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Abstract

A large and detailed data set is used to examine the influence of airports and airport light paths on housing
prices. The resultsindicate that individuals consider airport proximity and airport flight patternsin their housing
purchases. This shows that there exist two distinct measurable price gradients that distinguish large airports
from small airports. In addition, homes located under the flight path of alarge airport have a price gradient that
issignificantly larger than homes located under the flight path of a small airport.
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Introduction

A large airport generates an externality that
must be shouldered by the residents that live
within its influence. Noise, pollution, and
increased traffic congestion are the most
notable negative externalities associated with
large airports. Instead of trying to directly
measure the cost of an airport on resident well
being this study uses differences in housing
prices as a proxy estimate of the welfare loss
associated with an airport in  Southern
Cdlifornia. A genera price gradient
representing the marginal implicit price of
airport proximity is estimated using a cross
section of 50,000 actual single-family home
sales that took place in 1995. Distances to
airports and airport flight paths have been
assigned to every home in the sample. There
are 23 airports included in the study, which
generates enough spatial variation in the
community variables to test the relative
importance of airport proximity.

The main assumption is that existing
housing prices throughout Southern California
have capitalized all the benefits and costs
associated with living in a particular home.
The results clearly show that individuas
consider the presence of airports and airport
flight patterns in their housing purchases
(Freeman, 1992). A powerful and consistent
price gradient with house price increasing with
distance from an airport is observed. The
results are relatively stable with respect to

sample size and functional form. Furthermore,
there is evidence to suggest that the price
gradient changes slope with distance from an
airport. That is, as distance increases the value
of the average home increases but a a
decreasing rate. It aso appears that
homeowners distinguish between large airports
and small airports. Homes located underneath
the flight pattern of alarge airport have a price
gradient that is steeper than homes located
underneath the flight pattern of asmall airport.

This paper is organized as follows: Section
two provides a brief review of the theoretical
foundations of the hedonic housing value
technique. Section three provides a description
of the entire data set. Section four presents the
empirical results using several different
functional forms. Moreover, airport flight
paths for both small and large airports are also
examined. Finaly, a summary and conclusion
are offered in the last section.

Theoretical model

Underlying the ability to empiricaly dlicit
estimates of Willingness to Pay (WTP) for a
latent characteristic is the assumption that there
is a connection between observable private
good purchases and the quantities or qualities
of the latent variable under study. To derive a
WTP function that lends itself to empirical
techniques and allows for interpretable results,
a structure must be imposed on the utility
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function. Freeman (1992) discusses the details
of some of the imposed conditions that alow
statistical estimation of the WTP function.
Conditions such as weak seperability, weak
complementarity, as well as treating the
household's utility function as a production
function are potential theoretical constructs
that will yield interpretable formulations.
Freeman explores the implications of each of
these constructs and combinations of these
constructs showing that the imposed conditions
will alow for tractable formulations of the
hedonic price equation, which subsequently
permits derivation of the WTP function.

The typical WTP function, i.e. inverse
demand function for environmental quality
(EQ) derived in most empirical studies is
generated from the following underlying
assumptions. Each household maximizes its
utility subject to a budget constraint. Where:

U=U(X,S N,E) D
X: the composite commaodity
S: structural characteristics of the home
N: the neighborhood characteristics
E: the vector of environmental amenities.

It is assumed that there isavast array of sizes
and types of homes with many different
neighborhood and environmental amenities.
Individuals have information on all the
different combinations and can choose from
any location (Freeman, 1979). The market is
assumed to be in equilibrium at a point in time
and all consumers have chosen their utility
maximizing array of housing characteristics.
Given these assumptions the hedonic equation
can be modeled as follows;

P=atb;s;+b,s+...+bis+cin+cony+...+ 2
CiNi+d1 0 +0L0p+....dyOgt ... +0m0Om
S=(51,%,Ss,....9) are structural characteristics;

N=(ng,ny,ns..,ny) are neighborhood
characteristics;

Q=(0,02,93,-.-0g---.0m) @re Environmental
quality measures,

The assumption of weak seperability in the
utility function alows having a representation
of the implicit price of EQ that is not a

function of the level or prices of either
structural or neighborhood characteristics. If
we want to model that possibility then we need
only impose a specific structure on the utility
function to arrive at that kind of a result.
Typicaly, empirical studies avoid that
unnecessary complication and assume that the
marginal rate of subgtitution within group
characterigtics is independent of each other.
(Thayer, et al., 1998)

The variable of interest is distance to the
nearest airport. The data set has been organized
so that distance to a small, medium or large
airport can be distinguished. Homeowners
should be more averse to living near a large
airport as compared to living near a small or
medium sized airport. An airport is considered
large if annual passenger totals are greater than
100,000 per year. An airport is classified as
medium if multi-engine jets land at the facility
but passenger totals are less then 100,000
annually. Small airports do not accommodate
passenger jets and are limited to small aircraft
only. This study employs a slope shifter model
in an attempt to estimate the price gradients for
the three categories of airports using the
following model.

P (a) = b + byay + b,D; + 3D, + (©))

b4a1D1 + b5a1D2+ Z bla

g, = distanceto the nearest airport

D; = 0if small or medium airport; 1 if large
airport

D, = 0if smal or large airport; 1 if medium
airport

a = other explanatory variables

Distance to the nearest airport and distance
multiplied by the dummy variables are entered
into the model. The net effect of distanceisthe
sum of the two coefficients, which depends on
the type of airport nearest to a household.

The overview of the data set

The data set includes 50,000 randomly
selected observations from the Southern
Cdlifornia Region. The sample was taken from
a total population of nearly 106,000 recorded
home sales that took place in 1995. The
dependent variable for this study is actual
home sale transaction price. The homes in the



study are al single family dwellings. The
independent data set includes variables that
correspond to three types of attributes:
structural, community, and environmental. A
home's structure is described through such
variables as square footage of living space,
number of bathrooms, existence of a fireplace
and ammenities such as a swimming pool.

The community variables were derived from
the 1990 census results. Variables such as
percent of persons in census tract living below
poverty level income, average time to work,
percent of persons living in a particular tract
with college degree, and percent white in tract
were utilized for this study. Environmenta
variables included measurements of total
average suspended particulate matter, level of
0zone concentration, proximity to the ocean,

Airport noise and residential ...

and average visbility in miles. The variables
of interest throughout this study will be
distance to nearest airport and distance to
nearest flight path. Table 1 provides a
complete list of the variables utilized for this
study.There are twenty-three airports included
in the study area. The six largest airports
ranked by passenger totals are: Los Angeles
International, Orange County Airport, Ontario
International, Burbank Airport, Palm Springs
and the Long Beach Airport. The number of
passenger boardings at the Los Angeles
Airport is nearly three times the number of
passenger boardings of all other airports in the
study combined The average price of the
50,000 homes that were sold in 1995 was
$199,861 with a standard deviation of
$177,714.

Table 1: Variable description and sources

Variable Definition Units Source
Dependent

Sale price Sale price of single family home $ Experian*
Independent-Housing:

Lot size Total square feet of land area Square feet Experian
Square Footage Total square feet of living space Square feet Experian
Bath Sum of full baths and half baths Number Experian
Bedrooms Number of bedrooms Number Experian
Pool 1if infabove ground pool, O if not 0/1 Experian
Fireplace 1if one or more fireplaces, 0 if not 0/1 Experian
Central Heating 1if central air, Oif not 0/1 Experian
View 1 if the home has View, 0 if not 0/1 Experian
Cornerlot 1if house a corner lot, O if not 0/1 Experian

I ndependent- Neighborhood, Community:

College education Percent of population with college degree percent Census
Above 65 Percent of population above 65 years old percent Census
Below Poverty Percent of population below poverty percent Census
Agedistribution Percent of population over 60 years old percent Census
Time to work Average time to work for census tract minutes Census
White Percent of population white percent Census

I ndependent- Environmental:

Beach Distance to the beach miles Calculate
Beachdum 1if within 5 miles, O if not 0/1 Calculate
Suspended particulates Annual average of suspended particulates < 1Gmicrons Thayer 1995
Ozone Levels Average of the worst four days of daily ozone (Parts/ Mill) Thayer 1995
Distance from airport Distance from closest airport Meters Calculate**
Distance from flight path  Distance from the closest flight path Meters Calculate**

*Experian corporation formerly TRW 1995

** Calculated with ARCVIEW 3.1 software.
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Table 2: Descriptive statistics of the data

Variable Mean Dsgrgﬁg Maximum Minimum
Home Attributes
sale price 199,861.49 177,713.91 5,900,000.00 22,000.00
Living areasize Sqfeet 1,611.94 709.04 10948.00 500.00
Land Area Sq feet 9,238.88 15,296.34 866844.00 800.00
Bath 1.89 0.75 7.50 1.00
Bedrooms 3.06 0.84 9.00 1.00
Pool 0.21 0.40 1.00 0.00
Cornerlot 0.08 0.28 1.00 0.00
Fireplace 0.71 0.61 9.00 0.00
Central Heating 0.22 0.42 1.00 0.00
Independent- Neighborhood, Community:
White; percent 64.35 24.28 99.18 0.00
Above 65 years of age; percent 11.39 5.80 77.41 0.00
College; percent 25.08 15.02 70.45 0.00
Below Poverty; percent 8.65 6.86 61.97 0.00
Timeto work 29.08 4.60 46.72 7.55
Independent- Environmental:
Distance to Beach (in miles) 19.38 15.39 0.06 80.78
Within 5 miles of Beach (1=yes) 0.02 0.14 1.00 0.00
Particulate Matter 10 microns or less 42.79 6.46 68.29 21.80
Ozone average top 4 days 5.24 0.95 7.28 3.05
Airport Variables
Distanceto airport **Meters 9,493 6,960 46,000 200
Distanceto flight pattern **Meters 5,962 6,119 41,700 100

**70,000 meters = 6.21 miles

The average distance to the nearest airport is
approxiametly 5.9 miles or 9,493 meters for al
homes in the sample. The average distance to
the nearest flight path is approximatetly 5,962
meters or 3.7 miles. The flight paths are
imaginary lines that represent 10,000 meter
extensions of an arport's  runway
configurations. The distance units meters is
used for arport distance calculations
throughout the entire study. The complete
description of the data statistics are presented
in Table 2. The hamful effects of
multicollinearity among the independent
variables is noted by researchers as the most
troublesome of problems and should be
carefully dealt with (Mendelson, 1985). Some
multicollinearity is unavoidable among

20

variables that describe the attributes of a home
as well as the community attributes of the
home's corresponding census tract. Since this
study employs airport locations from severa
different  geographical  regions, spatial
correlations as well as embedded biases of a
single location should not be of serious
concern (Beron, et al.,1998). The genera
methodology employed for the study was to
pick a set of variables that were representative

of the dructurd, community, and
environmental attributes of a home but
precluded the  harmful effects  of

multicollinearity.



Empirical Results

Descriptive statistics of homes near airports

The average price of homes in the sample
tends to show a reationship between airport
distance and home prices. Figure-1 shows a
graph of the average price of al homes in
1,500-meter zones from an airport.Table-3
provides the actual average price of homes in
1,500-meter zones up to a distance of 10,000
meters.

Table 3 provides the actual average price of
homes in 1,500-meter zones up to a distance of
10,000 meters.  Limited sensitivity analysis
was then conducted to determine the
robustness of the estimates.

The difference in the price of a home
located in the 7,500-10,000 meter range is on
average worth $37,050 more then a home
located within 1,500 meters of an airport. The
difference in mean home prices for the two
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regionsis statistically significant with at-value
of 8.6. Thus a 21% increase in the value of the
home is realized if the homeowner is located
an extra 6,000 to 7,500 meters from an airport.
Table 4 provides a summary of the results on
homes located near a flight path for al of
Southern California.  Homes located directly
underneath a flight pattern or within 100
meters of a flight path had an average home
price of $149,654.

The average price of all homes located
within 10,000 meters of an airport was
$194,420 (from Table 3). The difference
between the two averages is $51,766 and is
significant with a t-value of 12.09. The
difference between the average price of al
homes within 10,000 meters of an airport and
homes within 3,000 meters of a flight path is
$18,037 and is statistically significant with at-
value of 9.45.
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Figure 1: Average home pricesin 1500 meters ranges from an airport

21



M. Rahmatian and L. Cockerill

Table 3: Average price of homesin 1,500 meters zones of an airport

Avg. Price Std. Dev. Count
all Homesin Sample $194,420 $181,316 31250
HH<=1,500* $173,623 $93,385 2093
1,500 < HH < 3,000 $165,653 $93,102 4222
3,000 < HH < 4,500 $176,455 $169,023 5527
4,500 < HH < 6,000 $197,929 $178,149 5808
6,000 < HH < 7,500 $214,805 $227,352 5532
7,500 < HH < 10,000 $210,673 $203,402 8068
*Distance to the airport
Table 4: Average Price of Homes Located underneath a Flight Pattern
Distance from Flight Path Homes Avg. Price Std. Dev. Sample Size
Homes < 100 meters $149,654 $66,165 413
Homes < 300 meters $160,299 $92,035 1877
Homes < 500 meters $162,594 $102,950 3111
Homes < 1,000 meters $172,299 $113,861 6094
Homes < 3,000 meters $176,383 $129,010 17086
Homes < 5,000 meters $180,829 $148,375 24652

*Distance is measured from the flight path

Distance to nearest airport: Airports classified
assmall, medium and large

We initially used three functiona forms,
linear, semi-log, and log-linear, in an attempt
to search for the best estimate of the marginal
implicit price of airport influence. The three
functional forms are widely used in empirica
research of this kind because their coefficients
lend themselves to interpretation (Palmquist,
1984), (Rahmatian, et al., 1992). The linear
models provided coefficients that were similar
to the semi-log and log-log models but the R
was dggnificantly smaller in severa of the
cases studied. Table 5 provides a summary of
the three functional forms that were used in the
initial model.  Although the fit of the linear
model is not as good as the semi-log and log-
log formulations, the coefficients are very
similar in sign and magnitude. The R? of 0.5
for the linear model suggests that 50% of the
variation in home prices can be accounted for
by the explanatory variables. It is highly
probable that a non-linear functional form will
perform better than a linear form because
people cannot costlessly repackage the
characteristics of a home. Empirical studies
such as (Beron, et al., 1998) and (Pamquigt,
1984) reiterate this theoretical conjecture as
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well as many other studies employing the
hedonic methodology (Rahmatian, et al., 1992)
(Bartik, 1988).The interpretations of the
explanatory variables that are not of primary
focus provide some insight into whether the
coefficients on AIRPORT (distance from
airport) and the airport interaction terms are
within reason. The linear model has predicted
FIRE (existence of afireplace) to be worth an
additional $6,700 and a POOL to add $6500 to
the value of the average home. If AIR
QUALITY (annua average of TSP) increases
by one milligram per cubic meter this has the
effect of reducing home value by $650. A
home with a VIEW can expect an increase in
home value of about $11,600. For each mile
from the BEACH (distance from beach in
miles) the linear model estimates a decline in
home price of $2,170.

Modeding Los Angeles international
(IAX) by itself

Distance to LAX was assigned to every
home in the sample. Semi-log and log-log
regressions were run to estimate the implicit
price of distance from LAX. The results of this
experiment are displayed in Table 6.

airport
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Table 5: Distance to Nearest Airport: Airports Classified as Small, Medium and Large

Linear R* = 0.50 Semi-log R? = 0.62 Log-log R* = 0.62

Variable coefficient t-stat coefficient t-stat coefficient t-stat
C 66848.22 8.93 11.83965 583.12 7.0612 123.29
OVER65 1548.95 13.95 0.002456 8.15 0.0033 10.72
BATH -985.71 -0.80 0.016744 5.01 0.0349 10.34
BEACH -2169.02 -33.27 -0.01287 -72.76 **.0,2781 -72.41
BEACHDUM 101550.50 24.73 0.190517 17.10 0.1006 8.49
POVERTY 628.68 5.26 -0.00792 -24.42 -0.0083 -25.47
CENHEAT 10789.33 7.22 0.077961 19.22 0.0461 11.33
CORNERLOT 1191.81 0.58 0.009685 174 0.0234 4.16
FIRE 6679.83 6.13 0.063079 21.34 0.0513 17.00
LANDAREA 0.84 22.22 1.53E-06 14.83 **(0,1355 37.61
LIVAREA 145.78 108.95 0.00038 104.58 **(0.6313 87.54
AIR QUALITY -652.50 -4.69 -0.00161 -4.25 -0.0035 -9.81
POOL 6549.58 4.37 0.046003 11.32 0.0461 11.14
WORK -3218.46 -20.27 -0.00969 -22.50 -0.0102 -23.62
VIEW 11664.36 4.13 0.065888 8.60 0.0470 6.04
WHITE 645.06 18.55 0.002509 26.59 0.0014 15.00
MEDIUM*** -44958.84 -17.73 -0.17527 -25.47 0.1029 2.29
EDIUM*AIRPORT 1.38 6.90 4.29E-06 7.88 **.0.0283 -5.58
LARGE*** -26265.32 -10.89 -0.12512 -19.13 -0.3192 -7.41
LARGE* AIRPORT 0.48 2.03 5.14E-06 7.97 **(.0286 5.87
AIRPORT -0.36 -2.89 5.12E-07 1.51 **(0.0283 9.36

**|og of the variable

***medium = 1 if near amedium airport; O if near asmall or large airport

large=1if near alarge airport; O if near asmall or

The coefficients on distance to LAX
(AIRPORT) are negative and significant in
both functional forms.

The interpretation is that home prices fall as
distance from LAX increases. Distance from
LAX and the variable distance from the beach
(BEACH) have a simple corréation of 0.81. If
the LAX distance variable is removed, the
coefficient on the BEACH variable becomes a
larger negative number. If the variable
BEACH is removed, the coefficient on
distance from LAX increases substantially in
the negative direction. We believe that
Southern California's unique geography plays
an important role in the results presented in
Table 6. The general decline in housing prices
distance inland increases outweighs the
benefits of distance from LAX.

Locating the distance at which airport effect is
insignificant

The coefficient on the variable AIRPORT
in the models presented in the previous
sections does not change with distance. The
next step is to try to locate the distance at
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which the airport effect ceases to be a
significant factor affecting the value of a home.
Based on the results presented previoudy this
study separates the sample into two groups,
homes located near a small airport and homes
located near alarge airport.

Separate regressions using dummy variables
are applied to the two groups. The first
experiment  creastes dummy  variables
representing homes located in 1,500-meter
zones away from an airport. The control group
is all homes located greater than 10,000 meters
from an airport. The results suggest that the
distance at which mean home prices are not
significantly different from the control group is
around 4,500 meters. It is interesting to note
that the results for small and large airports are
very similar. The semi-log results show the
effects of small airports dying off but do not
indicate a clear distance at which mean prices
equalize. The semi-log model shows a dow
dying off of the difference in home prices and
does not cut off until around 15,000 meters and
for the large airports suggest possibly more
than one change in the price gradient.
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Airport flight pathsfor small and large airports

Househol ds are assumed to be more averse to
living under an airport flight path than ssmply
living near an airport.

do take into consideration distance from a
small airport. The coefficient on the flight
path interactive term is not significant in the

Table 6: Distance to Los Angeles International Airport (LAX): All 50,000 in sample

Semi-log R*=0.62 Log-log R*= 0.61
Variable Coefficient t- Coefficient t-stat
stat
C 11.65487 615.02 7.7548 138.57
OVER65 0.000876 2.90 0.0022 7.12

BATH 0.039293 11.61 0.0520 15.27
BEACH -0.00604 -28.03 **_0,2036 -49.52
BEACHDUM 0.225741 20.35 0.1389 11.73
POVERTY -0.00813 -25.23 -0.0084 -26.02
CENHEAT 0.037751 9.28 0.0133 3.26
CORNERLOT -0.02117 -3.78 -0.0025 -0.43
FIRE 0.042172 14.15 0.0298 9.77
LANDAREA 1.58E-06 15.33 *%(),1292 36.00
LIVAREA 0.000384 106.01 **() 6525 90.67
AIR QUALITY -0.00043 -1.47 0.0004 1.27
POOL 0.024824 6.13 0.0320 7.73
WORK -0.00765 -18.28 -0.0070 -16.31
VIEW 0.078121 10.21 0.0598 7.68
WHITE 0.003217 32.82 0.0019 20.02
AIRPORT -3.13E-06 -36.75 **_0,1029 -34.09

** |og of variable

The next experiment uses a slope shifter model
to test whether individuals are willing to pay a
premium for distance from an airport if they
are located under a flight path. A dummy
variable is created that represents homes
located under a flight path. Homes are
designated to be under a flight path if they are
within 1500 meters or approximately one mile
from a flight path. A flight path is an
imaginary line extended 10,000 meters in each
direction of an airport's runway configuration.
A dlope shifter model of the following form is
applied to both groups separately:

P (a) =bo+ bya + b,D; + baDi. Y ba (4)

Where

a; = distance to the nearest airport

D; = 0if not in the flight path; = 1 if homein

flight path
g = other explanatory variables
The analysis of the sample of homes

located near small airports results in the
coefficients of 3.30E-06 and 0.0459 on the
airport distance variable indicate that owners
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semi-log model, indicating that there does not
exist a premium for homes located under small
airport flight paths. The log-log model aso
indicates that homes do not consider flight
paths. The sum of the control variable
coefficient and the coefficient on the small
airport interactive term (F-Path* AIRPORT) is
nearly zero. The overal interpretation is that
households do not consider living under flight
paths of small airports to be significantly
different then simply living near a small
airport.

Similarly, the analysis of the slope shifter
model is applied to the set of homes designated
close to a large airport. The coefficients on
the interaction term in both the semi-log and
log-log models are positive and significant,
which suggests that households consider large
airport flight paths in their home purchases.
The cost of living under the flight path of a
large airport is amost double the cost per
meter of simple distance from alarge airport.



Conclusion and Summary

This study provides egtimates of the
marginal implicit price of distance from large
and small airports in Southern California. The
problem with existing models is that they use
small data sets and usually focus on estimating
values in small homogeneous neighborhoods.
This paper improves upon that by using alarge
data set to estimate housing prices. In addition
this paper has included variables that will
address the influence of time, seasonality and
most importantly alocation index.

The marginal price of one additional meter
from a large airport is worth nearly twice as
much as an additiona meter from a small
airport. This sudy estimates that one
additional meter from a large airport is worth
approximately $1.23. The price per meter from
a small airport is estimated to be between 65
and 77 cents. The marginal prices calculated
are based on a mean distance from an airport
of 9,500 meters. Homes located within 5,000
meters (3.10 miles) of a large airport have an
average price that is estimated to be 4% to
10% lower then homes located greater than
5,000 meters from a large airport. Homes
located within 5,000 meters of a small airport
have a mean price that is 1.75% to 7.5% lower
than homes outside the 5,000-meter perimeter.
The marginal price per meter for homes
located under the flight path of a large airport
is not significantly different from the price per
meter for homes near a smal arport. The
marginal price per meter for homes under the
flight path of a large airport is approximately
double that of homes located near a large
airport but outside the flight path.

The marginal prices are calculated at the
mean of the airport distance variable. The
estimates do not capture the possibility of a
changing slope or changing elasticity as the
mean of distance from an airport is reduced.
Although marginal price is increasing with
distance from an airport nonethel ess this model
does not control for changes in average home
price and changes in the explanatory variables.
Future research could focus on estimating a
marginal price that changes with the mean of
airport distance. Furthermore, the use of
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spatia techniques to handle spatial dependence
of housing characteristics and sales prices
would need to be explored.
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