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Abstract 

 

Title:  Factors Related to the Assessment of the Effectiveness of 

Environmental Management Systems (EMS) at Airports 

Author: Kainan Li 

Major Advisor: Ulreen O. Jones, Ph.D. 

 

The purpose of this study was to identify factors that can be used to assess 

the effectiveness of EMS at airports in the United States (U.S.). A survey research 

methodology was used for this study in two phases. The first phase of the research 

study included a preliminary expert opinion survey of airport managers and other 

individuals acting in a supervisory role to determine and discuss how EMS help 

improve environmental performance, and ranked factors that may be related to 

assessing the effectiveness of EMS. The second survey was constructed based on 

feedback from these experts and targeted airport employees working in a non-

supervisory role to obtain their perceptions of EMS’ effectiveness based on these 

factors. These opinions were measured on a Likert-type scale from 1=Strongly 

Disagree to 5=Strongly Agree. Descriptive statistics were used to help analyze the 

relevant data and gather conclusions.  

Through the research conducted, four main factors were identified namely: 

compliance with relevant regulations and legislation, improves environmental 
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performance, cost effectiveness, and improve public image and bring market 

opportunities. The first and fourth named factors were ranked same in both phases 

of the survey but the second and third named factors were ranked differently. 

Specifically, improves environmental performance was ranked second in the first 

phase, but third in the second phase of the study. Moreover, there were ten specific 

items could be considered critical factors related to assessing the effectiveness of 

EMS because the mean scores for these items were 3.5 or higher, meaning 

participants tended to agree with these items. These findings can provide the 

guidance for airport management to determine the effectiveness of EMS and 

provide a practical tool for airport operators to engage in continuous improvement. 

These factors also could be tailored as, or tied to performance measures for the 

purpose of strategic planning. 
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Chapter 1 

Introduction  

1.1 Problem Statement  

With improving awareness of environmental protection, organizations have 

considered how their activities and behaviors influence the environment and how to 

become more environmentally friendly. Environmental Management Systems 

(EMS) have been used for a relatively long time by manufacturing firms to help 

them measure their environmental performance and organizations’ behavior. 

Similarly, the growing aviation industry also has considered various ways in which 

their environmental issues may be managed and has introduced EMS for this 

purpose. EMS is a comparatively new management system in the aviation industry, 

especially at airports. So far, very few airports have implemented EMS worldwide. 

For those airports that already have implemented EMS, it is important to figure out 

whether or not their EMS is effective in addressing environmental issues. However, 

it is very hard to assess the new system’s effectiveness because it is difficult to 

determine exactly how, or what aspects of, the system help airports mitigate 

impacts on the environment. Airports could benefit greatly from knowing what 

factors can be used to make this judgment. These factors could be used to assess 

the effectiveness of their EMS in a direct manner and also could identify specific 

activities and behaviors to improve on in the future. For those airports that are 

working towards the implementation of EMS, these factors if known could provide 
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guidance about what activities or behaviors to concentrate on to ensure their EMS 

is effective, or if it is worth making an investment in EMS. 

1.2 Purpose of Study  

The purpose of this study was to identify factors that can be used to assess 

the effectiveness of EMS at airports in the United States (U.S.). These factors could 

be important considerations for airports in the development of EMS and help 

improve the performance of their EMS in the future.  

According to the International Civil Aviation Organization’s (ICAO) report 

on EMS practices in the aviation industry, an EMS is used to provide the 

methodology and framework to help aviation organizations such as airports, air 

carriers, manufacturers, and government agencies identify and manage significant 

environmental operations systemically and cost-effectively (ICAO, 2012). 

According to Federal Aviation Administration (FAA) Advisory Circular (AC) 

150/5050-8 Environmental Management Systems for Airport Sponsors, an EMS is 

defined as “a business management practice that allows an organization to address 

strategically its’ environmental matters based on the “Plan, Do, Check, Act” 

model” (FAA, 2007, p5). Thus, EMS may help reduce the likelihood of the 

occurrence environmental issues associated with airport operations and may 

potentially lead to a reduction in operational expenses related to the mitigation of 

environmental impacts over time such as pollution prevention, source reduction, 

and waste minimization. Airport sponsors of large or medium hub airports in the 
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U.S. can obtain Airport Improvement Program (AIP) funding from FAA to help 

them develop and implement their EMS.  

In this study, I focused on airports listed in the FAA’s Operational 

Evolution Partnership (OEP-35) that have already developed EMS. The 

effectiveness of EMS was considered from several aspects such as how airports 

solve environmental issues, improve environmental performance, and reduce costs 

related to the prevention and mitigation of environmental impacts. The factors 

related to assessing EMS’ effectiveness were the research targets determined 

through the course of the study. The airports included in this research study are 

presented in Table 1. 

Table 1.1 

Airports with Environmental Management System (EMS) in the U.S   

Airport Code Airport Name, City Year 

BOS Boston - Logan International Airport, Boston 2001 

DEN Denver International Airport, Denver 2004 

DFW Dallas / Fort Worth International Airport, Dallas 2007 

FLL Fort Lauderdale - Hollywood International Airport, Fort Lauderdale 2008 

HNL Daniel K. Inouye International Airport, Honolulu 2006 

MIA Miami International Airport, Miami 2001 

PHL Philadelphia International Airport, Philadelphia 2007 

STL Lambert-St. Louis International Airport, St. Louis   2012 

Note. The year denotes the time when EMS was introduced to these airports for the first time.  

 

1.3 Background and Rationale  

 In July 2017, Westchester County discovered groundwater contamination at 

Westchester County Airport which was suspected to have been caused by 
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chemicals used in fire-fighting applications decades ago (McKay, 2018). The 

airport borders the Kensico Reservoir that provides drinking water to New York 

City and some Westchester residents who rely on the water from this reservoir to 

meet their daily needs.  The potential contamination of the daily water supply 

chains was identified as a threat to residents’ health and daily activities. 

The chemicals detected at Westchester County Airport were 

perfluorooctane sulfonic acid, known as PFOS, and perfluoroalkyl substances, 

known as PFAS (McKay, 2018). Stewart International Airport had the same 

chemical on their State Superfund (SSF) list in 2016. According to the New York 

Department of Environmental Conservation (DEC), “the SSF program is an 

enforcement program whose goal is to identify and characterize suspected inactive 

hazardous waste disposal sites and to ensure that those sites which pose a 

significant threat to public health or the environment are properly addressed” 

(DEC, n.d.). Although PFOS was gradually phased out in 2002, it was a key 

ingredient in firefighting foam used at Stewart Air National Guard Base for 

emergency response and in training exercises. These chemicals can cause health 

effect on fetuses during pregnancy or to breastfed infants, it could cause testicular 

or kidney cancer, liver damage or influence the immune or thyroid system (McKay, 

2018).  

Water pollution is only one of many potential environmental impacts 

caused by airport operations; other environmental issues also influence people’s 
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daily life including aircraft noise, air pollution, and, waste and recycling. In light of 

the consideration of environmental protection and human health, how to reduce the 

influence of operations on the environment became a hot topic for airports. 

Therefore, the corresponding regulations and tools such as sustainable management 

plans, environmental impact statements, and the Next Generation Air 

Transportation System (NextGen) programs are being introduced at airports in the 

U.S. Among them, EMS is an important tool being implemented that may assist 

airport managers solve and manage their environmental issues. 

 EMS was first used in the 1990s to provide organizations with a proactive, 

systematic approach to managing the potential environmental consequences of their 

operations (FAA, 2010). In 1996, the first International Organization for 

Standardization (ISO) 14001 standards for EMS was published. Along with 

increasing public awareness of environmental protection, EMS was widely adopted 

by public and private organizations to help address their environmental 

responsibilities. On January 24, 2007, President George W. Bush issued Executive 

Order (EO) 13423, Strengthening Federal Environmental, Energy, and 

Transportation Management. This executive order required that federal agencies 

use EMS as the primary method of improving interaction between ongoing agency 

activities and the environment (FAA, 2010). In order to follow the issuance of this 

executive order, the Department of Transportation (DOT), FAA and Office of 

Airports (ARP) published FAA Order 1050.21A policy statement and provided 
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guidance specifically for airport sponsors in FAA AC 150/5050-8. Following this 

policy statement, the requirements proposed in Executive Order (EO) 13423 were 

retained and expanded by Executive Order (EO) 13514, Federal Leadership in 

Environmental, Energy, and Economic Performance which was signed by President 

Obama on October 5, 2009.  In addition to the federal agencies that have 

implemented EMS mandatorily, many private organizations have implemented 

EMS voluntarily. Currently, EMS also is a mechanism in building the foundation 

for integrating environmental protection and energy goals into the core business 

and operational strategies of NextGen and achieving the environmental protection 

that allows for sustained aviation growth (FAA, 2010).  

Airports in the U.S. are one of the most important types of transportation 

hubs and service tens of thousands of operations every day. How to grow the 

airports sustainably is a key issue that every airport considers. EMS as a powerful 

management tool that has already helped airports address their environmental 

issues. Several studies have researched how EMS helps organizations achieve their 

environmental goals and how EMS improves the organization’s environmental 

performance. However, the current research has not addressed how to assess 

whether the EMS used in organizations is effective or not, especially in airport 

industry. Therefore, this research study endeavored to identify the factors that the 

airport managers can consider to judge or assess EMS’ effectiveness. 
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1.4 Definition of Terms  

 The following list includes the definitions of the key terms and phrases.  

1. Airport Public Image in this study refers to the positive publicity given 

to airports by surrounding communities due to their outreach and other 

efforts to be a good custodian of the environment. 

2. Compliance with Relevant Regulations and Legislation in this study 

refers the ability of airports in the U.S. to comply with relevant 

environmental laws, policies, and regulations set forth by the U.S. 

Environmental Protection Agency (EPA) and FAA. 

3. Cost Effectiveness in this study refers the ability of the EMS to result in 

reduction of amount of time and funds spent on mitigating 

environmental impacts and to support sustainable development from a 

financial perspective. 

4. Environmental Management System (EMS) is a business management 

practice that allows an organization to address strategically its 

environmental matters. EMS implementation reflects accepted 

management principles based on the “Plan, Do, Check, Act,” model 

(Federal Aviation Administration, 2007). 

5. Environmental Performance is the measurable results of an 

environmental management system. It is related to an organization’s 

control of its environmental aspects, based on its environmental policy, 

objectives, and targets (U.S. Department of Energy, 2006).  
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6. Marketing opportunities refers to several strategies that airports can use 

to improve their services in the future such as innovative air service 

development, users advocating for the airports’ service based on their 

experiences, social care, and storytelling (Nick, 2013) 

7. Next Generation Air Transportation System (NextGen) is the FAA-led 

modernization of our nation's air transportation system and it aim to 

increase the safety, efficiency, capacity, predictability and resiliency of 

American aviation (FAA, 2017). 

8. Operational Evolution Partnership (OEP-35) airports are commercial 

service airports in the U.S. with significant activity and serve as hubs 

for airline operations (FAA, 2015). 

9. “Plan, Do, Check, Act,” model is a repetitive four-stage model for 

continuous improvement (CI) in business process management and was 

popularized by Dr. W. Edwards Deming; this model is also known as 

the Deming cycle (Rouse, 2015). 

1.5 Research Question  

The research question that guided this study is: What are the factors that are 

related to assessing the effectiveness of EMS at airports in the U.S.? 

1.6 Study Design 

 The proposed study focused on determining the factors that are related to 

assessing the effectiveness of EMS at airports in the U.S. A survey research 

methodology was used for this study in two phases. The first phase of the research 
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study included a preliminary expert opinion survey of airport managers and other 

individuals acting in a supervisory role to determine and discuss how EMS help 

improve environmental performance, and ranked factors that may be related to 

assessing the effectiveness of EMS. Based on the feedback of these experts, a 

second survey was constructed and targeted airport employees working in a non-

supervisory role and obtain their perceptions of EMS’ effectiveness based on these 

factors. Finally, based on the information collected in the secondary survey, 

descriptive statistics were used to help analyze the relevant data and then gather 

conclusions.  

1.7 Significance of the Study  

 This study is significant because the current research has focused more on 

how EMS helps airports solve and manage environmental issues and become more 

environmentally friendly. However, there is no research to identify the factors to 

analyze whether the EMS at airports are effective. Thus, this study added to body 

of knowledge by identifying factors related to the effectiveness of EMS at airports 

in the U.S. This study could help airport managers and the FAA assess whether 

their EMS is effective or not and also provide information about how they can 

improve the performance of their EMS in the future. 

1.8 Study Limitations and Delimitations 

 Limitations are any circumstances or events that are outside of researchers’ 

control that will limit the generalizability of study’s results. Delimitations are the 

circumstances that researchers impose on the study that further limits the 
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generalizability of the study’s results. The following limitations and delimitations 

will be considered when conclusions and inferences are made in this study.  

 Limitations. The limitations of this study are as follows: 

1. Population. To data, very few airports in the U.S. have implemented 

EMS; the targeted population in this research are the airports with EMS 

listed in the OEP-35. With the continued development of EMS, it will 

be possible for some other airports in the OEP-35 list decide to develop 

or implement EMS after this research was started. A study of other 

airports that are currently not one of OEP-35 that have implemented 

EMS could get different results. 

2. Sample size. Although getting as large sample size as possible to 

improve the accuracy of the results is one important process, there was 

no control over the exact number of participants who took part in this 

study and returned a complete questionnaire. Due to constraints beyond 

the researcher’s control, the time period over which data was limited 

which in turn had an effect on the size of the sample collected in the 

second phase of the study. Studies that have larger sample sizes or 

different survey return rates could get different results.  

3. Participants’ attitude. In this study, data collection was the most 

important part because the results and conclusions are based on the 

survey’s feedback. However, there was no control the attitude of the 
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participants who took part in the survey. Some of them could have 

positive attitudes and their answers could be more reliable or biased. In 

contrast, some participants could have a negative attitude towards taking 

part in the survey and they may not read the questions or answer the 

questions truthfully. These types of answers would not be reliable and 

could influence the conclusions drawn at the end of the study. 

 Delimitations. The delimitations of this study are as follows: 

1. Survey instrument. This study used researcher-constructed survey 

instruments to collect data in distinct two phases. For ease of reference, 

the instruments used in the first and second phases of the study are 

provided in Appendix A and Appendix B, respectively. 

2. Study period. This study was restricted to eight OEP-35 airports that 

had implemented EMS before the year 2019, spanning a time period of 

12 years from 2001 through 2012. The years during which EMS was 

implemented at the individual airports is presented in Table 1.1.  

3. Sampling sources. This study choose to sample airport managers and 

employees from OEP-35 airports with EMS in order to maximize the 

potential sample size in the second phase of study. The rationale for this 

delimitation was that these airports would have a relatively large pool of 

employees to sample from. These airports are identified in Table 1.1. 
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Chapter 2 

Review of Related Literature  

2.1 Introduction 

 This chapter introduces relevant information about the related literature and 

contains three main sections. The first section is an overview of underlying theory 

that addresses various theories related to EMS including: Deming’s “Plan, Do, 

Check Act” model (Deming, 1950), Conservation theory (Callicott, 1990), and 

Bandura’s (1989) Reciprocal Causation theory. The second section provides a 

review of the past research studies related to EMS, environmental performance, and 

environmental management at airports. The last section provides a summary of the 

related literature and a discussion of the implications for the proposed study. 

2.2 Overview of Underlying Theory  

 This study assessed EMS’ effectiveness at airports and related the findings 

to the theory about the EMS itself, the basic principle of protecting environment, 

and the literature related to designing the survey instrument. The theories outlined 

below are relevant within the premise of the study and help explain why a survey 

research methodology was the best choice for this study. 

 2.2.1 Plan Do Check Act Model. The Plan Do Check Act (PDCA) model, 

also known as Deming’s cycle, is a systematic process for controlling and 

improving systems and products continually (Deming, 1950). This model includes 

four steps and the whole process is repeated to meet the requirement of continual 

improvement. Figure 1 illustrates the process of the PDCA model. 
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Figure 2.1 

Deming Wheel: PDCA Cycle 

 

Source: Operations Management Creating Value along the Supply Chain (Russell 

& Taylor, 2011) 

 The first step is Plan and its purpose is to familiarize operators with the 

current or future processes. In this step, managers are required to identify the 

current issues and set future goals and then based on the issues and objectives, 

develop a plan that helps achieve those goals (Russell & Taylor, 2011). When 

consider using EMS at airports, the first step could be identifying the current 

environmental issues at the airport and what the airport wants to achieve in the 

future and create a plan that can help the airport solve this environmental issue. For 
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example, if an airport manager identifies the airport currently has noise issue and 

wants to solve this issue in the next one to two years, the manager needs to work 

with his or her team together to create a plan to identify how to solve it such as 

noise abatement plan. The plan could propose reducing the number of nighttime 

flights, installing insulation in residential homes, or building noise barriers on the 

airport. 

 The second step is Do, which is implementing the plan and assessing the 

improvement (Russell & Taylor, 2011). Based on the same example in the previous 

step, the second step the airport manager should consider is implementing 

mitigation measures in a noise abatement plan and then measuring the effect. As 

discussed above, after the manager has developed the plan to reduce noise, the 

airport would implement the plan at this airport such as constructing noise barriers 

on the airport and monitoring the noise levels in the surrounding community. 

  The third step is Check and is used to assess whether the plan is useful and 

whether the future goal is achieved (Russell & Taylor, 2011). Following the 

example as above, after implementing the noise abatement plan, the manager could 

model or measure the reduction in noise levels and impacts to the surrounding 

communities to determine whether the noise abatement plan is effective.   

The last step is Act, which entails institutionalizing the improvement and 

continuing the cycle with new problems (Russell & Taylor, 2011). For the same 

noise example described previously, the airport may determine that mitigation 
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measures outlined in the noise abatement plan helps them achieve their goals, 

including reducing impacts to the surrounding communities. The airport could 

decide to implement these measures as a policy procedure to control airport noise 

and airport manager may then identify a new environmental challenge that the 

airport wants to achieve in the future. 

 EMS was based on this PDCA model, so EMS can help in finding 

environmental issues and provide the effective methods to solve the issue. 

Therefore, the EMS can control the environmental performance and reduce the 

risks about causing environmental issues in the future.  

 2.2.2 Conservation theory. Conservation is the prevention of the wasteful 

use of a resource and it includes two aspects: 1. Preservation, protection or 

restoration of the natural environment and of wildlife. 2. Preservation and repair of 

archeological, historical, and cultural sites and artifacts (Oxford Dictionary, 2018). 

With respect to EMS, the first aspect of conversation is most relevant and is also 

known as conservation ethics. Callicott (1990) reviewed the American conservation 

ethics for 21st century conservation biology in the journal Whither Conservation 

Biology. Generally, conservation ethics provides ideas about how to use resources 

to meet the current needs and that will also be a benefit for the future. In addition, 

Pinchot (1947) defined conservation ethics as “the greatest good of the greatest 

number for the longest time” (Pinchot, 1947, p326). From my understanding, 

conservation ethics deals with how to use resources effectively and sustainability to 
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meet the needs of continual development. Therefore, for the concept of EMS at 

airports, this theory directs airports to balance development and environment 

issues. When an airport wants to develop itself, it is almost inevitable that the 

development could cause some environmental issues. However, it is unwise to only 

think about development and ignore environment issues because if an airport wants 

to be sustainable, it is necessary to consider how to use resources reasonably. EMS 

is an effective tool to check and manage environmental issues to balance the airport 

development and follows the idea of conservation ethics. 

 2.2.3 Reciprocal Causation. Reciprocal causation was introduced by 

Bandura (1989) to refer to the mutual influence between these three variables: 

environment, person and behavior. As Ormrod (2012) introduced: 

“Environment (E). General conditions and immediate stimuli 

(including reinforcement and punishment) in the outside world.  

Person (P). An individual’s particular physical characteristics (e.g. 

age, gender, and physical attractiveness), cognitive processes (e.g. 

attention and expectations), and socially and culturally conferred 

roles and reputations (e.g. king, student, “popular kid”, “geek”) 

Behavior (B). An individual’s observable actions and reactions.” 

(Ormrod, 2012, p118).  

 The Figure 2.3 shows the relationship among these three variables. 
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Figure 2.3 

Relationship between environment, person and behavior 

P 

 

E                              B 

 Source:  Human Learning sixth edition (Ormrod, 2012, P118) 

 Cooper (2000) used the Reciprocal Causation theory to create a model of 

safety culture. In this study, a similar model was used to develop surveys about 

EMS at airports. In this situation, the environment is the airport, the person is 

employees’ opinions and perceptions of EMS, and behavior is a series of 

environmental actions or achievement.  

2.3 Review of Past Research Studies 

 Past research into EMS has focused more how EMS help organizations 

become environmentally friendly as well as the connection between EMS and 

environmental performance. There is a dearth of literature related to EMS at 

airports because using EMS at airports is a new concept that has not been 

implemented widely by airports in the U.S. In spite of this limitation, past research 

still brings invaluable insight to the research question of the study. 

 2.3.1 Application and Benefits of EMS. After EMS was introduced, 

several organizations implemented or considered implementing EMS to help them 

achieve improved environmental performance. Research conducted by Maier and 
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Vanstone (2005) found that the majority (72.6%) of high impact companies have 

implemented an environmental management system of at least a ‘moderate’ 

standard. They also found that the higher standard EMS could lead to a better 

environmental performance (Maier &Vanstone, 2005).  As they concluded, EMS 

can benefit a company in a number of ways such as promoting legislative 

requirements, reducing emissions, identifying the protentional cost savings, and 

improving public image (Maier &Vanstone, 2005). These findings support the idea 

that the EMS plays an important role in controlling environmental performance and 

the future development of a company, and the aforementioned benefits were some 

of the targeted research factors in this study 

Along with EMS development and the high level of achievement in 

improving environmental performance for more and more organizations in the 

world, the aviation industry also considered implementing EMS to help control 

environmental issues caused by aviation activities. The aviation industry 

anticipated that EMS would be an effective tool in achieving higher environmental 

performance. ICAO (2012) conducted a survey on EMS practices in the aviation 

sector, which generally queried the conditions of the use of EMS in aviation 

systems. Among the 233 responses of organizations including airlines, air 

navigation service providers (ANSPs), airports, manufacturers and others, 50 

percent of responders (117) reflected they had already applied EMS standards or 

guidelines. Of these organizations, 54 airports reported that they used EMS 
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standards or guidelines. Moreover, ICAO (2012) also identified areas in which 

EMS can be helpful to manage and control environmental concerns in aviation 

system; these included compliance with laws and regulations, state policies, 

company core values and ethics, corporate image, soil and water protection, waste 

management, and energy management. The report also introduced basic 

information about implementing EMS and the benefits and challenges of EMS in 

aviation systems. 

 In the U.S., the FAA considered using EMS as an effective tool to balance 

the growth in the demand for air transportation and aviation’s environmental 

impacts. FAA (2010) published the EMS strategy and framework for NextGen. 

This report introduced the framework of EMS and an EMS implementation 

approach for the NextGen program. Furthermore, the U.S. NextGen EMS approach 

could be improved to allow it to become available for more U.S. aviation 

organizations. Generally, this report established the foundation for the future 

development of EMS in the U.S. aviation systems.  

Airports also are concerned about managing environmental issues to 

achieve their environmental goals. In 2013, the Airport Cooperative Research 

Program (ACRP) published a report about EMS development processes for airport 

practice. In this report, the authors introduced the basic concept of EMS and 

conducted surveys of airports in Canada and the U.S. Among the 19 airports that 

responded, twelve airports had already developed, and one airport was in the 
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process of developing EMS. This report also reported on important factors that the 

study airports considered when they decided to implement EMS, which include 

improved employee understanding of environmental issues and responsibilities, 

environmental risk reduction, compliance concerns, and improved internal process 

(ACRP, 2013). ACRP (2013) introduced the basic framework of EMS and the 

similarities and differences in EMS implementation processes based on 15 EMS 

components such as policy, goal setting, training, internal communication and 

external communication for these surveyed airports. The research study concluded 

that most airports provide management support and available resources for 

implementing EMS. Almost all of the airports reported environment performance 

could be improved in several ways including: improving employees’ understanding 

of environmental issues and responsibilities, improving efficiency, and greater 

management confidence in the system (ACRP, 2013). 

2.3.2 Green Airports and Sustainability. Florida Department of 

Transportation (FDOT) published the Airport Sustainability Guidebook to provide 

guidance or recommended methods for developing an effective sustainability plan 

and implementing sustainability initiatives (FDOT, 2017). This guidebook covered 

a case study with the Miami-Dade Aviation Department (MDAD) on “How MDAD 

manages reporting challenges and fosters a sustainability mindset throughout the 

organization.” MDAD own and operate the Miami International Airport (MIA). 

After compiling the record of poor fuel containment practices at MIA, MDAD 
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decided to pursue International Organization of Standardization (ISO) certification 

and developed EMS (FDOT, 2017). Currently, MIA Fuel Facility 7 and MIA Civil 

Environmental Engineering Division 8 are already registered to ISO 14001. The 

case study noted that it is a challenge to track sustainability and EMS can be used 

to formalize environmental stewardship practices, identify responsible parties, and 

track environmental progress. 

 Carlini (2013) introduced concepts about airports going green and discussed 

the airports in the U.S. that are implementing sustainability practices. He 

introduced the concept of sustainability and airport sustainability, and three 

principles to help airports achieve sustainability including: protecting the 

environment, maintaining high and stable levels of economic growth, and social 

progress that recognizes stakeholders’ needs (Carlini, 2013). He also introduced the 

differences between Environmental Assessment (EA), Environmental Impact 

Statements (EIS) and EMS of which the first two are project specific whereas EMS 

is a tool to manage and track data. He used several case studies about different 

types of environmental programs implemented in airports to show how these 

airports were going green. Among them, he introduced the EMS used at Boston 

Logan International Airport and showed how the EMS helped the airport achieve 

its environmental goals by controlling airport operations (Carlini, 2013).  

 Asinjo (2011) also introduced the concept of environmental management at 

airports and specifically concentrated on sustainable airport models. She identified 
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the sustainable airport models are the airports that progressively modify their 

Environmental Management Programs (EMP) to accommodate changes that aid in 

mitigating the environmental impacts (Asinjo, 2011). Asinjo (2011) discussed how 

these sustainable airport models achieve their environmental goals by analyzing 

their EMS and EMP at these airports. From the analysis, she found that the EMS 

used in sustainable airport models have the general characteristics necessary for 

airport environmental management that are to decrease the global and local effects 

on noise, air quality, water quality, energy, waste, hazardous materials, climate 

change, habitat, heritage, and wetlands management (Asinjo, 2011). In particular, 

EMS used in Denver International Airport, Dallas/ Fort Worth International Airport 

and Athens International Airport showed how EMS helps them manage their 

airport environmental issues and achieve environmental goals. Some of her 

recommendations about implementing EMS at airports included: modifying general 

guidelines for EMS and EMP to meet specific environmental challenges of 

different airports, allocating environmental management responsibility to current 

employees, and improving environmental programs through a cooperative effort by 

involving stakeholders and community participation (Asinjo, 2011). 

2.3.3 Measuring Environmental Performance and EMS Effectiveness. 

Along the increasing use of EMS at airports, it is reasonable to consider whether or 

not the implemented EMS is effective. As a new concept, there were no past 

studies that directly assessed the effectiveness of EMS at airports. However, there 
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were studies focusing on the use of EMS in other industries that provided some 

suggestions about how to assess the effectiveness of EMS. In Maier and Vanstone’s 

study, the quality of EMS was measured based on the following indicators: 

environmental policy, identification of significant impacts, setting of objectives and 

targets in all key areas, documented structure and procedures, audit program, and 

internal reporting and management review (Maier & Vanstone, 2005). In addition, 

Robert Sroufe conducted a study about the Effects of Environmental Management 

System on Environmental Management Practices and Operations in 2003. The 

researcher analyzed the largest EMS survey on manufacturing firms in U.S. to test 

the relationship between EMS and operational performance (Sroufe, 2003). As the 

results showed, an effective EMS plays an important role in managing, measuring, 

and improving environmental condition. Furthermore, it is also helpful in 

environmental requirements compliance and cultural changes. 

Environmental performance is one factor that could be used to directly 

assess the effectiveness of EMS in various industries. The Global Environmental 

Management Initiative (GEMI) published information about measuring 

environmental performance in 1998. The organization introduced a survey of tools 

or metrics for measuring environmental performance, considerations for designing, 

implementing, evaluating and improving a metric program, trends in environmental 

performance measurement and several case studies about measuring environmental 

performance in different organizations (GEMI, 1998). In addition, Maier and 
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Vanstone (2005) provide some guidance about how to measure environmental 

performance based on their research.  They recommended a company’s 

environmental performance be measured using five key operational direct impacts: 

climate change, emissions to air, discharges to water, waste, and, water 

consumption (Maier &Vanstone, 2005). Although none of these metrics were 

developed directly in the context of the aviation industry, they are very relatable to 

the direct impacts of airport operations. 

Nawrocka and Parker (2009) published a paper about finding the 

connection between EMS and environmental performance. They discussed the 

perception of environmental performance and expressed that there are different 

ways to perceive environmental performance. They concluded it was hard to 

identify the environmental performance for different organizations using the same 

standards (Nawrocka & Parker, 2009). The researchers reviewed twenty-three 

related studies about connecting environmental performance and EMS and found 

that twenty studies used a survey or interview research methodology, one study 

used a case study as the research methodology, and two studies used a mix of 

methods (Nawrocka & Parker, 2009). Their research guided my choice of using a 

survey research methodology to assess EMS’ effectiveness at different airports. 

Furthermore, a survey research methodology provided the opportunity to 

concentrate on different airports’ situations and goals. 
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Ostrom, Wilhelmsen and Kaplan’s research (1993) and Jin and Chen’s 

research (2013) are good examples of survey research. Both of these studies 

researched safety culture using survey research methodologies. Ostrom, 

Wilhelmsen and Kaplan (1993) assessed safety culture which posed similar 

difficulties as with assessing environmental performance. They used descriptive 

statistics which included mean, median, percent nonrespondents, and frequencies of 

response to display the results of the survey used to determine perceptions of safety 

culture (Ostrom, Wilhelmsen, & B., 1993). Jin and Chen (2013) researched safety 

culture and concentrated on the interrelationship between environment, behavior, 

and person. They designed three levels of surveys, which were questionnaires for 

executives, management, and workers (Jin & Chen, 2013). These aforementioned 

notions about how to develop surveys also provided guidance in the development 

of the surveys at two separate levels: airport management and airport employees.  

2.4 Summary and Study Implications 

 As discussed above, several past research studies have considered EMS and 

EMS at airports providing the background to this study. These studies indicate that 

the future development of EMS in the global aviation system, especially at airports, 

will be most valuable. ICAO (2012) and FAA (2010) discussed EMS development 

in aviation system from a global and national viewpoint. ACRP (2013) reported on 

the current status of EMS at airports and EMS implementation process at airports. 

FDOT (2017), Carlini (2013), and Asinjo (2011) discussed EMS implementation in 
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several U.S. airports through case studies and showed how EMS provides a balance 

between the development of airports and environmental issues at these airports. 

These research studies also confirmed EMS’s role in controlling environment 

issues at airports and introduced the process of implementing EMS. Sroufe (2003) 

and Maier and Vanstone (2005) brought about the general idea about how to 

qualify the quality of EMS and identified assessment factors relevant to other non-

aviation industries. Nawrocka and Parker (2009) introduced the difficulties of 

measuring environmental performance and their findings support the use of a 

survey research methodology in measuring environmental performance. Finally, 

Ostrom, Wilhelmsen and Kapian (1993), Jin and Chen (2013), and GEMI (1998) 

provide several examples of survey research and questionnaires that helped guide 

the research methodology and data analysis in this study.  

 Although there are several studies about EMS at airports, there are still 

some gaps in the research conducted. ACRP (2013) introduced the current status of 

EMS at airports and considerations for the implementation of EMS, however, the 

study did not address EMS’ effectiveness at airports. Similarly, Carlini (2013) and 

Asinjo (2011) concentrated on determining that EMS was helpful and useful in 

improving environmental performance at airports but did not address the 

effectiveness of the system. Sroufe (2003) and Maier and Vanstone (2005) 

explored ways in which the effectiveness of EMS could be assessed, however, this 

was not specifically related to, or direct at the use of EMS in the aviation industry. 
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GEMI (1998) introduced several survey research examples concerning 

environmental performance, however, they also were not directly related to the 

aviation industry. Moreover, environmental performance is outcome based and not 

the sole consideration for assessing EMS’ effectiveness, which also deals with how 

well the system is working a whole. As there have been no prior studies related to 

assessing the effectiveness of EMS at airports, this research study is valuable 

because it can fill the gap in the body of knowledge. In addition, it is useful for 

airport managers to understand whether or not the EMS implemented at their 

airports are effective. This research study also could provide guidance for airports 

that are planning to use EMS in the future by providing information about the 

factors that are related to establishing an effective EMS.  
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Chapter 3 

Methodology 

3.1 Introduction 

This chapter is organized in main four sections as follows: population and 

sample, instrumentation, procedures, and threats to internal validity. The population 

and sample section introduces the details of the population and sample of this 

study; the instrumentation section explains how the survey instruments were 

constructed; the procedures section presents the independent and dependent 

variables, and how the study was implemented; and lastly the threats to the validity 

of the study are identified.  

3.2 Population and Sample 

 3.2.1 Population. The target population of the study consists of all U.S. 

airports that developed EMS prior to the year 2019. The accessible population 

consists of eight airports with EMS that are included in the FAA’s OEP-35 list. 

These airports are Boston -Logan International Airport (BOS), Denver 

International Airport (DEN), Dallas/ Fort Worth International Airport (DFW), Fort 

Lauderdale-Hollywood International Airport (FLL), Daniel K. Inouye International 

Airport (HNL), Miami International Airport (MIA), Philadelphia International 

Airport (PHL), and Lambert-St. Louis International Airport (STL). As the OEP-35 

airports serve major metropolitan areas and have significant activity (FAA, 2015), 

it is conceivable that these eight airports’ conditions are representative of most of 

airports that already implemented EMS in the U.S.  
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 BOS is the primary domestic and international airport in New England and 

plays a key role in the metropolitan Boston and New England passenger and freight 

transportation networks (Massachusetts Port Authority, 2016). The airport covers 

2,384 acres land area and has six runways and four passenger terminals. It is the 

17th busiest airport in the U.S and the EMS in BOS is independently certificated to 

the ISO 14001 2004 international standard. The 2015 environmental data report 

states that the most recent ISO 14001 EMS certification audit took place in June 

2014 and was valid through July 2017 (Massachusetts Port Authority, 2016). 

DEN is an international airport in Denver, Colorado and is the largest 

airport in the U.S. with a land area of 33,500 acres (Schilling, 2013). DEN was the 

first international airport in the U.S. to have the EMS certified to the ISO 14001 

international standards (DEN, 2018). Furthermore, as stated in the DEN 2012 

annual report, DEN is the only U.S. international airport that has designed and 

implemented an ISO 14001 certified EMS that encompasses the entire airport 

(DEN, 2012). The EMS in DEN helps identify and mitigate all potential impacts to 

the environment from airport operations (DEN, 2018). 

DFW is located in north central Texas between the cities of Dallas and Fort 

Worth and covers more than 19,072 acres. DFW has seven runways and five 

terminals in total. In 2007, DFW issued an EMS administrative policy and 

procedure with the aim to achieve leadership in its environmental responsibility and 

stewardship programs in the air transportation industry and to establish a 
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sustainable, beyond compliance standard of environmental excellence at the airport 

(DFW, 2007). The EMS in DFW provides a user-friendly framework from which 

to distinguish the environmental risk aspects of each department’s operations 

(FAA, 2013).  

FLL is located in Broward County, Florida and encompasses 1,380 acres. 

The airport has two runways and four terminal buildings. As reported by the 

Airport Council International (ACI)  North America, FLL began to implement 

GreenPath® in 2008, which is   a proprietary EMS that was implemented by 

Delaware North Companies Travel Hospitality Services. The policies and 

procedures of GreenPath have been developed to conform to the ISO 14001 

standards (ACI, 2018).  

HNL is the principal aviation gateway of the city and county of Honolulu in 

the state of Hawaii and identified as one of the busiest airports in the U.S. HNL 

covers 4,220 acres and has four major runways and two designated offshore 

runways. On January 30, 2006, the State of Hawaii Department of Transportation 

(DOT) entered a consent decree between the U.S. Environmental Protection 

Agency (EPA) and the State of Hawaii Department of Health (DOH). This decree 

required DOT develop and implement a compliance-focused EMS for the airport, 

harbors, and highway divisions. The scope of the EMS includes all processes, 

operations, maintenance activities, contractors and persons working on behalf of 

the DOT doing the official business within eleven airports’ division maintenance 
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baseyard fence line including Daniel K. Inouye International Airport, DOT 

maintenance baseyard (DOT, 2013).  

MIA is the primary airport serving the Miami area and covers 3,300 acres. 

The airport has four runways and three terminal buildings. MIA is operated by 

Miami-Dade Aviation Department (MDAD) which is committed to conducting its 

operations in an environmentally responsible manner pursuant to MIA 

environmental policy (MIA, 2018). MIA aims to provide efficient aviation service 

and also achieve the highest environmental quality for air, soil, and water. In order 

to achieve this goal, MIA is registered for the ISO 14001 in the following airport 

units: fuel facility, civil environmental engineering, facilities maintenance and 

engineering, and commodities management divisions (MIA, 2018). 

PHL is a major airport in Philadelphia, Pennsylvania and is the largest 

airport in the Delaware Valley region and in the state. PHL covers 2,302 acres and 

has four runways and seven terminal buildings. PHL is committed to operating its 

facilities in an environmentally responsible manner and conserve the unique 

existing resources of the airport (PHL, 2018). In order to achieve this objective, 

PHL developed a compliance-focused EMS based on the Environmental Policy 

Statement (EPS) that helps track regulatory compliance issues and airport activities 

pertaining to energy, habitat, solid waste, spills, air emissions, noise and regulated 

waste (PHL, 2018). 
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STL is the largest and busiest airport in Missouri and encompasses 2,800 

acres. Four runways and two terminals serve STL. In order to achieve their 

sustainability goals, STL started to formalize an EMS approach to develop 

environmental programs, initiatives, and policy (STL, 2013). In 2009, STL 

received an EMS grant from FAA and then in 2012, STL received the EMS ISO 

14001 self-certified status (STL, 2013). With the development of EMS, the airport 

sustainability was improved and during the years 2012 and 2013, STL received an 

award of “Merit-Greatest Gain Owner” category in the St. Louis Regional 

Chamber’s Green Business Challenge (STL, 2013).  

3.2.2 Sample. The samples for both phases of this study were obtained on a 

voluntary basis. The sampling strategy was convenience sampling which involves 

selecting participants because they are willing and available to be studied. In the 

first phase of the study, management personnel at DEN, HNL, and PHL 

participated in a researcher-constructed high level survey, in which they provided 

feedback about what general factors could be used to assess the effectiveness of 

EMS and how to rank these factors in terms of relevance. The average survey 

response rate is about 33 percent (Lindemann, 2018), and the survey response rate 

in the first phase survey was 37.5 percent which is higher than the average. 

Therefore, the first phase survey had an acceptable response rate. During the 

second phase of the study, 10 airport employees at DEN, HNL, PHL and STL 

airport participated in a more refined researcher-constructed survey, in which they 
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provided their opinions of more specific and detailed fundamental elements of the 

previously ranked factors. Throughout the data collection phase of the study, 

multiple reminders encouraging participation were sent to the airport employees in 

order to maximize the response rates.  

3.3 Instrumentation 

 This study used a survey instrument to help collect data in two separate 

parts. The first phase of the survey was sent to the targeted airport managers 

through email and included seven questions designed to elicit their opinions about 

the implementation of EMS, their airport’s environmental performance 

achievements after implementing EMS, and their opinions about what factors 

would be important assessing the effectiveness of EMS at their airports. These 

managers were provided with a suggested list of factors related to assessing the 

effectiveness of EMS which was partially informed by the findings of Maier and 

Vanstone (2005) and adapted to better reflect the airport environment. In addition 

to this list, the survey included open-end questions that were designed to elicit the 

ideas of these managers about other any other factors they thought should be 

included within the list and their rank. For ease of reference a copy of the first 

phase survey instrument is provided in Appendix A. 

The second phase of the survey targeted airport employees in the sample 

airports and was hosted online using SurveyMonkey. This survey was designed 

considering the feedback from the first phase survey about factors that are related 

to assessing the effectiveness of EMS, the researcher’s understanding of commonly 
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known airport operational impacts to the environment, as well as, information 

provided in environmental reports issued by the sample airports. The survey was 

divided into two sections; the first to gather airport employee opinions about the 

factors that can be used to assess the effectiveness of EMS and the second to gather 

background information. 

In the first section, airport employee opinions were recorded on a Likert-

type scale of 1-5, given as 1-Strongly Disagree, 2-Disagree, 3-Neutral, 4-Agree, 

and 5-Strongly Agree. The participants were asked to provide their opinions about 

specific statements that were related four main factors identified in the first phase 

of the study: environmental performance, cost effectiveness, compliance with 

relevant regulations and legislation, and improve airport public image and bring 

market opportunities. The environmental performance subsection contained nine 

statements about EMS’ potential for reducing of air emissions, solid waste, fuel 

spills, and the risk of encountering environmental issues or related issues. The cost 

effectiveness subsection contained five statements that were related to EMS’ 

potential for improving airport environment performance in a sustainable manner 

and achieving financial sustainability. The compliance with relevant regulations 

and legislation section contained four questions related to EMS’ potential for 

providing guidance for airport activities and improving employee awareness of 

environmental issues. The last subsection, improve airport public image and bring 

market opportunities, also contained four questions which concentrated on EMS’ 
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potential for helping airports get more development opportunities in the future. All 

of the twenty two questions were provided to the participants in a random order to 

ensure the integrity of the survey being hosted online. 

The second section of the survey addressed the employment’s background 

information in five open-ended questions to identify the employee’s working 

experience, working department, the awareness of the EMS at their airports, and 

their opinions about which factors can be used to assess the effectiveness of EMS. 

The feedback from this section was used to validate the survey information was 

provided by individuals qualified to do so. For ease of reference a copy of the first 

phase survey instrument is provided in Appendix B. 

3.4 Procedures 

3.4.1 Research methodology. This study used a survey research 

methodology to conduct the required research. This research methodology was 

appropriate because it can help researchers identify the participants’ opinions, 

attitudes or knowledge clearly. In this way, this methodology helped collect the 

participants’ opinions about EMS’ effectiveness at their airports directly and 

therefore the results are more reliable. All the data were collected by the surveys 

sent to the sample airports’ employees and the survey results were used to answer 

the research question in this study.  

 3.4.2 Human subject research. I followed the ethical principles of human 

subject research because the study involved human subjects. A “Student 

Application for Research Involving Human Subjects” form was submitted to 
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Florida Institute of Technology’s Institutional Review Boards (IRB) prior to 

commencing the study. The IRB approved the study on September 13, 2018 and a 

copy of the approval letter is provided in the Appendix C of this study.  

3.4.3 Description of independent and dependent variables. The purpose 

of this research was to determine factors that are related to assessing the 

effectiveness of EMS at airports in the U.S. Thus, the current study sought to 

determine variables by which a dependent variable such as the effectiveness of 

EMS could be measured at airports in the U.S. No measurement of the dependent 

variable was made in this study, rather, the study identified and sought 

confirmation of related variables in a two phase survey process. The independent 

variables are the factors that can be used to assess the effectiveness of EMS at the 

airports and these factors were determined to generally include environmental 

performance, cost effectiveness, compliance with relevant regulations and 

legislation, and improve airport public image and bring market opportunities. These 

were based on my preliminary research and the feedback from airport management 

in the first phase of the study. The second phase of the study verified these general 

factors in greater detail by surveying airport employees and determining their 

opinions which were measured on a Likert-type scale. The higher the score 

obtained for any factor implied that the factor was more critical to the assessment 

of the effectiveness of EMS at the airports as discussed in Chapter 4, Results of the 

Study. 
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3.4.4 Study implementation. As described in the instrumentation section, 

this study used a two phase survey to help collect data.  To ensure face and content 

validity of the first phase survey, the survey was sent to my committee for review 

prior to data collection. Based on their expertise in research, airport sustainability, 

and environmental engineering, as well as their experience working the airport 

industry, the committee provided suggestions on how to improve the first phase 

survey questions.  Following this review and correction process, the first phase 

survey was sent to all of the eight airports with EMS by email. The response period 

was limited to three weeks in order to provide adequate time for completion of the 

second phase of the study. Three airports responded within this time period with 

their ranking of the primary factors that they considered to be related to assessing 

the effectiveness of EMS at airports. During the waiting period, several follow up 

were sent to the airport managers through email in order to maximize the response 

rate. These correspondence efforts are included in Appendix D. 

Upon completion of the first phase of the study, the second phase survey 

was developed. The content validity of this phase of the survey also was confirmed 

via committee, through airport management feedback provided during the first 

phase of the study and airport environmental reports. Following the second review 

and correction process, the second phase online survey was created on the 

SurveyMonkey website and the link to the survey was sent to the targeted airport 

managers for dissemination to their airport employees. As such, the employees 
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received the invitation to participate through their manager’s email and participated 

voluntarily.  During a six week period, email reminders were sent periodically to 

the airport managers asking them to kindly remind their employees to participate in 

the survey.  Due to time limitations, the online survey was closed out after a two 

month waiting period. For confidentiality and anonymity, the survey did not 

include self-identifying questions and the participants’ names were not collected or 

identified. The online data was password protected only could be accessed by my 

advisor and myself. Upon the completion of the data collection phase of the study, 

these data were deleted from the website.  

3.4.5 Cronbach’s alpha. Before analyzing the data collected, Cronbach’s 

alpha was calculated and used to check the second phase survey’s internal 

consistency and reliability. Generally, if the Cronbach’s alpha is higher than 0.8, it 

means the instrument used in the study has really high reliability (Cohen et al., 

2003). If the Cronbach’s alpha is higher than 0.5, the instrument also can be 

acceptable to use to collect data in specific circumstances (Worthen et al., 1999). 

Cronbach’s alpha was calculated for the online survey as all whole, and also for 

each of the four individual subsections as presented in Table 3.1. The Cronbach’s 

alpha calculated for the second phase survey is approximately or higher than 0.8 

which implies the instrument created for collecting the data was very reliable. 
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Table 3.1 

Cronbach’s Alpha  

Section 
Cronbach’s 

Alpha 

SD 

Survey 0.96 0.42 

Environmental Performance 0.91 0.43 

Cost Effectiveness 0.79 0.23 

Compliance with Relevant Regulations and 

Legislation  

0.89 0.30 

Improve Airport Public Image and Bring Market 

Opportunities 

0.89 0.38 

Note. The survey included 22 statements in total, 9 statements in the environmental performance section, 5 

statements in the cost effectiveness section, 4 statements in the compliance with relevant regulations and 

legislation section, and 4 statements in the improve airport public image and bring market opportunities section.  

 

3.5 Threats to Internal Validity 

 “Internal validity refers to the inferences about whether the changes observed in a 

dependent variable are, in fact, caused by the independent variable(s) in a particular 

research study rather than by some extraneous factors.” (Ary, Jacobs, & Sorensen, 

2010, p272) Ary, Jacobs & Sorensen introduced eleven threats to internal validity 

include: history, maturation, testing, instrumentation, statistical regression, 

selection bias, experimental mortality (attrition), selection-maturation interaction, 

experimenter effect, subject effects, and diffusion (Ary, Jacobs, & Sorensen, 2010). 

In this study, four threats were considered relevant and include: mortality, location, 

instrumentation, and selection bias. The following discussion provides more detail 

about these threats and how they are related to this study. 

3.5.1 Mortality. Normally mortality occurs when a differential loss of 

participants from the groups affects the dependent variable (Ary, Jacobs, & 



40 
 

Sorensen, 2010). The differential loss could cause the different outputs for studies 

because if one type of specific participants is lost, the proportion of other 

participants’ effect on final results will increase. Three participants in the study did 

not finish the second section of the phase two survey about the background 

information. The lack of this background information did not affect the ability to 

answer the research question. However, not answering the background could either 

be an unwillingness to share information perceived to limit anonymity or it could 

be due to the attitude of these participants toward the survey. A negative attitude to 

the survey could influence the opinions of the participants about the factors being 

studied. 

3.5.2 Location. The location threat is identified as when a change in the 

location of the study take places and could influence the final result (Ary, Jacobs, 

& Sorensen, 2010). In this study, the second phase survey was available online and 

all of the airport employees could participate in the study in different locations. For 

example, some participants may have completed the survey when they were in their 

office but some of them may have completed the survey when they were on trip or 

at home. The different locations could influence participants’ attitude about this 

survey. The participants who took part in the survey when they were in office could 

treat this survey as part of their job and they could be more professional than those 

participants who took part in the survey when they were on trip or at home. On the 

other hand, some of them could be more relaxed when they were at home and had 
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more positive feelings towards the survey than those who participated in their 

offices. These changes or differences could affect the validity of the inferences 

drawn about the targeted research factors.  

3.5.3 Instrumentation. The instrumentation threat refers to any 

unreliability or change in the measuring instrument that could affect results (Ary, 

Jacobs, & Sorensen, 2010). Open-ended and online survey questions were used to 

collect data as there had been no other past studies on this topic. In order to ensure 

content validity and reliability of the instrument, all questions were sent to 

committee to review before sent to the participants.  

3.5.4 Selection Bias. The selection bias threat refers to the bias introduced 

by the selection of participants that can cause different results for the survey (Ary, 

Jacobs, & Sorensen, 2010). As the survey was completed on a voluntarily basis, 

there were no control over the participants. These participants could have all been 

from same department or have same background knowledge about EMS. In this 

study, some participants worked for the regulating agency rather than for airport 

directly. It was possible for their views on how the EMS worked at airports to be 

different from those directly worked for airport. Additionally, this selection bias 

threat may be compounded by the limited sample size collected in the second phase 

of the study. 
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Chapter 4 

Results of the Study 

4.1 Introduction 

 Chapter 4 describes the results of this study and is presented in four 

sections: Phase I Survey Results, Phase II Survey Results, Comparative Analysis, 

and Critical Assessment Factors. The descriptive statistics were used primarily to 

report the results of the study and were supplemented with corresponding tables 

and bar graphs. The Phase I Survey Results section reports on the ranking of those 

general factors that are related to assessing the effectiveness of EMS at airports 

with corresponding tables and figures. The Phase II Survey Results contains an 

item analysis of the phase two survey, an analysis of the research factors, and a 

content analysis of background information and anecdotal information. In this 

section, the number of participants, average score, and the standard deviation, and 

range were used to report the details of the response of the survey questions with 

corresponding tables and figures. The Comparative Analysis section compared the 

first phase survey results and second phase survey results. Through the analysis, the 

attitude of the rank of factors were compared and presented. Lastly, the most 

informative results of this study were identified and reported as Critical Assessment 

Factors. 

4.2 Phase I Survey Results 

 As described in the methodology, the first phase survey was used to collect 

airport management’s opinion of the suitability of the factors related to assessing 



43 
 

the effectiveness of EMS at airports and their rank, that is, what they considered the 

most important factors. In this survey, airport managers were required to rank those 

factors by scoring. The overall score of each factor was calculated by summing the 

scores provided by each airport manager for each factor. These scores were 

converted to ranks using the methodology introduced by Wallnau and Gravetter 

(Wallnau & Gravetter, 1996). The items scored lower were given the higher rank. 

Because the factors improve airports’ public image and increase the market 

opportunities are related, these two factors were combined together in the final 

analysis. The score used to rank the combined factor was the mean of the separate 

scores. Table 4.1 shows the details of the results of the first phase survey.  

Table 4.1 

1st Phase Survey Rank of the Factors related to Assessing Effectiveness of EMS 

Assessment Factor Score Rank 

Improves Environmental Performance 5 2 

Cost Effectiveness 10 3 

Compliance with Relevant Regulations and Legislation  4 1 

Improves Airport Public Image and Bring Market 

Opportunities* 
13 4 

Note. Starred statement (*) is the combination of the improve airport public image factor and the increase 

market opportunities factor. The score for improve airport public image factor is 12 and the score of increase 

market opportunities factor is 14. The score in this table (13) is the mean of 12 and 14.  

 

As shown in the table, airport managers considered compliance with 

relevant regulations and legislation the most important factor that can be used to 

assess the effectiveness of EMS at airports. The second most important factor was 

improves environmental performance, the third factor was cost effectiveness, and 
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the fourth factor was improves airport public image and bring market opportunities. 

These results are discussed in further detail in Chapter 5 of the study. 

4.3 Phase II Survey Results  

 4.3.1 Item Analysis. The number of participants, mean score, and standard 

deviation were determined and were used to present the survey results of each 

section in the second phase survey. These details are shown in the following tables 

and figures.  

Table 4.2 

Improves Environmental Performance Section Response 

Itema Statement N M SD 

E1 

EMS is effective in reducing air emissions from vehicular 

traffic on the airfield by improving ground transportation 

circulation and/or using environmentally friendly vehicles 

such as electric vehicles. 

10 2.80 1.03 

E2 EMS is effective for managing stormwater discharge.  10 3.60 1.17 

E3 
EMS is effective in reducing and/or disposing of solid 

waste generated by airport operations.  
10 3.90 0.88 

E4 
EMS is effective in reducing the consumption of potable 

water and managing its reuse.  
10    2.80         0.92 

E5 

EMS is effective in reducing energy consumption through 

installing high-efficiency equipment, working on energy 

management program or energy conservation measures.  

10     3.20        1.03 

E6* EMS is not effective in controlling wildlife on the airport.  10   3.30  0.82 

E7* 
EMS is not effective in mitigating environmental issues 

in the future.  
10    2.30  0.95 

E8* 
EMS is not effective in reducing fuel spills and handling 

hazardous materials  
10     2.60  0.97 

E9* 
EMS is not effective in inspecting tenants, construction 

sites, and stormwater outfall.  
10     2.80  1.23 

Note. The environmental performance survey section contained nine items which were constructed by the 

researcher and measured on a Likert scale (1 = Strongly Disagree to 5 = Strongly Agree).  
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aStarred items (*) are negatively worded and the reported corresponding M and SD are the raw data prior to 

reverse scoring. After item E6, E7, E8, and E9 are reverse scored, the overall mean of this section is 3.26, 

which means the participants had a relatively positive perceptions of the importance of this factor. N = number 

of participants. 

 

Figure 4.1 

Improves Environmental Performance Section Response 

 

Note. E1= EMS is effective in reducing air emissions from vehicular traffic on the airfield by improving ground 

transportation circulation and/or using environmentally friendly vehicles such as electric vehicles. E2= EMS is 

effective for managing stormwater discharge. E3= EMS is effective in reducing and/or disposing of solid waste 

generated by airport operations. E4= EMS is effective in reducing the consumption of potable water and 

managing its reuse. E5= EMS is effective in reducing energy consumption through installing high-efficiency 

equipment, working on energy management program or energy conservation measures. E6= EMS is not 

effective in controlling wildlife on the airport. E7= EMS is not effective in mitigating environmental issues in 

the future. E8= EMS is not effective in reducing fuel spills and handling hazardous materials. E9= EMS is not 

effective in inspecting tenants, construction sites, and stormwater outfall. The scores for negatively worded 

items, E6, E7, E8, E9 are reversed in this figure. The original scores were shown in Table 4.2. 
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Table 4.3 

 

Cost Effectiveness Section Response 

Itema Statement N M SD 

CE1 
EMS helps the airport to reduce the cost of handling 

environmental issues.  
10 3.60 0.97 

CE2 
EMS helps reduce the time it takes to resolve environmental 

issues.  
10 3.40 0.84 

CE3* EMS does not help the airport save money in the long run.  10 2.60 0.97 

CE4* 
EMS does not help the airport develop in a sustainable 

manner.  
10 2.50 1.08 

CE5 EMS helps the airport in achieving financial sustainability.  10 3.00 1.15 

Note. The cost effectiveness survey section contained five items which were constructed by the researcher and 

measured on a Likert scale (1 = Strongly Disagree to 5 = Strongly Agree).  

aStarred items (*) are negatively worded and the reported corresponding M and SD are the raw data prior to 

reverse scoring. After items CE3 and CE4 are reverse scored, the overall mean of this section is 3.38, which 

means the participants had relatively positive perceptions of the importance of this factor. N = number of 

participants. 

 

Figure 4.2  

Cost Effectiveness Section Response 

 

Note. CE1= EMS helps the airport to reduce the cost of handling environmental issues. CE2= EMS helps 

reduce the time it takes to resolve environmental issues. CE3= EMS does not help the airport save money in the 

long run. CE4= EMS does not help the airport develop in a sustainable manner. CE5= EMS helps the airport in 
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achieving financial sustainability. The scores for negatively worded items, CE3, and CE4 are reversed scores in 

this figure. The original scores were shown in Table 4.3 

 

Table 4.4 

 

Compliance with Relevant Regulations and Legislation Section Response  

Itema Statement N M SD 

CO1 
EMS helps guide the airport decision making processes related to 

the environment and development.  
10 4.20 0.63 

CO2 EMS provides guidance for airport activities.  10 4.00 0.82 

CO3* 
EMS does not help the airport meet the Federal Aviation 

Administration’s requirements for environmental issues.  
10 2.50 1.27 

CO4* 
EMS does not improve employees’ awareness of environmental 

issues and environmental protection.  
10 2.20 1.03 

Note. The compliance with relevant regulations and legislation survey section contained four items which were 

constructed by the researcher and measured on a Likert scale (1 = Strongly Disagree to 5 = Strongly Agree).  

aStarred items (*) are negatively worded and the reported corresponding M and SD are the raw data prior to 

reverse scoring. After items CO3 and CO4 are reverse scored, the overall mean of this section is 3.88, which 

means the participants had relatively high level perceptions of the importance of this factor. N = number of 

participants. 
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Figure 4.3  

Compliance with Relevant Regulations and Legislation Section Response  

 
Note. CO1= EMS helps guide the airport decision making processes related to the environment and 

development. CO2= EMS provides guidance for airport activities. CO3= EMS does not help the airport meet 

the Federal Aviation Administration’s requirements for environmental issues. CO4= EMS does not improve 

employees’ awareness of environmental issues and environmental protection. The scores for negatively worded 

items, CO3, and CO4 are reversed in this figure. The original scores were shown in Table 4.4. 

 

 

Table 4.5 

 

Improve Airport Public Image and Bring Market Opportunities Section Response  

Itema Statement N M SD 

I1 
EMS helps in building a good relationship between the airport 

and surrounding community.  
10 3.30 1.06 

I2* 
EMS does not help the airport earn awards and recognition for 

being a good custodian of the environment. 
10 2.30 1.06 

I3 
EMS brings more opportunity for the airport to be exposed to 

the public through various media.  
10 2.90 0.88 

I4 
EMS attracts more attention from the investors and brings more 

opportunities for airport sustainable development in the future.  
10 2.90 0.57 

Note. The improve airport public image and bring market opportunities survey section contained four items 

which were constructed by the researcher and measured on a Likert scale (1 = Strongly Disagree to 5 = 

Strongly Agree).  

4.20
4.00

3.50
3.80

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

CO1 CO2 CO3 CO4

M
ea

n

Item

Compliance with relevant regulations and legislation



49 
 

aStarred items (*) are negatively worded and the reported corresponding M and SD are the raw data prior to 

reverse scoring. After item I2 is reverse scored, the overall mean of this section is 3.20, which means the 

participants generally had a relatively positive perceptions of this factor. N = number of participants. 

 

Figure 4.4 

Improve Airport Public Image and Bring Market Opportunities Section Response  

 

Note. I1= EMS helps in building a good relationship between the airport and surrounding community. I2= EMS 

does not help the airport earn awards and recognition for being a good custodian of the environment. I3= EMS 

brings more opportunity for the airport to be exposed to the public through various media. I4= EMS attracts 

more attention from the investors and brings more opportunities for airport sustainable development in the 

future. The scores for negatively worded item I2 is reversed in this figure. The original score was shown in 

Table 4.5 
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disposing of solid waste, mitigating environmental issues in the future, reduce the 

cost of handling environmental issues, guide the airport decision making processes 

and airport activities, improves employees’ awareness of environmental issues and 

environmental protection, and earn awards and recognition for being a good 

custodian of the environment could be considered specific factors related to assess 

the effectiveness of EMS at airports. These items were identified on the basis of 

having a mean score of 3.5 or higher. For negatively wording items, the derived 

means from reverse scoring were used. Reverse scores were determined using the 

formula: six minus the initial score. The rationale for selecting a mean score of 3.5 

as the boundary is that any score closer to 4.0 than 3.0 on the Likert scale used can 

be considered as the participants tending to agree the item could be used to assess 

the effectiveness of EMS at airports.  

4.3.2 Factor Analysis. Table 4.6 and Figure 4.5 present the overall mean 

scores for each factor studied and Table 4.7 shows possible range scores for the 

four factors below. 

Table 4.6 

 

Overall Mean Scores for Factors used in Assessing the Effectiveness of EMS  

Itema Assessment Factor N M SD 

G1 Improves Environmental Performance 9 3.26 0.43 

G2 Cost Effectiveness 5 3.38 0.23 

G3 Compliance with relevant regulations and legislation 4 3.88 0.30 

G4 
Improve Airport Public Image and Bring Market 

Opportunities 
4 3.20 0.38 

Note. N = Number of items used to assess the individual factors. 
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Figure 4.5 

Overall Mean Scores 

 
Note. G1 – Improves environmental performance. G2 – Cost effectiveness. G3 – Compliance with 

regulations and legislation. G4- Improve airport public image and bring market opportunities. 

 

As shown in Table 4.6 and Figure 4.5, the factor compliance with relevant 

regulations and legislation had the highest mean score, cost effectiveness was 

ranked second, environmental performance was ranked third, and improve airport 

public image and bring market opportunities was ranked fourth. All the means of 

these four factors are higher than 3.0 which means the participants had the 

relatively positive attitude towards these factors. It also means that the participants 

somewhat agree these factors could be used to assess the effectiveness of EMS at 

airports. 
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Table 4.7  

Range, Median, Sum of Mean Scores for Assessment Factors 

Assessment Factor Range Median Sum of Mean Scores 

Improves Environmental Performance [9,45] 27 27.30 

Cost Effectiveness [5,25] 15 15.10 

Compliance with relevant regulations 

and legislation 
[4,20] 12 12.90 

Improve Airport Public Image and 

Bring Market Opportunities 
[4,20] 12 11.40 

 Note. The range describes the interval of the sum score for each factor. The median describes the middle sum 

score for each factor, it means average attitude for each factor. The sum of mean scores describes the sum of 

actual mean from the survey results. Through comparing the position of sum of mean scores and median, we 

can generalize the actual attitude for each section. If the sum of mean scores is on the right side of median (> 

median), it means the actual attitude is more positive than average.  

  

As shown in Table 4.7, the sum of mean scores were higher than the median 

of the range for all of the factors except improve airport public image and bring 

market opportunities. Similar to the factor analysis, this means the participants’ 

perception of the first three factors were positive, however, their overall perception 

of the assessment factor improve airport public image and bring market 

opportunities fell below the median score for this factor. These results will be 

discussed in further detail in Chapter 5. 

 4.3.3 Background Information. The majority of the participants in this 

study worked directly with EMS at their airports. The participants were employees 

of HNL, DEN, PHL, and STL. They had from 2 to 33 years of working experience 

in the Environmental and Safety, Environmental Services, Infrastructure 

Maintenance and Development, Aviation Services and Business Development, 
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Planning and Environmental Services, and Engineering departments at their 

respective airports. Generally, most of them were familiar with the EMS and had a 

general idea about how EMS worked at their airports. 

 4.3.4 Open-ended Question Information.  In addition to the responses 

provide for each item, the participants also responded to open-ended questions and 

provided anecdotal information about the EMS at their airports. In summary, EMS 

was considered a systematic process that identifies environmental risk to airports 

and implementing EMS definitely benefited their airports. It can help to prioritize 

these risks and establish means and methods to minimize risk and help reduce the 

impacts of these to the environment. Additionally, an EMS could help to organize, 

prioritize and allocate resources to address environmental issues and it can provide 

a stable starting point for all employees by providing a good understanding of how 

their work impacts the environment. The participants also posed suggestions for 

factors that they believed also could be used to assess the effectiveness of EMS at 

airports which included the following: investment in environmental management 

staffing and budget, the number of violation notices or fines levied against airports 

by regulatory agencies, and airport tenant awareness of EMS and knowledge of 

how their operations impact the environment.  

 The participants also provided comments about the survey questions such as 

the researcher should provide additional information on how to manage specific 

environmental areas because some airports did not use EMS in certain areas 
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described in the survey questions. For example, some airports do not use EMS on 

stormwater permit plans or sustainability functions. It is possible that the 

participants could have provided negative responses to the items that represented 

areas that their EMS do not address.  

4.4 Comparative Analysis 

 A comparative analysis of the first phase and the second phase survey 

results was conducted. The results of this analysis are shown in Table 4.8 and 

Figure 4.7 below.  

Table 4.8 

 Ranking of Assessment Factors in Phases 1 and 2 of the Study 

Assessment Factor 1st Phase Survey  2nd Phase Survey 

Environmental Performance 2 3 

Cost Effectiveness 3 2 

Compliance with relevant regulations 

and legislation 
1 1 

Improve Airport Public Image and 

Bring Market Opportunities 
4 4 

Note. The 1st phase survey ranking was calculated by converting the scores of each statement to ranks and the 

2nd phase survey ranking was calculated and based on the overall means of each statement. 
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Figure 4.6  

Comparative Ranks of Assessment Factors in Phases 1 and 2 of the Study 

 
Note. EP = Improve Environmental Performance, CE = Cost Effectiveness, CO = Compliance with relevant 

regulations and legislation, PI = Improve Airport Public Image and Bring Market Opportunities. 
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was considered to be the second, and improve environmental performance was 

considered to be the third most important factor by airport employees. 

 4.5 Critical Assessment Factors 

As stated in Chapter 1, the research question that guided this study was: 

“What are the factors that are related to assessing the effectiveness of EMS at 

airports in the U.S.?” In this study, compliance with regulations and legislation was 

generally considered to be the most important factor in assessing the effectiveness 

of EMS at airports, ranked the highest in the first phase of the survey and also 

ranked the highest in the second phase survey with an overall mean score of 3.88 

indicating participants tended to agree with all of the items representing this factor. 

As presented in the Item Analysis, two specific items were critical to its strength: 

EMS helps guide the airport decision making processes related to the environment 

and development (M=4.20) and, EMS provides guidance for airport activities 

(M=4.00). In addition, airport employees tended to agree with the statements: EMS 

helps the airport meet the FAA’s requirements for environmental issues (M=3.50) 

and, EMS improves employees’ awareness of environmental issues and 

environmental protection (M=3.80). 

The other assessment factors researched, improves environmental 

performance, cost effectiveness, and improves public image and brings market 

opportunities did not produce the same consensus in the first and second phases of 

the survey with overall mean scores of 3.26, 3.38, and 3.20 respectively. These 

scores indicate that airport employees tended to be neutral about these general 
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factors. However, the Item Analysis revealed that within these sections certain 

items were perceived to be somewhat critical. Under the environmental 

performance section airport employees tended to agree with the statements: EMS is 

effective for managing stormwater discharge (M=3.60), EMS is effective in 

reducing and/or disposing of solid waste generated by airport operations (M=3.90), 

and EMS is effective in mitigating environmental issues in the future (M=3.70). 

Under the cost effectiveness section airport employees tended to agree with the 

statements: EMS helps the airport to reduce the cost of handling environmental 

issues (M=3.60) and, EMS helps the airport develop in a sustainable manner 

(M=3.50). Lastly, under the section improves public image and brings market 

opportunities, airport employees tended to agree with the statement: EMS helps the 

airport earn awards and recognition for being a good custodian of the environment 

(M=3.70). It is notable that any of these specific items could be used to assess the 

effectiveness of EMS as discussed in Chapter 5. 
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Chapter 5 

Discussion 

5.1 Summary of the Study  

 The purpose of this study was to identify factors related to assessing the 

effectiveness of EMS at airports. EMS is an important tool for controlling 

environmental issues and there have been several studies of the use of EMS in 

different industries. However, EMS is a relatively new system in the aviation 

industry especially for airports. As such, at the time of this writing very few studies 

of the use EMS at airports had been conducted. Moreover, the majority of past 

studies have focused on how EMS can help control environmental issues and 

improve environmental performance. There was a dearth of literature regarding the 

issue of how to assess the implemented EMS and determine whether if it was 

effective or not. For airports, it is useful to identify the factors that can be used to 

assess the effectiveness of the implemented EMS. These factors can provide ideas 

for airport managers about how to develop their EMS and which specific areas they 

should consider when controlling environmental issues. These factors may also be 

used as, or tied to, performance measures in their strategic plans. Based on the 

research conducted, the following factors generally were considered important 

considerations in assessing the effectiveness of EMS: compliance with regulations 

and legislation, improves environmental performance, cost effectiveness, and 

improve airport public image and bring market opportunities.  
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 A survey research methodology was used in the study to help collect 

relevant data in two phases using a researcher-constructed instrument. Content 

validity of the instrument was confirmed through committee review which resulted 

in a refinement of the instrument. The first phase of the survey included open ended 

questions to collect airport managers’ expert opinions about EMS implemented at 

their airports, as well as, their ranking the of the importance of the general factors. 

Based on the feedback from the first phase of the survey, a second phase survey 

was developed to collect the opinions of airport employees about specific items 

grouped under the aforementioned general factors. The second phase survey 

included 22 statements measured on a Likert-type scale and 5 open-ended questions 

to elicit background information. The second phase survey was also reviewed by 

committee and Cronbach’s alpha was calculated for each section in order to check 

the survey’s internal consistency and reliability. The Cronbach’s alphas were 

approximately 0.8 or higher, and were good in practice (Cohen et al., 2003) and 

suitable for making decision about a group (Worthen et al., 1999).  

5.2 Summary of the Findings  

 Descriptive statistics were used to analyze the data collected in this study. 

In the first phase of the survey, airport managers assigned a score to the general 

factors related to assessing the effectiveness of EMS as follows: compliance with 

regulation and legislation was scored 4, improve environmental performance was 

scored 5, cost effectiveness was scored 10 and, improve the airport public image 

and bring market opportunities was scored 13. Therefore, in their expert opinion, 
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the most important factor to assess the effectiveness of EMS at their airport is 

compliance with regulations and legislation, the second factor is improve 

environmental performance, the third factor is cost effectiveness, and the fourth 

factor is improve airport image and bring market opportunities. 

 In the second phase survey, the mean score and the standard deviation were 

determined for 22 statements included in the instrument. In addition, the range of 

possible scores, the median score, and the sum of the mean scores for each section 

were determined. The range of possible scores for the environmental performance 

section was 9 to 45, the median 27, and the sum of the mean scores for this section 

was 27.30. The range of possible scores for the cost effectiveness section was 5 to 

25, the median 15, and the sum of the mean scores was 15.10. The range of 

possible scores for the compliance with relevant regulations and legislation section 

is was 4 to 20, the median was 12, and the sum of the mean scores was 12.90. The 

range of possible scores for the improve airport public image and bring market 

opportunities section was from 4 to 20, the mean was 12, and the sum of the mean 

scores was11.40. With exception of the factor improve airport public image and 

bring market opportunities, the sum of the mean scores results were greater than the 

median of the range. Moreover, the overall mean scores of improves environmental 

performance, cost effectiveness, compliance with relevant regulations, and improve 

airport public image and bring market opportunities sections were 3.26, 3.38, 3.88, 

and 3.20, respectively. Therefore, the ranking of these factors in the second phase 
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survey was: first compliance with relevant regulations and legislation, second cost 

effectiveness, third improve environmental performance, and fourth improve public 

image and bring market opportunities. Although the first and fourth ranked factors 

were the same, the second and third place ranked factors in this phase were 

different from the results of the first phase survey. Moreover, the open-ended 

questions in the second phase of the survey provided insights into other factors that 

may be important in assessing the effectiveness of EMS at airports. These included: 

investment in environmental management staffing and budget, the number of 

violation notices received from regulators, and airport tenants’ awareness of EMS 

and knowledge of how their operations could potentially impact the environment.  

 The findings of this study are aligned with those of Maier and Vanstone 

(2005) and Sroufe (2003). Their studies concluded that EMS can benefit 

organizations by promoting legislative requirements, reducing emissions, 

identifying the potentional cost savings, improving public image, and improving 

environmental conditions. The aforementioned items were determined to be 

specific areas that EMS can play a role on. The current study determined similar 

factors, previously discussed, could be used to assess the effectiveness of EMS at 

airports which support the findings of these past studies. Thus, it is reasonable to 

use a measure of achievement in these specific areas to judge the effectiveness of 

EMS. 
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5.3 Conclusions and Inferences  

 The purpose of this study was to determine the factors related to assessing 

effectiveness of EMS at airports. Through the research conducted, four main 

factors were identified namely: compliance with relevant regulations and 

legislation, improve environmental performance, cost effectiveness, and improve 

public image and bring market opportunities. In previous studies, researchers 

focused more on the relationship between environmental performance and EMS, so 

environmental performance was expected to be the highest ranked factor. However, 

it was not the highest ranked factor in this study. Of the four main factors, 

compliance with relevant regulations and legislation was ranked the highest and it 

can be inferred that, generally, most U.S. airports implement EMS with this main 

purpose in mind. The reason for why compliance with relevant regulations and 

legislation was ranked highest in this study could be a confirmation bias related to 

the purpose for implementing EMS. As mentioned in Chapter 3, the Hawaii DOT 

developed and implemented a compliance-focused EMS for airports, thus ranking 

compliance with relevant regulations and legislation the highest. Another reason for 

this factor ranking the highest could be that EMS was developed based on the 

PDCA model as noted in Chapter 2. In the PDCA model, “Plan” as the first step is 

to ensure all the following activities comply with relevant laws and regulations.  

While improve environmental performance was ranked second in the first 

phase of the survey, it was ranked lower than cost effectiveness in the second phase 

of the study. The reason for this difference could be related to the statements in the 
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environmental performance section of the instrument. It was noted in the open-

ended questions that some of the stated environmental items were not implemented 

as part of EMS at some of the airports surveyed. Therefore, employees may have 

been unfamiliar with these items and tended to be neutral about or disagree with the 

associated statements. Another plausible reason for the lower ranking of 

environmental performance, is that some participants did not work in airport 

operations and so, were not familiar with these aspects of environmental 

performance. On the other hand, the higher ranking of cost effectiveness supports 

Conservation theory as described in Chapter 2. In the second phase of the survey, 

airport employees considered managing environmental issues in a cost effective 

way as being important because it supports the sustainable development of airports 

in the long-term. Moreover, the results support the conclusions made by Maier and 

Vanstone (2005) that EMS, when implemented by an organization, also can lead to 

cost savings, improved environmental performance and a better public image. 

While we can conclude that aforementioned general factors are potential 

independent variables for the assessing the effectiveness of EMS, it can also be 

concluded from the results of the Item Analysis that some factors may be more 

critical than others. 

The Item Analysis revealed that ten specific items could be considered 

critical factors related to assessing the effectiveness of EMS because the mean 

scores for these items were 3.5 or higher, meaning the airport employees tended to 
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agree with the statements. Four critical factors were related to compliance with 

relevant regulations and legislation: guide the decision-making process, guide 

airport activities, meet FAA’s requirement for environmental issues and improve 

employees’ awareness of environmental issues and environmental protection. Three 

critical factors were related to environmental performance: manage stormwater 

discharge, reduce and/or dispose solid waste, and mitigate environmental issues in 

the future. Two critical factors were related to cost effectiveness: reduce the cost of 

handling environmental issues, and helps the airport develop in a sustainable 

manner. One critical factor was related to improve public image and bring market 

opportunity: earn awards and recognition for being a good custodian of the 

environment. Therefore, it can be inferred that these specific factors may be 

targeted as variables for assessing the effectiveness of EMS at airports in the U.S. 

As noted in the Comparative Analysis, the first phase and second phase 

surveys ranked the top and bottom general factors the same but did not rank 

improve environmental performance and cost effectiveness the same. 

Environmental performance was ranked second in the first phase but third in the 

second phase, while the reverse was true for cost effectiveness. As noted before, 

plausible reason for why the ranking of these factors were different in the two 

phases of the survey could be that the participants did not provide objective 

responses to elements of environmental performance that were not implemented at 

their airports such as reducing vehicular emissions on the airport and water 
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conservation. Moreover, these results could be skewed due to the relatively small 

sample size (N=10) obtained in the second phase of the survey.  

5.4 Implications   

 This study identified four general factors related to assessing the 

effectiveness of EMS at airports and determined ten specific or critical factors that 

could be used to assess the effectiveness of EMS at airports. These specific factors 

are important because they can provide the guidance for airport management to 

distinguish whether the implemented EMS at their airport is effective or not, and 

thus provide a practical tool for airport operators to engage in continuous 

improvement. These factors also could be tailored as, or tied to performance 

measures for purpose of strategic planning. 

The implications of these findings for practice include guidance for which 

areas airports should improve to ensure that their EMS are indeed effective. For 

those airports considering the implementation of EMS in the future, these findings 

support those of other studies about the benefits EMS could bring in the future and 

which specific areas more attention should be paid to in order to control or mitigate 

environmental issues. Additionally, the study findings support the notion that the 

implementation of EMS at airports truly plays an important role in controlling 

environmental issues and improving their environmental performance. Thus, this 

study promotes the development of EMS in aviation industry especially at airports 

and identifies future choices for airports making an effort to become more 

environmentally friendly.  
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5.5 Recommendations for Future Research and Practice  

 The following recommendations for future research and practice are based 

on the results of this study as well as the limitations and delimitations noted in 

Chapter 1.  

 The first recommendation is for developing the survey questions. In this 

study, the survey questions were developed based on the feedback from airport 

managers and the airports’ environmental reports. Although, the second phase 

survey covered a large number of items, there was some confusion for airports that 

did not have specific items deployed in their EMS. This influenced the participants’ 

responses for these items because they did not have any experience with these 

items and therefore could not provide an objective response to them. For future 

research, I would recommend developing the survey questions to reflect more 

common airport practices and/or providing a “not applicable” choice as an answer 

for those items that do not apply to the circumstances of the participants.  

 The second recommendation is for distributing the survey questions and 

obtaining a larger sample size. Because this study used the survey research 

methodology, a lot of time of was spent waiting for responses from participants. 

Although, several reminders were sent to the participants in the survey, the sample 

size of the second phase survey was relatively small. A possible reason for the 

small sample size is that fact that the study was conducted in two phases; while the 

first phase had a relatively good response rate with direct contact with the 

participants who were airport managers, there was a low response rate from airport 
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employees who were contacted indirectly. Another possible reason is that the 

second phase the survey was sent out just prior to the Christmas and New Year 

holiday season. I would recommend in future research that adequate time is 

provided, at least three months, for participants to respond especially if this 

timeframe spans important holidays. I would also recommend more effective ways 

to motivate participants to finish surveys such as mailing the invitation instead of 

E-mail and directly calling the related departments.  

 The last set of recommendations are for future research. The following list 

was developed in consideration of the findings of the study, participants’ answers 

to the open-ended survey questions, and anecdotal information: 

1. Future research could explore the relationship between airport 

employee/tenant awareness of how their operation impacts the environment 

and the airports’ environmental performance. Employee/tenant awareness of 

the environment was suggested as factor related to the effectiveness of 

EMS. 

2. Future research could explore the factors that are important is assessing the 

effectiveness EMS at non-OEP-35 airports or non-hub commercial service 

airports. This studied focused on the OEP-35 airports because of the scale 

of their operations.  

3. Future research could include a longitudinal study of airports that have 

implemented EMS. For example, a similar study could be repeated at the 
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OEP-35 airports in 5 to 10 years and determine if these factors are still 

relevant or if new ones should be used. This type of study could support the 

theory of the “Plan Do Act Check” model presented in Chapter 2. 

 

 

 

 

 

  



69 
 

References 

ACI. (2018). Environmental Achievement Award Winners. Retrieved from Airport 

Council International --- North America: http://www.aci-

na.org/content/enviromental-acheivment-award-winners 

Ary, D., Jacobs, L. C., & Sorensen, C. (2010). Introduction to Research in 

Education. Belmont: Wadsworth. 

Asinjo, D.-A. (2011). Environmental Management at Sustainable Airport Models. 

Research Paper, Paper 257. 

Bandura, A. (1989). Social Foundations of Thought and Action: A Social Cognitive 

Theory. New Jersy: Prentice-Hall. 

Callicott, J. B. (1990). Whither Conservation Ethics. Consercation Biology, 15-20. 

Carlini, M. J. (2013). Airports Going Green: How the Airports AreImplementing 

Sustainability Practices in the United States. Research Paper, Paper 378. 

Cooper, M. (2000). Towards a model of safety culture. Safety Science, 111-136. 

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multiple   

regression/correlation analysis for the behavioral sciences (3rd ed.).  

Hillsdale, NJ:Lawrence Erblaum Associates 



70 
 

DEC. (n.d.). DEC Brownfield and State Superfund Programs. Retrieved from New 

York State Department of Environmental Conservation: 

http://www.dec.ny.gov/chemical/84286.html 

Deming, W. E. (1950). Elementary principles of the statistical control of quality. 

JUSE. 

DEN. (2012). Managing the Environment at Denver International Airport 2012 

Annual Report .  

DEN. (2018). Environmental Management. Retrieved from Denver International 

Airport: 

https://www.flydenver.com/about/administration/environmental_manageme

nt 

DFW. (2007). DFW International Airport Administrative Policy and Procedure --- 

Environmental Management System .  

DOT. (2013). Environmental Management System Manual State of Hawaii 

Department of Transportantion Airports Division .  

 

 

 



71 
 

Elizabeth Delaney and Barbara Thomson; Airport Cooperative Research 

Program;Airport Cooperative Research Program Synthesis Program; 

Synthesis Program; Transportation Research Board; National Academies of 

Sciences, Engineering, and Medicine. (2013). Environmental Management 

System Development Process. Washtion, D.C. 

Energy, U. D. (2006). Glossary of Environment, Safety, and Health Terms. 

Washington, D.C. 

FAA. (2013). NextGen Environmental Management System Framework and 

Collabration Pilot Study Summary Report--- Dallas/ Fort Worth 

International Airport (DFW).  

FAA. (2015, March). OEP 35. Retrieved from Federal Aviation Administration : 

http://aspmhelp.faa.gov/index.php/OEP_35 

FAA. (2017, 12). What is NextGen? Retrieved from Federal Aviation 

Administration: https://www.faa.gov/nextgen/what_is_nextgen/ 

FAA Joint Planning and Development Office (JPDO), E. W. (2010). 

Environmental Management System Strategy and Framework for the Next 

Generation Air Transportation System.  

FDOT. (2017). Airport Sustainability Guidebook.  



72 
 

Federal Aviation Administration, (. (2007). Advisory Circular 150/5050-8: 

Environmental Management Systemes for Airprot Sponsors.  

Initiative, G. E. (1998). MEASURING ENVIRONMENTAL PERFORMANCE: A 

Primer and Survey of Metrics In Use. Washington, D.C. 

International Civil Aviation Organization, (2012). Report on Environmental 

Management System (EMS) Practices in the Aviation Sector.  

Jin, R., & Chen, Q. (2013). Safety Culture Effects of Environment, Behavior & 

Person. Safety Management . 

Lindemann, N. (2018, April 5). What is the average survey response rate. 

Retrieved from Survey Anyplace: https://surveyanyplace.com/average-

survey-response-rate/ 

Massachusetts Port Authority, vhb, Harris Miller Miller & Hanson, Inc., KB 

Environmental Sciences, Inc. ICF. (2016). 2015 Environmental Data 

Report.  

McKay, D. W. (2018, February 1). Groundwater contamination found at 

Westchester County Airport. Retrieved from lohud: 

https://www.lohud.com/story/money/personal-finance/taxes/david-mckay-

wilson/2018/02/01/groundwater-contamination-found-westchester-county-

airport/1070586001/ 



73 
 

MIA. (2018). Environmental. Retrieved from Miami International Airport : 

http://www.miami-airport.com/environmental.asp 

Nawrocka, D., & Parker, T. (2009). Finding the connection: environmental 

management systems and environmental performance. Journal of Cleaner 

Production, 601-607. 

Nick, V. (2013, June 13). Trends in airport marketing show incredible value being 

unlocked in airports. Retrieved from PhocusWire: 

https://www.phocuswire.com/Trends-in-airport-marketing-show-incredible-

value-being-unlocked-in-airports 

Ormrod, J. E. (2012). Human Learning sixth edition. New Jersey: Pearson 

Education, Inc. 

Ostrom, L., Wilhelmsen, C., & B., K. (1993). Assessing Safety Culture. General 

Safety Considerations. 

PHL. (2018). Environmental Stewardsgip. Retrieved from Philadelphia 

International Airport: 

http://www.phl.org/Pages/AboutPHL/Environmentalinitiatives/EnviroStewa

rd.aspx 

 



74 
 

PHL. (2018). Environmental Stewardship. Retrieved from Phildelphia International 

Airport: 

http://www.phl.org/Pages/AboutPHL/Environmentalinitiatives/EnviroStewa

rd.aspx 

Pinchot, G. (1947). Breaking New Ground. Island Press. 

Rouse, M. (2015, 4). PDCA (plan-do-check-act). Retrieved from Whatis: 

http://whatis.techtarget.com/definition/PDCA-plan-do-check-act 

Russell, R. S., & Taylor, B. W. (2011). Operations Management Creating Value 

Along the Supply Chain. Courier/Kendallville. 

Schilling, D. R. (2013, August 26). Denver Airport 2nd Largest In The World, 

Twice the Size of Manhattan. Retrieved from Industry Tap: 

http://www.industrytap.com/denver-airport-2nd-largest-in-the-world-twice-

the-size-of-manhattan/7982 

Sroufe, R. (2003). Effects of Environmental Management System on 

Environmental Practice and Operations. Production and Operation 

Management , 416-431. 

Stephanie Maier, Kelly Vanstone. (2005). Do good environmental management 

system lead to good environmental performance? Ethical Investement 

Research Services. 



75 
 

STL. (2013). STL Environmental Management System Report 2013.  

Wallnau, L. B., & Gravetter, F. J. (1996). Statistics for the behavioral sciences. St. 

Paul: West Publishing Company. 

Worthen, B. R., White, K.R., FAN,X., & Sudweeks, R. R. (1999). Measurement  

and assessment in schools (2nd ed.). New York, NY: Addison Wesley  

Longman, Inc.  

 

  



76 
 

Appendices 

Appendix A  

Survey of Factors Related to Assessing the Effectiveness of Environmental 

Management System (EMS) at airports – Phase 1 

 

1. Does your airport have an Environmental Management System (EMS) in 

place or is it considering implementing an EMS in the future?  

 

 

 

2. What kinds of management programs are used at your airport to help deal 

with environmental issues? 

 

 

 

3. What departments at your airport work directly or indirectly with EMS or a 

related program? 

Please check the department work directly with EMS or related program 

with √ 

                     the department work indirectly with EMS or related program 

with X 

                     not related leave blank  

    □Security Department                             □Ground Handling 

Department 

           □Quality Assurance Department             □Finance Department 

           □Commercial Department                       □Human Resources 

Department 

           □IT Department            □Aviation Services and Business 

Development Department 

           □Legal Department      □Infrastructure Maintenance & Development 

Department 

□Operation Department                □General Planning & Development 

Department  

           □Airport Administration Department      □Engineering Department 

□Others_________ (Please write the name)  
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□Others_________ (Please write the name) 

□Others_________ (Please write the name) 

 

4. How do you think EMS can help your airport improve its environmental 

performance? 

 

 

 

5. If your airport does not have an EMS, how is your airport’s environmental 

performance being improved? 

 

 

 

6. How would you rank the following factors that may be related to assessing 

the effectiveness of EMS? Please order the factors with the best listed first 

and the least effective listed last. Factors:    Cost effective (Improving 

environmental performance  

                                                   with a sustainable cost saving in the long 

run) 

 Complies with relevant legislation and 

regulations  

 Improves environmental performance (e.g. 

reduces   

   emissions, discharges to water, waste and 

water  

   consumption, saving energy etc.),  

 Improves the airports’ public image 

 Increases market opportunity for attracting 

working partners like attracting more tenants. 

 Other1____________ (Please write down 

the factor name) 

 Other2____________ (Please write down 

the factor name) 

 Other3____________ (Please write down 

the factor name) 

 

 

7. Please provide any other comments that you think maybe useful in this 

study.  
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Appendix B 

 

Survey of Factors Related to Assessing the Effectiveness of Environmental 

Management System (EMS) at airports – Phase 2 

 

Please respond how strongly you agree or disagree with the following statements 

concerning the EMS that has been implemented at your airport. 

SD-Strongly Disagree   D-Disagree   N-Neutral    A-Agree   SA-Strongly Agree  

 

 

 Environmental Performance 

1. EMS is effective in reducing air emissions from vehicular traffic on the 

airfield by improving ground transportation circulation or using 

environment friendly vehicle such as electric vehicle. (E1) 

2. EMS is effective for stormwater discharge. (E2) 

3. EMS is effective in reducing and disposing of solid waste generated by 

airport operations. (E3) 

4. EMS is effective for reducing the consumption of potable water and its 

reuse. (E4) 

5. EMS is effective for reducing energy consumption through installing 

high-efficiency equipment, working on energy management program or 

Energy Conservation Measures (ECMs) (E5) 

6. EMS is effective in controlling wildlife on the airport. (E6) 

7. EMS is effective in reducing the risk of encountering environmental 

issues in the future. (E7) 

8. EMS is effective for reducing fuel spills, handling hazardous materials, 

and handling deicing fluid. (E8) 

9. EMS is effective for inspecting tenants, construction sites, and outfall. 

(E9) 

 

 Cost effectiveness 

1. EMS helps the airport to reduce the cost of handling environmental 

issues. (CE1) 

2. EMS helps reduce the time it takes to resolve environmental issues. 

(CE2) 

3. EMS does not help the airport save money in the long run. (CE3) 

4. EMS helps the airport develop in a sustainable manner. (CE4) 

5. EMS helps the airport in achieving financial sustainability. (CE5) 

 

 Compliance with relevant regulations and legislation 

1. EMS helps guide the airport decision making processes related to the 

environment and the development. (CO1) 
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2. EMS provides guidance for airport activities (CO2) 

3. EMS helps the airport meet the Federal Aviation Administration’s 

requirements for environmental issues. (CO3) 

4. EMS improves employees’ awareness of environmental issues and 

environmental protection (CO4) 

 

 Improve Airport Public Image and Bring Market Opportunities 

1. EMS helps in building a good relationship between the airport and 

surrounding community. (I1) 

2. EMS helps airport earn awards and recognition for being a good 

custodian of the environment. (I2) 

3. EMS brings more opportunity for the airport to be exposed to the public 

through various media. (I3) 

4. EMS attracts more attention from the investors and brings more 

opportunities for airport sustainable development in the future. (I4) 

 

Please provide the following information:  

1. What is your total work experience in the aviation industry in years? 

____ 

2. What airport department do you work for? ____ 

3. When was EMS implemented at your airport? ____ 

4. Are there any other factors that you think is important to assess the 

effectiveness of EMS at airports? ____, ____,______ 

5. Do you feel the implementation of EMS has been beneficial to your 

airport? Please explain why? 
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Appendix C 

IRB Approved Letter 
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Appendix D 
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