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ABSTRACT 

The thesis produces a risk management process that effectively determines risk and its 

effects on commercial airport owner activities. To achieve this goal, the thesis reviewed these 

objectives: 

1) Determination of major risks in the US commercial aviation industry  

2) Assessment and analysis of these risks in US commercial facilities 

3) Producing risk dynamic in a project cycle associated with airport owner activities 

The owners of airport facilities face multiple risks in the planning, design & construction 

of commercial airports. Literature on airport risk and damages was reviewed and used to produce 

a survey sent to select facilities in the USA. Survey feedback was analyzed utilizing the 

probability impact matrix, risk ranking equations and normal descriptive statistics. Results of this 

analysis produced a Top 10 risk list for project objectives affected by noted risks and a general 

Top 20 risk list assigned to a project cycle risk dynamic. 
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PRP: Permitting related processes (i.e.) Environmental Impact Statement (E.I.S) approval 

predevelopment (etc.) that slow down project development. 
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IIFP: Inadequate internal funding options (i.e.) airport user fees & passenger facility charges 
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construction phase of development. 

PDCPC: Project design constructability issues affecting project cost. 
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PTSMPF: Project type and scope misrepresentation due to poor planning and feasibility related 
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MECCPD: Monitoring equipment and communication during capital project development. 

NAGPD: The Negative effects of “Acts of God” on project development. 

LCOPD: Local community opposition to project development. 

LDIPDP: Land development issues (eminent domain / sacred burial grounds) stall project 

development process. 

ODOGB: Occurrence of dispute between ownership and aviation governing bodies over policy 

requirements for development. 
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CHAPTER 1. INTRODUCTION 

1.1. Background  

The commercial aviation industry experiences risk in the planning and management of 

airport capital and maintenance projects. The National Aerospace Laboratory (NAL) estimates 

that worldwide, commercial airports experience risks within the $4,000,000,000 - $10,000,000 

range (A.D. Balk, 2008).  

Most of these financial costs and associated time related setbacks from risk damage are 

borne by hierarchical leadership within the commercial aviation industry. Government agencies 

and appointed airport representatives (airport owners or project managers) bear the impact of 

such damages on project related objectives at most commercial airport facilities (WSDOT, 

2012). Being able to determine risk beforehand requires using risk management. This practice 

effectively plans for and safeguards against risk in the aviation industry. Risk management’s goal 

is to ensure that potential opportunities associated with a given project venture are taken 

advantage of and subsequently, that project objectives are met (Gabel, 2010) . 

It is the application of risk management principles to airport ownership activities related 

to capital and maintenance projects that will limit the impact of risk on project objectives 

associated with commercial airport capital and maintenance projects. 

Despite the importance of risk management noted in the commercial aviation industry, 

most individuals in administrative positions at commercial airports lack the basic knowledge of 

risk management practices associated with ownership related activities. As a result, such airport 

administration employs specialists in the area of risk management to handle risk issues that 

pertain to capital and maintenance projects. In a research study by the National Transportation 
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Research Board, 11 of 19 large sized airport operators employed a designated airport risk 

manager charged with the authority to make final insurance purchasing decisions for staff and 

facility development and operations (Rakich, 2011) . 

It is important for airport administration to also have an idea about key risk issues and the 

risk-management processes that can be successfully employed to mitigate and limit associated risk 

damage during the development of airport projects and operations. The National Transportation 

Research Board also discloses that airport operators without risk managers tend to rely on internal 

positions, such as a deputy director, a municipal risk manager (for operators that are part of a 

municipal agency), or legal and finance personnel, to make the final insurance purchasing decision 

for airport activities (Rakich, 2011). This thesis can assist such individuals with risk management 

duties related to commercial airport development as well. 

The creation of a risk management guidebook to aid commercial airport owners who 

choose to address risk management enables the user to save funding that would be utilized on the 

services of a risk manager. The risk management guidebook can also educate participating parties 

on how to acquire a better understanding of risk, risk management and related processes that 

revolve around the ownership activities associated with commercial airport capital and maintenance 

projects.  A description of such activities will be seen in the literature review section of this 

document.      

1.2. Problem statement  

Risk in airport administration activities has been an issue for commercial airport owners 

and their corresponding airport facilities around the USA. Risk is prevalent with all airport capital 
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and maintenance projects, and it could cost airport owners vast amounts in terms of finances and 

the time allocated for the development and running of such projects ventures (Touran, 2009). 

Risk management, as a tool, could be utilized to systematically identify and address 

ownership risk regarding commercial airport projects. 

This thesis is aimed at the creation of a guidebook that can be utilized by airport owners 

in the commercial aviation industry to identify, assess and analyze ownership risk associated 

with development and maintenance of commercial airports. These risks can be attached to an 

adequate risk management process that mitigates and controls such risks accordingly. 

1.3. Aims and objectives  

The developed risk management process could be utilized by numerous professional 

airport owners in the planning, development and maintenance of airport facilities in the USA. 

Being able to understand airport ownership activities at the commercial airport level will ensure 

1) the adequate determination of the types of airport ownership risk, 2) the nature of ownership 

risks that will occur within a given commercial project cycle and 3) the specific phases of 

planning and development in which such risks present themselves.  

Being able to pinpoint these risks and plan for them accordingly ensures a smoother 

transition between the given phases of development, operation and maintenance in which airport 

management and ownership have assigned duties. This is why “Assessment of Ownership risk 

associated with Commercial Airport Capital & Maintenance projects,” is being produced as a 

thesis document. It is proposed that the book will serve as a guide to its users in the following 

aspects of forecast: 
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 A determination of the benefits of assessing and managing risk. Application of risk 

assessment and management to the commercial airport environment, a retrieval and 

understanding of risk-management practices at differing scales of airport operations and 

development based on project capital and resources at hand, project exposure to risk  and 

other factors.  

 Tools and checklists for ensuring adequate risk-management practices based on project 

scope and size. These tools include a risk list acquired form literature pertaining to the 

different phases of commercial airport development and maintenance activities in the 

USA and the production of a Delphi method survey to acquire professional feedback 

from airport ownership correspondence. Utilization of statistical tools such as the 

probability impact matrix, risk probability impact assessment, risk ranking equations and 

ranking tools in Microsoft Excel. Presentation, discussion and analysis of ranked risks 

associated with airport ownership and other party duties at the commercial airport. 

Outline of further action plans that can be utilized with the future phases of the risk 

management process associated with commercial airport ownership risks for capital and 

maintenance development projects. 

1.4. Research contributions  

 The thesis addresses the notion of identifying, assessing and analyzing ownership risk for 

capital and maintenance projects in the commercial airport industry. It is part of a larger research 

framework that was proposed by the Airport Cooperative Research Program (ACRP). Research 

was conducted to address risk and its management within airport operations, catering to all given 

airport sizes and corresponding airport uses (Touran, 2009). 
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 The thesis, “Assessment of owner risk associated with commercial airport capital and 

maintenance projects”, which is the final product for this thesis, is a medium utilized to explore 

the use of statistical concepts to organize and analyze risk issues with discussion about 1) why 

such risks occur in ownership related activities and 2) how such risks can be can be approached 

and rectified moving forward in the risk management process. 

 It is believed that thesis research provided will be utilized by ACRP as part of a 

comprehensive addition in the final guidebook it produces to successfully assess and manage risk 

for airport capital and maintenance projects. 

1.5. Research methodology 

 The research methodology used in this thesis is broken into six individual parts with a 

selection of tasks assigned to each part. 

1.5.1. Phase one  

Research starts with the selection of a topic. Phase one involves the identification and 

definition of the project problem “Assessment of ownership risk associated with commercial 

airport ownership in capital and maintenance airport projects”. Phase one is preceded by the 

determination of project objectives and the development of a research plan to aid in the proposed 

resolution of the problem. 

1.5.2. Phase two  

A Literature review of the following research areas associated with risk, risk 

management and commercial airport ownership activities associated with capital development 

and maintenance projects in the USA: 
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 An understanding of the concept of risk management, its constituent parts and the differing 

approaches to which the practice could be applied. 

 An understanding of commercial airports and their associated administration. 

 Capital and maintenance projects associated with commercial airports and the differing 

processes and procedures involved with their approval and development. 

 The identification of risk factors associated with the processes and procedures for 

commercial airport capital and maintenance development projects. These risk factors 

specifically pertain to airport ownership. 

1.5.3. Phase three  

 Phase three involved utilizing the Delphi method of information acquisition in the 

production of a survey. This survey used the identified risk factors from the Literature review. 

The risk factors were listed in order of the activity processes determined in the review of 

literature for capital projects and maintenance projects as well as their general constituents. The 

survey was tailored specifically towards airport administration, and the survey’s objective was to 

utilize the responses obtained from airport administration to determine the listed risks’ impact 

and assessment on the commercial airport development project cycle.  

 Once the survey was developed, pilot studies were conducted. A select number of 

professional experts in the commercial aviation field and individuals in academia were given the 

survey and asked to fill it out accordingly. The aim was to get their expert opinions about the 

survey’s clarity and its ability to meet its predetermined objectives. 

 Survey modification based on the expert responses was carried out to ensure that the 

survey achieved its maximum potential.  
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1.5.4. Phase four  

 Phase four involved the distribution of the survey to commercial airport facilities in the 

United States, Canada, Europe, Africa and the Caribbean. Data collected from the returned 

surveys was utilized to achieve the research objectives. The survey responses from the USA 

were utilized predominantly for data analysis purposes. 

 

1.5.5. Phase five  

 This phase involved the analysis of the data from the survey by utilizing various 

statistical tools (refer to   Section 1.3) to determine risk severity/impact. Discussions from the 

analysis results were documented, and a process for a continuation of the risk-management 

process was stated. 

1.5.6. Phase six 

 This phase was where conclusions with regard to the research were drawn and possible 

recommendations were made about the subject addressed by the research. 

 A graphical representation of the phases utilized in the research methodology can be seen 

in Figure 1.1 below: 
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Figure 1.1: Research approach. 
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CHAPTER 2. LITERATURE REVIEW 

 The following chapter reviews risk, its components parts, its types, and its occurrence 

within the project phases of a commercial airport development and the tools for which to identify 

and classify it as associated with airport development. These are the initial steps in the risk 

management process associated with ownership risk in commercial airport development. 

2.1. Risk and its constituent parts   

 Kaplan (1981) reviewed the concept of risk as being the possibility of loss or injury as 

well as the degree of probability for such a loss. Risk is viewed as the negative outcome of a 

possible event and is usually measured by damages or potential losses. As a term, risk is broken 

into five component parts: uncertainty, hazard, damages, safeguard and probability  (Kaplan, 

1981 ). 

 The first of risk’s component parts, Uncertainty, points to the notion that an event will 

have an outcome but that the inability to determine the final result of such an event is the 

measure of uncertainty associated with the event (Kaplan, 1981 ). Uncertainty is the starting 

point of the component parts associated with risk.  

 Hazard, as another component of risk, is a source of danger capable of bringing about a 

loss in the form of damages if it is negatively applied (Kaplan, 1981 ). It is possible to know that 

the absence of funding for a required phase of an airport capital development project could cause 

potential delays and further financial issues if such a scenario occurred, but until it does, it is 

simply a postulation (WSDOT, 2012).  
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 Damages, in terms of risk, would be the physically quantifiable negative outcome of an 

event (Kaplan, 1981 ).Wassermann reviewed the delayed opening of the Berlin Brandenburg 

Airport in Berlin, Germany, where poor planning by the architectural group involved with its 

development resulted in noted project construction delays, damage claims of $98 million and a 

schedule delay of 9 months (Wassermann, 2012). 

 A plan to cushion the effects of the damage caused by an event’s negative outcome is the 

application of a safeguard that is also known as a contingency plan (Kaplan, 1981 ). It is 

important to note that contingency plans are more of a broadside solution in the risk management 

process, acting more as a buffer to risk’s introduction (Hart, 2007). Hart reviews contingency 

allowance in project development and determines the necessity for contingency needs to prepare 

for changes in scope, errors and possible omissions when accounting for risk associated with the 

parties involved in project development (Hart, 2007). 

 Probability is reviewed last due to its ability to encompass other terms associated with 

risk. It is a term used to determine the outcome of a given event from repeated trials associated 

with that given event  (Kaplan, 1981 ). Ali Rezaei’s analysis of airline carrier heterogeneity in 

competitive markets within the USA points out probability’s application. He draws the 

conclusion that, the larger an airline’s presence within an airport facility, the larger its variable 

effects on competition within such a facility. The noted larger presence of an airline reduces the 

probability of external airline competition within such a facility. This postulation was derived 

from a repetition of tested outcomes across airline markets in the USA and as a result, has been 

validated as a notable occurrence. It is from the notion of probability that the component parts of 

risk can be validated and planned for accordingly (Ali Rezaei, 2011). 
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2.1.1. Risk in project development  

 Nielson (2007) reviews risk in project development as the element, or factor, arising 

during project execution and responsible for inhibiting achievements associated with project 

cost, schedule and goals. Burton Shaw-Gunn (2009) points out that these factors, or elements, 

can be externally or internally driven with negative consequences affecting performance, 

functionality, time of delivery, acceptance and cost. With the addition of quantifiable parameters 

in the form of project objectives such as cost, quality, safety, environment and time, risk is 

presented with definable variables that can be negatively affected for airport capital and 

maintenance projects (Burtonshaw-Gunn, 2009).  

 It is these variables that differentiate risk in project development from the risk 

definition in Section 2.1. With an understanding of the term risk and risk in project development 

in mind, risk for airport project development can be described as the culminated effects of the 

Figure 2.1: Relationship between risk and its component parts (Kaplan, 1981 ). 
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risk component parts ( Refer to Figure 2.1) within the given phases of  capital and maintenance 

commercial airport  projects and their subsequent operations in the aviation industry (Rakich, 

2011). Such effects could lead to catastrophic loss in terms of lives, finances and time (Rakich, 

2011). The Airport insurance coverage and risk management practices report (Rakich, 2011) 

notes that the nature of aviation risk includes, but is not limited to, life safety considerations, 

catastrophic loss potential and high visibility. Such risks affect capital and maintenance projects 

as well as the associated airport ownership, directly or indirectly, based on when they occur and 

how their impact is distributed to the parties involved (Rakich, 2011).  

 In order to introduce risk management as a tool to deal with risk, a brief 

understanding of risk issues associated with airport projects and operations is presented in 

Section 2.1.2. 

2.1.2. Risk for airport project development  

 In Airport insurance and risk management practices report (Rakich, 2011); airport project 

and operation risks are categorized into four groups: (1) project-level risks, (2) airport-level 

risks, (3) regulatory risks, and (4) other risks.  

2.1.2.1. Project level risks  

 Project level risks predominantly occur within an airport facility or its component parts 

prior to facility operation. This usually occurs during the phases, airport project development and 

planning until construction completion. Issues associated with project level risk include project 

size and complexity issues which pertain to risk reflected in a monetary value. These risks 

usually escalate based on project size and difficulty in attaining project parameters. Risks 

associated with schedule compression issues arise from compressing and controlling the 



 

13 

 

schedule proposed for project development by the parties involved (Rakich, 2011). In terms of 

construction phase activities for a given airport’s development, schedule growth control risks 

occur when construction schedules change, creating unforeseen problems that affect initial 

construction phase objectives.  

 Risks associated with early cost precision revolve around discrepancies in cost during 

project developments that affect project cost estimates and schedules for a given project. 

Unforeseen project costs that occur with the project budget, resulting in a subsequent funding 

increase required for project development, are termed cost control risks (Touran, 2009). For 

airport projects with an established risk management program in place during project 

development, there is the risk of such a program’s inability to handle risks that occur within the 

projects given delivery method; such an issue is defined as a risk-management/allocation issue. 

An example of the risk management/allocation issue would be the application of a design-bid-

build project delivery method which requires low bid costs and numerous qualified bidders to 

encourage competition. A risk management team assigned to a project with such a delivery 

method may be unable to assess or mitigate for associated risks due to unfamiliarity with the 

delivery method (Touran, 2009). 

 Risks associated with life cycle cost usually affect airports post development during the 

operation and maintenance phase with maintainability as a risk type within this category. Such 

maintainability risks affect quality and ease of airport maintenance during its operation phase 

(Rakich, 2011). 
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2.1.2.2. Airport level risks  

 These risks are related to the control issues with which airport management and staffs are 

faced pertaining to the airport facility, its security and third party agreements. Issues associated 

with airport level risk include airport management’s experience and the staff’s capability risk. 

Such risks stem from staff and management incompetency to handle the administrative activities 

associated with the airport facility (Rakich, 2011). Risks involving activities related to design 

and construction quality, during the airport’s operation phase, by airport administration are 

termed airport control of project issues risk (Rakich, 2011).  

 Designing and construction for the addition and maintenance purposes takes place to 

ensure that the existing airport facility is kept up to date. Risks presented by such activities, in 

the form of codes and standards, negligence, liability and security issues, are termed security risk 

(Rakich, 2011). Airport development activities that affect airport operations and passenger flow 

on both the airside and landside portion of the airport facility are risks that have control for the 

impact on passengers and operations (Rakich, 2011). Finally, risks that pertain to determining an 

airport’s facility development based on third party interference with administration activities as a 

result of legal stipulations or financial stakes in the facility are termed third party stakeholder 

input for design and construction (Rakich, 2011).   

2.1.2.3. Public policy - Regulatory issues  

 With airport project delivery, there are legal mandates to follow, some of which involve 

abiding by policies, social programs and labor unions, just to mention a few. Keeping in 

compliance with these mandates is vital for the timely completion and operations of airports. 

However, there are risks that do arise within these legal mandates that may affect the overall 
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objectives of airport development (Touran, 2009). Issues may arise from competition and 

favoritism of certain local talent for airport development when legal mandates require that bid 

pricing, competition and project delivery methods for airport project development be conducted 

a certain way. Such legal mandates may, at times, positively or negatively affect local 

development talent in the airport’s jurisdiction and overall competition for the project. Such 

mandates also affect the quality of the staff employed to carry out development and have a 

negative outcome on project objectives in the long run (Rakich, 2011). The active involvement 

of airport programs in the introduction of disadvantaged business enterprises (DBE) for project 

development as a result of legal mandates by airport governing bodies, such as the FAA, presents 

risk that may hinder the meeting of required project objectives (Rakich, 2011).   

 Justification of project development through legal and statutory constraints to get an 

airport project from one stage of development to another requires intervention by the Federal, 

State and Local governments. This intervention occurs in the form of codes, constraints, policies, 

procedures and guidelines to mention a few (WSDOT, 2012). The inability to follow such legal 

mandates could pose project schedule and cost overrun risks for facility development or 

maintenance (Rakich, 2011).   

 In the era of sustainability, there is a required standard for building airport facilities that 

meet the U.S. Green Building Council Leadership in Energy and Environmental Design (LEED) 

requirements. The Airport insurance coverage and risk management practices report (2011) 

determines that LEED requirements be taken into consideration as a risk for airport facilities that 

may be unable to meet the complex design and construction options that LEED may require in 

addition to certification for staff assigned to such project ventures. The burden of LEED 

requirements as a result, could hinder project objectives in the long run (Rakich, 2011) 
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2.1.2.4. Other issues - Risks 

 These issues are important determining factors in airport development and operations, but 

are not categorized under the previous sections in this document. The issue of adversarial 

relationships according to the Airport insurance coverage and risk management practices report 

(2011) deals with disagreements between parties involved in airport development and operation. 

Some disagreements stem from an inability to define duties or processes associated with airport 

development and operations as well as the issue of poorly drafted contracts and vague project 

delivery methods presented to the involved parties (Rakich, 2011). Exposure of the parties 

involved with airport development and operations to construction claims usually stems around 

authority, responsibility, work allocation and the representation of such issues in poorly worded 

contracts and vague project delivery methods. The inability to determine project party duties 

during the course of project development can lead to disputes and eventually lawsuits, hindering 

the achievement of project objectives (Rakich, 2011).    

 2.1.3. Why risk should be addressed in the commercial aviation industry 

 America’s primary means of travel, besides the automobile, is the use of aircrafts 

(Horonjeff et al, 1994). NASA points to the fact that, within the United States, the primary 

means of travel between large cities that are at least 1,000 miles apart is by air (NASA, 2012). 

 As of 1990, commercial aircraft travel in the USA accounted for 450 million passenger 

enplanements (Horonjeff et al, 1994).Such figures had grown exponentially by 2010, with the 

FAA pointing out that, within related enplanement database figures, such enplanements had 

climbed to 713,580,637 for the year 2010 (FAA, Passenger Boarding (Enplanement) and All-

Cargo Data for U.S. Airports, 2012). The FAA Aerospace forecast (2012) notes that the U.S. 
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aviation system plays a key role in the success, strength and growth of its economy with 

commercial airports in the USA bringing in $22.987 billion in revenue with $4,022 billion worth 

of income determined after deductions and depreciation for the fiscal year of 2008 (FAA, FAA 

Aerospace Forecast Fiscal Year 2012-2032, 2012).As a result of the need for commercial 

aviation and the income figures its activities pull in on a yearly basis, the FAA, in a future 

forecast report for the aviation industry, has set aside $52.2 billion for all airport development 

projects in the USA over a 4 year period from 2011–2015 (FAA, NPIAS , 2012).  

 The FAA’s investment is timely because demand for commercial aviation continues to 

grow within the USA, requiring commercial airport facilities, especially primary hubs, to adapt 

and develop in terms of facilities and operations in order to keep up with consumer demand. 

 Horonjeff et al. (1994) indicates that, as of 1990, there were 29 large air traffic hub 

airports, 42 medium air traffic hub airports and 64 small air traffic hub airports in the USA 

according to the FAA (Horonjeff et al, 1994); 20 years later, there were 29 large air traffic hub 

airports, 36 medium air traffic hub airports and 74 small air traffic hub airports in the USA 

(FAA, Primary Airports, 2012) . With an increase in small airport hub numbers and a continued 

development of airport facilities in the USA and across the globe, it is clear that commercial 

airport facilities are on the rise. There is the need for their up to date development and operations 

to keep up with the growing demand for commercial aviation goods and services. 

 According to the Airport  insurance coverage and risk management practices report 

(2011), it is imperative that risk within commercial airport facility developments and their 

associated operations be addressed through planning to reduce the occurrence of damages 
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associated with such possible risk issues (Rakich, 2011). The final outcome of such planning is 

to:  

 Limit the effects of risk for the acquired development funding for the commercial airport 

facilities in question. 

 Ensure that project objectives associated with the development of such facilities are met. 

 Keep risk issues associated with commercial airport operations to a minimum. 

 Ensure the overall satisfaction of users who utilize the services of such facilities 

2.2. Risk management   

 Risk management is the strategic implementation of the risk planning process discussed 

in Section 2.1.3. Gabel (2010) reviews risk management as a culture, process and structure that is 

usually directed towards the effective management of risk issues which could threaten potential 

opportunities and objectives associated with a project (Gabel, 2010). As a practice, it is a future 

predictor that determines possible scenarios within a project’s development that are vulnerable to 

risk while providing guidelines and processes to effectively mitigate and control such risks if 

they occur. In project management, risk management as a practice can not only predict possible 

future outcomes, but can also enable its user to positively shift the odds of a project’s success or 

failure (Gabel, 2010).  
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2.2.1. The Risk management process 

 Once risk management has been defined, the process and phases in which it occurs are 

mapped out. This is seen in Figure 2.2 below and explained in the subsequent paragraphs below. 

 

 

 Similar to but less detailed than the formal risk plan seen in  the preceding section, 

Section 2.4, the risk management process presents a general overview and understanding of risk 

management. 

 The risk management process occurs in three general steps with each step broken down 

into associated activities (Burtonshaw-Gunn, 2009). Risk identification, the first of the three 

general steps, identifies risk and the possible damages resulting from the identified risk. Its 

associated activities review the different risks types associated with a project, their location with 

the project timeline and their effects on project objectives (Burtonshaw-Gunn, 2009).  

 Risk analysis and evaluation review techniques assess risk and reduce the effects of risk 

through the utilization of control tools. As a process, risk analysis occurs both quantitatively and 

qualitatively (Burtonshaw-Gunn, 2009). The qualitative aspect of risk analysis and evaluation 

Figure 2.2: The Risk management process (Burtonshaw-Gunn, 2009).  
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assesses the likelihood and impact of identified risk, prioritizing such risks based on their effects 

on the project objectives. The quantitative aspect of risk analysis utilizes tools to identify and 

evaluate risks, presenting possible risk controls to limit the effects. Risk analysis helps to 

determine the relative importance of addressing specific risks and guiding risk responses 

(Burtonshaw-Gunn, 2009).  

 Risk response planning reviews identified risks, ensures that they are properly addressed 

and rates how effective risk control tools have been on risks and their associated levels within a 

project. As part of the risk management process, risk response planning must address risk 

severity, be cost effective in meeting risk challenges, be timely and successful, be realistic within 

the project’s context and be agreed upon by all parties involved  with the project (Burtonshaw-

Gunn, 2009).  

 Monitoring and control as the final stage in the risk management process entails keeping 

track of the identified risks that are being addressed and controlled within a given project, 

monitoring residual risks as they are worked upon by control tools and identifying new risks as 

they arise in the project system (CURT, 2004 ). 

2.3. Risk management for airport projects  

 Airport development and operations require structure and planning to ensure that they are 

effectively conducted. Activities, such as funding, planning and scheduling, are processes 

involved with such planning and development endeavors. However, with such processes comes 

the introduction of risk issues. These risk issues usually are borne by the parties that oversee the 

development and running of such airport facilities (Hart, 2007). Determining who bears what 

risk, the quantity of risk to bear, its location in project phases and schedules, and the ways to 
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reduce and control such risk requires the methodical application of risk management. Risk 

management for airport planning is a systematic program utilized to identify, evaluate and avoid 

risk occurrence through the mitigation and elimination of risk elements that threaten the 

successful achievement of airport development project objectives (Nielson, 2007). 

2.3.1. General classification of risk management for commercial airport development 

(C.A.D) 

 Risk management can be further classified into two constituent parts: Professional risk 

management and Operational risk management (Nielson, 2007). Professional risk management 

reviews risk according to the insurance program utilized by the parties involved with the airport 

development and operations (Nielson, 2007). 

 This review is due to the fact that insurance is required for most professionals in airport 

development and operations projects as stipulated in contract documents (Dagostino et al, 2010). 

 Professional risk management reviews the financial values of insurance plans and the 

possible effects that the risks identified within the project setting could have on such values. 

Professional risk management also reviews professionals affected by these outcomes and their 

corresponding performance in relation to project objectives (Nielson, 2007).  

 Operational risk management reviews the risks associated with specific events and the 

conditions that may prevent accomplishing project-development objectives (Nielson, 2007). 

 This relationship between risk management types explained in Section 2.3.1 and process 

explained in Section 2.2.1 is seen in Figure 2.3 below. 
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2.3.2. Benefits of risk management in C.A.D 

 Gabel (2012) reviews risk management as an application process that contributes to 

project success, ensuring that, through adequate planning for potential risks, there is an increased 

likelihood for project success (Gabel, 2010). Risk management recognizes uncertainty and 

provides forecasts for possible outcomes, determining that project outcomes are not affected due 

to limitations from uncertainty and associated risks (Gabel, 2010).  

 Risk management produces better business outcomes through informed decision making, 

ensuring that decisions applied to airport developments are clearly thought out as a result. It also 

creates a platform for positive influence on creative thinking and innovation, allowing freedom 

to develop creative solutions to adequately limit the presence of risks in given phases of an 

airport’s development. There is a reduction in shock and unwelcome surprises during subsequent 

Figure 2.3: Relationship between Risk management type and processes (Nielson, 2007).   
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phases of project development because unforeseen risks are identified, limiting a possible margin 

of error (Burtonshaw-Gunn, 2009).  

 Risk management presents a systematic approach to strategic business planning which 

minimizes risk effects and enables controls to be put in place to hinder such risks from occurring 

in the future. In the 2012 performance audit of the Denver International Airport facility by the 

audit service division of Denver, it was found that the airport lacked a comprehensive risk-

assessment plan and strategy to deal with its maintenance related needs. The absence of a risk 

management plan hindered the airport’s ability to efficiently plan, budget and implement critical 

improvements (Gallagher, 2012). If risk management through strategic business planning had 

been applied, maintenance related issues such as the terminal baggage carrier problem could 

have been avoided. Risk management provides the ability to allocate risk to the most appropriate 

party; pinpointing proper risk duties to the respective fields involved with airport development 

and reducing the improper management of risk that could affect project objectives in the long run 

(Burtonshaw-Gunn, 2009). 

 In the article “More Delays and Chaos for Berlins New Airport,” Wasserman (2012) 

reviews the reasons behind the delay in opening the Berlin-Brandenburg Airport. One reason was 

improperly executed planning services by the planning group pgbbi (Wassermann, 2012). If 

pgbbi had been allotted a risk management group to review its project schedule and activities, 

this issue would have been avoided and the airport project would have been completed on 

schedule.  

 As a practice, risk management encourages risk reduction rather than risk recovery which 

fares well for the user because risk reduction minimizes the effects of risk on a given project 
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objective before the risk occurs while risk recovery deals with applying risk management 

strategies to deal with damage or loss that has already occurred (Burtonshaw-Gunn, 2009). Risk 

management also supports decision making about the effective use of resources by planning for 

the proper utilization of the limited resources at hand to ensure that potential waste due to 

unforeseen risks is avoided (Burtonshaw-Gunn, 2009).  

 The Denver International Airport baggage carousel network was built after much delay 

and cost. The carousel network never worked properly and cost Denver International Airport $1 

million per month in maintenance costs until it was finally abandoned. This resource expenditure 

was never bargained for by the airport (Consulting, 2008). 

 If proper risk management practices had been applied, this situation could have been 

avoided at Denver International Airport in its earlier stages. The Airport insurance and risk 

management practices report (2011), reviews the benefits of risk management for airports by 

equating the weight of its function to the ever expanding nature of the aviation industry in which 

new and previously unexplored ventures arise. With the utilization of risk management in such 

ventures, exposure to risk can be effectively overseen and mitigated accordingly (Rakich, 2011). 

2.3.3. Parties involved with C.A.D and their associated risk management duties  

 With the thesis’ focus on airport ownership risk in the differing phases of a commercial 

airport’s facility development, maintenance and operations, it is important to know what risks 

each given party involved with airport development is allocated. This way, risk management 

duties can be separated and allocated to their respective parties. In this subsection, an emphasis is 

being put on airport ownership risk duties.  
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 According to Hart (2007) there are three major parties involved in the creation of any 

given development project: the owner, the designer and the contractor (Hart, 2007).  

 The project owner deals primarily with the funding and overall supervision of the given 

project from its planning phase until its completion phase. Issues such as excessive costs 

associated with project development, delays from poor coordination and communication among 

specialists involved in the project are handled by the owner and his staff during project 

development (Hendrickson, 1998 ). With commercial aviation associated projects, there are three 

types of ownership. The individual ownership firm is the most common.  

 As an ownership type, individual ownership for commercial aviation facilities varies 

based on the type of facility being erected, the services and operations being offered at the 

facility, and the funding and, investment of government agencies put into such a facility 

(Horonjeff et al, 1994).  In the case of U.S. commercial airports, there is usually an investment of 

public interest with a majority of the funds for projects and airport operation offered by the 

government (Horonjeff et al, 1994). The Airport capital investment cost report (2009) indicates 

that, from 2008-2011, the U.S. government allocated $80.7 million of the $94.3 billion reserved 

for airport development towards commercial airport projects (Gu.L et al, 2009).  

 The U.S. government is known to cover 75% - 95% of all development costs associated 

with commercial airport facilities, giving the government the authority to stipulate how 

commercial facilities should be built (Gu.L et al, 2009). Commercial airport development cost 

allocation is usually enforced through agencies such as the Federal Aviation Administration 

(FAA) and its associated policies and procedures as well as its plans such as the Airport 

Improvement Program (AIP) and National Plan of Integrated Airport Systems (NPIAS).  
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 An individual ownership firm associated with a commercial airport facility usually has 

minimal control of the commercial facility’s development process with most Federal and State 

government agencies making decisions that affect the commercial airport. However, this owner 

still remains responsible for determining the development plan of such an airport facility 

(Horonjeff et al, 1994). 

 It is usually after project completion that the government decides to lease the airport out 

and to transfer outright ownership for a segment of the airport or the total airport to a private 

sector management firm (Horonjeff et al, 1994). It is as this point that individual ownership takes 

place. Acquisition of commercial airport facilities by private parties is usually called airport 

privatization (Horonjeff et al, 1994). 

 The private corporation is responsible for introducing market competition to the public 

sector of airport operations with an emphasis on commercial facilities. With this type of 

ownership, the government transfers power of the facility in question to a private sector 

management firm after choosing such a firm through selective procedures (Horonjeff et al, 

1994). The operation and maintenance costs of the acquired facility become the sole 

responsibility of the private corporation (Horonjeff et al, 1994). Privatization is viewed as a way 

to finance aviation system improvements with limited public sector investments (Horonjeff et al, 

1994). 

 Owners of commercial development projects and operations usually account for risk 

through the entirety of the project from conception to completion (Hart, 2007).  Accountability 

for risk throughout a commercial development’s project cycle usually requires that an owner 
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evaluates the possible risk management plans prior to project commencement in order to prepare 

for changes with project scope, errors and omissions (Hart, 2007). 

 Government agencies, such as state government transportation boards, play a vital role in 

commercial airport facilities during the predevelopment, development and maintenance phases. 

Such agencies aid in broad policy planning, such as the State Airport System Plan (SASP) which 

involves airport master planning and specified facility development plans. These agencies also 

correlate airport development plans at the national level through the National Plan of Integrated 

Airport Systems (NPIAS) and oversee all financial and development issues surrounding public 

airport needs within their jurisdiction (WSDOT, 2012). The Federal government engages in the 

systematic planning of airport systems across the country, utilizing the NPIAS as its mechanism 

for uniformity with commercial and other forms of airport planning and development. In terms 

of funding, the federal government provides improvement funding for commercial airport 

development and maintenance through the Airport Improvement Program (WSDOT, 2012). 

 The designers of commercial airport developments could be considered a liaison between 

the ownership group of the commercial facility and the contractor assigned to carry out its 

erection. The level of control that design groups have in the overall facility development process 

is usually based on the project-delivery method utilized for the airport facility’s development 

(Touran, 2009). Design group duties are directed towards planning with the needs of the airport’s 

development in mind. The airport designer also incorporates the system of airports that exist 

around the targeted airport development in the planning process and ensures that planning efforts 

are in line with NPIAS and SASP policies and specifications (Horonjeff et al, 1994). Designers 

account for risks that occur during the course of the design phase for a given project. This risk 

usually covers design errors, omissions and unforeseen budget costs from the initial period of 
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design until the project’s final implementation. The magnitude of risk borne by the designer is 

based on the project delivery method utilized during the course of project development (Hart, 

2007). 

 The contractor, as a consultant hired by the ownership group to complete development, is 

responsible for piecing together and supervising all activities and processes required to  ensure 

the proper development of the facility in question (Burtonshaw-Gunn, 2009). If the contractor is 

unable to handle the coordination and supervision of large and relatively complex airport 

development projects, subcontractors can be employed to coordinate specific areas of the project 

(Nielson, 2007). A contractor’s risk begins with the issuance of a request for bids or tenders by 

the ownership of the development in question. Usually from this point, the contractor engages in 

risk-management practices linked to the project (Nielson, 2007). Risks associated with 

subcontracted potions of a project are usually performance risks and are borne by the 

subcontractor. However, if risk elements do arise during the course of a project, causing a noted 

impact on project objectives, the owner looks to the contractor, not the subcontractor, for 

recovery (Nielson, 2007). As with design risk, a contractor is only able to determine the 

magnitude of risk to plan for based on the project delivery method utilized (Hart, 2007). 

2.4. Risk planning and its application to the risk management process in C.A.D 

 To begin the process of risk management for airport development, a risk plan is needed. 

The Federal Highway Administration ( FHA) determines that a risk plan is a detailed plan of 

action for risk management that develops, implements and monitors risk response strategies 

utilized to combat risk during project development (FHA, 2012).The process creates a 
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comprehensive, organized and interactive risk management strategy for resource utilization 

associated with a project’s development (FHA, 2012).  

 Usually, larger projects with a high level of uncertainty require the utilization of a formal 

risk-management plan that reviews risk identification, risk analysis, risk planning, risk 

allocation, risk information systems, documentation and reports. Smaller projects that contain 

limited uncertainties will benefit from the utilization of risk documentation and tools such as a 

red flag items list which can be updated at critical milestones as a project progresses (FHA, 

2012).  

The formal risk management plan is usually implemented at the onset of a project and 

updated as the project progresses. The formal risk management plan is an indicator with step by 

step guides that enable users to determine the risks that can be mitigated and controlled during 

the project (FHA, 2012). Figure 2.4 shows the step by step process involved with the risk 

management plan and offers a brief insight about the duties associated with each step of the risk 

management process. 

 For the thesis “Guidebook for the Successful Assessment and Management of Ownership 

risk associated with Commercial Airport Capital and Maintenance projects”, steps in the formal 

risk plan were utilized to organize materials, research methods and applications as well as come 

up with solutions for the present problems.  
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Step one dealt with the introduction to the problem and was applied in Chapter 1 of this 

thesis. It is a review of the issue associated with the absence of risk management in commercial 

airport ownership representation in capital and maintenance project development. 

 Step two dealt with definitions and was utilized in Chapter 2 of this document from 

Sections 2.1 to 2.3, where descriptions associated with the risk management process for 

commercial airport development were described. Step three, which dealt with organizing the risk 

Figure 2.4: Steps in the Formal Risk Management Plan (Burtonshaw-Gunn, 2009). 
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management process associated with commercial airport development and maintenance 

programs can be seen in Figure 2.4 of Section 2.4 which shows steps for the formal risk 

management plan.  

 Sections 2.5-2.6 will cover step four in the formal risk management plan and deal with 

risk management strategies and approaches for commercial airport development. 

2.5. Risk management strategies and  possible approaches 

 There are four approaches for risk management with commercial airport development 

projects discussed in this section, with each method presenting a unique way to approach the 

issue of risk.  

2.5.1. Approach 1: The Project Risk management approach  

 Approach one deal with utilizing the project objectives set as targets for the duration of a 

given project’s development (Gabel, 2010).The project risk management strategy and approach 

reviews uncertainties with the likelihood of occurring and affecting one or more project 

objectives. It then mitigates against such uncertainties. In his literature review, Zou et al.( 2009 ) 

reviews the west rail project of Hong Kong in which author Chen addressed risk management 

through the cost objective associated with the project (Zou et al, 2009). The technical risk 

management strategy, a subset of the project’s risk management strategy approach, reviews 

uncertainties and mitigates for such uncertainties effects on the technical objectives associated 

with project development (Gabel, 2010). 

 Zou et al (2009) also reviews the author Chapman’s paper, “Management of project risk”, 

which mitigated for risk that affects technical issues related to project design. Most of the 
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technical issues were based on the measure of a project’s inability to effectively utilize time and 

resources during its development process. These factors are considered important for project 

completion (Zou et al, 2009). The business risk management strategy and approach  reviews risk 

and mitigates for its effects on business objectives, such as market share, project venture and 

regulatory compliance to name a few, that associated with a project’s development. The safety 

risk-management approach reviews risk that would affect one or more safety objectives and 

mitigates for such risks accordingly.  

  In Zou et al. (2009) journal article “Identifying Key Risks in Construction Projects: Life 

Cycle and Stakeholder Perspectives”, author Tam identified  poor safety awareness, lack of 

training and reluctance to input resources for safety, to name a few, as safety risks associated 

with construction projects in China. Subsequent mitigation practices were applied in the later 

stages of research for construction project related safety management (Zou et al, 2009). When 

focusing specifically on risks that affect time related objectives; the time related risk strategy and 

approach is utilized. Examples of time related objectives for a development project include 

executing work in a timely manner, properly staffing job, and ordering materials and equipment 

on time, with the most common risks affecting such objectives as being poor with contract 

management, improper planning, cost overrun issues, changes in site conditions and others (Zou 

et al, 2009). The security risk management approach reviews uncertainties that would affect one 

or more security objectives and mitigates for them accordingly (Gabel, 2010). 
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2.5.1.1. Positives and negatives for Approach one  

 The strength and strategy of approach one lies in the specificity of its application. Most of 

the project objectives reviewed can be selectively addressed. Approach one reduces the risk 

identification workload and cost while making room for risk management specialization if such a 

process is utilized on a frequent basis. Approach one’s disadvantages have to do with its inability 

to cover all aspects of risk if it is utilized to individually address specific project objectives 

(Gabel, 2010). Approach one opens the project up to losses that could have been covered if the 

risks associated with all project objectives were covered. The best scenario for utilizing approach 

one would be applying the project risk management strategy approach and addressing all project 

objectives associated with a development project. However, utilizing approach one should be 

based on financial viability at the time of project development by all parties involved (Gabel, 

2010). 

2.5.1.2. Application of Approach one  

 In terms of project scope and quality, commercial airports embarking on development or 

maintenance related activities should utilize approach one based on the size of the facility being 

developed (Horonjeff et al, 1994), the nature of the project being approached and the specificity 

of the project objectives to be met (WSDOT, 2012). When looking at resource availability to 

carry out airport development and maintenance projects, the affected commercial airport 

ownership parties should review the funding stipulations and policies set by government 

agencies to determine how much they will be given for development and how much they will 

need to provide themselves (FAA, What is AIP, 2012). This way, they can determine the 

extensiveness of the risk-management plan they use and how subjective it may need to be based 
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on the resources at hand. The time frame associated with development plans, within such federal 

aviation development programs as the NPIAS, SASP and the AIP, should be considered when 

implementing risk management practices in commercial airport development. The longer it takes 

to approve a project, the greater the adjustment that is made to project schedule, limiting the 

extensiveness of the risk-management plans in place (WSDOT, 2012). 

 Government intervention affects the risk management strategy application for 

commercial airport facilities if the facility is in its pre-operational phase. In this case, most 

activities associated with an airport’s development are reviewed by the government agencies 

responsible for its funding. In the operational phase, if  the airport facility is leased by the 

government agencies in question, the private ownership would determine how comprehensive or 

specific the project scope and quality of the risk management strategy is based on the funding at 

hand (Horonjeff et al, 1994). 

2.5.2. Approach 2: The Project Phase Risk management strategy  

 Approach two involves applying the risk management plan through the differing phases 

of a given development project and allocating risk duties to the parties involved with these 

phases (Ospiova, 2008 ). In a study on the process of risk management through the context of 

project phases, Ospiova found that the role of various parties in the risk management process was 

connected to their participation in a project’s phases. Risk identification, assessment and 

response planning/implementation were performed in the programming phase by the project 

owner, in the planning phase by the owner and hired consultants, and in the procurement and 

construction phase by the contractor.  
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 The positives of approach two lie in its distribution of the risk management process to 

affected parties within the given phases of project development. The distribution of the risk 

management process between  parties involved in  commercial airport development removes the 

issue of contractual confusion that could result in adversarial relationships (Refer to Section 

2.1.2.4) affecting project objectives (Rakich, 2011). 

 The negatives of such an approach lie in the fixed nature of the risk management 

assignment process which limits the redistribution of risk management duties once assigned 

(Ospiova, 2008 ). 

 2.5.2.1. Application of Approach two 

 The application of approach two in terms of the project’s scope and quality for 

commercial airports depends on the magnitude of the project at hand, the parties involved in the 

development phases and the governmental processes required for the approval of such projects 

(WSDOT, 2012).  

 For maintenance projects, the programming and planning phases with their associated 

risk-management duties are not required. Procurement and construction duties are usually 

utilized with maintenance phases requiring risk management duties by the contractor and, to 

some extent the owner (Ospiova, 2008 ). Approach two would work for maintenance projects 

that require procurement and construction related activities. For commercial airport projects in 

the development phase, it would be advisable to utilize approach two because it allocates risk 

management duties to the parties involved in the subsequent phases of development, limiting 

confusion about who handles what in terms of the risk management process (Ospiova, 2008 ). 
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 In terms of resource availability, government intervention, time and schedule, approach 

two could be affected by government agencies and associated plans, such as the SASP and the 

NPIAS. Such governmental agencies and associated activities determine funding based on the 

need for the facility, allocating the funds based on a time sensitive application processes 

(WSDOT, 2012). Approach two in turn, affects the magnitude of the risk-management plan to be 

implemented by airports. 

2.5.3. The Project Lifecycle - Project objectives and stakeholder perspectives risk 

management strategy: Approach three  

 Approach three is a combination of project phase risk management and the project risk 

management strategy approach. It requires an understanding of project life cycle, the role of 

stakeholders in project development and the project objectives associated with a given project. It 

is from this angle that risk management practices can be applied (Zou et al, 2009).  

 It was determined that the major risks that affect construction projects, the phases of 

project development in which they occur, the project objectives affected by such risks, and the 

parties and stakeholders affected by such risk during project development, could be acquired 

from such a strategy. Zou et al (2009) conclude the review on this strategy by determining that 

affected parties must work cooperatively from the onset of a project to address potential risks in 

time to ensure that sound, safe, efficient and quality activities are carried out accordingly (Zou et 

al, 2009).  

 The positives of this approach are its holistic view to risk management. It covers all 

aspects of a given development project from conception to completion, making it an ideal 

approach for large and complex commercial airport projects that may be multi-faceted in nature 
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(Zou et al, 2009). The negatives lie in its complex nature which limits its compatibility with 

smaller, less complex projects that may not have the resources to utilize such a risk management 

strategy. It may also be a confusing concept to grasp and could be wrongly interpreted if not 

thoroughly reviewed. 

 Figure 2.5 is an influential diagram utilized by Zou et al. (2009) to map out the risks 

borne by the parties/stakeholders involved in a project’s development cycle. The risks are the 

tributaries that stem from the phases of feasibility, design, construction and operation. Due to the 

nature of the diagram, these risks are abbreviated and can be seen in full in Table 2.1. 

     

 Figure 2.5: Consolidation of key risks, stakeholders & the project lifecycle (Zou et al, 2009). 
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2.5.3.1. Application of approach three  

 In terms of project scope and quality, approach three is more applicable to large scale 

commercial project developments in the pre-operational phase of development. This is due to 

approach three’s holistic approach that covers all risk aspects associated with project 

development. A limitation here may be the unwillingness of government agencies to cater to the 

funding of such a risk management program and the time factor associated with the acquisition 

of funding from the government agencies (WSDOT, 2012). 

2.5.4. The Project delivery method Risk management strategy: Approach four 

 With this method of risk management, risk is strategically approached based on a 

project’s delivery system. From the delivery systems, key parties are assigned appropriate project 

risks (Rakich, 2011). The project delivery risk management method allows the individual in 

Table 2.1: Risk abbreviations and full meanings for Figure 2.5 (Zou et al, 2009). 
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charge of a given delivery method to determine the risk that they will be bear while splitting up 

what is left and allocating it to other parties involved with the project (Rakich, 2011). 

 There are three delivery systems discussed: The Design-Bid-Build (DBB), The 

Construction Manager at Risk (CMR) and The Design Build (DB). 

 The DBB method puts the project owner in charge of risk allocation while the contractor 

and designer are allocated risk duties based on statutory law and standard contracts. Despite the 

allocating power, the project owner still bears risk associated with erroneous design and 

activities not stated in pre-contractual agreements (Rakich, 2011). 

 In the CMR delivery method, risk is borne and allocated by the contractor. The contractor 

utilizes gross maximum price (GMP) in tandem with the airport administration to share costs 

related to risk and risk management. The contractor is also responsible for sharing project 

information regarding contracts, value engineering and other project developments with the 

owner and designer during the project’s course. Setbacks to this procedure may arise if the 

number of parties assigned to the project rises and duties begin to overlap (Touran, 2009).  

 The DB project delivery method for risk management puts the design builder in charge of 

handling the most risk. The project owner, through contractual agreement, transfers risks such as 

design errors and omissions as well as design detail risks with their associated cost to the design 

build contractor. It is important for the owner to review the DB’s activities during the course of 

development in order to avoid increments in contractor insurance and contingency allocations 

that he will have to cover (Touran, 2009).  

 The positives of the project delivery method risk strategy are its ability to allocate risk to 

the parties involved in the project development process and its holistic approach to the risk 



 

40 

 

management process. The negatives stem from its use as more of a risk allocation tool rather 

than a risk management method. Formal risk management planning would still have to be 

utilized when applying the project delivery method risk strategy (Touran, 2009). 

2.5.4.1. Application of Approach four  

 Application four would be ideally utilized for all sizes of commercial construction 

projects, whether they are in post-operational or pre-operational phases, because it is more of a 

risk-allocation tool (Rakich, 2011).  

 The only hindrance to commercial airport capital and maintenance projects utilizing this 

approach lies in airports’ dependence on government funding and the associated approval 

processes (government intervention) which affect time and schedules, limiting the extensiveness 

of the risk management process that can be utilized. The usefulness of approach four can be seen 

in Figure 2.6 below. 

       

 

2.6. Risk identification in project development  

 After determining the use of risk strategy three (Refer to section 2.5.3), risk identification 

as a process is applied. The United Nations Educational Scientific and Cultural Organization 

Figure 2.6 :The timing of project delivery method selection (Touran, 2009).  
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(UNESCO) determines that  as an approach it is applied  internally and externally in the risk 

management process .It is applied through external identification which utilizes a designated 

team to conduct the risk identification process and internal identification, both of which require 

self-assessment. Internal identification is the more commonly used identification approach, and it 

utilizes questionnaires, surveys and facilitated workshops to aid in the determination of risks that 

will affect a project’s set objectives (UNESCO, 2010).  

 In order to effectively apply internal identification, the preferred process for this thesis, 

we have to review to the approaches from which risk types can be identified. For this thesis, the 

project objective approach and project phase identification methods were utilized. 

 Risk identification through the project objective approach involves the review of project 

objectives (cost, time, safety, environment and quality). 

  Using the west rail project for Hong Kong as an example, Zou et al. (2009) notes that 

author Chen identified risk from a cost perspective. Chen identified 15 risks which were further 

categorized into 3 groups. Risk identified in terms of the project phase requires the breakdown of 

a project’s scope into differing phases from which risk issues in each phase can be acquired (Zou 

et al, 2009). Zou et al. (2009) approached risk identification by utilizing project phases and 

shareholder-risk responsibility. A total of 51 risks were identified as being associated with the 

project cycle of a construction project. 

2.7. Risk Identification and Classification tools in the Risk management process 

 With an approach found to identify risk, there is a need for the application of tools and 

techniques to acquire existing risk issues within a given project’s development. This section 

reviews 10 such risk tools and techniques.  
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 The King Fahd University of Petroleum and Minerals (KFPUM ) determines that the  

simplest risk identification tool to utilize is brainstorming which works by listing as many ideas 

as possible that are linked to a given topic or objective regarding risk issues with the eventual 

identification of a large number of risks. As a tool, it provides quantity, rather than quality, in 

terms of results, but these risks are eventually narrowed down in the risk management process 

(KFPUM, 2012 ).  

 The Delphi technique requires the general agreement of experts regarding risk for a given 

project’s development. Acquisition of such expert opinion is acquired by issuing a survey 

containing risk elements to the experts in question, which they then validate through corrections, 

discussion among themselves and revisions. The final result is a list of concrete risk factors 

(KFPUM, 2012 ).The survey approach application of the Delphi technique is utilized in the risk 

identification and assessment portion of the thesis. An example of the Delphi technique is seen in 

Figure 2.7 with a computer based survey. 

Utilizing the interviewing method requires the creation of pertinent questions pertaining 

to risk from the development at hand and a subsequent interview session with experienced 

professionals within the given field of concern. The interviewer usually identifies risk within a 

project based on experience, project information and sources that are identified as helpful 

(KFPUM, 2012 ).  
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In the thesis, the interviewer’s identification and viewpoints on commercial airport 

ownership risks were used in addition to the Delphi method to identify risks.  

 A checklist approach to risk identification requires a list of risk based on the resources of 

past projects related to the development in question. The checklist can be updated as new risks 

are identified for the project in question (KFPUM, 2012 ). An example of such a checklist would 

be a red flag items list of risk, which is usually created at the onset of project development, to 

identify risk and critical items within the project phase that could be affected by such risks. As 

the project advances, the risk list is updated for new risk issues. The list enables the application 

of the risk management process for identified risk while sharing information between project 

parties about the status and control of current risk issues occurring with project development 

(FHA, 2012).  

Figure 2.7: Application of a computer based questionnaire/survey with the Delphi method, Leading 

Answers (LA, 2007). 
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 In the application of assumption analysis, a project is reviewed for inaccuracies, 

inconsistencies and incompleteness during different phases, and from such occurrences, a listing 

of risk issues is developed (KFPUM, 2012 ). The diagramming technique utilizes a graphical and 

sequential representation of risk issues. Such diagramming occurs with three techniques 

(KFPUM, 2012 ).  

 The cause and effect diagram identifies risks causes and effects on project objectives. The 

second technique system, or process flow chart, utilizes diagrams to show interrelations between 

elements of a project and its phases through which the system determines factors of risk 

causation (KFPUM, 2012 ).  

 Influential diagrams show, graphically, the problem areas within a project and their 

associated risk, their occurrence within the project schedule, and their possible variables and, 

projected outcomes. The diagraming technique  is utilized in Chapter 4 of this document. 

 The risk register is a record of documents used to document the risk-management 

process. It is comprised of risk identification, a description of risk types, the root causes of risk 

types, potential responses to risk types and updated categories associated with risk organization 

(FHA, 2012).  

 The risk charter is an example of the risk register and is usually a part of the risk-

management plan. As a document, it provides its user with risk identification (description, 

category and cause), the measure of magnitude associated with such risk, and the probability and 

impact of risk occurrence within the project. Risk register documents also allocate identified 

risks to parties within a given project, the risk effects on project parameters as well as the 

mitigation/control responses to deal with such risks. This risk identification tool is utilized for 
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large, complex projects that have a degree of significant uncertainty (FHA, 2012).An example of 

a risk register document can be seen in Figure 2.9. A typical risk charter list is comprised of the 

following headers (FHA, 2012): 

 Risk description  

 Status  

 Date identified  

 Project phase  

 Functional assignment  

 Risk trigger  

 Probability of occurrence (%  or decimal value)  

 Impact ( $ amounts or time delays )  

 Response actions  

 Responsibility (task manager)  

 A modified risk register is utilized in the research methodology section of this thesis for 

risk probability × impact assessment. Figure 2.8 shows the more advanced form of the risk 

register which is the risk charter. 
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2.7. Classification of Identified Risk in C.A.D 

Once risk issues have been identified, it is important to classify risk accordingly to ensure 

the proper organization of risk issues according to areas of the project they affect. This way, 

proper analysis of the risk issues, allocation of risk to the intended parties involved, and the 

application of mitigation strategies and control systems to deal with risk can be done (Klemetti, 

2006 ). 

  In the first of several approaches to risk classification, Klemetti looks at risk from the 

general viewpoint of four effect factors. The first effect factor is pure risk which pertains to risk 

types that are only known to produce the chance of loss within associated project objectives 

Figure 2.8: Caltrans’ risk charter document (Molenaar et al, 2010). 
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(Klemetti, 2006 ). Pure risks are usually the only forms of risk that are insurable, and they relate 

to hazards and liabilities that occur during the course of a project (Investopedia, 2012). The 

second effect factor is financial risk which classifies the risk type based on losses and gains 

associated with various financial events that occur during the course of a project’s development. 

Such risks are usually a function of debt and are utilized by a project and its associated parties to 

finance its development (Dictionary, 2012). The third classification is business risk which 

addresses the effects of risk on the parties associated with project development and project 

objectives. Business risks are influenced by factors that include, but are not limited to, input 

costs, competition, overall economic climate and government regulations (Investopedia, 

Business risk, 2009). The final risk effect factor is political risk which reviews the political 

environment around project development as well as its possible effects on an affected project and 

its determined project objectives (Klemetti, 2006 ). Such risks are known to become more of a 

factor as the time horizon of an investment gets longer (Investopedia, Political risk, 2009) . This 

general risk breakdown is seen in Table 2.2 on page 68. 

 In her dissertation Risk Management in Construction Project Networks, Klemetti (2006) 

reviews Miller and Lessard’s risk classification system which is broken down into three major 

parts. 

 The first part reviews risk according to the state of the market during project development 

and looks at the demand, supply and financial purchasing power at hand during the course of 

project development (Klemetti, 2006 ).The second part classifies risk according to the 

completion of the project in question, reviewing the technical, construction and operational 

aspects of the project while doing so (Klemetti, 2006 ). The third and final part of the 

classification reviews institutional agencies and the effects they have on project completion. 
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These institutional agencies are regulatory (government) and relate to the permits, policies and 

procedures associated with the project and how government activities affect project completion. 

Social acceptability reviews how a project is perceived by the community, in which it lies, and 

sovereignty reviews how much independence or outside control a project’s development 

possesses (Klemetti, 2006 ). Miller and Lessard’s risk breakdown can be seen in Table 2.3 on 

page 68. 

 Klemetti also reviews Baloi and Price’s classification of risk according to impact types 

which, as a classification method, pits risk factor categories against their opposites in an impact-

style review. This classification is seen in Table 2.4 on page 69. 

 When classifying risk within construction projects, Finnerty’s construction-project 

specific categories are analyzed by Klemetti. Here, construction risks are classification according 

to factors that affect project development during it subsequent phases (Klemetti, 2006 ). 

Finnerty’s construction classification is seen in Table 2.5 on page 69. 

 The Project Risk Management Handbook reviews Caltrans’ risk breakdown structure 

where risk is classified according to project phases of a construction project in which such a risk 

issue will occur (Caltrans, 2007). As a result, this type of classification enables the project owner 

to effectively assign risk duties to the parties involved with specific phases of project 

development. Caltrans risk breakdown structure is seen in Figure 2.9 on page 69.  

 Department of Energy (DOE) ,risk identification classification reviews risk according to 

four major categories: the project being developed, the technical risk associated with such a 

project, the external environment and risk associated with project development, and the internal 
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environment and risk within the project (Molenaar et al, 2010). This classification system can be 

seen in Figure 2.10 on page 70. 

 Each classification has attached factors that are affected by risk issues which enable users 

to associate determined risk types with the given classification to which they are attached.  

 

 

 

 

 

 

.  

 

Table 2.2: General risk classification (Klemetti, 2006 ). 

Table 2.3: Miller and Lessard’s risk classification (Klemetti, 2006 

). 

Table 2.4: Baloi and Price’s impact type classification (Klemetti, 2006 ). 

Table 2.5: Finnerty’s construction: project-specific risk (Klemetti, 2006 ). 
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2.8. Application of Risk Identification and Classification to the phases of C.A.D 

 With an understanding of the processes and tools associated with risk identification and 

risk categorization in the formal risk management plan, such knowledge can be applied to the 

Figure 2.9: Caltrans’ risk breakdown structure (Caltrans, 2007). 

Figure 2.10: DOE risk identification classification (Molenaar et al, 2010).  
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phases associated with commercial airport development to determine pertinent risks and classify 

them accordingly. 

2.8.1. Commercial Airport Planning - Determining the project cycle for an airport 

development project  

 When planning for an airport’s development, the owner and associated parties involved 

with project development should create a general structure to addresses the project development 

phases associated with the project in question and its associated risks as they occur. Such 

planning takes the form of a project cycle. Project cycles determine phase allocation for a given 

project. Project cycles are aimed at defining a project, planning for its subsequent development, 

executing established plans and delivering a project within identified project objectives (Gray, 

2008 ). Figure 2.11 illustrates the stages associated with a project cycle.  
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 Figure 2.11 and its associated steps are utilized to review the development process for 

commercial-airport capital and maintenance projects as well as their associated risks.  

 Horonjeff et al. (1994) expressed the notion that airports had a wide range of 

interdependent activities with conflicting requirements and that a single activity, if not properly 

addressed, could limit the capacity of the entire facility. Therefore, it is important, when creating 

Figure 2.11: Project life cycle of a development facility (Hendrickson, 1998 ).  
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a project cycle for commercial-airport development, for the developer to consider the project 

type (capital or maintenance) and structure the project cycle accordingly (Horonjeff et al, 1994). 

 For this thesis, a holistic project cycle, embracing both the capital and maintenance 

activities associated with airport ownership activities, was used to determine the risks affecting 

airport owners during the course of a commercial airport development cycle. This was seen in 

Sections 2.8.2 through 2.9.1. 

2.8.2. Phase One: Project cycle application to C.A.D - Market demand and perceived needs  

 The first step in characteristic determination for an airport’s development lies in the 

airport type to be developed. For this thesis, airport type to be developed would be commercial 

airports. The FAA, Airport Categories (2012) describes commercial airports as facilities that are 

publicly owned and have at least 2,500 passenger boarding’s each given calendar year while 

receiving scheduled passenger services. The major types of commercial airport facilities are 

primary and non-primary airports. Primary airports are hubs that serve more than 10,000 

passenger boarding’s per year and count for a larger percentage of U.S. enplanement figures on a 

yearly basis. Hub sizes for such airports are large, medium, small and non-hub. 
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  Non-primary airports serve no fewer than 2,500 passenger boarding’s and no more than 

10,000 passenger boarding’s per year (FAA, Airport Categories, 2012). Table 2.5 shows the 

criteria set by the FAA for commercial-airport size determination while Figure 2.12 shows the 

top 20 commercial airports in the USA based on the criteria given in Table 2.6. 

 

 

 

Table 2.6: FAA classification of commercial airports by enplanement figures (FAA, 

Airport Categories, 2012).  
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 The project development type associated with the commercial airport facility in question 

should be reviewed next in this phase of project development. This project development type 

could either be capital or maintenance in nature.  

Figure 2.12: Research and Innovative Technology Administration (RITA): Utilization of 

airport enplanement figures to determine rank for the top 20 airports in the USA from 

2000-2010 (RITA, 2012).                        
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 Portland online (2004), in its review of capital projects, determines that capital projects 

for construction development are comprised of new construction, acquisition of existing 

development for redevelopment purposes, remodeling an existing facility, replacing parts of an 

existing facility or the capital improvement of an existing facility. Usually, such project costs 

must total at least $10,000 over the duration of project development (Portland, 2004). 

Maintenance airport projects routinely check existing development facilities and upgrade them as 

required. Such activities require the review of an existing structure’s foundation and fixture 

conditions while applying updates through routine, scheduled or anticipated processes (Horonjeff 

et al, 1994). 

2.8.2.1. Initial review of project parameters 

 Once the airport and development type are determined, it is required that the owner of an 

airport development has a general overview of certain parameters associated with the project in 

question. This way, structured decisions about the project approach can be made. The following 

paragraphs are brief descriptions of the parameters that need to be understood by the owner prior 

to project phase determination. 

  Project scope and size are utilized by the owner to determine the vertical or horizontal 

nature of the specific project in terms of financial cost and physical size (Touran, 2009). The 

complexity of an airport project is reviewed by the airport system being developed and its 

requirements in relation to the resources at hand. It is important to note that airports are a body of 

multiple systems with interdependent organs and airports must be planned, developed and 

maintained as such in order to ensure that all component parts work in sync (Touran, 2009). The 

types of funding available to the owner should be reviewed prior to embarking on the project to 

ensure that the financial parameters associated with project development can be met (Touran, 
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2009). This is discussed in more detail within the project cycle phase of commercial capital 

airport project development, which is reviewed for government funding, and approval for airport 

development projects. Associated security measures linked with project development should be 

reviewed to ensure safety for all parties involved with airport development, operation and use 

(Touran, 2009).  

 If an airport is in the operational phase during development or maintenance-related 

activities, the owner will have to juggle design/construction and airport operations to ensure that 

project objectives and airport operations are met (Touran, 2009). The revenue generating ability 

of the project in question should be reviewed by the owner to determine if resources pushed into 

project development will deliver the project in a timely fashion and maximize revenue from its 

future operations (Touran, 2009).  

 Finally, understanding the different stakeholders involved with a development project 

and mapping out their required duties during development phases ensure the success of any 

given commercial development project. Conflicting demands of project stakeholders for an 

airport’s development can make it hard for the party in charge of the project to reach needed 

agreements, prolonging the project’s design-and-development phase (Touran, 2009). 

2.8.2.1.1. Specific review of select project parameters in project phase development  

 Utilizing risk identification and classification tools, the owner of the project in question 

should begin to compile an initial list of risks while going through the associated phases for 

commercial airport project development. 
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2.8.2.2. Market demand and perceived needs - Project description 

 The project description addresses project characteristics based on the scope of work and 

its corresponding elements within the project. As a tool, the project description is utilized by the 

owner to communicate project decisions to the parties involved with project development as well 

as to justify project decisions if issues arise during the project’s development and operation 

phase (Rakich, 2011). A checklist for the project description is illustrated in Table 2.7. 

 

 

2.8.2.3. Project goal and objective determination  

 Identifying project goals requires noting the project needs and determining the 

parameters of a given project in terms of function, location, preliminary funding and timing 

targets (Nielson, 2007). 

 Project goals and objectives can be reviewed from seven different viewpoints. 

Consumer/ownership based goals address meeting the goals associated with the two listed parties 

(Wane County, 2012). Land use and zoning based goals focus on ensuring that the development 

plan for an airport facility complies with the regulations and zoning ordinances determined by 

government run organizations such as the FAA (Trinity, 2007) .  

Table 2.7: Project description checklist (Horonjeff et al, 1994). 
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 Development and design based goals are created to ensure that airport design and 

development parameters meet the owner’s standards in accordance with the regulations set by 

aviation’s governing bodies while also making room for future development (Trinity, 2007).  

 Safety based goals are created to ensure that the processes involved with airport 

development adhere to given standards set by the Occupational Safety and Health Association 

(OSHA) as well as the standards determined by airport owners and the parties involved with 

airport development (Trinity, 2007).  

 Operation and maintenance based goals are goals set to ensure the proper functioning, 

operation and maintenance of an airport facility during its post development phase. Such goals 

revolve around policies and procedures set by airport ownership and aviation’s governing bodies 

(Wane County, 2012).  

 Policy and procedural based goals review set standards for development and operation by 

aviation’s governing bodies, such as the FAA and ICAO, with which the airport facility is to 

keep in line (Wane County, 2012). 

 Finance and funding based goals review the development milestones that must be met by 

the financial budget afforded to the airport for development and maintenance. Such goals are 

subjective to the facilitators of such funding (aviation’s governing bodies) and their 

requirements, a risk itself (Zou et al, 2009). Commercial and economic development goals are 

usually discussed in more detail within feasibility planning. It is important to set goals prior to 

feasibility planning to ensure that a major focus of the project is its capability to maximize profit 

and spur further development within the community where it is located. Internal and external 
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conflicts of interest by the parties involved with airport development are a major risk factor 

affecting such goals (WSDOT, 2012).  

 Once the project goals are determined, project objectives are reviewed based on the 

urgency of need by the airport facility in question. Such objectives are usually part of a larger 

master plan and represent policy and planning guidelines which identify the present and future 

needs of airport development and stakeholders, respectively (Wane County, 2012).The first 

project objective is general in nature, requiring the project’s facilitating parties to determine, 

through policy and planning objective’s the best way to meet the overall desires for an airport’s 

development (Wane County, 2012). The objectives that follow soon after the general objective 

are specific in nature and address issues related to parts of the airport facility. Airside objectives 

cover policy and planning specific to development of airside facilities such as runways, holding 

pads, taxi systems, apron gate areas and exit taxiways. Terminal objectives cover policy and 

planning objectives specific to developing and enhancing features of the terminal facility and 

airline areas. Terminal objectives include, but are not limited to, passenger processing, security 

and passenger amenities (Wane County, 2012). 

 Financial objectives are utilized by a financial planner to review planning and policy 

associated with the fiscal responsibility of keeping airport facilities well equipped in terms of 

short-range and long range development planning. Financial objectives focus on activities such 

as project phasing for capital budgeting purposes and the financial allocation of resources to 

ensure such improvements are implemented at affordable levels (Wane County, 2012). Finally, 

security objectives are aimed at presenting policy and planning focused on the safety and 

protection of airport users and employees (FAA, Airport security , 1972).  
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2.8.2.3.1. Risks associated with C.A.D goals and objectives  

 The general risks associated with the development of goals and objectives associated with 

an airport’s project type (capital or maintenance) and size determination are (1 conflict of interest 

between ownership and other involved parties while determining initial project parameters (Zou 

et al, 2009) and (2  project type and scope misrepresentation due to poor planning and feasibility 

related studies (Caltrans, 2007). 

2.8.3. Project financing - C.A.D funding  

 Airport finance determination is utilized by most commercial aviation facilities for their 

funds’ acquisition planning processes. With an idea about the governing bodies involved with the 

funding process, their associated fund determination processes and the percentages of funding 

they issue to commercial airport projects, airport ownership is able to determine what additional 

percentage of funds has to be acquired from internal and private sources to meet the project’s 

financial objectives (Horonjeff et al, 1994). In the United States, government, or public, funding 

occurs at three levels, federal, state and local, which are all controlled by the FAA. The federal 

funding is controlled by the Airport Improvement Program (AIP) which provides grants to public 

agencies, owners and entities for the planning and development of public use airports included in 

the National Plan of Integrated Airport Systems (NPIAS) and State Aviation System Plan 

(SASP) (WSDOT, 2012) . 

 The AIP is responsible for providing grants to cover 75% of eligible costs associated with 

large to medium sized commercial airport facilities and 90-95% of eligible costs for smaller 

airport facilities (AIP, 2012 ). It is a requirement that all commercial airports pushing for AIP 

funding must be included on the National Plan of Integrated Airport Systems (NPIAS), a plan 
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utilized by the FAA at a nationwide scale to ensure that all public aviation facilities meet the 

requirements and standards set by the FAA (Horonjeff et al, 1994). An overview of AIP 

requirements for commercial airport facility development can be seen in Table 2.8 while 

examples of projects eligible and ineligible for AIP funding can be seen in Table 2.9. 

 Military Airport Programs (MAP) is a subset of the AIP funding process that provides 

money to retrofit former military airfields into public use commercial facilities with associated 

aviation operations. The eligibility and project requirements for MAP funding are similar to the 

general AIP provision with the addition of building rehabilitations that may be required, such as 

additional surface parking lots, fuel farms, hangars, utility systems, access roads and cargo 

buildings (Alexander-Adams, 2012). 

 The Facility and Equipment (F&E) fund is provided federally by the FAA through the 

Air Traffic Organization (ATO) and is responsible for funding provisions associated with 

navigational aids and air traffic control facilities (i.e.) air traffic control towers (etc.) ,associated 

with commercial and general aviation airports (WSDOT, 2012). Funding for the AIP is disbursed 

as an individual grant or a block grant that is issued to the SASP by the AIP for further 

disbursement at the state level. Such grant disbursement is issued to commercial airport facilities 

based on airport size which is governed by factors such as yearly enplanement figures, landed 

cargo weight and a national priority rating system that reviews funding requests based on project 

urgency and application priority (WSDOT, 2012). 

 

 

 



 

63 

 

 

 

 

 

 State level funding is acquired based on commercial airport needs that meet state 

government requirements. The state government usually issues a “finding” document to approve 

a facility for funding. For facilities that are federally funded, costs not approved by the federal 

government are shared equally with the state. Projects that are not federally funded are eligible to 

Table 2.8: AIP funding eligibility requirements for airports (AIP, 2012 ). 

Table 2.9: Examples of Airport projects that are eligible and ineligible for AIP funding             

(AIP, 2012 ). 
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receive an 80% state fund provision for airside and landside airport developments and 50% for 

some planning projects (WSDOT, 2012).  

 The Advanced Loan Acquisition Program (ALAP), a part of state funding, makes funds 

available in the form of loans to owners of public use airports for land acquisition purposes. Such 

a loan is provided to ensure that all land development requirements are met by airport owners 

before funding approval is issued by the federal or state government (WSDOT, 2012). The loan 

also caters to projects in the development phase, including activities such as feasibility studies, 

land surveys, airport layout plan updates, environmental impact studies and legal services 

associated with land acquisition  (WSDOT, 2012). For project development purposes, loans can 

also be acquired. The loans are issued by the state government based on 80% of the project’s 

eligible cost, and they must be repaid in full 5 years after the loans are issued. The project owner 

is required to provide proof for the availability of 20% of the project development funds up front 

to be considered for such a loan. Interest wise, such loans are annual in nature and accrue 4% of 

the unpaid balance for the loan amount (WSDOT, 2012). 

 Other sources of funding available to the airport owner include customer facility charges 

collected by operational commercial airport facilities. Such fees are usually levied in taxes paid 

directly or indirectly to the airport facility. 

 General obligation bonds and revenue bonds are also a form of liquid assets sold to 

private investors involved in commercial airport development. Usually a pledge of payment from 

airport revenues in savings and revenue generated from the accumulation of profits in an 

operating commercial facility is offered to such investors (Gu.L et al, 2009). Table 2.10, Table 

2.11 and Figure 2.13 are a breakdown of commercial airport facility development financial 
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expenditure allocations for an approved airport development project as provided by the ACI-NA 

report on commercial airport capital development costs (Gu.L et al, 2009). 

 

 

 

 

 

    

 

 

Table 2.10: Committed commercial airport funding sources (Gu.L et al, 2009). 

Table 2.11:  Abbreviation explanations for Table 2.9 and Figure 2.13 (Gu.L et al, 2009). 

Figure 2.13: Pie chart showing committed commercial airport funding sources             

(Gu.L et al, 2009).  
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2.8.3.1. Risk associated with C.A.D funding and processes 

 The general risks associated with airport funding and its associated levels are (1 

government intervention and bureaucracy in funding related processes (Zou et al, 2009), (2 

project schedule affected by delays from numerous funding approval processes (Zou et al, 2009), 

(3 litigation issues associated with default payments on external funding options (WSDOT, 

2012), (4 inadequate internal funding options (i.e., airport user fees, etc.) to cover airport facility 

development (Gu.L et al, 2009) and (5) debt accruement which cannot be effectively balanced by 

the project owner  (WSDOT, 2012).  

2.8.4. Phase two: Conceptual planning and feasibility studies - Project and Government 

associated planning procedures  

 Once funding alternatives have been reviewed, project development enters its planning 

phase which involves correlating the identified project objective phases with the policies and 

procedures provided by governing aviation agencies and the parties involved with project 

development (Horonjeff et al, 1994). 

2.8.4.1. Project Inclusion in a five year airport plan (USA, C.A.D template)  

  Most commercial airport developments are required to be implemented with a five year 

airport improvement plan. The plan is utilized by the governing bodies to schedule individual 

airport projects that are eligible for federal and state assistance. The first two years of the system 

are utilized by government agencies to handle airport projects that have been formally petitioned, 

requiring airport owners who seek funding to apply for those funds 3-5 years before construction 

activities begin, depending on project complexity. The last three years are usually provided for 

airport projects that are tentative (not committed) in nature. As a program, the AIP is known to 
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suffer from fund fluctuations at the federal, state and local levels (WSDOT, 2012).Below in 

Table 2.12 is a step by step process in the way the five year airport program system works. 

 

 

2.8.4.2. Five year airport program system process  

 The public hearing process is a state requirement for airport owners. At this forum, 

owners present conceptual/feasible ideas for airport development to the public and solicit input 

(WSDOT, 2012). Once a project has been presented to local community members for input 

purposes, a petition resolution is passed by the governing aviation bodies at the state level to 

petition the state department of transportation (DOT) for federal or state funding. The petition 

resolution requires submitting a petition package with legal documents to the state bureau for 

project approval and funding. It is important to note that petition package submission does not 

give the owner the right to begin airport development proceedings (WSDOT, 2012).Components 

of a petition package are seen in Table 2.13 below. 

 

 Table 2.12: Five year airport systems plan objectives (WSDOT, 2012). 
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 Once the petition package is submitted, the bureau responsible for aviation activities 

within the given state responds with an Eligibility Statement (ES). This statement reviews the 

work items identified in the petition package and determines whether the government will meet 

the needs of each given item. In situations where master plans and project feasibility studies are 

absent, the airport owner can submit a petition to request funding assistance for a plan of study to 

warrant project justification. Eligibility statement documentation includes the airport’s inclusion 

in the SASP and NPIAS system of airports, a comprehensive master plan, feasibility studies, and 

a statement of need from the airport owner (WSDOT, 2012).  

 The State DOT produces a legal document, called the agency agreement, to be signed by 

the airport owner. The agreement gives the secretary in charge of State DOT activities the 

designated power to oversee all arrangements (financial, contractual and development) involved 

with the airport project in question. The duties of the DOT secretary, assisted by the airport 

owner, include 1) hiring consultants for differing project phases; 2) land acquisition; 3) 

application for federal aid, advertising for bids, and 4) awarding and administering construction 

contracts and a project’s financial accounting (WSDOT, 2012).  

 The DOT secretary and the airport owner are then faced with the task of consultant 

selection. The consultant positions required for the commercial airport development are 

advertised in listed portions of the local media, and the selection process is based on interviews 

Table 2.13: Components of a petition package (WSDOT, 2012). 
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conducted by consultant selection committee members who review consultants based on 

qualifications, experience and the expected workload of the development project (WSDOT, 

2012).  

 Prior to design and development of the project, administrative rulings to govern the way 

the facility is developed and operated are provided through state laws. These laws ensure that the 

public is protected and that publically funded investments (i.e.) the airport project (etc.) are 

maintained in a safe, serviceable and financially sound way that provides value to public-

infrastructure development (WSDOT, 2012). 

2.8.4.3. Risk associated with project and government associated planning procedures 

 There were two general risks associated with project and government associated planning 

procedures: 1) project variation leading to associated disputes between project parties and 

ownership   (Caltrans, 2007) and 2) planning procedures affected by government approval and 

associated processes (Zou et al, 2009). 

2.8.5. Conceptual planning and feasibility studies - Project specific  

 Forecasting for airport development planning begins soon after the airport development 

planning phase and involves a calculated prediction of activity levels associated with the future 

of an existing or proposed airport development. It is from such an understanding that the airport 

project’s planner is able to assess future airport performance from existing and improved 

facilities while recommending development programs consistent with the airport owner’s 

objectives and policies. The planner estimates costs and associated revenue for such projects 

while supporting future capital improvement programs (Horonjeff et al, 1994). Consultants hired 

by the airport owner and DOT secretary are responsible for this activity phase (WSDOT, 2012). 
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 Planning studies are utilized once the project is determined to be in accordance with 

federal and state system plans. Such studies refine the project scope to meet airport needs and to 

ensure that airport funding is utilized accordingly. Planning studies occur in three forms:1) 

airport layout plans, 2) feasibility studies and 3) master plans (Horonjeff et al, 1994). Figure 2.14 

depicts that planning process utilized by most  commercial airport  management in the United 

states for long and short term airport facility project development . 

    

 

 The FAA provides a step by step system to guide commercial airport planning. The first 

step in the guide to commercial airport planning is the development of an airport strategic 

business plan which is a holistic representation of present and future plans associated with an 

Figure 2.14: Airport system planning process: FAA (Horonjeff et al, 1994). 
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airport’s development. It is a clear guide to where a developing facility should and could be at 

differing points in its existence (Horonjeff et al, 1994). 

 It is important to note that the composite parts of the strategic business plan were 

addressed in previous sections of this document. Table 2.14 shows some requirements of a 

strategic business plan for a commercial airport development project. 

 

     

 Being included on national and state development plans (NPIAS and SASP) through 

application and approval by the governing aviation bureau (FAA) and its constituent parts 

provides the airport owner with the eligibility to apply for funding (Horonjeff et al, 1994). Once 

approved and included on the required aviation system plans, airport site investigations begin for 

new airport facilities. Such a practice is done to begin the process of fund acquisition (WSDOT, 

2012).Table 2.15 shows the required process for a commercial airport site investigation. 

 

    

Table 2.14: Component parts of the strategic business plan (WSDOT, 2012). 

         Table 2.15: Content required for Airport site investigations (WSDOT, 2012). 
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 Next, feasibility studies are utilized to define needs, identify and evaluate alternatives, 

and recommend the best solution associated with the commercial airport development in 

question (WSDOT, 2012). These feasibility studies utilize the airport’s project plan which is a 

detailed plan about the proposed development being considered by an airport in the immediate 

future. Usually, such project plans include new runways, modification to existing runways, 

taxiway and exit provisions, the addition of gates, terminal building and facilities renovation, and 

the modification of ground facilities (Horonjeff et al, 1994).  

 Preliminary cost estimates, land requirements and project overviews are also included in 

airport feasibility studies with consultant selection for project planning done by the airport owner 

and DOT secretary (WSDOT, 2012). Master planning is then utilized to identify airport 

development both in the short term and long term. Such plans represent a development concept 

graphically, containing data and rationale upon which airport is being developed while 

supporting the modernization of an existing airport and the creation of new airports. As a guide, 

master plans also analyze airport growth and determine additional facilities needed by the 

commercial airport to accommodate future growth over a 20 year period (Horonjeff et al, 1994). 

Table 2.16 shows a review of the objectives required of a commercial airport master plan in the 

USA. 
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 Airport layout plans (ALPs) are utilized in tandem with master plans to depict existing 

facilities and planned development for an airport. These plans are the prerequisite for the FAA to 

issue a grant for airport development. As a requirement of the FAA, ALP’s need to be kept up to 

date at all times (Horonjeff et al, 1994). It is important to note that ALP costs, environmental 

studies and ALP updates are eligible for provision under planning grants provided by the AIP 

while ALP checklists provided by the FAA must be followed by the airport owner to ensure that 

the ALP is adequately prepared and updated (WSDOT, 2012). 

  Environmental issue determination requires the identification of possible negative 

impacts associated with project development on the area where project is located. To carry out 

the identification of environmental issues, an environmental assessment is utilized by consultants 

hired by airport owners and government bureau representatives. Environmental assessments 

involves coordinating the proposed project development with existing and planned patterns of 

development in a community by considering the effects that such development and its 

subsequent operations will have on people, ecological systems, water resources, air quality and 

other areas of community concern (Horonjeff et al, 1994). The intensity of an environmental 

impact study is based on project complexity, project controversy and project scale, with the 

 Table 2.16: Objectives of a commercial airport master plan (Horonjeff et al, 1994). 
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average time of assessment taking anywhere from a couple of months to years (Horonjeff et al, 

1994). Table 2.17 provides examples of possible environmental studies that are carried out  by 

commercial airports in the USA. 

 

 

 Impact statements come soon after assessment has been done, with State government 

agencies determining whether a project can commence based on findings from the environmental 

assessment. Environmental impact statements (EIS) are required by projects that pose a 

significant, negative impact to the environment where they reside. Such a project includes new 

airport developments, user carrier runways and projects with significant noise impact. An EIS 

requires a year for processing in addition to the EA approval for most project developments 

(WSDOT, 2012).  

 Agricultural impact statements (AIS) are usually required for projects that acquire more 

than 5 acres of farmland for the proposed development. The state aviation bureau partners with 

the departments governing agriculture, trade and consumer protection, providing departments of 

governing agriculture with information regarding farmland being utilized for development. The 

department, after careful consideration, issues an AIS allowing such development to occur. The 

average time to prepare the AIS differs from state to state (WSDOT, 2012). A hazardous 

material site assessment is required before the title to any property can be acquired. Such an 

assessment is done to determine contaminant locations and levels at the site. Early detection of 

  Table 2.17: Examples of Environmental Assessment Studies (Horonjeff et al, 1994). 
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contaminants at the site enables the associated government agencies and airport owner to have 

possible site avoidance and remediation if required (Horonjeff et al, 1994). 

 Environmental public hearings are required for all airport projects needing EA or EIS 

permits. These hearings are a forum for the presentation of a project and its effects on the 

economic, social and environmental fabric of a community. Local residents, where a proposed 

development is to be built, can voice their opinions to representatives of the government 

agencies presiding over project development and the airport owner, receiving responsive answers 

as needed (WSDOT, 2012). 

2.8.6. Phase 3: Design and Engineering - Design phase /plans and specifications  

 When the permits and approvals needed to embark on project development have been 

acquired, the airport owner hires consultants to prepare development plans and specifications. 

During the design process, frequent meetings are held among the designer, airport owner and 

government representatives. Such meetings act as a platform for the designer to share insight 

about project phase design, the development progress and the projected completion dates for 

given phases of the airport’s design. The airport owner and government representatives can voice 

issues and concerns that they may have with the design work being developed during this forum. 

It is the design team’s prerogative to be well briefed on the airport project on which it embarks 

and, as such, to determine what design approach to take towards developing a specific project 

(WSDOT, 2012). 

 The key word to remember when embarking on design is the need for development 

(Horonjeff et al, 1994). During the course of design development, airport design standards are 

utilized by the design team to keep the project within the standards and stipulations set by the 
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FAA and International Civil Aviation Organization (ICAO). For development in the USA, FAA 

design standards are followed. These design standards are published in advisory circulars and 

reviewed as the need arises (Horonjeff et al, 1994). At the international level, the ICAO provides 

guidance to airport facilities that have ICAO membership. Design stipulations for the ICAO are 

published in Annex 14 of the membership convention (Horonjeff et al, 1994). It is recommended 

by WSDOT (2012) that final plans and specifications be submitted to the governing bureau 60 

days prior to bid opening dates. An airport owner’s involvement in this phase is dependent on the 

project delivery method and contract stipulations utilized for the project (Rakich, 2011).Table 

2.18 points out the different parts of the commercial airport that are usually developed or 

maintained as seen fit by airport management. 
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 An airport user’s conference is held during the early phases of planning and development 

as an FAA requirement for airport developments that are state related; all parties involved with 

the airport development are in attendance (WSDOT, 2012).The airport user conference 

familiarizes prospective and present airport tenants, air carriers, the airport manager and other 

interested parties with the project’s scope, possible inconveniences caused by development 

   Table 2.18: Listing of airport parts available for development (Horonjeff et al, 1994). 
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related activities and methods to prohibit project interference with existent airport operations 

(WSDOT, 2012). 

2.8.7. Phase 4: Procurement and Construction  

 Land requirements are acquisition practices conducted by government representatives 

and the airport owner. Land requirement and acquisition as a process reviews the land needs for 

the airport project through land surveys. These surveys determine and measure land interest in 

relation to project development. The information acquired from the survey is used to create a 

project map showing proposed land acquisition areas. This land map is utilized for appraisal 

acquisition with land development practices (WSDOT, 2012).  

 Appraisals are utilized by the government representatives for the airport project and the 

airport owner to acquire land for project development. The appraisal is done by an independent 

review appraiser who is responsible for preparing appraisal and reviewing the appraisal process 

being utilized. The appraisal establishes the estimated purchasing prices for individual parcels of 

land or easements (WSDOT, 2012). With the estimated land prices determined, negotiation 

practices are utilized to purchase land where development will begin. Written offers, usually 

financial purchase prices, are presented to property owners at fair market value for the property 

to be purchased. The property owner usually has a given time to respond to the offer and prepare 

an appraisal of his own for the bureau and airport owner to review. The two appraisals created by 

the involved parties are then utilized to create a final settlement (cost agreement) for the land in 

question. If unhappy with the settlement, both parties can appeal in court after the negotiation 

period is closed (WSDOT, 2012). It is likely that the property owner who has been bought out 

will require relocation assistance. This entitlement is governed by policies, requirements and 
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claims as determined by U.S. federal and state laws. Such entitlements include relocation 

services, cost related payments for relocation related expenses, settlement payment for land 

acquired and the cost of replacement property (WSDOT, 2012). With the land acquired, airport 

construction and related activities can begin. The first step in the construction process is opening 

the project to bids from the general public. Opening project bids to the general public is done 

through general advertisements in the local media (Dagostino et al, 2010).Table 2.19 shows the 

required steps in the bidding process for most development projects including commercial 

airports . 

 

 

 The bidding process is usually governed by the project delivery method utilized by the 

airport owner and the bureau representative involved with the bids presented in the form of 

project delivery systems (Touran, 2009). 

 The bidding process is separate from the contractual arrangement for financial 

compensation to be determined among the airport ownership, government bureau and contractor 

(Touran, 2009). There are three major types of project delivery systems utilized in airport 

development. The first one, design-bid-build, requires that the airport owner and bureau 

representative employ a design team to produce development drawings for the proposed project 

and to submit single or multiple packages of construction documents for bidding purposes. These 

documents are then utilized for competitive bidding. Once documents are submitted, the design 

  Table 2.19: General steps in the bidding process (Dagostino et al, 2010). 
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team’s influence on the construction phase of project development is determined by the owner. 

These duties revolve around construction document administration, managing project changes 

and ensuring that general project development performance is in line with contract documents 

(Touran, 2009).Table 2.20 shows the characteristics of the DBB project development process 

that affects commercial airport management. 

 

 

 The construction manager at risk method of project delivery provides the construction 

manager with the ability to oversee project development. The CMR representative engages in the 

project development process early (usually during the design phase of project development) and 

is hired at the same time the design team members are hired or prior to their involvement, 

dependent on the nature of the project at hand. Airport ownership has limited risk utilizing this 

method because the risk onus is borne by the CMR and project related construction cost (Touran, 

2009). Table 2.21 shows the characteristics of the CMR project development process that affects 

commercial airport management. 

Table 2.20: DBB characteristics that affect commercial airport management (Touran, 

2009). 
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 The design build method utilizes a single consultant group for project design and 

construction purposes. Design consultants function as subcontractors to the DB party controller. 

Airport ownership bears limited risk with this delivery approach and must learn to relinquish 

control in design areas where changes and preferences could be imposed. However, design-

related preferences can be provided by the airport owner with performance specifications when 

the contract is awarded (Touran, 2009). Airport ownership utilizing this method of project 

delivery should purchase special insurance that ensures that risks, such as design professional 

liability for error and omission, are transferred to the DB party. Table 2.22 shows the 

characteristics of the DB project development process that affects commercial airport 

management. 

 

 

 

 

 

 

Table 2.21: CMR characteristics that affect commercial airport management (Touran, 2009). 
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 Once bids are in and the project delivery method has been determined, the FAA issues 

grant offers for project development based on general bid figures, detailed cost estimates for the 

planned project and appraisal costs for the land purchase. The government aviation bureau, 

working with the airport owner, accepts the grant offer issued by the FAA (WSDOT, 2012).  

 In situations where development costs exceed grant offers, the aviation bureau, working 

in tandem with the airport owner, requests a grant amendment. The FAA amends grants based on 

completed project work and the project’s financial closing. Such grant amendments puts the 

airport owner in a position to rely on state and local government funds to complete a project that 

exceeds grant offers. Once a project is complete, the FAA will reimburse parties that footed 

development costs that exceeded the grant offer amount if grant amendment is approved 

(WSDOT, 2012). 

  Prior to construction, the government aviation bureau, working with the airport owner, 

reviews and approves the performance payment bond and contract documents that were signed 

by the contractors and consultants who won bids and were offered contracts. At this stage, 

project funding has been secured, and a notice to proceed is issued (WSDOT, 2012). In the pre-

  Table 2.22: DB characteristics that affect commercial airport management (Touran, 2009). 
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construction process, construction and engineering consultants are hired to carry out stipulated 

activities (resident engineering, construction management and testing services).  

 A pre-construction conference, with the airport owner, aviation bureau representatives 

and hired consultants, is held and utilized as a platform for engineering consultants and 

contractor to discuss the following items:  1) how current airport operations, security and safety 

practices will be implemented during the course of construction; 2) federal policies and 

requirements to follow during the construction process and 3) the coordination of construction 

planning and work schedules (i.e.) carrying out construction activities during the airport facility’s 

low productivity period if the facility is already in operation (etc.). The meeting also provides a 

forum for questions and suggestions from all parties involved with the airport development 

process (WSDOT, 2012).  

 During the construction phase, the construction engineers, architects and contractors 

follow stipulated duties issued in contracts and project delivery system documents. As needed, 

these professionals act as the liaisons between the airport owner and the parties working on the 

site. Government bureaus also stop for periodic inspections during the project to ensure that the 

services provided by parties involved with project development are adequately meeting project 

standards, objectives and goals (WSDOT, 2012). 

2.8.8. Risk associated with C.A.D - Capital development processes  

 For activities associated with capital development, 16 general risks that would be of issue 

to airport ownership were identified. They were 1) local community opposition to project 

development (Zou et al, 2009), 2) the occurrence of disputes between airport ownership and 

aviation’s governing bodies about policy requirements for development (WSDOT, 2012), 3) 
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litigation issues arising from negligence of safety related processes on site during construction 

phases of development (Donell, 2012), 4) permitting related processes (i.e.) environmental 

impact statement approval pre development (etc.) that slow down the project development 

process (WSDOT, 2012), 5) project schedule affected by review time for project development in 

aviation bureau review agencies (Zou et al, 2009), 6) hired consultants unable to meet project 

requirements and standards (Caltrans, 2007), 7) cyber threat related issues (Tummala, 1999), 8) 

monitoring equipment and communication during capital development (Tummala, 1999), 9) 

disaster preparedness (Tummala, 1999), 10) security threat for the existing facility posed by 

airport development (Donell, 2012), 11) project design constructability issues affecting the 

project’s cost (Touran, 2009), 12) utilization of unfavorable project delivery methods that 

negatively affect project finances (Touran, 2009), 13) land development issues (eminent domain 

proceedings or sacred burial grounds) that stall project development (Caltrans, 2007), 14) 

contract related disputes (Touran, 2009), 15) the negative effects of “Acts of God” on project 

development (Tummala, 1999) and 16) the negative effect of construction activities on current 

airport operations (Touran, 2009).  

2.8.9. Phase 5: Start up and occupancy -  Acceptance of facility  

 Final inspections are done by the airport owner, bureau representatives and head 

consultants for final acceptance of a project and final payment purposes. In the USA, faulty 

workmanship or material issues noticed within a one year period of project completion are the 

responsibility of the contractor in charge of project construction and development (WSDOT, 

2012). The bureau with jurisdiction where the project lies determines the project’s final 

completion.  
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 The bureau is faced with maintaining a project’s financial records and disbursing funds as 

required during the project. Other completion duties for the bureau include 1) requisition for 

final contract billings from the forms involved in budget development; 2) financial settlements 

with the FAA, airport owner and state according to participant percentage; 3) financial settlement 

for the airport owner after he supplies a final financial statement and 4) closing the financial 

record for the department’s financial system (WSDOT, 2012). An airport owner’s responsibility 

post completion of the project is subject to the operation and maintenance of the airport facility. 

Financial aid directed towards maintenance activities are provided by the airport owner. 

However, in the USA, if work is warrantied for one year and if maintenance is needed within 

that duration, the airport owner has the right to report maintenance issue to the state aviation 

bureau where project resides and to solicit government aid (WSDOT, 2012). 

2.9. Phase 6: Operation and maintenance - Fulfillment of useful life  

 The FAA and associated aviation bureau agencies within state jurisdictions issue 

compliance policies for the airport ownership during the facility’s operation phase to ensure that 

facilities are adequately maintained for peak performance. The WSDOT manual (Section 00-

00.01) presents a rundown of the guidelines for maintaining commercial airports as required by 

the FAA (WSDOT, Airport Maintenance Manual, 2009).  

 Standard procedure requires that airport ownership review annual airport activities based 

on seasonality. For maintenance activities that occur on an ongoing basis, the process to review 

and update is required for operations that keep the airport functional (WSDOT, Airport 

Maintenance Manual, 2009).A listing of standard procedures is seen in Table 2.23 below. 
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 Seasonal review and update activities are required in regions that are prone to seasonal 

change. Seasonal review activities require the performance of maintenance activities at specific 

periods of the year when they can be done (WSDOT, Airport Maintenance Manual, 2009).For 

US commercial airports, examples of seasonal maintenance activities can be seen in Table 2.24. 

 

 

 

Table 2.23: Ongoing airport review and update activities (WSDOT, Airport Maintenance Manual, 

2009). 
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 For airports that open and close seasonally, determining the activities of importance for 

airport operations is a requirement. A state bureau representative is assigned to inspect airport 

facilities prior to their opening to ensure that all maintenance requirements are met as well as 

prior to airport closure to determine the necessary maintenance activities that are required for the 

following year. The period in which inspection occurs prior to airport operations and closure is 

determined by the bureau in charge of the jurisdiction where the airport resides (WSDOT, 

Airport Maintenance Manual, 2009). Regular inspections, at least three times a year, for airports 

in full operation during the year are usually conducted by the bureau in control of the jurisdiction 

where the airport lies. For all inspection types, a maintenance inspection form must be completed 

by the inspector, and a copy is returned to the airport owner for review and filing (WSDOT, 

Airport Maintenance Manual, 2009).A listing of maintenance inspections is seen in Table 2.25. 

 

 

Table 2.24: Seasonal Airport review and update activities (WSDOT, Airport Maintenance 

Manual, 2009). 
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 Airport ownership is given guidelines from the bureau that must be followed during the 

course of airport operations, and these guidelines fall in line with all possible maintenance 

activities that can be done at an airport facility. These maintenance guidelines govern airfield 

maintenance and review conditions, standards, policies and procedures associated with the 

airfield, including runways, taxiways and exits (WSDOT, Airport Maintenance Manual, 

2009).An example of runway  maintenance items that have set maintenance guidelines are seen 

in Table 2.26. 

 

 

 Individuals in charge of airport maintenance guides review conditions, standards, policies 

and procedures associated with airport features, such as airport signage, access road 

maintenance, and fencing and gate maintenance (WSDOT, Airport Maintenance Manual, 2009). 

Table 2.25: Airport maintenance inspection requirements (WSDOT, Airport Maintenance 

Manual, 2009). 

Table 2.26: Examples of runway items with set maintenance guidelines (WSDOT, Airport 

Maintenance Manual, 2009). 
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 Vegetative control guidelines govern the maintenance of all vegetation related exposure 

at the airport facility. Examples of such guidelines are seen in Table 2.27. 

 

 

 The obstruction identification and removal process is the last practice discussed in the 

maintenance review section. The process requires the active scanning of the airport facility and 

beyond (review FAA - part 77), especially the runway (Horonjeff et al, 1994). The obstruction 

identification and removal process identifies objects that could hinder airside operations 

associated with aircrafts and vehicles, and removes them accordingly. The process, in itself, is 

more capital development in nature than maintenance and requires that airport ownership review 

the capital-development process to handle such issues (WSDOT, 2012). 

2.9.1. Risk associated with C.A.D - Maintenance activities  

 There were seven general risks identified for the maintenance related activities. The risks 

are  as follows: 1) the aviation bureau’s inspection procedures affect the project’s maintenance 

schedule and associated objectives (WSDOT, Airport Maintenance Manual, 2009), 2) the 

possibility of cyber threats (Tummala, 1999), 3) unidentified maintenance issues affecting the 

current maintenance process (WSDOT, Airport Maintenance Manual, 2009), 4) fund provision 

by aviation bureau limits scope of maintenance project  (WSDOT, 2012), 5) negative effects of 

maintenance activities on airport operations (Touran, 2009) , 6) monitoring equipment and 

Table 2.27: Examples of items that adhere to vegetation control maintenance guidelines 

(WSDOT, 2009). 
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communication during maintenance activities (Tummala, 1999) and 7) disaster preparedness 

issues (Tummala, 1999) . 

From the risks outlined in the literature review for differing phases associated with 

commercial airport, capital and maintenance project development and the utilization of the Delphi 

method for data collection, a survey questionnaire was developed, which is described in the 

subsequent chapter. This survey collected expert opinion that can be used to validate and rank the 

risks presented in this Literature review. 
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CHAPTER 3. RESEARCH METHODOLOGY  

 

3.1. Introduction  

 Utilizing Figure 2.4 as a process for risk management in this thesis, steps 5 and 6  in the 

formal risk-management plan (review Figure 2.4 in Section 2.4 ) which covers the risk 

identification and assessment process are continued in this chapter (Burtonshaw-Gunn, 2009). 

 A total of 32 major risks were identified for the Literature review in Chapter 2 through 

processes discussed in Section 2.6.1. The validity of such risks and their associated assessment 

should be determined in order to ensure that they are successfully mitigated and controlled.  

 The Delphi method reviews the survey and interview method of risk identification and 

assessment, requiring the review of listed risks by professionals in the area of study where risk is 

being assessed (KFPUM, 2012 ). The responses solicited from the surveys and interviews 

provide validity to the already listed risk and determine a ranking associated with the severity of 

the risks for the associated project objectives (Zou et al, 2009) 

3.2. Delphi Method - Survey production  

 Survey production, as seen in Figure 3.1 was broken down into four different sections. 

Section 1 presented survey participants with a general description of the data being presented, 

the analysis process of the data after survey completion and the goals expected of the research 

study linked to the survey.  
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 Section 2 required respondents to provide general information about themselves and the 

commercial airport they represented. Size for the airports where representatives were contacted 

to fill out the survey was predetermined prior to survey dissemination because the respondents 

were mostly in the USA. This information was acquired from FAA data sources (FAA, Airport 

Categories, 2012).Once this information was provided, a step by step basis to fill out the survey 

was given to respondents. The step by step approach to filling out the survey ensured that 

respondents understood survey requirements and avoided issues that would arise from 

incomplete or unclear responses on returned surveys (Zou et al, 2009).  

 Section 3 of the survey provided respondents with a total of 32 major risks that affect 

airport ownership at the different development phases associated with commercial-airport capital 

and maintenance projects. Respondents were asked to review and to indicate the likelihood of 

risk occurrence as well as the airport owner’s level of involvement with risk based on a scale 

Figure 3.1: Survey production 

process.  
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from A-E. Within the scale, A = near certainty, B = highly likely, C = likely, D = unlikely and E 

= remote. Respondents were also asked to review and indicate risk’s impact on the phase of 

project development where they were based on a scale of A = very high, B= high, C = medium, 

D = low and E = very low.  

 Risks provided for this survey were classified according to the project objectives they 

would affect utilizing the DOE risk identification classification provided in Section 2.7 of the 

thesis (Molenaar et al, 2010). However, respondents were provided with a listing of project 

objectives (cost, quality, environment, safety and time) and asked to complete the corresponding 

section provided,  with the project objectives they felt risk affected in relation to airport 

ownership activities associated with the project development phases (Zou et al, 2009). The risks 

provided were sourced from Caltrans (2007), WSDOT (2012), Gabel (2010), Tummala (1999), 

FAA (2012), Touran (2009), (Gu.L et al, 2009) and (Zou et al, 2009). 

 Section 4 presented respondents with an avenue to provide possible recommendations 

and feedback about the survey they completed. That way, future surveys associated with risk 

ranking at commercial airport facilities could be improved based on their feedback. In addition, 

financial information regarding capital and maintenance projects that survey respondents had 

started in the past and with which they were currently involved was solicited. This information 

will be used for future phases of the formal risk management plan to assess the impact of risk 

values (negative or positive) on a range of existing commercial airport project costs. 

 The 32 risks provided in this section were put in 5 given phases. These phases followed 

the chronological sequencing in which events associated with airport-capital development and 

maintenance occurs. The phases were sourced from WSDOT (2012), FAA (2012), Horonjeff et 
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al (1994) and Hendrickson (1998). A listing of these risks as well as their associated categories 

and phases can be seen in the Appendix E. 

 Of the 32 risks listed, it was determined that airport ownership and the associated 

stakeholders bore 18 directly while airport owners in tandem with consultants hired for the 

project’s maintenance or development bore 14. 

 Prior to distributing the questionnaire, a pilot study was conducted to determine the 

survey’s validity, the intelligence behind the risk list issued for ranking purposes and the 

survey’s clarity. Two members of academia at North Dakota State University and a field 

engineer with prior experience in capital commercial airport development were involved in this 

process.  

3.2.1. Sample size determination  

 According to the FAA, there are a total of 387 primary airports and 124 non-primary 

airports in the USA (FAA, Primary Airports, 2012). Within the primary airport categorization, 

there are 4 distinct categories (large hubs, medium hubs, small hubs and non-hubs), and for the 

non-primary airport hub, there are two categories (non-primary and reliever).Utilizing sample-

size criteria and corresponding factors (confidence level, degree of variability and level of 

precision) as well as a simplified formula for proportions utilized by Yamane, the number of 

respondents required from the available population sizes associated with U.S. commercial 

airports was determined (Glen.D, 1992). 

  
 

       
                                                                              

N = Available population size,      = level of precision and n = sample size determination  
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 The available population sizes (N) for U.S. commercial airports were based on FAA 

airport type listings that focused on hub type (FAA, Passenger Boarding (Enplanement) and All-

Cargo Data for U.S. Airports, 2012). The level of precision value used (5%) was the range in 

which most true value populations (respondents) fell (Glen.D, 1992). Utilizing the formula for 

proportions in Equation 3.1, the values given in Table 3.1 were determined for sample-size 

responses from the different U.S. commercial airport types and sizes. 

 

 

 Reviewing the above mentioned sample size information, it was important to note that 

response variations from airport respondents affected the proposed sample size determination 

number required. Statistical distribution only required a sample size (n) of 30 surveys from a 

large data response set to be utilized as a lower bound for large-sample inference about the mean 

of a quantifiable variable (Agresti et al , 2012). Therefore, it was justifiable to obtain survey 

responses that fell lower than the expected sample size requirement of 122, or the actual 100 

samples proposed for collection.  

 

Table 3.1: Sample size survey distribution for U.S. commercial airports. 
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3.2.2. Survey dissemination  

 Once the pilot study was completed and final adjustments were made, the survey was 

distributed to 100 commercial, hub airports in the USA. 

 With more of an emphasis placed on the Midwestern region of the USA, more 

specifically North Dakota, the correspondence success rate for the survey was based, primarily, 

on the response rates for the 6 major primary-hub airports in North Dakota and then a review of 

other U.S. airport responses. Table 3.2 shows survey three parameters. 

 

 

 Survey related dissemination was done from February 20, 2013, to April 12, 2013. It is 

important to note, however, that survey three was not the first form of the survey produced. Prior 

to this survey, two other versions were produced.  

 The first of the three was a trial run survey produced to determine the type of risks that 

would be applicable for the survey respondents who completed the survey. The survey’s 

parameters can be seen in Table 3.3. 

Table 3.2: Survey three parameters   
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 Due to complexity issues, this test run survey was further improved with the introduction 

of the phase determination for the project cycle of airport capital and maintenance projects as 

well as classification objectives under which identified risks could be placed. These phases and 

classification headers were sourced from WSDOT (2012), FAA (2012) and Horonjeff et al. 

(1994). 

 In addition to commercial hubs in the USA, this survey was also sent to other regions of 

the world. This step was done with the intention of covering any possible survey-respondent 

deficits that may have occurred in the USA and for opening the avenue to compare survey results 

cross continentally. A breakdown of the survey statistics can be seen in Table 3.4. 

 

 

 

Table 3.4: Survey two parameters   

Table 3.3: Survey one parameters   
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 Survey two, however, was considered complex and time consuming by the respondents 

who were contacted to complete it. Its statistic is reviewed in Table 3.5. Survey two’s complexity 

finally led to its revision and the dissemination of survey three. The two dispensed surveys can 

be reviewed in Appendices D and E respectively. 

3.2.3. Survey respondents 

 After a 3 month waiting period, 9 responses were received for the final survey, most of 

which were fully completed by the respondents. The return rate for the airports in North Dakota 

was 50% because 3 of the 6 primary-hub airports returned the survey. This return rate 

represented a valid response rate which is acceptable according to Moser and Kalton’s assertion 

which presumes that the results of a postal survey can be considered unbiased if the response rate 

is more than 30% (Moser et al, 1971) . 

Table 3.5: Survey two statistics  
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 Another requirement for the 9 data responses was their ability to cover all airport size 

criteria listed by the FAA for commercial airports in the USA (Refer to Table 2.4 in Section 

2.8.2). This way, an unbiased comparison of all commercial airport types could be done with 

survey analysis of the respondents’ answers, despite minimal response numbers. A breakdown of 

the respondents by airport type can be seen in Table 3.6, and a percentage comparison can be 

seen in Figure 3.2. 

 

 

 

 

 Of the 9 respondents who completed the survey, most held positions in airport 

administration. Respondents included 3 airport directors, 1 deputy airport director, 1 airport 

Table 3.6: Survey respondents by airport enplanement numbers. 

Figure 3.2: Percentage comparison of survey respondents by airport 

size. 
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manager, 1 project development manager, 1 construction manager, 1 program coordinator and 1 

executive director. Their positions and knowledge in the realm of commercial-airport ownership 

activities associated with capital and maintenance development projects prepared them to rank 

the risk related questions posed to them in the survey and validated each respondent’s answers. 

The survey respondent’s breakdown is seen in the pie chart in Figure 3.3. 

 

 Also reviewing the initial emphasis of the survey analysis, which was correspondence 

from airports in the Midwest, with an emphasis within the state of North Dakota, a comparison 

was made from the responses of these Midwestern airports in relation to airports from other 

regions of the USA. 

 It was found that, despite the pool of promised respondents from 8 airports in the West 

region, where 52 airports were available (FAA, Passenger Boarding (Enplanement) and All-

Cargo Data for U.S. Airports, 2012), only 4 respondents were acquired. This percentage return 

rate is 50%, which is still valid according to Moser and Kalton’s assertion (Moser et al, 1971).  

Figure 3.3: Survey respondents’ role at their respective airports.  
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 The other participating region was the Southwest region, which had 42 primary 

commercial airports (FAA, Passenger Boarding (Enplanement) and All-Cargo Data for U.S. 

Airports, 2012) and promised survey correspondence of 17; there was a final return of 2. 

According to Moser and Kalton’s assertion, the Southwest region could not be compared with 

the Midwest and Western region due to its biased return rate of 11.76% (Moser et al, 1971). 

Figure 3.4 shows responses by region for the 9 respondents. 

 

 

3.2.3.1. Validity of the survey data  

 The response size for the survey data was significantly smaller than expected by 

respondents based on the following three reasons: 

 First, the survey size was a factor because 32 risks factors were presented on a 9 page 

document with each risk rated according to 4 given criteria. (See Section 3.2.) The survey was 

time consuming but this was required to ensure that survey was optimally completed to provide 

Figure 3.4: Survey respondents by region in the USA. 
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the needed data. Second, the survey was required to be completed by top level administration at 

U.S. airports. Acquisition of personal information, such as email addresses or phone numbers, 

was a tricky process. Third, airport administrators were reluctant to fill out the survey once they 

received it because of the information content they were required to provide. 

 Although the small sample may weaken the survey’s effectiveness overall, the analysis 

from the sample is supported with current case studies from ongoing capital and maintenance 

airport projects in future phases of the formal risk management plan that will be associated with 

this research. The survey analysis can be applied to these case studies to validate the importance 

of airport ownership’s risk management. Also, the survey response rates for the Midwestern 

region, with regard to North Dakota, as well as the West region as a whole are validated based on 

Moser and Kalton’s assertion (See Section 3.23) and, as a result, can be utilized effectively for 

such regions (Moser et al, 1971). 

3.3. Analyzing the data  

 The following processes in the proceeding sections were utilized to analyze the feedback 

acquired from the survey respondents of commercial airport facilities in the United States. 

3.3.1. Utilizing the Probability impact matrix to determine risk assessment values  

 From the feedback obtained from the survey respondents, data is grouped into two types. 

These two groupings are 1) the likelihood for the occurrence of each risk listed in the survey and 

2) the level of impact that each risk has on the project objectives and phases for which it is listed. 

Project objectives affected by each risk include cost, time quality, environment and safety (Zou 

et al, 2009). 
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 From the scale provided for ranking likelihood and impact (See Section 3.2.), we attach 

probability ranges that are converted to individual decimal numbers. For the impact and 

likelihood related probability ranges used in this thesis, values from a sample probability impact 

matrix utilized in the NCHRP report 658 (Molenaar et al, 2010) were acquired and converted to 

single decimal numbers utilizing the equation in Equation 3.2. 

 

                               
             

 
            (Eq 3.2) 

        Highest percentage value in the range while         Lowest percentage value in the 

range. 

 The values for risk impacts on the phase listed were acquired from the cost impact, 

schedule impact and scope impact ranges that are highlighted in blue in Table 3.4 while values 

for the likelihood of the risk issue occurring were acquired from the probability ranges 

highlighted in red on Table 3.7. 

. 

 

 Table 3.7: Sample probability impact matrix (Molenaar et al, 2010). 
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 The final values, once converted to single decimal figures, are given in Tables 3.8 and 3.9 

for impact and probability (likelihood). 

 

 

Assessment  Likelihood/probability  Individual probability 

number (Approx.)  

Alphabetical  

numeration  

Near Certainty  80-99% 0.9  A 

Highly Likely  60-79% 0.7  B 

Likely  40-59% 0.5 C 

Unlikely   20-39% 0.3 D 

Remote  1-19% 0.1  E 

 

 

Assessment  Risk Impact/ 

consequence  

Individual probability 

number (Approx.)  

Alphabetical 

numeration  

Very High  20-100% 0.6  A 

High  10-20% 0.15 B 

Medium  5-10% 0.075  C 

Low  0-5% 0.025 D 

Very Low  0 0 E 

 

 These figures are then multiplied against themselves in a 5 × 5 matrix formation to 

produce 25 given outcomes for a given probability (likelihood) × impact combination utilizing 

the assessment guide provide by the DOE in NCHRP report 658 (Molenaar et al, 2010). Figure 

Table 3.8: Probability (likelihood) individual numbers (Molenaar et al, 2010). 

Table 3.9: Impact of individual numbers (Molenaar et al, 2010). 
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3.6 shows the combination process for impact and likelihood values for Tables 3.8 and 3.9. The 

probability impact matrix is indicated through the lettering in Figure 3.5. 

 

 

 

 Once the order of the 5×5 matrix has been determined, a color coded assessment guide 

for the values ascertained by the combination process is provided. This guide’s goal is to give an 

assessment of the 25 different risk values in the 5 ×5 matrix and to present a means of action for 

each value based on the color code region where it falls (Molenaar et al, 2010).  

 

 

 

 Figure 3.6 shows a typical probability × impact assessment guide. The colors utilized in 

the guide represent the severity of the risk being analyzed. The highest of the three values, which 

Figure 3.5: Combination process for probability (likelihood) × impact values using letter 

substitutions  

Figure 3.6: Color coded Probability × Impact matrix assessment guide (Molenaar et al, 

2010). 
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is red, is allocated 6 spots in the upper right hand corner of the matrix. In terms of assessment, 

red is analyzed as the region for high unacceptable risks which are liable to cause a disruption to 

any given activity when they occur within during the course of project development. Such risks 

require priority management attention (Molenaar et al, 2010).  

 The values that fall within the yellow range are the moderate risk values. They are 

allocated 9 spots within the 25 value matrix and occupy the midsection of the matrix. These risks 

are moderate impact risks that may cause some disruption to activities where they occur. They 

require additional management attention to ensure that the damage they cause is limited and not 

as detrimental to project development as high-value risks (Molenaar et al, 2010). The lowest of 

the three color value ranges is green. It is allocated 10 spots within the 25value matrix and 

occupies the mid and lower left hand corner of the matrix. Values that fall within this range pose 

minimum consequence to the activities where they occur. They, therefore, require minimum 

oversight in the form of monitoring to ensure that they remain low during the course of project 

development (Molenaar et al, 2010). 

 With an understanding of the combination process and the assessment guide for the 

values obtained by combining probability (likelihood) × impact, the 5 ×5 matrix in Figure 3.7 

was developed and utilized as a guide to allocate risk-severity assessment based on the survey 

participants’ responses. 
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 Because the survey utilized project objectives in addition to the probability (likelihood) × 

impact combination, the inclusion of project objective values in the probability impact matrix 

had to occur. The inclusion of project objective values was possible through the utilization of an 

equation that raised the impact value for each risk (refer to Table 3.32) to the number of project 

objectives that affected the risk. It is important to note that the Equation 3 in Figure 3.9 was 

utilized to determine the index score for all given risks within each individual survey response. 

    
          

 
    (Eq 3.3)  

In  Equation (3.3),      
 = risk index score acquired from survey respondent c for the impact of 

risk i on project objective b; i = ordinal number of risk, i   (1, 32); b= ordinal number of project 

objectives, b  (1, 5); c = ordinal number of valid feedback to risk i, c   (1, n); n = total number 

of valid feedbacks to risk i;     = likelihood of risk occurrence i , determined by respondent c ; 

    
  = level of risk impact i on project objective b , determined by respondent c  (Zou et al, 2009).  

 Equation 3.3 was applied through the multiplication of the probability and impact 

individual numbers based on survey respondents’ determination of the ranges in which such 

values fell based on. In a hypothetical example utilizing Figure 3.10, we could say that 

Figure 3.7: Probability × Impact matrix assessment guide used for survey respondents. 
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respondent X decided to go with risk F, determining that its impact was high and that its 

likelihood of occurring was high .In the probability impact matrix such values would be picked 

from the matrix as shown by the blue highlights in Figure 3.8. 

 

 

 

 In a regular probability matrix, the two values would have been multiplied together 

(    
          = 0.7 × 0.15 = 0.105), and the risk assessment value would have been given as 

high based on the assessment guide given in Figure 3.7. However, this reading would not 

consider the number of project objectives the respondent felt the risk affected.  

 Let us assume that respondent X stated that the project objectives (cost, time and quality) 

were affected by risk F, raising the impact value by b, where b is the number of objectives 

affected by the risk; the new impact would be     
  . This new value is the impact value assessed 

for the risk by respondent X, raised to the power of the project objectives affected. The final risk-

index score for risk F would be    
         

 =0.7 ×0.15 ^3= 0.7 ×0.003375 = 0.0023625 (Zou et 

al, 2009).  

Figure 3.8: Picking Values from the Probability-Impact matrix 
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 Looking for the new index score on the risk matrix guide in Figure 3.7, we can determine 

the range in which the new index score falls. This principle was applied to all individual risks 

within each returned survey document to determine an individual risk index score. Table 3.10 

shows a cross section of the 9 survey participants and the individual index figures acquired from 

each risk utilizing the equation in Equation 3.3. 
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Table 3.10: Cross section of survey participants’ individual risk index scores. 
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CHAPTER 4. RESULTS AND DISCUSSION  

4.1. Comparison of survey respondents based on individual survey risk index scores  

 Based on the individual index scores acquired from utilizing Equation 3. 3, a general 

comparison of the 9 airport respondents was done to see how they rated the individual risk’s 

combination values when compared to each other. These risk combination values were based on 

the assessment guide diagram provided in Figure 3.6. This general comparison did not consider 

airport size or location by region. These general comparisons are given in preceding sections.  

 Of the 32 risks provided for respondents to complete, the following bar chart diagram 

(Figure 4.1) shows how participant responses for the 32 risks compare statistically from high risk 

to low risk assessment. 

 

 

Figure 4.1: Survey respondents’ comparison of risk assessment by individual risks 
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Notable areas within the bar chart analysis include risks 8, 19 and 23, where all 9 

respondents considered the impact on airport owner associated activities posed by such risks as 

low. These risks were risk 8, project variations leading to associated disputes between project 

parties and ownership (Phase 3); risk 19, security threat on facilities posed by airport 

development (Phase 4), and risk 23, contract related disputes (Phase 4). 

 It is understandable to note that risk 8 may have little to no bearing on the airport owner 

based on the fact that project development, whether capital or maintenance in nature, is approved 

by government aviation agencies such as the FAA and programs such as the AIP and SASP, 

prior to funding and development (Horonjeff et al, 1994). These agencies and programs also 

ensure that project development is in line with set parameters, and the government agencies are 

responsible for hiring consultants (project parties) involved with project design prior to 

development. An airport owner’s involvement with such a phase would be based on government 

agency intervention (WSDOT, 2012), the project delivery method being utilized and the contract 

stipulations associated with the project (Touran, 2009). 

 Risk 19, dealing with the security threat to facilities during airport development, is an 

issue generally covered by the Transportation Security Agency (TSA) which is run by the U.S. 

Department of Homeland Security (FAA, Airport security , 1972). However the FAA Advisory 

Circular 107–1 assigns the responsibility for airport security to the airport operator. Airport 

security is tied to security plans put in place by the airport administration to carry out airport 

employee checks and screens for the facility and to ensure safety for the airport premises (FAA, 

Airport security , 1972). Part 107 says that airport operators are required to establish master 

security plans for all operation areas of a commercial airport except for those which are occupied 

or controlled exclusively by certificate holders that are required to have a security program under 
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FAR 121.538 (FAA, Airport security , 1972). Such certificate holders would be aircraft carriers 

that are responsible for conducting gate and aircraft checks for security purposes (FAA, Airport 

security , 1972). 

 Risk 23, dealing with contract related disputes, would be of minimal issue to the airport 

manager at a commercial airport because governing aviation agencies, such as the  FAA, in 

tandem with SASP policies and procedures would be responsible for dealing with a majority of  

contract related issues prior to project development. Although the airport manager is involved to 

some degree, this involvement is minimal at the most (WSDOT, 2012). 

 Risks 1, 2, 3 and 13, as seen in Figure 4.2, were considered by all 9 respondents as the 

ones with the highest risk assessment values, despite being considered as having comparatively 

low to low assessment percentage values.  

These risks are as follows: risk 1, conflict of interest between ownership and other 

involved parties while determining initial project parameters (phase 1); risk 2, project type and 

scope misrepresentation due to poor planning and feasibility related studies (phase 1); risk 3, 

government intervention and bureaucracy with the funding related processes (phase 2), and risk 

13, permitting related processes (i.e., environmental impact statement approval pre-development, 

etc.) that slow down project development process (phase 4). 

Risk 1 would be considered as relatively high for most airport owners. When reviewed on 

the basis of the project objectives affected by risk 1, 20 responses were received. From these 

responses, 8 were time related, 5 were cost related, 5 were quality related, and 1 was safety 

related and 1 was environment related. The following analysis was then deduced. 
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Risk 1 would be considered as relatively high for most airport owners. When reviewed on 

the basis of the project objectives affected by risk 1, 20 responses were received. From these 

responses, 8 were time related, 5 were cost related, 5 were quality related, and 1 was safety 

related and 1 was environment related. The following analysis was then deduced. 

  

Figure 4.2: Comparison of high to low risk assessments by individual risk respondents 
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 Airport owners considered this risk as high based on the notion that they are not solely 

responsible for all procedures associated with determining the initial project parameters of a 

capital or maintenance project’s development. Procedures determining initial project parameters 

are is also partially in the hands of other project stakeholders and predominantly in the hands of 

the FAA and its subsequent government planning agencies (Refer to Section 2.8.4 and its 

subsections). Government programs appointed by the FAA, such as the AIP and SASP, have a 

greater say in defining initial project parameters due to their control over project funding 

approval, funding allocation and the implementation of policies and procedures that need to be 

met by initial project parameters before a project can proceed (WSDOT, 2012). Delays 

associated with government policies and procedures affect funding acquisition and project 

commencement, both of which are cost and time related. The push to meet a project’s schedule 

when it is affected by government agency delay can compromise the quality and safety of project 

work during the course of project development. 

 Risk 2, project type and scope misrepresentation due to poor planning and feasibility 

related studies, is considered a relatively high risk by the airport owner based on the project’s 

cost and time objectives that could be affected during the course of project development. Of the 

26 project-objective responses indicated as being affected by risk 2, cost and time had the highest 

response by survey respondents. These frequencies were 7 and 8, respectively, for cost and time.  

 In terms of project type and scope misrepresentation, approval processes for initial 

planning and funding processes with government agencies would be affected based on such 

mistakes (WSDOT, 2012). This risk would also cost the airport owner financially in terms of 

rectifying noted mistakes and could hinder the process of getting the project included on the 5 

year airport plan by governing aviation agencies (WSDOT, 2012). This risk could also lead to 
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the issuing of a halt to the “finding” documents (Refer to Section 2.8.3) issued by government 

agencies, delaying the disbursement of funding for airport development (WSDOT, 2012). In 

terms of time, the effects of such an error would also affect the proposed “Notice to proceed” 

date for project development, causing a shift in the proposed start and finish dates. This effect on 

project schedule will have trickle down effects on construction and airport operation activities 

associated with the project (Touran, 2009) . 

 Risk 3, government intervention and bureaucracy with funding related processes, was 

considered relatively high by airport owners based on the process required to attain funding to 

embark on capital or maintenance development. (Refer to Section 2.8.3.).Like all government 

related activities, there are protocols, policies and procedures that airport owners are required to 

follow to acquire funding from the FAA (WSDOT, 2012). These protocols, however, may have a 

noted effect on the project objectives of time and cost that are associated with project 

development as stated by survey respondents. Of the 15 responses about project objectives 

affected by risk 3, 6 were cost related; 7 were time related and 2 were quality related.  

 In terms of schedule, airport ownership’s timeline for a given project’s development may 

be affected by the time taken to acquire funding from the FAA through its government agency 

programs (Refer to Section 2.8.3). The affected schedule could alter other activities tied to the 

funding allocation processes and slow down the rate at which project development is completed. 

In terms of cost related issues, the FAA determines what percentage of funding it allocates to 

certain airport facilities for project development purposes (Refer to Section 2.8.3). This funding, 

however, is subject to change based on federal government budget adjustments associated with 

aviation (cuts/gains) for the fiscal year or changes in policies and procedures about which the 

airport owner may not be aware (DOT, 2012). 
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 Risk 13, permitting related processes (i.e., environmental impact statement approval 

predevelopment, etc.) that slow down the project development process, was considered a 

relatively high risk for airport owners who, in terms of project objectives, rated this risk as 

affecting cost and time related objectives. Of the 21 responses for project objectives affected by 

risk 13, 8 were cost related; 9 were time related; 3 were environment related; and 1 was quality 

related. Most airport owners require approval for site development and related processes to 

ensure that funding and the green light to continue project development are given (WSDOT, 

2012). An inability to follow policies and procedures set by the FAA to acquire such approval 

may delay the funding or result in the outright disqualification of a project to receive funding, 

affecting the commencement of project development (DOT, 2012). In terms of environment, 

opposition to project development on the existing facility’s site or a new site picked for airport 

development by local community members, as a result of the project’s perceived environmental 

impact (noise pollution, chemical pollution or air pollution), could be an issue for the airport 

manager (Horonjeff et al, 1994). 

4.1.2. General comparison of project objectives by survey respondents 

 When comparing the evaluation of the 32 risks, as determined by respondents, we can 

infer that, when it comes to project objectives ,of the 528 listed as affected by the risks, 198 were 

associated with cost; 203 were associated with time; 55 were associated with quality; 47 were 

associated with safety; and 25 were associated with environment. Figure 4.21 shows an area 

diagram comparing the project objectives affected by the 32 risks based on their frequency of 

occurrence. Of the 5 objectives listed, time and cost were the most frequent project objectives 

affected by the 32 risks that affected airport management. In terms of the project objective cost, 

it is affected in part, due to the fixed budget acquired from governing aviation bodies to aid in 
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airport development (FAA, What is AIP, 2012), the limited liquid reserves at the airport 

manager’s disposal (Gu.L et al, 2009) and the ease with which debt can be incurred when dealing 

with such risks with a limited budget (WSDOT, 2012). 

 Quality and safety were least indicated by airport owners in terms of frequency than time 

and cost. The limited indication of these objectives is due in part to the restricted nature of the 

airport owner’s involvement with such activities, which is tied to contracts and project delivery 

methods that are enforced by governing aviation agencies prior to project construction. (Refer to 

Section 2.8.7.)  

 Environment related project objectives were less indicated by survey respondents. The 

risks associated with these objectives dealt more with impact assessment studies and 

environmental hearings to acquire permits for funding and development. Such studies would be 

assigned to consultants employed by the government agencies involved with the airport 

development process with minimal participation from airport ownership (WSDOT, 2012).Figure 

4.3 shows an area diagram comparison of the 9 survey respondents and their frequency of project 

objective indication within the survey filled out. 

  

Figure 4.3: Area diagram comparison: frequency of project objectives associated with 32 

risks  
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4.1.3. Analysis of final risk assessment for general respondents 

 In terms of the total compilation of risk combinations by all participants in the survey, 

there were a total of 285 assessment scores when reviewing all 32 risks from each respondent’s 

viewpoint. Of the 258 responses, 29 responses were ranked as high assessment risks; 29 

responses were ranked as medium assessment risks; 220 were ranked as low assessment risks; 

and 3 were ranked as not available. The overall analysis of this risk combination can be seen in 

Figure 4.4. 

 

 

 Despite the majority of the risk combination assessments being low, it is important to 

note that this risk assessment was a summation of all possible viewpoints expressed by the 

respondents and did not necessarily mean that all 32 risks have a relatively low ranking. One 

goal for this thesis is to weed out irrelevant risks and to keep a core of risk that ware proven to 

affect airport ownership activities. The process of acquiring a relevant core of risks is done in 

later sections where the Top 10 risk lists, by project objectives, are developed. From these lists, a 

Figure 4.4: Analysis of overall risk combination assessments for all 32 risks. 
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final Top 20 risk list is developed, encompassing all project objectives associated with the 

commercial airport development’s project cycle. 

4.2. Comparison of survey recipients based on region and airport size 

 Comparison was done between primary non-hub respondents and primary small hub 

respondents because they were the larger groups of survey respondents. All primary non hub 

respondents came from the Midwestern region of the USA, specifically North Dakota. Most of 

the primary small hub respondents came from the Western region of the USA; however, they 

were spread out by state when compared to the primary non hubs that were concentrated in one 

area. Only one small hub participant came from the Southwest area of the USA. However, this 

small hub participant could still be put in the Western region for analysis based on its location 

within its given state. Table 4.1 shows the respondent breakdown by region, state and airport 

type. 

 

 

 

 

 

Table 4.1:  Respondent breakdown for analytical comparison by region, state and airport 

type. 
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4.2.1. Comparison of primary non-hub respondents by individual survey risk index scores  

 The 3 primary non-hub respondents in the Midwestern region of the USA reviewed all 32 

risks individually. In terms of notable findings, 2 of the 3 respondents indicated that risk 1, 

conflict of interest between ownership and other involved parties while determining initial 

project parameters (phase 1), was the highest assessed probability impact combination risk of the 

32 and would be the most troubling to airport owner’s activities; one person indicated that this 

risk was a low assessment risk. Of the 6 project objectives indicated as being affected by this 

risk, 2 were cost related; 3 were time related; and 1 was quality related. The response to these 

project objectives by respondents indicated that airport ownership would have to deal with a 

majority of finance and project schedule impacts in phase one if this risk occurred. Due to the 

similarity of the general comparison of individual index scores and the primary non-hub for this 

risk, the reasoning for such a high assessment can be inferred from Section 4.1.2. 

 Risk 9, planning procedures affected by government approval and associated processes 

(phase 3), was indicated as a medium assessment risk by 2 of the 3 primary non-hub respondents 

while 1 respondent indicated assessment for this risk as low. This analysis is different from 

general comparisons of all airport respondents where risk 9 was considered low by a majority of 

the respondents (66.7%) who filled out the survey. It is also important to note that no medium 

assessment risks were indicated in the general comparisons of all survey participants’ individual 

index scores. Of the 6 project objectives indicated as affected by risk 9, one was cost related; 2 

were time related; 2 were quality related; and 1 was safety related. The survey response indicated 

that the airport manager would be more concerned about project quality and schedule related 

impact issues if this risk were to occur in phase 3 of project development. (Refer to Appendix E). 

Cost would still be a big issue as well because it is directly tied to the quality of project 



 

122 

 

development and the project development completion rate in terms of time. Safety would be 

more associated with phases 4 and 5 dealing with the actual capital development and 

maintenance process done by consultants and hired contractors. Safety would, therefore, be an 

area of minimal impact assessment for airport owners whose involvement with such an objective 

is determined by project delivery method and contracts (Touran, 2009). 

 Respondents from primary non-hub would consider risk 9 as moderately affecting airport 

owner activities. Such valuation of risk 9 is, in part, due to the fact that most planning for airport 

expansion, maintenance and development hinges on finances and time. With the AIP, a 

governing aviation agency footing 90%-95% of eligible costs for project capital developments 

FAA (2012), an airport owner would need to have determined, prior to embarking on planning 

procedures for project development, whether the proposed project meets the standards set by the 

FAA through the SASP while adhering to policies and procedures set by the AIP when putting 

the project up for funding requests (WSDOT, 2012). Attached to this percentage cost 

determination is figuring out what percentage of the project cost the airport owner has to provide 

because the AIP does not fund a project in its entirety (FAA, What is AIP, 2012). A lengthy 

approval processes could result in the loss of alternative financial options that are available to 

fund the percentage of project that is not funded by the AIP. (Section 2.8.3) The project 

development could also be disqualified for not meeting standards during the course of the 

government’s approval processes, setting back the project schedule and affecting new project 

costs if a deadline must be met (WSDOT, 2012). 

 Risk 15, project schedule affected by review time for project development by aviation 

governing bodies review agencies (phase 4), varied among all 3 respondents in the primary non-

hub section. Of the 3 participants, 1 considered the risk assessment for risk 15 as high; 1 
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considered it as moderate; and the last respondent considered it as low. In terms of the 5 project 

objectives indicated as being affected by risk 15, two respondents indicated cost as an objective 

affected by this risk while 3 respondents indicated time as an objective that was affected.  

 The variations in response associated with risk 15 could be linked to the context in which 

the risk was reviewed or the phase location upon which the risk was deemed to have an effect. 

These variations are many, but here are a few postulations.  

 The context of risk 15 could be linked to the initial project schedule prepared for the 

project cycle prior to its development phase (Refer to Section 2.8.1.).In this case, the risk would 

be considered as low, having occurred in an earlier phase. If risk 15 were reviewed in terms of 

airport owners involvement with a given project development schedule during the course of the 

project’s capital or maintenance activities (Refer to Appendix E.), then risk 15 may be 

considered moderate or high due to contractual stipulations and project delivery methods tying 

the airport owner in terms of liability (Touran, 2009).  

4.2.2. General comparison of project objectives by primary non-hub respondents  

 Comparing the evaluations for the 32 risks as determined by primary non-hub 

respondents, we can infer that, when it comes to 167 project objectives indicated as affected by 

the risks; 64 were cost related; 62 were time related; 14 were quality related; 20 were safety 

related; and 7 were environment related. Utilizing the area diagram in Figure 4.5, a comparison 

of the project objectives affected by the 32 risks based on their frequency of occurrence is 

shown. 
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 In order to better analyze these data, comparing the percentage responses for individual 

project objectives from the general individual participants and primary non-hub participants was 

done. This way, despite differing data response numbers for both categories, a level data figure 

(%) could be used to determine differences and to make inferences. For inferences similar to 

general individual participation, percentage differences between general individual participants 

and  primary non-hub respondents should fall within the range of 0.1%-1.4%, which is the 

minimal value change for general respondents (0.528-7.392 responses) and for primary non-hub 

respondents (0.167-2.338 responses).Anything above a 1.4% difference will change the inference 

for the given project objective being analyzed. 

 Of the 5 objectives listed, time and cost were the most frequent project objectives 

affected by the 32 risks as responded to by survey participants. For cost objective analysis, due to 

similarities for the response outcome on a percentage scale between primary non-hub 

respondents and general individual respondents (37.5% for general survey respondents and 

Figure 4.5: Area diagram comparison: frequency of project objectives associated with 32 

risks for primary non-hub respondents. 
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38.32% for primary non-hub respondents, a noted difference of 0.8%), the same inference drawn 

from Section 3.1 is applicable to primary non-hub respondents.  

 For time objective analysis, due to similarities in response outcomes on a percentage 

scale between primary non-hub respondents and general individual respondents (37.125% for 

primary non-hub respondents and 38.447% for general respondents, a difference of 1.32%), the 

same inference drawn in Section 4.2.2 can be utilized for time as well. 

 In terms of the safety project objectives affected by the 32 risks, primary non-hub 

participants registered more responses percentagewise at 11.97% compared to general individual 

participants who registered safety objectives at 8.902%. This result is a difference of 3.06%.  

 Safety issues for primary non-hub airport management are considered as a more 

important objective for non-hubs based on size related issues. Small, medium and large primary 

hubs are better equipped to handle capital development and maintenance issues due to the size 

capability (i.e.) a terminal shutdown at a large airport is just one of many; others can be utilized 

during the course of construction or a hazard related issue; (etc.); non-hub airports do not have 

such luxury and, as such, have to enhance the safety of a project development area within their 

facilities to protect passengers and employees. However, damages that do occur at such airports 

and are safety related are covered by builders’ risk insurance for construction and liability for 

personnel and passenger related issues, leaving the airport manager to deal with a minimal 

amount of financial compensation payments if damages do occur during the course of project 

development (Dobberstein, 2013). 

 In terms of environmental project objectives affected by the 32 risks, primary non-hub 

respondents registered the effects of the 32 risks on the objective at 4.192% compared to the 
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general respondents who registered at 4.73%. This finding is a difference of 0.538%, which is a 

minimal value difference; therefore, the same reasoning for such a low value in relation to risk 

effects on an airport manager’s activities can be inferred from Section 4.1.2. 

 Quality project objectives for general project respondents were registered as being 

impacted to a greater extent by the 32 listed risks. A value of 10.41% of the total percentage of 

project objectives was registered by general respondents in relation to 8.38% registered by 

primary non-hub respondents, a difference of 2.03%. 

 Primary non-hub airport owners, although focused on the quality of project development 

associated with their facilities, have their participation to a project’s construction and delivery 

methods tied to contracts and stipulations with contractors and governing agencies (Touran, 

2009). Size and financing are also factors to consider when noting non-hub airport owners’ 

responses to quality (FAA, NPIAS , 2012). Such facilities are usually not large scale, and issues 

of quality, if noted by management, can be rectified a lot quicker due to the limited scope, 

complexity and finances of such projects (Touran, 2009). Refer to Section 2.8.2.1 for more 

information. 

 

4.2.3. Analysis of final risk assessment for primary non-hub respondents 

 In terms of the total compilation of risk combinations for primary non-hub participants, 

there were a total of 95 responses reviewing the 32 risks. Of the 95 responses, 15 responses for 

the risks were ranked as high assessment risks; 13 responses were ranked as medium assessment 

risks; and 67 responses were ranked as low assessment risks. Refer to Section 4.1.3 for an 

analysis related conclusion. 
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 When compared to the general survey participants, primary non-hub respondents 

indicated that percentagewise, the 32 risks had a greater influence on airport-owner activities 

with 15.79% of their responses going to high assessment risks compared to 11.24% for general 

respondents. For medium assessment-risk indication, primary non-hub airports assessed a greater 

amount of the risks as being medium risks, affecting airport owner activities with 13.684% of 

their responses going to medium assessment risk compared to general respondents at 11.24%. In 

terms of low risk assessment, general respondents assessed more of the 32 risks as low risk at 

85.27% compared to primary non-hub respondents who assessed 70.526% of the risks as low 

risks. This analysis is seen in Figure 4.6. 

 

 

4.3. Comparison of primary small-hub respondents by individual survey -Risk index scores  

 From the review of responses from the three primary small-airport hubs, the following 

findings were inferred. Risk 2, project type and scope misrepresentation due to poor planning 

and feasibility related studies (phase 1), was considered as high for all three airport respondents 

Figure 4.6: Analysis of overall risk combination assessment by primary non-hub respondents. 

(Note: Percentages have been rounded to the nearest whole number.)  
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in terms of probability impact assessment. This response rate was different from primary non-

hub respondents who indicated risk 1 as the risk of highest assessment in terms of affecting 

airport-owner activities. (Refer to Section 4.2.1). Of the 9 project objectives indicated as being 

affected by this risk, 3 were cost related; 2 were time related; 2 were quality related; 1 was safety 

related; and 1 was environmental related. 

 Risk 2 would be considered as a high assessment risk for primary small-hub airport 

owners based mostly on funding related issues, time disruption associated with such an error and 

the quality of the developed project once finished. Consultants are usually responsible for 

determining the project type and scope representation (WSDOT, 2012), but primary small-hub 

airport owners, project stakeholders and government aviation agencies are responsible for 

bearing a  majority of the issues associated with discrepancies in such documentation (WSDOT, 

2012). In terms of funding, a determination of variation from what is considered standard for 

policies and procedures associated with an airport’s type and scope representation, as referred to 

by the FAA in its NPIAS (FAA, NPIAS , 2012), could halt the approval process for the airport 

development in question and could hinder the funding required by airport ownership (WSDOT, 

2012). However, there may be scenarios where such project misrepresentation may be approved 

and funding provided for project development. During the course of development, complexity 

issues associated with a project may arise, requiring further time and finances to resolve  

(Touran, 2009). If not rectified during the development phase, such type and scope issues could 

affect the quality of the final development product while being a safety hazard to passengers and 

employees during a project’s operational phase (Touran, 2009). An example of such a risk issue 

would be the Denver International Airport baggage claim in 1995 (Consulting, 2008).  
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 Risk 22, land development issues (eminent domain/sacred burial grounds) stalling the 

project development process (phase 4), was considered a medium assessment risk by 2 of the 3 

survey respondents while 1 respondent considered the risk as low. This medium risk assessment 

was different from the general survey response where 66.7% of the respondents considered risk 

22 as a low assessment risk and primary non-hub respondents who considered risk 9 as the risk 

that was of moderate impact assessment to airport owners’ activities. 

 Of the 8 responses about project objectives affected by risk 22, small primary-hub 

respondents indicated that 2 were cost related, 2 were time related, 2 were environment related, 

and 1 was safety related and 1 was quality related. 

 Risk 22 would be an environment, time and cost issue for primary small-hub airport 

owners based on the processes associated with such land development issues if they do occur. 

For example, if a sacred burial ground were found beneath the site scheduled for project 

development, an immediate halt to project development occurs, affecting the project schedule. 

The process of attaining permits from government agencies to continue development begins 

again, and this process, in itself, is time and cost incurring (Caltrans, 2007). Other legal issues 

could arise from local community members’ opposition to development on such sites and may 

lead to government agencies ruling that such a site cannot be utilized for the proposed 

development (Caltrans, 2007). Risk 22 sets the airport owner back financially and postpones the 

project schedule as a new site is located for future development (WSDOT, 2012). The situation 

would be similar for eminent domain issues (Refer to Section 2.8.7) and environmental impact 

issues (Refer to Section 2.8.5.) that may affect surrounding development within an airport’s 

development range (Horonjeff et al, 1994). 
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 Risk 3, government intervention and bureaucracy with funding related processes (phase 

2); risk 4, project schedule affected by delays from numerous funding approval processes (phase 

2); risk 13, permitting related processes (i.e., environmental impact statement approval pre-

development, etc.) that slow down the project development process (phase 4) risk 20, project 

design constructability issues affecting project cost (phase 4); and risk 29, funding provisions for 

certain aspects of maintenance by governing aviation bodies limiting the scope of the 

maintenance project (phase 5), all had varying responses from the 3 small-hub airport 

respondents based on risk assessment. The responses were spread out for all the risks in such a 

manner that, of the 3 respondents, 1 respondent would base the risk as high, another as medium 

and the last as low for the 5 previously stated risks. For primary non-hub airports, only one risk, 

risk 15, had such a varied response. Table 4.2 is a listing of the project objectives that were 

affected by these risks. 

 

 

 From Table 4.2, it is clear that cost and time are the project objectives that are affected 

the most by the project risks indicated by small-hub respondents with varied responses to risk 

assessment.  

 

Table 4.2: Risk numbers for primary small-hub airports with varied responses and the 

associated project objectives they affect. 
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4.3.1. Reasoning behind varied responses for risks from primary small-hub respondents 

 Risks 3, 4 and 13 had varied assessment due, in part, to the respondents’ interaction with 

the governing aviation body in their respective states as well as the associated funding approval 

and permitting processes which may differ by state (WSDOT, 2012). For some small-hub 

respondents, it may have been tougher to acquire the 90%-95% reserved by the FAA for capital 

projects or associated eligible costs determined by the FAA for maintenance related projects 

(FAA, What is AIP, 2012). It may also be difficult to attain the necessary permission needed to 

continue with project development when it is required (WSDOT, 2012). Waiting for these funds 

or the associated permitting processes could also have slowed the project-development time for 

such projects, affecting airport owners negatively and vice versa (Caltrans, 2007). 

 Risk 20 had varied assessment from all three respondents. Medium and low risk 

assessment for risk 20 revolve around a contract or project delivery method that benefits the 

airport owner, which is usually decided in tandem with the governing aviation body overseeing 

the project development process (WSDOT, 2012). Such contractual agreements are determined 

prior to project construction. (Refer to Section 2.8.7.) A high risk assessment revolves around 

contract clauses related to project development that tie airport owners to liabilities that occur 

from errors and omissions in the work associated with the project-delivery method. (Refer to 

Section 2.8.7.) Such clauses can result in the airport owner having to pay more than required for 

liability related issues associated with project construction (Refer to Section 2.8.7.) and result in 

the delay of project development (Touran, 2009). 

 Risk 29 is maintenance related, and the FAA is adamant about its stance on not providing 

the cost for ineligible development projects (FAA, What is AIP, 2012). Such ineligible projects 



 

132 

 

(Refer to Table 2.7) may be ones that the airport owner deems as important for maintenance 

upkeep of the existing facility. Ineligible project costs may require that the airport owner look 

elsewhere (internal and external funding sources) for funding to embark on such projects (Gu.L 

et al, 2009). Looking for other sources of funding sets the airport manager up for potential risk 

associated with such funding ventures (Refer to Section 2.8.3.1.). In such a scenario, risk 

assessment would be high because risk 29 would affect the cost and time related objectives 

associated with project maintenance and development. If the risk were assessed as low, it would 

be tied to the fact that external and internal financing sources are available to meet the needs of 

maintenance projects, and as such, risks associated with time and cost related project objectives 

are minimal. 

4.3.2. General comparison of project objectives by primary small-hub respondents  

 In terms of a general comparison of the risk objectives indicated as being affected by the 

32 risks, by primary small-hub respondents, Figure 4.7 shows a comparison of the risk in terms 

of percentage figures. 

 

 

Figure 4.7: Area diagram comparison: frequency of project objectives associated with 32 risks 

for primary small-hub respondents. 
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 Cost and time are the objectives that are most important to the small primary-hub airport 

owner, as with primary non-hub and general survey participants, when analyzing the 32 risks. 

Both project objectives stand at 31.84% and 30.85%, respectively. These objectives are closely 

followed by safety and quality at 16.42% and 12.94%, which are little higher for small primary-

hub airports when compared to primary non-hub airports. (See the following paragraphs for the 

analysis.) Environment is the last of the five objectives for small primary hubs at 

7.96%.Compared to primary non-hub airports, this percentage difference is still significantly 

higher. 

 When comparing the 32 risks, as determined by primary small-hub respondents, we can 

infer that, of the 201 responses to objectives affected by the 32 risks, 64 were cost related 

(31.8407%), compared to primary non-hub airports where the response percentage for cost was 

38.32%, a difference of 6.48%. 

 In a comparison with primary non-hub airports, primary small hubs would still have cost-

related issues associated with the 32 stated risks but would be better equipped, in terms of 

available internal and external funding options (Gu.L et al, 2009), to deal with the financial 

issues associated with such risks. A huge factor for these cost related issues would be airport size 

and enplanement figures (FAA, Airport Categories, 2012). As such, cost objectives are not as 

much of an issue for primary small-hubs because their impact is minimal in terms of percentage 

when compared to primary non-hubs. Primary small-hub and primary non-hub airports still go 

through the issue of government related funding processes and have to deal with the risks 

associated with such processes because the bulk of funding for such development comes from 

the AIP (WSDOT, 2012). 
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 Sixty two responses were about time objectives as indicated by primary small-hub 

respondents. This response is 30.85% of the 201 total responses. When compared to the primary 

non-hub respondents’ percentage value of 37.125%, there is a difference of 6.275%. This 

comparison indicates how primary non-hub respondents felt that time was a factor that affected 

them more when faced with the 32 risks. This was in comparison was not as detrimental to the 

primary small hubs respondents 

 This difference in time objective responses between the two airports may be based solely 

on funding acquisition to embark on a project’s development and schedules for when the project 

development should be completed (Touran, 2009). Project permits and funding-approval 

processes for the governing aviation bodies may have affected the project development schedule 

for respondents at primary non-hubs to a greater degree than primary small-hub airport 

respondents. (Refer to Sections 2.8.3 - 2.8.7.) Also, running airports that were smaller in size 

than the small-hub respondents and having fewer internal and external funding options 

(Customer Facility Charges or Bond options) available to them, non-hub airport owners need to 

meet a strict budget set on a project’s schedule timeline in order to avoid issues with cost 

overruns and debt incurrence (Gu.L et al, 2009). 

 Twenty six responses were indicated for quality as a project objective affected by the 32 

risks by primary small-hub respondents (12.94% of the 201 responses given). When compared to 

primary non-hub percentages for quality (8.38%), a difference of 4.56% was noted. This 

percentage difference would indicate that primary small-hub respondents felt that quality was a 

major factor to consider when it came to airport owner activities associated with project 

development. 
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 Quality objectives would be linked more specifically to the design development and 

construction phase of project development (WSDOT, 2012). These phases are controlled by 

contracts, project delivery methods and liabilities (Touran, 2009).The airport owners’ input for 

these phases is based on 1) the governing aviation body with which the airport is working 

(WSDOT, 2012), 2) the nature of the project delivery methods and contracts being signed, 3) the 

liabilities assigned with each given document that affect the airport owner (Rakich, 2011) . 

 The primary small-hub airport owner would face more risk, quality wise, than the 

primary non-hub owner for the following reasons: 1) minimal activity and input during the 

development phase (See Section 2.8.5.) where consultants and the governing aviation agencies 

determine outcomes (WSDOT, 2012), 2) a project delivery method that ties project development 

liabilities to the airport owner and 3) more complex and sizeable projects in terms of scope 

(Rakich, 2011). 

 Projects of such nature, especially at the primary small-hub scale, would cost more to 

rectify in terms of poor quality when compared to a primary non-hub where the projects are at a 

smaller scale due to facility size (DOT, 2012). 

 Thirty-three responses about safety being a project objective affected by the 32 risks were 

given by the primary small-hub respondents (16.42% of the total 201 responses). When 

compared to non-hub respondents at 11.97%, a difference of 4.45% was noted. This percentage 

difference would indicate that primary small-hub airport owners were affected, to a greater 

degree, by safety related risks than primary non-hub owners were. 

 A reason for this percentage difference in safety  objectives  between primary  small-hub 

and non-hub airports could be the magnitude of the project at the given small-hub facility 
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(Rakich, 2011) as well as the level of insurance the airport owner has to cater to building 

development issues; airport operation issues (i.e., builders’ risk insurance and passenger-injury 

liability insurance) (Dobberstein, 2013); and OSHA-related policies, procedures, and claims in 

tandem with the FAA for airport employees (Donell, 2012). With fixed liability coverage for 

development and operation issues (Dobberstein, 2013) and the likelihood that accidents 

associated with project development may occur at such facilities (Donell, 2012), small airport 

owners might be worried that safety related objectives may not be met due to financial 

limitations.   

 There were 16 responses from small-hub airport administrators in relation to 

environmental objectives being affected by the 32 risks (7.96% of the 201 total project objective 

responses). When compared to primary non-hub respondents (4.192 %,) there was a noted 

difference of 3.768%, indicating that primary small-hub respondents felt that environmental 

objectives were of higher priority to affect airport-owner activities than primary non-hub airport 

owners. 

 Reasons for the difference in percentage value for environmental objectives for these two 

airport sizes may be down to permitting related policies and procedures that  have negative 

effects on the project development cost and schedule (WSDOT, 2012), land availability issues 

for such development that may alter the project development schedule and cost (Horonjeff et al, 

1994), and local community opposition to a project’s development based on its proposed effect 

on the development area which affects the project’s schedule and cost (Horonjeff et al, 1994). 

We also have to remember that larger scale projects associated with primary small hubs, in 

comparison with primary non-hub developments, have a greater impact on the environment 

where they are developed (Horonjeff et al, 1994). If commercial airports are not planned in a 



 

137 

 

manner compatible with the environment where they are located, two important characteristics of 

urban economics will be affected: 1) the need for the airport to meet transportation needs and 2) 

the continuing demand for community expansion (Horonjeff et al, 1994).  

4.3.3. Analysis of the final risk assessment for primary small-hub respondents 

 Of the 96 assessment scores given for the 32 risks by the 3 respondents in the primary 

small-hub airport category, the following analysis was inferred: the respondents assessed 13 

responses (13.54% of the assessment) associated with the 32 risks as high assessment risks. 

Medium assessment risks were given for 18 of the 96 responses (18.75% of the total assessment 

given) and low risk assessment was given to 65 responses associated with the 32 risks (67.71% 

of the total assessment given). This percentage analysis is seen in Figure 4.8. 

 

 

 Comparing primary non-hubs and primary small-hubs in terms of the percentage risk-

assessment figures, it is was noted that primary non-hub airport owners considered a larger 

portion (15.79%) of the assessment for the 32 risks as high compared to 13.54% as indicated by 

primary small hubs. Smaller-hub owners considered a larger portion (18.75%) of the 32 risks as 

Figure 4.8: Analysis of the overall risk combination assessment for  primary small-hub 

respondents.  
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medium risks compared to 13.68% assessed by primary non-hub respondents. In terms of low 

risk-assessment percentages, both primary non-hubs and primary small hub owners consider a 

larger portion of the risk assessments directed toward the 32 risks as low. The non-hub 

percentage was greater (70.52 %) compared to primary small-hub percentages (67.71%). 

4.4. Ranking the 32 risks by risk assessment for the general survey respondents  

 With analysis done for commercial airports based on general response, region and 

primary hub type, Section 3.3.1, Equation 3.3 and Table 3.10 with values for each individual 

respondent from the survey are further utilized to rank the 32 risks listed in the survey. 

  It is important to note that a final ranking of the 32 risks given in Table 3.10 by each 

respondent is required to determine the highest valued risks based on project objectives. From 

this ranking, an avenue for which to begin to mitigate for such risk can be presented (Zou et al, 

2009). 

4.4.1. Ranking of 32 risks based on general responses 

 Utilizing Equation 3.3  in Section 3.3.1, we are able to acquire an overall risk score for all 

given risks associated with each given airport facility response as seen in Table 3.10. However, 

taking this equation a step further to look for the median score of all 9 respondents provides a 

valid final score from which all 32 risks can be assessed and ranked accordingly. Equation 4.1 

shows the              ×                            equation utilized to obtain the mean final risk-

index scores for each risk. Equation 4.2 shows the mean summation of the final risk index scores 

for all 9 responses as they equate to each individual risk. (See Equation 3.3 for an initial 

explanation of the Equation 4.1). 
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   ∑     

  
    

 

 
∑         

 
 
        (Eq 4.1) 

In the new equation,   
   the significance index score for risk i based on project objective b. 

                              
∑   

   
  

              

k= Ordinal number of responses from 1-9  

 The summation of these index score values is divided by the total summation of the 

respondents to provide the final index score. Equations 4.1 and 4.2 were applied to all 9 

respondents based on the individual index score each respondent assessed for each individual 

risk, and a median index score was derived. This median index score was the final index score 

for all 9 responses and was used as the index score to assess ranking (Zou et al, 2009). 

 The final index scores acquired from the median score of all 9 respondents in relation to 

the 32 risks were then ranked in descending order from the highest value to the lowest. In 

addition to the ranked risk an individual risk assessment value was given to each final risk index 

score based on the probability × impact matrix values provided in Figure 3.8. The final ranking 

for the 32 risks is Table 4.3. 
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   Table 4.3: The 32 risks ranked by respondents  
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4.4.2. Analysis of the final risk ranking table for the 32 risks  

 There were 6 risks listed as high priority risk assessments. These risks made up 18.75% 

of the final ranking responses. They were risks 3, 6, 7, 12, 13 and 20, respectively, and are seen 

in Table 4.4. 

 

 

 The top ranking risk for the final risk table was risk 13, with an assessment value of 

0.102800. This risk was driven predominantly by governing aviation body processes and 

procedures for site permitting related processes (WSDOT, 2012). 

 The least ranking high assessment risk was risk 12, with an assessment value of 

0.061803. This risk is predominantly driven in the construction phase of project development 

and is linked to FAA and OSHA related safety guidelines that must be followed during the 

course of project development by both airport and construction staff (Donell, 2012). This risk 

also takes contract stipulations, clauses and project-delivery methods into account as well as their 

noted effect on airport ownership (Touran, 2009). 

 There were 12 risks listed as medium priority risk assessments. These risks made up 

37.5% of the final risk ranking responses. They were risks 2, 4, 9, 10, 15, 17, 22, 24, 25, 28, 29, 

30 and 31, respectively, and are seen in Table 4.5. 

Table 4.4: High assessment risks affecting airport ownership activities by ranking. 
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 Of the 12 risks, risk 4 was the highest ranked medium assessment risk, with a value of 

0.0521875. This risk was driven by government policies, procedures and approval processes for 

fund related acquisition (WSDOT, 2012). 

 The lowest ranking medium assessment risk was risk 28, with a value of 0.016954. This 

risk was driven by consultant related error (Gabel, 2010). 

 There are 14 risks listed as low assessment risks. These risks make up 43.75% of the final 

risk ranking response. They are risks 1, 5, 8, 11, 14, 16, 18, 19, 21, 23, 26, 27 and 32, 

respectively, and are seen in Table 4.6. 

 

Table 4.5: Medium assessment risks affecting airport ownership activities by ranking. 
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 The highest of the low risk assessment risks was risk 11, with an index score of 

0.014932. As a risk, it would be considered relatively minimal because policy and procedural 

requirements for airport development project approvals are determined by the FAA (DOT, 

2012). An airport owner would have little to no say in matters concerning the requirements to 

meet in terms of project development (WSDOT, 2012). 

 The lowest of the low risk assessment risks was risk 23, with an index score of 0.000745. 

Contracts are determined in tandem with the FAA, airport owner and potential consultants prior 

to the design development and construction phases (WSDOT, 2012). The contract type and 

project delivery method usually determine who bears the liabilities associated with the project in 

these given phases (Touran, 2009). Therefore, the airport owner would have a contingency 

beforehand to support liabilities if there were any associated with project development (Hart, 

2007). 

 

 

Table 4.6: Low assessment risks affecting airport ownership activities by ranking. 
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4.4.3. Conclusion of the analysis for the final risk ranking table for the 32 risks   

 The rankings for high, medium and low assessment risks ignore the risk impact on a 

particular project objective because significance scores for each individual risk are usually offset 

by their low level of impact on other project objectives (Zou et al, 2009). Utilizing a risk ranking 

based on the identified risks significance index score on individual project objectives will 

identify key risks that affect project objectives and provide a comprehensive list of the risks (Zou 

et al, 2009).This approach is taken for the next section, and the top 10 risks for each project 

objective are determined in Section 4.5. 

4.5. Determining the Top 10 risks associated with each project objective 

 The process for determining the top 10 risks for each project objective is an addition to 

the final risk-assessment and ranking process. In this process, Equation 4.1 is reemployed and 

modified with the multiplication of the frequency (g) associated with the project objective being 

analyzed. Equation 4.3 is the modified project objective index (MPI). It is important to note that 

the frequency (g) changes as the specific project objective indicated as affected by risk changes; 

therefore, the value for Equation 4.3 changes with each risk. 

        
  × g            (Eq 4.3) 

 An example would be a cost project objective determination for risk 13 on the final risk-

assessment table (review Table 4.3, under the mean column). This value is 0.102800. Multiply 

this value by the frequency (g) of the project objective for cost that is indicated as being affected 

by risk 13 by respondent. This value would be 6. These two values stated are multiplied to give 

the modified project objective index score (MPI) for cost. This value is 0.6168. Once computed, 
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this value is then multiplied by the relative frequency or the project objective index. The project 

objective frequency index in this application is the total number of times an individual project 

objective was recorded over a summation of the total number of project objectives indicated. The 

project objective frequency index application is given in Equation 4.4. 

   
∑     

  
   

∑   
    (Eq 4.4) 

Where   = relative frequency of the project objective,     the number of times and event 

occurs, ∑      = the total number of project objectives assessed by respondents, j = the project 

objective being assessed, ∑    
  
     = the subtotal of the specific project objective assessed by 

respondents for all 32 risks.  

 

 An example would be a scenario to determine the relative frequency for the project’s 

objective cost affected by the 32 risks as indicated by the participants; final survey responses. 

Cost was frequented 198 times; in Equation 4.4 this would be∑    
  
    . The total number of 

project objectives indicated as being affected by the 32 risks (cost, time, quality, environment 

and safety) is 528; In Equation 4.4  this is∑     .   (Relative frequency) .For the project 

objective cost this would be equal to 
    

    
 = 0.331104. It is important to note that     is a constant 

for all risks being analyzed for effects with regard to a particular project object. Therefore, the 

frequency index number (   ) for the cost indicated above would be used to multiply the modified 

project objective index for cost that changes for each individual risk associated with the  32 final 

  Equation 4.4: Relative frequency of the project objective being analyzed (Zou et al, 2009). 
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risk assessment values. Equation 4.5 is a multiplication of MPI and    to determine the final 

index score (FIS) associated with a particular risk number.  

                  (Eq 4.5) 

Where FIS = final index score, MPI = modified project-objective index and     frequency index 

numer. 

 For the example stated, we can infer that the final significance index score for the cost 

objectives affected by risk 13 in the final risk assessment table is 0.102800   0.6168 × 0.331104 

= 0.2042248. 

 This same process was used for the 5 different project objectives affected by the 32 risks 

given by respondents to acquire 32 different values as associated with each given project 

objective. From the 32 values allocated to the 5 different project-objective categories, the top 10 

values were ascertained by ranking. Tables 4.50-4.54 show the Top 10 risks developed for each 

project objective affected by the 32 risks by following the procedure listed in Section 3.5.A 

listing of the Top 10 risk by each given project objective can be seen in Table 4.7 – 4.11 below. 

 

 

         Equation 4.5: Final project objective index scores  
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Table 4.7: Top 10 Cost related risks that affect airport ownership activities 

 

Table 4.8: Top 10 Time related risks that affect airport ownership activities 

 

Table 4.9: Top 10 Quality related risks affect airport ownership activities 
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 In total, it was determined that 51 risks were responsible for affecting all 5 project-

objective categories associated with airport owner activities. We acquire 51 as the number for the 

5 project objective categories based on the repetition of risk 9 in the Top 10 safety related risks 

affecting airport ownership (Refer to Table 4.10).This risk occurred in the capital and 

maintenance activity phases of commercial development. 

 

 

Table 4.10: Top 10 Safety related risks that affect airport ownership activities 

 

Table 4.11: Top 10 Environment related risks that affect airport ownership activities 
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4.5.1. Top 10 project objective risks and their impact on the phases in which they occur 

 Prior to survey dissemination, the 32 risks were organized according to the phases in 

which it was believed that such risks would occur. These phases were listed from phase 1-5, and 

risks associated with each phase were listed in descending order of rank. The phases followed the 

order in which the project cycle for a commercial-airport development or maintenance project 

would occur. (Refer to Sections 2.8.1-2.9.1.) Sources such as WSDOT (2012), Horonjeff et al. 

(1994) and  (FAA, Primary Airports, 2012) were utilized to determine the appropriate phases of 

the project cycle. Table 4.12 shows the phases utilized to organize the 32 risks. 

 

 

 With the Top 10 project objective risks per category determined, it is now possible to see 

the phases where such risks occur. This way, the airport owner is able to foresee what project 

objectives are affected by these Top 10 risks based on phase location. By reviewing each top 10 

project-objective risk category, the following analysis was inferred. 

 In the top 10 risk category affecting cost project objectives associated with airport owner 

activities, 10% of such risks occurred in phase 1, 40% occurred in phase 2; 10% occurred in 

phase 3; 30% occurred in phase four; and 10% occurred in phase five. Of the five phases, the 

cost objectives for phases two and four were affected the most by the Top 10 risks associated 

Table 4.12: Phases utilized in organizing the 32 risks. 
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with the cost project objectives. These phases are phase 2, airport funding levels 

(federal/state/local), and 4, commercial capital project activities. Phases one, three and four were 

affected the least by these risks. This analysis can be seen in Figure 4.9. 

 

  

 In the Top 10 risk category affecting the time objectives associated with airport owner 

activities, distribution of risks among differing phases (in %) was exactly the same as that of cost 

in the previous paragraph. Phases 2 and 4 were affected the most by the Top 10 risks associated 

with time objectives. These phases were phase 2, project type and size determination, and phase 

4, airport funding levels (federal/state/local), while phases one, three and four were affected the 

least by these risks. This analysis is seen graphically in Figure 4.10. 

 

 

Figure 4.9: A breakdown of the phases where the Top 10 risks affecting cost project objectives 

occur. 

Figure 4.10: A breakdown of the phases where the Top 10 risks affecting time project 

objectives occur. 
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 For the Top 10 risks affecting the quality objectives associated with airport owner 

activities, 30% of the risks occurred in phase one; 40% occurred in phase two; 0% occurred in 

phase three; 30% occurred in phase four; and 0% occurred in phase five. Different from cost and 

time, the quality objectives affected by the Top 10 quality risks occurred more in phases one, 

three and four of an airport’s project development. These phases are associated with, phase 1, 

project size and scope determination; phase 3, project and government associated planning 

procedures; and phase 4, commercial capital project activities. This analysis is graphically seen 

in Figure 4.11. 

  

 

 For the Top 10 risks affecting the safety objectives associated with airport-owner 

activities, 10% of the risks occurred in phase one, 10% in phase two, 10% in phase three, 60% in 

phase four and 20% in phase five. The majority of the Top 10 risks associated with affecting the 

quality objectives associated with project development occurred in phases four and five. These 

phases were as follows: 4) commercial capital project activities and 5) maintenance 

development: activities associated with commercial airport maintenance projects. Other phases 

were affected to a lesser extent by the safety objectives and associated risks. The comparison 

above is represented graphically in Figure 4.12. 

Figure 4.11: A breakdown of the phases where the Top 10 risks affecting project quality 

objectives occur. 
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 The last of the five Top 10 risk categories that affect project objectives associated with 

ownership activities is environment. When reviewed in terms of this objective being affected by 

the Top 10 risks in the category, 10% of these risks occurred in phase one, 10% in phase two, 

10% in phase three, 60% in phase four and 20% in phase five. The majority of the risks that 

affect environmental objectives associated with airport owner activities occurred in phases four 

and five. These phases were as follows: 4) commercial capital project activities and 5) 

maintenance development: activities associated with commercial airport maintenance projects. 

Phases one through three were affected similarly by the Top 10 environmental risks but were 

minimally less than the occurrence of the environmental risks in phases four and five. This 

analysis can be seen graphically in Figure 4.13. 

 

Figure 4.12: A breakdown of the phases where the Top 10 risks affecting project safety 

objectives occur. 

Figure 4.13: A breakdown of the phases where the Top 10 risks affecting environment objectives 

occur. 
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4.5.2. General analysis of the Top 10 Project objective risks and their emphasis on C.A.D 

phases  

 From the data represented above, we can infer that, in phase one, 13.725% of the 51 risks 

linked to affecting the 5 project objectives occurred. In phase two, 25.49% of the 51 risks occur; 

in phase three, this is slightly less with 5.88%. In phase four, 43.13% of the 51 risks occur while 

11.76% occur in phase five. This analysis is noted graphically in Figure 4.14. 

 

 

 Despite phase four being the area with the most risk concentration, the objectives 

indicated as being affected the most were environmental or safety related. These objectives had 

the smallest number of indications when compared to other project objectives affected by the 51 

risks. Safety pulled in 47/528 general responses (8.90%), and environment pulled in 25/528 

responses (4.73%). However, phase four tied in with capital project development activities, and 

Figure 4.14: A graphical comparison of the 51 risks determined as affecting the 5 key project 

objectives. 
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safety and environmental objectives were a big issue with permitting and construction-related 

processes within this phase (WSDOT, 2012). It is safe to say that, despite their relatively low 

indication within the general project objectives, these two categories were affected to a larger 

degree by risk in phase four than any of the other objectives when associated with airport-

ownership activities. 

Most of the objectives affected in phase two were time, quality and cost related. Despite 

being lower in project objective concentration (%) affected by risk than phase 4, the survey 

users’ responses showed that cost objectives indicated as affected pulled in 192/528 of general 

responses for project objectives (37.5%), that time pulled in 203/528 responses (38.45%) and 

that quality pulled in 55/528 responses (10.42%). However, phase two, airport funding levels in 

relation to airport owner activities was where cost; time and quality objectives associated with 

airport owner activities were affected the most. (Refer to Section 2.8.3.) 

 

 In phase one, the project objective affected the most by the 51 listed Top 10 risks was 

quality. This was despite the general responses of survey participants where it was listed 55/528 

times (10.42%) as being affected by the 32 general risks.  

Phase one deals with airport type and size determination, and the project objective quality 

is affected by the risk , project type and scope misrepresentation due to poor planning and 

feasibility related studies (Caltrans, 2007).This has its effects on the overall project cycle 

associated with project development. An example of this risk can be seen in the Denver 

International Airport baggage handling system where an underestimation of project complexity, 

a change in the initial project strategy, and the decision to proceed with the strategy change by 

airport management and its associated project management team caused the final project to 
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suffer from a plethora of quality related deficiencies and affected capital cost. The airport 

opening was delayed by 16 months and cost the city of Denver $1.1 million a day in loan costs to 

maintain the empty airport. The maintenance issues associated with the handling system 

continued during the airport’s operational phase where $1 million per month was spent on 

maintaining the system until its eventual abandonment by the airport in 2005 (Consulting, 2008). 

 In phase three, the project objectives affected by the 51, Top 10 risks were safety, cost 

and time. These objectives were even in response rates when reviewed according to the Top 10 

risks for each project objective category.  

 Phase three, project and government-associated planning procedures (project 

description/goals/strategic planning) is controlled predominantly by the governing aviation 

agencies (WSDOT, 2012). These governing agencies, as well as their policies, procedures and 

final verdicts, affect funding disbursement, project schedules and associated project safety plans 

with available funding for disbursement (Horonjeff et al, 1994). As such, these agencies will be 

having noted effect on an airport’s management activities. 

  4.6. Producing a Top 20 key risk list for a project cycle in C.A.D development 

 Reviewing the top 10 risks in for each project objective category, it was clear that there 

were some repetitions in risk within each category (i.e.) project type and scope misrepresentation 

due to poor planning and feasibility studies (phase 1) was indicated in all 5, Top 10 risks 

affecting each individual project objective, despite its rank varying due to changes in its index 

score based on each represented project objective. In order to avoid repetition and to produce a 

final, filtered list of risks that affect all objectives to a larger extent, a Top 20 key risk list was 
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developed. This Top 20 list took into account the following objective: 1) the frequency of risk in 

all given Top 5 project objective categories. This Top 20 key risk list can be seen in Table 4.13. 

 

 

2) A mean value FIS indicated in Equation 4.6. 

           = 
∑   

      
     (Eq 4.6) 

Where             the mean value of the highest frequency Top 10 risk index scores, ∑     

the summation of all index scores associated with frequented risk,        the number of times 

frequented risk occurred in the Top 10 risks associated with the 5 different project objectives. 

 

 

Table 4.13: Frequency of occurrence for the Top 10 risks listed by project objective 

categories  
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3) For risk indicated in Table 4.13 with no given value, their original FIS scores are utilized for 

ranking purposes. 

 Table 4.14 shows the final Top 20 risks affecting airport owner activities based on these 

risks new index scores.  

 

 

 It is important to note that 6 risks in the top 20 did not possess a frequency; therefore, 

their original FIS final index score (FIS) is utilized for ranking purposes. These risks are 

highlighted in red in Table 4.14. 

 Once all 20 index numbers were acquired, ranking the top 20 risks was implemented. 

Table 4.15 shows the final risk rank table for the Top 20 risks associated with all project 

objectives that affect airport owner activities.  

Table 4.14: FIS (Mean) index numbers for the Top 20 risks affecting project objectives 

associated with airport owner activities. 
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4.6.1. Analysis of the Top 20 key risks for a project cycle associated with C.A.D 

 From Table 4.15, we can review the FIS’ of the available risks and determine that the 

range of scores associated with risks fall within 0.19-0.001349; utilizing the risk assessment 

matrix in Figure 3.81 acquired from Gabel (2010), we can infer that this range is from high 

assessment to low assessment risks. Table 4.16 shows the breakdown of  risk assessment by 

color, where red indicates high assessment risk (0.54-0.0675), yellow indicates medium 

assessment risk (0.18-0.0175) and green indicates low assessment risk (0.015-0).  

Table 4.15: Final ranked Top 20 risks with their associated abbreviations and index scores. 
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 In order to better validate the Top 20 key risks affecting all phases of project 

development associated with airport owner activities, a comparison of these risks in relation to 

the Top 10 risks for each project objective category was done utilizing the radial diagram in 

Figure 4.15. A similar approach was utilized by Zou et al. (2009) in the study about the 

identification of key risks for construction projects: lifecycle and stakeholders’ perspective (Zou 

et al, 2009). 

 

Table 4.16: Risk assessment for the Top 20 risks. 
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 It should be noted that, when FIS (mean) was utilized to determine the top 20 risks 

affecting the project cycle associated with airport’s project development, the FIS numbers 

changed and, in some cases, were lower than the Top 10 risks affecting each project objective. 

However, the range for high assessment risks and medium assessment risks associated with the 

Top 20 key risks and the Top 10 project objectives by category was 0.31687879-0.13339567. 

This range was seen for the PRP, DAB, GIBF, IIFP, PSDFP, LINSP, PDCPC, NMAAO, 

PTSMPF and PPGAP risks (Table 4.16) and was similar for time and cost objectives as well as 

the Top 20 key risks. Quality, environment and safety related risks located in the lower half of 

the Top 20 key risk table fell within the lower medium to low assessment risk range 

0.017810438-0.000697367 and coincided with the quality, safety and environment Top 10 

project objective risks within this region. We can infer from this analysis that the top half of the 

Figure 4.15: Comparison of the Top 20 key risks affecting the airport development project 

cycle and the Top 10 risks affecting project objectives. 
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Top 20 key risks was cost and time related while the bottom half of the same category was 

quality, time and safety related. This finding also validated the accuracy of the Top 20 key risks 

because the range correlated with the range associated with quality, safety and environment risks 

as seen in Figure 4.15. 

 It is important to regard all risks in the Top 20 key risk category as important, 

irrespective of varying assessment due to the fact that, in a project cycle, such risks may occur as 

a group combination, throwing off the scale of probability × impact.  

 Of the Top 20 risks occurring in the phases, 2 occurred in phase one; 5 occurred in phase 

2; 1 occurred in phase three; 10 occurred in phase 4; and 3 occurred in phase 5. This analysis can 

be seen in Figure 4.16. The analysis would indicate that the Top 20 key risks associated with 

airport ownership activities and the Top 10 risks affecting individual project objectives affect 

phase 4 the most. Phase 4 would be a phase to which airport ownership should pay attention. 

 

 

 From the data represented in Table 4.73, a fishbone diagram (Figure 4.17), associated 

with the Top 20 key risks, allocates these risks to their respective project parties in tandem with 

the airport owner, and shows the phases where such risks occur and the possible combined 

Figure 4.16: Phases affected by the Top 20 key risks associated with airport ownership 

activities in commercial airport development.  
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grouping where they could occur within their given phases. This fish bone diagram was utilized 

in the Zou et al. (2009) study about the identification of key risks in construction projects: 

lifecycle and stakeholders’ perspective. 

 To determine the full meaning of the abbreviated risks stated in the fishbone diagram, 

review Figure 4.17  below. Also see Table 4.12 for phase description of identified risks. It is also 

important to note that the project objectives associated with these key risks are cost, quality, 

time, safety and environment (Zou et al, 2009). 

In Figure 4.17, it was determined that risks which could occur simultaneously would be 

paired together within the project development phase where they occurred. It should be noted 

that risk is a probability occurrence and not a fixed variable; therefore, there is no notion that 

indicates a single risk will occur in a project development phase by itself. An example of such 

risk pairing would be the pairing of DPI and NAGPD as risks that could occur simultaneously in 

capital-development activities. NAGPD (the negative effects of “Acts of God” on project 

development) is a risk issue that can be forecasted but not necessarily 100% determined 

(Caltrans, 2007). The risk, disaster preparation issues (DPI), preps for such negative effects of 

“Acts of God” but, as a process, can have negative effects on project development if not properly 

planned (Tummala, 1999). Due to their similarity (they are both affected by natural acts of God 

and deal with the negative effects associated with such an issue), they can be grouped as two 

risks that could occur simultaneously. 
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 It was also noted that, despite the fact that most risks listed in the chart do affect airport 

owners, responsibilities towards bearing and delivering risk management practices towards such 

risk are shared by other parties as well. These parties include consultants hired for airport 

development and stakeholders who have some bearing on project development and operations 

(Zou et al, 2009). As such, the airport owners’ bearing of the key risks in Figure 4.17 is attached 

to these parties as well as separate. An example of this project party risk bearing combination 

can be seen in project development phase one where risk 2, phase1, project type and scope 

misrepresentation due to poor planning and feasibility related studies (PTSMPF) as well as risk 

1, phase1, conflict of interest between ownership and other involved parties while determining 

initial project parameters (CIOIP) affect the airport owner, consultant and stakeholders in a 

trickle-down effect. First, conflict of interest related to project development prior to development 

involves the three parties listed (WSDOT, 2012). If the project development process is not 

agreed upon by these parties  and continuously altered, the final project parameters and plans 

submitted by the airport owner to the governing aviation agencies (NPIAS and SASP) for 

funding and approval could be delayed and sent back for revision or could be rejected (WSDOT, 

2012). The rejection of a project proposal by aviation agencies could slow the project time, 

affecting the predetermined project schedule and resulting in project related cost hikes 

(Horonjeff et al, 1994). As a result, time and cost related setbacks will affect all parties involved 

with this phase. 

 The number of risks indicated in Figure 4.17 exceeds the 20 key risks given in Table 3.48 

because of 1) the pairing of risks within a similar phase based on their simultaneous occurrence 

and their noted impacts and 2) the occurrence of a risk in different project parties columns. To 
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determine the risks that would affect the airport owner and other associated parties, review 

Figure 4.17. 

 From Figure 4.17, the following risks affecting airport ownership can be determined. In 

the light blue highlights, it is indicated that the airport owner bears the risks for PTSMPF and 

CIOIP in phase one; GIBF, IIFP, PSDFP, and DAB in phase two; PPGAP in phase three; DPI, 

NAGPD, LDIPPD, PRP, ODOGB, and LCOPP in phase four; and NMAAO and DPI in phase 

five (See Table 3.48 for the abbreviation meanings). A similar inference can be made by utilizing 

the rows for Airport owner + Consultants and Airport owner + Stakeholders in Figure 4.17. 
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CHAPTER 5. CONCLUSION AND FURTHER RESEARCH  

 

 5.1. A review of the thesis component parts 

 The first portion of the thesis reviewed literature related to risk, risk management and 

commercial airport ownership activities in the commercial aviation industry. This covered the 

definition, organization, strategy and approach presented in the formal risk management process 

(Review Chapter2: Section 2.4) and provided a strategy of risk management approach utilizing 

Zou et al. (2009) paper, “Identifying key risks in construction projects: Life cycle and 

stakeholder perspectives as framework for airport owner risk determination in project cycle 

phases”.  

 This review was done to acquire information that could be utilized to produce a project 

cycle specific to commercial airport ownership activities associated with capital and maintenance 

development projects. From this project cycle the principles of the risk management process: risk 

identification and risk classification were applied to provide a comprehensive list of risks that 

would affect an airport owner during a commercial airport project development and maintenance 

cycle. 

 This risk list once identified and classified was converted into a survey document as 

indicated in the Delphi method of data collection and analysis (Review Chapter 3). This 

document was issued to airport management across the USA with the goal of acquiring feedback 

that ranked risk issued in the document according to the different phases of a commercial airport 

capital and maintenance project. 



 

167 

 

 Results of these survey responses were further analyzed utilizing a probability impact 

matrix and other statistical equations (Refer to Chapter 4) to rank the surveyed risk in order of 

importance to airport management .This was the application of the risk assessment and analysis  

process in the risk management cycle (Review Chapter 2 - Section 2.4).Further discussion, 

analysis and assessment related to risk rank results were made based on commercial airport size 

comparison, and location within the USA.  

 The final portion of the risk assessment and analysis process was utilized to provide a top 

20 risk list that could be allocated in the form of a fishbone diagram to the phases of a 

commercial airport development and maintenance project and its participants. In this case risk 

allocation was done with the participants: airport management, stakeholders and consultants at 

stake. Further discussions pinpointing the importance of such a fishbone diagram utilized in 

commercial airport ownership risk determination, as well as the association of other parties to 

airport ownership risk duties were presented as the risk analysis and assessment conclusion of 

the risk management plan. 

 Though not a complete review of the risk management process (Review Figure 2.4 in 

Chapter 2), the thesis does setup a risk management framework that can be followed by 

commercial airport management for capital project and maintenance development. It also 

provides an overview of further guidance to help airport management in their further risk 

management endeavors that will venture past the assessment and analysis phase of the formal 

risk management process. 
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 5.2. Thoughts on other research in comparison to thesis  

 Existing literature and reports in the area of risk management in the commercial airport 

field within the USA focus on the major parties in project development (owner, designer, and 

contractor) but give more emphasis to the designer and contractor in the risk management 

process. This is can be seen in the ACRP reports; 1) Airport Capital development cost (2009) 

and 2) Airport insurance coverage and risk management practices (2011). 

 These reports reviewed the practice of risk management in depth. Airport capital 

development cost (2009) focused on the financial implications of risk associated with primary 

commercial airports and the risk management practices to be reviewed to limit such risks. In this 

report there was no specific mention to the types of risks that would affect the airport owner 

associated with the development of a commercial facility. Rather the emphasis of risk 

management was placed on the finances at the disposal of the contractor, the project owner and 

designer of such facilities. 

 The report, Airport insurance coverage and risk management practices (2009) was more 

of a complex guide to insurance and risk management practices for commercial airport designers, 

contractors and owners .As a guide it required its users to understand predetermined concepts 

and analogies utilized in the commercial aviation industry and most of the risk management 

concepts utilized in the report were general in nature. 

 Horonjeff et al. (1994), “Planning and design of airports”, reviewed as literature for the 

thesis is a balanced view to the planning and design of commercial airports in the USA. To a 

novice who knows little about commercial airports in the USA, its provides a framework for the 

process of airport project development from the acquisition of permits to dealing with the FAA 
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and its regulations and policies, as well as financing commercial airport projects to name a few. 

Its design portion is more engineering oriented and focuses on what constituent parts of a 

commercial airport are required to be developed to ensure  that on the whole a commercial 

airport operates the way it should.  

 Despite being a guide to the development of commercial airport facilities, the literature 

does not review risk management in commercial airport development and its review on airport 

ownership is limited to commercial airport privatization and government intervention in airport 

ownership and operations. However, it is important to note that the development and design 

frame work utilized in this literature, in addition to ( The WSDOT commercial airport owner 

manual (2012) and the project management for construction project cycle (1998) ),played a big 

part in the  final risk management framework utilized in the thesis for project cycle purposes        

( Review Section 2.8 – Chapter 2 ) . 

 Academic reports, papers and journals such as Zou et al.(2009), “Identifying key risks in 

construction projects: life cycle and stakeholders perspectives” and Ospiova (2008), “Risk 

management in construction projects – A comparative study of the different procurement options 

in Sweden,” aided in the process of identifying possible risks that could be associated with  

commercial development projects. These risks, however, were related to general construction 

projects and not specific to the commercial aviation industry or the airport owner. It was 

important to have a project framework for commercial airport development to associate some of 

the existing risks with the project cycle. This is where planning and design of airports (1994) was 

utilized. Furthermore determining which risks affected the airport owner specifically required 

understanding the process of commercial airport development from an airport owner’s 

viewpoint. This is where the WSDOT commercial airport owner manual (2012) came into play.  
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 It was through the combination of various relevant literature pieces and a specialization 

in risk management specifically tailored towards airport ownership, that a guidebook addressing 

airport ownership risk in commercial airport capital and maintenance projects was produced.  

5.3. A guide to meeting project objectives and thesis goals  

 This thesis is a documented guide specifically for the airport owner in the commercial 

aviation industry. It reviews risk management from the viewpoint of a novice airport manager. 

The thesis also takes into consideration the user of the document and their skill set in the area of 

risk management, providing a step by step teaching cycle to commercial airport project 

development combined with the risk management process associated with such a venture. 

  It reviewed risk and broke it down into its component parts to enable the user to 

understand what risk as an issue comprises .It then reviewed risk management as a practice and 

showed the relationship between risk and risk management in general ( risk and the risk 

management process).An understanding of commercial airports and, the parties involved in their 

development (specifically catered towards the airport owner)was presented to provide the reader 

with their duties as associated with the commercial airport development and risk management 

process. It is important to remember the reader was viewed in the context of an airport manager.  

 A formal risk management plan was then presented to show the reader the constituent 

parts of the risk management process and the required steps to follow when carrying out detailed 

risk management application. Once an understanding of the formal risk management plan was 

acquired, different approaches to risk in a commercial construction project are presented. For the 

sake of the user a holistic project cycle approach was determined as the most appropriate avenue 

to utilize in the application of the formal risk management plan. This was based on the fact that it 
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covers all facets of airport development and it can be tailored to the airport owner as seen fit by 

the reader. 

 Knowing the project cycle for an airport project was a requirement to effectively 

determine the phases of the project cycle in which airport ownership risk can occur. Utilizing 

literature from WSDOT (2012), several ACRP reports and Horonjeff et al (1994), the guidebook 

is able to determine the project cycle and the associated phases in which such risks occur. These 

processes of risk categorization and risk identification are carried out here utilizing the formal 

risk management plan. The utilization of the Delphi survey and interview methods to determine 

risk impacts and likelihood of occurrence was included in the guidebook. The ranking of the 

risks indicated in this survey is carried out by professionals and airport management in the 

commercial aviation field. This way risks that are limited in importance to airport management 

can be eradicated and only the most pertinent risk are further managed and controlled. 

 From survey data collected, analysis concerning risks that affect airport ownership was 

acquired. This analysis reviewed commercial airport ownership responses from the viewpoint of 

the region in which such ownership’s airport facility is located and the respective size of the 

airport being reviewed. The analysis also statistically assessed the outcome of survey responses. 

The purpose of this was to be able to assure data result validity and compare and contrast risk 

issues associated with airport ownership based on the parameters of airport size and region .Two 

factors commonly used by the FAA were cargo and enplanement determination. These factors 

determined the overall size of an airport facility in question (FAA, Airport Categories, 2012). 
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5.4. Research outcome – Findings  

 From the analysis in Chapter 4, it was inferred that a majority of the primary-hub 

respondents who participated were small-hub and non-hub. This analysis was irrespective of the 

complete coverage of all airport types associated with primary commercial airports in the USA 

and oriented the viewpoints presented in the analysis towards these respondents.  

 It was important to review the project lifecycle of a commercial airport development to 

determine, holistically, the risks that are associated with both capital and maintenance projects. It 

was important to note that capital development risks affect maintenance development and vice 

versa (i.e., a poor development approach for a capital project could lead to a plethora of 

maintenance-related risk issues as was seen with the Denver airport’s baggage handling system 

where poor capital development planning led to maintenance related risk issues that cost the 

airport $1 million per month from March 1995-August 2005, when the project was abandoned) 

(Consulting, 2008). 

 The majority of the Top 20 key risks associated with airport ownership activities for a 

commercial aviation facility’s project lifecycle were valid based on the analysis and perceptions 

drawn from Chapter 4, and the risks were backed by substantial literature. As such, they should 

be utilized by all airport types irrespective of the thesis’ focus on primary non-hub and small-hub 

respondents. It was also important to utilize the Top 10 risks affecting each project objective 

associated with the project development cycle, especially in situations where airport ownership 

and associated stakeholder parties envision a certain project objective as being affected to a 

greater degree during the course of a commercial airport’s project development. This way, an in 
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depth focus on such risks affecting the particular objective could be carried out rather than 

dealing with a generality as associated with the Top 20 key risks. 

 It was inferred that a majority of the project objectives affected by the risks in this thesis, 

as indicated by this genre of participants (predominantly primary small-hub and non-hub 

participants), over the duration of a commercial airport’s project cycle were cost and time 

related. This determination was due, in part, to the size limitation of airport facilities based on 

enplanement figures (FAA, Airport Categories, 2012), dependence on SASP and AIP related 

funding options where 90-95% of capital project cost is provided by such governing agencies 

(FAA, What is AIP, 2012) , and government related processes for a development’s permitting 

and funding. Quality, safety and environmental project objectives were not selected as frequently 

by airport respondents but were still viewed as important for the project cycle at primary small-

hub and non-hub airports. These project objectives were affected in phase 4 of the commercial 

airport project cycle during survey analysis (See Sections 4.22). 

Utilizing the formal risk-management plan in Figure 4.1, it would be in the airport 

owners’ interest to further the development of risk assessment for the 20 key risks given in Table 

4.72, with an emphasis on cost and time related risk. Referring to Tables 4.50-4.51, which are 

primarily cost and time related risks, and comparing them with Table 4.72, which is a generality 

of the top 20 risks affecting the project cycle, will present airport owners with better insight 

about risk determination and associated assessment. 

5.5. Thesis limitations 

The limitations to the thesis lie in 1) the external inadequate research that has been done 

in the area of airport ownership risk management in commercial airport capital and maintenance 
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projects 2) Restrictive nature of information release associated with commercial airports and 

associated internal administrative protocols associated with such information release.  

Information acquired for this thesis was a juxtaposition of material from different facets 

of the construction industry, the FAA and numerous aviation related paper and journals. This 

was done due to the limited nature of research related to risk associated with commercial airport 

ownership. Most research associated with risk in commercial airports that was reviewed for the 

thesis dealt with insurance coverage (Review Section 5.2) .Further research will have to be done 

to add to the base this research had provided for risk management in airport ownership related 

activities.  

It is important to note that the USA had suffered noted loss during The September 11
th

, 

2001 bombing attacks on the World trade center in New York. As a result certain precautions 

such as the prohibition of certain types of information related to commercial airport facilities 

internal and administrative workings were prohibited from being given out to individuals not 

associated with the FAA directly. As a result the acquisition of more data points that would have 

further validated the thesis were unable to be acquired. Currently the ACRP which is affiliated 

with the FAA is conducting similar research revolving around all parties associated with the 

commercial airport development.  

It would also be risky in itself to say an airport owner should only be conversant in the 

risk associated with the given duties and obligations he has during the course of a commercial 

airport development project. An understanding of all party associated risks (airport owner, 

designer, and contractor) should be acquired by airport ownership to ensure that adequate 



 

175 

 

measures are taken in the risk management process to effectively limit the effects of risk on a 

commercial aviation project. 

5.6. Future research recommendations 

Further recommendation encourages applying a combination of mutually exclusive risk 

assessment scores for the cost and time associated risks that occur within similar phases of 

project development (Refer to Section 4.6.1).  This process has already begun as more of a 

generality in Figure 4.16, where risks are paired based on their similarity, simultaneous 

occurrence and the party bearing capacity, in tandem with airport ownership. Utilizing this 

combination assessment method, risk severity will be properly determined based on a probability 

combination process. These new index values from the combination process can be further 

assessed for severity, and a risk planning stage (phase 7 in the risk management plan) can be 

implemented.  
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 A detailed, step by step flow of the risk management process soon after completing phase 

6 and the beginning of phase 7 can be seen in Figure 4.13. Material related to the risk 

management process and the associated tools to aid such process development can be acquired 

from Sections 2.5-2.8 of this thesis as well as from literature written by the NTRB, the ACRP 

and FAA, organizations that have done detailed research on risk management related processes 

for transportation related endeavors in the USA. 

Figure 5.1: Continuation of the risk-management process for airport-ownership related risk in 

commercial aviation project development and maintenance (Burtonshaw-Gunn, 2009). 
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 It is also important to note that the ACRP is carrying out a similar project that is aptly 

titled: “A Guidebook for Successful Assessment and Management of Risk Associated with 

Commercial Airport Capital and Maintenance Projects”. Analysis from the ACRP for a 

commercial facility’s aviation related risks based on airport development may be a little more 

extensive but is more general in orientation. The ACRP study deals with all facets of airport 

facility risks, not just airport ownership risk. 
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