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PREFACE

The importance of air transportation on a national and international
scale is an indisputable fact, but at the same time it must-be admitted
that the impact of airport activities has raised substantial questions
concerning their desirability in urban or rural areas. The problems of
noise, property devaluation and land use control, for example, have only
recently been considered. As a result, this thesis will address itself to
land-use planning in the vicinity of airports. It is hoped that by review-
ing problems and analysing present responses, alternative land-use planning
techniques may be suggested which recognize the symbiotic relationship
of airports and surrounding areas.

The disturbances caused by airport operations adversely affect those
who live or work in the immediate vicinity. Unless these disturbances are
solved or substantially ameliorated, the problem glso threatens to stifle
the development of air commerce itself. If the rising concern for the
environment is any indication, the result may well be the banning of airports
from economically attractive, convenient urban sites, to more distant rural
areas. Conversely, the expansion of aviation facilities, especially within
urban areas, has resulted in additional restrictioné in respect to the use
and occupation of private lands in the airport vicinity.

The potential effects and consequences of airport-related problems
on the adjacent community, air safety and air commerce dictate that the
control of land use throughout the area of airport influence is essential.
In Canada, existing federal airport-related legislation generally p;escribe
height limitations and restrict hazardous uses or devices within the
airport boundary and formally-defined adjacent property. However, the

vast majority of airport-related legislation in this country contains no
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provisions which would restrict specific types of land uses, proven to
be incompatible with airport operations, from developing adjacent to
airports. This responsibility has been shared by local and provincial
governments, along with the private development sector, resulting in
inadequate correlation with the existing or potential interests of the
airport.

The intent of this investigative, or project-oriented thesis is to
review existing airport zoning powers in terms of overall urban and
regional development planning, and to investigate potential methods of
regulating and controlling land use in the vicinity of Canadian airports.
These methods will then be systematically analysed, in terms of effective
land-use planning, as they affect airport operations, peripheral protection,
and overall development planning.

The main acknowledgment for assistance with this thesis goes to
the staff of the Winnipeg Area Airports System Study, Transport Canada,
where initial theories and project directions were tested, and final
methodologies developed. Special recognition is directed to Mr. H. Bell,
Project Director, and Mr. H. Taylor, Airports Specialist, who provided
the author with an indespensible library of technical data and a practical,
airport-related working environmment.

Structural assistance was provided by the thesis advisor, Professor
M. Carvalho of the City Planning Department, University of Manitoba, who
also assisted in the initial theory development and refinement. Similar
recognition is offered to Professor R. Foster of the Geography Department, who
acted as the major reader of the thesis and made specific recommendations

regarding format and style.
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CHAPTER I
INTRODUCTION

An airport coexists in an intricate relationship with the
community or region in which it is located. Over the years, historical,
economic and political decisions have led to development in and around
airports. At one time, most existing Canadian airports were located on
the outer fringe of urban development, with few adjacent residences :©r
non—agricultural land uses. Following World War II, an increase in civil
air traffic coincided with rapid urbanization. Consequently, what was
once an airport on the fringe of a city became an "airport in the city",
surrounded. by intensive urban development. This set the stage for a range
of problems involving envirommental, ecological, economic -and social
issues.

Efforts toward compatibility of the airport with its environs can
be undertaken by proper airport planning, control of pollution generating
sources, and proper off-airport land-use planning.l The purpose of such
planning is to maintain or create an airport/community interface which
protects the needs of the airport while providing for the requirements of
the adjacent community and ecological environment. . Only'in: this way will
the future-viability of the airport within»an-urban,orurgral;setting be:
preserved.

Because of the potential social and economic impacts generated by

the airport activities, airport planning must-be recognized as an-integral
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part of the overall comprehensive planning area in which it is located.

All physical aspects of airport operations must be coordinated with
existingvand potential patterns of adjacent fesidential, commercial,
industrial, agricultural and recreational land use. Conversely, the growth
and development of these community areas in the vicinity of an airport must
reflect present and future airport operations. Planning of compatible
airport/community relationships is a proper description of the process
necessary to achieve an optimum relationship between an airport and off-
airport land uses.

It is the intent of this thesis to review existing Canadian airport.
zoning powers and operational regulations in terms of providing compatible
airport/community relationships, and to investigate potential methods of
regulating and controlling off-airport land use. The thesis will examine
the hypothesis that existing airport zoning legislation and operational
regulations have little effect in ensuring that off-airport land use is
physically, socially and economically compatible to airport operations.

Not only will existing control mechanisms be critically evaluated, but
alternative techniques to provide land use compatibility will be investigated
in terms of airport operations, peripheral protection, overall development

planning, implementation and consequences.

The Airport/Community Interface
The existence of airportkfacilities‘and\operations generates many
significant physical, social and economic externalities on surrounding
areas. The interface between airport operations and local industrial,
commercial and residential land use results in both desirable and undesirable
externalities.

Where airport operations are found to be incompatable with adjacent
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off-airport land uses, the undesirable externalities involved often
contribute to economic and social costs. Such externalities usually are
a direct result of airport noise. TFor example, existing theories of
noise effects hold that residential land use adjacent to airports
creates an incompatable interface. Although airport noise levels are
presently subjected to many control measures involving aeronautic
engineering and design, restrictive flight procedures, and buffering
techniques, there remains in many cases an unacceptably high level of
noise exposure. In these cases, the economic impact of airport noise on
residential property is often said -to be reflected in a market depreciation
of residential land values.

At least one recent study tends to discount the depreciation
theory. The average selling price of residential property in each Noise
Exposure Forecast (NEF) contour surrounding the Winnipeg International
Airport failed to indicate a correlation between noise intensity and
market sale price.3 An associate survey of social concerns and attitudes
revealed that 63 per cent of residents questioned thought that their
property value had remained constant.4 The survey also indicated that
although 88 per cent of respondents were satisfied with their location,
dissatisfaction with airport externalities such as noise and accident
potential did exist in relation to the noise éone and proximity involved.

The results of both the social concerns study and the economic
significance study.do not correlate with theories which define property
devaluation and social concern as factors of negative airport impact.

However, social concern studies and resident.complaint statistics indicate

that negative resident perceptions of airport operations increase-or-




—4—
decrease in direct proportion to the distance from the airport. It must
also be noted that the Winnipeg study did not include quantitative
comparisions of residential sales transactions, down zoning or land-use
changes which might reflect social dissatisfaction with off-airport
residential areas, or a filtering-down effect of uses within such areas.

A similar comparative analysis of the residential land-value
situation in the vicinity of Toronto International Airport concluded
that residential property values tend to fall during times of airport
operational or facility expansion.6 Once noise-avoiders have sold their
homes, property values return to comparable levels with unaffected
property. The study concluded that while land values in affected areas
are not depreciated over the long-term, occasional depressions occur as
the type of resident and the land-use pattern shift toward an optimum.
state.

It is common to assume that interface incompatibility is a direct
result of airport operational factors alone, ‘especially noise. However,
certain adjacent off-airport land uses are found to be compatible with
airport activities. Most industrial and manufacturing land uses in close

proximity to airports are generally compatible since aircraft noise has

little perceivable affect on their operations. Problems arise only when
dense smoke, electronic interference or lights from these activities
obstruct or confuse mormal airport operations:and navigation. In
addition, certain.agricultural uses, such as-the cultivation of seed-
crops, may be incompatable with an adjacent airport because. large numbers
of birds often are attracted. Finally, the accident potential omn
residential land use below aircraft glide-paths has resulted in the
enactment of aircraft operational guidelines. The aviation profession~ -

has voiced concern over such comnstraints since they tend to increase
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take~off and landing risk. Therefore, in terms of aviation safety, both
aircraft operations and proximal residential land use contribute to an
undesirabie interface.

When the relationship between an airport and adjacent community or
area is operationally and socially compatible, a number of beneficial
externalities are generated. The urban airport acts as a necessary
element of the city's economic health through it's servicing of local
primary and secondary industries. Local commercial enterprise also
benefits from the availability of a major transportation terminus and

increased business traffic, the access which is offered to otherwise

inaccessible areas, and the employment opportunity demands.

The creation of additional employment at an airport generally has
a multiplier effect by stimulationg local employment. This multiplier
seems to have two areas of effect: population and income. The effect
of increased airport-related employment opportunities can lead to increased .
local population if the area's labour force cannot fill the employment
positions. In addition; spending by the airport industry, its employees
and associated population tend to stimulate further employment through
support of local business. This in turn may result in demands for new
housing, ;nd community and social services. 1In summary, certain Canadian
cities and regions find that the positive economic benefits of the urban
or suburban airport tend to overshadow the negative aspects within the
adjacent community.

Since airport and community coexist in a complex relationship,
certain demands may be generated by the community on the airport. Aviation
and aviation-related operations have been adversely affected by organized
citizen protest regarding the effects of airport activities on adjacent

residential land use. The expansion of airside or groundside facilities
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beyond existing airport boundaries may conflict with urban growth in
the adjacent community. It is therefore incorrect to assume that all
economies and diseconomies involved in the airport-community interface
originate from the airport.

Reliance on an improved airport-community interface and reduced
externalities through lower rates of air traffic does not seem a
plausible approach to the problem. Present aircraft development activity
remains subdued due to depressed air travel demand, the shortage of large-
scale development capital and the extablishment of new aircraft'types.9
However, existing commercial airline fleets will be progressively phased
out by the year 2000, with replacements coming from current subsonic
aircraft designs, short-haul aircraft development, and the introduction of
supersonic transport.10 The growth trend in passenger aircraft capacity,
reflecting confidence in future passenger demand, will increase dramatically
over the next 20 years, -as illustrated in Figure 1. As an answer to
uneconomical lengthening of runways at existing airports, Figure 2
indicates a stabilization in the trend toward longer take-off and landing
distances. This levelling-off in the trend of longer take-off and landing
distances can mainly be attributed to increased engine thrust and wing
lift. TImproved third-generation air traffic control systems at large and
medium-sized airports will also facilitate increased airspace capacity.

In terms of air passenger traffic, forecasts are highly dependent
on the state of the natiomal, regional and local economies: -In the past,
air fares decreased relative to the overall cost of 1living, but the
rapidly increasing price of o0il in the 1970's altered this trend. ‘
Aviation officals agree that the recent major price rises were a singular
event, and increases of similar magnitude will not occur again.11 Airline

costs in general are expected to follow the rate of inflation, and therefore
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fares should increase at roughly the same rate as the rest of the economy.
The increase in unit costs and fares, coupled with a slower increase
in disposable income for certain socio-economic segments of the population
could result in decreased air passenger growth rates. A strong trend is
also expected toward increased unit sizes, at the expense of flight
frequency, in order that airlines can minimize éost increases.
A recent study of the aviation industry to the year 2000, conducted

by the Federal Aviation Administration (FAA) in the United States,

indicated that overall aircraft noise will continue to be a major constraint

on the growth of air transportation.  This situation is expected to: continue- -

until the impact of newer aircraft, which meet stringent noise standards,

13 The same study forecasts that by the year

is experienced in the 1990's.
2000 the maximum increase in revenue passenger miles will be five times the
1974 total. Cargo revenue will grow at least six per cent per year for
the remainder of the century. Finally, with moderate to high economic
growth, new conventional aircraft of the 1000 passenger class, and 150
passenger jet STOL (short take-off and landing) will form a small
percentage of the air carrier fleet by 2000.

The basic conclusion to be gained from the majority of recent

forecasts of air traffic to the year 2000 is that aviation will continue

to expand. However, future growth will proceed at much more conservative
rates than have been experienced in the past- 20 years.

The potential for a gradual but relatively constant increase in

aviation activity in the next 25 years dictates that improved off-airport
land-use control techniques must be implemented. The existing conflict
within the airport-community interface must be alleviated or the airport

will increasingly be viewed as a totally incompatible urban-land use.
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Associated problems may amplify to a state where existing technology and
regulations will offer little solution,‘and the economically sensitive
alternative of relocation will become the singular means of conflict
alleviation. Also lost will be the advantages and economies offered by
airport location within the community. Shifting socio-economic parameters
may stimulate or depress specific aviation activities, but the entire field
of air transportation seems destined to remain an integral part of the
national transportation network. Subsequently, the aviation terminal,
whether in the rural or urban setting, will continue as the prime component
of the national or regional aviation system. How to properly plan and
control development in the vicinity of these major airports represents an

important new challenge to planners, urban specialists, and local officials.

The Off-Airport Plamning Problem

In the past, airports have been developed and expanded in accordance
with specific economic and transportation principles. Airport planning
has typically been independent of other elements of planning. At the same
time, municipal officials have seldom viewed the airport as a special
land use. Although municipalities register airport zoning regulations in
accordance with federal legislation, the affected off-airport lands are
usually assigned a typical urban land-use designation which does not
reflect the externality impacts. of the neirghbouring airport. In addition,
the airport property itself tends to be zoned at the local level as a
combination of manufacturing, industrial or agricultural designations.

Only the Planning Act of Alberta contains legislation for the enactment of
airport protection zones which provide compatible off-airport development.

The impact of adjacent:urban:or suburban development on airport

operations has been controlled to some extent by the federal airport
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legislation found in the Aeronautics Act. This Act, which will be
examined in greater detail in the following chapter, authorizes the
Minister of Transport to regulate height, use and location of buildings
and structures not only on airport property, but on certain lands adjacent
to airports. The problem is that these regulations only apply for purposes
relating to aircraft navigation and airport operation. Therefore, the
resultant operational zoning affecting off-airport lands beneath runway
approaches does not control the type or extent of development in the more
general vicinity of the airport. This responsibility has been shared by
local and provincial govermments, along with the private development sector,
resulting in inadequate coordination- between adjacent development and the
existing or potential interests of the airport.

Most cases of community concern over airport operations coincide with
a strong disregard for the need to provide a compatible buffer of non-
residential development between airports and adjacent residential areas.
In this regard, the common-approach is for the involved municipality to
pass, by authority of the Aeronautics Act, zoning regulations which
usually restrict building heights for the protection of runway approaches.,
Unfortunately, where airport operations adversely affect the surrounding
enviromment, the federal government once again does not have, at this
time, the authority to zone for appropriate bﬁffer uses. It must rely on
the provincial and municipal levels to adopt appropriate airport
protection legislation and zoning.’' As stated previously, only one province
has implemented such legislation, ‘allowing local -govermments to .control-
overall land use in the vicinity of airports. Fortunately, a bill to
amend the Aeronautics Act to protect federal airports and airport sites

from urban:development encroachment where provincial authorities dre
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unwilling or unable to act has been introduced in Parliament.

The importance and growth of air transportation will remain a
constant factor of our society in ﬁhe projected future. It must also be
admitted that the impact of airport activities has raised substantial
questions concerning their desirability in the urban or suburban setting.
The problems of noise, operational interference, property devaluation and
land-use planning have only recently been considered.

Delegates at the eighth Air Navigation Conference of the ICAQ

(International Civil Aviation Organization) identified five specific

measures worth examining as means of alleviating or reducing the conflicts
within the airport/community interface. These measures involve the

following approaches:

1) locating and orienting runways such that aircraft operations
over populated afeas are avoided; .

2) introducing new aviation taxiing, take-off and landing
techniques which would minimize noise exposure to the
surrounding environment;

3) controlling the location and times of aircraft testing and

scheduled flight operations;

4) dimplementing advanced aviation technology which would
suppress aircraft noise;
5) practicing effective land-use planning in the vicinity of-
. . 15
airports.
To ensure that the advantages offered by aircraft noise certification,
retrofit and noise-abatement operational techniques are not negated, the
final issue of effective land-use planning must become a central component

of all programs designed to improve-the airport/community interface.
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CHAPTER II
A REVIEW OF OFF-AIRPORT PROBLEMS AND CONCERNS

A review of pertinent case studies and existing literature suggests
two major focal points within the wider topic of off-airport land-use
planning concerns. The first area of concern includes general airport
operational problems which can be classified as environmental in nature
and effect. .The second sub-topic contains land-use planning problems
which relate to the off-airport environs and its compatibility with the

airport.

Environmental Concerns

In recent years, airport expansion and development have become
embroiled in controversy over environmental concerns. The environmental
effects of airport operations have become the most prominent and sensitive
issues to off-airport residents. Many cases of local opposition to
airport development, expansion or operation can be directly related to an
initial insensitivity on the part of the airport authority, which is
usually Transport Canada in the case of major airports. This insensitivity
is usually manifested as environmental problems within the off-airport
region. - The environmental problems most commonly attributed. to-airport
operations are noise, exhaust emissions, environmental pollution and

ecological disturbance.

High levels of airport noise are most undesirable.  Noise, itself,
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is defined as unwanted or annoying sound.1 The perception and effecgs of
noise are also subjective in nature. The notable British report on noise
states:

"...a noise problem must involves people and their feelings,

and its assessment is a matter rather of human valugs and

environments than of precise physical measurement."

"Noise associated with aircraft operations may cause the disturbance
of human activities. Speech and sleep may be disrupted. These resultant
effects, although present at all major airports or locations in close
proximity, are not necessarily equal in degree and scope.

The major source of airport noise originates from aircraft engines,
either through on-ground testing procedures or take-off and landing
operations. The intensity and nature of aircraft engine noise at the
source varies with the engine type and the nature of the flight operation.
Community perception of such noise varies according to a number of airport
and neighbourhood factors.

Airport factors affecting noise perception include the amount and
type of sound abatement techniques in use, and the daily scheduling and
frequency of aircraft operations. In the surrounding community, noise
perception will be governed by the season (i.e., perception in winter
months is lessithan in summer due to closed windows and less time spent
outdoors), the provision of residential insulation and soundproofing,
distance from the noise source and the overall familiarity of residents.
with airport moise.

In the majority of cases, airport mnoise has becomé the major issue
of conflict between airports and neighbouring land uses. Jet aircraft are

substantially noisier than earlier propellor—driven aircraft. Jet engine

noise, -due to its larger proportion of high frequency-sound. or whine, is.
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more objectionable than piston engine noise of the same pressure level or
decibel rating. Jet engine noise output is also greatest during take-off.
To become airborne at a sufficient cruising altitude requires the jet
aircraft engines to operate at full or "over-rated" power. This operation
creates jet noise due to the turbulent mixing of jet engine exhaust gases
with the surrounding air. When landing, the primary hoise source is high
frequency noise generated by the air compressor and turbine blades of the
Jjet engine.

As stated previously, noise perception and annbyance is subjective
and dependent on a number of variables. The noise perception problem at
Winnipeg International Airport, for example, would not fit into a
- generalized noise problem statement for major airports. Although the
airport experienced over 150,000 scheduled and chartered aircraft movements
in 1974, a recent social concerns study concluded that it does not create
a major noise impact on the surrounding community.3 The airport states
that the mature of the existing noise problem is technically similar to
that of Furopean and American cities, but the intensity and extent of the
problem is much less in Winnipeg. This is a result of numerous intervening
relationships, such as the relatively high percentage of propellor aircraft
movements (68 percent in 1975).

In general, medical authorities recognize that long-term exposure
to excessive noise levels is-a‘danger ‘to health :in both a psychological"
and physical sense.  Such“exposure may contribute to tension and stress.
Hearing may be damaged and ‘in extreme cases deafness may result.

In some cases, an airport may contribute significantly to a region's
air pollution problem, particularly when compared to other sources.

Emissions from afrport ground vehicles~-and terminal ‘buildings contribute - -
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to air pollution in the viecinity. In addition, a number of toxic
pollutants such as carbon monoxide, unburnt hydrocarbons, nitrogen oxides
and minute solid particles are found in aircraft exhaust emissions.

During the mid-1960's, concern over military and commercial aircraft
engine exhaust led to the initiation.of efforts to reduce such emissions.
However, emission studies carried out during the late 1960's in Canada,
Britain and the United States indicated that aircraft account for only one
percent of the total air pollution.4 For example, studies of the air
quality at Toronto and Vancouver International Airports and their adjacent
regions have generally indicated that air pollution in these areas is
primarily attributable to automoblles, airport ground vehicles and other
urban pollution sources.5 Furthermore, it is believed that these emissions
are more harmful to health than aircraft emissions.

Lastly, the utilization of land for both airside and landside
airport operations inevitably creates disturbances to flora and fauna.

In more rural éettings, aircraft exhaust and noise may destroy the natural
habitat and feeding grounds of wildlife and may eradicate certain flora
important to the area's ecological balance.

As a result of vegetation clearing and interference with the water-
shed pattern, airport and surrounding lands may become vulnerable to soil
erosion. Contaminants from the airport drainage &ystem may also enter
streams or waterways in the vicinity. Typical contaminants here would
include petroleum products, fragments, soil sediments, detergents and
other chemicals. For example, stormwater drainage systems which involve
airport property may adversely affect adjacent agricultural lands. Runway

de-icing chemicals such as fertilizers and glycol are potential hazards to

a clean drainage-system. However, both chemicals are usually.absorbed -into-
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the soil and rarely contribute to surface water pollution. Absorption
into underground water systems is usually avoided through an airport site
selection and construction program which is sensitive to drainage courses
and excessive slopes. 1In addition, water quality controls at all Canadian
airports where there are adjacent waterways generally reduce indiscriminate
contamination problems.

The potential ecological problems within the airport vicinity may
influence both urban and recreational potentials. Erosion and drainage
problems may reduce the development potential of off-airport lands. In
cases of rural airport settings, ecological interferences from the airport
may also reduce the recreational. attractiveness of surrounding natural
areas. The future recreational potential of the foreshore and riverbank
lands of the North Fraser Delta has been hindered by the area's ecological
and noise problems associated with Vancouver Intermational Airport. The
use éf'these areas for passive recreation-is affected by the detrimental
results of airport operations on:'the area's wildlife, vegetation and water

quality.

Land-Use Planning Problems

The operational relationship between off-airport land uses and
airside aviation activities have contributed to the development of
regulations in areas such as building height and developmental compatibility.
However, -there also exists a strong affiliation amongst airport landside
functions ‘and off-airport activities, :primarily airport access. and off-
airport passenger services, as shown in Figure 3.

Airport access refers to the portion of the overall airport trip
that is accomplished on the local and regional transportation system outside

the airport boundary. The successful operation of an air transport industry
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requires a supporting ground transportation system for the movement of
goods, passengers and personnel to and from the air terminal. Except in
the case of air express, these services are not provided by the air carriers
or by the airport authority. As a result, facilities for passenger ground
transport are provided independently.

Airport access id predominantly on surface transport facilities
since few major airports offer access by air. The level of accessibility
meagsured by both time and distance is a critical determinant of the overall
value of the airport to its regional or local customers. Each incremental
improvement in ground access facilities provides the airport with a
comparative advantage, in turn strengthening its attractiveness to
passengers, services and airport-related industries.

Airport access as a factor of convenience is determined not by the
afrport authority, but by external interests and jurisdictions. In many
cases, these jurisdictibnal priorities relating to airport access do not
match those of the airport authority. Although municipalities, for example,
may recognize an airport's need for improved access, they also realize that
airport access may be»only one operational component of a multi-functional
transportation route. Therefore, improvements to the route are made when.
the majority qf components have reached a near-critical state. Improvements
to the airport access component of an urban system such as Toronto's
Highway 427 or Winnipeg's Route 90 may be delayed until a multitude of
system components have reached capacity, and the appropriate government .

levels act to improve the entire system.

Tf the airport access component of a transportation system reaches a
serious state of over¥capacity, the resultant prohlems can include passenger

delays, airline scheduling problems congested terminal facilities, highway
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congestion and an unattractive setting for off-airport commerce and industry.

In terms of off-airport activities, thé most common off-airport
passenger service involves the accommodation industry. Lodging, food and
entertainment establishments have recognized the airport as a customer hub,
and passenger services have developed on off-airport property in close
proximity to the terminal,

The direct access that off-airport services provide to the air
passenger assists in the alleviation of terminal traffic congestion problems.
Services, such as hotels, are also utilized in some cases as secondary
airport terminals, complete with preliminary passenger processing functions.
The off-airport passenger facilities are also capable of providing an
economic benefit to the surrounding community. Urban, suburban or rural
areas which may be unattractive to tourist facility development because of
poor urban access and proximity, or adjacent industrial predominance,
become especially suited to airport related commercial activities of various
scales. Aé a by-product, the community.receives additional taxation
revenues, hotel and entertainment space, and convention facilities in
areas other than the central business district. (CBD).

Off-airport passenger facilities are especially susceptible to
adjacent airport noise since most operate on a 24-hour or extended hour
basis. Soundproofing and air conditioning must therefore be incorporated
into the construction of such facilities to the extent-necessary to reduce
exterior noise to a level acceptable:for internal business and accommodation
purposes.

Finally, off-airport passenger services exist within a less secure
business environment when compared to other areas of the city. Off-airport

hotels and associated enterprises for example are almost-completely dependent
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on the airport for their operational success and prosperity. Critics who
support urban airport relocation must realize that such an approach would
be détrimental not only to airport-related industries, but to various
passenger-related commercial enterprises in the periphery.

Probahly the most obvious and the most critical aspect of the air-
port/off-airport 1énd—use planning program involves aviation safety. The
International Civil Aviation Organization (ICAO) wotrld-wide aviation
accident statistics indicate that by far the largest®percentage of air
vehicle crashes ocdcur on take-off or landing. The majority of landing
phase accidents involve aircraft "undershooting" the runway. Although it
may be assumed that a substantial proportion of accidents are confined
within the airport property boundary, there is a definite safety hazard
imposed upon land uses which are located beneath aircraft approach or take-
off paths in the vicinity of airports.

Additional aircraft accident ‘statistics relating to runway under-—
shooting or over-shooting indicate that the majority took place within five
kilometres (16,600 feet) of the end of . the runway. .This justifies the
designation of crash pathé as a part of clear area or airport hazard area
zoning.

As aircraft safety relates to public opinion, certain research
studies have listed "fear or aircraft crashing in the neighbourhood" as
the most important non-acousti