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ABSTRACT

Wing, Adam, K., PhD University of South Alabama, December 2022. Building A
Framework For Apron Planning, Design, Optimization, Future Proofing And Expansion.

Chair of Committee: Robert J. Cloutier, Ph.D

Airports are a significant economic driver that impact local and national interests.
As such, in an ever connected world, these critical components of infrastructure face a
growing number of influences which contribute to systems complexity and frequently
impede further development. The point of this dissertation is to discuss and highlight the
benefit of systematic thinking as planners approach airport planning challenges and
update the aging aviation infrastructure in many regions of the world.

This dissertation looks at a series of three papers that, examine the impact and
influences of technology, distinguishes the effects of social and procedural changes, and
offers one solution to simplify systems planning and integration within the aviation
industry. The first paper presented is an examination of the history of Pan American
World Airways through a data centered look at the growth of the fleet. The second paper
examines some of the current and impending risk broken into categories, based on an
examination of socio-technical systems. The final paper offers a solution a new system

that could be constructed at an airport, which could simplify an aircraft turn around

Xiii



process and help future proof airports for some of the expected changes that will impact
the aviation industry. The solution proposed in CHAPTER V offers an example of a
systemic change to the development of the apron area. This new concept integrates most
of the apron area systems into a single system for aircraft loading and unloading. This
work shows the need to accommodate industry changes as they develop, and clearly
identifies some of the most obvious challenges and risks that face the aviation industry.
This work further offers one method for solving and avoiding the costly interventions
usually required to overhaul a system when emergent behavior necessitates a physical
change to the infrastructure of the system.

As with the development of any dissertation, much of this document has been
updated and improved actively throughout this process. While this is a final document
there is always more that can be added. This provided a complete overview of the apron

area though and provides a clear contribution to the aviation industry.
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CHAPTERII

INTRODUCTION

Local economies are impacted by port facilities far more than most other
infrastructure; port facilities include local seaports, railway shipping facilities, shipping
and distribution centers and most importantly for the movement of populations airports.
Though all port infrastructure has an impact on the local economy the one most likely to
see large changes in the near future is the airport facilities. In the analysis of the global
aviation network, there’s value in approaching aviation as a historic complex socio-
technical system of systems which displays emergence, memory, and functions as an
indicator of international standing. By examining the aviation industry through the lens of
history we are able to begin establishing trends and patterns that have developed over
time as airlines have grown and contracted. Using the history of the industry as a starting
point, it is possible to analyze a series of potential risk factors that the global industry
may face as it approaches its 120th year. Examining and categorizing the risks associated
with the evolution of the century old aviation industry, this work provides some
qualitative measurement for assessing the impacts of the risks to the industry while
discussing and proposing some methods to avoid that risk. After establishing risks and
potential costs of risks based on the history of aviation, this work proposes a new system

to facilitate the aircraft turn around with in the apron. This new system is proposed to



illustrate a framework for systematically considering potential replacement systems
within the airport environment. By developing a holistic approach to aviation systems,
this work provides inputs for planners, operational teams, and future engineers that will
start a conversation about system properties that could face changes over the coming
years. This work is meant to contribute to the body of knowledge within the aviation
industry by forcing the conversation about system utility and the implementation of new
technology. This work is also meant to provide some domain specific application of
systems engineering principles and provide a specific solution to alleviates some of the

impending risks associated with technological growth in the aviation industry.

1.1 Overview of Work Presented

This works has been broken into several distinct chapters including: a literature
review, a review of the history of Pan Am, an analysis of current risks facing the aviation
industry, the development of a new proposed infrastructure and then a review of the
systems thinking process used to develop the proposed infrastructure. Each of these
chapters came from a somewhat unique goal and direction but were all developed in
preparation for the writing of this dissertation.

The literature review chapter began as a mostly undirected examination of
systems engineering research, especially focusing on the intersection of systems and
aviation history, specifically calling on articles that focused on the apron area. In an
examination of the apron area and the systems that support aviation, this study

highlighted several points in the history of the aviation industry that had an impact on the



development of aviation systems or on the airports in particular. This review of literature
also included an examination of some of the risks associated with the growth of
infrastructure within the industry. When examining risks, the scope of inquiry quickly
grew to include governance and economics which are intentionally omitted from most of
this work as they have the potential to become separate bodies of work. This literature
review also grew as each of the papers presented in the work pulled together more
references.

The review of the Historic Pan American Fleet chapter presents a full paper
published by AIAA which specifically examines the data publicly available through the
Pan Am historical society. This work started as an academic review of the information
available but culminated in a published paper that used modern data science to clearly
identify key moments and changes in the fleet data that impacted not only Pan Am but
the development of the entire industry.

The review of risks chapter is also based on a paper submitted to AIAA with an
expected publication date a January 2023. This paper began as a thought experiment that
looked as some of the most imminent pressures that are likely to impact the aviation
industry. This started with some of the most obvious social and technological change
such us the need for more efficient aircraft and a desire to travel faster than currently
possible, and then looked at the impact of some of the new technology that has been
proposed like the use of hydrogen fuel or the incorporation of batteries or fuel cells to
drive more efficient turbines. To understand the full scope of some of the changes
anticipated across the aviation industry, this work focused on categorizing the changes to

help define which changes would be sustainable long term. This work then looks at the



impacts of some of these changes proposing a set of measures that can be used to
qualitatively measure the impacts of any changes that need to be made across the entire
industry.

The framework chapter presents a paper introducing and defining a new system
for the terminal interface. This work began as a thought experiment looking to
fundamentally alter the airport landscape through a systemic change to the framework of
airport development. From this the secondary goal was to integrate as many of systems
that service passengers and aircraft in order to streamline the turnaround process within
the apron. This work looked at past changes to the infrastructure of airport terminals and
offered suggestions on what needs to be considered when building or proposing
innovative design elements at airports in the future.

The final element of this dissertation is the review of the systems thinking process
that was required to propose the innovative new infrastructure design approach. This is
largely a documentation and reflection on the process and the work associated with

building the systems engineering model for the new apron area system.

1.1.1 Portfolio Based Dissertation
The work presented in his dissertation represent three of the papers | have written
over the course of my studies into systems engineering and aviation. Having worked on
dissertation in part for several years before joining the industry professionally, the body
of knowledge and the work that I have collected over the years is far more broadly

reaching and covers our range of topics. The three papers presented here, represent a



concise grouping of work that collectively show a contribution to the way planners
should consider systems thinking when designing airports. While this has been exclusive
and completely isolated from my professional roles, the concept presented in this
dissertation has all been shared with colleagues and will become a reference point in my
professional work moving forward. The chapters of this work begin at a general airport
and network level analysis in a literature review in CHAPTER II, before focusing on a
specific airline, to analyses the historic system changes in CHAPTER II1. The system
analysis then looks at potential risks to the status quo within a specific apron area in
CHAPTER IV. This work then builds on the history and current risks by developing new
system to integrate sub-systems within the apron environment which can be implemented
at any airport. This work is developed in detail in CHAPTER V and the resulting
reflection and review of a partial framework for understanding system impacts is then
discussed and presented in CHAPTER VI.
1.1.2 Overarching Themes

The work presented within this document represents the current work performed
in pursuit of a doctorate level contribution to the systems engineering and systems
thinking within in the airport environment. There are three papers presented each with a
different focus but each supporting the development of a framework that can be used to
understand the impact of change and the development of a systems view that could
generate major efficiencies gains in any infrastructure reliant industry. These papers work
together by building up a systems thinking approach, starting from a historic data
analysis, to an examination of the current limitation of the industry systems, and then

developing a new system that accommodates changes in the industry. These three distinct



papers will provide a forward focused review of system design and planning within the
aviation industry that allows planners to mitigate any reduction in service level while

containing costs associated with reacting to system changes.

1.2 Problem Statement

Airports, like most large infrastructure are expensive and therefore tend to grow
in incremental jumps and only in small areas where the infrastructure has reached the end
of its life. By growing incrementally airports faces many challenges, both technically and
socially, as new elements are added to the system. While some of these challenges are
considered as airports continue to grow, frequently systems are replaced with similar
systems, resulting in lost opportunities for innovation. When changes do manage to
propagate, the lessons learned are not always shared and are often quickly forgotten or
ignored especially in other regions. These lessons can be ignored out of neglect or
ignorance but tend to lead to the same result, inefficiency in the airport design. Sub-
systems are designed in isolation and the airports do not consider their role in the larger
network. This is an inherent problem but causes more acute problems as distinct elements
of the system are integrated into the larger system to achieve the intended functionality.
This type of integration can result in waste in the system due to a miss match of capacity
or due to restrictions within the growing system. Much of the waste can be avoided
however if airports are designed and expanded systematically drawing on lessons learned
from earlier projects. This can be done if the designers understand the impacts of past
industry shifts and the lessons the previous industry changes can teach about dynamics

within the system. Past risks can help to identify the next risks that designers might



encounter. Facing new challenges early allows airport systems to be more agile and
responsive, allowing them to maintain currency and continue to attract customers. Agility
also allows airports to embrace a plurality of new technologies to accommodate multiple
potential outcomes. Responsiveness allows airports to maintain its current customer base
while responding to requests and reacting to some changes that may not have been
considered in the planning process. The slow pace of airport change has presented an
opportunity to consider systemic thinking to produce a more robust, agile and responsive

system to allow airports to maintain currency into the future.

1.2.1 Purpose of Work

This dissertation is a series of papers focused on system change, impacts of those
changes and potential mitigating factors that will help the industry experts anticipate and
accommodate some of the most imminent industry changes. The goal of this work is to
encourage a systematic approach to new infrastructure design and implementation at
airports. It is also hoped that this work will provide a discussion point for airports that
currently resist change through vigorous maintenance of the status quo.

1.2.2 Industry Lessons Learned

This work examines the historic lessons learned by examining the system wide
changes that were implemented by Pan American World Airways and their founder Juan
Trippe. Since the decline of Pan Am and the deregulation of the industry, most systematic
changes have come from reactions to specific events that force isolated adjustments in

regulations. This means that rather than examining the entirety of the aviation system, or



developing new systems that benefit the industry, changes are made in seclusion altering
only one element of the system at a time. Isolated changes across the aviation industry
come from a lack of understanding of the interconnected system elements that have direct
system wide implication across the aviation industry. While many airport planners and
designers understand the specifics of their local airport and of the systems associated with
the project at hand, many airports plan for the existing system ignoring the wider
systemic impact of changes. This myopic focus leaves room for the development of a
systems thinking framework that can be used to develop a sustainable future apron
system, or even a full strategy to help develop a more efficient aviation industry as trends
change over time.
1.2.3 Unpredicted Risks

Historically aviation has changed generationally as an industry. Many of the
generational changes come from an innovation in only one facet of either infrastructure
or enabling technologies. The changes in infrastructure and enabling technologies, have
not systematically developed to support a specific future system. Many of these
technologies have rather grown out of an explicit need, or a small opportunity. The idea
behind this work is to highlight some of the potential opportunities available to
incorporate systems thinking across the entire industry, in order to develop new
infrastructure and enable the use of new technologies for sustainable, scalable growth.

By identifying some of the systems that have had the most profound impact on
airport operations, this work will establish some trends that can be used to help identify
and consider some of the key risks that may face the industry in both the sort and long

term. This work is meant to provide insight that might help identify what would have



previously been unpredictable risks to the support systems and the aviation industry as a
whole.

It is important to note that while not all risks can be identified and many cannot be
controlled even if they are identified, the identification of as many risks as possible will
help planners mitigate the impact and help anticipate any potential major future cost.

1.2.4 Forward Planning

Though there have been generational shifts in aviation and technology seen
throughout the passenger journey, airports have not fundamentally changed in more than
60 years. From an industry that used to change dramatically every 10 to 20 years after 60
years of jet aircraft parking nose in and having jet bridges extended to their port side
forward door, aviation and the method by which passengers board and disembark aircraft
is past due for innovative or dynamic paradigm shift. A change to the boarding process,
may not be isolated however, this type of change could force a transformation not only in
airport infrastructure but in airline operations. If considered in the system context this
evolution in the infrastructure could lead to a network wide efficiency gain.

The goal behind this work is to help facilitate and provide a potential new
framework that could be developed at any commercial airport in the near future. In short,
this work provides insight to not only the past and current risks facing the industry but
also provides a systems framework that can be used as a method for demonstrating to
airport managers and planners that the existing system do not have to remain the status

quo.



1.3 Background

Airports have operated in a relatively similar fashion for more than 100 years.
While the systems within the apron and across the airport have evolved and changed over
time to accommodate new technology and growing demands within the industry, there
has not been a paradigm shift in the way airports develop or operate over that time. Some
of the key developmental changes within the airport environment come from the changes
in aircraft size and operational capability. In association with the physical changes, social
elements of airport systems and emergent behaviors have developed over time. Social
changes and pressures at airports directly impact policy making and therefore the
development process. Beyond physical and social changes, technology has also impacted
airports by altering human interfaces and directly impacting the passenger journey in the
terminal and on the aircraft. These changes however have not fundamentally altered the
operations of an airport where an aircraft, lands, taxis, parks, and is serviced in a
stationary location. From the stationary parking location aircraft are then pushed back
and proceed under their own power to reach the runway and begin their next flight.

As aviation reaches 120 years old it is valuable to begin thinking about potential
changes to the structure of the industry. The goal of this work is not to solve the
imminent problems that face aviation but to discuss and highlight some of the strategies
that need to be considered. By examining the past, the present, and one potential future,
this work is meant to offer insight and systems thinking to positively impact some of the
changes in the aviation industry. While this work began focused on the apron area and

looking at the turnaround of aircraft, much of this work has grown to examine the system
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as a whole and particularly the development of emergent behaviors and the impact of
social and technological changes on airport development.

Throughout this work there are several themes that link the work on development
together. The first is the need for systems thinking and the lack of system planning in
current infrastructure development. The second major theme is the impact of both social
and technical systems on airport development especially in a system wide context. The
final major theme is simplification and unification of the systems at an airport.

Incorporating all of these ideas, this work includes three papers that culminate in a
proposal for an apron system framework. To gain efficiency and to provide a new
approach to an airport and apron, this work provides a plan for an integrated parasitic
apron system that connects to an aircraft along its entire forward port side. This proposed
system provides necessary connections between the apron and the aircraft including the
connections for fuel, cargo, passengers, maintenance engineers, cleaners, and caterers;
the system framework also allows the inclusion of marshaling service, power, air
conditioning, heating, water, and waste services to the aircraft. Though the proposed
system concept is almost as far-fetched as the circular runways that were proposed in
2014[1], this new framework develops the systems thinking approach, highlighting some
considerations to help better define the needs within the aviation system. This work also
helps to identify a few important areas in which planners and operators need to

collaborate and plan carefully to accommodate a series of potential future outcomes.
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1.3.1 History

Powered human flight began in 1903. It was not long before heavier than air
aircraft were being developed into you global economic drivers. After 120 years. There is
value in looking back and assessing some of the key changes that have impacted the
industry and specific airlines over that time. The analysis of history takes a distinct data
centric look at the inflection points based on the fleet data available for Pan American
World Airways. Examining the history of a particular airline through data analysis, the
goal of this work is to provide insight into historic airlines and develop a snapshot of key
moments throughout aviation’s history.

Replacing much of the role of marine ports in earlier time, the systems that
support aviation and have developed into an international network that facilitates the
transaction of goods and people fostering trade and economic success.

1.3.2 Risks

Analyzing risk is frequently done through economic measures to provide a
quantitative measurement for planners, designers, and future engineers. The analysis
presented in this work, however, provides a qualitative measure looking specifically at
the impacts that changes could have on the airport. CHAPTER IV presents a draft of a
paper on the risks facing aviation specifically looking at the disruptors and imminent
changes likely to face airports around the globe. This work has developed focusing on
three categories of innovation or advancement that all have the power to disrupt the status
quo. This analysis builds on the historic context examining a specific airline, and
identifies several key elements used to differentiate periods of time to help establish the

frequency with which the aviation industry faces direct change. From the historic focus,
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this paper examines the current state of the aviation industry as traffic recovers from the
global pandemic and analyze what technology, processes, and social influences will
impact the industry in the near future.
1.3.3 Framework for Future Growth

It is not possible to future proof mass infrastructure for all potential outcomes. As
such is can be cost prohibitive to try, it is therefore far more beneficial to focus on future
proofing some specific elements that have potential to impact the industry. The work
presented in CHAPTER V focusses on the impact of specific changes within the apron
area directly adjacent to terminal facilities. The goal of this work is to provide potential
new solution that could be implemented at airports to replace the existing infrastructure
and help future proof against one or some of the impending changes that will face
aviation as an industry. CHAPTER V provides an example in the form of a paper which
develops a new proposed facility type under the framework of future proofing airport
infrastructure. Through this paper, design principles are discussed and the potential
benefit of integrating many of the systems of systems within the apron area are explained
in the context of future proofing the airport facilities.

1.3.4 Scenario Based Introduction

Airports have been, and will likely remain, large complex systems of systems
with many independent system elements. The systems at airport are often separate
systems based on the level of required infrastructure and cost to maintain each of the
systems. The independence of airport and apron systems requires a high level of
integration. The cost and integration requirements together mean that airport systems do

not change quickly and that the fundamental changes that have occurred within the
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aviation environment have largely impacted one system at a time. The idea behind this
work is to simplify several systems and fundamentally change the way systems are
integrated within the apron area. The scenarios outlined below help identify some key
changes in the process and stakeholders that may be involved in the turnaround of an
aircraft. These scenarios also highlight some of the key issues that planners need to
consider and the broader group of stakeholders that should be considered in not only

planning measures but in the future proofing of the entire airport.

1.3.4.1 Base Scenario — The Systems of Today.

The systems of today are built around the premise that all services need to come
to the aircraft in order to turn the aircraft around. At any given airports more than 10
systems will have to interact with an aircraft before that aircraft is prepared for its next
flight. Each of these systems has a particular location, role, and precise timing in order to
minimize or optimize the ground time of a particular aircraft. The typical turnaround
leaves an aircraft in a standard location while workers from each individual system
swarm around the aircraft performing their specified duties. Fuelers approach and park
under the starboard side wing, baggage loaders approach the starboard side front edge of
the aircraft and rear cargo door, caterers wait their turn and approach the starboard side
passenger doors all while the passenger jet bridge is moved into place to allow passengers
on and off the aircraft. In addition to fuel baggage, caterers, and passengers there are also
maintenance personnel water and sewage services and inspectors, all of which also

approach the aircraft. The intricacy of the coordination that takes place in the apron
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displays a well-coordinated and choreographed procedure where any single element
could significant delay the departure of a flight. While most airports have perfected their
local system and many have found ways to gain significant efficiency, the fragility of the
apron area system cannot be ignored. One trolley being left unattended without the breaks
being set, can delay not only a single flight but entire network; as an example of this
fragility in April of 2022 a single Qantas jet was damaged by a rogue baggage trolley;

this caused a global disruption to the Qantas Dreamliner network.

1.3.4.2 Scenario 2 - An Integrated Terminal Interface.

With an integrated terminal interface system, the idea is that rather than a swarm
of personnel and equipment from different systems all approaching the aircraft a single
system will be used to dock and service an aircraft. This means that, rather than each
system requiring a unique interface, each system would have elements within the
terminal interface that could be used to achieve the objectives of that system. As the
aircraft parks at the gate rather than many systems converging to begin the turnaround
process a single system would approach the aircraft and would provide an interface for
fueling, baggage, catering, and passengers. Rather than each vehicle being dependent on
a finely coordinated choreography and being required to fit into a specific gap, each
element would already be in place and would simply need a user to connect the required
connectors. The system would be an integrated system that would accommodate a range

of operation types.
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1.4 Hypothesis

As the aviation industry emerges from the largest downturn it has ever faced,
there are inherent systems changes that will begin to shape and change the ways the
aviation system develops in both the short and long term. This work will provide a
framework and methodological approach to categorize and measure change within the
aviation industry. This measurement will provide a way of thinking to consider any
changes and the impact that those changes have on the industry. By providing a way to
think about future changes the goal of this work, is to provide a roadmap for aviation
planners to follow as they plan for, the integration of new technologies, or
accommodation of changes in the social systems.

Designing a Specific Hypothesis

e A systematic development framework can be developed to support long
term planning across the entire aviation network.

e Systems thinking and data science can be used to highlight and identify
inflection points throughout the history of a specific airline or across an
entire industry.

e Measurements can be developed that offers support or direction to aviation
planners and designers as they conceive the next generation of airports.

e Through this work of, examining history, identifying risks, and developing
a specific solution, this work will develop a roadmap to systematically
analyze an entire industry as it faces changes and inflection points.

Through historical analysis, it is possible to establish past risk factors faced by the

aviation industry, to identify Potential future risks, and then to develop a simplified future
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proof integrated system for the operation of aviation. This work will follow through a
historical approach into an analysis of current risks and build up a future system to

benefit and simplify operations within the apron area.

1.5 Methodology and Approach

This section discusses changes in the direction of this work, some of the methods
by which this study has developed over time and some of the themes that tie the three
main papers together into a cohesive contribution toward systems thinking within the

aviation industry.

1.5.1 Origin of Work

This work was meant to be a continuation of a master’s thesis titled “Taking a
systemic Modeling approach to the Apron area at Major metropolitan airports ”’[2]. This
master’s thesis was built around the premise that any system can be systematically
modeled to identify the cheapest opportunities for optimization. This work stopped short
of building a full scall operational model of the apron area but proposed that the model
could help identify shortcomings of the system and point toward the best option to
overcome the shortcoming in the system.

1.5.2 Identification of the Apron Area

The specific apron area focus was born out of a hole within the simulation space

surrounding an airport. At the boundary of the passenger space within the terminal and

the aircraft movement space of the taxiway/runway and airspace, there is a change in the
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frame of reference that splits many of the metrics used to measure efficiency and utility
of a system. By focusing on the integration between the aircraft and ground services, a
clear gap in the understanding of the systems emerged.

After some study, it became clear that the hole in simulation due to the change in
the frame of refence, also meant the defining boundaries within apron areas were rather
ambiguously defined. Building a frame of reference became an important task in the
discussion of simulation. Discussing what elements are included in the system and what
items are being processed and moved through the system, lead to a larger examination of
other systems that integrate passengers, supplies, cargo and staff onto a single vehicle for
transport. Looking at a series of mass transit infrastructure elements helped solidify the
focus within the apron area and led to a conversation about simplification of the airport
system of systems.

1.5.3 Theme of Simplification

From the qualifying exam associated with this work, a detailed review of the
apron area led to the theme of simplification. With a new theme, this work found a
somewhat new direction focusing on the system thinking required to construct efficient
apron areas. After some directed thought it became clear that a specific infrastructure
element could be developed to simplify and merge several current systems. By
developing this new system with a systematic approach, a framework could be developed
that would help develop future infrastructure.

1.5.4 System Rather than Framework
Building on the basic framework concept, and aiming to future proof the airport,

this work is built on a thought experiment to integrate systems within the airport into
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more efficient, optimized systems. As this research has developed, the specific focus on
building a framework for future proofing and system development, has altered somewhat,
leading to the proposal of a new system in the apron area rather than a general
framework. While the focus of this work became the specific system being proposed the
steps followed and resulting basis for a framework can still be used to develop future
infrastructure. The framework became a byproduct of the system developed in this this
work and works more as an example of how to incorporate systems thinking into the
planning process than as a final framework for systems development.
1.5.5 Benefit of Work

Though the future aviation systems solution presented is not developed enough to
be marketed to airports globally, this work offers a clear view of a future of the aviation
industry which is a clear benefit to planners and airport designers. This work further
provides benefits to the aviation industry by providing a clear link between historical
impacts, the current risks, and innovative thinking that can help to reshape and revitalize
the industry. This work is not just relevant to the aviation industry though, it provides
solutions for forward looking invitation to any infrastructure heavy industries as the

global economy recovers from the global pandemic and associated down turn.

1.6 Keywords

Apron Area: the area adjacent to the terminal. The apron area (or ramp area as it
is called in some areas), is the integration zone where passengers and cargo are loaded
and offloaded from aircraft as they prepare for a subsequent flight. The operations within

the apron are discussed in some detail in this work especially in CHAPTER V but the base
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function of the apron area has largely been covered in other works, some authored by me
and many authored by others.
Turn Around Time: the time an aircraft is on the ground and is being actively

worked on to either unload or load the aircraft in preparation for a future flight.
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CHAPTER II

LITERATURE REVIEW

This literature review section summarizes a multitude of sources identifying key
elements used in the examination of history and industry risks. This section also identifies
some resources that pertain to the design and futureproofing of the aviation system in
particular the apron area directly adjacent to the terminal area. This section also touches
on some of the systems engineering elements that help in defining the scope of the
system of interest and proved the direction for most of CHAPTER IV and CHAPTER V.
While this section is not meant to be exhaustive, it is mean to provide the reader with
sufficient background and understanding of systems and the aviation industry that the

work presented in the later chapters needs fewer explanatory notes.

2.1 Airport History

The airport network around the globe, has developed in distinct historical
groupings based on a variety of factors. The required interconnectivity between airports
and airlines means that governance, is one of the most obvious drivers of function and the
planning principles used in design and growth. The governance of an airport is

determined by the time period when aviation originated in the region, and the
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development of airline partners. Though governance becomes a driving factor of airport
development, development is also determined by specific function and availability of
technology when an airport is built. This reliance on governance and technology can
either limit an airport, or it can push an airport further, setting up the industry for a
generational change. As technology and governance within industry change, they directly
impact the physical planning principles of the airport over time.

Some of the distinctive characteristics of airport system groupings can be seen by
comparing airports within a region to those in other regions around the world. For
example, a comparison of the earliest airports in the United States, which developed
when the postal service started exploiting the speed of aircraft to deliver mail faster,
versus the early airports in Europe, which were either entirely rebuilt or were not
originally build till the Second World War, highlights differences in the proximity to the
city, the size and the legacy system constraints, at the airport. The growth of aviation in
the United States continued in close proximity to city centers with airports often
positioned downtown or near the downtown area on the water. Many of the European
airports which dramatically changed thirty years after the first flights, were in areas
where several runways could be constructed, and military structures could also be built.
After the end of the Second World War as aircraft continued to grow and civil aviation
began to expand all over the globe the primary purposes of these early airfields had to
change. Over time much of the original purpose of the airports around the world has been
erased through redevelopment, but some of the emergent behaviors can still be observed.

Though there seems to be some debate as to the frequency of generational change

it is clear that airport change in distinct generations at some interval between 5 and 30
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years.[3, 4] Each of the generational changes has an impact on the aviation industry as a
whole. The question is what facet of the industry do these changes, impact the most?
When passengers started taking flights along with the mail, the postal air carriers were
forced to design and build passenger facing facilities. Each airline however, got to make
decisions on how they wanted to incorporate passengers on their aircraft. The original
incorporation of passengers onto flights was only one of the events that impacted the
development of the industry. In the United States, the system of airports was recognized
in the 1946 Federal Airports Act as the government began to respond to the growth in the
airline industry.[5, 6] The laws enacted in the United States provided for funding and
pushed local development of airline infrastructure to support the growth of aviation.[5]
This funding and the rules set up to govern the systems allowed the local authorities to
direct local development. The airport and the airline decision making has continued to
influence airport development and the resulting combination of decisions has led to each
airport manifesting as a unique set of systems at one end of the passenger journey.[5] It is
not enough for an airport to be a single node in the airport system though, it must be a
part of the network and aligned with an airline partner or partners in order to grow and
expand its offering.[7] Most airports expand offerings by incorporating technology, and
local culture into the passenger journey or incorporating more systems into the airline
turn around process. This extends the impact of the airport, connecting them to the
economic wellbeing of the local region they serve, offering both employment and
economic incentives for an area.[8]

As time and technology change, in aviation, the generational changes that the

infrastructure goes through must be supported with investment and maintenance.[4]
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When passenger jet travel was introduced in 1951, on the De Havilland Comet, the
industry was pushed to implement new standards that would shape the development of
aviation thereafter.[9] Some of the changes required were simple like the need for thicker
glass in terminals, to withstand the pressure from jet blast, others were more invasive
however like the need for jet bridges to get passengers up to the height of the aircraft
door. The implementation of these changes at airports however, was expensive. To
support the first wave of major changes needed to support the industry, as it began to see
jet travel, the United States government paid more than $1.2 billion to modernize the
national aviation infrastructure while they also enacted protocols to unify the United
States airport system in the Airways Modernization Act of 1957.[5] The process of
supporting the development of airports has continued despite some major changes in
carrier networks. As airlines grew, many large carriers discovered that the most efficient
model for passenger operations was a hub and spoke model that allowed the transport of
more people to more places over series of connecting flights. As technology has
developed and aircraft have gotten more efficient, the preferred airline model has shifted.
The technology changes coupled with the deregulation of airlines in 1978, changed the
demand on infrastructure further.[5, 10] As the demand and structure of the industry
changed in the United States and globally, the aviation network changes impacted many
airports, which required changes in the supporting infrastructure including those systems
found in the apron area. The changing infrastructure needs forces a continuous
investment into the infrastructure. It is estimated that the United States alone will need
$128 billion worth of infrastructure investments over the next five years which has

climbed from estimates of $71.3 billion in the five year leading to 2017.[11] This
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investment will allow the necessary updates to infrastructure and facilities to cope with
expanding demand. This doesn’t take into account the likely shifts in the travel market
after Covid however this figure only includes the estimate to expand infrastructure to
cope with forecasted demand the same way it would be processed today.

Currently the movement of aircraft and the flow of passengers, shapes how
investments are distributed. This work is meant to add to the body of knowledge of
aviation and provide insight into the gap between where aircraft are moving and where
passenger facilities meet the aircraft. By completing this work, the goal is that the
framework developed will help define how the $128 billon infrastructure investment

should be spent to best support the growth and changes in the aviation industry.

2.2 Apron

An airport apron is a complex series of systems that must integrate in an
appropriate timely manner to facilitate the turnaround of aircraft. Around the world,
aprons are distinct based on may factors that are both physical and operational. The
primary purpose of the existing series of systems is to facilitate an efficient, Aircraft Turn
Around (turn) for the airline customers. In order to facilitate the efficient turn, there are
several things that must be in place or available in close proximity. To illustrate some of
the major elements associated with a turn, the Boeing Dreamliner is being used as an
example. The images show below in Figure 1. Service Layout of a Standard Boing 787-9
Aircraft - Source Boeing Airport Planning Manual and Figure 2. Terminal Operation
Turntime Analysis; Boeing 787-9 Aircraft — Source: Boeing Airport Planning Manual

[12] offer insight into the complexity and integration required to turn around a Boeing
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787 aircraft based on the Airport Service manual. These images are used to identify each
of the recommended services for a single aircraft turn. While not an output these images

are being used to show the advantage simplification of the systems in the apron area.
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Figure 1. Service Layout of a Standard Boing 787-9 Aircraft - Source Boeing Airport
Planning Manual

For a standard turn of a single Boeing 787 Dreamliner aircraft Boeing has
provided reference showing 18 distinct service vehicles. Though some of the vehicles

identified interact with the same external systems, this diagram is still representing a
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series of at least 10 systems that interact with the aircraft in the apron. This does not
include any additional services that the airline requires or elects to offer such as premium
passenger transfer and maintenance facilities.
A list of the services provided is listed below:

o Waste management

e Cleaning

e Cargo loading

o Gallery service

e Fuelling

« Air conditioning

« Potable water service

e Towing

e Ground Power

e Passenger Boarding

In addition to the standard layout Boeing also provides a timeline of the standard

turn around process. By providing the standard layout and Gantt chart of standard
turnaround time, Boeing offers a snapshot of the complexity involved in turning an
aircraft. This information will be referenced in the generation of the full frameworks as
this provides the base set of requirements that need to be included in a system to turn
wound an aircraft. This diagram also shows the critical path identifying the cargo loading
and unloading as the time critical element in this turn around process. While this requires
some critical assumptions this analysis does indicate that the simplification of the cargo

and baggage loading could reduce the required ground time of the Boeing 787.
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Figure 2. Terminal Operation Turntime Analysis; Boeing 787-9 Aircraft — Source:

Boeing Airport Planning Manual

2.2.1 Variations

While many elements within the aviation industry have changes throughout the

years the general requirement within the apron area have largely stayed the same since

the introduction of commercial jet traffic. This section discusses some of the variation

that can be observed in the apron area and also highlights some of the limitations in the

predictability of the variation based exclusively on external factors.

2.2.1.1 Runway Size Variation

The relationship between the runway and the apron has far more to do with the

required size of the apron than the service provided (and the variation thereof); runways
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and specifically the controlled throughput of aircraft, determine the number of aircraft
stands needed. At a well-designed airport, the maximum number of aircraft on the ground
on a “busy day” should match the number of available stands at the airport* and traffic
scheduled should not exceed a specific throughput capacity of the runway[13-15]. This
means that there should be a balance across the airfield between the runway and the
stands available in the apron. This also means that except for major urban airports, the
number of stands at a typical airport is less than the theoretical peak runway throughput.
There are some case where the number of stands can vary from the optimal balance, and
may exceed the theoretical throughput?, but generally a runway has a fixed maximum
throughput, and the number of stands grows to meet the total demand which is largely
driven by the airlines schedule up to the ultimately capacity which is capped by the
runway throughput. While the number of stands is related to the runway throughput it is
also valuable to note that the number of aircraft on the ground is directly related to how
quickly they are processed at an airport. If an airline turns an aircraft in 20 minutes, they
can get more aircraft on a single stand than an airline that take closer to an hour between
flights. This quickly gets into some further nuances of gate planning that fall outside of

the scope of this work.

1 The demand for the number of stands is up for some debate by industry professionals. To reduce
costs most airports do not plan to accommodate all aircraft that can be on the ground at the absolute
peak; instead, many airports plan for a busy day that represents the assumed traffic load. According
to the FAA designers should select the peak month average weekday when determining a design day,
while the IATA recommendation is for 95t percentile busy day.

2 The most direct example of a deviation of the balance of stands is in India, where every aircraft
flagged in India is required to have a dedicated stand at its base airport meaning there are almost
always more stands than there is runway capacity. The opposite is true at many large hub airports
especially airports that are constrained like New York LaGuardia or London Heathrow, these airports
have optimized the runways so far that they frequently end up with aircraft congestion on the
ground waiting for a gate to become available.
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In addition to the impacts of runway operations on the size of the apron, runway
sizing, positioning (relative to the apron) and number of exits, all of which are also
largely outside of the scope of this work, are valuable to consider and useful to
understand. Runways have a set of legally standardized minimum widths that define, not
only which aircraft are allowed to operate, but also classifies the airport. If the runway
does not meet the minimum width, the airport will not be certified for air traffic
operations. Because the width is standardized, the size variable is the length which can
limit some aircraft from taking off.2 The length is usually based on the land available and
cost constraints, most commercial airport construct runways as long as possible within
their financial limitations. Runway length, and direction calculations and length extension
decision, are carefully considered due to their expense and their ability to limit operations
by excluding types of aircraft from landing or departing. It is important also to consider
the position of the runway as it can limit the height of an object (even aircraft tail height)
within specific envelope called the Obstacle Limitation Surface(OLS); the restriction on
height of aircraft tails within the OLS usually has limited impact within the apron
because it is usually far enough away to be outside of the restricted zone; if a designer or
operator has constructed an airport that conflicts like that, they have done it very poorly.
The OLS is more frequently obstructed by other obstacles in the local airspace, such as
buildings or landscapes. The final element that has some impact is the ease of use of the
runway and specifically a pilots ability to reduce their time on the runway. When there

are more exits the operational capacity of the runway goes up because aircraft do not

3 High, Hot, and Heavy are the three variables that frequently require more runway length. The
relationship between these three can be seen in service manuals for all major commercial aircraft. m
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require the runway for as long. This leads to a higher throughput and there for the
potential for more aircraft on the ground and a larger apron. Even when considering the
runway from multiple points of view, the conclusion remains the same, a runway does
not play a defining role in the variation of services offered in apron operations, it is far
more indicative of the apron’s size.

2.2.1.2 Primary Apron Variation

There are four primary contributors to the variations in services provided within
the apron area. Though the four items listed here are not the only factors that impact
variations in service, they are however the factors that can most closely explain variations
in services. The four most distinct factors that impact services offered are:

e Airline Operational Model — LLC VS FSC
e Fuel Required

e Doors Used

e Cargo Hold Containers

2.2.1.3 Key Variation in Apron Variation

Each of the four key factors listed above that impact apron operations and
services, ultimately impact total time an aircraft is on the ground. These factors can either
limit the required aircraft turn time or increase the require turn time. The airline operating
model for example, determines the time available thereby generating a level of urgency
based on the schedule. Some airlines can turn a narrow-body aircraft around in 15-20
minutes (and they do) if they have appropriate staffing levels and are prepared; in many

cases airlines avoid minimum turn-around times, in favor of building more resilience into
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the schedule.* So even though an airline can turn the aircraft in 15-20 minutes, they are
more likely to provide 45 minutes to an hour for the crew to turn the same aircraft. This
buffer allows airlines to better maintain the schedule especially later in the day when the
airline may need to absorb network delays. Scheduling is an operational consideration,
which is entirely dependent on the airline's operating model; operating models can
largely be simplified to two distinct types of carriers Low-Cost Carriers (LCC)s and Full-
Service Carriers (FSC)s. An LCC wants each of their aircraft flying for as much time
during the day as possible. They do this by reducing the extra services provided both on
the ground and in the air, stripping out as much excess cost as possible. The cost cutting
differentiates these airlines from FSC, which are less worried about the tight turn arounds
and are usually more interested in continuity of service, meaning they are more likely to
accept a short delay to make sure extra passengers arrive at their destination.

Ignoring the differences in these operational models, and looking instead at
specific airlines, turn time and operations do vary based on size of aircraft. They are
seldom directly correlated, however. In the case of increasing size, the most direct impact
of the increased turn around comes from increased cargo capacity and increased fuel
requirements. Larger aircraft consume more fuel for a given flight, meaning they have to
“uplift” or take on more fuel. Like with fueling your car, the fuel system throttles the
amount of fuel dispensed from the hydrant system to maintain safety. So, for aircraft like

the A380 super jumbo the limiting factor for the aircraft’s time in the apron is fuel load

4 “Aircraft Turn Times” is the subject of numerous papers including three that [ have written. I
however no longer believe that simulation is an appropriate method for quantifying turn times to
generate more efficiency. Though an aircraft could be turned at one airport more efficiently, if the
schedule cannot be altered later the aircraft will inefficiently be left at another airport in the network
for a longer period of time
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required. As an example, a standard A380 Super Jumbo has a standard fuel capacify of
323,546 liters of fuel[16]; a hydrant fueling system can deliver up to approximately 3,500
liters per minute of fuel per pit [17]; so in order to fill all ten fuel tanks of an A380 the
airline needs a minimum of 92 minutes of fueling (This can drop to 48 minutes if two
fuel trucks are available to fuel through two ports — i.e. right and left wing). Even with
550 passengers on board, the A380 Airport service manual suggests the de-boarding
cleaning and boarding process can be accomplished in 66 minutes. This represents an
ideal situation however and airlines that fly the A380 are not likely to turn an aircraft in
only 60 or 90 minutes. At airports like Dubai, the A380 superjumbo aircraft are
frequently on the ground for a minimum of 120 minutes. (a supplementary paper has
been drafted on the limitations of fueling and airport fueling systems, this paper is
available upon request). It is worth noting here that the volume of passengers and cargo
on larger aircraft are not the limiting factor because frequently larger aircraft are serviced
using multiple doors. If all 550 passengers on an A380 had to exit through the same front
door as all 189 passengers typically do on a standard B737[18], it would take more than
the expected three times longer due to the congestion but on an A380 it is common to
load/unload from 3 doors keeping the passenger processing times in line with the smaller
aircraft. The final key variation that impacts operations is the containerization of cargo
and baggage. Small aircraft only have loose cargo holds, larger aircraft however carry
cargo and baggage in ULDs or "cans," which aggregate the cargo and baggage prior to its
loading on the aircraft. There are many more factors that could have an impact the
operations of the apron and the turnaround process, but the elements presented here

represent the most critical variances in the passenger aircraft turn around process.
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To further explain the variation in apron area operations the following table

provides a list of the major considerations and the impacts.

Table 1. Elements That Impact Airport Turn Around Operations

Elements Specific Description Impact
Impacting Example
operation
Hold ULDs Consolidates baggage and cargo Reduces cargo
Containers into discrete units rather that loading /
allowing free cargo to be loaded unloading time
into the aircraft at aircraft
Loose Most all aircraft have loose hold Increases cargo
Cargo areas sometimes they are the entire | loading /
cargo hold other times it is one unloading time
specific area in the aircraft at aircraft
Location of Mid plane | Allows a diffusion of passengers Reduces PAX
Main door entry after their entry into the aircraft Loading Time
Number of Frontand | Allows separation of passengers or | Reduces PAX
Passenger mid doors | diffusion of passengers prior to Boarding /
Doors entry onto the aircraft Deplaning
Boarding Loading Simplifies movement of passengers | Simplifies PAX
system Bridges keeping them on a similar level and | Boarding /
off of the apron Deplaning but
can delay start
Air Stairs | Stairs are simpler to position and Speeds up
connect to the aircraft and do not marshalling
rely on aircraft positioning or process
precision operation to prevent
damage
Mobile A vehicle that is used to transport Simplifies
Lounges passengers from a lounge directly to| boarding process

an aircraft loading door. Often on

but can

scissor lifts that can raise to meet complicates
any aircraft and deliver distinct deplaning and
groupings of passengers to or from | marshalling
an aircraft process
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Table 1, Cont.

Fueling Hydrant Pressurized system allows higher Reduces over all
system system volume of fuel to be loaded into fueling time
aircraft
Tanker Slower system that can only load Increases over
Trucks the volume of the truck and pumps | all fueling time
at a slower rate Simplifies
marshaling
Number Loading from more than one point | Reduces over all
of fuel Is possible on larger aircraft fueling time
points
Stand Terminal Stands along the face of the Reduces time to
Position Gate terminal allowing direct access to Unload/Load
the aircraft for loading and Increases
deplaning but they also put the marshalling time
aircraft very close to physical
obstacles under its own power
Walk out | Are further away from the terminal | Increases load
gates allowing more freely flowing time
operations but passenger must walk
from the terminal
Remote Aircraft parked far away from any Eliminates
Stands infrastructure meaning that marshalling but

everything must be transported to
the aircraft

2.2.2 Constants

most complex
loading logistics

The only constant factor in apron operations is that no two flights will be totally
identical. Airlines will operate similarly for most of their own flights so there will be an
operational similarity but over all there is very little that will always be similar. The
below list continues four operational constants that mostly hold but includes an exception

for three of them.
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Table 2. Four Operational Constants

Constant Exception

Passenger At the origin or the destination of a flight all passengers and
& Cargo cargo must be unloaded, at least most of the time. There are some
Loading/ exceptions like if the cargo is going on the next flight too, it can

Unloading sometimes be left loaded on the aircraft. There are some
operations however where an aircraft has to stop to pick fuel or
new crew, where nothing/no-one gets on or leaves the aircraft.
This is far more common for smaller aircraft without the fuel
range for longer trips but is also common for international flights
where any loading or unloading would subject the entire aircraft
to customs and border screening. *

Fueling Most of the time aircraft need to 'uplift' fuel for their next
flight but there are some cases where an airline elects to fly with
enough fuel for the return or next flight already on board.

Marshalling Jet aircraft usually need to be pushed back away from the
terminal and provided with power and compressed air to start
their engines. In some layouts, there is enough space for the
pilots to start an APU and then power the aircraft forward out of
its parking position eliminating the need for a push back or
ground power or air.

Exiting the Though mostly outside of the apron area, the path of an
Runway aircraft as it exits the runway takes it directly to an apron or
Area parking stand. The exception is “touch and go's”, or training

flights but these do not touch the apron area

*Pilots still usually have to do a walk around and will have to be able to exit and re-enter
the aircraft which will usually require stairs.

2.2.3 Other Considerations for Apron Operations
In addition to the main system wide variations, the below list includes other
operational considerations within the apron area.
1. Height of aircraft door (Range from 8 - 30 feet)[16, 18, 19]
2. Layout of Main landing Gear

3. Weight of Aircraft
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4. Wingspan Aircraft
5. Engine thrust — Jet Blast is damaging and dangerous so aircraft can only
use their engines in certain areas.
6. Range of next flight — impacts fuel load, and catering needs but can also
impact other services
7. CBP rules — international clearances are frequently required. In most
countries there is both immigration and emigration checkpoints
8. Number of galleys
9. Jockeying allowed — Aircraft on the ground and the servicing of the
aircraft become far more complex because an airport does not operate in a
first in first out configuration. Aprons and airports operate in a more
Jockey style environment, where aircraft are able to leapfrog one another
in departure queues and services can be prioritized by airlines and
operators, accordingly.
10. Environment — different climate conditions require different operations
like de-icing in cold climates
Variation is one of the only constants in the apron area. Though size of aircraft is
a factor in determining operational variance, the runway does not impact the apron
operations directly. The operations, within the apron are most direct impacted by, the
operational model of the airline, the total fuel required for the next flight, the location and
number of doors used and style of the cargo hold. The factors that are mostly consistent
are, the loading and unloading, the fueling, the marshalling, and movement away from

the runway. In addition to factors that cause variation there are also a series of
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consideration when providing services to aircraft; while this section does not include
textbook level detail for all of the variations in the apron area, it provides a relatively
comprehensive list of considerations that will be referenced through-out the development

the proposed apron area system and the corresponding framework.

2.3 Governance

Organizations and enterprises face several managerial challenges as they grow to
include multiple, organizational, functional, and operations frameworks. One of the most
important and sometimes obvious frameworks is the oversight structure or the method by
which an organization is organized and governed. There are many different
organizational and governance structures that have developed throughout history and
across many industries. Of the many unique governance structures, there are two primary
governance structures that are seen most frequently in aviation. The first governance style
is public entities which are run by governments or quasi-governmental organizations;
these organizations are designed to provide public benefit and utility in particular market
sectors. The second governance style is private corporations, which largely focus on
profits and advancement within the particular market.[20] In addition to private
corporation and government entities, there are two more distinct governance structures
including, not for profit or voluntary community-based organizations, and specialized
ownership funds. In addition to the four unique governance structures there are also a
variety of governance styles that fall in between these structures. After introducing
airport governance (in 2.3.5 Governance Structures) the following five sub-sections briefly

describe each of the governance structures including a list of some benefits and concerns
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about each governance style, specifically within the airport market. Each section also
includes some examples of airports that operates under the defined governance structure.
While this discussion stops short of identifying an optimal governance structure for an
airport, the concluding remarks offer some thoughts on the advantages of mixing and
matching some of the key elements of governing structures.

Many organizations can be clearly categorized into one of the four unique
governance categories based on the product or service they offer. While it is beneficial to
look at individual examples of organizations in each category, there is also value in
looking at an example of organizations that can fall into any of the categories such as
airports. This section discusses some of the high-level concepts that help define and
differentiate governance within airports.

At the highest level, governance of airports relates to ownership and financing
structure and has an impact on economic and operational responsibilities.[10]
Governance also has substantial impacts on economic performance operational
performance and customer relationships.[3] While many airports within the same region
operate under similar governance structures relatively few airports have the exact same
governance structure. This is largely due to the interrelated relationships between the
ownership and operational structure at an airport. The interrelationship of ownership and
operational responsibility also means that governance is a fluid and constantly changing
structure as airports grow and adapt.[21] The rest of this section discusses ownership of
facilities, the financing of large airport infrastructure, the impact of perceptions and
connectivity between the airports. Each of these facets of governance is described below

and then discussed in each example provided in the following sections.
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2.3.1 Airport Ownership

Ownership is the most obvious proxy for the governance of an airport, but
ownership is not a guarantee of one type of governance. In most cases the ownership is
only one facet of the airport’s governance. As with most organizations, most airports are
either public entities or privately held corporations.[22-25] In the case of airports
however, there are several additional models that appear in different regions of the world.
The third most common airport ownership structure is a combined private public
partnership which benefits from some of the advantages of both public and private
ownership structures. The final two common types of airport governance are non-profit
airports and special interest controlled airports.

2.3.2 Financing

Construction costs for most airport infrastructure is prohibitively high without a
definitive guarantee of future value. It is uncommon therefore, for airports to be
developed exclusively by private organizations without economic and government
support. This is not to say that all airports are governmental organizations, but rather that
almost all airports rely, at least to some degree, on financial support from a nation or
local government entity. Construction of initial infrastructure creates assets that continue
to develop overtime yielding long-term local benefits. The initial cost of infrastructure
construction also comes with upkeep and maintenance costs that can be prohibitively
expensive to maintain. Monumental terminals are more expensive to both construct and

maintain for example but are more highly regarded by the traveling public.[3]
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2.3.3 Perception

One of the key factors that helps identify the governance structure at airport is the
response to, and focus on, managing the public perception. Public airports tend to change
based on feedback, reacting to shifts within the industry. Private corporations tend to
push changes that benefit the financial bottom line; while this is often proactive, private
corporations do not always invest in innovation without clear financial incentive. Not-for-
profit airports are required to reinvest revenues, so the airports are always changing and
implementing innovative technologies. This continuous reinvestment means that not-for-
profit airports are far more proactive than private corporations. In contrast to reactive
public airports, economically oriented private airports, and continuous changes of not-
for-profit airports, special ownership airports are the most proactive as these airports are
always growing and adding elements that differentiate their product on the world stage.
For each of the governance structures the impact of public perception and feedback from
actual customers, impacts the investment and growth of the airport in unique ways.

2.3.4 Connectivity

With the introduction of jumbo jet travel in the 1970s airport development
changed as the facilities now needed to accommodate significant growth in passengers. In
addition to the sharp growth in passenger numbers, the aviation industry also began to
face a deregulated environment. This growth and changing customer base led to more
competition in the aviation market and a reduction of service in many regional areas.
Where airports were once connected and guaranteed certain traffic levels, airlines were
more willing to cut service or consolidate traffic onto fewer flights. The shifting market

meant that some airports saw a reduction in traffic where others benefitted from new
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types of airlines. As the new airline market developed after deregulation, the governance
structure of some of the newest metropolitan airports let them build specifically to attract
new airlines and direct traffic to specific markets. This connectivity between airports
directly impacted further governance as new airlines began to express opinions within the
airport development program.

2.3.5 Governance Structures

2.3.5.1 Public Airports.

The earliest examples of airports were privately funded experimental airstrips or
military airfields. These early examples of airfields would not support the traffic of today.
As aircraft got heavier and the aviation system grew, investment in the infrastructure that
supported the aviation system became far more important. Military and private airfields
were quickly taken over by public entities and local governments which, with some early
airlines, invested in infrastructure.[26] The need for investment pushed most airports
toward public ownership, which prevailed for the remainder of the 20th century. As
airports incorporated more technology and continued to grow, the costs for construction
continued to rise. In order to cope with the growing costs, many airport authorities and
public entities began to seek alternative funding solutions to help maintain and grow
airport infrastructure. The pursuit for funds led to the utilization of existing assets, for
example car parking becoming a primary source of revenue and the exploration of new
sources of revenue such as incorporating more concessions. This was not always enough
however, so public entities that owned airports began to seek private investment to

prevent the airports from decaying. In a financially minded efforts, a portion of the
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airports around the world especially at major hubs, begin to consider full privatization.

According to ACI, in 2016 more than 86% of airports are still entirely publicly owned.[3]

Benefits Concerns
e Shared costs e Political
e Public benefit e Reliant on Public funding
e Not a marker driver e Socially dependant

e Not beholden to share price or

financially motivated boards

Examples

Almost all US airports are still publicly owned. There are a variety of differences
in the control mechanisms, but the two most common examples of airport ownership
structure, in major metropolitan markets, are direct municipality oversight, and
specialized management through port authorities. Direct oversight can be seen in Chicago
where the city government is responsible for operation of both city airports (it was 3
b3fore the mayor ordered the illegal demolition of the third one in 2003). In contrast, in
the New York metropolitan area six of the major airports are owned and operated by a
cooperative gquasi-government port authority organisation called the Port Authority of
New York and New Jersey. This organisation was set up in public trust to operate and
maintain facilities that connected the New York metropolitan area in both New York and
New Jersey. While both of these organisations are publicly owned and provide examples
of public ownership of airports their direct oversight and the operations of the airport

differ significantly.
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Links for more information

https://www.panynj.gov/airports/en/index.html
https://www.chicago.gov/city/en/depts/doa.html

2.3.5.2 Private Airports — For Profit Corporations.

One of the consequences of deregulation of the airline industry was the
introduction of a competitive landscape for airlines. As the main supporting infrastructure
for airlines, airports quickly also faced the competitive pressures that changed the
industry.[3] To help finance some of the required changes, new sources of funding were
needed outside of government budgets. In some regions this funding came from the
government through other means, but in most areas the political will to invest in
infrastructure was lacking. This led to a search for alternative funding sources. In much
of Europe, and throughout Australia, municipalities that owned the airports began the
process of selling the assets and operational rights to private stakeholders. These new
private corporations took control of the assets and were able to invest large amounts of
capital into the existing and new infrastructure to make the airports into competitive
players within the new aviation landscape. While public ownership is still the
predominant form of governance, there has been a global movement toward privatization

to help support the growing cost of infrastructure.[21, 25, 27-29]

Benefits e Forces more competition

e Proactive
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e Provides more pathways for local e The primary goal of private

stakeholders to get financially corporations is to drive profits

involved and revenue to achieve the most
e Airports began to buy shares in value for current assets.

other airports e Fear of monopolies - Need to

regulate [10]

e Limited incentive for investment
in capacity projects without
direct financial benefit

e Price growth — can be frequent or
annual if not regulated

e Consolidates power of airports to

Concerns
wealthy companies
e Prolonged Asset life cycle. [21]
Examples

There are several examples of privatized airports with different structures. One of
the largest and clearest examples is the dynamic relationship between the six different
airport corporations that control each of London’s six airports. Because these
corporations compete for passengers and traffic, all the London airports are far more
focused on continuous improvement to maintain market share. While London is one good
example of private competing airports, there are several additional regions that also

operate privatized airports. Private airports make up more than 30% of the airports in



Europe, more than 25% in Latin America and the Caribbean and more than 10% in Asia-

Pacific.[3]

Links for more information
https://www.heathrow.com/company/about-heathrow
https://www.stanstedairport.com/about-us/
https://www.gatwickairport.com/business-community/about-gatwick/company-
information/ownership-management/

https://lutonrising.org.uk/
https://www.londoncityairport.com/corporate/Corporate-information/the-team#

2.3.5.3 Non-Profit Airports.

Airports are highly commercialized assets that have the potential to bring
incredible wealth or large controversy to a specific area. In some markets, to avoid the
political process and potential pitfalls of the social concerns of privatization, specialized
airport authorities have emerged. Moving further away from the governing oversight
body than public entities, but avoiding private financing, these non-profit organizations
became community-based organizations aiming to provide optimal value for the local
community by isolating airport profits and using all assets to benefits the future

infrastructure development.
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Benefits Concerns

e Avoid potential social and e Less oversights by authorities
political fallout from airport e Easily influenced by lobbyists
operation e Reliant on external industry

e Not beholden to shareholders

e Innovative

Local

Examples

Canada is the only country that has actively pushed airports toward independent
non-profit status. According to the Canadian Airports Council, airports across Canada
were transferred to not-for-profit status in the early 1990s.[30] Despite concerns about
the impact of the transfer, airports in Canada have shown social and fiscal responsibility.
These airports have also largely succeeded in achieving self-sustainability as required by
the national regulations. Due to their success, not-for-profit airports have been given
autonomy over their spending and development. This has provided an opportunity for
Canadian airports to develop and deploy several new technologies without the need for a
specific financial return. One of the more interesting examples of innovation from the
not-for profit airport is the high-speed travelator, which no longer operates due to safety
concerns. There are several advantages of local management, and the not-for-profit
airports seem to take advantage of many of those benefit to the local community. Non-
profit governance, though uncommon in airports, has proven a viable and competitive

governance structure.
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Links for more information
https://canadasairports.ca/about-canadas-airports/airport-governance-and-accountability/

2.3.5.4 Special Interest Privately Owned Airports.

In many regions especially the Middle East, select individuals or specific select
groups have purchased or gained controlling stakes in local airports. These individuals or
groups are often wealthy or political, for example a royal family or real-estate tycoon,
and are usually focused on financial diversification. As these specialized groups have
invested more heavily into growing airports, one of the trends that has developed is a
push toward opulence, and globally connected infrastructure. Starting at the end of the
80s and continuing to today some of the airports that have developed under the control of
a royal family, for example, have grown from nothing into the largest airports in the
world. Airports like Dubai and Abu Dhabi have been developed specifically with global
passengers in mind. This has allowed specific focus on premium travel and hub
connectivity to connect the far regions of Asia with European and US markets. Following
some of the examples provided by early airline such as Pan Am and British airways the
middle eastern carriers and airports have developed in tandem to support the largest
international passenger jets operating today allowing them to connect thousands of

passengers to any airport across the entire globe.
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Benefits

Seemingly unlimited funds
Usually has a partnered airline
Proactively seeking the best new
technologies

Frequently architecturally

pleasing

Concerns

Tied exclusively to owners’
wealth

Often developed without a plan
Nepotism

Illogical and conflicting goals are

not uncommon

e Growing beyond logical limits

Examples

Several middle eastern airports have developed in competition with one another
over the past 40 years. These airports have grown alongside of airlines and city states that
have emerged as powerful global centres of trade, travel, and commerce. When looking at
these airports the defining factor is the rapid expansion and the focus on the wealthy
premium traffic through the use of opulent finishings across the facilities. Dubai
International airport for example has expanded rapidly with a focus on frowning the
hubbed airline model with the largest fleet of the largest aircraft in the world. Singapore
has also seen direct investment from private groups into the facilities like the oculus and
the butterfly garden. These facilities are meant to wow passengers transiting through the

airport as well as passengers arriving in Singapore as tourists.

Links for more information

https://www.dubaiairports.ae/corporate/about-us/biographies/hh-sheikh-ahmed-bin-
saeed-al-maktoum
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2.3.5.5 Public Private Partnerships.

The public private partnership (PPP) model is a hybrid governance model meant
to expedite funding and provide quick benefit to the airport without fully privatizing all
of the public assets and to maintain the function of airports as public utilities[31]. In this
ownership model between private and public, airports fall on a spectrum of
organizational structures. The PPP is a tool to help inject funding into airports by
allowing more investors to take a stake in public enterprises. These partnerships have
developed out of an acute need for funding to overhaul the aging infrastructure, much of
which (at least in the US) was originally developed around the same time as the
introduction of jet aircraft. Many of these passenger facilities have an estimated useful
life of approximately 20 years, US facilities are therefore past the theoretical end of their
useful life.[4, 21] The general agreement for public private partnerships is that the private
corporations is given the rights to set and collect facility usage charges in exchange for
their investment in construction and operation of the specific facility for a set period of
time.

While the PPP is one form of privatization, many airports also utilize private
contracting staff. The use of private contractors allows airports to share responsibility for
both operations and finances. In the United States, up to 90% of airport staff are

employed by private firms rather than directly by the airport. [3]
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Benefits Concerns

e Shared costs e Less Regulated
e Public benefit e Reliant on Market forces
e Access to quick capital e Incentive to prolong asset life

e Not beholden to share price or

financially motivated boards

Examples

There are a variety of examples of partnership governed airports form all over the
world. In France, Toulouse Balagnac airport is held under a lease by a company that is
50.01% owned by the local authorities. In India, Delhi international airport is leased to a
private consortium for a period of 30 years. These types of lease agreements and funding
agreements help attract capital investment to grow the airports and provide the ability for
growth but also come from limited incentive to maintain the facilities toward the end of

the lease.

Links for more information

https://www.icao.int/sustainability/pages/im-ppp.aspx
https://www.icao.int/sustainability/PPP%20Case%20Studies/PPP Airport France.pdf

2.4 Socio-Technical System.

The integration between social and technical systems provides a very specific and
pointed area for the study of complexity, conflicts, integration, and system design. This

section explores some of the definitions that bound the scope of socio-technical systems
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studies and then looks at some of the application of modelling and simulation that help
designers and engineers, analyse the needs and operational behaviours of social and
technical systems under complex conditions. The final portion of this section looks at
some of the implications of the interactions between social and technical systems within
the aviation industry and the rationale for building the model that will be presented in this

study.

2.4.1 Background of Socio-Technical Systems

The term “Socio-Technical System” originated in the study of coal mine
efficiency after the second world war; the domain quickly grew to help define the
complexity of human interfaces with an emerging and ever-changing world of
technology[32, 33]. In the context of this research the best definition for defining socio-
technical systems is a slightly altered version of the definition provide by Baxter[34] of
the intersection of organizations, systems and users. To make this definition more general
a slightly broader definition is, systems at the intersection between a human in the loop
systems (the social system) and any system with at least one technological impact or
components (the technical system). This definition comes out of conversations and
research as well as course materials presented during the semester long socio-technical
systems course. While this definition pulls elements from a variety of sources, this
definition is still too broad to define a specific set of systems; to limit this definition
additional reference materials were reviewed beginning with the Systems Engineering

Body of Knowledge (SEBoK)[35, 36].
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2.4.2 SEBoK Essential Elements of Socio-Technical Systems

According to the SEBoK there are few formal definitions of "socio-technical

systems"; the term refers to a variety of different facets of engineering, depending on the

domain[36]. To define the term that is more ambiguous in a lot of literature, the SEBoK

authors identify four key areas of study within socio-technical systems. These areas of

study are:

Human Factors and Ergonomics: This is the study of how human interfaces and

layouts of system impact both the people and the system. As stated by Corlett,
human factors and ergonomics ‘modify the relationships of power between people
and things, or people and people.’[37] In the case of systems, the study of human
factors and ergonomics relates to control and influence of a socio-technical
system.

Organizational Design: The design of an organization and the operational

behavior that a particular design elicits, has a major impact on an organization’s
operational systems. In the business world, as organizations grow, so too does the
complexity of the organizational design, which tends to shift goals toward
financial growth and stability[32, 38]. The growth in complexity in turn, tends to
lead to more complex behavior within the social and technical aspects of the
organization[39], while a shift toward profitability tends to limit the autonomy
and innovation by forcing uniformity[32]. Impacts from organizational and

human interface factors, also then define how an organization shapes and builds
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systems and incorporates technology. These organizational design factors can
therefore either push a company toward innovation or hold them back.

System Design: Unlike organizational design a system design pertains to a

specific system or function and is less likely to evolve with the organization. The
optimal system design strategy, incorporates system designs at the origin of
system planning, this allows the best outcome for the designers and engineers of
the system[40]. Systems design must also accommodate the complexity of both
the social system and the technical systems as the unique elements merge to form
a complete system. When systems are designed well, the system’s behavior is
predictable, if there are limitation in the system design, new or unexpected
behaviors might emerge. These behaviors, both planned and emergent, impact the
system design.

Information Systems: Information Systems is the term used to identify the

technological elements of the system that gather, process and relay information to
users, managers, and other system elements. As autonomy and scalability take
larger roles in the social systems the technology tends to become more ubiquitous
but also more opaque meaning that less of the information gathered is being
displayed but the system is gathering more information on the behavior of not

only the system but the interacting social constructs[41, 42].

54



2.4.3 Other Defining Factors of Socio-Technical Systems

There are several additional elements that expand and help define what makes a

system a socio-technical system. Some of these elements have come from readings from

the materials presented in the socio-technical systems course, while other have come

from a general literature search focused on a variety of different elements of systems

engineering. Some of the potentially unique attributes are grouped into general categories

below because some of these elements are more fluid, but each of the identified elements

have some descriptive value to add when discussing socio-technical systems.

Small Operational Groups: working groups that can be given freedom to operate
independently can provide better results and have inherent social advantages to
offer the overall technical system. [32]

Connectivity: This can be a physical or electronic connection but any system that
connect humans has inherent social and technical attributes. [43]

Autonomy: This is related to the small working groups and relates to the ability of
a group to operate within the system to achieve local efficiencies. This specific
attribute can be easily hindered by regulations, standardization and economics
(specifically capitalism). [32]

Systems of Systems: as multiple systems integrate, there are social and emergent
properties that begin to develop. Using the five elements of systems of systems
identified by Maier[44], there is clear overlap between systems of systems and
socio-technical systems

Complexity: is a benchmarking tool to measure the relative interaction between

elements in a semi-quantitative way. This is more relevant in systems of systems,

55



but Righi provides a list of 13 characteristic of complex systems that help to
define the complexity of socio-technical systems. [45]

Bottom-Up System Design: is identified as a defining characteristic of a socio
technical system as the bottom up system integration tend to face integration
issues whereas top-down systems are managed avoiding some of the emergent
properties and potential negative consequences of system design and integration.
[32]

Anthropological Interfaces: this refers to the interfaces between societies’
complex infrastructure and human behavior, especially the interaction between
different infrastructure and any group that has an impact on the system operation,
growth, design, or end goals. I.E. any sort of project (especially transportation)
that attracts public funding. [44, 46, 47]

Unique, Interacting Elements: these are elements that collaborate with both
societal and technological systems rather than just humans interfacing with the
system; this is a complex bi-directional interaction rather than a simple human
interaction, so it moves away from the human interfaces and ergonomics
referenced above.

Macro scaled systems: this refers to the systems that exceeds the typical local
boundaries I.E. social or physical networks. [38, 48]

Robustness or Resilience: socio-technical systems have some element of
robustness that can be measured by analyzing the network or connectivity of the
system. If there are critical nodes within that system, there is a higher likelihood

of outages and systems failure [49, 50]
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It is important to point out that while these elements all provide some insight into
the definition of a socio-technical systems, not all socio-technical systems will meet the
basic definitions in each category. It is more likely that most socio-technical systems will

only meet some of the elements listed.

2.4.4 Personal Definition of Socio-Technical Systems

Based on my understanding of socio-technical systems, the readings for the socio-
technical systems course and a selection of the SEBoK recommended articles[35, 40, 48,
51], I believe that best description of a socio-technical system is: any system that
incorporates a human interface which, provides some level of control or influence over
the entire system, and incorporates inputs from more than one user or group. The
plurality of system-influencing inputs adds complexity to the system and creates the
socio-technical interface. Dissecting this definition, a bit more, if an input from a user
must work with/ or around/ or against another input (or inputs) and can impact the full
system rather than producing a single outcome it adds complexity meaning any multiple
input system can be viewed as a socio-technical system. This means that all large
networks and individual elements of infrastructure are socio-technical systems due to the
interactive and collaborative nature of communication, construction, and design.

Using a specific aviation example, the pilot interface in an aircraft does not
inherently make an aircraft a socio-technical system, but the collaborative nature of
working with a secondary pilot and a computer makes a multi pilot aircraft, a socio-
technical system. Using the description of pilots in planes from Whitworth [43], he says

if the pilot is seen as a part of the system, the system can be viewed as both a human in
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the loop system and a socio technical system. | believe even with a single pilot being
considered part of the system, the system is still a simple technical system because it still
works in isolation. If, however, a single pilot is in communication with air traffic
controllers the aircraft and pilot become a part of the aviation network making it an
element of the greater socio technical system.
If we look outside aviation, the user interface on a soda machine does not make it
a socio-technical system even though the users determine what soda they want
and through repeat sales they define when the machine is empty. Though absurd,
if that same soda machine had the ability to alter what is stocked, how it is
positioned and the price of a soda based on the input of the customer and social
environment, then the machine could be considered a socio-technical system,

because the combination of inputs adds to complexity.

2.4.5 Modeling Socio-Technical Systems

Sociotechnical systems can be modelled and simulated in a variety of ways. The
SEBoK identifies four unique modelling approaches for socio-technical systems:
quantitative modelling, agent based modelling, economic modelling, and system
dynamics modelling[36, 52]. The validation of this work focuses on agent-based
modelling where a stimulus or input is measured by observing the response or output
after a series of agents performs a pre-defined procedure to recreate(approximately) a
specific process. By modelling different types of agents, agent-based models can explain
and help identify emergent properties and predict the impacts of specific changes to the

systems. The goal of this model, like all agent-based models, is to interrogate the
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dynamic characteristics of the system to measure an equilibrium, in this case of a
hypothetical airport[39, 52]. By building simulation models like the one that will be
presented in this work, engineers and planners are able to foresee, and adapt to
accommodate emergent behaviors as the system or organization develops[53].
2.4.6 Socio-Technical Systems of Aviation

The aviation industry is a complex socio-technical system of systems, which has
faced constant change over the past 120 years. Despite constant pressure and continuous
change, aviation as an industry tends to resist transformations[54]. With a series of
integrated elements including a ground-based infrastructure network, modelling is
performed on many elements of the aviation system already. Starting with an example
that defines and models the complexity of the aviation system, we can look at the
resilience of the network and a measure of connectivity [8, 50, 55, 56]. We can then turn
our attention to evolution of aircraft and airline development and specifically look at the
impact of jet traffic on the aviation industry [26, 57, 58]. When looking at the impact of
jet aircraft, there is also value in examining the impact of the changing financial
landscape within the aviation environment[59]. Most pointedly in the United States but
also elsewhere, since the 1970’s the regulations governing airline operations and
financing changed which forced the entire aviation system to adapt and accept new
operational procedures[60-62]. The impacts of the financial and regulation changes
altered not only the technical airline systems but the airports as well and gave
communities far more influence over their local airports further incorporating social

systems into the airport. As airports continue to face the changing technical and social
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landscape, the socio-technical implications will continue to impact the operations and
procedure across the entire aviation industry.
2.4.7 Physical Systems — Socio-Technical Implications
Over the past 100 years not only have the aircraft and the airport systems
developed, but so to have the passengers and staff. The passengers of today are not the
same passengers of 20 years ago and the demands and focus of these passengers have
changed the airport environment. LEK consultants attributes the changes to the rising
percentage of millennial travelers that are making up the global work force (LEK
estimate millennials will make up 76% of the global workforce by 2025).[63] With the
changes in demographics, the environment of the airport must also change, some of the
suggestions include providing, more interactive space and more information to engage
the passengers. The same data and interactive environment has also ventured outside of
the terminal, into the cockpit with the use of electronic flight bags[64] and onto apron
with the digital service tags. The end users desire for interaction with the system, can be
strengthened through embracing the technology available and targeting the end users
through process engagement.
2.4.8 Socio-Technical Concluding Remarks
While this section covers a wide section of information on the study and modeling
of socio-technical system, this is not an exhaustive search and does not cover any specific
topics in great detail. This limited review of socio-technical systems is based on a
literature review that was meant to support the creation of an agent-based model in the
context of the socio-technical systems course. This section therefore focuses on defining

socio-technical systems in the context of modeling and specifically within the aviation
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domain. For more information, please refer to the sources referenced below or request a
copy of my qualifying exam where | provide some additional detail on a number of

socio-technical areas.

2.5 Airport Capacity

This section discusses capacity of airports as a three fold measure of capacity,
which can be limited by any of three major elements. It is important to note that capacity
can be further limited by any number of sub-systems at airports. It is also valuable to
distinguish capacity as what a system is capable of versus demand which is the available
traffic to utilize the available capacity. This section is not meant to provide an in depth
examination on the measure and quantification of capacity but is rather meant to provide
a bit of context on the balancing of capacity that is required to gain efficiency in an

airport context.

2.5.1 Airside Capacity

Airside capacity is an easily calculated value that can be modeled by discrete
service queuing models. Though the actual capacity can vary based on several factors the
general throughput of an airport can be determined statically. This is shown in Airport
Cooptative Research Project (ACRP) Report 79: Evaluating Airport Capacity.[65] As
with many of the reports and work performed by the National Transportation Research
Board(NTRB), ACRP Report 79 also comes with an associated model for determining
airfield capacity. The model and the report offer insight to airfield characteristics that

impact the total airfield throughput without offering suggestion on how to mitigate delays
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or gain more capacity from the existing system. The suggestions to gain more capacity or
reduce potential delays comes from more distinct academic studies of traffic flow
models. Gupta et al for example, take into account active runway crossings to analyze
delays at airports offering suggestions to mitigate the delays by decreasing the number of
runway crossings.[66] Others such as Polsyb[67] and Zhang[68] suggest pushing demand
out of peak periods by changing pricing schemes to charge more for peak times. Others
suggest that a more active operational intervention is a better approach like Balakrishnan
et al[69], who offer a model to control push back of aircraft, systematically preventing
delays by reducing all traffic on the ground. Jung et al offer more background on the
approach to control the airfield by studying Dallas Fort Worth airport.[70] Other papers
such as Mehndiratta and Kiefer[71], and Swaroop et al[72] suggest limiting delays at
airports by implementing restrictions particularly in the number of aircraft allowed to
operate at the airport in a particular time period. Many of these methods require a more
integrated systems approach to the control of the airside operations. While many of these
studies have their merits, and offer valuable suggestion to reduce delays and congestion,
they would be more beneficial if they looked at the entire turn around process, to balance
the number of aircraft on the ground against the services available.

Though the majority of the work done on airport capacity, delays and the
modeling of traffic will fall outside of the scope of this work it is valuable to understand
the flows of traffic and the schedule patterns that persist at airports, especially at hub

airports and how growing traffic is managed. [73]
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2.5.2 Terminal Capacity

Unlike airfield capacity, which is a relatively static throughput of aircraft, that
will not change without the addition of infrastructure, terminal capacity is more fluid and
dynamic. A static throughput for each individual element of the terminal can be
predicted, but due to the nature of human service and the number of elements involved
that have a distributed range of service times, the total terminal system capacity is varied
and highly dynamic. IATA offers a range to measure the adequacy of capacity called
Level of Service(LoS).[14] LoS defines how comfortable passengers will feel when
passing through each of the terminal processes, these are based on some standard
processing rates and wait times. In addition to LoS for processing facilities, IATA also
offers standards for the quantity of space and number of seats per passenger within the
terminal. These figures provide basic guidelines but do not determine a total capacity. In
order to define total capacity other references, must be consulted. The most specific is the
local fire code and safe evacuation standards which limit the number of people allowed in
a space based on a number of fire exits and stairways. When designed appropriately the
restriction from fire codes and outside regulation should not be in question.

As with airside capacity, the terminal capacity measures, will largely fall outside
of the scope of this work. The measurement of throughput and the LoS range, however,
offer some guidance for the creation of future frameworks, which will likely factor into
my thinking as | develop this framework.

2.5.3 Apron Capacity
A measure of ap