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ABSTRACT

The purpose was to evaluate airport impact on nearby
residential property values (RPV). The hypothesis was that
a relationship between noise levels, and nearby RPV could be
identified and quantified. The objective was to model a
relationship between housing location with respect to an
airport and housing value, taking into consideration other
relevant factors.

Evaluation of aviation facilities impact on RPV was
based on a sample of 587 single-family houses sold during
1984 and 1985. Selling price was used as the dependent
variable. 1Independent variables included physical charac-
teristics of a house, distance to the closest airport,
accessibility of a house to the urban area, and supply and
demand for houses. Distance to nearest airport was used as
a surrogate for aircraft noise level.

Study indicated that impact of aviation facilities on
RPV could be guantified using selling price of a house as
the dependent variable and distance from an airport as a
primary independent variable along with physical character-
istics of a house. Effect of an airport on RPV appears
dependent not only on distance, but also on type of éirport

and selling price of a house.

xiv
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Davis-Monthan Airport (DM), a military airport, has a
significantly greater impact than Tucson International Air-
port (TIA), a commercial airport. DM impact was greatest on
houses priced above sample median. However, lower priced

houses were effected more when the impact was expressed as a

percent of selling price. DM impact area was approximately
2 miles from the airport, while TIA impact was about 1 mile
from the facility.

Distance from DM was the most significant variable in
describing variation in selling price for houses closest to
this facility. Living area of a house was also a very sig-
nificant variable. Distance to TIA was not very significant
in evaluating selling price variation. Living area and age
of a house were generally the most significant variables

describing selling price variation for TIA subset.



CHAPTER 1

INTRODUCTION

When airports and heliports were first developed, the
main public and official concern was to provide a new form
of transportation. There was not that much knowledge about
the side effects that would be generated from the aviation
operations. Not many years ago there was little concern
about harmful environmental effects that resulted from the
construction of airports and other public facilities
(Ashford and Wright 1979 & 1984). A dramatic turn-about and
official concern about the environmental impact of airports
developed in the late 1960s. The increased emphasis on the
environmental effects of airports was partly a result of
heightened public awareness of environmental problems in
general, and was attributable to the alarming Qorsening of
airport environmental problems that accompanied the sharp
increase in aviation activity and the introduction of large
aircraft (Ashford and Wright, 1979 & 1984).

Airports can have aignificant impact on adjacent land
use. These impacts can be economic, developmental, or
visual. Ashford and Wright (1984) emphasized that "airport
planners and engineers should consider the available land

use controls and design techniques to minimize undesirable

1




land use impacts in the airport environs and within its
boundaries". The compatibility of land use with airports
has been ranked by Ashford and Wright (1984) as the
following in decreasing order: rural and agriculture,
industrial, office and commercial, public buildings

(schools, hospitals, universities, etc), and residential.

Problem Statement

As a consequence of aviation activity land uses
around airports may become incompatible due to excessive
noise levels. The U.S. Department of Transportation (1972,
1976) stated that even if all feasible noise reduction at
the source was accomplished. There may be areas where
airport and aircraft operation are incompatible with certain
land uses, especially in the areas where the aviation
facilities were defined and zoned without the realization of
aircraft improvements and the urban encroaéhment into the
aviation affected areas.

Aircraft noise affects land values and land uses.
However, methods for quantifying aviation impact on the
surrounding land are lacking, particularly with respect to
impact on land values. This research was designed to
evaluate the impact of airport noise on surrounding property

values.
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The hypothésis to be tested by this research was that
there is a relationship between airport noise level

generation, and the value of surrounding residential

properties, and that this relationship can be identified and

quantified.

Goal and Objectives

In order to test the above hypothesis, the following
goal and objectives were to be achieved. The goal of this
research was to identify the relationship between aircraft
noise level and residential property values near airports.

The primary objective in achieving this goal was to
model the relationship between airport location and the
value of surrounding residential properties, while taking
into consideration other variables which affect property
value. It was anticipated that the presence of the airport
could be isolated by including other variables known to
affect property values in the analysis, and evaluating the
differential price paid for properties as a function of

these variables.




Limitations in Study Scope

Single~-family housing from Tucsoh Metropolitan Area
was the only residential land use analzed due mainly to
inadequate data on other land uses. Tucson International
Airport and Davis-~Monthan Air Force Base in Tucson, Arizona
were the only two airports used in the analysis due to
financial, human, and time restrictions. Complete data for
a time period greater than two years were not available for
the residential units and aviation facilities. Airport

noise levels were not available below 65 Ldn value.




CHAPTER 2

LITERATURE REVIEW

The subject of modeling aviation facility impact on
land has at least four pertinent issues; economic, regula-
tory, land use development, and prediction of land use
development. The only issue of interest in this research was
the relationship between airport noise levels and
surrounding property values. The literature review focused

on this issue.

Development And Regulatory Issues

Nierenberg (1978) concluded that "the present
regulatory schemes have been treating the symptoms of the
airport noise problem without ever understanding the nature
of the disease and how best to cure it". Nierenberg (1978)
and Alexandre and Brade (1977) proposed an airport noise
charges scheme that would give the airlines the financial
incentives to take cost-effective steps to reduce noise
exposure. Properly instituted, noise charges would
substantially reduce noise around airports in a way that is

least costly to society.
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Ashford and Wright(1984) stated that "certain types
of land uses are not suitable to be near an airport location
and could be ranked in descending order of suitability as:
rural, agriculture, industrial, office and commercial,

public buildings, and residential",

| The Airport and Airway Development Act of 1970
required that appropriate consideration to be given to the
economic, social, and environmental effects the location of
an airport on nearby communities and that the proposed
development be consistent with the community's planning and
objectives (Ashford and Wright, 1984; U.S. Department of

Transportation, May 1977, April 1978, and December 1984).

Land Use Impacts

Paik (1970) tested the impact of aircraft noise on
urban residential property values using two basic hypo-
thesis; (1) noise-affected areas exhibit diminished rates of
property value increase, and (2) that noise creates
different relative effects on property values in commercial
and residential neighborhoods. A model was developed which
employed several independent variables which influence
property values, including area population, number of
residential properties,; number of single-family dwellings,

number of substandard dwellings, median number of rooms per




unit, nonwhite population, persons per room, and median
income. Linear regression analysis was employed on the data
collected from the John F. Kennedy International Airport to
develop a model for evaluating the effect of each variable
on the average property value. The effect of noise was
integrated into the equation by including an additional
variable to measure the noise exposure forecast levels.
Paik's results tended to support the two initial
hypothesis, demonstrating that noise did exert a negative
influence on property values and that these effects were
more pronounced in residential areas. This study focussed
on a very large major airport, J.F.K. in New York.
Paik's study employed 1960 census block data and 1965
Noise Exposure Forecast (NEF) data. NEF can be expressed
mathematically as follows(Horonjeff and McKelvey, 1983):
NEF =EPNL + 10 log(N/k) ~ C (2-1)
where,
EPNL = effective perceived noise level, EPN dB
N = number of operations during day or night
K = a constant dependent of whether the operations
occur at night, K =1.2, or in the day, kg=20
c = a normalization factor to make NEF numbers
substantially different from Composite Noise
Rating.
Paik obtained a sample of 100 blocks with noise

levels more or less equally divided between NEF 20, 30, and
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40. Each sample consisted of blocks located within five to
six census tracts. Paik excluded blocks located near the
boundaries of the NEF contours and included those blocks
where at least 50 percent of housing were single-family,
owner-occupied units. About 10 percent of the blocks
included in each sample had fewer than 10 single-family,
owner-occupied units. Paik's final regressions incorporated
only NEF and median number of rooms as explanatory
variables.

Paik's study captured short-run real estate market
effect associated with the introduction of commercial jet
aircraft in the early 1960. The exclusion of tract
variables in Paik's study also casts doubts on the empirical
results. Paik's study did not use a random sample from the
census tracts.

Crowley (1973) tried to interpret evidence on the
effect of an airport on the market price of real estate by
comparing one area adjacent to Toronto International Airport
(Malton) with similar areas in Metropolitan Toronto during
the period 1955 to 1969. This time span encompasses a
number of major airport expansions, the introduction of
jets, and general growth in aviation activity. Statis-
tically significant differences existed in the pattern of
price changes in the vicinity of the airport compared with

non-airport areas.




Crowley (1973) designated control areas to compare
with the airport area. Control areas were chosen that were
similar in 1) socio-economic factors (e.g., distribution of
population, density and age of housing); and 2) distance

(i.e., equivalent accessibility to downtown shopping areas,

arterial highways, etc). The data used were based on
property sales during the period 1955 to 1969. A random
sample of streets in each control area was selected and all
sales from 1955 to 1969 on each street were recorded and
cataloged according to date of sale.

The analysis of residential land values, in Crowley's
study, proceeded in three stages. First, the mean sale
prices in each area in each year were compared, to determine
whether there existed any significant differences. Second,
simple regressions, in which the dependent variable was the
ratio of annual mean values in the airport area and the in
other areas, were used to determine whether there were
differences in the rates of change among the study areas.
Third, for years in which significant airport changes were
made ("shock periods"), changes were analyzed to determine
whether there was short-run capitalization of the effects.
Crowley's linear model had the form:

Al/Ai= a + bt , (2-2)
where,

Al selling price in airport area,

Ai

selling price in control areas,
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t = years in which airport change were made.

Crowley concluded, after comparing the price ratios
between the airport area and the controlled areas over the
years , that;

"The evidence suggested that residential land values
fall during periods of substantial change, but after the
change they increase to approximately their previously
established long-run trend. During a "shock" period
noise-avoiders sell their residential property, driving
down the prices; noise-indifferent people move in and
some land is shifted to other uses, thus, in turn,
bidding up the price. The overall result of this process
is that relative land values ultimately end up about the
same as before the shock. The important difference is
that the type of residents and the pattern of land use
change substantially".

Crowley's study utilized only two variables; price of

a unit and the date when it was sold. It did not include
demand factors, physical factors of a residential unit,
aviation parameters, accessibility of the study areas, or
distances of the control areas with respect to airport area.
All of these factors are likely to effect property values.
Stevens and Dietrich (1977) found that there was a
discount of up to 50 percent of residential property values
for being located within one mile of an air base runway.
That was based on an appraisement, done in 1976 and 1977, of
several parcels of land at both ends of the runway of Luke
Air Force Base. Their evaluations on the market value of
the land were based on comparable sales in the neighborhood

before and after an easement over the parcels, under study,

had been taken. For each parcel, they looked at the date of
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sale, size of the land sold in acres, total sales price,
price per acre, location, zoning, and type of improvement.
The environmental factors can and do affect property values,
they concluded.

Stevens and Dietrich (1977) used an appraisal method

to evaluate fhe property values. This method is called the
highest and best use of a property and is defined as "that
use or program of future utilization which will yield the
highest present value" (Stevens and Dietrich,1977). The
highest and best use was based on an analysis of the
properties size, shape, and access as well as market supply
and demand and land use trends. 1In order to estimate the
value of land, sales of sites comparable to the site under
study were searched. The study was on a piece of land near
Luke Air Force Base in Arizona which was affected by Air
Installation Compatible Use Zone Extended Clear Zones
(AICUZE). All of the sales had the following similarities
which would require no adjustment to the subject property:
(1) The highest and best use was the same. (2) The general
neighborhood was the same. (3) The availability and quality
of utilities to all the sites were equal. (4) Most
properties were sold on terms which were generally 10
percent down with the balance paid over 10 years at 7 to 8
percent.

The results of the study by Stevens and Dietrich

(1977) indicated that land value was increasing from south
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to north; i.e. going away from the Base. The price paid per
acre increased from south to north. They concluded that
this trend was due mainly to the influence of Luke Air Force
Base after accounting for other possible factors that affect
land value by selecting the non affected parcels from areas
having similar situations as the affected ones such as
accessibility, area, structure type, age, etc. The decrease
of land value was as high as 50 percent if the property was
within one mile from the end of the air base runway. The
study was an appraisal on an agricultural piece of land to
evaluate the drop in its market value after taking an
easement over it. Thirty other similar pieces of land were
compared to the subject property based on sold prices over
the years.

The conclusions of Stevens and Dietrich may have been
biased. They reviewed 30 parcels of land, but they used
only three parcels which were sold first in 1972 and sold
again within the following five years. From those three
parcels, they found that prices increased 10 percent per
year, which was the lowest increase among parcels looked at.
They used this 10 percent on subject property to estimate
its 1977's market value. Their decision was based on a very
small sample size. Their study indicated that the prices of
some parcels increased as high as 32 percent per year.

Nelson (1978) gathered data on airport noise damage

to property values between 1960 and 1970 in nine urban areas
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in the U.S. and Canada; New York, Los Angeles, Dallas,
Minneapolis, San Francisco, San Jose, Boston, Toronto, and
Washington, D.C. In Washington, D.C., Nelson used 52 census
tracts as a study area in finding a relationship between
residential property values and transportation noise. He
defined his residential sample as "a census tract is
residential if it includes at least 200 single-family,
owner-occupied housing units". He collected data on median
owner-assessed property value in dollars per unit,
percentage of units greater than 30 years old, percentage of
units with central air conditioning, median rooms per unit,
and median lot size in square feet. He also collected data
on time in minutes required to reach 75 percent of metro-
politan employment, property tax rate in dollars per $100 of
market value, school expenditures in dollars per average
daily membership, noise exposure forecast (NEF) in decibels
from noise contours, and a 0-1 dummy variable equal to one
if the census tract was adjacent to Potomac or Anacostia
Rivers and inside the Capital Beltway. All variables were
in common logs, except River and NEF, and regressed as
independent variables with log of median property value as
the dependent variable using the Ordinary-Least Square
regression analysis. From the results of the analysis,
which produced a squared value of the multiple correlation
coefficient, R2, of 0.863, Nelson concluded that "in

Washington, D.C. property market, an increase in aircraft
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noise would reduce the value of a $21,000 residential
property by $210 per NEF, all other things being equal.
More significantly, the damage cost of aircraft would be
$210 per unit change on the NEF scale". Nelson noted that
there seems to be a decline in the noise depreciation index

over time, from 1960-1970 which could be due either to noise
sensitive people being replaced by those less bothered by
noise, or to the enhanced commercial value of land near
airports.

The annoyance due to aircraft noise is capitalized
into the value of residential property. Measurement of
relationships between aircraft noise levels and property
values provide a means by which to calculate the benefits of
noise abatement. Nelson (September,1978) performed another
study to obtain a measure of the effect on property values
of a decibel change in noise exposure forecast (NEF) levels,
other factors remaining constant. The resulting damage cost
was interpreted as the amount individual would be willing to
pay for noise abatement, given that the change in noise
levels is small. Census block and census tract data were
employed for small geographic areas near seven selected
major U.S airports (San Francisco, Boston, Cleveland, New
Orleans, St. Louis, Buffalo, and San Diego). In each of the
seven cases, results indicated that aircraft noise had a
negative and statistically significant effect on residential

property values. The price that a potential buver was
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willing to pay for a house depended on location, attributes
of the community and neighborhood, local taxes, and public
services as a well as the physical characteristics of the
structure and land.

Nelson (September, 1978) used a simple linear econo-
metric relationship to establish the aircraft noise property
value relationship assuming that houses differ only in terms
of size (in number of rooms or living space) and aircraft
noise exposure (in terms of NEF units). The relationship

had the form:

Vi = by + byXp; + byXp; + uj ,
for i=1l,..,N (2-3)
where,
V = the resulting price or value of the i-th home
in dollars ,
X, = the variable amount of living space,
Xn== the variable amount of noise exposure,
b, & b, were the implicit prices to be estimated,
bO-— congtant term that captures the effect of all
other determinants of property values,
u = stochastic error term reflecting possibly

omitted variables and measurement errors.

The above equation represents a method from which

implicit attribute and characteristic prices may be obtained
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econometrically. For example, suppose that bl has an
estimated value of $6,700 in 1970 dollars so that each extra
room adds this amount to the final selling price of a dwel-
ling, other factors remaining constant, and if the housing
market is competitive, then the estimated price will be
equal to the marginal (incremental) cost of additional
living space (Nelson, September, 1978). The variables used
by Nelson were divided into five classes:

l. Physical Characteristics: the number of rooms,

size and dimensions of lot, number of stories, age and
condition of the structure, availability of central air
conditioning, etc.

2. Accessibility Characteristics: access to maior

places of employment and other agents with whom a homeowner
might wish to engage in transactions.

3. Environmental or Neighborhood Characteristics:

noise levels, housing density, racial composition, and other
major physical or social features of the neighborhood and
the community in which the house is located.

4. Public Sector Characteristics: real property tax

rate, school quality, and the quantity and quality of other
major public services to which a property owner is entitled.

5. Alternative Use Characteristics: possible

conversion of residential land and dwellings to commercial
or industrial uses, except as restricted by zoning

ordinances. In equilibrium, the highest valued use is
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expected to be in place on a given plot of land. The
dependent variable used here was the mean value of
residential housing units in each census block. Census data
on value were limited to single-family, owner-occupied

houses of less than 10 acres, without a commercial

establishment or medical office on the property. Value
estimates were obtained by asking each homeowner how much
the property (house and lot) would sell for if it were
presently in the market for sale.

The study design attempted to control for a number of
local environmental factors that could cause differences in
property value levels, and it excluded from the sample
blocks near or adjacent to shopping centers, parks,
cemeteries, golf courses, apartment complexes, railroad
tracks, highways and major streets, sewage plants, and so
on,

Through carlibration trails, Nelson (September, 1978)

obtained the following equation:

LnV = by + bj[LnXp] + by[LnD] + b3[NEF] + b;Xj

+ e, (2-4)
where,
LnV = natural log of the mean property value in

each block,

LnX, = natural log of the mean number of rooms per

unit,
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LnD = natural log of the percent of housing units
that were owner-occupied,

NEF = Noise Exposure Forecast , and

X, = all other explanatory variables such as
percent of owner-occupied housing with
substandard plumbing , percent of total
population which was black, etc.

e = stochastic error term reflecting possibly

omitted variables and measurement errors.

Nelson's study yielded a noise depreciation index in
the range of -0.29 to -0.84 percent per decibel change in
noise exposure forecast (NEF) level with a simple average of
-0.55 percent. A noise depreciation index of -0.50 implies
that for a given property value [say $100,000 in the 1980
dollars] each decibel increase in NEF would have capitalized
value of ~-0.005x100,000= -$500 per decibel per household
(Nelson, September, 1978). On an annualized basis, this is
equivalent to about $50 per decibel per household, assuming
a nominal interest rate of 10 percent. This amount can be
interpreted as the annual amount a householder would be
willing to pay for a decibel reduction in NEF levels,
beginning in 1980 and continuing indefinitely.

The primary weakness in Nelson's research is that the
property values were subjectively quantified. The variation

in property value could have been attributable to the varia-




19

tion in accuracy of the estimated price. The error in the
price estimate was uncontrolled and unknown. Another weak-
ness in the study approach was the use of aggregate means
and median values for the independent variables.

The noise from an airport may interfere with a
neighbor's use of his or her home thereby reducing the
home's value (Thomson, 1978). If the home-owner is power-
less to force the airport owner to reduce the noise or to
compensate him for damage, he may suffer a monetary loss.
Thomson (1978) defined the costs associated with aviation
facility existence as the following:

(1) Nuisance costs which are reductions in value of
property resulting from a change in the way a neighboring
property is used.

(2) Prevention costs that come in at least two
variations. One is the cost of installing physical
improvements which make the nuisance less annoying. The
other variety of prevention cost is called an opportunity

cost. For example, the neighbor might use his property in

a

way which is less sensitive to nearby land operation such as

using his property for personal service (e.g.; repair

services, laundry and dry cleaning, étc.). Such a use is
presumably less valuable than the property's pre-operation
use as a home. This reduction in value is an opportunity

cost incurred because of the nuisance. The facility owner
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might have an opportunity cost if he used his land as
something other than aviation site.

(3) Administration costs which are for getting
information, negotiating, litigating, writing and policing
agreements and laws.

(4) Demoralization costs which are defined as
follows:

a) The total dollar value necessary to affect
disutilities which occur to losers and their sympathizers
specifically from the realization that no compensation is
offered.

b) The present capitalized value of lost future
production caused by demoralization of uncompensated losers,
their symaphizers and observers disturbed by the thought
that they themselves may be subjected to similar treatment
on some other situation.

(5) Risk costs which arise because people dislike
risks if given the choice between different alternatives.

Thomson (1978) stated that there are two ways to
assign nuisance rights and two ways to protect rights. The
strict-liability approach assigns the home-owner the right
to be free from certain types of interference or from
neighboring uses which causes interference. The facility
owner must compensate the home-owner for the loss resulting
from the operation. The other way of assigning rights is

the best-use approach. This approach assigns the rights in
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question to the user who values it most highly. That means,
what is the best use of a piece of property similar to the
property under investigation except it is free from
nuisance? The reduced price due to noise will be an
assigned right for the homeowner to collect from the
facility operator. Rights could be protected in two ways; '
protecting the home-owners' rights; the damages and
injustice remedies, and protecting facility owner rights:
the inverse damage and injustice remedies.

Thompson did not attempt to define an empirical
relationship between noise level and monetary loses, but
discussed the issue from the ideological point of view that
two identical properties, one is experiencing nuisance and
the other is free from nuisance, should be appraised to find
their market price and the reduced price, the difference in
price between the two properties, should be an assigned
right for the affected home owner to collect from the
facility operator.

The Federal Interagency Committee on Urban Noise
(FICUN) (June 1980) stated that environmental noise affects
health and welfare in many ways. The FICUN described some
aspects of the effects of noise on people in residential
areas to varying levels of cumulative exposure as shown in
Table 1.

Klafter and Dietrich (July, 1981) stated that there

have been studies that indicated that noise can interfere
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Table 1: Effects Of Noise On People
E F F E C T S
Speech
Interference
pay- Indoor  Outdoor Annoyance
Night .
Sound $Sentence Distance in % of
Level Hear- Intelligi- Meters for Persons
in ing bility 95% Sentence Highly Average
Decibles Loss Intelligi- Annoyed Community
bility Reaction
275 May Begin
to Occur 98% 0.5 37% Very
Severe
70 Will Not
Likely 99% 0.9 25% Severe
Occur
65 Will Not
Occur 100% 1.5 15% Significant
60 Will Not Moderate
Occur 100% 2 9% to Slight
<55 Will Not
Occur 100% 3.5 4% Slight
Source: Federal Interagency Committee on Urban Noise.

Guidelines For Considering Noise 'n Land Use Planning and

Control., Table D-1

Washington, D.C.

June 1980.
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with the use and enjoyment of land. They added that in
1976, Luke Air Force Base in Arizona did a study on land use
compatibility regarding the effects of noise on adjacent
lands. The study concluded that beyond two miles of the

runway, there should be no restrictions on land use. Lands

closer to the Air Force Base should be restricted from
certain types of development in order to achieve compati-
bility in land uses. Two miles beyond the runway was used
as the distance limit in the study since the effect of noise
beyond that radius is minimal (Klafter and Dietrich, July
1981). They randomly selected pieces of land within three
mile radius and compared their appraisal values and came to
the conclusion that two mile radius was the directly
affected area. They reached their conclusion using the same
procedure performed by Steves and Dietrich (1977).

A recent study done by Newman and Beattie (March
1985) indicated that aircraft noise decreases the value of
residential property located around airports. Although
there are many socio-economic factors which must be
considered because they may negatively affect property
values, the research found negative effects from aviation
noise, with effects ranging from a 0.6 to 2.3 percent
decrease in property value per decibel increase on
cumulative noise exposure.

A number of socio-economic factors besides aircraft

noise can affect real estate values. Such factors include:
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the size of the houses, number of rooms per house, the state
of repair of the houses, number of homes that are air
conditioned, distance from central business district,
percent of the housing that is minority owned, number of
lakes, parks or other amenities in the surrounding area.
After listing the socio-economic variables which can affect
the price of a house, Newman and Beattie (March 1985) stated
that "the absence of aircraft noise, then, is just one of
many considerations the consumer must evaluate in buying or
selling a residence. Yet even other factors considered,
increased aircraft noise does appear to lower property
values". They used the data gathered between 1960 and 1970
by Nelson (1978). Without indicating the procedure fol-
lowed or the model used, Newman and Beattie concluded, based
on their research, that " noise has been shown to decrease
the value of property by only a small amount-- approximately
1 percent decrease per decibel". This conclusion was based

on the research done by Nelson(1978).

Modeling And Predicting Land Use Development

Galloway and Bishop (1970) discussed the concept of
noise exposure forecasts (NEF) for predicting a single
number rating for the cumulative noise caused by aircraft

operations intruding into airport communities. They
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described methods for relating aircraft noise exposure to
community response and also interpreted the noise exposure
due to aircraft operations (in NEF values) in terms of
estimated impact on land use for the purpose of providing
planning and development guides. This model deals with

environmental impact on airport communities in terms of
disturbance on people for future land use planning. It does
not deal with airport impact on surrounding land values.

The model used the community subjective reaction to airport
generated noise for land use planning.

Zepler, Sullivan, Rice, Griffin, Oldman, Dickinson,
Shepherd, Ludlow, and Large (1973) examined the noise data
from Luton and London Heathrow Airports in England
concerning the rising number of complaints due to aircraft
noise. An attempt was made to relate the complaint
statistics of three years (1968-1971) to noise exposure, and
to the average socio-economic status of the inhabitants of
each community from which the complaints came. The noise
exposure was calculated by using the flight lists provided
by the airport and aircraft Perceived Noise Level (PNL)
contours. The exposure was expressed in terms of two
variables: the average peak PNL and the number of flyovers
per day for each community. The socio~economic character-
istics of the inhabitants of each community were estimated
by a number of real estate agents. They were asked to rate

the communities in terms of "desirability of residence"
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("highly desirable" score 1, "undesirable" score 5). Exam-
ination of the data showed that there was a high correlation
between the number of complaints received each month and the
average number of daily aircraft movements (correlation
coefficient, R=0.896). When the complaints were expressed
as complaints per thousand head of population for each
community and month, the square of the multiple correlation
coefficient, R2, was found to be 0.54. When summer
complaints per thousand population were regressed with noise
exposure and number of flights, the square of the multiple
correlation coefficient, R2, was 0.176. Zepler et. al. were
trying to relate number of complaints to the noise level.
The urban models of rent determination concentrated
mainly on the transportation-saving aspect, paying little
attention to the amenity or disamenity aspect. Gautrin
(1975) tried to modify the Mohring model so as to include a
typical disamenity such as aircraft noise. The Mohring
model, which was developed by Herbert Mohring in 1961,
relates land use rent level and the distance away from a
central business district along with travel costs. It tries
to demonstrate that improving transportation will decrease
the travel-time cost and hence people tend to live further
away from work. Gautrin stated that "while it is obvious
that the rational behind the determination of prices on the
houses and land market is complex, it is of great interest

to concentrate on two phenomena —--transportation cavings and
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disamenity-- and hold constant other variables when
estimating”. Estimations with a modified Mohring model were
provided for London Heathrow Airport. The estimations were
calculated from two typical sample areas around the London
Heathrow Airport, one being relatively "quite" and the
other, under the flight path, being noisy (Gautrin, 1975).
In implementing the model, Gautrin assumed that:

"(1) The only two employment centers were the airport
and the London Central Business District. (2) With the
growth of Heathrow airport, new employees or users would
seek to locate themselves near the airport, trading the
advantage of being near the airport against the noise.
They would prefer a quiet area at equal distance from
the airport. (3) With growth in housing demand, people
seeking to buy a house would be prepared to pay as much
as the difference in transportation savings. This
transportation savings should directly influence the
house market price assuming that there was a sufficient
number of buyers who were employed by the airport".

With the available data and using a linear model of
land value determination with respect to distance and
density, it was found that the difference in land value
between the noise and the quiet area amounted to 483.00
pounds per acre (Gautrin, 1975). The model of urban growth

developed by Gautrin was in the form:

Y = ao + alxl + e("a2x2) + u , (2"5)
While the relationship between density and distance

was of the following form:

X, = 205 e(=0-09 X3) (2-6)

1
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Gautrin calibrated Equation 2-5 with the available

data and the equation took this form:

-0.05X -0.443X -
Y = 15.5157+(15.7046)e( 2)+e( 2) (2-7)
where,
Y = land value,
X, = density per acre,
X, = distance from central London .

The relative change in land value of the locations
situated at different distances from the London Central
Business District was simply 483 pounds per acre (Gautrin,
1975). The lot sizes were relatively small and constant
between the two locations. The results indicates that a
difference in land value of 30.00 pounds per acre between
two typical properties.

Gautrin (1975) concluded that the modified Mohring
model confirmed the existence of small positive price
depreciation due to aircraft noise. This result was
contrary to Gautrin's hypothesis that the effect of aircraft
noise could not be translated into a fall in property value,
because of the strength of the housing demand, the lack of
information of buyers, and the number of noise imperturbable
persons. It was also found that a significant price
depreciation due to aircraft noise was more often associated
with high-priced houses. That price depreciation of house

value was as high as 22.5 percent for the high-priced
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houses, 10.5 percent for the medium-priced houses, and 5
percent for the low-priced houses.

Gautrin used only three variables to reach his
conclusion; land value, density per acre, and distance from
central business district. Gautrin used the distance from
central London without including the distance between the
source of noise (the airport) and the receivers. The only
variable added to the Mohring model was the level of airport
operations. Property éupply and demand variables were

omitted by Gautrin.

Modeling Aircraft and Airport Noise

Bishop, Mills and Bachmann (February 1976) provided
effective perceived noise level (EPNL) data for civilian
aircraft in a form useful for noise exposure forecast (NEF)
calculations. The NEF procedure for calculating the noise
environment in the vicinity of the airport utilizes the EPNL
as the basic noise event description for a moving aircraft.
Since this information is needed at varying distances from
the aircraft, the general input requirement is a set of EPNL
values at various distances, typically from 200 feet to
25,000 feet, (Bishop et al, February 1976; Bishop and
Galloway, 1974). The NEF aircraft model assumes that for a

given civilian aircraft, an effective perceived noise level
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can be defined from the knowledge of the type of aircraft,
basic engine operating p&rameters, air speed and atmospheric
propagation conditions. The model assumed for developing
EPNL values at the different distances was in the form:

EPNL =PNLTM + D (2-7)
where,

PNLTM = maximum tone-correlated perceived noise

level,

D =a duration factor.

If the quantities in the above equation are known at

one distance, x and the PNLTM can be estimated for another

ol
distance, x, the duration adjustment, AD, is assumed to be
simply 10 times the logarithm of the ratio of the two

distances:
AD = 10 log(x/x) (2-8)

This equation simply says that noise level will drop
by 3dB by doubling the distance from noise generator. The
model is typically valid between 200 feet and 25,000 feet.

Bishop, Hays, Reddingius and Seidman (1976) described
a method for calculating the values of day-night noise level
(Ldn)' at a point, due to aircraft operations from an
airport. The procedure generates a series of charts giving

Ldn values for different types of aircraft in terms of the

distance parameters. Adjustments were made to single event
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noise levels to account for frequency of operations and the
adjusted levels were added logarithmically to represent all
of the classes of aircraft using an airport. This procedure
considers only civilian aircraft using commercial airports.

Federal Aviation Administration (FAA) (April 1978)
developed an integrated noise model. The Integrated Noise
Model (INM) is a noise-simulation computer-based tool for
describing and defining the impact of aircraft noise around
an airport. The model is useful in assessing actual or
predicted airport noise impacts. The INM takes into account
all pertinent impact parameters including types and numbers
of aircraft operating at the airport, flight tracks, operat-
ing procedures, and time of day of aircraft operations. The
new version of the INM's data base (FAA, October 1982)
contains representatives of commercial, general aviation,
and military aircraft which are powered by turbojet, turbo-
fan; or propeller-driven engines. Each of these aircraft is
associated with an aircraft category, a set of departufe
profiles for each applicable trip length, a set of approach
parameters, and Sound Exposure Level (SEL) versus distance
curves at several thrust settings.

The output of the INM consists of printed reports,
and flight and contour plots. The contour plots show the
noise contours around the runway from the highest level at
the threshold to the 60 Lsn range. This type of contour

plots are available almost for every U.S. airport including
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the two airports under this study. This model is used to
generate contour plots for areas exposed to noise levels
above 60 Ldn range.

Kryter (1982) related data from published noise-
annoyance surveys to a common measure of noise exposure Lin -
Ldn is a measure of the noise environment at a specified
location over a 24-~hour period. It is equivalent to the
level of a continuous A-weighted Sound Level with nighttime
noise increased by 10 dB to account for the undesirable
effects of night noise disturbances (Pearson 1974). A-
Weighted Sound Level (dBA) is the sound pressure level which
has been filtered or weighted to reduce the influence of the
low and high frequency noise. It was designed to
approximate the response of human ear to sound.

The results of Kryter's study provided means for
predicting the annoyance, experienced by percentages of
people of normal and supersensitivity, attrigutable to noise
from aircraft and from street and road traffic. Correla-
tions of 0.90 to 0.95 were found between L, and percentages
of people annoyed by aircraft noise when low, moderate, and

higher levels of annoyance were measured at different ranges

of L Kryter developed a scale called the Perceived Noise

dn-*
Level (PNL) that correlates with annoying properties of jet
aircraft noise. It is measured in decibels and evaluated in
units of PNdAB. The PNAB level is measured for a single

event, such as an aircraft flyover.
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DeLoach (1984) described a model which has been
designed to predict aircraft environmental noise impact in
an airport community. The model takes into account commu-
nity noise levels, population distributions, and human
subjective response to noise. The model relates noise level
and population distributions, through a dose response
relationship. That means how peope would response to an
increase in noise level and where they would relocate.
DeLoach concluded that :

"This noise model can be used to quantify the
benefits associated with a number of statement scenarios.
Sometimes a particular operating scenario will be found
to have significantly less benefit than assumed, but such
a null result can also be useful by indicating that a
particular change may not be effective. This model,
therefore, indicates if a proposed countermeasure will be
more effective than competing counter-measure proposals.
An informed decision can then be made, based on both the
cost of the countermeasures, and quantitive indication of
the benefit".

This model was used by the Environmental Protection
Agency (EPA) on the 70 largest airports in the United States
to consider the effects of soundproofing all homes inside
the 65 dB contour. EPA found that the costs of such a
countermeasure were large and it was important to be able to
guantify the benefits. The soundproofing program was

predicted to achieve the equivalent of approximately 3 4B

per aircraft noise reduction (DeLoach, 1984).




CHAPTER 3

METHODOLOGY

This research was an attempt to improve on the body
of previous work in two primary ways. First, this work
avoided the use of subjectively valued variables such as
human reaction to noise (Galloway and Bishop, 1970),
desirability of residence (Zepler et. al., 1973), appraised
property value (Stevens and Dietrich, 1977), and owner-
estimated property value (Nelson, September 1978). Second,
this research included specific physical factors and
accessibility measures for each property unit rather than
zonal aggregates (Paik, 1970; Nelson, 1978; and Nelson,
September 1978).

This chapter includes five main sections that
describe the methodology used to perform this research. The
sections are: 1) study area, 2) data sources, 3) sample

size, 4) variable description, 5) and method of analysis.

Study Area

A part of The Tucson Metropolitan Area (TMA), which
is located within Pima County, Arizona, was used as the

study area for this research. The general location of the

34
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study area is presented in Figure 1. The study area is
bounded by Orange Grove Road to the north, Herman Road to
the south, El Camino Rinconado Road to the east, and by
Viviana Road to the west.

The study area covers 352 square miles, which were
divided into twenty-two 4-by-4 mile zones. Each 4-by-4 mile
zone contains 16 one square-mile zones which are in general
bounded by the existing street system.

The study area was also subdivided into two main
areas; within airport impact, and outside airport impact.
The differentiation between the two was based on whether a
house existed in a one square-mile grid area which
experienced noise levels greater than 65Ldn. The 4-by-4
mile zones which were classified as having houses within the
airport impact were zone numbers 321, 411, 412, 421, and 422
as shown in Figure 1. Tucson International Airport exists
in the 4-by-4 mile zone number 421, while Davis-Monthan Air
Force Base exists in zone numbers 412 and 422. The remain-
ing seventeen 4-by-4 mile zones were considered outside the

area subjected to noise levels greater or equal to 65 Lan
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Figure 1l: Study Area






37

pData Sources

Four major sources of information were identified as
follows:

A. Airport authorities. Specific data on the

aviation facilities in the study were collected. The data
obtained from the airport authorities included information
on total aircraft movements per month, and aircraft noise
level contours. The noise contours cover an area approxi-
mately two miles from each side of airport runways.

B. Multiple Listing Service. This data contained

information on property sales including selling price,
location, physical characteristics, age of residential
units, zoning, and length of time on the market.

C. Economic Database. This database, developed by

the Division of Economic and Business Research Center,
College of Business and Public Administration, University
of Arizona, is an economic database. It included infor-
mation about total units sold per month through the Multiple
Listing Service, total residential construction awards per
month, total sales of properties sold through MLS over the
Tucson Metropolitan Area per month, and net population
migration. Also, it included the monthly aircraft movements
from Tucson International Airport.

D. Tucson Trends. The new comers into the Tucson

Metropolitan Area were obtained from this publication.
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Sample Size

The objective of this research was to evaluate the
economic impact of aviation facilities on surrounding
residential land. For this study, a sample size of 587
residential units were chosen using stratified random
sampling (Danial, 1978; Montgomery, 1976; Parsons, 1974; and
Chou 1975). The data points were collected from the sources
specified in the Data Sources section of this Chapter. A 5
percent sample of the units sold over the two-year 1984-1985
period (401 data points) was drawn from the region outside
the 65 Ldn area. Also, a 50 percent sample of the units
so0ld over the two-year period (186 data points) was selected
from the region within the 65 Ldn area. The sampling rate
within the noise impact area was larger than that outside
due to slow rate of property sales and to minimize sampling
error.

The residential data were recorded and classified by
the local Board of Realtors using the 4-by-4 mile zone
structure. Each zone was further divided into 16 one square
mile‘zones as shown in Figure 1. For the 5 percent sample,
every twentieth data point was selected from a listing based
on the l-by-l1l mile grids. For the 50 percent sample, every
other house on the l-by-1 mile zone list was selected from
the region inside the 65 Lj. area. Each sampled unit was

checked carefully to be classified either outside or inside
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the noise region. If a unit was on the boundary of the

noise area, it was eliminated from the sample.

Variable Description

Five categories of variables were used in this
analysis: 1) aviation facility variables, 2) property
location and accessibility variables, 3) zoning variables,
4) residential property characteristics, and 5) economic
indicators regarding supply and demand for housing in the
Tucson Metropolitan Area(TMA). These variables are
described in Tables 2 through 6.

The data base used in this research included binary
and nonbinary variables. One hundred and seven variables
were initially selected for evaluation. The detailed
definition of the variables used in the analysis is
presented in Appendix A. A sample of the input data is
presented in Appendix B. 2Zoning variables are explained in
more detail in Appendix C. Derivation of the zonal accessi-

bility variable is presented in Appendix D.




Table 2: Airport. Vvariables
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No. Variable Name Type

1 Flights from/to TIA per month nonbinary
2 Flights from/to DM per month nonbinary
3 Noise Level from nearest airport, Ldn nonbinary
4 Property nearest to TIA binary

5 Property nearest to DM binary

6 Property is within airport environment binary

Table 3: Property Location and Accessibility Variables

No. Variable Name Type

1 Distance to nearest airport, miles nonbinary
2 Area grid number nonbinary
3 Traffic analysis zone number (TAZ) nonbinary
4 Zonal weighted Accessibility per TAZ nonbinary
5 Average accessibility per TAZ nonbinary




Table 4: Economic Indicators
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No. Variable Name Type

1 1985 year when a property sold binary

2 1984 year when a property sold binary

3 Selling date, month and year nonbinary
4 Marketing Time, days nonbinary
5 Monthly Residential Construct. awards, §$ nonbinary
6 Monthly MLS sales level, $ nonbinary
7 Monthly Residential units sold by MLS nonbinary
8 Monthly Net migration into the area, persons nonbinary
9 Monthly new comers , persons nonbinary




Table 5: Zoning Variables*
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No. Variable Name Type
1 R1 =zoning binary
2 R2 zoning binary
3 R3 =zoning binary
4 R4 zoning binary
5 R5 zoning binary
6 CR1 zoning binary
7 CR2 zoning binary
8 CR3 zoning binary
9 CR4 zoning binary

10 CR5 zoning binary

11 Mobile Home zoning binary

12 Mobile Home Park zoning binary

13 Recreation Park zoning binary

14 parking Residential zoning binary

15 General Business, Bl, 2oning binary

16 General and Intensive Business, B2A, zoning binary

17 General and Intensive Business, B2, zoning binary

18 General and Intensive Business, B2H, zoning binary

19 Suburban ranch zoning binary

20 Trailer Homesite zoning binary

21 Rural Village Center 2zoning binary

22 Country Mobile Home, CMHl, zoning binary

23 Country Mobile Home, CMH2, zoning binary

24 Multiple Uses zoning binary

25 Transitional zoning binary

* Description of each zoning 1is presented in Appendix C,
Zoning Index.




Table 6: Residential Property Characteristics
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No. variable Name Type
1l Listed price of a property sold, $ nonbinary
2 Sold price of a property sold, $ nonbinary
3 One bedroom house binary
4 Two bedroom house binary
5 Three bedroom house binary
6 Four bedroom house binary
7 One bathroom house binary
8 One and a half bathroom house binary
9 Two bathroom house binary
10 Two and a half bathroom house binary
11 Three bath house binary
12 pinning room in the house binary
13 Dinning area in the house binary
14 Family room in the house binary
15 Den area in the house binary
16 Breakfast area in the house binary
17 Guest room in the house binary
18 Extra room in the house binary
19 standard laundry binary
20 Outside laundry binary
21 Laundry in the kitchen binary
22 Laundry with cold water only binary
23 Utility laundry binary
24 Luxury laundry binary
25 Other type of laundry binary
26 Swimming pool binary
27 Recreation room or SPA binary
28 Fire place in the house binary
29 One-~car garage binary
30 Two-car garage binary




Table 6, Continued
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No. Variable Name Type
31 One-car carport binary
32 Two-car carport binary
33 Wood fence binary
34 Wire fence binary
35 Combination of fence types binary
36 Closed fence binary
37 Block wall fence binary
38 Evaporator cooler in the house binary
39 Air conditioner in the house binary
40 Forced air gas heating binary
41 Forced air electric heating binary
42 oOther type of heating binary
43 Concrete block construction binary
44 Adobe block construction binary
45 Combination of construction materials binary
46 Brick construction binary
47 Frame construction binary
48 Grass landscaping binary
49 Desert landscaping binary
50 Low care landscaping binary
51 Some landscaping binary
52 Combination of landscaping binary
53 Patio only binary
54 Covered patio binary
55 Screened patio binary
56 Combination of patio types binary
57 Slab patio binary
58 Other type of patio binary
59 Lot size area, square feet nonbinary
60 Living area, square feet nonbinary

61

Age of a house, years

nonbinary
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Selling price of residential properties was traced
for a two year period, 1984 and 1985, for an area of a
thirteen miie raduis from either airport. Airport noise
levels near the airports were also traced from available
data sources. The straight distance between the centroid of
a grid area where the property was located and the nearest
runway of an airport was scaled in miles from a Tucson
street map. Figure 2 shows the noise boundary areas for
each airport.

This research used distance from the airport as a
surrogate for noise level for two reasons: a) the lack of
noise data for the entire study regicn, and b) the inability
of the noise level estimation techniques, such as the
Integrated Noise Model (INM) developed by the Federal
Aviation Administration (October, 1982), to predict noise
contours beyond their 25,000 foot range limit, in addition

to the lack of data required to operate modeling technique.
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Method of Analysis

Initially, the nonbinary variables were evaluated
separately using the entire data set to determine the
relationship between selling price and the residential
parameters that could be quantified. Log of selling price
as the dependent variable, was regressed against the logs of
the remaining nonbinary variables. The large difference in
magnitude between the dependent variable and the independent
variables lead to the use of log-log analysis technique. For
instance, selling prices were 5-digit numbers, distance was
a single digit value (0-9 mile), living area was a 2-digit
value, lot size was a 5-digit value, and age was a 2-digit

value,.

Nonbinary variable Analysis

The data points were grouped for analysis based on their
proximity to an airport. Two grouping schemes were utilized
as shown in Figure 3. The straight line distance from
property to either airport was used to group properties
based on their closeness to either Davis-Monthan Air Force
Base (DM) or Tucson International Airport (TIA).

Subcategories within each major group were utilized
to evaluate the impact of noise based on the differential

price of property (greater than or less than the median
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. Dependent=Log of price |

ALL
; 2!
Near DM Near TIA
N=468 ) N=11¢9
%1 2 l L1 2 l
Price<$55Kk Price>$55k Price<$55k Price>$55k
N=197 . N=253 N=95 N=20

Figure 3: Flow Chart of Analysis Method on The Variables
Using Regression Analysis
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price, $55,000). Houses were grouped by price to determine

if there was a differential impact across price groups.

Binary and Nonbinary Variable Analysis

Binary and nonbinary variables were used in a
combined evaluation following the analysis scheme shown in
Figure 3. The straight line distance from the property to
nearest airport and median price were used to group
properties.

- Selection of variables for Analysis: The initial

list of variables contained one hundred and seven variables.
Not all of the variables were used in the analysis. Some of
were excluded based on the follecwing criteria:

l. Twenty five 2zoning variables were excluded from
the analysis, because zoning type did not vary between
properties with sufficient frequency. 2oning categories are
shown in Table 7. The vast majority of the properties were
zoned single family residential (83.8 percent), with the
only difference in zoning categories being the density of
development. Zoning was used primarily to insure that the
property type was reasonably consistent between analysis
areas. Lot size was used as the indicator of development
density.

2. Two variables describing the year of sale were

excluded from analysis, since this research did not
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Table 7: Frequencies of Zoning Variables in Data

No. Zoning* Freq. % No. Zoning* Freq. %
1 R1 304 51.8 14 PR 0 0.0
2 R2 101 17.2 15 Bl 1 0.2
3 R3 7 1.2 16 B2Aa 4 0.7
4 R4 3 0.5 17 B2 0 0.0
5 R5 0 0.0 18 B2H 0 0.0
6 CR1 78 13.3 19 SR 10 1.7
7 CR2 9 1.5 20 TR 3 0.5
8 CR3 52 8.9 21 TH 1 0.2
9 CR4 4 0.7 22 RVC 0 0.0
10 CR5 4 0.7 23 MU 2 0.3
11 MH 2 0.3 24 CMH1 0 0.0
12 MHP 0] 0.0 25 CMH1 0 0.0
13 RV 0 0.0

* Definitions of the zoning are presented in Appendix C,
Zoning Index.
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investigate variation in selling price over this time
period.

3. Sale date was excluded from analysis.

4. List price was also excluded from analysis,
because it was a subjective variable estimated either by the
home owner or a real estate agent. This research tried to
avoid the use of subjectively valued variables.

5. Grid area (a 1l-by-1 mile zone within a 4-by-4
mile area) was excluded from analysis because insufficient
data existed to evaluate price based on grid area. The
location with respect to the local airports was represented
by the distance from the centroid of each one square mile
grid to the nearest runway.

6. Noise level was excluded because available data
was only for units within noise level of 65Ldn or more and
therefore this was a discontinuous variable.

7. The variable indicating whether a unit was within
or outside an airport affected area was excluded from the
analysis.

8. The average accessibility index for each property
was excluded. Zonal weighted accessibility was used as an
indicator for accessibility.

9. The traffic analysis zone variable was excluded.

10. The guest room variable was excluded because of
its low frequency of occurrence, 5.3 percent of the sampled

units had quest rooms.
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11. The variables for outside laundry., cold water
laundry, and other type of laundry were excluded from
analysis because of their low frequency of occurrence, 4.3
percent, 7.3 percent, and 10.7 percent respectively.

12. The SPA/recreation room variable was excluded
because it had a low frequency of occurrence (4.6 percent).

13. The variable "other type of heating" was excluded
from analysis because its occurrence was indicated when
zeros occurred for the other two heating types.

14. The variable "some landscaping" was excluded
because of its low frequency of occurrence (5.3 percent),
and because it was indicated when zeros occurred for the
other types of landscaping.

15. Forty five variables were combined into seventeen
variables as shown in Table 8.

16. The two variables indicating whether a house was
nearest to TIA or nearest to DM were excluded from the
analysis. They were iﬁstead used as a grouping criteria.

17. Net migration variable was excluded because it
had a high linear correlation (R=0.859) with the new comer
variable. The high correlation was because the new comers
variable represented the total persons migrated to the area
and/not purchased houses.

. l18. Dinning variable was excluded from analysis

because that variable, which was a combination of four other
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Table 8: Combined Variables
No. Variable Combination of

1 LNDYSTDL = standard laundry + luxury laundry

2 LNDYUTLK = utility laundry + laundry in kitchen

3 GARAGE = one car garage) + two car garage

4 CARPORT = (one + two) car carport

5 FENCE = (wood + wire + closed + combination of)

fence
6 FENCWALL = block wall fence
7 CONSBLK = (concrete block + stone block + brick)
construction

8 LDSCGRSC = (grass + combination of) landscaping

9 LDSCDSEZ = (desert + low care) landscaping

10 CVRDPTIO = (covered + screened + combination of) patio
11 OTHPTIO = glab patio 4+ other type of patio + patio

only

12 BATH2H = 2.5 baths + 3 baths

13 BATH2L =one bath + 1.5 bath + 2 baths

14 BEDRM2H = 3 bedroom houses + 4 bedroom houses

15 BEDRM2L = one bedroom houses + 2 bedroom houses

l6 DINNING = breakfast area + dinning area + den

+ dinning room

17 ROOMX = family room + extra room
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variables as shown in Table 8, was satisfied by each unit
under study.

19. variables representing distance to airport,
flights from TIA, and flights from DM were excluded from
analysis temporarily, in order to evaluate the effect of non
aviation parameters on the price of a unit.

20. The variable representing family room and extra
room variables was excluded from further analysis because it
had a negative coefficient in the multiple regression
equation generated from the previous list, step 19, while it
had a positive simple correlation with the dependent
variable, selling price.

21. Variables representing distance to airport,
flights from TIA, and flights from DM were added back into
the variable list.

22. Eight binary variables were excluded from the
analysis because of a dependent relationship with counter-
part variables. When a counterpart has a value of zero, the
excluded variable would have a value of one. The excluded

variables were:

a) BEDRM2L : 2 bedrooms or less,

b) CONSCMB : combination of construction materials,
c) BATH2L ¢ 2 bathrooms or less,

d) LDSCDSEZ: desert or low care landscaping,

e) FENCWALL: block wall fence,
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f) LNDYUTLK: utility laundry in the kitchen,

g) CARPORT : one or two-car carport,

h) OTHPTIO : not covered patio.

The reason for excluding these variables was to avoid
misleading results due to high correlation between variable
pairs. For example, if a regression equation, for predict-
ing price of a house, included BEDRM2L with a positive coef-
ficient, that will indicate that the price of house will
increase by having two or less bedrooms. This result would
then contradict the expected result that the price of a
house would increase with an increasing number of bedrooms.

23. The variable (X42) which indicates whether the
house is inside or outside the noise area was excluded from
the variable list. It was excluded because when any
generated equation was plotted, a discontinuity in the curve
occured at the point where the value of this variable
changed from one to zero; inside to outside noise area.

24. The distance to the nearest airport was multi-
plied by each variable that remained in the final list, so
the variable list was of the form: [variable + (variable x
distance)]. This was done to evaluate the effect of each
variable on the price of a house with respect to distance.
This added 23 variables into the variable 1list as shown in

Table 9.
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Table 9: Cross Product Variables

No. Cross Product variable

1 (Lot size) x (distance)

2 (More than 2 baths) x (distance)

3 (Covered patioc) x (distance)

4 (Pool) x (distance)

5 (Garage) x (distance)

6 (Fire place) x (distance)

7 (Air condition) x (distance)

8 (Living area) x (distance)

9 (Fence) x (distance)

10 (Adobe construction) x (distance)
11 (Market time) x (distance)

12 (More than 2 bedrooms) x (distance)
13 (Block construction) x (distance)
14 (Frame construction) x (distance)
15 (Grass landscaping) x (distance)

16 (Age of a house) x (distance)

17 (MLS §$ sale) x (distance)

18 (MLS units) x (distance)

19 (New comers) x (distance)

20 (TIA flights) x (distance)

21 (DM flights ) x (distance)

22 (Sstandard or luxury laundry) x (distance)
23 (Residential awarded project) x (distance)




57

- Sequence of Analysis: Two methods of analysis,

Stepwise and Enter regression, were used in selecting the
variables that could be entered into or removed from a
regression equation. The Stepwise method enters independent

variables one by one on the basis of some pre-established

statistical criteria. "This procedure is used when a
researcher wishes to isolate a subset of available predictor
variables that will yield an optimal prediction equation
with as few terms as possible" (Kim and Kohout, 1975). The
order of inclusion was determined by the respective contri-
bution of each independent variable to explained variance of
the dependent variable.

In the Enter method, the predictors generated from the
Stepwise method were forced into a regression equation in
addition to other candidate predictors. Candidate vari-
ables that were forced in, and were not among the predictors
generated by the Stepwise method, were distance to nearest
airport, and cross product variables. For instance, if an
equation contained a cross product of (sold units x
distance), but did not contain the variable "sold units" by
itself in the equation, that variable "sold units" would be
forced into the equation to find its effect in determining
the the selling price of a unit. Not all forced variables
were retained in the final regression equations. The
variable with the smallest F-test value was removed if the

probability of that F was larger than the removal criteria.
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The removal criteria for this study was 0.05 percent.

Results of the analysis are presented in Chapter 4.

-Variable Combination Strategies.

Three variable combination strategies of analysis
were used as shown in Figure 4;
1) log of nonbinary variables
2) log of nonbinary variables + binary variables
3) log of nonbinary variables + binary variables +
(log of distance x log of nonbinary variables) +

(log of distance x binary variables)

The three variable combination methods shown in Figure
4 were used to build the model equations for predicting the
selling prices of residential units based on unit physical
characteristics, economic characteristics of study area,
aviation level of operation, and location within the urban-
ized area. These evaluations were performed in order to
find the set of variables which best determined the selling

price in each group set described in Figure 3.




(1)

Log nonbinary

Variable
Combination
Strategies

(2)

Log nonbinary + binary

3)

Log nonbinary + binary +
(log distance x log
nonbinary) + (log distance
x binary)

Figure 4: Variable Combination Strategies
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CHAPTER 4

RESULTS OF ANALYSIS

Various regression analysis tests were run on the
three variable combination strategies shown in Figure 4 of
Chapter 3. Figure 3 shows the sequence of regression
analysis. Table 10 contains the definitions of the
variables that appear in the regression equations. The
frequency distributions of the variables that appear in the

regression equations are shown in Appendix F.

Discussion of Results

This section contains two sub-sections; Quantifying
Aviation Impacts, and Variable Combination Strategies. The
Quantifying Aviation Impacts subsection contains the
variation in actual selling prices as a function of distance
for the various cases of the data analysis.

The Variable Combination Strategies subsection
contains the regression analysis results for the three
variable combination strategies shown in Figure 4. The
results from the three strategies were eQaluated to select
the "best" quantitive relationship between the selling price

of a house and the independent predictors.

60
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Table 10: Variables in the Regression Equations
variable Meaning

LY log of selling price, §

LX1 log of living area, square feet

LX2 log of distance to nearest airport, miles
LX3 log of lot size, square feet

LX4 log of zonal weighted accessibility index,ZWA
LX7 log of units sold by Multiple Listing Service
LX28 log of house age, years

LX29 log of the new comers, persons per month
X13 more than 2 bedrooms

X14 garage (one or two-car garage)

X15 pool

X16 fire place

X17 more than 2 baths

X18 evaporator

X19 air conditioning

X20 forced air gas heating

X21 forced air electrical heating

X22 fence (wood, wire, combination or closed)
X23 concrete block construction

X24 adobe block construction

X25 frame construction

X26 grass and combination landscaping

X27 covered patio
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Quantifying Aviation Impacts

Table 11 contains the mean actual selling prices for
the sampled units per mile away from the aviation facili-
ties. The data in Table 11 and in Figure 5 indicate that,
for the entire sample, selling prices were gradually
increasing with distance from an airport. The data indicate
that within the first two miles from an airport, the rate of
increase in the actual selling price was $1,990 per mile.
However, between the two and four miles from an airport, the
rate of increase in actual selling price was $5,691 per
mile. Beyond four miles, the rate of increase in selling
price was $1,594 per mile.

The data in Figure 5 also indicate that actual
selling prices were gradually increasing with distance for
the DM subset. The increase in actual selling price between
the first and second miles from DM was $5,258 (Table 11).
From two to four miles, the rate of increase in actual
selling price was $6,590 per mile. Beyond four miles, the
rate of price increase was $1,256 per mile.

The trend is slightly different for the TIA subset
where the mean of actual selling price decreased within the
first three miles at a rate of $2,124 per mile. Beyond
three miles, prices increased at the rate of $6,020 per

mile. However, the trends shown in Figure 5 can be mislead-
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Table 11 : Actual Mean Prices At Various Distances

Distance All Samples Near DM Near TIA
mile Price,$ (P/u)$% Price,$ (P/u)% Price,$ (P/u)%
1 44,326 - ——-=- 42,303 47,108
2 46,316 2.89 47,561 7.07 43,906 -6.82
3 56,142 14.28 59,247 15.72 42,861 -2.22
4 57,699 2.26 60,742 2.01 44,418 3.31
5 61,566 5.62 63,870 4,21 49,277 10.34
6 68,516 10.10 71,930 10.84 56,000 14.31
7 80,480 17.39 83,012 14.91 61,750 12.24
8 115,850 51.42 126,209 58.11 43,333 -39.21
9 98,225 -25.62 98,225 -37.64 - ——
10 150,359 75.78 153,990 75.01 85,000 ——
11 117,423 -47.88 117,423 -49.19 —_— -——
12 92,473 -36.27 92,473 -33.56 —— —-_—
13 72,043 -=29.70 72,043 =-27.48 - —-—

u(All)=$68,792

u(DM)=$74, 340

u(TIA)=46,972

(P/u)s = ( price variation between 2 consecutive miles
+ sample's mean) x 100
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ing because they do not account for the varying

characteristics of the houses.

Variable Combination Strategies

- All sSamples: All houses sampled from the study

area (N=587) were included in this evaluation. The regres-
sion equations studied are shown in Table 12. Through the
process of determining the "best" quantitive relationship
between the dependent variable and the independent
variables, the results of Strategy 2 were selected for
further evaluation. The selection of Strategy 2 was based
on three criteria: a) Inclusion of variables describing the
physical characteristics of a house which were thought to
affect the selling price, b) mininal number of predictors in
the relationship, and c) an acceptable value for the square
of the multiple correlation coefficient, R2.

Strategy 2 was selected as the "best" relationship.
Strategy 2 contains twelve indpendent variables (four non-
binary variables and eight binary variables), and has an R2
value of 0.7651.

An example was used on Strategy 2 to illustrate the
effect of distance from an airport on the selling price.

The house characteristics having the mean values for the

nonbinary variables and the most frequently occuring binary




Table 12: Regression Equations for All Samples (ALL)
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Strategy Equation R T Sig T Beta
1
LY=0.9241(Log Living Area) 0.81 24.66 0.00 0.66
+0.1162(Log Distance) 0.52 7.12 0.00 0.52
+0.0534(Log Lot Size) 0.33 4.02 0.00 0.25
-0.0482(Log Age) ~0.45 -3.26 0.00 -0.26
+1.6624 13.69 0.00
R2=0.7010, N=587, F=341.244, DF(reg)=4, DF(resd)=582,
u({price)=$68,792 , Std. Dev.(price)=$50,718
2
LY=0.6424(Log Living Area) 0.81 14.97 0.00 0.46
+0.0905(Log Distance) 0.52 5.87 0.00 0.52
+0.0402(Log Lot Size) 0.33 3.33 0.00 0.23
+0.0590(Garage) 0.46 4.41 0.00 0.26
+0.0667(Pool) 0.45 5.39 0.00 0.27
+0.0215(Fireplace) 0.50 1.98 0.05 0.15
+0.0501(>2 Baths) 0.50 2.56 0.01 0.25
+0.0528(Air Condition) 0.51 4.37 0.00 0.19
-0.0453(Frame Const.) 0.02 -2.15 0.03 -0.04
+0.0247(Grass Landscape) 0.01 2.53 0.01 0.09
+0.0490(Covered Patio) 0.38 5.13 0.00 0.30
-0.0543(Log Age) -0.45 -3.83 0.00 -0.20
+2.5273 18.29 0.00
R2=0.7651, N=587, F=155.769, DF(reg)=12, DF(resd)=574,
u(price)=$68,792 , Std. Dev.(price)=$50,718
3
LY=0.6621(Log Living Area) 0.81 15.93 0.00 0.48
+0.0841(Log Distance) 0.52 3.41 0.00 0.15
+0.0374(Log Lot Size) 0.33 3.04 0.00 0.28
+0.0602(Garage) 0.46 4.48 0.00 0.13
+0.0433(Pool) 0.45 1.58 0.11 0.25
+0.0354(Log Distance)(Pool) 0.51 0.94 0.35 0.05
+0.0387(Air Condition) 0.51 1.64 0.10 0.34
+0.0270(Log Dist.)(Air Cond.) 0.59 0.80 0.42 0.05
~0.0200( Frame Const.) 0.02 -0.41 0.68 =-0.10
-0.0329(Log Dist.)(Frame Const.) 0.06 -0.50 0.62 -0.02
+0.0209(Grass Landscape) 0.01 1.16 0.25 0.05
+0.0064(Log Dist)(Gr. Landscape) 0.34 0.23 0.82 0.26
-0.0518(Log Age) -0.45 -3.59 0.00 -0.45
+0.0183(Log New Comers) 0.07 1.18 0.24 0.07
+2.4285 16.78 0.00

R2=0.7649, N=587, F=115.914, DF(reg)=16,

DF(resd)=570, u(price)=$68,792 , Std. Dev.(price)=$50,718
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variables were used. The data for this example are
presented in Table 13. The results from substituting these
values into the equation of Strategy 2 (Table 12) and
varying distance from an aviation facility are shown in

Figures 6 and 7.

The results in Figures 6 and 7 indicate that within
0.50 t0 2.00 miles from an airport, selling price increases
nonlinearly with an average rate of $1,263 per 0.25 mile.
Beyond the two mile distance, selling price increases
approximately linearly with an average rate of $420 per 0.25
mile distance, one-third of the rate of increase within the
2 mile distance. Selling price increases by $2,119 when
distance is increased from 0.50 miles to 0.75 miles from an
airport. The variation in price per 0.25 mile decreased
with increasing distance from the aviation facilities
(Figure 7).

Beta values of Strategy 2 (Table 12) indicate that
log of distance from the airport was the most significant
variable describing the variation in selling price for the
entire sample followed by log of living area. Log of house
age negatively affects the selling price. Existance of a
garage, a pool, a patio, and the number of bedrooms are
almost of equal level of importance in determining the
selling price.

The data in Figure 5 can not be compared directly to

the results generated using the regression equations because
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Table 13: Example Data Used in The Regression Equation

Variable Name Value Std. Dev.
age of a unit 22 years 13.580
concrete block construction 1 0.445
covered patio 1 0.500
evaporator 1 _ 0.357
grass landscaping 1 0.482
living area 1,432 square feet 576.725
lot size 22,700 square feet 33,752.425
1 carport 1 0.491
2 bathrooms 1 0.498

3 bedroons ' 1 0.499
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the regression examples assume specific characteristics for
the houses. The data in Figure 5 represent mean prices for
houses with various characteristics over the distance range

indicated. .

- Nearest to DM (A)

Hoﬁses sampled nearest to the Davis-Monthan Airforce
Base (DM) in the study area (N=468) were included in this
evaluation. The regression equations generated are given in
Table 14.

Strategy 2 was selected as the "best" relationship.
Strategy 2 contains eleven independent variables (four non-
binary variables and seven binary variables), and has an R2
value of 0.7801. The equation of this Strategy contains
almost the same number of independent variables as in the
equation of the entire sample, except that three variables
of the entire sample equation were replaced by two variables
in the equation for the DM subset; fire-place, frame
construction, and "grass and combination landscaping" have
been replaced by evaporator and adobe construction. The
equation then indicates that having an evaporator and an
adobe block construction for houses nearest to DM were more
important than having fire-place, frame construction, and
grass landscaping. The equation for Strategy 2 shows the

same trend as that for the entire sample because 80 percent




Table 14: Regression Equations for Houses
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Nearest to DM (A)

Strategy Equation R T sig T Beta
1
LY=0.9337(Log Living Area) 0.82 22.71 0.00 0.67
+0.1030(Log Distance) 0.53 5.49 0.00 0.53
+0.0576(Log Lot Size) 0.37 3.78 0.00 0.28
-0.0545(Log RAge) -0.50 -3.30 0.00 -0.28
+1.6452 12.43 0.00

R2=0.7255, N=468, F=305.9527, DF(reg)=4, DF(resd)=463,

u(price)=$74,340 , Std. Dev.(price)=$54,903

2
LY=0.6837(Log Living Area) 0.82 14.74
+0.0808(Log Distance) 0.53 4.65
+0.0482(Log Lot Size) 0.37 3.44
+0.0550(Garage) 0.47 3.78
+0.0545(Pool) 0.45 4.06
+0.0509(>2 Baths) 0.53 2.40
+0.0457 (Evaporator) -0.30 2.83
+0.0725(Air Condition) 0.53 4.90
+0.0351(Adobe Const.) 0.28 2.25
+0.0502(Covered Patio) 0.39 4.59
-0.0433(Log Age) -0.50 -2.73
+2.3457 15.39

R2=0.7801, N=468, F=147.066, DF(reg)=11, DF(resd)=456,

u(price)=$74,340 , std. Dev.(price)=$54,903

3
LY= 0.6853(Log Living Area) 0.82 14.72
+0.0615(Log Distance) 0.53 1.81
+0.0411(Log Lot Size) 0.37 2.45
+0.0041(Log Dist.)(Log Lot Size) 0.49 0.37
+0.0539(Garage) 0.47 3.69
+0.0242(Pool) 0.45 0.77
+0.0442(Log Distance) (Pool) 0.50 1.06
+0.0502(>2 Baths) 0.53 2.36
+0.0455(Evaporator) -0.30 2.81
+0.0713(Air Condition) 0.53 4.84
+0.0049( Adobe Const.) 0.28 0.11
+0.0417(Log Dist.)(Adobe Const.) 0.33 0.75
+0.513(Covered Patio) 0.39 4.67
-0.0455(Log Age) -0.50 ~2.73
+2.3687 15.28

R2=0.7810, N=468, F=115.398, DF(reg)=14,

u(price)=$74,340 , Std. Dev.(price)=$54,903

0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.02
0.00
0.01
0.00

0.00
0.07
0.02
0.71
0.00
0.44
0.29
0.02
0.01
0.00
0.91
0.45
0.00
0.01
0.00

0.49
0.53
0.27
0.24
0.24
0.24
-0.08
0.25
0.15
0.31
-0.17

0.49
0.53
0.27
0.00
0.24
0.24
0.07
0.24
-0.08
0.25
0.15
0.05
0.31
-0.17

DF(resd)=453,
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(468/587) of the sampled units were nesarest to DM and thus
dominated the results.

An example was used to illustrate the effect of
distance from an airport on selling price. The house
characteristics having the mean values for the nonbinary
variables in addition to the most frequently occuring binary
variables were assumed. The data for this example are
presented in Table 15. The results from substituting these
values into the equation of Strategy 2 and varying the
distance from DM airport are also shown in Figures 6 and 7.

Figure 6 indicates that within the first 2 miles from
DM, selling price increases nonlinearly with an average rate
of $1,310 per 0.25 mile distance. Beyond the two mile
distance, selling price increases approximately linearly
with an average rate of $430 per 0.25 mile distance, which
is one~third of the rate of increase within the 2 miles
distance. Selling price increases by $2,209 when distance
is increased from 0.50 miles to 0.75 miles from the airport.
The variation in price per 0.25 mile distance decreased with
increasing distance from the aviation facilities (Figure 7).

Beta values of Strategy 2 (Table 14) indicate that
log of distance from the airport was the major positive
determinant of selling price followed by log of living area.
This shows the great importance of proximity of an aviation
facility in determining the selling price to a house. Log

of house lot size and the existance of a pool, an air condi-




Table 15: Example Data Used
Houses Near DM
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in The Regression Equation for

Variable Name Value Std. Dev.
adobe block construction 1 0.351
age of a unit 23 years 14.037
covered patio 1 0.500
evaporator 1 0.500
grass landscaping 1 0.388
living area 1,479 square feet 615.032

lot size
1l carport
2 bathrooms

3 bedrooms

22,741 square feet 34,846.304

1 0.478
1 0.499
1 0.499
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tioning, a garage, a patio, and number of bedrooms are
almost of equal positive level of effect in predicting the
selling price of a unit. Log of house age was the major
negative determinant of selling price. e a2

Figure 6 indicates that the predicted prices, for the

DM subset, are higher than the predicted prices for the
total sample. Figure 7 indicates that the variation in
prices with respect to distance for the total sample is
slightly lower than that for the DM subset ($47.16 per 0.25
mile distance within the 2 miles from the airport, and
$10.56 per 0.25 mile distance outside the 2 miles distance),
but is not considered significant. This difference is so

small that it is indistinquishable in Figure 7.

~-Nearest to TIA (B)

Houses sampled nearest to the Tucson International
Airport (TIA) in the study area (N=119) were included in
this evaluation. The multiple regression equations gener-
ated through the regression analysis are shown in Table 16.

Strategy 2 was also selected as the "best" relation-
ship in predicting house selling price. Strategy 2 contains
eight independent variables (five nonbinary variables and
three binary variables), and has an R2 value of 0.5782.

conditioning, frame




Table 16: Regression Equations for Houses Near TIA,
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(B)

Strategy Equation R T sig T Beta

1

LY= 0.6166(Log Living Area) 0.63 7.92 0.00 0.62
+0.0304(Log Distance) 0.15 l1.02 0.31 0.15
+0.0436(Log Lot Size) 0.17 2.04 0.04 0.12
-0.0715(Log Age) -0.32 =2.57 0.01 -0.19
+2.6493 10.31 0.00

R2=0.4499, N=119, F=23.307, DF(reg)=4,

DF(resd)=114, u(price)=$46,972 , Std. Dev.(price)=$15,582

2,0r 3

LY= 0.5690(Log Living Area) 0.63
+0.0325(Log Distaﬁce) 0.15
+0.0399(Log Lot Size) 0.17
+0.0737(Pool) 0.24
-0.0406( Fence) ~0.27
+0.0599(Covered Patio) 0.29
-0.0643(Log Age) -0.32
+0.0689(£og New Comers) 0.06
+2.5835 10.00

R2=0.5782, N=119, F=18.845, DF(reg)=8,

0.00
0.23
0.05
0.01
0.02
0.00
0.01
0.01

0.52
0.10
0.15
0.23
~0.26
0.29
-0.31
0.06

DF(resd)=110, u(price)=$46,972 , Std. Dev.(price)=$15,582
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This equation contains four fewer variables than the
equation for the total sample. The analysis indicated that
garage, fireplace, more than two bathrooms, air condition-
ing, frame construction, and grass and combination land-
scaping were not significant in determining the selling
price for houses close to TIA and they were replaced by two
variables (nonblock wall fence and log of new comer}.

An example was used to illustrate the effect of
distance from TIA on selling price assuming the mean values
for the nonbinary variables in addition to the most fre-
quently occuring binary variables. Table 17 contains the
data of this example. Substitutions of these values into
Strategy 2 (Table 16) and varying the distance from TIA are
shown in Table 18 and Figures 6 and 7.

Figure 6 indicates that within the first mile from
TIA, selling price increases nonlinearly with an average
rate of $520 per 0.25 mile distance. Beyond the first mile
distance,; selling price increases approximately linearly
with an average rate of $266 per 0.25 mile distance.
Selling price increases by $606 when distance is increased
from 0.50 mile to 0.75 mile from TIA. The variation in
price per 0.25 mile distance decreased with increasing
distance from TIA (Figure 7).

Beta values of Strategy 2 (Table 16) indicate that log of
living area had the major positive impact on selling price

followed by the existance of a covered patio.




Table 17: Data for an Example Used on
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Houses Near TIA

Variable Name value Std. Dev.

age of a unit 20 years 11.430
covered patio 1 0.499
fence 1 0.461
living area 1,248 square feet 334.443

lot size

new comers

22,543 square feet

29,186.879

1,741 persons/month

1,631.180

Table 18: Predicted Prices at Various Distances

Nearest to DM

Nearest to TIA

Distance All Samples
Price Variation Price Variation Price Variation

mile $ $ $ $ $ $
0.50 56,684 ———— 66,316 —_— 45,732 ———
0.75 58,802 2,119 68,525 2,209 46,338 606
1.00 60,352 1,550 70,136 1,611 46,778 435
1.25 61,584 1,232 71,412 1,276 47,114 341
1.50 62,608 1,024 72,472 1,060 47,394 280
1.75 63,488 880 73,380 908 47,632 238
2.00 64,260 772 74,176 796 47,839 209
2.25 64,948 688 74,886 710 48,023 184
2.50 65,571 623 75,526 640 48,187 164
2.75 66,139 568 76,110 584 48,337 150
3.00 66,662 523 76,647 537 48,473 136
3.25 67,146 484 77,144 497 48,600 127
3.50 67,598 452 77,607 463 48,717 117
3.75 68,021 423 78,041 434 48,826 109
4.00 68,420 399 78,449 408 48,929 103
4.25 68,796 376 78,834 385 49,026 97
4.50 69,153 357 79,199 365 49,117 91
4.75 69,492 339 79,546 347 49,203 86
5.00 69,816 324 79,877 331 49,285 82
5.25 70,125 309 80,192 315 49,363 78
5.50 70,420 295 80,494 302 49,438 75
5.75 70,704 284 80,784 290 49,510 72
6.00 70,977 273 81,062 278 49,578 68

Log price (All)
Log price (DM )
Log price (TIA)

4.7807 + 0.0905(Log distance)
4.8459 + 0.0808(Log distance)
4.6700 + 0.0325(Log distance)
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Distance had no major effect on selling price for the TIA
subset as indicated by its low Beta value. Log of house age
was the major negative determinant of selling price followed
by the existance of a fence. Existance of a pool showed a
higher positive effect on selling price than the house lot
size.

The data in Figure 6 indicate that the predicted
prices for the DM subset are higher than the predicted
prices for the TIA subset. The data in Figure 7 indicate
that the variation in price with respect to distance for
the TIA subset is lower than that for the DM subset, and the
difference is large within the first 2 miles ($959 per 0.25
mile distance). The difference is much smaller outside the
two mile distance ($322 per 0.25 mile distance) where the
curves in Figure 7 exhibit similar slopes.

The data in Figure 8 indicate that the variation in
price as a percentage of sample mean for the DM subset is
higher than that for the TIA subset. This is consistent
with the relationships shown in Figure 7 for the magnitude
of the variation in price with distance. DM is shown to
have a substantially greater impact on house price in terms
of overall magnitude and a percent of the average selling
price than TIA. The data in Figure 8 also indicate that the
ratio between price variation and sample mean price
decreases with distance. Figure 8 indicates that beyond

approximately 2 miles from the airport, the variation in




0 "9

DO =~ g
ano" D

4+

G0 =D

2]

— ¢ Varistion (DM)
- ¢Variation (All)
< ¢ Variation (TIA)

Distance Range to Nearest Airport in miles

Figure 8: Price Variation as a Percentage of Predicted Price

08



81

price with distance drops below approximately 1.0 percent of
mean price for the DM subset. The 1.0 percent variation in
price with respect to the mean occurs at a point less than

one mile from TIA.

-Nearest to DM and Priced Below $55,000 (Al)

Houses sampled nearest to DM and priced below $55,000
in the study area (N=197) were included in this evaluation.
The multiple regression equations generated through the
regression analysis are shown in Table 19.

Strategy 2 was selected as the "best" relationship.
Strategy 2 contains eleven independent variables (five non-
binary variables and six binary variables), and has an R2
value of 0.4422. The equation of this Strategy contains the
same number of independent variables as in the equation of
the entire DM sample, except that three yariables of the
entire DM sample equation were replaced by three others in
the equation for this subset; pool, adobe construction, and
covered patio have been replaced by "log of zonal weighted
accessibility index", forced air gas heating, and "grass and
combination Landscaping".

An example was used on Strategy 2 to illustrate the
effect of distance from an aviation facility on selling
price. The house characteristics having the mean values for

the nonbinary variables in addition to the most frequently



Table 19: Regression Equations
Priced Below $55,000 , (Al)

for Houses Near DM and
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Strategy Equation R T Sig T Beta
1
LY= 0.3981(Log Living Area) 0.40 5.33 0.00 0.40
-0.0155(Log Distance) -0.03 -0.85 0.40 -0.03
~0.0300(Log Lot Size) -0.06 -1.40 0.16 -0.10
-0.0502(Log RAge) -0.22 -1.44 0.15 -0.10
+3.607 14.09 0.00
R2=0.1784, N=197, F=10.420, DF(reg)=4, DF(resd)=192,
u(price)=$41,987, Std. Dev.(price)=$9,509
2, or 3
LY= 0.3926(Log Living Area) 0.40 5.82 0.00 0.37
+0.0233(Log Distance) -0.03 1.04 0.30 0.06
-0.0112(Log Lot Size) -0.06 -0.59 0.56 -0.00
+0.5597(Log Accessibility) 0.18 1.71 0.09 0.18
+0.0586(Garage) 0.00 2.02 0.04 0.11
-0.6012(>2 Baths) -0.13 -5.18 0.00 -0.14
+0.1488(Evaporator) 0.35 5.09 0.00 0.35
+0.0670(Air Condition) 0.02 2.36 0.02 0.15
+0.0380(Gas Heating) 0.35 2.25 0.03 0.26
+0.0583(Grass Landscape) 0.31 3.66 0.00 0.26
-0.0015(Log Age) ~-0.22 -0.04 0.97 <-=0.00
+2.5399 5.02 0.00

R2=0.4422, N=197, F=13.331, DF(reg)=11,

DF(resd)=185, u(price)=$41,987, Std. Dev.(price)=$9,509

Table 20: Data for an Example Used on

Priced Below $55,000

Houses Near DM and

Variable Name Value Sté. Dev.
age of a unit 29 years 12.391
Concrete Block Construction 1 0.461
evaporator 1 0.271
grass landscaping 1 0.501
Forced Air Gas Heating 1 A 0.483
living area 1,072 square feet 306.573
lot size 19,797 square feet 26,870.708
Zonal Accessibility Index 19 1.160
1l carport 1 0.501
1 bathroom 1l 0.489
3 bedrooms 1 0.500
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occuring binary variables were assumed. The data for this
example are presented in Table 20. The results from
substituting these values into the equation of Strategy 2
and varying distance from DM are shown in Figures 9 and 10.

The data in Figure 9 indicate that within the first
two miles from DM, selling price increases nonlinearly with
an average rate of $235 per 0.25 mile distance. Beyond the
two mile distance, selling price increases approximately
linearly with an average rate of $72 per 0.25 mile distance.
Selling price increases by $408 when distance is increased
from 0.50 miles to 0.75 miles from the airport. The
variation in price per 0.25 mile distance decreased with
increasing the distance from DM (Figure 10).

Beta values of Strategy 2 (Table 19) indicate that
log of living area of a house is the major positive deter-
minant of selling price followed by the existance of an
evaporator. The Beta value for distance to the airport was
low and so distance had no major effect on selling price.
Existance of a fence and grass landscaping have almost the

same positive effect on selling price.

-~ Nearest to TIA and Priced Below $55,000 (Bl)

Houses sampled nearest to the Tucson International
Airport (TIA) and priced below $55,000 in the study area

(N=95) were included in this evaluation. The multiple




Table 21: Regression Equations
Priced Below $55,000, (Bl)

for Houses Near TIA and
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Strategy Equation R T sig T Beta
1
LY= 0.3642(Log Living Area) 0.46 4.75 0.00 0.43
-0.0222(Log Distance) -0.11 -0.78 0.44 -0.11
+0.0300(Log Lot Size) 0.10 1.53 0.13 0.15
-0.0769(Log Age) -0.30 =-2.97 0.00 -0.30
+3.3672 12.72 0.00
R2=0.2975, N=95, F=9.530, DF(reg)=4, DF(resd)=90,
u(price)=$41,571 , Std. Dev.(price)=$7,736
2 or 3
LY= 0.4316(Log Living Area) 0.46 6.30 0.00 0.53
+0.0047(Log Distance) -0.11 0.18 0.86 0.01
+0.0305(Log Lot Size) 0.10 1.71 0.09 0.14
-0.2542(Log Sold Units) -0.15 -=2.20 0.03 =-0.14
-0.1220(>2 Baths) -0.19 -2.47 0.02 =0.18
-0.0287(Fence) -0.19 -1.79 0.08 -0.18
+0.0485(Covered Patio) 0.24 3.35 0.00 0.26
-0.0611(Log Age) -0.30 -2.66 0.01 -0.20
+0.0616(Log New Comers) 0.16 2.84 0.01 0.16
+3.6800 9.59 0.00

R2=0-5016I N=95' F=9.504' DF(reg)=9, DF(resd)=85,
u(price)= $41,571 , Std. Dev.(price)=$7,736
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regression equations generated through the regression
analysis are shown in Table 21.

Strategy 2 was also selected as the "best" relation-
ship in predicting house selling price. Strategy 2 contains

nine indpendent variables (six nonbinary variables and three

binary variables), and has an R2 value of 0.5016. The
equation of this Strategy contains four fewer variables than
those in the equation of the similar sample nearest to DM.
The equation indicates that log of the weighted zonal
accessibility index, garage, evaporator, air conditioning,
forced air gas heating, and "grass and combination
landscaping" were not significant in determining the selling
price for houses close to TIA and priced below $55,000.
These variables were replaced by four others ("log of units
sold by MLS", "non block fence", "covered patio", and "log
of new comers") which were significant in the determination
of selling price for this subset.

An example was used to illustrate the effect of
distance from TIA on selling price. The house characteris-
tics having the mean values for the nonbinary variables in
addition to the most frequently occuring binary variables
were assumed. The data for this example are presented in
Table 22. The results of the substitions of these values
into the equation of Strategy 2 and varying the distance

from the TIA are shown in Table 23 and Figures 9 and 10.
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Table 22: Example Data Used for Houses Near TIA and Priced

Below $55,000

variable Name value Std. Dev.
age of a unit 21 years 10.667
Covered Patio 1 0.482
evaporator 1 0.144
living area 1,159 square feet 269,731
lot size 21,412 square feet 27,276.354
New Comers 1,793 persons/month 1,668.114
Units sold by MLS 609 units/month 88.970
1 bathroom 1 ' 0.463
2 bedrooms 1 0.424

Table 23: Predicted Prices for Units Priced Below $55,000

Nearest to DM

Nearest to TIA

Distance(mile) Price($) Variation($) Price($) Variation($)

0.50 42,958 ——— 39,211 —_—
0.75 43,366 408 39,286 75
1.00 43,657 291 39,339 53
1.25 43,885 228 392,380 41
1.50 44,072 187 39,414 34
1.75 44,230 158 39,443 29
2.00 44,368 138 39,468 25
2.25 44,490 122 39,489 21
2.50 44,599 109 39,509 20
2.75 44,699 100 39,527 18
3.00 44,789 90 39,543 16
3.25 44,873 84 39,558 15
3.50 44,950 77 39,572 14
3.75 45,023 73 39,584 12
4.00 45,090 67 39,596 12
4.25 45,154 64 39,607 11
4.50 45,214 60 39,618 11
4.75 45,271 57 39,628 10
5.00 45,326 55 39,638 10
5.25 45,377 51 39,647 2
5.50 45,426 49 39,656 9
5.75 45,473 47 39,664 8
6.00 . 45,518 45 39,672 8

Log price (Al)= 4.6401 + 0.0233(Log distance)
Log price (Bl)= 4.5948 + 0.0047(Log distance)
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Beta values (Table 24) indicate that log of living
area of a house is the major positive determinant of selling
price followed by the éxistance of a covered patio. Beta
value for distance to the airport was low. The data in

Figure 9 indicates that distance from the airport has virtu-

ally no effect on selling price for this subset. Beta
values indicated that log of house age is the major negative
determinant of selling price followed by the existance of a
fence and more than 2 bathrooms.

The data in Figure 9 indicate that the predicted
prices for the houses nearest to DM are higher than the
predicted prices for houses nearest to TIA. Figure 10
indicates that the variation in price with distance for
samples located nearest to TIA is lower than that for a unit
located near DM, and the difference is substantial within
approximately two miles from the airport. Beyond 2 miles,
the variation in price with respect to distance is similar
for both airports. This indicates that the airport impact
areas are not the same for each airport. DM has a wider
impact area approximately 2.0 miles, while TIA appears to
have no significant impact on price for the lower priced
houses.

Figure 11 indicates that the ratio of price variation
with respect to sample mean price is also more for the DM

subset than for the TIA subset. This reinforces the posi-
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tion that DM has a substantially greater impact on house

price than TIA, even for lower priced houses.

~Nearest to DM and Priced Above $55,000 (A2)

Houses sampled nearest to DM and priced above $55,000
in the study area (N=263) were included in this evaluation.
The equations generated through the regression analysis are
shown in Table 24.

Strategy 2, selected as the "best" relationship in
predicting house selling price, contains ten indpendent
variables (four nonbinary and six binary variables), and has
an R2 value of 0.8210. The equation representing the lower
priced houses has eleven independent variables (five
nonbinary and six binary variables). FPour variables which
appeared in the equation for the houses priced below $55,000
(log of "Zonal Weighted Accessibility index", evaporator,
forced air gas heating, and "grass and combination land-
scaping") were replaced by three binary variables ("more
than 2 bedrooms", pool, and covered patio) in the equation
of the higher priced houses.

An example was used to illustrate the effect of
distance from DM on selling price assuming the mean values
for the nonbinary variables, the most frequently occuring

binary variables, and varying distance. The data for this
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Table 24: Regression Equations for Houses Near DM and
Priced Above $55,000, (A2)

Strategy Equation R T Sig T Beta
1
LY= 0.8593(Log Living Area) 0.82 18.13 0.00 0.76
+0.0123(Log Distance) 0.40 0.44 0.66 0.40
+0.1317(Log Lot Size) 0.62 7.26 0.00 0.28
-0.0474(Log Age) -0.34 -3.13 0.00 -=0.09
+1.6643 11.76 0.00

R2=0.7496, N=263, F=193.100, DF(reg)=4, DF(resd)=258,
u(price)=$99,162 , std. Dev.(price)=$62,356
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2

LY= 0.6965(Log Living Area) 0.82 12.12 0.00 0.53
+0.0130(Log Distance) 0.40 0.53 0.59 0.40
+0.1006(Log Lot Size) 0.62 6.27 0.00 0.33
-0.0715(>2 Bedrooms) 0.09 -4.37 0.00 0.07
+0.0489 (Garage) 0.49 3.97 0.00 0.30
+0.0363(Pool) 0,32 3.42 0.00 0.25
+0.0671(>2 Baths) 0.61 4.11 0.00 0.39
+0.0316(Air Condition) 0.46 2.83 0.01 0.39
+0.0240(Covered Patio) 0.25 2.22 0.03 0.25
-0.0363(Log Age) ~-0.34 -2.55 0.01 -0.10
+2.2969 13.83 0.00

R2=0.8210, N=263, F=115.567, DF(reg)=10,
DF(resd)=252, u(price)=$99,162 , Std. Dev.(price)=$62,356

3

LY= 0.6934(Log Living Area) 0.82 11.96 0.00 0.53
-0.0462(Log Distance) 0.40 -0.56 0.58 0.40
+0.0973(Log Lot Size) 0.62 5.99 0.00 0.34
-0.0687(>2 Bedrooms) 0.09 -4.21 0.00 0.07
+0.0349(Garage) 0.49 0.88 0.38 0.30
+0.,0100(Log Dist.)(Garage) 0.56 0.20 0.84 0.02
-0.0047(Pool) 0.32 -0.14 0.89 0.25
+0.0554(Log Dist.)(Pool) 0.39 1.32 0.19 0.11
+0.0712(>2 Baths) 0.61 4.37 0.00 0.39
+0.0321(Air Condition) 0.46 2.88 0.00 0.39
-0.0597(Covered Patio) 0.25 -1.80 0.07 0.25
+0.1134(Log Dist)(Covered Patio) 0.42 2.64 0.01 0.26
-0.0126(Log Age) -0.34 -0.25 0.80 -0.03
~-0.0341(Log Dist.)(Log Age) 0.01 -0.59 0.56 =-0.08
+2.3621 12.94 0.00

R2=0.8272, N=263, F=84.792, DF(reg)=14,
DF(resd)=248, u(price)=$99,162 , Std. Dev.(price)=$62,356
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example are presented in Table 25. Thé results are shown in
Table 26 and Figures 12 and 13.

The data in Table 26 indicate that within the first 2
miles from DM, selling price increases $287 per 1/4 mile.

Beyond the two mile distance, selling price increases $87

per 0.25 mile distance. Selling price increases by $500
when distance is increased from 0.50 miles to 0.75 miles
from the airport. The variation in price per 0.25 mile
distance decreased with increasing distance from the
aviation facilities (Figure 13).

Beta values of Strategy 2 (Table 25) indicate that
log of living area of a house had the major positive impact
on selling price followed by log of the distance to DM,
existance of an air conditioning and "more than 2 bath-
rooms". The high Beta value for distance indicates the
significant importance of distance in determining selling
price. Log of house age had the major negative impact on
selling price. Existance of a pool had a higher positive

effect on the selling price than the house lot size.

-~ DM Samples Below and Above $55,000

The data in Figure 13 indicate that DM had a slightly
higher impact on houses priced above the study area median

price than those priced below the median price. The
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Table 25: Example Data Used in The Regression Equation for
Houses Near DM and Priced Above $55,000

Variable Name value Std. Dev.
age of a unit 17 years 13.150
Covered Patio 1 0.466
evaporator 1 0.443
grass landscaping 1 0.495
living area 1,789 square feet 616.820
lot size 25,329 square feet 40,072.103
2 carports 1l 0.477
2 bathrooms ' 1 0.454
3 bedrooms 1 0.495

Table 26: Predicted Prices for Units Near DM and Priced
Above $55,000

Distance(mile) price($) Variation($)
0.50 294,713 ——
0.75 95,213 500
1.00 95,570 357
1.25 95,848 278
1.50 96,075 227
1.75 96,268 193
2.00 96,435 167
2.25 96,583 148
2.50 96,715 132
2.75 96,835 120
3.00 96,945 110
3.25 97,046 101
3.50 97,139 93
3.75 97,226 87
4,00 97,308 82
4,25 97,385 77
4,50 97,457 72
4.75 97,526 69
5.00 97,591 65
5.25 97,653 62
5.50 97,712 59
5.75 97,768 56
6.00 97,822 54

Log price (A2)= 4.9803 + 0.0130(Log distance)
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difference is at most $170 for houses within the first 0.50
miles from the airport. However, Figure 14 shows that
houses priced below sample median suffer a larger percent
decrease in price in relation to the subset mean value.

That is, the lower priced houses realize a larger percent
decrease in value as a result of their proximity to DM. The
data in Figure 14 indicate that the impact area is approxi-
mately 2 miles for both subsets.

Figures F25 and F27 of Appendix F indicate that the
lower priced houses were older (mean age=29 years) than the
high priced houses (mean age=17 years). Figures F32 and F34
of Appendix F indicate that both types of housing existed
over the range of distance studied, but the low priced
houses were generally closer to DM (mean distance = 2.78

6.28

miles) than the high priced houses (mean distance

miles).

-Nearest to TIA and Priced Above $55,000 (B2)

Houses sampled near TIA and priced above $55,000
(N=20) were included in this evaluation. The regression
equation of this subset is shown in Table 27.

The small sample size and low R%? value for this
subset precluded credible discussion of the existance of a

relationship between selling price and proximity to TIA for
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Table 27: Regression Equations for

Priced Above $55,000, (B2)

Houses Near TIA and

99

Strategy Equation R T sig T Beta
l' 2, or 3
LY= 0.6161(Log Living Area) 0.22 2.09 0.05 0.38
+0.0576(Log Distance) 0.38 0.73 0.47 0.08
+0.0541(Log Lot Size) 0.08 1.09 0.29 0.25
+0.1056(Log Age) 0.18 1.53 0.15 0.35
+2.4961 2.56 0.02

R2=0.3210, N=20, F=1.773, DF(reg)=4,

DF(resd)=15,

u(price)=$71,022 , Std. Dev.(price)=$21,062
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high priced houses. Therefore further discussion of this

case was ommitted.

Truncation of Data Set

- The decrease in the actual mean selling prices with
distance beyond 8 miles for the entire set as shown in
Figure 5, prompted an evaluation using a trunéated data set
in an effort to improve overall correlation. Data points
beyond 8 miles from an airport were eliminated and the
remaining data was used in a regression analysis. The
results indicated a slight decrease in the overall R2 value,
and the truncated data set was not subjected to further

analysis.




CHAPTER 5

SUMMARY , CONCLUSIONS, AND RECOMMENDATIONS

Summary

This research was designed to evaluate the impact of
airport noise on surrounding residential property values.
The hypothesis for this research was that the relationship
between airport noise levels and residential property values
could be identified and quantified. The objective of this
research was to model the relationship between housing
location with respect to an airport and housing value,
taking into consideration other relevant factors.

The noise levels generated by aviation facilities are
primarily dependent on the type of aircraft using the
facility. The size and the orientation of the area effected
by aircraft noise is dependent on the direction of aircraft
operations, and the length of the runway in addition to
aircraft type. Aircraft noise levels measured at a distance
from the airport are primarily dependent on the noise level
at the source, the distance between source and receiver, and
the orientation of the airport runways.

The study area for this research was Tucson, Arizona
and the residential properties surrounding Tucson Interna-
tional Airport (TIA) and Davis-Monthan Air Force Base (DM):

The evaluation of the impact of aviation facilities on resi-
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dential property values was based on a sample of 587 housing
units sold during the two year period 1984 and 1985. A 50
percent sample of sold units (186 houses) was taken from
areas considered to be immediately adjacent to the airport
facilities as indicated by an existing aircraft noise level
of 65 Ly, or greater. A 5 percent sample of sold units (401
houses) was taken from the remainder of the study area.

Data on the sold units, including housing characteristics
and actual selling price, were obtained from the Realtors
Multiple Listing Service (MLS).

The shortest distance from each house to the closest
airport runway was used as a surrogate for the aircraft
noise level. This was necessary because existing noise data
was discontinuous beyond the housing units considered to be
within the 65 Ly  range. Also, there is a directly propor-
tional logarithmic relationship between the noise level at
the source and the decrease in the noise level at the
receiver as a function of distance.

Initially, 106 descriptors were screened for use in
the analysis as independent variables. Selling price was
used as the dependent variable. The independent variables
included descriptors of the physical characteristics of the
houses, flight operations for each airport, accessibility of
each housing unit via the street system to the urban area,
zoning, and supply and demand for housing. Through elimina-

tion, and the combination of variables into single descrip-
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tors, the independent variable list was reduced to 22.
These 22 variables primarily included descriptors of the
characteristics of the house and distance to the airport.

The data were analyzed using various multiple linear
regression techniques. The data set was evaluated as a
whole and as subsets based on the airport closest to the
house. Each airport subset was further subdivided based on
the median price of the entire sample.

Regression analysis on the entire data set generated
Equation 5-1, with a square of the multiple correlation
coefficient equal to 0.7651.

LY= 2.,5273 + 0.6424(Log Living Area)
0.0905(Log Distance) + 0.0402(Log Lot Size)
0.0590(Garage) + 0.0667(Pool) +0.0215(Fireplace)
0.0501(>2 Baths) + 0.0528(Air Condition)

- 0.0453(Frame Const.)+ 0.0247(Grass Landscape)
+ (0.0490(Covered Patio) - 0.0543(Log Age) (5-1)

+ + +

This indicates that over 76 percent of the variation in the
price of the housing units was accounted for through the
variation in the independent variables. Distance to the
airport was found to be the single most important variable
in describing the variation in housing price. The effect
of the airport on price appears to dissipate at a distance
greater than approximately two miles. Within two miles the
effect of distance on price ranged from approximately 1.2

percent to 3.7 percent for those houses closest to the air-
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ports. Beyond two miles the effect of increasing distance
was less than 1 percent of the predicted selling price.
Eighty percent (468 units) of the houses in the
sample were closer to DM than to TIA, and these data
dominated the results for the entire sample. For the DM
subset the results of the regression analysis are shown in
Equation 5-2.
LY= 2.3457 + 0.6837(Log Living Area)
0.0808(Log Distance) + 0.0482(Log Lot Size)
0.0550(Garage) + 0.0545(Pool) + 0.0509(>2 Baths)
0.0457 (Evaporator) + 0.0725(Air Condition)

0.0351(Adobe Const.)+ 0.0502(Covered Patio)
- 0.0433(Log RAge) (5-2)

+ + + +

This equation yielded a slightly higher square of the
multiple correlation coefficient than the equation of the
entire data set. The square of the multiple correlation
coefficient was 0.7801. Distance to the airport was also the
single most important variable in explaining the variation
in the selling price of the house. The range of the impact
area of DM appears to be approximately two miles. The
effect of distance on the predicted selling price within the
first two miles ranged from 1.1l percent to 3.3 percent for
those houses closest to the airport. Beyond two miles the
effect of increased distance was less than one percent of

the predicted price of the average house.




105

The relationship generated for selling price for the
houses closest to TIA (119 units) is shown in Equation 5-3.
LY= 2.5835 + 0.5690(Log Living Area)
+ 0.0325(Log Distance) + 0.0399(Log Lot Size)

+ 0.0737(Pool) - 0.0406(Fence) - 0.0643(Log Age)
+ 0.0599(Covered Patio) + 0.0689(Log New Comers)

(5-3)

The relationship in Equation 5-3 is considerably
weaker than that for the DM (Equation 5~2) subset in its
explanatory power. The square of the multiple correlation
coefficient was only 0.5782, indicating that 57.82 percent
of the variation in selling price was explained by the
variation in the independent variables. The living area of
the house was the single most important variable in explain-
ing the variation in selling price. Five other variables
out of a total of eight in Equation 5-3 were also more
important than distance in explaining the variation in the
selling price.

The impact area of TIA appears to be approximately
one mile. Within one mile of the airport the variation in
;he predicted price ranged from 0.50 percent to 1.33 percent
for those houses closest to the airport. Beyond one mile
the effect of the airport appears to be less than 0.50
percent of the predicted price of the average house.

The DM subset was stratified into two subsets based

on the median price of houses in the entire sample, $55,000.
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The relationship generated for the DM subset below the
median price is given in Equation 5-4.
LY= 2.5399 + 0.3926(Log Living Area)
+ 0.0233(Log Distance) - 0.0112(Log Lot Size)
+ 0.5597(Log Accessibility) + 0.0586(Garage)
- 0.6012(>2 Baths)+ 0.1488(Evaporator)

4+ 0.0670(Air Condition) + 0.0380(Gas Heating)
+ 0.0583(Grass Landscape) - 0.0015(Log Age) (5-4)

The variables in Equation 5-4 accounted for only 44.2
percent of the variation in the selling price of the 197
houses in this subset. Living area of the house was the
most important variable in explaining the variation in the
selling price of the houses. Seven of the eleven variables
in Equation 5-4 were more important than distance in ex-
plaining the variation in selling price.

The relationship generated for the DM subset above
the median price of the entire sample (263 units) is given
in Equation 5-5 .

LY= 2.2969 + 0.6965(Log Living Area)

+ 0.0130(Log Distance) + 0.1006(Log Lot Size)
- 0.0715(>2 Bedrooms) + 0.0489(Garage)
0.0363(Pool)+ 0.0671(>2 Baths)

0.0316(Air Ccondition) + 0.0240(Covered Patio)
- 0.0363(Log Age) (5-5)

+ 4+

The square of the multiple correlation coefficient for
Equation 5-5 was 0.8210, indicating relatively good explana-

tory power from the 10 independent variables. The living
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area of the house was the most important independent
variable in terms of explaining the variation in sélling
price, followed by distance to the airport.

When the variation in price with distance was expres-

sed as a percent of the predicted price of the house for the
DM subset, it appears as though the lower priced houses
experienced a greater negative impact. That is, the lower
priced houses exhibited a greater percent reduction in sel-
ling price as a function of distance than the higher priced
houses. The variation in price with distance ranged from
approximately 0.30 percent to 0.95 percent within the first
two miles from DM, for the houses priced below the median
price. The variation in price ranged from 0.17 percent to
0.53 percent within the first two miles, for those houses
priced above the median price.

The data set representing houses closest to TIA was
also stratified into subsets above and below the median
price of $55,000. The subset for houses priced above the
median contained only 20 data points and was deemed too
small for credible discussion. Equation 5-6 represents the
relationship generated for the subset of houses closest to
TIA (95 units) which were priced below the median price for
the entire sample.

LY= 3.6800 + 0.4316(Log Living Area)

+ 0.0047(Log Distance) + 0.0305(Log Lot Size)
- 0.2542(Log s0l1d units) - 0.1220(>2 Baths)

0.0287(Fence)+ 0.0485(Covered Patio)
0.0611(Log Age) (5-6)
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The square of the multiple correlation coefficient
for Equation 5-6 indicated that 50.16 percent of the
variation in the selling price of the houses could be
explained by the variation in the independent variables.
Living area was the most significant variable in explaining
the variation in selling price, and distance was the least
significant. The variation in price with distance ranged
from only 0.06 percent to 0.19 percent within the first two
miles from the airport. This variation was much smaller
than that observed for the houses closest to DM and priced
below the sample median. This indicates that TIA has a much
smaller impact on the price of houses than DM, and that this
impact is almost negligible.

The analysis indicated that there was a negative
simple correlation between log of selling price and log of
house age ranging from -0.22 to -0.50 for the various data
subsets. This indicates that house age accounts for at most
25 percent of the variation in price for the DM subset. The
analysis also indicated that there was a negative simple
correlation between log of distance to nearest airport and
log of house age ranging from -0.117 to -0.524 for the
various data subsets. Therefore distance accounts for 1.4
to 27.5 percent of the variation in house age for the
various subsets.

Distance to DM was a significant factor in predicting

selling price, but it was not when the DM sample was divided
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into two subests, below and above $55,000. Sampled units
were almost uniformally distributed over the study area as
shown in Figure F30. However, houses priced lower than

$55,000 were clustered near the airport (Figure F32), and

houses priced above $55,000 were somewhat clustered away

from the airport (Figure 34). In effect, the entire DM sub-
set exhibited a sufficient range of price and distance to
allow a relationship to surface. This was not the case for
either of the subsets above or below $55,000.

The rate of increase in selling price per 0.25 mile
found in this research was much higher than what Gautrin
(1975) had found for London Heathrow Airport, 7.5 pounds per
0.25 mile. However, these results were lower than the
results reached by Stevens and Dietrich (1977) who concluded
that land values were decreasing as high as 50 percent if
the property was within one mile from the end of the air
base runway. Nelson (1978) found that the damage cost of
aircraft was $210 per unit change on the NEF scale; $78.75
per 0.25 mile based on Bishop et al (February 1976) which
was lower that the results of this research. Newman and
Beattie (1985) found that aviation noise effect ranged from
a 0.6 to 2.3 percent decrease in property value per decibel
increase on cumulative noise exposure; 0.55 percent increase
in selling price, on average, per 0.25 mile increase, which
was also lower than the results reached in this study (1.72

percent per 0.25 mile). In general, this research is
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consistent with previous work based on commercial airport
impacts, and reveals a much larger impact resulting from the

military airport.

Conclusions

Based on this research the following conclusions can
be enumerated:

1. The impact of aviation facilities on residential
property values can be quantified using the actual selling
price of house as the dependent variable and including
distance from the airport as a primary independent variable
along with the physical characteristics of the house.
Distance from the airport appears to be a reasonable
surrogate in the absence of continuous noise level data.
However, more accurate ways of measuring distance should be
used (see discussion in Limitations and Recommendations).

2. The effect of the airport on residential property
values appears dependent not only on distance, but also on
the type of airport and the selling price of the property.
Distance as measured in this study may mask the effect of
house age on selling price.

3. DM was shown to have a significantly greater
impact on property value than TIA. The magnitude of DM

impact was greatest on houses priced above the sample
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median. However, the lower priced houses were effected more
when the impact was expressed as a percent of selling price.

4. The impact area for DM was substantially larger
than that for TIA. The impact area for DM was estimated to
be approximately 2 miles from the airport, while the minor
impacts from TIA were estimated to extend, at most, to 1
mile from the facility.

5. Distance from DM was the most significant variable
in describing the variation in selling price for the houses
closest to this facility. Living area of the house was also
a very significant variable in this regard.

6. Distance to TIA was not very significant in the
evaluation of the variation of selling price for houses
closest to this facility. ULiving area and age of the house
were generally the most significant variables describing the
variation in selling price for TIA subset.

7. The break point of airport influence was around 1
to 2 miles from the airport. The perpendicular distance
from the side of the runway to the 65 Ldn contour is approx-
imately 1 mile. The appearant effect of the airport beyond
1 mile for DM could be accounted for, in part, by the elong-

ation of the 65 Ly, contour along the center line axis of

the runway.
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Limitations and Recommendations

This research had certain limitations that could not
be avoided during the course of the analysis. Specific
recommendations were suggested to cover what was left in
this research. These limitations and recommendations for
further work are as follows:

l.0Only residential property uses for single family
houses were used in this research. The limitations in
selecting only one type of land use were due to human
resources, financial and time restrictions, and availability
of adequate data on the other land uses. Expanding the data
to incorporate other land uses into the analysis is recom-
mended in order to generalize the findings of this research.

2. The results of this research are only applicable
to TIA, and DM airports in Tucson, Arizona. Generalizing
the effect of airports on residential property values man-
dates expanding the study area to include other areas.

3. The socio-economic characteristics of the resi-
dents may affect the results. However, this was not studied
because the data were not available for individual sampled
units in this research.

4. The data on physical condition of a property were
not available for units used in this research, except age
which was used as a surrogate. The physicai condition of a
units could affect the result and including this factor is

recommended in future study.
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5. Data on selling price were only available for a
two year period. A time series analysis of selling price
changes could improve the analysis by tracing rate of change
of selling price for multiple sales of the same units.

6. Aircraft noise levels were not used due to their
discontinuity beyond the 65 Lan range. Distance to airport
runway was used as a surrogate. But, distance from the 65
Lan is recommended as perhaps a better surrogate measure if
noise values are not available. Measuring distance in three
dimensions as shortest distance from aircraft takeoff or
landing path to housing unit is another way of measuring
distance and it would be a true distance measure from source
to receiver. Developing techniques to generate continuous
noise level spectrums for wider areas are also recommended
for future studies.

7. The housing supply and demand variables were
available only at the regional level and were not available
at one-square mile zonal levels. Incorporating these
variables at the zonal level is recommended for finding
their direct impact on the units within the zones they
represent.

8. Airport safety was not evaluated because neither
TIA nor DM had a fatal accident during the analysis period.
Incorporating airports with fatal accident records is recom-
mended to evaluate the effect and objection to being near an

airport.




APPENDIX A

DATA VARIABLES

The data base used in this research included binary
and non binary variables. The binary variables have values
either one or zero to answer a yes or no question about the
variable. One hundred and seven variables were used
initially in the data base. The sequence of the variables
used in the analysis was as follows:

vl

YEARSS Year 1985's data

V2= YEAR84 Year 1984's data

V3= AREAGRID Grid number from an area; each area

consists of l1l6-one square mile grids.

V4= LPRICE = Listed price for a property, $.
V5= SPRICE = A price that a property was sold for, §$.
V6= SDATE = Date when a property was sold, year and

month.

V7= MARKTIME = Time length that a property was in the
market before it was sold, days.

V8= BEDROOM1 = One bedroom.

V9= BEDROOM2 = Two bedrooms.

Vv10= BEDROOM3 = Three bedrooms.

V1l= BEDROOM4 Four bedrooms.
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Vi2=

V13=

Vid=
V15=
vie=
V17=
vlg=
V19=
V20=
vV2l=
v22=
V23=
v24=
V25=
V26=
v27=
v28=
V29=
V30=
V3l=
V32=
V33=
V34=

V35=

BATH1

BATH3HF
BATH2
BATHSHF
BATH3
DINROOM
DINAREA
FAMILYRM
DEN

BKFT
GSTRM
LNDYSTD
LNDYOUT
LNDYKIT
LNDYCOLD
LNDYUTL
LNDYLAU
LNDYOTH
XROOM
POOL
SPA
FIREPLCE
GARAGE1

GARAGE2

V36= CARPORT1

V37=

CARPORT2

]

One bath.

1.5 baths.
Two baths.
2.5 baths.

Three baths.

Dinning room.
Dinning area.

Family room.

Den area.

Breakfast area.

Guest room.

Standard laundry.

Outside laundry.

Laundry is in the kitchen.
Cold water laundry only
Utility laundry only.
Luxury laundry facility.
Other type of laundry facility.
Extra room.

Swimming pool.

SPA facility.

Fire~-place.

One-car garage.

Two-~car garage.

One-car carport.

Two-car carport.
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v38=
V39=
V40=
V4l=
va2=
V43=
Vé4=
V45=
V46=
v47=
v48=
V49=
Vv50=
V51=
v52=
V52=
V54=
V55=
V56=
V57=
V58=
v59=
ve6o=
vVél=
V62=

Vé3=

FENCWOOD
FENCWIRE
FENCCMB
FENCCLD
FENCBLK
EVAPORAT
AIRCOND
HEATFAG
HEATFAE
HEATOTH
CONSCBLK
CONSSBLK
CONSBADB
CONSCMB
CONSFRM
CONSBRIC
LDSCGRSS
LDSCDSRT
LDSCEZ
LDSCCHMB
LDSCSOME
PTIOPATIO
PTIOCVRD
PTIOSCRN
PTIOCMB

PTIOSLAB

il
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Wood fence around the property.

Wire fence around the property.
Combination fence around the property.
Closed fence around the property.
Block fence around the property.
Evaporator cooler.

Air conditioner.

Forced air gas heating.

Forced air electric heating.

Other heating type.

Concrete block constrhction used.
Stone and concrete construction used.
Adobe block construction used.
Combination of construction materials used.
Frame construction used.

Brick construction used.

Grass landscaping.

Desert landscaping.

Low care landscaping.

Combination of landscaping.

Some landscaping.

Patio.

Covered patio.

Screened patio.

Combination patio.

Slab patio.
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V64= PTIOOTH = Other type of patio.

V65= LOTSIZE = Lot size of the property in square feet.
V66= ZONEDR1 = The property was in an area zonad as a Rl.
V67= ZONEDR2 = The property was in an area zoned as a R2.
V68= ZONEDR3 = The property was in an area zoned as a R3.
V63= ZONEDR4 = The property was in an area zoned as a R4.
V70= ZONEDR5 = The property was in an area zoned as a R5.

V71= ZONEDCR1

The property was in an area zoned as a CR1

V72= ZONEDCRZ2

The property was in an area zoned as a CR2

V73= ZONEDCR3 The property was in an area zoned as a CR3

V74= ZONEDCR4 The property was in an area zoned as a CR4

V75= ZONEDCR5 = The property was in an area zoned as a CRS

V76= ZONEDMH = The property was in an area zoned as a
Mobile Home zone.

V77= ZONEDMHP = The property was in an area zoned as a
Mobile Home Park.

V78= ZOMEDRV

The property was in an area zoned as a

Recreation Park zone.

V79= ZONEDPR The property was in an area zoned as a

Parking Residential zone.

Vv80= ZONEDB1 The property was in an area zoned as a

General Business zone.

V81= ZONEDB2A The property was in an area zoned as a
General Business zone.

v82= ZONEDBZ2H

The property was in an area zoned as a

General Business zone.




v83=

ve4=

V85=

v8e=

v87=

v88=

vV89=

Vo0=

Vol=

V92=

Vo3=
V4=

V95=

Vo6=

ZONEDB2

ZONEDSR

ZONEDTR

ZONEDTH

ZONEDRVC

ZONEDMU

ZONECMH1

ZONECMH2

AGE

AREALIV

DISTTOAP

NTDMAFB

NTTIA

APENVRN

[}

The property was in an area zoned
General Business zone.

The property was in an area zoned
urban Ranch zone.

The property was in an area zoned
Transitional zone.

The property was in an area zoned
Trailer Homesite zone.

The property was in an area zoned

Rural Vvillage Center zone.

The property was in an area zoned
Multiple Uses zone.

The property was in an area zoned
County Mobile Home 1 zone.

The property was in an area zoned
County Mobile Home 2 zone.

Age of the house, years.

Living area,floor area,of the house in

square feet.

as

as

as

as

as

as

as

as

Distance to nearest airport, miles.
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Sub-

The property ic nearest to Davis-Monthan

Air Force Base.
The house is nearest to Tucson

International Airport.

A house exists within the 60 Ldn noise

level or greater.




Vo7=

vVo8=

V99=
V100=
V101=

V102= MLSSALES$

V103= MLSUNITS

V104= NETMIGRT

V105= NEWCOMER

V106= TIAFLGHT

V107=

NOISELVL

TAZ
ZWA
ACCAVG

RSDCOSS

DMFLGHT

]

"
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The noise level in which a property is
located, Ldn.

Traffic Analysis Zone.

Zonal Weighted Accessibility index per TAZ.

Average accessibility per TAZ.

Residential Construction awards in the
area, $ per month.

Multiple Listing Service,MLS, sales in the
area, $ per month.

Sold units through MLS in the area, § per
month.

Net migration, persons per month.

New comers to the Tucson Area, persons per

month.

flight operations from Tucson Interna-

tional Airport.

flight operations from Davis- Monthan Air

Force Base.




APPENDIX B

SAMPLE INPUT DATA

Appendix B contains a sample of the data used in this
research and on which different analyses were run. Each
record contains eleven lines of data for each sampled unit.
Each line contains data on ten variables, except.the last
line, which contains data on the last seven variables. One
hundred and seven variables were entered for each unit.

Line one contains data on the first ten variables
respectively; year 1985, year 1984, area grid, list price,
selling prige, selling date, marketing time, one bedroom,
two bedrooms, and three bedrooms.

Line two contains data on the next ten variables;
four bedrooms, one bath, 1.5 bath, two baths, 2.5 baths,
three baths, dinning room, dinning area, family room, and
den.

Line three contains data on the following ten
variables; breakfast, guest room, standard laundry, outside
laundry, laundry in the kitchen, cold water laundry, utility
laundry, luxury laundry, other type of laundry, and extra
room.

Line four contains data on the following ten

variables; pool, SPA, fireplace, one-car garage, two-car
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garage, one-car carport, two-~car carport, wood fence, wire
fence, and combination type of fence.

Line five contains data on these ten variables;
closed fence, concrete block fence, evaporator, air condi-
tioning, forced air gas heating, forced air electrical heat-
ing, other type of heating, concrete block construction,
stone block construction , and adobe block construction.

Line six contains data on the next teh variables;
combination of construction materials, brick construction,
frame construction, grass landscaping, desert landscaping,
low care landscaping, combination of landscaping, some land-
scaping, patio only, and covered patio.

Line seven contains data on the following variables:
screened patio, combination of patio types, slab patio,
other type of patio, lot size, zoned Rl, zoned R2, zoned R3,
zoned R4, and zoned R5.

Line eight contains data on the other ten variables;
zoned CR1, zoned CR2, zoned CR3, zoned CR4, zoned CR5, zoned
MH, zoned MHP, zoned RV, zoned PR, and zoned Bl.

Line nine contains data on the following ten
variables; zoned B2A, zoned B2, zoned B2H, zoned SR, zoned
TR, zoned TH, zoned RVC, zoned MU, zoned CMH1l, and zoned
CMH2.

Line ten contains data on these ten variables; age,
living area, distance to nearest airport, nearest to DM,

nearest to TIA, within airport environment, noise level,
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traffic analysis zone, zonal weighted accessibility, and
average zonal accessibility.

Line eleven contains data on the rest of variables;
residential construction awards, total MLS sales, units sold
by MLS, net migration, newvcomers, TIA flights, and DM
flights .

The descriptions in the lines above are needed to
read the input data in Table 28. The entire data set
contains 587 records; 6,457 lines of data. Table 28

contains the data on the first 20 records.




Table 28: Sample Input Data
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APPENDIX C

ZONING INDEX

Land use is controlled by land zoning regulations.
Zoning regulations specify type of activity that can take
place on a specific piece of land.

The area under this study occurs both within the City
of Tucson and the Pima County, Arizona. City of Tucson and
Pima County each have their own zoning ordinance specifying
all land uses. Since the study covers only residential
uses, those zonings will be explained briefly. Detailed
information could be obtained from the Tucson Zoning Code
(1984) and Pima County Zoning Plan (1975).

R1l: Residential-Single family.

Primarily is for the use of single family residences.
Schools, churches, and public buildings are permitted.
Restricted home occupations and private automobile parking
is permissible. Second dwelling is permitted on lots over
10,000 square feet.

R2: low Density Residential-Multiple Dwelling.

Multiple family residences are permitted with the
primary restriction that there be at least 3,000 square feet

of lot area for each dwelling unit. Single detached
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residences can be built on a minimum of 5,000 square feet.
Rl uses are permitted.

R3: High Density Residential-Multiple Dwelling.

Primarily for apartment houses and dwelling courts.
Social, welfare, and R2 uses are permitted.

R4: Offices, limited Research and Development Uses.

R3 uses are permitted in addition to offices, limited
research and development uses.

R5: High Density Residential Commercial.

High density, highrise multiple residential with
compatible commercial and professional uses are permitted.
Buildings may be built to a height of 30 stories.

SR,UR,RX-1,RX-2: Residential and Urban Ranch (City).

A low density residential area. Riding stables,
guest ranches, veterinary hospitals, golf courses, etc., are
permitted subject to acreage.

SR: Suburban Ranch (County).

This was created as a low density zone which has been
used principally for single family residences on large lots,
144,000 square feet minimum. A wide range of agricultural
and even some commercial uses are permitted under special
conditions and requirements. This zone was created to
recognize ranch-type development common in this area. The
zone, through its minimum lot size, insures a considerable
reservation of open space. Through its application, the

zoning plan has produced a low density belt around the more
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intense urban area and can be considered for change only
following an orderly area and neighborhood planning process.

CR1l: Suburban Residential Zone.

This is for single family use at the density of one
residence per acre. Mobile homes are not permitted.
Through a special section of the ordinance a degree of
clustering of units is possible in this zone through lot
size reduction which can effectively produce attractive and
usable open space. The zone permits some public and quasi-
public uses under special conditions and limited non commer-
cial agriculture which are not in violation of its residen-
tial character.

CR2: Single-Family Residential Zone.

This is a transition from urban to suburban inten-
sities. It accumulates uses permitted in CR1l and lowers the
lot size requirement thus doubling to basically two houses
per commercial acre. A commercial acre is 36,000 square
feet.

CR3: Urban Density Single-Family Residential Zone.

This provides transitional uses where needed, the
keeping of small animals, certain public and quasi-public
and guest ranch use, under specific conditions. Under a
special provision of the ordinance units may be clustered in
CR3 through modest lot size reduction with resultant open

space contributed to park, recreational or other common
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uses. The basic urban single-family residential density is
established as one house per 8,000 square feet of lot area.

CR4: Urban Density Multiple-Unit Residential zone.

This is the most restrictive urban density multiple-
unit residential zone. Under this zoning four-unit
structures may be built on a 3,500 square feet per unit.
Uses are accumulated from the basic urban residential zone.
The zone serves as a buffer between single-family urban
residential and more intense multiple family residential and
commercial uses.

CR5: High Density Urban Multiple-Unit Residential zone

This does not limit the number of units in each
structure. The maximum density is expressed as one unit per
2,000 square feet of lot area. The zoning is intended for
permanent and not transient residential use. Where the zone
abuts a commercial zone, transitional uses may be made under
specific requirements.

SH: Suburban Homestead.

This was established as a low density rural zone to
be used closer to the urbanized area. The zone permits the
use of trailers and duplexes along with single-family houses
on large lots, 36,000 square feet minimum. Under special
requirements and conditions, profeééional and semi- profes-
sional offices, motion picture studios, radio and television
uses and cemeteries are permitted. The zone has been stable

in areas of its original application and has been particu-
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larly successful as a residential zone in which the use of
the guest house and the keeping of horses has occurred.

TR: Transitional.

This was developed to provide a true buffer between
residential and commercial uses. The zone provides residen-
tial uses at twice the high density of urban multiple-unit
residential density and allows transient housing and acces-
sory uses. The zone accumulates CR3, CR4, and CR5 and
further permits professional and semi-professional offices
as well as research facilities under specific conditions.
The zone discourages single-family residential use through a
large minimum lot size requirement.

TH: Trailer Homesite.

This provides adequate areas for travel trailers,
motor homes, and campers for seasonal or temporary
occupancy, and will also allow certain necessary convenience
services. The zone shall be located on or near interstate,
state, and federal highways or in such areas as may be
designated by dully adopted area and/or neighborhood plans.

MH: Mobile Homes.

Mobile homes and trailers are permitted. Rl uses are
permitted. On individual lots there must be at least 7,000
square feet per mobile home. Mobile home courts are permit-
ted on lots of at least 18,000 square feet.

MHP: Mobile Home Park Zone.
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This is primarily for mobile home parks where spaces
are rented to occupants. Schools, parks, churches, public
utility, and municipal uses are permitted. One single
family residence per park, social and recreation centers and

private recreation uses are allowed as accessory uses.

RV: Travel Trailer-Recreational Park Zone.

A travel trailer park is the only permitted principal
use. Three mobile homes per park as accessory uses and the
accessory uses of "MHP" are allowed.

PR: Parking Residential.

The purpose of this zone is to provide off-site off-
street parking at or below grade to areas in residential
zones to serve buildings and uses which cannot feasibly
provide on-site parking.

CMH-1: County Mobile Home-~1l.

This is to provide for needed and properly planned
mobile home developments with additional usable open space
within reasonable walking distance by permitting a wide
latitude of design without increasing existing densities.

It allows for two alternative approaches to mobile home
development. The first approach permits clustering of
mobile homes with the accumulation of open space within a 20
acre lot and 8,000 square feet per unit. If this approach
is desired, certain special requirements and review
procedures shall apply. The second approach is that of the

conventional subdivision with specific minimum lot size of
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8,000 square feet, front yard of 30 feet, rear yard of 40
feet, side yards of 20 feet, and lot width of 60 feet.

CMH-2: County Mobile Home-2.

This is to provide for a properly planned mobile home
park environment where up to eight mobile homes per acre may
be placed on a parcel of land under a single ownership. 1In
order to ensure that the proper facilities are planned,
special requirements and review procedures are incorporated

into the ordinance. The minimum lot required is 5 acres.




APPENDIX D

ZONAL ACCESSIBILITY

The results generated from the Urban Transportation
Planning System Package (UTPS) for Tucson give accessibility
indicators for each trip purpose in and out of each zone.
The UTPS does not give a 2zonal weighted accessibility

indicator representing all trip purposes added together.

Zonal Weighted Accessibility Index Development

Zonal accessibility was thoght to effect land value,
therefore a mathematical model was developed to calculate an
overall zonal accessibility indicator. The output of this
model was used as an input into the main model, the Modeling
Aviation Facilities Impact On Residential Property Values.
The model was generated after investigating the UTPS output
to determine a method of calculating an accessibility index
that represented a zone without regard for trip purpose.
This index was used as an independent variable in the
analysis of modeling aviation facilities impact on
residential property values.

The accessibility index was represented in three

parts; A;rn, Ajout, and ZWA;. The three parts of the index

were as follows.
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Where;
AiIn

A out

a)

b)

c)
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Zonal Weighted Accessibility In, A In

=[( Trips In for zone i)
T=1l-n

+( (Access In x TT In)]
T=1-n

x[(Total Access In x Total TT In)
+(Total Trips In)]
Zonal Weighted Accessibility Out,A10ut

=[

( Trips out for zone i)
T=1-n

4+( (Access out x TT out)]
T=1l-n

X [(Total Access out x Total TT out)
+(Total Trips out)]
Zonal Weighted Accessibility, ZWA

=[( (Trips In)2(Access In x TT IN))
T=1l-n

+ ( (Trips out¢(Access Out x TT out))]
T=1-n

x[(Total Access In x Total TT IN)
+(Total Trips In)]
x[(Total Access out x Total TT out)

¢(Total Trips out)]

Zonal Weighted Accessibility into zone i.

Zonal Weighted Accessibility out of zone i.

it

Trip purpose. T=l-n where n=total trip purposes.
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Trips 1In Trips estimated into zone, including internal
trips. District totals are the sum of ‘trips in

for all zones in the district.

Trips out Trips estimated out of zone, including internal
trips. District totals are the sum of trips out

for all zones in the district.

TT In Average trip length in travel time into zone i.
This represents the regional time savings for
each unit reduction of trips into the zone
(attracted trips). District totals are the
weighted average of TT in for all zones in the
district.

TT out = Average trip length in travel time out of zone
i. This represents the regional time savings for
each unit reduction of trips Out of the zone
(produced trips). District totals are the
weighted average of TT out for all zones in the
district.

Access In = sum(PF(I)xF(T(I,J))xK(1I,J) ; J=1,zones.
District totals are the sum of access in for all
zones in the district.

Access out =sum(AF(J)xF(T(I,J))xK(I,J); I=1,zones.
District totals are the sum of access out for
all zones in the district.

PF(I) production friction factor at zone i.

F(I,3J) friction factor for trip interchange ij.
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K(I,J) = socioeconomic adjustement factor for interchange
ij.

AF(J) = attraction friction factor at zone j.

T(I,J) = trips produced in analysis zone i, and attracted

at analysis zone j.
ZWA, = Zonal Weighted accessibility for zone i for TT#
0.
The model is illustrated by using the first zone of
the UTPS output as an example:

AjIn = {[(23664)+(24x21)]+[(0)+(3x0)]
+[(5445)+(10x17) ]+ [(19958)+(19x18)]
+[(1630)+(29x14)]+[(625)+(25x16)]}
x{(110x86)+66002}

179.07343 x 0.143329

25.666 or =2¢

{[(71)+(15x33)1+[(41)2(11x40)]+[(81)+(11x26)]

Alout
+[(212)2(14%32)]+[(16213)+(14x31)]
+[(603)2(16x26)]1}x{(81x188)4(17221)}

39.799709 x 0.884269

35.194 = 35

ZWA [179.07343+39.799709]1x[0.143329x0.884269]

27.7403 = 28

[
]

The values used represent the following;

HBWTI =23,664 Home Base Work Trips into zone 1,




HBWTO

HBWTTI

HBWTTO

HBWAI

HBWAO

HBSTI

HBSTO

HBSTTI

HBSTTO

HBSATI

HBSAO

HBShTI

HBShTO

HBShTTI

71 Home

21 Home

1,
15 Home
zone
24 Home
zone
24 Home
zone
O Home
41 Home
1,
O Home
zone
11 Home
zone
3 Home
zone

40 Home
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Base Work Trips out of zone 1,

Base Work Trip Time into zone

Base Work Trip Time out of

1,

Base Work Accessibility into

1,

Base Work Accessibility out of

1,
Base School

Base School

Base School
1,
Base School
1,
Base School
1,

Base School

of zone 1,

Trips into zone 1,

Trips out of zone

Trip Time into

Trip Time out of

Accessibility into

Accessibility out

5,445 Home Base Shop Trips into zone 1,

81 Home Base Shop Trips out of zone 1,

17 Home Base Shop Trip Time into zone

1,
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HBShTTO = 11 Home Base Shop Trip Time out of
zone 1,

HBShAI = 10 Home Base Shop Accessibility into
zone 1,

HBShAO = 26 Home Base Shop Accessibility out of
zone 1,

HBOTI =19,958 Home Base Other Trips into zone 1,

HBOTO = 212 Home Base Other Trips out of zone
1,

HBOTTI = 18 Home Base Other Trip Time into zone
1,

HBOTTO = 14 Home Base Other Trip Time out of
zone 1,

HBOAI = 19 Home Base Other Accessibility into
zone 1,

HBOAO = 32 Home Base Other Accessibility out
of zone 1,

NHBTI =16,310 None Home Base Trips into zone 1,

NHBTO =16,213 None Home Base Trips out of zone
1,

NHBTTI = 14 None Home Base Trip Time into zone
ll

NHBTTO = 14 None Home Base Trip Time out of
zone 1,

NHBAI = 29 None Home Base Accessibility into

zone 1,




NHBAO

TrTI

TrTO

TrTTI

TrTTO

TrAl

TrAO

Total

Total

Total

Total

Total

Total

Trips in

Trips out

Access in

Access cu

TT in

TT out
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= 31 None Home Base Accessibility out of
zone 1,

= 625 Truck Trips into zone 1,

= 603 Truck Trips out of zone 1,

= 16 Truck Trip Time into zone 1,

= 16 Truck Trip Time out of zone 1,

= 25 Truck Accessibility into zone 1,

= 26 Truck Accessibility out of zone 1,

=66,002 Total sum of trips into zone 1 for
all trip purpose.

=17,221 Total sum of trips out of zone 1
for all trip purposes.

= 110 Total Accessibility into zone 1 for
all trip purposes.

t 81 Total Accessibility out of zone

1l for all trip purposes.
= 86 Total Trip Times into zone 1 for

all trip purposes.

188 Total Trip Times out of zone 1 for

all trip purposes.

Zonal Accessibility Input Data

The output of the Urban Transportation Planning

System (UTPS) program applied onto the Tucson Metropolitan
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Area, which a sample is represented in Tables 29 to 34, was
psed to generate the Zonal Weighted Accessibility index,
ZWA. Tables 35 and 36 show the calculations for developing
ZWA index for each zone in the metropolitan area. The last
two columns of Table 36 were used as input into the overall

modeling effect.




Table 29: Home Base Work Trips (HBWT)
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TAZ HBWTI HBWTO HBWTTI HBWTTO HBWAI HBWAO

1 23,664 71 21 15 24 33

2 1,016 192 21 15 24 33
3 380 284 22 16 23 30
4 2,990 265 21 15 24 32
5 1,271 0 21 0 23 30
6 408 152 20 14 26 35
7 708 60 19 14 28 38
8 2,401 47 19 13 29 40
9 713 20 18 14 29 39
10 1,427 465 16 11 34 49
11 1,389 1,226 16 10 36 51
12 278 847 16 11 36 49
13 3,473 347 18 12 31 44
14 1,502 25 20 14 26 35
15 1,643 76 17 11 33 47
16 2,034 417 17 11 32 46
17 281 287 18 11 31 46
18 573 278 17 12 31 43
19 286 135 18 14 28 37
20 424 240 17 12 31 42
438 0 0 0 0 11 5

Total 326,756 326,756 7,240 7,898 10,000 10,000




Table 30: Home Base School Trips (HBST)
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TAZ HBSTI  HBSTO HBSTTI HBSTTO HBSAI HBSAO
1 0 41 0 11 3 40

2 0 115 0 12 3 30

3 435 169 18 12 3 26

4 0 158 0 12 3 28

5 0 0 0 0 3 25

6 153 90 16 11 5 40

7 0 35 0 9 6 65

8 0 28 0 9 6 75

9 0 11 0 8 5 109
10 1,912 263 13 6 9 254
11 0] 694 0 5 11 335
12 248 480 12 6 13 234
13 196 207 14 9 61
14 0 14 0 10 4 47
15 0 44 0 9 12 65
16 0 248 0 10 11 65
17 154 171 12 9 11 68
18 0 166 0 10 12 56
19 o 80 0 10 8 50
20 o 143 0 8 10 97
437 0 0 0 0 23 1
438 0 0 0 0 237 1
Total 166,488 166,488 1,391 5,585 10,000 10,000
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Table 31: Home Base Shopping Trips (HBShT)

TAZ HBShTI HBShTO HBShTTI HBShTTO HBShAI HBShAaO
1 5,445 81 17 11 10 26

2 225 220 17 11 11 27

3 92 325 17 13 9 20

4 687 303 17 12 11 24

5 294 1 17 1 11 19

6 259 174 15 11 26 29

7 157 68 13 10 20 36

8 555 54 14 9 20 44

] 413 7 14 9 16 48
i0 1,073 155 12 7 25 94
11 844 409 12 7 27 108
12 110 282 11 7 25 102
13 2,241 397 13 7 19 77
14 719 29 16 10 12 37
15 781 87 12 7 26 91
16 1,183 476 11 7 30 74
17 236 328 11 7 31 68
18 166 317 10 8 34 54
19 31 155 12 10 25 33
20 335 275 10 9 35 47
437 0 0 0 0 14 2
438 0 0 0 0 76 1

Total 140,075 140,075 4,032 5,854 10,000 10,000
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Table 32: Home Base Other Purpose Trips (HBOT)

TAZ HBOTI HBOTO HBOTTI HBOTTO HBOAI  HBOAO
1 19,958 212 18 14 19 32

2 1,069 577 18 13 19 32

3 636 852 18 15 17 27

4 2,812 796 18 14 19 31

5 1,070 0 18 0 19 28

6 528 456 16 13 23 35

7 638 179 15 12 27 42

8 2,098 142 15 11 28 44

9 630 24 15 11 27 42
10 1,446 562 13 9 36 64
11 1,742 1,482 13 9 . 39 66
12 630 1,024 13 9 39 63
13 3,448 1,042 14 10 31 54
14 1,387 75 17 13 23 37
15 1,611 227 14 10 35 59
16 2,257 1,250 13 10 35 58
17 562 860 13 10 34 56
18 854 833 13 11 35 52
19 425 406 15 12 29 42
20 635 721 13 11 35 51
437 0 0 0 0 16 5
438 0 0 0 0 24 2

Total 450,935 450,935 6,127 6,275 10,000 10,000
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Table 33: Non-~Home Base Trips (NHBT)

TAZ NHBTI NHBTO NHBTTI NHBTTO NHBAI NHBAO
1 16,310 16,213 14 14 29 31

2 726 722 14 14 30 31

3 310 - 301 15 15 26 26

4 2,101 2,090 14 14 28 29

5 883 869 15 15 27 26

6 553 555 14 13 33 33

7 493 486 13 12 37 39

8 1,656 1,656 12 12 41 42

9 906 895 12 12 42 42
10 2,074 2,057 10 10 58 58
11 1,821 1,812 9 9 61 62
12 348 354 9 10 60 61
13 4,602 4,570 11 11 48 49
14 1,717 1,700 13 13 35 35
15 1,862 1,850 10 10 53 55
16 2,594 2,575 10 10 52 52
17 458 469 10 10 50 52
18 574 566 11 11 47 47
19 246 228 13 12 37 38
20 661 669 11 11 46 46
437 0 0 0 0 8 8
438 0 0 0 0 3 3

Total 36,385 36,385 6,480 6,414 10,000 10,000
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Table 34: Truck Trips (TrT)

TAZ TrTI TrTO TrTTI TrTTO TrAI Tr AO
1 625 603 16 16 25 26
2 80 80 16 16 26 27
3 84 91 17 17 24 23
4 147 150 16 16 25 26
5 39 31 17 17 24 25
6 199 202 15 15 29 29
7 32 34 14 14 32 33
8 74 73 14 14 34 34
9 278 270 13 14 34 34
10 641 641 11 11 47 48
11 670 655 11 10 49 50
12 192 189 10 11 48 49
13 1,459 1,438 11 11 43 44
14 531 529 15 15 30 31
15 602 594 11 10 48 49
16 880 874 11 11 46 47
17 203 203 12 11 44 45
18 253 252 12 11 2 43
19 118 112 14 14 34 34
20 253 251 12 12 40 41
437 1 1 1 1 10 10
438 1 1 1 1 5 5

Total 126,134 126,134 7,046 6,985 10,000 10,000
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Table 35: Calculations of the ZWA index
TAZ Trips in ACC in X in X 2 in Ai In Trips out
1 66,002 110 0.214 3,168.33485 18 17,221
2 3,116 113 4.655 146.32796 18 1,906
3 1,937 102 6.760 224.57880 25 2,022
4 8,737 110 1.616 415.95359 18 3,762
5 3,557 107 3.861 172.63264 17 901
6 2,100 142 8.680 102.83001 20 1,629
7 2,028 150 9.495 71.08967 18 862
8 6,784 158 2.990 228.03839 18 2,000
9 2,940 153 6.680 103.47994 18 1,227
10 8,573 209 3.129 386.89862 23 4,143
11 6,466 223 4.427 158.03519 18 6,278
12 1,806 221 15.708 57.15299 20 3,176
13 15,419 180 1.499 495.51067 18 8,001
14 5,856 130 2.850 244.74739 18 2,372
15 6,499 207 4.089 173.52865 18 2,878
16 8,948 206 2,955 236.49660 18 5,840
17 1,894 201 13.623 60.98047 19 2,318
18 2,420 202 10.715 65.86271 18 2,412
19 1,106 161 18.686 36.22870 18 1,116
20 2,308 197 10.957 62.08627 18 2,299
437 1 89 11,424.690 00.10000 22 1
438 1 356 45,698.759 00.20000 55 1
WHERE;
Trips In = Sum(HBWTI+HBSTI+HBShTI+HBOTI+NHBTI+TrTI)
Trips out = Sum(HBWTO+HBSTO+HBShTO+HBOTO+NHBTO+TrTO)
Acc In = Sum(HBWAI+HBSAI+HBShAI+HBOAI+NHBAI+TrAl)
X in = ((Acc In)2(Trips In))*(1283673+10000)
X2 in = Sum[ (HBWTI+HBWAI )+ (HBSTI+HBSAI)+(HBShTI+HBShAI)+
(NHBTI+NHBAI)+(HBOTI4+HBOAI)+(TrTI+TrAl)]
Ai In = ((X in)*(X 2))*951.44
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Table 36: Continued Calculation of the Zonal Weighted

Accessibility
TAZ ACC out Y out Y2 out Ai out ZWAi Acc Avg
1 188 1.401 559.109 19 18 25
2 180 12.123 62.084 18 18 24
3 152 9.650 79.306 19 22 21
4 170 5.801 130.065 18 18 23
5 153 21.798 34.716 18 18 22
6 201 15.839 49,405 19 19 29
7 253 37.676 21.760 19 18 34
8 279 17.907 47.579 19 19 36
9 314 32.850 30.582 21 19 39
10 567 17.568 69.775 23 23 65
11 672 13.740 94.678 23 21 75
12 558 22.553 48.016 22 21 65
13 329 5.278 161.679 19 19 42
14 222 12.014 69.459 19 19 29
15 366 16.325 52.856 20 19 48
16 342 7.517 108.980 19 18 46
17 335 18.552 42.465 19 19 45
18 295 15.700 49,222 19 18 41
19 234 26.916 28.906 19 18 33
20 324 18.091 47.842 20 19 43
437 35 4,492.856 0.100 15 18 10
438 17 2,182.244 0.200 15 35 31

WHERE; ‘

Acc out = Sum{HBWAO+HBSAO+HBShAO+HBOAO+NHBAO+TrAO)

Y out = ((Acc out)+{Trips out))*(1283673+10000)

Y2 out = Sum[ (HBWTO+HBWAO)+(HBSTO+HBSAO)+
(HBShTO+HBShAO)+ (NHBTO+NHEAQ )+
(HBOTO+HBOAO )+ (TrTO+TrA0) ]

Al out = ((Y out)*(Y2 out))*951.44

ZWAi = ((Ai In)+(Ai out))e2

Acc Avg = Sum(HBWAI+HBWAO+HBSAI+HBSAO+HBShAI+HBShAO+

HBOAI+HBOAO+NHBAI+NHBAO+TrAI+TrAO)+12




APPENDIX E

MULTIPLE REGRESSION ANALYSIS FILES

This appendix contains an input and output example
run from multiple regression analysis. The regression
subprogram used is listed in the following section along

with other control cards.

Regression Input File

ALKHABBAZ ,BNxxxxxxxB,T200.

PW=.

ATTACH,GTFILE,NOISEIMPACT,ID=DATA.

BALANCE.

REQUEST,BCDOUT, PF.

SPSS.

GOTO,2.

EXIT,S.

TODEC, FILE=$RGRSSN.OUTS$ ,PPN=$XXXX ,;XXXXS$,PW=.
DISPOSE,QUTPUT, *SC.

CATALOG, BCDOUT,RESIDENTIAL, ID=ANALYS,RP=100.

A
GET FILE ANALYSIS
RUN NAME REGRESSION ANALYSIS FOR THE NONBINARY

VARIABLES
TASK NAME DETERMINE EFFECT OF AVIATION OPERATION ON LAND
FILE NAME REGRESSION ANALYSIS OF DATA FROM AIRPORTS AND

HOUSES
COMPUTE LOGPRICE = LGlO(SPRICE)
COMPUTE LOGMARKT = LGlO(MARKTIME)
COMPUTE LOGZWA = LG10(2WA)
COMPUTE LOGTIA = LG1O(TIAFLGHT)
COMPUTE LOGDM = LGlO(DMFLGHT)
COMPUTE LOGLOTSZ = LGl1O(LOTSIZE)
COMPUTE LOGCOMER = LG1O(NEWCOMER)
COMPUTE LOGDISTT = LGlO(DISTTOAP)
COMPUTE LOGSALE = LGlO(MLSSALES)
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COMPUTE LOGUNITS = LG10(MLSUNITS)

COMPUTE LOGAGE = LG1lO(AGE)

COMPUTE LOGAREA = LG10O(AREALIV)

COMPUTE LOGCONSS = LG10(RSDCOSS)

COMPUTE LOGMIGRT = LG10(NETMIGRT)

COMPUTE LX1X42 = LOGAREA*APENVRN

COMPUTE LX2X42 = LOGDISTT*APENVRN

COMPUTE LX3X42 = LOGLOTSZ*APENVRN

COMPUTE LX28X42 = LOGAGE*APENVRN

COMPUTE LX4X42 = LOGZWA*APENVRN

COMPUTE LX29X42 = LOGCOMER*APENVRN

VAR LABELS LOGPRICE LOG SELLING PRICE/
LOGMARKT LOG MARKET TIME/
LOGZWA LOG 2ZWA/
LOGTIA LOG TUCSON AIRPORT FLGHTS/
LOGDM LOG DAVIS MCONTHAN BASE FLIGHTS/
LOGLOTSZ LOG LOT SIZE/
LOGCOMER LOG NEWCOMER/
LOGDISTT LOG DISTANCE OF AIRPORT/
LOGSALE LOG MLS SALES/
LOGUNITS LOG MLS UNITS SOLD/
LOGAGE LOG UNIT AGE/
LOGAREA LOG LIVING AREA/
LOGCONSS$ LOG AWARDED CONSTRUCTIONS/
LOGMIGRT LOG NET MIGRATION/
LX29X42 LOG COMER X APENVRN/
LX1X42 LOG AREA X APENVRN/
LX2X42 LOG DIST X APENVRN/
LX3X42 LOG LOTSIZE X APENVRN/
LX4X42 LOG ZWA X APENVRN/
LX28X42 LOG AGE X APENVRN/

SELECT IF (NTTIA EQ O)

SELECT IF (SPRICE GT 55000)

NEW REGRESSION DESCRIPTIVES/
VARIABLES = LOGPRICE,LOGMARKT,LOGLOTSZ, LOGAGE,
LOGDISTT, LOGZWA, LOGSALE, LOGCONSS, LOGUNITS,
LX1X42,LX2X42,LX3X42,LX4X42,LX28X42,LX29X42,
LOGAREA, LOGCOMER, LOGTIA,LOGDM, APENVRN/
STATISTICS=DEFAULTS HISTORY/
DEPENTDENT=LOGPRICE/
ENTER LOGAREA LOGAGE LOGLOTSZ LOGDISTT APENVRN/
STEPWISE/
RESIDUALS/
CASEWISE/
WIDTH=60/

FINISH




Regression Analysis Output File

UNIVERSITY COMPUTER CENTER
UNIVERSITY OF ARIZONA

S PS5 - - STATISTICAL PACKAGE FOR THE SOCIAL SCIENCES

GET FILE

VERSION 9.0 (NOS/BE)

-~ MARCH 06, 1984

ANALYSIS

FILE ANALYSIS HAS 113 VARIABLES

N OF CASES

RUN NAME
TASK NAME
FILE NAME
HOUSES
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE
COMPUTE

VAR LABELS

587

REGRESSION ANALYSIS ON ALL VARIABLES
DETERMINE EFFECT OF AVIATION OPERATION ON LAND

REGRESSION ANALYSIS OF DATA FROM AIRPORTS AND
LOGPRICE = LGlO(SPRICE)

LOGMARKT = LG1O0(MARKTIME)

LOGZWA = LG10(ZWA)

LOGTIA = LG10(TIAFLGHT)

LOGDM = LGlO(DMFLGHT)

LOGLOTSZ = 'LG1O(LOTSIZE)

LOGCOMER = LG10(NEWCOMER)

LOGDISTT = LG1O(DISTTOAP)

LOGSALE = LG1O(MLSSALES)

LOGUNITS = LG10(MLSUNITS)

LOGAGE = LG10(AGE)

LOGAREA = LGlO(AREALIV)

LOGCONS$ = LG10(RSDCOSS)

LOGMIGRT = LG10O(NETMIGRT)

LX1X42 = LOGAREA*APENVRN

LX2X42 = LOGDISTT*APENVRN

LX3X42 = LOGLOTSZ* APENVRN
LX28X42 = LOGAGE*APENVRN

LX4X42 = LOGZWA*APENVRN

LX29X42 = LOGCOMER*APENVRN
LOGPRICE LOG SELLING PRICE/
LOGMARKT LOG MARKET TIME/

LOGZWA LOG 2ZWa/

LOGTIA LOG TUCSON AIRPORT FLGHTS/
LOGDM LOG DAVIS MONTHAN BASE FLIGHTS/
LOGLOTSZ LOG LOT SIZE/

LOGCOMER LOG NEWCOMER/

LOGDISTT LOG DISTANCE OF AIRPORT/
LOGSALE LOG MLS SALES/

LOGUNITS LOG MLS UNITS SOLD/
LOGAGE LOG UNIT AGE/

LOGAREA LOG LIVING AREA/
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LOGCONSS$ LOG
LOGMIGRT LOG

LX29X42
LX1X42
LX2X42
LX3X42
LX4X42
LX28X42
SELECT IF
SELECT IF

LOG
LOG
LOG
LOG
LOG
LOG

(NTTIA EQ 0)
(SPRICE GT 55000)

NEW REGRESSION DESCRIPTIVES/
- VARIABLES = LOGPRICE,LOGMARKT,LOGLOTSZ,LOGAGE,
LOGDISTT, LOGZWA,LOGSALE, LOGCONSS$, LOGUNITS,
LX1X42,LX2X42,LX3X42,LX4X42,LX28%X42,LX29X42,
LOGAREA, LOGCOMER, LOGTIA, LOGDM,APENVRN/
STATISTICS = DEFAULTS HISTORY/

DEPENTDENT = LOGPRICE/
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AWARDED CONSTRUCTIONS/
NET MIGRATION/

COMER X APENVRN/

AREA X APENVRN/

DIST X APENVRN/
LOTSIZE X APENVRN/

ZWA X APENVRN/

AGE X APENVRN/

ENTER LOGAREA LOGAGE LOGLOTSZ LOGDISTT
APENVRN /STEPWISE/RESIDUALS=DEFUALTS SMALL/
CASEWISE= PRED RESD/WIDTH=60/

* % % %

VARIABLE LIST NUMBER 1l.

MULTIUPLE

MEAN STD DEV

LOGPRICE 4.949 .181
LOGMARKT 1.848 .446
LOGLOTSZ 4.186 .384
LOGAGE 1.074 .444
LOGDISTT .731 .262
LOGZWA 1.309 .042
LOGSALE 7.671 . 067
LOGCONSS$ 7.635 125
LOGUNITS 2.789 .061
LX1X42 .167 .704
LX2X42 .016 . 087
LX3X42 .218 .928
LX4X42 . 069 .291
LX28X42 .081 .342
LX29X42 .169 .719
LOGAREA 3.230 «137
LOGCOMER 3.100 .285
LOGTIA 4.303 .024
LOGDM 4.087 .055
APENVRN .053 .225
N OF CASES = 263

REGRESSTION

LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG
LOG

* * K *

LISTWISE DELETION OF MISSING DATA.

LABEL

SELLING PRICE
MARKET TIME

LOT SIZE

UNIT AGE

DIST. TO AIRPORT
ZWA

MLS SALES

AWARDED CONSTRUCTION
MLS UNITS SOLD
AREA X APENVRN
DIST X APENVRN
LOTSIZE X APENVRN
ZWA X APENVRN

AGE X APENVRN
COMER X APENVRN
LIVING AREA
NEWCOMER

TIA FLGHTS

DM FLIGHTS

WITHIN AIRPORT ENVIRONMENT
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* k ok %k MULTIPLE REGRESSION * ok ok ok
CORRELATION

LOGPRICE LOGMARKT LOGLOTSZ LOGAGE LOGDISTT

LOGPRICE 1.000 .058 .617 -.343 .403
LOGMARKT .058 1.000 .065 .008 .017
LOGLOTSZ .617 .065 1.000 -.203 .460
LOGAGE -.343 .008 -.203 1.000 -.524
LOGDISTT .403 .017 .460 -.524 1.000
LOGZWA .176 -.070 .105 -.242 .313
LOGSALE -.066 -.102 .002 .077 -.021
LOGCONSS$ -.030 .026 .083 .031 -.047
LOGUNITS -.007 -.131 .054 .061 .013
LX1X42 -.189 .001 -.052 .237 -.398
LX2X42 -.125 -.014 -.049 .188 -.156
LX3X42 -.187 -.008 -.025 .237 -.397
LX4X42 -.190 -.004 -.054 .238 -.394
LX28X42 -.191 -.007 -.051 .239 -.394
LX29X42 -.187 -.019 -.058 .237 -.391
LOGAREA .816 .095 .471 -.247 .301
LOGCOMER .081 .057 -.010 .059 -.047
LOGTIA .069 -.155 .219 -.007 .091
LOGDM .008 -.080 .092 ~-.035 .024
APENVRN -.190 -.003 -.052 .238 -.398

LOGZWA LOGSALE LOGCONS$ LOGUNITS LX1X42

LOGPRICE «176 -.066 -.030 -.007 -.189
LOGMARKT -.070 -.102 .026 -.131 .001
LOGLOTSZ .105 . 002 .083 .054 -.052
LOGAGE -.242 .077 .031 .061 .237
LOGDISTT 313 -.021 -.047 .013 -.398
LOGZWA 1.000 .100 -.002 .090 -.092
LOGSALE .100 1.000 .287 .914 .057
LOGCONSS -.002 .287 1.000 . 345 -.045
LOGUNITS .080 .914 .345 1.000 .015
LX1X42 -.092 .057 -.045 .015 1.000
LX2X42 -.006 .030 -.115 -.006 .750
LX3X42 -.098 .059 -.027 .022 .994
LX4X42 -.080 . 055 -.046 .012 .999
LX28X42 -.091 053 -.049 .010 .998
LX29X42 -.080 .052 -.061 .004 991
LOGAREA .187 -.105 -.064 -.045 -.170
LOGCOMER .010 .048 -.114 -.013 . 059
LOGTIA .053 422 .224 .432 .051
LOGDM .075 -.095 . 066 -.026 -.016

APENVRN -.091 .056 -.046 .013 1.000




CORRELATION, CONTINUED
LX2X42  LX3X42

LOGPRICE  =-.125 -.187
LOGMARKT  -.014 ~.008
LOGLOTSZ -.049 ~.025
LOGAGE .188 .237
LOGDISTT  =-.156 -.397
LOGZWA -.006 -.098
LOGSALE .030 .059
LOGCONSS$ -.115 -. 027
LOGUNITS -.006 .022
LX1X42 .750 .994
LX2X42 1.000 .746
LX3X42 .746 1.000
LX4X42 .763 .993
LX28X42 .764 .994
LX29X42 .759 .984
LOGAREA -.148 -.174
LOGCOMER .074 .054
LOGTIA .021 .062
LOGDM -.017 .002
APENVRN .754 .995
LOGAREA LOGCOMER

LOGPRICE .816 .081
LOGMARKT .095 .057
LOGLOTSZ .471 -.010
LOGAGE -.247 .059
LOGDISTT .301 -.047
LOGZWA .187 .010
LOGSALE -.105 .048
LOGCONS$ -.064 -.114
LOGUNITS -.045 -.013
LX1X42 -.170 .059
LX2X42 -.148 .074
LX3X42 -.174 .054
LX4X42 -.174 .065
LX28X42 -.177 .063
LX29X42 -.177 .099
LOGAREA 1.000 .091
LOGCOMER .091 1.000
LOGTIA .063 .053
LOGDM -.031 -.262
APENVRN -.174 .062

LX4X42

-.190
-.004
-.054
.238
-.394
-.080
.055
-.046
.012
999
. 763
.993
1.000
.998
.993
-.174
. 065
. 047
-.017
999

LOGTIA

. 069
-.155
.219
-.007
.091
.053
.422
.224
.432
.051
.021
.062
. 047
.048
.051
.063
.053
1.000
.280
.050

LX28X42

-.191
-+.007
-.051
.239
-.394
-.091
.053
~-. 049
.010
.998
.764
.994
.998
1.000
.992
-.177
.063
.048
-.013
.999

LOGDM

.008
-.080
.092
-.035
.024
.075
-.095
.066
~-.026
-.016
-.017
.002
-.017
-.013
-.018
-.031
-.262
.280
1.000
-.016

LX29X42

-.187
-.019
-.058
«237
-.391
-.080
.052
-.061
.004
.991
.759
.984
993
«992
1.000
-.177
. 099
.051
-.018
992

APENVRN

-.190
-.003
-.052
.238
-.398
-.091
.056
-.046
.013
1.000
.754
.995
.999
999
.992
-.174
.062
.050
-.016
i.000

156




157

* kK % MULTIPLE REGRESSION ok ok o
EQUATION NUMBER 1.

DEPENDENT VARIABLE..
LOGPRICE LOG SELLING PRICE

BEGINNING BLOCK NUMBER 1. METHOD: ENTER

VARIABLE(S) ENTERED ON STEP NUMBER

1.. APENVRN WITHIN AIRPORT ENVIRONMENT

2.. LOGLOTSZ LOG LOT SIZE

3.. LOGAGE LOG UNIT AGE

4.. LOGAREA LOG LIVING AREA

5.. LOGDISTT LOG DISTANCE OF AIRPORT
MULTIPLE R .86635
R SQUARE .75056
ADJUSTED R SQUARE .74570
STANDARD ERROR .09147
ANALYSIS OF VARIANCE

DF SUM OF SQUARES MEAN SQUARE

REGRESSION 5 6.46944 1.29389
RESIDUAL 257 2.15009 .00837
F = 154.65811 SIGNIF F = 0

—~=—=— VARIABLES IN THE EQUATION ===~

VARIABLE B SE B
APENVRN ~-.02762 .02801
LOGLOTSZ 13530 .01850
LOGAGE -.04720 .01512 .
LOGAREA .85298 .04783
LOGDISTT .00159 .03003

( CONSTANT) 1.67867 .14229




VARIABLES NOT IN THE EQUATION

SIG T

.3250
. 0000
.0020
.0000
.9578
.0000

MIN TOLER

.51687
48978
.51642
.51018
.51652

«751E-03

.32886
.00960
00155
.00161
.01480
.51688
51637
.51600

~-.687
-.228
«375
-.330
.441
-2.140
1.690
-1.836
.600
1.054
1.516
1.118
-1.114
-.090
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SIG T

4927
-.8199
.7083
.7420
.6597
.0333
.0922
.0676
.5489
.2927
1307
.2646
.2662
.9286

ALL REQUESTED VARIABLES ENTERED.

----- VARIABLES IN THE EQUATION
VARIABLE BETA T
APENVRN -.03425 -.986
LOGLOTSZ 28620 7.314
LOGAGE -.11549 -3.122
LOGAREA 64593 17.835
LOGDISTT .00229 .053
( CONSTANT) 11.797
VARIABLE BETA IN PARTIAL
LOGMARKT -.02154 ~.04290
LOGZWA -.00760 ~.01424
LOGSALE .01180 .02340
LOGCONSS$ -.01049 -.02060
LOGUNITS .01385 .02754
LX1X42 -2.41605 ~.13259
LX2X42 .08430 .10505
LX3X42 -.58112 -.11399
LX4X42 .47486 .03749
LX28X42 .81841 . 06576
LX29X42 .38543 .09435
LOGCOMER .03521 . 06970
LOGTIA -.03569 -.06948
LOGDM -.00283 -.00560
FOR BLOCK NUMBER 1

* ok Kk % * k k Kk kK Kx Kk Kk *

BEGINNING BLOCK NUMBER 2.

METHOD:

* % * Kk *k k k *k *x *x * %

VARIABLE(S) REMOVED ON STEP NUMBER
LOG DISTANCE OF AIRPORT

60.

MULTIPLE R

R SQUARE

LOGDISTT

ADJUSTED R SQUARE
STANDARD ERROR

ANALYSIS OF VARIANCE

REGRESSION

RESIDUAL

P o=

DF

.86634
.75055
.74669
.09129

4
258

194,07205

SIGNIF F =

SUM OF SQUARES

6.46942
2.15012

.0000

STEPWISE

MEAN SQUARE

1.61735
.00833




~--- VARIABLES

VARIABLE

APENVRN
LOGLOTSZ
LOGAGE
LOGAREA

( CONSTANT)

VARIABLE

APENVRN
LOGLOTSZ
LOGAGE
LOGAREA

(CONSTANT)

VARIABLE

LOGMARKT
LOGDISTT
LOGZWA
LOGSALE
LOGCONSS$
LOGUNITS
LX1X42
LX2X42
LX3X42
LX4Xx42
LX28x42
LX29X42
LOGCOMER
LOGTIA
LOGDM

IN THE EQUATION —=—=-

B

-.02816
13570
-.04756
.85291
1.67874

VARIABLES IN THE EQUATION

SE B

.02605
.01678

.01348
.04772

14201

BETA T SIG T
-.03492 -1.081 .2808
«28707 8,089 .0000
-.11637 -3.528 .0005
.64589 17.874 .0000
11.821 .0000

BETA IN

-.02155
.00229
-.00681
.01184
-.01055
.01388
-2.41141
.07655
-.56957
.47132
.80937
. 38444
.03521
-.03560
-.00289

PARTIAL

-.04292
.00330
-.01310
.02349
-.02084
.02762
-.13255
. 10063
-.11311
.03758
. 06562
.09434
.06970
~-.06934
-.00574

VARIABLES NOT IN THE EQUATION

MIN TOLER

.73593
.51688
.73007
73252
.72987
.73686
.753E-03
41940
.00984
.00159
.00164
.01502
.72819
.73239
.73442

-.689
.053
-.210
«377
-.334
.443
-2.144
1.621
-1.825
.603
1.054
1.519
1.120
-1.114
-.092
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SIG T

.4917
.9578
.8338
.7067
.7386
.6582
.0330
.1061
.0692
.5471
.2928
1299
«2637
.2662
.9268

* k Kk k Kk k k k %k Kk k Kk Kk Kk k * k Kk Kk * k *k *k *k k * % K %




VARIABLE(S) REMOVED

7eo APENVRN

MULTIPLE R

R SQUARE

ADJUSTED R SQUARE

STANDARD ERROR

ANALYSIS OF VARIANCE
D

REGRESSION

RESIDUAL 25

F = 258.20586

~-—-— VARIABLES IN THE

VARIABLE

LOGLOTSZ .134
LOGAGE -.050
LOGAREA .859
(CONSTANT) 1.662

----- VARIABLES IN TH
VARIABLE BETA
LOGLOTSZ .28488
LOGAGE -.12383
LOGAREA .65114

(CONSTANT)

ON STEP NUMBER

160

WITHIN AIRPORT ENVIRONMENT

.86569
74942
«74652
.09132
F SUM OF SQUARES
3 6.45969
9 2.15985
SIGNIF F = 0

EQUATION =———=-
B SE B
67 .01675
60 .01319
86 .04730
41 .14125
E EQUATION ~===--
T SIG T
8.038 .0000
-3.838 .0002
18.179 .0000
11.769 .0000

MEAN SQUARE
2.15323
.00834




VARIABLE

LOGMARKT
LOGDISTT
LOGZWA
LOGSALE
LOGCONSS$
LOGUNITS
LX1X42
LX2X42
LX3X42
LX4X42
LX28X42
LX29X42
LOGCOMER
LOGTIA
LOGDM
APENVRN

= VARIABLES NOT IN THE EQUATION

BETA IN

-.02175
.01778
.00613
.01099
. 00809
.01425
.03684
.00918
.04087
~-.03408
.03348
-.02839
.03279
.03723
. 00223
-.03492

FOR BLOCK NUMBER 2

PARTIAL MIN TOLER
-.04321 .74952
.02740 .59504
-.01178 .74288
.02177 .74536
~-.01599 .74484
.02827 .75054
-.07088 .74140
.01790 74430
-.07843 «73759
-.06552 74060
-.06432 73964
-.05460 .74030
.06492 .74312
-.07245 .73386
-.00442 .74822
-.06713 .74044
PIN = .050

-.695
.440
-.189
. 350
-.257
.454
-1.141
.288
-1.264
-1.055
-1.035
-.878
1.045
-1.167
-.071
-1.081

LIMITS REACHED.

SIG T

.4879
6601
.8501
.7268
7975
.6500
.2548
«7739
«2075
«2925
.3015
.3806
2970
.2444
9435
.2808

Kk Kk Kk Kk Kk k k k k *x %k k *x k Kk k Kk *k *x Kk k Kk * *k *k *x *k *k

STEP MULTR
1
2
3
4
5 .8663
6 .8663
7 8657

RSQ

7506
.7506
.7494

SUMMARY TABLE

154.658
194.072
258.206

SIGF
IN:
IN:
IN:
IN:
0O 1IN:
.000 OUT:
0 OUT:

VARIABLE
APENVRN
LOGLOTSZ
LOGAGE
LOGAREA
LOGDISTT
LOGDISTT
APENVRN

BETAIN
-.1898
.6085
-.2002
6459
.0023
0

0

* % k% k kX k %k % * k k k Kk k k kxk k k k *k * %k *k %k *k k * % *




RESIDUALS

*PRED
*ZPRED
*SEPRED
*ADJPRED
*RESID
*ZRESID
*SRESID
*DRESID
*SDRESID
*MAHAL
*COOK D

TOTAL CAS

DURBIN-WA

STATISTICS:
MIN MAX MEAN
4.6450 5.5485 4.9493
-1.9383 3.8157 . 0000
.0058 .0302 .0107
4.6408 5.5295 4.9491
~-«4777 .2966 -.0000
-5.2309 3.2482 -.0000
~5.3110 3.3506 .0015
-.4924 .3156 .0003
-5.6153 3.4191 .0015
.0475 27.6970 2.9886
.0000 2175 .0058
ES =
TSON TEST 1.70789

STD DEV

«1570
1.0000
.0037
.1568

.0908
.9943
1.0055
.0929
1.0156
3.2358
.0204

263
263
263
263

263
263

263
263
263
263
263

162

& % *k * %k %k *x kx %k ¥ kx * *x k *k k *k *x Kk *k *x * * *x * k * *

OUTLIERS
SEQNUM

72
133
70
200
211
134
54
65
204
71

- STANDARDIZED RESIDUAL

SUBFILE

REGRESSI
REGRESSI
REGRESSI
REGRESSI
REGRESSI
REGRESSI
REGRESSI
REGRESSI
REGRESSI
REGRESSI

*ZRESID

-5.23089
3.24819
2.88841
2.62154
2.40461
2.37740
2.24145
2.22748
2.19086

-2.08901

- e mm e e Em am ee W e e = e Em e e Em e G me m e wm em em e & e ma e
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HISTOGRAM
STANDARDIZED RESIDUAL

N EXP N ( * = 1 CASES, « ¢ = NORMAL CURVE)
1 .20 ouT *

1 .40 3.00 *

1 1.03 2.66 :

5 2.35 2.33 *gkkx

6 4.80 2.00 **x* %

7 8.79 1.66 *kkkwxx

9 14.43 1.33 *Xxkkkkkkk .

14 21.21 1.00 **xkkdkkhkkkhkkhkk .
27 27.93 0.66 *kkkkkhkhhkkhhhkhhhkkkkhkhkhk

33 32.95 0.33 *kkkkhkkkh kAR Ak Ak kkhdkhhhkhhkkh g

37 34.81 0.00 **kkkkkhhkhkhkhhhhhhhhhhhhhkhhhhrhhd ok

44 32.95 =0.33 *kkhkhkhkhkhhh kAR Ak hhhkhhk bk hhhk sk kA Ak kkhkk
30 27.93 ~0.66 *kkkkkkkkhkkhhhkhhhhhhhhhhxhh g k&

28 21.2] =1.00 *kkkkhhhkhkhkhhhhhhhk shhhkhksk

12 14.43 —=1.33 *kkkkkkkkkhkk
4 8.79 ~1.66 ***x .

3 4.80 -2.00 ***

0 2.35 -2.33 .

0 1.03 -2.66 .

0] .40 -3.00

1 .20 ouT *

*k *x k% %k * k k% k * %k *k k *k k* Kk *k k k *k *k k *x *k k *x * *k * *

NORMAL PROBABILITY (P-P) PLOT
STANDARDIZED RESIDUAL

1.00 +~ceceeee- torm—————— o ————— to——————— *
I **]
I *kk T
I Khk I
I *x I
+75 + *% +
I *k I
(e} I **x I
B I *k I
) I *k I
E .50 + *, +
R I * % I
\' I * I
E I * % I
D I * ¥k I
<25 + * % +
I * % I
I * % I
I o* I
I ** I

FHH e to——————— R e ———— + EXPECTED
.25 .5 «75 1.0




APPENDIX F

FREQUENCY OF SAMPLED UNIT CHARACTERISTICS

The units used in the analysis of this research were
sampled randomly as described in Chapter 3. Five hundred
eighty seven units were sampled in the entire study area,
468 of that were nearest to DM, while 119 units were closest
to TIA.

The frequency distributions of the variables used in
the regression equations stated in Chapter 4 are shown in

the attached figures.

Nonbinary Variables

1. Selling Price (Y): The selling prices were

divided into $10,000 intervals in order to cover the whole
range of selling prices for the sampled units. The fre-
quency distributions are shown in Figures Fl to F7.

2. Living Area (X1): The living area was divided

into 250 square foot intervals for the purpose of covering
the entire living area range. The frequency distributions
are shown in Figures F8 to Fl4,

3. Lot Size (X3): The lot size range was divided

into 5,000 square foot intervals to cover the total range.
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Such division was done for each subset sample. The fre-
quency distributions are shown in Figures F15 to F21.

4. House Age (X28): The house age range was divided

into 5 year intervals in order to cover the entire age range
(O to 85 years). The frequency distributions are shown in

Figures F22 to F28.

5. Distance to Nearest Airport (X2): The study

covered a 13 mile radius area in the Tucson Metropolitan
Area from the nearest aviation facility. The distance range
was divided into 1/2 mile intervals to show the frequency of
sampled units in each 1/2 mile. The frequency distributions
are shown in Figures F29 and F35.

Binary Variables

Some variables indicating the physical character-
istics of residential units appeared in the regression
equations of each situation under study. The frequency of

those variables are given in figures F36 to F4l.
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