three which included more 

than 15 risk factors. Two included less than ten and the res two considered half of the total 

identified risk factors.  

From the risk factors identified, failure of client to pay, termination of contract, and change in 

laws, regulations, and policies are considered and included in all reviewed purchase agreements. 

Force majeure, RED not meeting deadline and defect are also considered by all except by one of 

the REDs. To the reverse, design error is considered only by one developer.  

Foreign currency shortage, change in labor cost and tax rate increase are included in the purchasing 

agreements of 5 REDs. Exchange rate fluctuation, change in labor cost, increase in oil price, 

change in tariffs issued by government, eviction, plot area variation, damage on the property, 

construction by client after delivery and change of client's interest in design are factors included 

in purchasing contracts, some in three and some in four.  
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Increase in inflation rate, which one of the severe risk factors is not included in any of the reviewed 

purchasing agreements. Unpredicted technical problems in construction, change of client's interest 

in type of construction material and in other related things, subsurface conditions (geotechnical), 

and availability of construction material and local labor are also not included in reviewed 

purchasing agreements. Design error and plot area variation are factors identified from purchasing 

agreements that are not included in the risk impact analysis.  

Price escalation of construction material, exchange rate fluctuation, foreign currency shortage, 

increase in oil price and change in labor cost were considered by three contractors only even if 

these factors have a high impact on both project schedule and cost. One RED stated price will be 

adjusted considering the fluctuation whether it is an increase or a decrease. Another RED stated 

the client shall pay the additional cost.  

Here it has to be noted that price escalation of construction material were found to be likely 

foreseeable by the developer according to the result of the survey. The third one stated if these 

factors make delivery on the specified time difficult, they will be notified in writing to the client 

and will be decided on with the client. 

Not meeting milestone deadline is the top ranking risk and all REDs stated they shall bear it unless 

it is caused due to force majeure. What needs to be clear here is that the type of force majeure 

differs from developer to developer.  

Only two developers stated force majeure is defined according to the conditions stated in the 

Ethiopian Civil Code article 1792 and 1793. According to the Ethiopian Civil Code Article 1792, 

force majeure results from an occurrence which the debtor could normally not foresee and which 
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prevents him absolutely from performing his obligations. These occurrences could be the 

unforeseeable act of third party for whom the debtor is not responsible, an official prohibition 

preventing the performance of the contract, natural catastrophe or international or civil war; or the 

death or a serious accident or unexpected serious illness of the debtor.  

The Civil Code states an increase or reduction in the price of raw materials necessary for the 

performance of the contract; or the enactment of new legislations whereby the obligations of the 

debtor become more onerous shall not be deemed to be cases of force majeure unless otherwise 

expressly agreed (Art. 1794).  

Price escalation is a severe risk and was found likely foreseeable, assessable and manageable. 

Including price escalation as a force majeure protects developers from the unlikely foreseeable, 

assessable and manageable side of it. In addition, it makes clear clients will be obliged to allow 

the RED ask for time extension and cover the additional cost for the performance of the contract 

and the delivery of the project. However, it is only three REDs considered price escalation and 

from the REDs considered force majeure in their contract document, it is only two REDs which 

included price escalation and other similar factors as a force majeure. Only one RED included 

enactment of new legislations as a force majeure.  

All the reviewed contracts are adhesive contracts which do not give room for negotiation between 

the developer and the client. In addition, most of the reviewed purchasing agreements do not 

include at least the severe risk factors. This could be because the developers do not assess risk as 

a formal procedure of project planning except for checking cost overrun which is only done by 

two of them. It also might be the result of company marketing strategy.  
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The fifth objective was realized by developing a mechanism which helps make risk allocation 

decision by considering whether the severe risks are foreseeable, assessable and manageable. 

Providing a mechanism that supports in making contractual risk allocation decision for real estate 

development projects particularly in real estate purchasing contracts is the main aim of this 

research.  The two parties in which risk is to be allocated to are real estate developer and client.   

The steps followed are: 

i. Conduct risk-impact analysis 

ii. Measure whether they are foreseeable, assessable and manageable 

iii. Set a rule for allocation decision 

iv. Make a decision 

A risk allocation decision was made following these steps. The results of the decision making were 

compared to how real estate developers allocated the above risk factors in their standard purchasing 

agreement. It was explained before that risk allocation decision is not made for risk factors with 

incomplete evaluation result. Due to this, critical risk factors such as exchange rate fluctuation and 

increase in inflation rate could not be allocated. Availability of local labor and material were also 

not allocated. The risk factors which were both allocated to a party by the mechanism and included 

in purchasing agreements were only nine.  

The decision making flow chart shows the results of the mechanism are three allocation decisions, 

Client, RED or Share. The result of the mechanism shows construction material price escalation 

and quantity variations are suggested to be allocated to the RED. Increase in oil price, changes in 

labor costs, weather conditions (wind, temperature, rain, and so forth), damage to structure and 
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changes in laws, regulations, and policies are all moderately foreseeable, assessable and 

manageable.  

These risk are suggested to be shared between the two parties. Here, further decision is required 

which is on the amount and how to be shared between the two parties.  

All analyzed risk factors have impact on time and cost. It has to be decided what to be shared, that 

is cost, time or both.  For risk factors with different result on the three evaluation criteria, the  

mechanism helps not only in making decision, but also helps determine when and how to share 

the risks, whether it is they are not foreseeable, assessable, manageable or a combination of two 

allocation criteria.  

The comparison between how developers allocated risks and the decision making mechanism 

shows a difference in allocation of price escalation, change in labor cost and increase in oil price. 

Even though some severe risks are considered in the purchasing agreements, some contracts 

allocated risks to the client while they are in a position to foresee, assess and manage the risks. 

Again this could be due to company strategy or lack of information on risks but it show 

misallocation.  

It is considering the following problems which were identified in this research that a decision 

mechanism is provided. These are 

 Developers using standard purchase agreements for different projects with different 

features  

 Developers not assessing risk 
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 Misallocation of risks and purchase agreements lacking completeness,  

Although developers had made decisions and allocated risks in purchase agreements, 

circumstances could be different enough that past decisions are may not be the right decision 

choices. Therefore, to consider the dynamic nature of risk and projects’ unique features, developers 

can use the decision mechanism as shown on Figure 4.4. Outcomes of previous decisions can be 

evaluated and future decisions can be made based on the feedback. 

Risk Analysis

- Risk Identification
- Update Risk Database 
- Risk Impact Analysis
- Trend Analysis

Risk Evaluation 
Against Risk 

Allocation Criteria
Risk Allocation 

Decision

Feedback

Figure 4.4 Risk Allocation Decision Support Mechanism 

  

 

 



5. CONCLUSIONS AND RECOMMENDATIONS 

Real Estate Development is considered as one of the sectors with transaction of billions of birr in 

the market in Ethiopia. The sector contributes not only to the economy of the country and but also 

helps in alleviating housing problems. However, the problems the real estate development sector 

is facing make the environment susceptible to uncertainty. This makes the real estate development 

environment involve risk.  

Risk allocation is one way of mitigating risk that exists in an uncertain environment. Risk 

allocation is very important for project success. Risks should be allocated to the party that is best 

able to manage it efficiently and effectively through contract conditions and clauses. Real estate 

purchase agreements are commonly used to allocate risks between buyers and developers.  

The aim of this research was to identify risk factors in real estate development projects and their 

impact on project objectives, examine of the current practice of risk allocation in real estate 

purchase agreements and provide a practical mechanism that can be used by real estate developers 

to allocate risks properly. The findings of the study were summarized in the previous chapter. This 

chapter presents conclusions and recommendations.  

5.1 Conclusions of the Study 

The conclusions from the results of each objective are presented as follows. 

1. Not meeting milestone deadline, exchange rate fluctuation, increase in inflation rate and in oil 

price, and price escalation of construction material have high impact on surveyed private real 

estate development projects’ time and cost.  
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2. All the risks with high risk impact such as price escalation, exchange rate fluctuation and 

increase in inflation increase are found foreseeable except not meeting milestone deadline 

which is found unlikely foreseeable and manageable and increase in oil price rate is moderately 

foreseeable.  

 
3. Most of the reviewed purchase agreements of private real estate developers in Addis Ababa do 

not include at least the severe risk factors. It is concluded that purchase agreements currently 

being used lack completeness in addition to risks being misallocated.  

 
4. All the reviewed contracts are adhesive contracts which do not give room for negotiation 

between the developer and the client. Clients do not have protection against being 

disadvantaged by developers adjusting price, extending delivery time or terminating the 

purchase contract. Of course, they can sue developers but most probably they have to pass 

through an elongated judicial process which causes more loss of time and money. In addition, 

clients cannot be sure about the quality of the property they buy since delivery of housing units 

is not processed after quality inspection is conducted by an impartial body. In general, all they 

could have is trust on the developer. Therefore, it can be concluded that clients are highly 

susceptible to being disadvantaged through the contractual relationship they have with 

developers. 

 
5. The provided decision mechanism helps in allocating risks between the two parties, the 

developer and the buyer. It helps determine when and how to share the risks. It also helps 

developers consider the dynamic nature of risk and uniqueness of projects, and manage to 

allocate risks properly. 
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5.2 Recommendations of the Study 

1. Purchase agreements currently being used lack completeness in addition to risks being 

misallocated. This implies a caution for both parties because unfair shifting of risk might result 

in the RED to build a contingency into the price to cover the risk; or, the RED will not have a 

contingency and will face financial problems. Higher contingencies make the total price of the 

property high and REDs could face lower profit margins in addition to other financial 

problems. The adversarial impact is not only on cost but on time and quality also. This affects 

the reputation and the competitiveness of the developer in the market. The researcher believes 

the purchase agreements currently being used need to be revised in order for the risk allocation 

to be effective and efficient considering the risk appetite of the company. Of course, this has 

to be preceded with proper risk planning, identification and analysis.  

 

2. Purchase agreement is more important than it seems. It is advisable that buyers consider how 

risks and different obligations are allocated in addition to the type and price of property.  

 
3. It would be good if impartial consultants or contract administrators get involved in private real 

estate development projects so that a proactive action could be taken to minimize the impact 

of risks, and issues that arise between developers and clients could be managed in a better way. 

It is also advisable that there could be inspection of built housing units before they are 

transferred to clients in order to protect clients from the impact of latent defects.  
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5.3 Direction for Future Research 

Having the results of the study, the researcher recommends for clients’ perspective on real estate 

purchase agreements to be studied in the future. It is also recommended that the interrelationship 

between the existing risk factors be studied. Studying the practice of foreign real estate developers 

working locally and comparing it with the practice of the local firms could also be considered as a 

future research direction 
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APPENDIX A – RESEARCH POPULATION  

 

 

 

No. Name of Real Estate Developer  

1 Aser Real Estate 

2 Ayat Real Estate Development Enterprise 

3 AZ Real Estate 

4 Country Club Developers Real Estate PLC 

5 Enyi Real Estate 

6 Flintstone Engineering 

7 Gift Real Estate 

8 Haile & Alem International PLC 

9 Nasew Real Estate PLC 

10 Sunshine Real Estate 

11 Tracon Trading PLC 

12 Yotek Construction 

13 Zenebe Firew Real Estate 
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APPENDIX B – ORGANIZATIONAL INFORMATION OF SURVEYED REAL ESTATE DEVELOPERS 
 

No. Developer 
Experience in 

the Real 
Estate 

Development 

Number of 
Executed 

Projects in the 
Last 5 Years 

Type of 
Projects 

Whether 
the RED 
Assesses 

Risk 

Risk Assessment Method 

1 RED 1 5 -10 Years 1 project with 
different phases 

Villa and 
Apartment Yes 

Checking primarily estimated against actual selling price (cost 
overrun), by checking demand on market on both quality and 
price of house 

2 RED 2 5 -10 Years 4 - 5 projects Villa and 
Apartment No   

3 RED 3 5 -10 Years 7 - 9 projects Villa No 
response   

4 RED 4 3 - 5 Years 2 projects or 
less 

Villa and 
Apartment Yes Studying the real estate market based on customers interest in 

the type and design purpose of the house built in Addis Ababa 

5 RED 5 5 -10 Years 5 - 7 projects Villa and 
Apartment Yes   

6 RED 6 12 Years 25 projects   No   

7 RED 7 No response 

8 RED 8 5 -10 Years 2 projects or 
less 

Villa and 
Apartment Yes   

9 RED 9 Could not be approached for data collection  

10 RED 10 No response 

11 RED 11 5 -10 Years 3 - 5 projects Apartment No   

12 RED 12 5 -10 Years 3 - 5 projects Villa and 
Apartment Yes checking primarily estimated against actual selling price (cost 

overrun) 

13 RED 13 > 10 Years 3 - 5 projects Villa and 
Apartment No   
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APPENDIX C – RESPONDENTS PROFILE 

 

No. Developer Position Educational 
Background 

Work Experience in Real 
Estate Development  

(including construction 
industry) 

1 RED 1 Construction 
Department Head 

B.Sc. in Civil 
Engineering 21  Years 

2 RED 2 Technical Manager M.Sc. in Civil 
Engineering 15 Years 

3 RED 3 Architect M.Sc. in Architecture 5 -10 Years 

4 RED 4 Project Coordinator B.Sc. in Civil 
Engineering 5 -10 Years 

5 RED 5 Architect 
B.Sc. in Urban 
Planning and 
Architecture 

1 - 3 Years 

6 RED 6 Project Manager B.Sc. in Civil 
Engineering 5 -10 Years 

7 RED 8 Senior Office Engineer B.Sc. in Civil 
Engineering 5 -10 Years 

8 RED 11 Site Engineer B.Sc. in Civil 
Engineering 1 - 3 Years 

9 RED 12 Design and Supervision 
Department Head 

M.Sc. in Civil 
Engineering 
(Structural) 

5 -10 Years 

10 RED 13 Senior Marketing 
Officer Diploma in Marketing 5 -10 Years 
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APPENDIX D – SURVEY QUESTIONNAIRE 

Cover letter 

 

 

February 17, 2016  

Dear Sir or Madam, 

I am a graduate student in Construction Technology and Management at Addis Ababa University, 
Addis Ababa Institute of Technology (AAiT) at the School of Civil and Environmental 
Engineering. I am conducting a survey on Risk Allocation Decision in Real Estate Purchasing 
Contracts for my Master’s Thesis. The purpose of the study is to provide a decision support 
mechanism for risk allocation in real estate purchasing agreements by examining key risk factors 
in the sector. The model to be provided is expected to support the decision making in risk 
allocation. 

I would like to invite you to take part in this research. With your participation, I hope I will 
understand, identify, explore and rank the major risk factors in the sector. I am asking you to look 
over the questionnaire and, if you choose to do so, please complete the questionnaire.  

The survey should only take about 15 -20 minutes of your time. Your answers are anonymous, DO 
NOT put your name on the survey. All answer will be kept confidential. Only group results will 
be presented or documented, not individual answers. Your help with this research is strictly 
voluntary. You do not have to answer any questions you don’t want to. Return of an answered 
survey will indicate your consent to participate in this study.  

If you have questions or concerns, please contact me at (+251) 911861232, milkahag@gmail.com. 
If you have any questions regarding your rights as a research participant, please contact the School 
of Civil and Environmental Engineering through (+251) 11-1-23-24-37 or info@ceng.aait.eu.et. 
Thank for your time and consideration.  

Sincerely,  

 

Milka Hagos  

Post-Graduate Student  
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GUIDELINES FOR COMPLETING THE QUESTIONNAIRE 

 Only one answer is required for each question  

 For questions which require an opinion, there is a grid of boxes to show grades of opinion. 

Please mark the box which most closely fits your opinion.  

 If you do not understand a question or it is unclear please omit the question and move on 

to the next.  

 

1. Risk 

Risk is an uncertain event or condition, if it occurs, has an effect on at least one project objective. 

Objectives can include cost, time scope and quality. A risk may have one or more causes and, if it 

occurs, it may have one or more impacts. A cause may be a requirement, assumption, constraint, 

or condition that creates the possibility of negative or positive outcomes. 

2. Risk Management 

Risk management includes the process of conducting risk management planning, identification, 

analysis, response planning, and monitoring and control on a project. The objectives of project risk 

management are to increase the probability and impact of positive events, and decrease the 

probability and impact of negative events in the project. 

3. Risk Assessment  

The risk assessment helps in risk management by measuring, conducting quantitatively and 

qualitatively in order to estimate the significance level of the industrial risk factors to the project 

and then to estimate of the risk of the potential factors to project success. 

4. Risk allocation 

It is the definition and division of responsibility associated with a possible future loss or gain, 

seeks to assign responsibility of agreeing parties (the real estate developer and the client) for a 

variety of hypothetical circumstances that might affect the project in proceeding as planned. 

Responsibilities are commonly defined through contractual documents as part of a risk 

management strategy. 
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5. Input Variables for Risk Allocation decision 

 

Foreseeable 

Whether the party (real estate developer) is able to foresee or predict the risk.  

Assessable 

Whether the party (real estate developer) is able to assess or measure the possible magnitude of 

consequences of a risk.  

Manageable 

Whether the party (real estate developer) is able to exercise best control on minimizing or avoiding 

the materialization of the risk or manage the risk (minimize the severity, extra cost and delay) once 

the risk occurs in case of occurring. 

Sustainable 

Whether the party (real estate developer) is able to sustain or bear the consequences if the risk 

occurs.   
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PART I: ORGANIZATIONAL INFORMATION 

1. Experience of the organization in real estate development (Years)? 

1 year or less    1 – 3 years 

3 – 5 years    5 – 10 years 

Other ________________ 

2. Number of executed projects in the last 5 years? 

2 Projects or less   3 - 5 Projects 

5 - 7 Projects    7 - 9 Projects 

Other ________________ 

3. Type of project (mark both boxes if your company delivers both) 

Villa 

Apartment 

 
4. Does your company assess project risk? 

 
 
Yes     No 
 

If your answer is yes, please list down the techniques you use for assessment. 
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PART II RESPONDENT’S PROFILE 

1. The position of the respondent?  

Sales Person    Office Engineer  

Project Manager   Architect  

Other ________________ 

2. Experience and Educational Qualifications 

 

Education level: ______________________ 

 

Working Experience in years (In the sector): ______________________ 

1 year or less    1 – 3 years 

3 – 5 years    5 – 10 years 

Other ________________ 

Working Experience in years (In current position): ______________________ 

1 year or less    1 – 3 years 

3 – 5 years    5 – 10 years 

Other ________________ 

3. Professional background 

Civil Engineer     Architect  

Quantity Surveyor    Other ______________________
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1 = Very Unlikely 1 = Insignificant

2 = Unlikely 2 = Minor

3 = Moderate 3 = Moderate

4 = Likely 4 = Major 

5 = Very Likely 5 = Catastrophic

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 I MI MO MA C I MI MO MA C

Exchange rate fluctuation

Increase in inflation rate 

Interest rate fluctuation

Tax rate increase

Increase in customs

Increase in oil price
Construction material price 
escalation arising above the 
estimated allowances 
Changes in labor costs
Financial failure of any party 
(client or developer) - project 
specific
Bankruptcy

Availability of local labor

Availability of material

1 Economic and Financial

Risk Impact

Foreseeable Assessable Manageable Sustainable Impact on Project 
Schedule

Impact on Project 
Cost

PART III - RISK FACTORS' OCCURRENCE, IMPACT  AND MEASUREMENT OF RISK FACTORS AGAINST RISK ALLOCATION CRITERIA

The table below contains different risk factors categorized into four major categories. Please assign the likelihood of occurrence, impact and measure the factors against the five risk allocation criteria 
foreseeable, assessability, manageable and sustainable. All allocation criteria are measured from developer's point of view.

For likelihood of occurrence and 
measuring against the five risk 

allocation criteria

For Impact 
Assessment 

No. Risk Category Risk Events
Likelihood of 
Occurrence

Risk Allocation Criteria
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Weather conditions (wind, 
temperature, rain, and so forth)
Natural disaster (flood, 
earthquake, landslide, fire, and 
so on)
Subsurface conditions 
(geotechinical)
Poor site condition (location, 
accessibility of site, etc..)
Change of client's interest in 
design
Change of client's interest in 
type of construction material 
and in other related things
Quantity variations 
Lack of readily available 
utilities on site
Availability of infrastructure
Damage to Structure 
Unpredicted technical problems 
in construction
Impact of adjacent buildings 

Delay in permits and licenses

Political interference

Bribery and Corruption

Custom and import restrictions
Relocation of projects due to 
development plans
Vagueness of purchasing 
agreement/contract clauses
Inappropriate risk allocation in 
purchasing agreement/contracts
Purchasing agreement/contract 
errors
Not meeting milestone deadline 
clause
Occurrence of claim and 
dispute
Delays in resolving contractual 
issues

4

3 Governmental and Political 

Legal and Contractual 

2
Technical      and 

Environmental 
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Delays in resolving disputes

Breach of contracts 
Communication between 
project parties (client, 
consultant and developer)
Changes in laws, regulations, 
and policies
Changes in requirements for 
permits and their approval
Inconsistency in government 
policies, laws, and regulations

Existing codes and regulations 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 I MI MO MA C I MI MO MA C

4

Sustainable Impact on Project 
Schedule

Impact on Project 
Cost

 * If there are risk factors which are not included in the above table, pleace them list down below.

No. Addtional Risk Factors

Probability of 
Occurrence

Risk Allocation Criteria Impact

Forseeable Assessable Manageable

Legal and Contractual 



1 2 3 4 5 1 2 3 4 5

RF 1 5 4 4 4 3 2 4 2 0 2 1 4 1 0 0.5 0.25 1 0.25
RF 2 4 4 4 5 4 4 4 2 0 1 0 6 1 0 0.17 0 1 0.17
RF 3 4 3 2 5 4 3 3 2 0 2 3 2 1 0 0.67 1 0.67 0.33
RF 4 3 2 2 5 4 3 2 2 0 4 2 1 1 0 1 0.5 0.25 0.25
RF 5 3 4 2 4 5 3 4 3 0 1 3 3 1 0 0.33 1 1 0.33
RF 6 4 4 3 1 3 4 4 2 1 1 2 4 0 0.25 0.25 0.5 1 0
RF 7 4 4 4 5 4 4 4 0 0 0 6 1 0 0 0 1 0.17
RF 8 3 3 4 4 4 5 3 1 1 0 3 3 1 0.33 0 1 1 0.33
RF 9 3 3 4 5 3 3 3 2 0 1 5 1 1 0 0.2 1 0.2 0.2

RF 10 2 2 2 4 1 2 2 1 2 5 0 1 0 0.4 1 0 0.2 0
RF 11 2 3 4 5 1 2 3 2 1 3 2 1 1 0.33 1 0.67 0.33 0.33
RF 12 2 3 4 5 3 4 3 2 0 2 3 2 1 0 0.67 1 0.67 0.33
RF 13 2 2 3 4 3 4 2 2 0 4 2 2 0 0 1 0.5 0.5 0
RF 14 1 2 1 4 2 2 2 1 3 4 0 1 0 0.75 1 0 0.25 0
RF 15 1 2 3 5 5 2 2 3 1 3 2 0 2 0.33 1 0.67 0 0.67
RF 16 3 3 2 5 4 2 3 2 0 3 3 1 1 0 1 1 0.33 0.33
RF 17 4 4 3 4 5 2 4 3 0 1 2 4 1 0 0.25 0.5 1 0.25
RF 18 3 3 3 5 3 2 3 3 0 1 6 0 1 0 0.17 1 0 0.17
RF 19 4 3 2 5 3 2 3 4 0 2 3 2 1 0 0.67 1 0.67 0.33
RF 20 4 3 5 5 4 3 3 4 0 0 3 3 2 0 0 1 1 0.67
RF 21 4 3 2 5 3 1 3 3 1 1 4 1 1 0.25 0.25 1 0.25 0.25
RF 22 2 3 1 5 1 2 3 2 2 3 2 0 1 0.67 1 0.67 0 0.33
RF 23 3 2 1 5 3 2 2 2 1 4 2 0 1 0.25 1 0.5 0 0.25
RF 24 2 2 1 5 4 2 2 3 1 4 1 1 1 0.25 1 0.25 0.25 0.25
RF 30 2 2 2 5 3 1 2 3 1 4 2 0 1 0.25 1 0.5 0 0.25
RF 31 2 2 3 5 3 2 2 3 0 4 3 0 1 0 1 0.75 0 0.25
RF 32 2 2 2 3 2 2 2 0 6 1 0 0 0 1 0.17 0 0
RF 33 2 4 4 5 4 4 4 2 0 2 0 5 1 0 0.4 0 1 0.2
RF 34 2 2 2 5 4 5 2 2 0 5 0 1 2 0 1 0 0.2 0.4
RF 35 2 2 2 4 4 4 2 3 0 4 1 3 0 0 1 0.25 0.75 0
RF 36 2 2 2 4 3 4 2 2 0 5 1 2 0 0 1 0.2 0.4 0
RF 37 2 2 2 4 4 4 2 3 0 4 1 3 0 0 1 0.25 0.75 0
RF 38 3 2 4 4 4 5 2 5 0 2 1 3 2 0 0.67 0.33 1 0.67
RF 39 2 3 2 4 3 2 3 3 0 3 4 1 0 0 0.75 1 0.25 0

TABLE - E – 1.1

APPENDIX E – FUZZY ANALYSIS

E - 1 FUZZY ANALYSIS FOR LIKELIHOOD OF OCCURRENCE OF RISK FACTORS

No.
Response on Impact on Likelihood of Occurrence

Response Frequency Normalized Values
RED 

1
RED 

3
RED 

4
RED 

5
RED 

6
RED 

8
RED 

11
RED 

13
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1 2 3 4 5 1 2 3 4 5

RF 1 4 4 4 4 1 1 4 4 2 0 0 6 0 0.33 0 0 1 0
RF 2 4 3 4 4 1 1 4 4 2 0 1 5 0 0.4 0 0.2 1 0
RF 3 4 3 2 4 1 1 3 4 2 1 2 3 0 0.67 0.33 0.67 1 0
RF 4 3 4 4 3 2 1 2 3 1 2 3 2 0 0.33 0.67 1 0.67 0
RF 5 3 4 4 3 2 1 4 2 1 2 2 3 0 0.33 0.67 0.67 1 0
RF 6 3 4 4 4 1 1 4 3 2 0 2 4 0 0.5 0 0.5 1 0
RF 7 4 4 5 4 2 1 4 4 1 1 0 5 1 0.2 0.2 0 1 0.2
RF 8 2 4 5 3 2 1 4 4 1 2 1 3 1 0.33 0.67 0.33 1 0.33
RF 9 4 3 4 4 1 4 3 4 1 0 2 5 0 0.2 0 0.4 1 0
RF 10 2 4 5 2 1 4 3 3 1 2 2 2 1 0.5 1 1 1 0.5
RF 11 2 3 2 2 1 4 3 4 1 3 2 2 0 0.33 1 0.67 0.67 0
RF 12 4 4 2 4 3 4 3 4 0 1 2 5 0 0 0.2 0.4 1 0
RF 13 4 3 3 4 3 3 2 3 0 1 5 2 0 0 0.2 1 0.4 0
RF 14 4 4 5 2 4 5 2 1 1 2 0 3 2 0.33 0.67 0 1 0.67
RF 15 3 3 4 4 4 4 3 4 0 0 3 5 0 0 0 0.6 1 0
RF 16 4 3 4 3 1 4 4 4 1 0 2 5 0 0.2 0 0.4 1 0
RF 17 3 2 3 3 4 4 4 3 0 1 4 3 0 0 0.25 1 0.75 0
RF 18 2 3 4 3 4 4 4 3 0 1 3 4 0 0 0.25 0.75 1 0
RF 19 2 3 5 4 2 4 3 4 0 2 2 3 1 0 0.67 0.67 1 0.33
RF 20 2 4 4 4 1 3 3 1 2 1 2 3 0 0.67 0.33 0.67 1 0
RF 21 3 4 5 4 1 4 3 4 1 0 2 4 1 0.25 0 0.5 1 0.25
RF 22 2 4 5 3 2 5 4 5 0 2 1 2 3 0 0.67 0.33 0.67 1
RF 23 2 4 2 3 2 4 4 3 0 3 2 3 0 0 1 0.67 1 0
RF 24 2 3 1 3 2 4 4 4 1 2 2 3 0 0.33 0.67 0.67 1 0
RF 30 3 3 5 5 2 4 3 2 0 2 3 1 2 0 0.67 1 0.33 0.67
RF 31 3 3 5 5 2 4 3 3 0 1 4 1 2 0 0.25 1 0.25 0.5
RF 32 3 3 5 5 1 5 3 2 1 1 3 0 3 0.33 0.33 1 0 1
RF 33 3 4 5 5 2 5 3 2 0 2 2 1 3 0 0.67 0.67 0.33 1
RF 34 3 3 5 5 2 4 4 2 0 2 2 2 2 0 1 1 1 1
RF 35 3 4 5 5 3 4 4 3 0 0 3 3 2 0 0 1 1 0.67
RF 36 3 4 5 5 3 5 4 4 0 0 2 3 3 0 0 0.67 1 1
RF 37 3 3 5 5 3 4 4 3 0 0 4 2 2 0 0 1 0.5 0.5
RF 38 3 3 4 5 2 5 5 2 0 2 2 1 3 0 0.67 0.67 0.33 1
RF 39 3 4 5 5 1 5 3 3 1 0 3 1 3 0.33 0 1 0.33 1

APPENDIX E – FUZZY ANALYSIS

E - 1 FUZZY ANALYSIS FOR IMPACT OF RISK FACTORS ON PROJECT SCHEDULE

TABLE - E – 1.2

No.
Response on Impact on Project Schedule

Response Frequency Normalized Values
RED 

1
RED 

3
RED 

4
RED 

5
RED 

6
RED 

8
RED 

11
RED 

13
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1 2 3 4 5 1 2 3 4 5

RF 1 3 4 4 5 3 4 4 4 0 0 2 5 1 0 0 0.4 1 0.2
RF 2 3 4 4 5 3 4 4 4 0 0 2 5 1 0 0 0.4 1 0.2
RF 3 3 4 2 5 3 3 3 4 0 1 4 2 1 0 0.25 1 0.5 0.25
RF 4 3 4 4 4 3 3 3 3 0 0 5 3 0 0 0 1 0.6 0
RF 5 3 4 4 4 3 3 3 3 0 0 5 3 0 0 0 1 0.6 0
RF 6 3 4 4 5 1 4 3 3 1 0 3 3 1 0.33 0 1 1 0.33
RF 7 4 4 4 5 3 4 2 4 0 1 1 5 1 0 0.2 0.2 1 0.2
RF 8 3 4 4 3 2 4 2 4 0 2 2 4 0 0 0.5 0.5 1 0
RF 9 4 3 2 3 1 5 4 4 1 1 2 3 1 0.33 0.33 0.67 1 0.33

RF 10 3 4 5 2 1 5 4 3 1 1 2 2 2 0.5 0.5 1 1 1
RF 11 3 3 2 2 2 3 3 4 0 3 4 1 0 0 0.75 1 0.25 0
RF 12 4 3 2 4 3 3 3 4 0 1 4 3 0 0 0.25 1 0.75 0
RF 13 4 3 3 3 2 4 4 3 0 1 4 3 0 0 0.25 1 0.75 0
RF 14 3 4 3 2 4 4 4 2 0 2 2 4 0 0 0.5 0.5 1 0
RF 15 4 3 4 4 3 4 4 4 0 0 2 6 0 0 0 0.33 1 0
RF 16 3 3 4 4 1 4 3 4 1 0 2 3 0 0.33 0 0.67 1 0
RF 17 3 2 4 3 1 4 3 3 1 1 4 2 0 0.25 0.25 1 0.5 0
RF 18 2 2 4 3 1 4 3 3 1 2 3 2 0 0.33 0.67 1 0.67 0
RF 19 2 3 4 3 2 4 2 4 0 3 2 3 0 0 1 0.67 1 0
RF 20 2 3 3 4 2 4 2 2 0 4 2 2 0 0 1 0.5 0.5 0
RF 21 3 3 4 4 1 4 2 4 1 1 2 4 0 0.25 0.25 0.5 1 0
RF 22 2 4 5 4 3 4 3 5 0 1 2 3 2 0 0.33 0.67 1 0.67
RF 23 2 4 2 4 3 4 3 3 0 2 3 3 0 0 0.67 1 1 0
RF 24 2 3 1 3 3 4 3 4 1 1 4 2 0 0.25 0.25 1 0.5 0
RF 30 3 3 5 4 2 4 2 2 0 3 2 2 1 0 1 0.67 0.67 0.33
RF 31 3 3 5 4 3 4 2 3 0 1 4 2 1 0 0.25 1 0.5 0.25
RF 32 3 3 5 4 1 4 4 2 1 1 2 3 1 0.33 0.33 0.67 1 0.33
RF 33 3 4 5 4 2 4 4 2 0 2 1 4 1 0 0.5 0.25 1 0.25
RF 34 3 3 5 4 2 4 4 2 0 2 2 3 1 0 0.67 0.67 1 0.33
RF 35 3 3 5 4 3 4 4 3 0 0 4 3 1 0 0 1 0.75 0.25
RF 36 3 4 5 4 3 5 4 4 0 0 2 4 2 0 0 0.5 1 0.5
RF 37 3 3 5 3 3 4 4 3 0 0 5 2 1 0 0 1 0.4 0.2
RF 38 3 3 4 3 2 4 3 2 0 2 4 2 0 0 0.5 1 0.5 0
RF 39 3 3 5 3 1 5 3 3 1 0 5 0 2 0.2 0 1 0 0.4

No.

APPENDIX E – FUZZY ANALYSIS

E - 1 FUZZY ANALYSIS FOR IMPACT OF RISK FACTORS ON PROJECT COST

TABLE - E – 1.3

Response on Impact on Project Cost

RED 
13

RED 
11

RED 
8

RED 
6

RED 
5

RED 
4

RED 
3

RED 
1

Response Frequency Normalized Values
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1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 Min Max

RF 1 0.00 0.50 0.25 1.00 0.25 0.00 0.33 0.67 1.00 0.00 0.00 0.33 1.67 0.00 1.00 0.60 -0.34 1.14
RF 2 0.00 0.17 0.00 1.00 0.17 0.00 0.33 0.67 1.00 0.00 0.00 1.00 2.00 0.00 1.00 0.80 -0.55 1.09
RF 3 0.00 0.67 1.00 0.67 0.33 0.00 0.50 1.00 0.50 0.00 0.00 0.25 0.00 0.25 1.00 0.30 -0.21 1.28
RF 4 0.00 1.00 0.50 0.25 0.25 0.00 1.00 0.67 0.33 0.00 0.00 0.00 0.33 0.33 1.00 0.33 -0.34 1.14
RF 5 0.00 0.33 1.00 1.00 0.33 0.00 0.33 0.67 1.00 0.00 0.00 0.00 0.33 0.00 1.00 0.27 -0.34 1.41
RF 6 0.25 0.25 0.50 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 0.33 0.33 0.00 0.00 0.33 -0.34 1.14
RF 7 0.00 0.00 0.00 1.00 0.17 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.20 -0.62 1.09
RF 8 0.33 0.00 1.00 1.00 0.33 0.00 0.33 0.67 1.00 0.00 1.00 2.00 0.33 0.00 1.00 0.87 -0.34 1.41
RF 9 0.00 0.20 1.00 0.20 0.20 0.00 0.50 1.00 0.50 0.00 0.00 1.50 0.00 1.50 1.00 0.80 -0.44 1.08
RF 10 0.40 1.00 0.00 0.20 0.00 0.00 1.00 0.67 0.33 0.00 1.00 0.00 2.00 0.67 0.00 0.73 -0.49287 1.13287
RF 11 0.33 1.00 0.67 0.33 0.33 0.00 1.00 0.67 0.33 0.00 1.00 0.00 0.00 0.00 1.00 0.40 -0.05 1.12
RF 12 0.00 0.67 1.00 0.67 0.33 0.00 0.50 1.00 0.50 0.00 0.00 0.25 0.00 0.25 1.00 0.30 -0.21 1.28
RF 13 0.00 1.00 0.50 0.50 0.00 0.00 1.00 0.67 0.33 0.00 0.00 0.00 0.33 0.33 0.00 0.13 -0.42 1.22
RF 14 0.75 1.00 0.00 0.25 0.00 0.00 1.00 0.67 0.33 0.00 1.00 0.00 2.00 0.33 0.00 0.67 -0.49 1.29
RF 15 0.33 1.00 0.67 0.00 0.67 0.00 1.00 0.67 0.33 0.00 1.00 0.00 0.00 2.00 1.00 0.80 -0.21 1.28
RF 16 0.00 1.00 1.00 0.33 0.33 0.00 1.00 0.67 0.33 0.00 0.00 0.00 0.33 0.00 0.33 0.13 -0.34 1.41
RF 17 0.00 0.25 0.50 1.00 0.25 0.00 0.33 0.67 1.00 0.00 0.00 0.33 0.33 0.00 1.00 0.33 -0.34 1.14
RF 18 0.00 0.17 1.00 0.00 0.17 0.00 0.50 1.00 0.50 0.00 0.00 2.00 0.00 2.00 1.00 1.00 -0.55 1.09
RF 19 0.00 0.67 1.00 0.67 0.33 0.00 0.50 1.00 0.50 0.00 0.00 0.25 0.00 0.25 1.00 0.30 -0.21 1.28
RF 20 0.00 0.00 1.00 1.00 0.67 0.00 0.00 0.50 1.00 0.00 0.00 0.00 0.50 0.00 1.00 0.30 -0.46 1.52
RF 21 0.25 0.25 1.00 0.25 0.25 0.00 0.50 1.00 0.50 0.00 1.00 1.00 0.00 1.00 1.00 0.80 -0.26 1.06
RF 22 0.67 1.00 0.67 0.00 0.33 0.00 1.00 0.67 0.33 0.00 1.00 0.00 0.00 2.00 1.00 0.80 -0.21 1.28
RF 23 0.25 1.00 0.50 0.00 0.25 0.00 1.00 0.67 0.33 0.00 1.00 0.00 0.33 2.00 1.00 0.87 -0.34 1.14
RF 24 0.25 1.00 0.25 0.25 0.25 0.00 1.00 0.67 0.33 0.00 1.00 0.00 1.67 0.33 1.00 0.80 -0.26 1.06
RF 30 0.25 1.00 0.50 0.00 0.25 0.00 1.00 0.67 0.33 0.00 1.00 0.00 0.33 2.00 1.00 0.87 -0.34 1.14
RF 31 0.00 1.00 0.75 0.00 0.25 0.00 1.00 0.67 0.33 0.00 0.00 0.00 0.11 2.00 1.00 0.62 -0.49 1.29
RF 32 0.00 1.00 0.17 0.00 0.00 0.00 1.00 0.50 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.40 -0.62 1.09
RF 33 0.00 0.40 0.00 1.00 0.20 0.00 0.33 0.67 1.00 0.00 0.00 0.17 2.00 0.00 1.00 0.63 -0.49 1.13
RF 34 0.00 1.00 0.00 0.20 0.40 0.00 1.00 0.67 0.33 0.00 0.00 0.00 2.00 0.67 1.00 0.73 -0.49 1.13
RF 35 0.00 1.00 0.25 0.75 0.00 0.00 1.00 0.67 0.33 0.00 0.00 0.00 1.67 0.56 0.00 0.44 -0.49 1.29
RF 36 0.00 1.00 0.20 0.40 0.00 0.00 1.00 0.67 0.33 0.00 0.00 0.00 2.33 0.17 0.00 0.50 -0.49 1.13
RF 37 0.00 1.00 0.25 0.75 0.00 0.00 1.00 0.67 0.33 1.00 0.00 0.00 1.67 0.56 2.00 0.84 -0.49 1.29
RF 38 0.00 0.67 0.33 1.00 0.67 0.00 0.33 0.67 1.00 0.00 0.00 0.50 1.00 0.00 1.00 0.50 -0.21 1.28
RF 39 0.00 0.75 1.00 0.25 0.00 0.00 0.50 1.00 0.50 0.00 0.00 0.33 0.00 1.00 0.00 0.27 -0.49 1.29

APPENDIX E – FUZZY ANALYSIS

E - 2 ERROR CALCULATION FOR APPROXIMATION INTO TRIANGULAR MEMBERSHIP 
FUNCTION (LIKELIHOOD OF OCCURRENCE)

TABLE - E – 2.1

No.
Actual Value Approximate Value Error Average 

Error

Confidence 
Interval
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1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 Min Max
RF 1 0.33 0.00 0.00 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 2.00 2.00 0.00 0.00 1.00 -0.59 1.12
RF 2 0.40 0.00 0.20 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 2.00 2.33 0.00 0.00 1.07 -0.49 1.13
RF 3 0.67 0.33 0.67 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.20 -0.21 1.28
RF 4 0.33 0.67 1.00 0.67 0.00 0.00 0.50 1.00 0.50 0.00 1.00 0.25 0.00 0.25 0.00 0.30 -0.21 1.28
RF 5 0.33 0.67 0.67 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 0.50 0.00 0.00 0.00 0.30 -0.21 1.28
RF 6 0.50 0.00 0.50 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 2.00 0.33 0.00 0.00 0.67 -0.42 1.22
RF 7 0.20 0.20 0.00 1.00 0.20 0.00 0.33 0.67 1.00 0.00 1.00 0.67 2.00 0.00 1.00 0.93 -0.44 1.08
RF 8 0.33 0.67 0.33 1.00 0.33 0.00 0.33 0.67 1.00 0.00 1.00 0.50 1.00 0.00 1.00 0.70 -0.05 1.12
RF 9 0.20 0.00 0.40 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 2.00 0.67 0.00 0.00 0.73 -0.49 1.13

RF 10 0.50 1.00 1.00 1.00 0.50 0.00 0.50 1.00 0.50 0.00 1.00 0.50 0.00 0.50 1.00 0.60 0.26 1.34
RF 11 0.33 1.00 0.67 0.67 0.00 0.00 1.00 0.67 0.33 0.00 1.00 0.00 0.00 0.50 0.00 0.30 -0.21 1.28
RF 12 0.00 0.20 0.40 1.00 0.00 0.00 0.33 0.67 1.00 0.00 0.00 0.67 0.67 0.00 0.00 0.27 -0.49 1.13
RF 13 0.00 0.20 1.00 0.40 0.00 0.00 0.50 1.00 0.50 0.00 0.00 1.50 0.00 0.25 0.00 0.35 -0.49 1.13
RF 14 0.33 0.67 0.00 1.00 0.67 0.00 0.33 0.67 1.00 0.00 1.00 1.00 2.00 0.00 1.00 0.67 -0.21 1.28
RF 15 0.00 0.00 0.60 1.00 0.00 0.00 0.00 0.50 1.00 0.00 0.00 0.00 0.17 0.00 0.00 0.03 -0.58 1.22
RF 16 0.20 0.00 0.40 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 2.00 0.67 0.00 0.00 0.73 -0.49 1.13
RF 17 0.00 0.25 1.00 0.75 0.00 0.00 0.50 1.00 0.50 0.00 0.00 1.00 0.00 0.33 0.00 0.27 -0.49 1.29
RF 18 0.00 0.25 0.75 1.00 0.00 0.00 0.33 0.67 1.00 0.00 0.00 0.33 0.11 0.00 0.00 0.09 -0.49 1.29
RF 19 0.00 0.67 0.67 1.00 0.33 0.00 0.33 0.67 1.00 0.00 0.00 0.50 0.00 0.00 1.00 0.30 -0.21 1.28
RF 20 0.67 0.33 0.67 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.20 -0.21 1.28
RF 21 0.25 0.00 0.50 1.00 0.25 0.00 0.33 0.67 1.00 0.00 1.00 2.00 0.33 0.00 1.00 0.87 -0.34 1.14
RF 22 0.00 0.67 0.33 0.67 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.63 0.50 0.13 0.00 0.25 -0.21 1.28
RF 23 0.00 1.00 0.67 1.00 0.00 0.00 0.33 0.67 1.00 0.00 0.00 0.67 0.00 0.00 0.00 0.13 -0.46 1.52
RF 24 0.33 0.67 0.67 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 0.50 0.00 0.00 0.00 0.30 -0.21 1.28
RF 30 0.00 0.67 1.00 0.33 0.67 0.00 0.50 1.00 0.50 0.00 0.00 0.25 0.00 0.50 1.00 0.35 -0.21 1.28
RF 31 0.00 0.25 1.00 0.25 0.50 0.00 0.50 1.00 0.50 0.00 0.00 1.00 0.00 1.00 1.00 0.60 -0.34 1.14
RF 32 0.33 0.33 1.00 0.00 1.00 0.00 0.50 1.00 0.50 0.00 1.00 0.50 0.00 2.00 1.00 0.90 -0.34 1.41
RF 33 0.00 0.67 0.67 0.33 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.63 0.25 1.25 0.00 0.43 -0.21 1.28
RF 34 0.00 1.00 1.00 1.00 1.00 0.00 0.50 1.00 0.50 0.00 0.00 0.50 0.00 0.50 1.00 0.40 -0.08 1.68
RF 35 0.00 0.00 1.00 1.00 0.67 0.00 0.00 1.00 0.50 0.00 0.00 0.00 0.00 0.50 1.00 0.30 -0.46 1.52
RF 36 0.00 0.00 0.67 1.00 1.00 0.00 0.00 0.50 1.00 0.00 0.00 0.00 0.25 0.00 1.00 0.25 -0.46 1.52
RF 37 0.00 0.00 1.00 0.50 0.50 0.00 0.00 1.00 0.50 0.00 0.00 0.00 0.00 0.00 1.00 0.20 -0.42 1.22
RF 38 0.00 0.67 0.67 0.33 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.63 0.25 1.25 1.00 0.63 -0.21 1.28
RF 39 0.33 0.00 1.00 0.33 1.00 0.00 0.50 1.00 0.50 0.00 1.00 2.00 0.00 0.50 1.00 0.90 -0.34 1.41

E - 2 ERROR CALCULATION FOR APPROXIMATION INTO TRIANGULAR MEMBERSHIP 
FUNCTION (IMPACT ON SCHEDULE)

APPENDIX E – FUZZY ANALYSIS

TABLE - E – 2.2

No.
Actual Value Approximate Value Error Average 

Error

Confidence 
Interval
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1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 Min Max

RF 1 0.00 0.00 0.40 1.00 0.20 0.00 0.00 0.50 1.00 0.00 0.00 0.00 0.25 0.00 1.00 0.25 -0.49 1.13
RF 2 0.00 0.00 0.40 1.00 0.20 0.00 0.00 0.50 1.00 0.00 0.00 0.00 0.25 0.00 1.00 0.25 -0.49 1.13
RF 3 0.00 0.25 1.00 0.50 0.25 0.00 0.50 1.00 0.50 0.00 0.00 1.00 0.00 0.00 1.00 0.40 -0.34 1.14
RF 4 0.00 0.00 1.00 0.60 0.00 0.00 0.00 1.00 0.50 0.00 0.00 0.00 0.00 0.17 0.00 0.03 -0.58 1.22
RF 5 0.00 0.00 1.00 0.60 0.00 0.00 0.00 1.00 0.50 0.00 0.00 0.00 0.00 0.17 0.00 0.03 -0.58 1.22
RF 6 0.33 0.00 1.00 1.00 0.33 0.00 0.33 0.67 1.00 0.00 1.00 2.00 0.33 0.00 1.00 0.87 -0.34 1.41
RF 7 0.00 0.20 0.20 1.00 0.20 0.00 0.33 0.67 1.00 0.00 0.00 0.67 2.33 0.00 1.00 0.80 -0.44 1.08
RF 8 0.00 0.50 0.50 1.00 0.00 0.00 0.33 0.67 1.00 0.00 0.00 0.33 0.33 0.00 0.00 0.13 -0.42 1.22
RF 9 0.33 0.33 0.67 1.00 0.33 0.00 0.33 0.67 1.00 0.00 1.00 0.00 0.00 0.00 1.00 0.40 -0.05 1.12

RF 10 0.50 0.50 1.00 1.00 1.00 0.00 0.50 1.00 0.50 0.00 1.00 0.00 0.00 0.50 1.00 0.50 0.26 1.34
RF 11 0.00 0.75 1.00 0.25 0.00 0.00 0.50 1.00 0.50 0.00 0.00 0.33 0.00 1.00 0.00 0.27 -0.49 1.29
RF 12 0.00 0.25 1.00 0.75 0.00 0.00 0.50 1.00 0.50 0.00 0.00 1.00 0.00 0.33 0.00 0.27 -0.49 1.29
RF 13 0.00 0.25 1.00 0.75 0.00 0.00 0.50 1.00 0.50 0.00 0.00 1.00 0.00 0.33 0.00 0.27 -0.49 1.29
RF 14 0.00 0.50 0.50 1.00 0.00 0.00 0.33 0.67 1.00 0.00 0.00 0.33 0.33 0.00 0.00 0.13 -0.42 1.22
RF 15 0.00 0.00 0.33 1.00 0.00 0.00 0.00 0.50 1.00 0.00 0.00 0.00 0.50 0.00 0.00 0.10 -0.59 1.12
RF 16 0.33 0.00 0.67 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 2.00 0.00 0.00 0.00 0.60 -0.45 1.25
RF 17 0.25 0.25 1.00 0.50 0.00 0.00 0.50 1.00 0.50 0.00 1.00 1.00 0.00 0.00 0.00 0.40 -0.34 1.14
RF 18 0.33 0.67 1.00 0.67 0.00 0.00 0.50 1.00 0.50 0.00 1.00 0.25 0.00 0.25 0.00 0.30 -0.21 1.28
RF 19 0.00 1.00 0.67 1.00 0.00 0.00 0.33 0.67 1.00 0.00 0.00 0.67 0.00 0.00 0.00 0.13 -0.46 1.52
RF 20 0.00 1.00 0.50 0.50 0.00 0.00 1.00 0.67 0.33 0.00 0.00 0.00 0.33 0.33 0.00 0.13 -0.42 1.22
RF 21 0.25 0.25 0.50 1.00 0.00 0.00 0.33 0.67 1.00 0.00 1.00 0.33 0.33 0.00 0.00 0.33 -0.34 1.14
RF 22 0.00 0.33 0.67 1.00 0.67 0.00 0.33 0.67 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.20 -0.21 1.28
RF 23 0.00 0.67 1.00 1.00 0.00 0.00 0.50 1.00 0.50 0.00 0.00 0.25 0.00 0.50 0.00 0.15 -0.46 1.52
RF 24 0.25 0.25 1.00 0.50 0.00 0.00 0.50 1.00 0.50 0.00 1.00 1.00 0.00 0.00 0.00 0.40 -0.34 1.14
RF 30 0.00 1.00 0.67 0.67 0.33 0.00 1.00 0.67 0.33 0.00 0.00 0.00 0.00 0.50 1.00 0.30 -0.21 1.28
RF 31 0.00 0.25 1.00 0.50 0.25 0.00 0.50 1.00 0.50 0.00 0.00 1.00 0.00 0.00 1.00 0.40 -0.34 1.14
RF 32 0.33 0.33 0.67 1.00 0.33 0.00 0.33 0.67 1.00 0.00 1.00 0.00 0.00 0.00 1.00 0.40 -0.05 1.12
RF 33 0.00 0.50 0.25 1.00 0.25 0.00 0.33 0.67 1.00 0.00 0.00 0.33 1.67 0.00 1.00 0.60 -0.34 1.14
RF 34 0.00 0.67 0.67 1.00 0.33 0.00 0.33 0.67 1.00 0.00 0.00 0.50 0.00 0.00 1.00 0.30 -0.21 1.28
RF 35 0.00 0.00 1.00 0.75 0.25 0.00 0.00 1.00 0.50 0.00 0.00 0.00 0.00 0.33 1.00 0.27 -0.49 1.29
RF 36 0.00 0.00 0.50 1.00 0.50 0.00 0.00 0.50 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.20 -0.42 1.22
RF 37 0.00 0.00 1.00 0.40 0.20 0.00 0.00 1.00 0.50 0.00 0.00 0.00 0.00 0.25 1.00 0.25 -0.49 1.13
RF 38 0.00 0.50 1.00 0.50 0.00 0.00 0.50 1.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.42 1.22
RF 39 0.20 0.00 1.00 0.00 0.40 0.00 0.50 1.00 0.50 0.00 1.00 2.00 0.00 2.00 1.00 1.20 -0.49 1.13

APPENDIX E – FUZZY ANALYSIS

E - 2 ERROR CALCULATION FOR APPROXIMATION INTO TRIANGULAR 
MEMBERSHIP FUNCTION (IMPACT ON COST)

TABLE - E – 2.3

No.
Actual Value Approximate Value Error Average 

Error

Confidence 
Interval
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1               
VU

2               
U

3               
M

4               
L

5               
VL

RF 1 4 4 1 2 4 4 3 4 1 1 1 5 0 5 0.625 L

RF 2 3 4 5 4 4 4 3 4 0 0 2 5 1 5 0.625 L

RF 3 3 2 5 3 4 3 3 1 1 1 4 1 1 4 0.5 M

RF 4 2 2 1 2 4 2 2 1 2 5 0 1 0 5 0.625 U

RF 5 3 2 1 2 4 2 3 2 1 4 2 1 0 4 0.5 U

RF 6 3 3 1 4 3 5 3 1 2 0 4 1 1 4 0.5 M

RF 7 3 4 1 5 4 5 4 1 2 0 1 3 2 3 0.375 L

RF 8 2 3 2 3 4 4 3 1 1 2 3 2 0 3 0.375 M

RF 9 2 4 2 2 3 1 3 2 1 4 2 1 0 4 0.5 U

RF 10 1 2 2 2 4 1 1 3 3 3 1 1 0 3

RF 11 3 2 2 3 3 4 4 2 0 3 3 2 0 3

RF 12 3 2 2 4 5 4 4 2 0 3 1 3 1 3

RF 13 2 2 1 4 3 3 3 3 1 2 4 1 0 4 0.5 M

RF 14 2 2 1 1 2 5 2 1 3 4 0 0 1 4 0.5 U

RF 15 2 2 2 1 4 4 2 3 1 4 1 2 0 4 0.5 U

RF 16 1 2 2 3 4 5 1 2 2 3 1 1 1 3 0.375 U

RF 17 3 3 1 3 5 2 4 3 1 1 4 1 1 4 0.5 M

RF 18 2 3 2 3 4 2 3 3 0 3 4 1 0 4 0.5 M

RF 19 3 3 2 4 5 4 4 4 0 1 2 4 1 4 0.5 L

RF 20 3 3 2 4 4 4 3 4 0 1 3 4 0 4 0.5 L

RF 21 4 4 1 4 4 4 4 3 1 0 1 6 0 6 0.75 L

RF 22 3 3 2 2 5 3 4 3 0 2 4 1 1 4 0.5 M

RF 23 3 4 2 3 4 3 4 2 0 2 3 3 0 3

RF 24 2 2 1 2 4 2 3 3 1 4 2 1 0 4 0.5 U

RF 30 1 3 1 3 4 1 1 2 4 1 2 1 0 4 0.5 VU

RF 31 2 3 1 2 4 2 2 3 1 4 2 1 0 4 0.5 U

RF 32 1 3 1 3 5 1 1 2 4 1 2 0 1 4 0.5 VU

RF 33 2 3 2 3 4 2 2 2 0 5 2 1 0 5 0.625 U

RF 34 3 3 2 2 4 4 2 2 0 4 2 2 0 4 0.5 U

RF 35 2 2 2 2 4 4 2 3 0 5 1 2 0 5 0.625 U

RF 36 2 2 2 2 4 3 2 2 0 6 1 1 0 6 0.75 U

RF 37 3 3 3 3 4 2 3 3 0 1 6 1 0 6 0.75 M

RF 38 4 3 4 2 5 5 4 5 0 1 1 3 3 3

RF 39 3 4 4 3 3 3 3 3 0 0 6 2 0 6 0.75 M

APPENDIX F – WHETHER THE RISK FACTORS ARE FORSEEABLE, 
ASSESSEABLE AND MANAGEABLE 

TABLE - F 1 – FORSEEABILITY OF RISK FACTORS

No. RED 3 RED 4 RED 5 RED 
5.1 RED 6 RED 8 RED 

11
RED 

13

Frequency
Max Weight Result
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1               
VU

2               
U

3               
M

4               
L

5               
VL

RF 1 4 3 4 2 4 1 4 3 1 1 2 4 0 4 0.5 L

RF 2 3 4 4 4 5 1 3 3 1 0 3 3 1 3

RF 3 4 4 4 2 5 1 4 2 1 2 0 4 1 4 0.5 L

RF 4 2 4 5 2 5 1 2 2 1 4 0 1 2 4 0.5 U

RF 5 3 4 3 2 5 1 3 3 1 1 4 1 1 4 0.5 M

RF 6 3 4 5 3 5 1 3 2 1 1 3 1 2 3 0.375 M

RF 7 4 4 4 4 5 2 4 1 1 1 0 5 1 5 0.625 L

RF 8 3 4 4 2 5 3 3 1 1 1 3 2 1 3 0.375 M

RF 9 3 4 4 1 5 1 3 2 2 1 2 2 1 2

RF 10 1 4 4 2 4 1 1 3 3 1 1 3 0 3

RF 11 4 4 5 2 5 4 4 2 0 2 0 4 2 4 0.5 L

RF 12 3 4 5 4 5 4 3 2 0 1 2 3 2 3 0.375 L

RF 13 3 3 5 4 2 3 3 1 1 1 4 1 1 4 0.5 M

RF 14 2 3 5 1 2 1 2 1 3 3 1 0 1 3

RF 15 2 3 5 1 5 2 2 3 1 3 2 0 2 3 0.375 U

RF 16 1 3 5 4 4 4 1 2 2 1 1 3 1 3 0.375 L

RF 17 4 3 5 4 4 2 4 3 0 1 2 4 1 4 0.5 L

RF 18 4 3 5 4 4 1 4 3 1 0 2 4 1 4 0.5 L

RF 19 4 3 5 4 5 2 4 4 0 1 1 4 2 4 0.5 L

RF 20 3 3 5 4 4 4 3 4 0 0 3 4 1 4 0.5 L

RF 21 4 3 4 4 4 5 4 3 0 0 2 5 1 5 0.625 L

RF 22 3 3 4 3 5 3 3 2 0 1 5 1 1 5 0.625 M

RF 23 4 3 4 1 4 4 4 2 1 1 1 5 0 5 0.625 L

RF 24 2 3 4 2 4 5 2 3 0 3 2 2 1 3 0.375 U

RF 30 1 3 4 4 4 1 1 2 3 1 1 3 0 3 0.375 M

RF 31 2 3 4 4 4 2 2 2 0 4 1 3 0 4 0.5 U

RF 32 1 3 3 3 4 2 1 2 2 2 3 1 0 3 0.375 M

RF 33 2 3 3 3 5 4 2 2 0 3 3 1 1 3

RF 34 3 2 2 2 4 4 2 2 0 5 1 2 0 5 0.625 U

RF 35 2 3 2 2 4 2 2 3 0 5 2 1 0 5 0.625 U

RF 36 2 3 2 2 5 2 2 2 0 6 1 0 1 6 0.75 U

RF 37 3 3 2 2 5 4 3 3 0 2 4 1 1 4 0.5 M

RF 38 4 3 3 3 4 4 4 5 0 0 3 4 1 4 0.5 L

RF 39 3 2 3 3 3 1 3 3 1 1 6 0 0 6 0.75 M

RED 6

TABLE - F 2 – WHETHER THE RISK FACTORS ARE ASSESSEABLE

No. RED 3 RED 4 RED 5 RED 
5.1 ResultRED 8 RED 

11
RED 

13

Frequency
Max Weight
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1               
VU

2               
U

3               
M

4               
L

5               
VL

RF 1 4 3 5 2 5 2 3 4 0 2 2 2 2 2 0.25

RF 2 4 4 1 4 5 3 3 4 1 0 2 4 1 4 0.5 L

RF 3 4 3 1 2 5 3 3 2 1 2 3 1 1 3 0.375 M

RF 4 2 3 2 2 5 4 2 2 0 5 1 1 1 5 0.625 U

RF 5 3 3 1 3 5 4 3 3 1 0 5 1 1 5 0.625 M

RF 6 3 3 3 3 3 4 3 2 0 1 6 1 0 6 0.75 M

RF 7 4 3 1 4 5 3 4 1 2 0 2 3 1 3 0.375 L

RF 8 3 3 3 2 5 3 3 1 1 1 5 0 1 5 0.625 M

RF 9 3 3 1 1 5 1 3 2 3 1 3 0 1 3 0.375

RF 10 1 3 1 2 3 1 1 2 4 2 2 0 0 4 0.5 VU

RF 11 4 3 1 2 5 4 4 2 1 2 1 3 1 3 0.375 L

RF 12 4 3 4 4 5 4 4 2 0 1 1 5 1 5 0.625 L

RF 13 3 3 1 4 3 4 3 3 1 0 5 2 0 5 0.625 M

RF 14 2 2 1 1 2 1 2 1 4 4 0 0 0 4

RF 15 2 2 5 1 5 3 2 3 1 3 2 0 2 3 0.375 U

RF 16 1 4 5 4 5 4 1 2 2 1 0 3 2 3 0.375 L

RF 17 4 3 4 4 5 4 4 3 0 0 2 5 1 5 0.625 L

RF 18 3 4 4 4 5 5 3 3 0 0 3 3 2 3

RF 19 4 4 4 3 5 5 4 4 0 0 1 5 2 5 0.625 L

RF 20 3 3 4 3 5 3 3 5 0 0 5 1 2 5 0.625 M

RF 21 4 3 4 3 5 3 4 3 0 0 4 3 1 4 0.5 M

RF 22 4 3 3 1 5 3 4 3 1 0 4 2 1 4 0.5 M

RF 23 4 3 2 2 5 3 4 3 0 2 3 2 1 3 0.375 M

RF 24 3 4 2 1 5 3 3 3 1 1 4 1 1 4 0.5 M

RF 30 1 3 1 3 5 2 1 2 3 2 2 0 1 3 0.375 VU

RF 31 2 2 1 3 5 4 2 3 1 3 2 1 1 3 0.375 U

RF 32 1 3 1 1 5 4 1 2 4 1 1 1 1 4 0.5 VU

RF 33 2 2 1 3 5 3 2 2 1 4 2 0 1 4 0.5 U

RF 34 2 3 1 2 5 5 2 2 1 4 1 0 2 4 0.5 U

RF 35 2 3 1 2 5 5 2 3 1 3 2 0 2 3 0.375 U

RF 36 2 3 1 2 5 4 2 2 1 4 1 1 1 4 0.5 U

RF 37 3 3 1 3 5 1 3 3 2 0 5 0 1 5 0.625 M

RF 38 4 3 1 3 5 1 4 5 2 0 2 2 2 2

RF 39 3 4 1 3 3 1 3 3 2 0 5 1 0 5 0.625 M

TABLE - F 3 – MANAGEABLITY OF THE RISK FACTORS

No. RED 3 RED 4 RED 5 RED 
5.1 RED 6 RED 8 RED 11 RED 13

Frequency
Max Weight Result
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APPENDIX G – ARTICLES FROM THE CIVIL CODE OF ETHIOPIA USED IN THE 
RESEARCH  

 

Art. 1763 - Power of the Court 

The court may not vary a contract or alter its terms on the ground of equity except in such cases 

as are expressly provided by law. 

Art. 1764 - Modification of the balance of a contract. 

(1) A contract shall remain in force notwithstanding that the conditions of its performance have 

changed and the obligations a88umed by a party have become more onerous than he 

foresaw. 

(2) The effect of such changes may be regulated by the parties, and not by the court, in the 

original contract or in a new agreement. 

Art. 1792 – Force majeure 

(1) Force majeure results from an occurrence which the debtor could normally not foresee and 

which prevents him absolutely from performing his obligations. 

(2) Force majeure shall not exist where the occurrence could normally have been foreseen by 

the debtor or where it renders more onerous the performance by the debtor of his 

obligations. 

Art. 1793 – Cases of Force majeure 

The following occurrences may, according to the circumstances, constitute cases of force majeure: 

(a) The unforeseeable act of third party for whom the debtor is not responsible; or 

(b)  An official prohibition preventing the performance of the contract; or 
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(c) A natural catastrophe such as earth quake, lightning or floods; or 

(d) International or civil war; or 

(e) The death or a serious accident or unexpected serious illness of the debtor. 

Art. 1794 – Absence of Force majeure 

Unless otherwise expressly agreed, the following occurrences shall not be deemed to be cases of 

force majeure: 

(a) A strike or lock-out taking place in the undertaking of a party or affecting the branch of 

business in which he carries out his activities; or 

(b) An  increase or reduction in the price of raw materials necessary for the performance of the 

contract; or 

(c) The enactment of new legislations whereby the obligations of the debtor become more 

onerous. 

Article 2876 - Work and labor relating to Immovable and Sale 

A contract whereby one of the parties undertake to deliver to the other party a house, a flat or 

another building which does not yet exist, is a contract of work and labor relating to immovable 

and not a contract of sale.  

Article 2877 - Form of Contract 

A contract of sale of an immovable shall be of no effect unless it is made in writing. 
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Article 3020 – Making and proof of contract (For Contract of work and labor relating to 

Immovable)  

(1) The contract shall be complete where the parties have agreed on the work to be done and on 

the price. 

(2) There shall be evidence of the contract where the contractor has undertaken work to the 

knowledge of the client or received an advance from the client.  
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