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EXECUTIVE SIMMARY

E.1 Introduction

The annoyance due to alrecraft nolse is capifalized into the
value of residential property. Measurement of the relationship be-
tween aircraft nolse levels and property values provides a means by
which to ecalculate the benefits of nolse abatement. This report
presents empirieal estimates of such relationships at seven major
U.S. airports.

E.2 Problem Studied

This study seeks to obtain a measure or measures of the effect
on property values of a decibel change in nolse exposure levels, other
factors remalning constant. The resulting damage cost is lnterpreted
as the amount individuals would be willing to pay for a given level
of noise abatement, assuming the change in polge exposure levels is
small. In the present study, census block and census tract data for
1970 are employed for small geographic areas near seven major U.S. aiz-
ports. The airports studied are San Francisca, Boston, Cleveland, New
Orleans, St, Louis, Buffalo, and San Diego.

While there have been several earlier studies of the noise-property
value relationship, wost investigators examine only one airport. Dif-
ferences in data sets and econometvric methods make it difficult to
compare the results obtained for different areas. TFor example, em-
pirical studies have been conducted at three levels of aggregation—-
individual houses, census blocks, and census tracts, In addition,
most studies have improperly handled the background noise level and
have ignored the possibility that an airport exerts two distinct
effects on residential property values—-a depreciation effect due to
noise and an appreciation effect due to employment accessibility and
enhanced commercial value.

The basic objective of the present study is to develop a set of
consistent emplrical estimates for a number of airports. Data from
the 1972 lloise Exposure Forecast {NEF) are combined with census data
on residential property values and characteristics. The study areas
selected are small geographic areas (approximately two miles radius)
situated close to an airport (NEF 20 or 25 to 45). Within these areas,
accessibility factors should be constant so that the empirical esti-
mates reflect only the impact of aircraft noise on residential property
values. Econometric estimates are obtained using ordinary least-squares
and the samples are sereened so as to exclude observations located
near parks, commercial developments, major streets, highways, and the
like. 1In addition ro airecraft noise levels (in 5 NEF increments},
variables are included for size of house, housing density, age and
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houging quality, and neighberhood characteristics. The limited rumber
of explanatory variables refleects, in part, the relative homogeneity of
the samples.

E.3 Results Achieved

The final sample sizes range from 113 to 185 census block obser—
vations., Mean property values for 1970 range from $16,411 for St. Louis
to $32,241 for San Dlego. The study area blocks are predominantly resi-
dential~-the average percent of owner-occupled units is 85 percent--
while the average house contains about 5.75 rooms. The mean noise
level varies from NEF 27.7 for New Orleans to NEF 33.9 for Cleveland.

On average, about 35 percent of the observations are situated in NEF
26~30, 50 percent in NET 30-40, and 15 perceat in NETF 40-30. The
samples are selected so as to ineclude a relatively large proportion of
households exposed to high noise levels (NEF > 35).

For each airport, a regression was selected that seemed to re-
present the best outcome, taking into account goodness of fit {R2) and
the statistical significance of the NEF coefficient (t-values). In
each of seven cases, the results indicate that aircraft nolse has a
negative and statistically significant effect on residential property
valuea. Translating the regression coefficients into percentages yields
a noise depreciation index in the range -0.29 to -0.84 percent per decibel
change in NEF level, with a simple average of -0.55 percent. However,
the coefficient estimates for six airports (excluding Boston) are stable
around a welghted-mean value of -0.50 percent per decibel change in NEF.

In addition to the results for individual airports, a pooled sample
was obtained. The pooled sample contained 845 observations from six
urban areas {excluding Boston). The regression results with this sample
yield an NEF coefficiert in the range -0.40 to -0.50 percent per deci-
bel change in NEF. These estimates are slightly less than the simple
mean for the individual airports, reflecting the possibility of in-
complete controls for interurban sample differences and alrport acces-—
aibilicy.

To test for remaining accessibillity effects, the pooled sample
was partitioned in two ways. The addition of NEF slope and intercept
dummy variables produced estimates of ~0.53 and -0.55 percent, Further,
when the pooled sample was partitioned into two mile intervals, the re=-
gressilon coefficlents were stable about weighted means of -0.46 percent
and -0.55 percent. When the individual samples were restricted to
blocks located one to four miles from the airport terminal, the co-
efficients were stable around a weighted mean of -0.53 percent. The
tests for accessibility influences suggest that the amount of bias
is small relative to the range of values for the individual scudy
areas.

1
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E.4 Utilization of Results

A nolse depreciation index of -0.50 percent implies that for a
given property value {say, $40,000 in 1978 dollars}, each decibel re-
duction in NEF would have a capitalized value of -0,0050 x $40,000 =
$200 per decibel per household. On an annualized basis, this 18 equi-
valent to about $20 per decibel per household, assuming a nominal in-
terest rate of 10 percent. This amount can be interpreted as the annual
amount households would be willing to pay for a deecibel reduction in
NET levels, beginning in 1978 and continuing indefinitely. These re-~
sults can be applied to benefit-cost analyses of nolse abatement options
in a manner demonstrated by Nelson,* if it can be assumed that the
changes in nolse exposure levels will be small.

E.5 Ceonclusion

L3
Empirical estimates of the aircraft noise-property value relacion-
ship were obtained for seven airports. The results are stable around
a weighted~-mean value of ~0.50 percent per decibel change in NEF. There
is little evidence that the noise depreciation index exceeds an upper

bound of -1.0 percent.

The evidence presented in the study strongly supports the existence
of an fmpliecit market for quier within which individuals register the
amount they are willing to pay for envirommental quality in residential
areas. The dollar or percentage amounts estimated in this studvy are
revealed by the choices individuals make in this market, rather than
by survey techniques that reflect what people say they might be willing
to pay for noise abatement. There are reasons to believe that esti-
mates obtained with survey techniques will overstate the expected
benefits of noise abatement, since those who pay for noise abatement
(air travelers, for example) are not necessarily those individuals who
benefit most from such undertakings. The estimates presented herein
represent an alternative market-based approach to the question of valu-
ation of noise reductions.

1.]'. P. Nelson, Economic Analvsis of Transportation Noise Abate-
ment (Cambridge: Ballinger Publishing Co., 19378), Chapter 8,

111
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Since 1969, a number of empiricel studies have exumined the re-
lationship between residential property values and aircraft noise
levels. These studies have sought to obtain a measure or measures

of the effect on property values of a unit change in noise exposure

levels; other factors remaining constant. The empirical results obtained

have been used both to detail the workings of the real estate market
and as a basis for benefit-cost analyses of aircraft noise abatement
policy options or proposalas. The basic value sought is sometimes
referred 'to as a noise depreciation index.

Because several estimates are available for the depreciation
index, peolicymakers and economists alike are faced with the problem
of cheoging an appropriate value {or range of values) for this index.
Benefit-cost studies, for example, have employed index values that
differ by a factor of four and, it can be demonstrated, the results
abtained are quite sensitive to the index values employed.1 Thus,
efforts to narrow the range of values for the depreciation index might
result in more accurate and reliable quantitative analyses of abatement
policy options and proposals. In addition, the study of the nolse-
property value relationship at a number of alrports means that it
may be poasible to derive individual benefit estimates, rather than
relying on the results from a single airport and extrapolating benefits

to the nation as a whole.

1See J. P. Nelson, Economic Analysis of Transportation Nolse
Abatement (Cambridge: Ballinger Publishing Co., 1978), Chapter 8.




Aside from the inherent difficulty of economic measurement of
noise effects (nonmarket peod, data availability, choice of annoyance

index), past empirical studies present several interpretation problems:

1. Due to differences in data sets and econometric methods,
it £s8 difficule to compare index values for different air-
port locations. For example, empirical studies have been
conducted at three levels of apgregation-~individual houses,
census blocks, and census tracts.

2. Some investigators have ignored the motion of a background
or residual noise level (a Noilse Exposure Forecast of 20
or a Composite Noise Rating of 90), or have employed
questionable noise measurement data.

3. Most investigatora have ignored the possibility that an airport
exerts two distinct effects on residential property values—-—
a depreciation effect due to noise and an apprecilation effect
due to employment accessibility or enhanced commercial value.

This report 1s an attempt to resolve these and othar issues by
applying a consistent set of procedures across a group of airports
chosen from the U.S. Department of Transportation's (DOT's) 23-Airport

2
Study. We caution at the beginning that the results obtained are sub-
Ject to interpretation due te limitations in the data, especially the
amount of information availlable on housing and neighborhood characteristics.

1,2 Statement of the Problem

Previous studies of aireraft noice abatement benefits have :
attempted to derive a measure representing the marginal capitalized i
property damage per unit of noilse expesure. This measure is typically
obtained by selecting a value for the noise depreciation index, mul-~
tiplying this value by the change in noise exposure levels during a |
given time period, and then multiplying apain by the population exposed ;
to noise, The resulting estimate is interpreted as the amount people ;

ZC. Bartel, L. C. Sutherland, and L. Simpson, Alrport Nolse Reduction
Forecast; Volume l--Summary Report for 23 Airports, DOT~TS8T-75-3 (Spring-
fleld, Va.: NTIS, October 1974).
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would be willing to pay for the given level of noise abatement, assuming
the change in noise exposure levels is small.

This aggregative approach is based primarily on numerical and com-
putational simplicity, and does not necessarily reflect the complexity
of the actual situations present at various airports. Individual air-
ports differ markedly in terms of the mix of residential and aeronautical
activities, including type of aviation services provided and adjacent
land usage. Consequently, & less aggregative approach to the measure—
ment of noise abatement benefits is desirable. This improved method
would derive abatement benefits from data for a number of individual
airports, rather than relying on a single airport and extrapolating
the resulte to the nation as a whole. Barring Information on all
aijrports, it should at least he possible to employ more censistent
data collection and estimation procedures and thereby narrow the range
of possible valuea for the noise depreciation index.

The present study involves analysis of property values around
10 U.S5. airports and employs a comslstent data base acress
all airports. For each airport, linear regressiocn analysis will be
used to obtain an estimate of the noise depreciation index. Within
the limitations of the data base avallahble and the number of airporta
analyzed, the results should provide information on the relative con=-
alstency of noise exposure effects ar a varlety of airports, The re-

sults should therefore provide a more valid basis for future caleulations

of the benefirs and costs of nolse abatement efforts.

Because of difficulties encountered with the sampling procedure,
final empirical results are reported in detaill for only seven selected
airports. Excluded from the analysis are results for Minneapolig-
$t. Paul, Atlanta, and New York-La Guardia Airports (see Appendix H).
The Minneapolis sample contained a number of lakes and a major park
which bisected the area under the northwest flight path. The Atlanta
sample contained a significant amount of rental housing units which
limited the sample sizes. 'The La Guardia sample included a large number
of residential units which did not report property values to the census
in 1970, The latter problem was also evident for the Boston sample,

although some results have been veported for Boston's Logan Alrport.




1.3 Plan of the Study

The remainder of this report 1s divided into three chapters. The
next chnpter. Chapter 2, describes the methodology employed in the study
of each airport, Chapter 3 summarizes the empirical results, while
Chapter 4 contains the conclusions and recommendations., A number of
appendices contain descriptions of each study area and detalled tables
describing the sample selection procedures, regression estimates, and

other empirical results.
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CHAPTER 2
METHODOLOGY

This chapter describes the methodology of the study with respect
to selection of 10 alrports, selection of a study area at each
airport, and acquisition of data on aircraft noilse levels and resi-
dential housing characteristlies. Fellowing the deseription of the
methodology, a brief comparison is given of present methods with
those employed in census block studies by Palk and De Vany.

2.1 Selection of Airports

The DOT study by Bartel, Sutherland, and Simpson analyzed the
impact of noise reduction at the 23 major airports shown in
Figure 2.1. Daily jet operations from these airporta represented
53 percent of total jet aircraft operations by all principal U.S.
air carriers in 1972, while by the year 1987 these airports are ex-
pected to account for about 46 percent of total operations.

From the list of 23 airports, 10 were selected for tentative
inclusion in the present study (Table 2.1), Im 1972, these 10 air-
ports accounted for 45 percent and 36 percent, respectively, of the
estimated 23-airport population and total U.S. population residing
within the Noise Exposure Forecast 30~unit-contour (NEF 30).

Several major airports {0'Hare, JFK, Newark, Los Angeles) are
excluded from the list of 10. The size of their noise contours re-
sulted in study areas that extended more than five miles beyond the
main terminal. In additlon, airports were excluded due to (1) ex~
tremely small noise contours or small levels of aviation activity;
(2) questionable noise level data from the 23-airport study; and
{3) addition of new runways between April 1970 (census period) and

Qctober 1572 {noise measurement period).

1C. Bartel, L. C. Sutherland, and L. Simpson, Alrport Noise
Reduction Forecast: Volume l-—Summary Report for 23 Alrports,
DOT-TST-75-3 (Springfield, Va.: NTIS, October 1974), p. 1-2.

5
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TABLE 2.1

SUMMARY CHARACTERISTICS OF THE 23 AIRPORTS

103 People
Exposed to
Adrport NEF > 30 Commenta®

1. La Guardia 1,057.0 Included (5)
2. DO'Hare 771.7 Excluded due to large size of nolsge contouts
3. JFK 507.3 Excluded due to large size of noise contours
4. Newark 431.9 Excluded due to large size of nolse contours
5. Boston 431.3 Included (10)
6. Los Angeles 293.4 Excluded due to large size of noise contours
7. Miami 260.0 Excluded due to large size of nolse contours
8. Denver 180.3 Excluded due to questionable noise contours
9. (Cleveland 128.7 Included (17)
10. San Francisco 124.4 Included (6)
11, Seattle 123.2 Excluded due to new runway, 1970-72
12, Buffalo 113.8 Included (33)
13. St. Louis 100.0 Included (13)
14. Atlanta 59,8 Included (2)
15. Minneapolis 96.7 Included (15)
16. Philadelphia 76.9 Excluded due to ney runway, 1970-72
17. San Diego 77.3 Included (32)
18. Midway 38.5 Exeluded due to small size of noise contours
19, New Orleans 32.5 Included (21)
20. National 24.4 Excluded due to small size of airport
21. Phoenilx 20.5 Excluded due to small size of airport
22, Dulles 3.5 Excluded due to small size of airport
23, Portland 1.2 Excluded due to small size of airport

Total - all 23 4,994.3

Total - 10 Inc. 2,261.5

Total - U.S. 6,200.0

BNumber in parentheses shows 1972 rank in terms of annual average daily air

carrler operations.

Source:
Airport Noise Reduction Forecast:

Noise exposure data from C. Bartel, L. C. Sutherland, and L. Simpson,
Volume l--Summary Report for 23 Airports,

DOT=-TST~75=-3 (Springfield, Va.:

NTIS, October 1974), pp. 25 and 3-7 through
3-30. U.S5. total from DOT information briefs.



The 10 airports include three large, busy airports, five
medium-sized airports, and twe smaller alrports. Annual average daily
alr carrier operations in 1972 and the land area for each airport are
displayed in Table 2.2, 0f course, both the activity level of an air-
pert and its location interact to determine the number of people ex-
posed to a given noise level and the severity of the airport noise prob-

lem.

2.2 Selection of Study Areas

For each airport, the Department of Transporcation provided scaled
maps (2.5 inches = 1 mile) of the 1972 NEF contours.2 Thege maps in-
¢luded isopleth data, in 5-upit Increments, for NEF levels from 25 to 45
(inclusive). Including a background noilse level of NEF 20, six data
polnts are possible for any given census block in the samples. No at-
tempt was made to interpolate hetween the NEF contours, although cbser—
vations that border on the NEF-25 and NEF~30 contours were excluded from
most samples. In addition to the NEF maps, the DOT provided aerial
photographs and cbstruction charts for each of the airperts.

The NEF maps (on vellum) were overlaid on the census block maps
for each airport and its surrounding residential area. From this in-
formation, a study area was selected that roughly met each of the fol-

lowing criteria:

1. A contiguous geographic area exists within one to five miles
from the main terminal., As explained below, this criterion is
an attempt teo hold accessibility factors constant.

2. The area includes NEF values from 25 to 45. For reasons
explained below, NEF 20 values were usually excluded except
at two smaller airports (New Orleans and Buffalo).

3, The area contains a relatively homogenous housing stock in
terms of housing density, type of housing, and access to
major highways. Addicional data screening procedures were
used to ensure that this eriterion was met.

2NEF maps were also provided for four excluded airports--Newark,
Seattle, Philadelphia, and Chicago-Midway. The NEF-25 contours were
added especially for this study.

8
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TABLE 2.2

SIMMARY CHARACTERISTICS OF

THE 10 AIRPORTS

103 People

1972 Daily Alrport Land Exposed to
Alrport |:)peu:'.';n::l.t:a:1s"1 Area * NEF > 30
Atlanta 1,136 6.56 99.8
La Guardia 798 0.91 1,057.0
San Franeisco 780 B.13 124.4
Boston 590 3.72 431.3
St. Louls 504 2.89 100.0
" Minneapolis 338 4,58 96.7
Cleveland 366 2,30 128.7
New Orleana 300 2.34 32.5
San Diego 208 0.76 7.3
Buffalo 204 ’ 1.56 113.8

Annual average daily alr carrier operatlons during CY 1972.

bLand area inside airport property boundary in squars miles.

Source:- C, Bartel, L. C. Sutherland, and L. Simpson, Ailrport Noise
Reduction Forecast: Volume l--Summary Report for 23 Airports, DOT-

TST-75-3 (Springfield, Va.: NTIS, October 1974), pp. 2-5 and 3-7

through 3-30.
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Figure 2,2 illustrates the selection of a representative study
area for Cleveland's Hopkins Airpert. Study area maps for all airports
are included in the appendices. Each of the selection criteria will

now be discussed dn greater detail.
Contipuous Geographic Area. In contrast to most earlier studies,

relatively small homogeneous study areas were selected for each alr-
port. Within each area, noise levels vary from sbout NEF 25 to 45, In
selecting these areas, it was assumed that an airport has two dlstinct
effects on property values--a depreclation effect due to noise and an
appreciation effect due to employment accessibility, air travel accessi-
bility, or the enhanced commercial value of the 1and.3

The noise-accessibility trade-off can be illustrated with the aid
of Figures 2.3 (a) and 2.3 (b). The upper curve in each figure, labeled
P, shows the value gradient for residential housing with respect to the
airport if the airport were nonpolluting. The value gradient decreases
at a rate roughly equal to the marginal cost of transportation -(oper=
ating and time costs) to the airport until it intersects with the under-
lying value surface, that 1s, the ambient level of accessibility in
the urban area in question. Any point on the P curve thus indicates
the total premium associated with increasing accessibility to the air-
port. A similar model could be used to illustrate the effect of travel
accessibility or commercial value on vicinage real estate.

If we now add airport noise to the model, the reduction In resi-
dential property values, labeled d, associated with the disutility of
noise 1s drawn below the horizontal line to indicate its negative
effect on property values. Any point on the d curve thus indicates
the teotal discount associated with greater and greater amounts of
noise as we move in the direction of the alrport. The net effect of
the airport is now the sum of these two curves which 1a shown as a
heavy line and labeled P + d, 1In Figure 2.3 (a), the net effect is
to reduce absolutely the level of property values, while in Flgure 2,3
(b), the net effect is only a rtelative reduction in property values,

35&& A. S. De Vany, "An Economic Model of Airport Nolse Pollution
in an Urban Environment," in S.A.Y. Lin {ed.)}, Theory and Mcasurement
of Economic Externalities (New York: Academic Press, 1976), pp. 205-14.
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Anglytically. the problem is how to separate these two effects
from one another. Most earlier studlies simply ignore the problem,
which will tend to bias the noise regression coefficient toward zero.
Some procedures that could be used to separate accessibility and noise

effects include

1. Use of an airport accessibility varilable, such as linear dis-
tance' from the airport terminals.* However, the high correla-
tion between alrport accessibility and alrport noise levels
will usually result in a multicpllinearity problem.

2, Use of dummy (binary) variables that attempt to capture the
nec effect of accessihility and noise,” If eircular distance
rings are used to form the dummy variables, each varilable tends
to reflect more than one noise exposure level {see Figure
2.2 and the appendices). This implles measurement errors and
an interpretation problem for the dummy variable coefficients,

3. Selection of a study areawhich 1s small enough so that impor—
‘tant accessibility variables are constant, but within which
noise levels vary over the full range of possible values.
This procedure will also tend to hold constant accessibility
to other major points (e.g., central buginess districts),
but the problem 1s to select a study area that is small

enough.

The study areas employed in the present study are all within five

miles of the main airport terminals and have a radius of about two miles.

In most cases, noise levels ranged from NEF 25 to 45. It is, of course,
pessible that these areas are too large and accessibility will still
vary in an important mnnner.ﬁ While thils issue cannot be resolved com-
pletely within the confines of the present study, some tests are pre-

gented in Chapter 4 for possible specification bias due to accessibility

influences,

“See P, K. Dygert, "Estimation of the Cost of Ailrcraft Noise to Resi-
dential Actdivities,” Unpublished Ph.D, dissercation, University of Michigan,

1973,

sSee De Vany, op.cit., p. 212.

6See De Vany, op. cit., pp. 211-14,for some empirical evidence on this

point .
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NEF Values., The second criterion used to select study areas wasg
to confine the range of noise levels to NEF values from 25 to 45,

There were several reasons for employing this criterion. First, ex-
cept for areas directly under Flight paths, many NEF-25 contours

were within five miles of an airport. This means that sideline noise

i3 noticeable out to about five miles, and beyond this distance noise
levels reach background levels. Thus, the accessibility eriterion
dictated a lower cutoff of NEF 25. This, however, was the case only

at the medium-sized alrports. At large airports, sideline NEF-25 con-
tours will extend beyond five miles, while at smaller airports, sideline
noise may be a problem for only several miles depending on aviation
activity levels, flight patterns, residential density, and so on.

A second reason for employing this eriterion deals with the
pattern of residential housing near an airpert, At distances greater
than five miles or beyond the NEF-25 contour, residential housing patterns
tend to undergo important changes in density or accessibility. A
suburban area might, beyond these limits, change to a rural area.
Housing density thus might change from high density to low density
or access to transportation facilities might be considerably worse,

The desire to hold these and other variables censtant dictated that
noise levels should be ne lower than NEF 25.i1n most cases,

A third and final reason for this criterion deals with the possible
use of the empirical results from this study. Our interest is in the
effect of alrcraft neise on residential property values within an
area where noise 1s a moderate to severe problem. Since noise abate-
ment policy is likely to change sircraft noise levels by modest amounts,
we are not interested In a comparison of property values in areas
where noise is a severe problem with those areas where it is of little
or no consequence. For NEF values greater than 25 or 30, the influence
of other transportation or urban gsources is likely to be quite small,
and aircraft noise will be perceived as a significant intrusion. For
NEF values below 25 or 30, the noise environment due to other sources
may alter the response of individuals to aircraft nolse per se. Since
nolse measurements are only accurate to within *5 NEF, a value of NEF

25 seemed to be an appropriate cutoff for a threshold level of noise.

14
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NEF values of 20 are included only for Wew Orleans and Buffalo, due to
the small size of these ailrports and limited noise exposure areas.
Homogeneous Housing Stock, A final reasen for selecting small,

contiguous geographic areas was the desire to hold constant many of

the determinants of residential property values. These include lot
gize, neighborhood characteristics such as school distriecc, and en-
virvonmental aspects other than aireraft noise. To the extent that
this is possible, the dominant wvariable in the study area should be the
level of aircraft nolse. In addition, because of the limited number
of explanatory variables avajilable at the census black level,
special procedures were used to limit the amount of variation in
the housing stock.

In choosing a study area, the census block maps and aerial photo-
graphs were used to limit the study area to housing that appeared to
be relatively uniform in terms of type, density, and access to trans-
portation Facilities., When collecting the data on noise levels, census

blocks were excluded if they were near or adjacent to local environmental
features (parks, cemeteries, golf courses), major transportation facilities

(freeways, major streets, rallroad tracks), msjor commercial developments

{shopping centers, apartment complexes), or other special neighborhoad
features (sawage treatment plants, canals, naval bases).

Beyond these restrictions, wherever possible, the following con-
atraints were incorporated in the final computer sample used in the

regresgiona:

1. Census blocks were excluded if less than S0 percent of housing
units weve single-family, owner-occupled units.

2. Census blocks were excluded if there were fewer than 10 single-
family, owner-occupiled units in a bloek.

3. Census blocks were excluded if less than BQ percent of
the housing units reported property values. This con-
straint is an attempt to obtain comparable samples for
property values and other block variables such as the
mean number of roomg per unit,

15



4. The residuals from the final regressions were screemed to
detect any extreme positive or negative residuals by census
blocks. Given the small samples employed and limited number
of explanatory variables, outliers can have a substantlal
impact on the empirical results.

5. Two explanatory variables (noted below) were specified at
the census tract level. The tract variables attempt to capture
bread differences in the housing stock that might be cor-
related with aircraft noise levels.

2.3 Data Acquisition

Having selected a study area, each block was then assigned a
value for NEF., In general, if a block was divided between two noise
levels and the division was more or less equal, then the block was
asgigned the lower of the two NEF values, In addition, a second, more
reatricted sample was obtained by excluding blocks near or adjacent
to the actual NEF-25 or -30 contours and blocks within the NEF-30 con-
tour but adjacent to the NEF-35 contour. This procedure was adopted
for thiree reasons. First, the noise data are for Qctober 1972 while cen-
sus data are for April 1970. Between these dates, the actual contour
lines may have shifted due to changes in aviation activity levels,
Sacond, the nolse data are in 5 NEF inerements. Two blocks that border
elther side of a contour may differ by as little as one ox twoe NEF
units, yet the recorded values must necessarily differ by 5 NEF.
Measurement errors such as these will bias the regression coefficient
toward zero. Third, the exclusion criterion results in samples that
are more heavily weighted toward severs noime levels,(NEF 35-30). In
general, the final empirical results are based on samples that incor-

porate the boundary restrictions on the NEF variable.

Data on the remaining variables were obtained from three sources:
the 1970 Census Third Count Summary Tapes, the printed census city
block reports, and the printed census tract reports.

The Third Count tapes wera obtained for each airport from The
Pennsylvania State University Computation Center. From these tapes,
data were obtained by census block on the following variables:

7
The variables and data sources are described in greater detail in
Table 3.1 in the next chapter.
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1. Mean owner-occupied property value (owner estimate).

2. Percent of owner-occupied houses that have more than 1.5
occupants per room.

3. Percent of census block population which i3 black.

4. Percent of total housing units (rental plus owner-occupied)
that are owner-cccupied,

5. Absolute number of owner-occupled housing units.

Because of the large number of disclosure suppressions en the
second variable, the empirical results do not include information on the
density of occupancy. The fifth variable was used only to screen
out blocks where statistical reporting errors might be a significant
problem.

The printed census block reports, entitled Block Statistics:

1970 Census, were used to obtain data on the following variables:

1. Mean number of rooms per unit for owner-occupied houses.

2, HNumber of owner-occupied houses with substandard plumbing.

Ueing information on total owner-occupied housing units and total
owner-occupled population in each bloek (from the Third Count tapes),
additional variables were formed on the average number of people per
room and percent of owner-occupied housing units with substandard
plumbing. The former variable was of limited usefulness due to dis-
closure suppressions in the population data for most cities.

Finally, the printed census tract reports, entitled Census Tracts:

1970 Census, were used to acquire the fallowing data:

1. Percent of housing units built before 1939,

2, Percent of housing units with central air conditioning.

Since these variables are specified at the tract level, they represent

an attempt to capture any broad differences among blocks in the samples.

17



Because the alreraft nolse data also cover broad areas, the tract and
NEF variables tend to be highly correlated. It was not possible, in
all cases, to include both tract variables in the final regressions.
This problem should be kept in mind when iInterpreting the final empiri-

cal results. '

2.4 Comparison with Earlier Studies

Two earlier studies by Palk and De Vany employed census block
data to study the property value-ailrport noise relationship, This
final section briefly reviewa the methodology of these studies.

2525.8 This study employed 1960 census block data and 1965 NEF
data for three major airports: John F. Kennedy Alrport in New York,
Los Angeles International, and Love Field Airport iIn Dallas. A sample
of about 100 blocks was obtained for each airport, with noise levels
more or less equally divided between NEF 20, 30, and 40. For
example, the Los Angeles sample consisted of 30 blocks with an NEF
value of 20, 32 blocks with NEF 30, and 30 blocks with NEF 40. Each
sample consisted of blocks located within«five to six census trac:s.g
Paik alse excluded blocks located near the boundaries of the NEF contours
and included only those blocks where at least 50 percent of the 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 study includes explanarory varlables for aircraft noise,
population or housing density, percent single-family homes, percent
nonwhite homes, percent crowded homes, percent deteriorated homes,
and median number of rooms per upit. Most of these variables were not
statistically significant and Paik's final regressions incorperate

only NEF and median number of rooms as explanatory variables.lo

8I. K. Paik, "Measurement of Environmental Externality in Parti-
cular Reference to Noise," Unpublished Ph.D. dissertacion, Georgetown

Universicy, 1972.
g

10

Ibid., p. 131.

Ibid., p. 14l.
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The methodology of the present study differs in saveral respects
from Paik's. TFirst, additional procedures wefe taken to screen out
aparsely populated residential blocks and blocks where less than
80 percent of the units have reported values, Second, the NEF data
in the present study are generally confined to values from 25 to 45,
rather than 20 to 40. Third, the present study uses census and noise
data for 1970 and 1972, respectively, rather than 1960 and 1965,

These differences suggest that our results should hetter reflect the
effect of nolse on property values within those areas where aireraft
noise is & significant environmental problem. Paik's study, on the
other hand, probably captures an "all-ar-nothing' effeet, as well as
the short-run real estate market effects associated with the intro-
duction of commercial jet aircraft in the early 1960s. The exclusion
of tract variables in Pailk's study also casts douht on the empirical
results.

De Vany. This scudy employed 1970 census block data for Love
Field Alrport in Dallas. De Vany employed a large sample that included
information on 1,270 census blocks. He defined five circular distance
rings around the airport, resulting in four qualitative dummy variables.
When each of these variables was zero, the block lies somewhere beyond
four miles distance from the airport; otherwise, it lies in one of the in-
tervals 0-1, 1-2, 2-3, or 3-4 miles as indicated by a value of one for

1 The coefficient on a dummy variable

the regpective dummy variable,
reflects the net effect of airport noise and airport accessibility
within the given interval. The four distance rings will include all
blocks under the main flight paths with NEF values of 40 or more.
However, on the sidelines, the distance rings probably feflect noise
levels as low as NEF 20,

De Vany also employed explanatory variables for percent of homes
that are owner-occupied, average number of rooms per house, average
age of housing, averape length of stay of residents, percent of homes
with air conditiening, and distance from the central business district.
In the final regression, all variables were statistically significant

except the variable for average length of stay by residents.

11De Vany, op.cit., p. 212.
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While the variables employed iIn the present study are much the
same as in De Vany's study, the samples employed are quite different.
We use amall study arveas that include about 200 to 400 blocks, rather
than samples drawn from a broader urban area. The various constraintsg
and restrictions.placed en the data further reduce our final samples to
113 to 185 observations. Within each study area, we attempt to capture
the effect of noise alone on property values, rather than the net
aggregate effect of an airport on the market value of real estate,
Despite the major differences between the two studies, De Vany's
empirical results are quite comparable with those obtained in the
present study. This sugpests that the methodology adopted herein does
control for the effects of ailrport accessibility.
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CHAPTER 3
EMPIRICAL RESULTS

This chapter presents the results for the aircraft noilse-property
value relationship at seven selected airports. The empirical results
are bagsed on the so-called hedonic price equation approach to property
values. The chapter summarizes this equation, the choice of explana-

tory variables and functional form, and the econometric results.

3.1 The Hedonic Price Equatdion

‘Because sach house and lot represents an almost unique combina-
tion of characteristics, the decision to purchase a property is com—
plex, The price that a potential buyer is willing to pay depends on
location, attributes of the community and neighborhood, local taxes,
and public services, as well as the physical characteris-
tica of the strucrure and land. Since these characteristics are
gold as a package, it is difficult to infer from one sale what the
incremental effect of one attribute (one more room or one mere decibel
of nolse) has on the final selling price of a dwelling., ‘A way
must be found to disentangle the incremental effect of each attribute
on the composite price or value of the property. To the extent that
such an unbundling 1s possible, estimates can be obtained for the
implicit price of quiet in dollars per decibel, the price of living
space 1in dollars per room, and so on.

If observations are available on a sample of housing sales or
values, then multivariate regression analysis can be used to obtain
astimates of the implicit or hedonic prices of housing characteria-
tics., For simplicity, we assume that houses differ only ia’
terma of aize {in number of rooms or living space) and aircraft noise
exposure (din NEF units), Forming a simple linear econometric rela-

tionshlp, we can write

21



(1) vi = bo+b1xhi+b2xn1+“i’ i=1, ey N

where V 15 the selling price or value of the i-th home in dellars;
X, and xn are the (variable) amounts of living space and noise ex-
posure, respectively; bl and b2 are the implicit prices to be esti-
mated; bo 1s a constant term that captures the effect of all other
determinants of property values} and u is a stochastic error term
reflecting possibly omitted variables and measurement errors.
Equatien (1) thus represents a hedonic price equation from which
implicit attribute and characteristiec prices may be obtained econo-~
metrically. TFor 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 dwelling, other Ffactors remaining constant.
1f the housing market 1s competitive, then the €stimated price
will be equal to the marginal (incremental) cost of additional living

Bpace.2

3.2 GChoice of Variables

Potentially, a large number of variables will determine observed
differences in property values within a given urban or suburban area.
For descriptive purposes, it is useful to divide these characteris-

tice into five more or less mutually exclusive and exhaustive classes:

1. Physical Characteristica--the number of rooms, size and
dimensions of the lot, number of stories, age and 'ecdndition
of the structure, availability of central air conditioning,

etc.

2. Accessibility Characteristics--access to major places of
employment and other agents with whom a homeowner might
wish to engage in transactlons,

10f course, other variables may be present in the sample and the
relationship need not be strictly linear.

2For gome empirical evidence on this point, see J. P. Nelson,
Economic Analvsis of Trangportation Noise Abatement (Cambridge:

Ballinger Publishing Co., 1978), p. 91,
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3. Environmental or Neighborhood Characteristies--nolse levels,

housing density, racial composition, and other major physical

or soclal features of the neighborhood and community in
which the house is lecated,

4. Public Sector Characteristics--real property tax rate,
achool quality, and the quantity and quality of other
major public services Lo which a property owner is encitled.

5. Alternative Use Characteristics—posgible conversion of
residential land and dwellings to commeréial or industrial
uses, except as restricted by zoning ordinances. In equili-
brium, the highest valued use 1s expected to be in place on
a pgiven plot of land.

The sample selection procedures described in Chapter 2 attempt
to contrel for (hold constant) many of the possible determinants of
residential property values, The actual variables employed in the
hedonic price equation are summarized in Table 3.1. The most impor-
tant of these variables will now be described under six headings.

Mean Property Value, The dependent wvariable is the mean value

of residential housing units in each census block. Census data on
value are limited to single-family, owmer-occupied houses on less
than 10 acres, without a commeréial establishment or medical office
on the property. Cooperatives, condominiums, mobile homes, and
trailers are excluded from the census value tabulations.

Value estimates are obtained by asking each homeowner how much
the property (house and lot) weuld sell for if it were presently
for sale {circa April 1970). Housing value is recorded on the census
questionnaire in intervals of $2,500 for values less than $25,000
and in intervals of $10-515,000 for values above $25,000. For
computing census block means, the midpoint of each interval is used,
except that $3,500 is used for values less than $5,000 and 360,000
is used for values in excegs of SSO.OOD.3

3The uge of owner estimates of value and value intervals will
introduce measurement errors in the dependent variables. Several
empirical investigations of this issue suggest that these measure-
ment problems are not overly serious, see Ibid., pp. B8G-8l. The
data screening procedures employed in the present study also attempt
to compensate for this problem, fi.e,, only those blocks where ac
least 80 percent of the units reported values are employed in the
final regressionas,
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TABLE 3.1

DESCRIPTION OF VARIABLES

Variahle Name

Description, Method of Congtructiom, and Source

1,

2.

3.

4,

6.

7.

MPVAL

ROOMS

NOPLIMB

MORE1S

BLACKPOP

PCENTGO

BEFORE39

AIRGC

Mean Owner-Occupled Property Value (Specified Units).
Construction: Aggregate owner-occupied property value X

. 250 / Owner-occupied units reporting value,
Source: 1970 Census Third Count Summary Tapes.

Mean Number of Rooms per Unit for Owner-Occupied Houses.

Construction: None.

Sourca: U.S5. Department of Commerce, Bureau of the Census,
Block Statistiecs: 1970 Census, Table 2.

Percent of Owner-Occupled Houses with Substandard Plumbing.

Construction: Number of units lacking some or all plumbing

facilities X 100 / Total owner-occcupled housing
units.
Source: Plumbing variable from Block Statistics: 1970 Census, Table 2.
Owner-occupied housing units f£rom Third Count Tapes.

Percent of Owner-Occupied Houses that have More than 1.5
Occupants per Room.

Conatruction: Number of owner-occupied unicts with more than

1.5 people per room X 100 / Total owner-cccupiled
housing units.,

Source: 1970 Census Third Count Summary Tapes.

Percent of Block Population which is Black. |

Construction: (Black males + Black females} X 100 / Total block

Qopulation.
Source: 1970 Census Third Count Summary Tapes.

Parcent of Total Housing Units that are Owner-Occupied.
Construction: Total owner-occcupied units X 100 / Total

housing unics, .
Sourcet 1970 Census Third Count Summary Tapes.

Percent of Year Round Housing Units Built Before 1939 (Tract
Level).

Construction: Housing units bullt before 1939 X 100 / Total

year round housing units,
Source; U.S. Department of Commerce, Bureau of the Census,
Census Tracts: 1870 Census, Table H-2.

Percent of Year Round Housing Units chat have Central Air
Conditioning (Tract Level).

Construction: Housing units with central air conditioning X

100 / Total year round housing units,

Source; U.S. Department of Commerce, Bureau of the Census,
Census Tracts: 1970 Census, Table H-2.
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Variable Name

10,

11.

12.

PEOPLEPR

QOUNITS

NEF-I1

NEF=-I1

TABLE 3.1 (Centinued)

Description, Method of Constructicn, and Source

Average Number of Persons Per Room.
Construction: (Owner-occupied population X 100)/({Tetal
owner-cccupied units X ROOMS)
Source; ROOMS from Block Statlstics: 1970 Census, Table 2.
Other data from Third Count Tapes.

Note: Due to extensive confidentiality suppression of the
population variable in some cities, PEOPLEPR was of
limited usefulness.

Absolute Number of Owner-Occupled Housing Units,
Construction: None.
Source:; 1970 Census Third Count Summary Tapes.

Noise Exposure Forecast (without houndary restrictions).
Construction and Source: Obtained from census block maps and

DOT-NEF contour maps.

Noise Exposure Forecast (with boundary restrictions).
Construction and Source: COhtained from census block maps and
DOT~NEF contour maps. Blocks adjacent
to NEF-25'‘and =30 contours or blocks
within NEF 30 but adjacent te NEF 35
are eliminated.
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Physical Characteristics. The larger the houses and lots in a

census block, the higher the mean property value, other factors re-
maining constant., In addirion, the age and quality of housing would
be expected to be important determinants of property values. At the
census block level, variables used to capture the effect of physaical

characteristics include the mean number of rooms per unit and the

percent of units with substandard plumbing. Rooms counted include

only whole vooms used for living purposes; not counted as rooms are
bathrooms, half-rooms, kitchensttes, utility and storage areas,
bagements, unfinished attlcs, and the 1ike. Substandard plumbing
refers te units that do not have all of three specified facilities--
hot and cold piped water, flush toilet, and bathtub or shower inside
the structure~-or that have toilet and bathing facilities that are
shared with Bcnupants of other housing units.

In additien to rooms and plumbing facilities, several other
variables capture some of the effects of physical differences among
dwelling units. Holding the size of structures constant, the average
size of lots will be related to the density of housing. As a proxy
for housing density, an explanatory variable is included for the
percent of total housing units that are owner-occupied, Broad dif-

ferences in the age and quality of the housing stock are alsc re~
flected in twe proxy variables that are specified at the census
tract level; these are the percent of housing unilts built before

1939 and the percent of housing unics with central air conditioning.

The sample selection procedures attempt to hold constant (or approxi-
mately so) many of the other physical characteristics of the housing
stock in each study area.

Accessibility Characteristics. The distance of a property from

major places of employment, shopping centers, and other commercial
or industrial developments affects the real costs of living at that
addreas anpd, hence, the amount people would be willing to pav for
a particular dwelling. In the present study, an attempt ls made
to hold most accessibility factors constant by selecting relatively
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small study areas (about two miles radius) and, within each study
ares, excluding blocks that are near or adjacent to shopping centers,
major streets and highways, parks, and the like.

Environmental or Neighborhood Characteristics. The central

hypothesis in this study is that a relationship exists between air-
erafc nofse (in NEF units) and the wvalue of single-family residential
property. In addition to the Noise Exposure Forecast, envirommental

variables are included for the proportion of single~family homes in
each block, the age and quality of housing at the block and tract
level, and the racial composition of each block. The percent of total

housing units that are owner-occupied is a proxy for the undesirable
effects of multifamily dwelling, such as noise, congestion, and
visual blight. The percent of housing units with substandard plumbing
(block level) and the percent of housing units built before 1939 (tract

level) capture some of the negative external effects associlated with
less well maintained or older, less modern neighborhoods.
The racial variable is the percent of total block population which

is black. The coefficient on this variable could be positive or
negative, It will be positive 1if discrimination in the housing market
limits the supply of housing available to blacks or other minorities.
It will be negative if cthere are negative exterpalities associated
with living in a racially mixed neighborhood. To the extent that
blacks in the population have lower incomes and spend less on housing,
then'the racial variable will also capture some of the effect of
physical housing characteristics on property values. In most of the
study areas, the proportion of blacks in the population is quite

small, The one exceétion to this rule is St. Louis.

Finally, the study design atctempts to control for a number of
local envirommental factors that may cause differences in property
value levels, Excluded from the samples are blocks near or adjacent
to shopping centers, parks, cemeteries, golf coutrses, apartment com-
plexes, railroad tracks, highways and major streets, sewage plantas,

and so on,
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Public Sector Characteristics., Wherever feasible, the study
areas were selected so as to lnclude enly one ﬁajor political juris-
diction. Thus, lmportant public sector variables (property tax rate,
school quality, crime rates, etc.) should be constant in each study

area. Since the tract variables cover broad areas, it is possible
that thase variables capture some publiec sector effects on residential
property values.

Alternative Use Characteristics. Where residential land near

an alrport is a potential site for commercial or industrial develop~
ment, its value, during a transirion period, may exceed.that produced
by residential characteristics alone.a Commercial or industrial ac-
tivities are less affected by noise and may be able to offer higher
rents to existing landowners. By excluding blocks located necar major
gtreets and by restricting the samples to those blocks that are pre-
dominantly residential, the sample gselection procedures are designed

to control for possible conversion (speculative) effects on residential
property values. In long-run equilibrium, however, we would expect
each plot of land to be occupied by the higheat valued use, except

where restrictad by zoning ordinances.

3.3 Choice of Functional Form

Several functional forms are possible for aquatlen (1), including
1linear, double-log, and semi-log. The double-log form is especially
useful bacause it allews for multiplicative interactions (tie-ins)
among the explanatory variables and because the coefficient estimates can
essily be compared for different study areds; that is, the coefficients
represent elasticities showing the percentage change in the depen=-
dent variable for a given percentage change in an independent variable.5

The functional form chosen in the present study, after some initial

experimentation, was as follows:

AFor analysis of this issue, see R, W. Crowley, "A Case Study of
the Effects of an Airport on Land Values," Journal of Transport Eco-
nomics and Policy, 7 (May 1973), pp. l44-52,

5The double-~log formrepresents an application of the
Weber-Fechner law of stimulus and response, i.e., the response rate
is proportional to the percentage change in the stimulus.
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(2) InVv = bo + blln Xh + bzln D+ baNEF +bixi +u

where 1n V = natural log of the mean property value in each block,
1n xh = natural log of the mean number of rooms per unit,

1n D » natural log of the percent of housing units that are
owner-occupied,

NEF = Noise Exposure Forecast, and

X, = all other explanatory varlables such as percent of owner-
occupied houses with substandard plumbing, percent of total
block population which 1s hklack, etc.

The latter variable set, Xi. 1s made up of various environmental
or neighborhood variables that contain a large number of zero obser-
vations. This made it desirable to employ the linear form of these
variablea, rather than, say, add a small constant to fhe zero obser-
vations to facilitate a logarithmie transformation.

The use of a semiwlop relationshilp between property -walues. and the
Noise Exposure Forecast is based on the theoretical nature of this
index and similar community response indfces. For example, based on
testa of the annoyance due to aircraft flyover noise, Bishop states that

HWe would expect the subjective ratings plotted on a logarith-
mic scale to have a linear relationship with the perceived
noise levels.

To capture this relationstiip, we let the level of property value
be expressed by

- by, b2
(3) v=b 2" %,

6D. E. Bishop, "Judgments of the Relative and Absolute Acecept-
ability of Actual and Recorded Aircraft Noise," in Bolt Baranek and
Newman, Analysis of Community and Airport Relationships/Noise Abate-
ment, AD-645-945 (Springfield, Va.: NTIS, December 1965), Part 1I,
p. 47, BSee also D. E, Bishop, “Judgments of the Relative and Abso-
lute Acceptability of Aircraft Noise,'" Journal of the Acouscieal
Society of America, 40 (July 1966), pp. 108-22.

29

P PP S0 U G S



where V 1s the property value, Z 1s a set of hpusing characteristics
such as number of rooms and housing density, A 1is subjective annoy-
ance due to ailrcraft noise, and uy ig a stochastic error term. TFol-
lowing Bishop, A is expressed by

- c1NEF
{4) A c e u,

where NEF 1s the Noise Exposure Forecast index in decihels, e is the natural
log base, and u, is a stochastic error term. Taking logarithms yields

(5) lnA=1nc + ¢ NEF + In u,:»
Q L 2

Taking the log of equation (3) and substituting for 1ln A allows

us to write

{(6) lnV =~ dD + dlln 2+ dzNEF + uq

where d, = b2c1' ete. Equation (6) 1s the basic relationship between

NEF and regidential property values employed in the present study.
Differentiating equation (6} with respect to NEF yields

aln V =_(E!V/V)H
M 5%EF " aner - %

where d2'100 is the percentage change inla given property Jalﬁe asso-
ciated with a unit change in the Noise Exposure Forecast. Thus, the
coefficient d2 can be interpreted as the relative rate of housing value
change associated with each unit increase in aircraft noise exposure.

The price of noise, in turn, is given by

av
@ a5EF = ¥

which implies that, other factprs remaining constant, the effect of a
unit change in NEF will be greater the higher the property value,
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Pinally, the elasticity of value with reapect to aircraft noise
is given by

®) Fr v "9V ( v ) dNEF

which implies that a gilven percentage increase in NEF will have a
larger percentage impact the lilgher the NEF level, other factors re-

maining constant.

3.4 Final Samples

Table 3.2 summarizes the sample means for the final study areas
for seven airports.7 With boundary restrictions on the NEF variable,
sample sizes range from 113 to 185 cbservations, Mean property values
range from $16,411 in S5t. Louils to $32,241 in San Diego. The mean
noise level varies from NEF 27.7 for New Orleans to NEF 33.9 for
Cleveland. The study area blocks are predominantly residential-~the
average percent of owner-cccupied units 1s abour 85 percent including
Boston and 88 percent without Boston. The average house in the final
samples has about 5.75 rooms.

The remaining housing characteristic means vary greatly--Boston
and Cleveland have the oldest housing stocks, St. Louls and New Orleans
have the greatest proportion of central air conditioning units, and
S8t. Louid has the greatest proportion of blacks in the sample population.

Table 3.3 shows the distribution of observations by noise levels,
where each observation is assigned to one of three NEF contours. In
only two instances do fewer than 10 percent of the observations lie in
a given iInterval (Boston and New Orleans for NEF 40-50)}. On average,
about 35 percent of the obgervations are gituated in NEF 20-30, 50 per-
cent in NEF 30-40, and 15 percent in NEF 40-50.

7For reasons explained in Appendix H, the final results exclude
Minneapolis, Atlanta, and La Guardia Airports.
!
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SUMMARY OF MEAN VALUES OF VARIABLES,

TABLE 3.2

BY AIRPORTA
(1) (2) &) (4) (5) {6) (7)
San St. New San

Pranciaco Boston Cleveland Louis Orleans RBuffalo NMego
Variable {N = 153) (N = 154) (N = 1B5) (N = 113) (N = 143) {N = 126) (N = 125)
Mean Property $29,686 $22,857 $20,898 $16,411 521,975 $20,656 532,241
Value (5t. Dev.) (5,198) (3,4223) (2,787} (3,684) (5,651) (4,319) (8,335)
NEP-II | _ 31.797 27,955 33,892 30,177 27.657 29,325 32.320
Mean Rooma 5,753 5.790 5.526 5.487 5.804 5,856 5.990
per Unit
Parcent Owner=- 83,354 69,986 89.255 87.620 88.331 91,277 86.250
Deccupled Units
Percent Black 0.717 0,472 0,090 8,479 0.431 0.104 0.108
Population
Percent Subatand- 0,382 1.872 1.141 0,787 0.280 0.376 0.165
dard Plumbing
Parcent RBuilt 9,580 59,251 29,868 15,501 0.963 11.610 15.850
Before 1939
Percent Central 1.253 0.945 3.689 33,516 38.134 1.935 0.748
Alr Conditioning
Distance to,
CBD (miles) 11,000 4,000 7.000 11.000 8.500 6.500 5,500

P

Ay - gample size in blocks.

bDintance from approximate center of atudy area to clty hall, rounded to neareat half mile.

TR e e B e e’ e s b



Tl

21

E e e e

AR i i g

TR

EAETATy e A o S et

Hr e

e T T PO oy B EAL T obitd SO Font o

DISTRIBUTION OF OBSERVATIONS, BY NEF INTERVALB
(No. of Blocks)

TABLE 3.3

HEF Interval

Alrport 2G-30 30-40 40-50 Total
San Francisco 25 109 19 153
(percent) (16.3) (71.2) (12.4)
Bonton B5 69 - 154
(percent) (55.2) (44.8)
Cleveland 24 128 33 185
{percent) (13.0 (69.2) (17.8)
New Otleans’ 73 58 12 143
(percent) (51.0) (40.6) (8.4)
St. Louis 56 37 20 113
(percent) (49.6) (32.7) 17.7)
Buffalo? 64 45 17 126
{percent) {50.8) (35.7) (13.5)
San Diego 47 49 29 125
{parcent) (37.6) (39.2) (23.2)
Tocal 374 495 130 999
{37.4) (49.5) {13.0)
Total, excl. 289 426 130 845
Bosaton (34.2) (50.4) (15.4)

8pistributions do pot reflect differences in population per bleck.

Kk

bIncludes NEF 20 values as well as NEF 25 values.
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The most recent U.S. Environmental Protection Agency (EPA) figures

suggest that populations In the vieinity of alrports are distributed

as )‘Eollows:8

1972
Population
NEP (mi1llions) Percent
25-30 8.5 33.1
30-40 6.0 37.5
40 and over 1.5 9.4
Total 16.0 100.0

Assuming more or less even population density by noise interval, the
samples used in the present study contain a relatively greater
proportion of the population in the NEF 30 and over intervals.

3.5 Empirical Results: Summary by Airport

Table 3.4 summarizes the empirical results for seven airports.
In each case, a regression was selected that seemed to represent the
best outcome, taking into account goodness of fit and the signiflcance
of the NEF coefficient. The table displays the coefficient estimates
and uncorrected ‘st, as well as the possible range of NEF coefficients
obtained from alternative specifications of equation (6).

The best NEF coefficients lie in the range -0.0029 to -0.0084,
with a simnple mean of -0,0055, Results for Cleveland, St. Louis,
New Orleans, and Buffalo lie below the mean value., Results for San

Francisco, Boston, and San Diego lie above the mean value. The results

for Cleveland may be affected by multicollinearity since the next
best estimate As ~0.0069, - The results for Boston reflect the poor
pample obtained for this study area. If these two samples were

8l.!.S. Environmental Protection Agency, Impact Characterization
of Noise Including Implicationy of Identifying and Achievinp Levels

of Cumulative Noise Exposure, NTID 71.4 (Washington, D.C.: EPA, July

1973), p. 37. See HNelson, op., cit., p, 155, for other comparative
population estimates.
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TABLE 3.4
SUMMARY OF EMPIRICAL RESULTS, BY AIRPORT

Mean Best NEF
a Property’ NEF Coaefficient Student~t Regregaion Poasible Cocfficient

Alrport Value Range Estimate Statistic R Rnngeb
Sap Prancisco $29,686 25-45 -0.0058 3.1549 0.713 -0.0041 to -0.00560
(N = 153)
Bosten 22,857 25-35 ~0,0084 2.1693 0,153 -0,0084 to -0,0129
(N = 154)
Cleveland 20,898 25-43 ~0,0029 2,2695 0,690 ~0,0029 to ~0.0069
(N = 185)

& st. Louts 16,411 2545 -0.0051 1.0136 0.742 -0.0040 to -0.0053
(N = 113)
New Orleana 21,975 20-45 -0, 0040 2.0523 0.751 -0.0033 to -0.0050
(N = 143)
Buffalo 20,656 20-45 ~0.0052 2.6000 0,611 ~0,0052 to ~D.0064
(N ='126)
San Diego 32,241 25-45 ~0.0074 3.1795 0,762 -0,0068 to ~0.0074
(N = 125)

N = sample aize.

bConfficient valuen bnsed on alternative regrespions incerporating several explanatory varicbleas. These
results reflect the robustness of the coefficients given alternative model specifications,

e b Ak ke o < 2 5
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Study Area Correlations

San Franciaco =-0.459*%
Boston =0.341*
Cleveland ~0,.301*
St. Louig =-0.390*
New Orleans ~0,567*
Buffale =0, 4504%
San Diego -0.108

where the asterlsks indicate statistical sipnificance at the 90 per-
cent confidence level, The San Diego results are interesting in that
the peak noise contours {(NEF 40-50) contain mostly higher valued resi-
dential properties adjacent to the San Diego Waval Base, The next
lowest correlation is Cleveland, where the sample 1s drawn largely
from the NEF 30-340 contours.

The empirical results for seven individual airports are thus
congigtent with the basic hypothesis of this study. The range of
coefficient estimates obtained may reflect differences in the samples
used, income levels of the residents, climate of the study area, and
sampling variations due to the stochastic nature of the property
value-aircraft noise relationship. The naxt section of this chapter
analyzes a pooled sample, while Chapter 4 considers the distribution
of individual coefficients about a weighted-mean value.

3,6 Empirical Results: Pooled Sample

The observations from six airports, excluding Boston, were pooled
to form a sample with B45 blocks, This procedure is permissable

k1



the observations are dyawn from a

chapter demonstrates that the noi:
weighted mean, homogenelty of the ¢

all regression., For example, there

the level of property values acros
: 3 and Sc. Louis.
ﬁ The appropriate test for overall homogeneity of the samples is
i given by

g [s? - Esi]/(n - L+ 1)
(10) P =

2
ZSni /[XNm - M(K + 1)]

8° = residual sum of squares from the grand (pooled) regression
(N = 845},

& reaidual sum of squares from the individual regressions of
I sample size Nm (m=1,...,6),

7]
L}

ir M = number of airports (subsamples), and

K = number of independent wvariables,

For the pooled sample,

(32.838 - 9.522)/(5)(7)

= .53 I (865 = (BY(ny  ~ 80545

P

which is statistically significant at the 0.05 level.

Te allow for differences in the samples, dummy variables were
added for five areas wi:h'San Francisco as the reference area; that
ié, the regression constant pertains to San Francisco. Since this
procedure assumes the areas differ only in the constant term,

i the results for the pooled sample should be interpreted with caution.
E It is possible that the NEF coefficient reflects, in some important

and unknown way, differences that exist among the urban areas.
2 Table 3.5 presents the regregsion results for the pooled sample.
" The NEF-II coefficient 1z about =0.005 in regressions (1) and (2},
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» sreaslon Coetuicic ..

(1 (23 (&) )

Conatant 7.4615 7.50m 7.529% 7.5614

(49.4098)%  (49,0437)#%  (49.7636)%  (49,3988)%
wer-11 -0.0048 ~0,0047 -0,0041 -0,0040

(6. 6984) 4 (6.5249)%  (5.4999)%  (5.3979)%

La Mean Roons 1,362 1.3828 1.3180 1.3365
per Unit (31.6072)*  (30.7938)%  (29.4772)%  (28.5900)%
Lo Percent 0.1364 0.1196 0.1330 0.1191
Owtiar~gccuplied 4.2801)% (3.5682)%  (4.2008)%  (3.5750)%
Percent Black ~0.0025 -0.0017 -0.0026 =0,0027
Population Cleu 2066) % (6408230 (4.33273% (4 4968)%
Parcont Subatan-  ~D.0007 -0.0002 -0.0009 -0.0005 .
dard Plumbing {0, 2577) (0.0915) (0.3413) (0.1981)
Parcent Built — «0, 0006 -— =, 0005
Defore 1939 {1.6052) (1.3474)%
Percent Cantral - -— 0.0018 0.0017
Adr Conditioning {3.4499)% {3.2349)%
Hev Orleans ~0.351 -0,3609 -0.4198 -0,4209
Dusany (R6.8744)%  (24.8442)%  (18.1979)%  (18,2434)*
Cleveland ~0.2948 -0.2817 -0.3020 -=0.2908
Dumay (21,4065)%  (17.6674)%  (21.8993)%  (18.0824)%
8t. Louis -0, 5346 -0.5230 -0, 5926 -0,5853
Duzmy (33.44500%  32,0337)%  (25,8229)%  (24.6641)%
Buffale w0, 4222 -0.4196 -0,4204 -0.4183
Dummy (20,4876)%  (28.1749)}% (28,5364}  (28,2490)%
San Diogo 0.0053 0.0100 "0, 0077 09,0124
Dumny (0.3645) 0.7282] (0. 5309) (0.8263)
82 0.8379 0.8284 0.8402 0.8406
&2 0.8360 0.8363 0.8181 0,81383
L4 431,192 192,968 398.1991 365.5246
ars 0,1209 0.t20t 0.1194 0.1193
Dec (X'X) 0.2253 0.1188 0.4299 0.2253
" 84S a4s B4S 84S

*
S8ignificant at the 90 percent confldence level, one-tailed L-~teéat,
Deprndent varianble Ls Ln mean property value.

'Smph mize {K) excludam blocks with less than 50 percent nnd fewer
than 10 aingle-family, owner-cceupled housing unite. Only thoae
blocks ara included where at least BO percent of the unite Tcported
wvaluas.
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but declines to =0.004 in regressions (3) and (4). The latter re-
gressions include the tract variable for central air conditioning.9
Four of the five dummy variables are statistically significant.IO
All other coefficients are significant, except that for substandard
plumbing., The corrected st are about 0,84,

The mean property value for the pooled sample is 523,713 (Table
3.6), while the simple correlation between property values and NEF
levels 1s -0.176 (Table 3,7). The simple correlation between NEF
levels and the tract variable for central air conditioning is statis-
tically significant. The two tract variables are also significantly
correlated with each other. These interactions suggest fhat there
may be some multicollinearity present in regressions (2) - (4), but
this problem does not appear to be severe enough to cause significant
precision losses.

Table 3.8 displays the mean values of the bloek variables by NEF
level, Properties located in the NEF-30+ intervals tend to be somawhat
lower in value, smaller, and less residential. These differences sug-~
gest that the NEF coefficient might overstate the effect of noise on
property values due to incomplete specification of the hedonic price
equation. Thiz isgue is discussed further in the next chapter.

gThe pooled regreassions were algo run for the NEF variable without
boundary conditions. The NEF coefficients were -0,0038, -0.0036, -0.0030,
and ~0.0029 for regressions (1) - (4), resgectively. The sample size
wag 1,078 observations and the corrected Ré was 0.84,

10The partial F statistic for the dummy variables is 294,861, which
is statistically significant at the .05 confidence level. As an al-
ternative to the dummies, the distance to the CBD was used in the pooled
regressions (see Table 3.2). However, this varilable performed poorly
and the R%s deeclined to about 0.56.
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HMean Property $23,713 57,398 $8,422 $54 ,444
Value (1) :

NEF=-II (2) 31.047 6.526 20.000 45,000
Mean Rooms 5,727 0.652 4.300 B.300
per Unit {3)

Percent Owner=~ 87.669 11.080 50,000 100.000
Occupled Units (4)

Percent Black 1.388 7.430 0.000 80.420
Population (5)

Perceat Sub- u,552 1.635 0.000 14,286
stand. Plumbing (6)

Percent Built 15,177 15.848 0.000 79,737
Before 1939 (7)

Percent Central 12.369 18.111 0.000 75.923

Afr Conditioning (8)

aSample size (W) excludes blocks with less than 50 percent and fewar
than 10 single-family, owner-occupied housing units, Only those
blacks are included where at least B0 percent of the units reported

values.
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TABLE 3.7

ZERO-ORDER CORRELATIONS
POOLED SAMPLE
(Sample Size N = 845)¢

yuoi=
ableP  (2) (3) (4) () (6) o) (8)
(1) ~0.176  0.648* 0,100 ~0.200 -0.145  0.006 -0.231
(2) ~— -0.325% -0.196 =0.095  0.040  0.229 =0.377%
3 -~ 0.257% -0,034 -0,154  0.050  D0.122
(4) - -0.002 -0.034. -0.169 01110
(%) - 0.015 -0.123  0.205
-(6) -— 0.162 -0.018
(¢)) - ~0,298*

®
Significant at the 90 percent confidence level.

aSample size (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-occupied housing units. Only thoase
blocks are included where at least 80 percent of the units reported

values,

bl?t'.ar a4 listing of the variables, see Table 3,6, Variables (1), (3},
and (4) are in natural logs.
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Mean of b T
Variable NEF Interval
{st. Dev.) 2n=30 30-40 40~50
Property Value 524,957 $23,153 $22,783 a
{B,143)* (6,504) (8,078)
Rooms per Unit 5.939 5.642 5,532 ,
(0.617)* (0.613) (0.669) °
Percent Ouner- 89.983 86,984 84,764 *a
Oceupied Units (9.281)* {10.888) (14.082)
Percent Black 2.361 1.118 0.110 *a
Populaticon (9.507)* (6.862) {0.505)
Percent Substan- 0.472 0,581 0.638
dard Plumbing (1.373) {1.672) {2.009)
NEF-I1I 23.737 32.782 41.615 *
(2.176)* {2.487) (2.347)°2
No. of Oba. 289 426 130

* .
Mean value for this interval is significantly different at the 90 per-
cent. confidence level from the mean value for the interval NEF 30-40,

Bveqin value for this interval is significantly different at the 90 per-
cent confidence level from the mean value for the interval NEF 20-20.
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CHAPIER 4

DISCUSSION OF THE EMPIRICAL
RESULIS

Previcus chapters discussed the study methodelogy and summarized
the empirical results for seven airports. In the present chapter, the
atudy's strengths and limitations are considered. Based on this review,
it is concluded that the statistical results are robust and consistent
with earlier empirical studies for the same time peried. The main
shortcomings of the study are the problem of specification of a com-
plete empirical model of property values and moasurement errors intro-
duced by the use of aggregate census data. The possibility of incom-
plete control for the effect of airport accessibility on land values

should also be considered.

4.1 Confidence Intervals and Stability: Individual Airports

The basic. hypothesis in this study holds that a stable, discernable
empirical relationship exists between the level of aircraft noise and
the level of residential property values. Alternatively, one might
hold that no such relationship exists, or that some lknown relationship
exists between differential noise levels and residential property values
(based, perhaps, on past empirical studies}. These alternative hypotheses
are referred to as null hypotheses, This section presents statistical
tests of several null hypotheses and, in additionm, tests for the stability
of the empirical results relative to a welghted-mean coefficient value.

The rule for rejectinz or not rejecting a null hypothesis is based
on a test statistic computed from the data and empirical results. Typ-
ically, the null hypothesis is rejected when 2 test statistic exceeds

a specified value, called the eritical vslue. Table 4.1 presents the
beat estimates of the NEF coefficients and the 90 percent confidence
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TABLE 4.1

90 PERCENT CONFIDENCE INTERVALS
FOR NEF COEFFICIENTS

Estimated Estimated 90 Percent
a NEF Standard Confidence
Alrport Coefficient Error Incervalb,e
San Francisco ~0.0058 0,0018 ~-0,0058 + .0030
(DF = 145)
Baston -, 0084 0.0039 -0,0076 + .0064
(DF = 147)
Cleveland ~0.0029 0.0013 -0,0029 + .0021
(DF = 177)
St, Louls ~0.0051 0.0026 ~0.0051 + (0043
(DF = 105)
Now Orleans -0,0040 0.0020 -0.0040 + .0033
(DF = 135)
Buffalo -0,0052 0.0020 -0,0052 + .0033
(DF = 118)
San Diego -0.0074 6.0023 -0.0074 + .0038
(Dr = 117)
Paoled 'Samplad -0, 0040 0.0007 -0,0040 + .0012

{DF = 832)

%o - degrees of freedom

bLawer bounds are, respectively, -0.0028, -0.0012, -0.0008, -0.00083,
~0,0036, and -0,0028,

-0.0007, -0.0019,

cUpper bounds are,
-0.0073, -0.00835,

d'rhe pooled sample

respectively, -0,0088, -0,0140, =-0.0050, -0,0094,
-0,0112, and -0,0052,

excludes Beston.
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intervals for these coefficients. These intervals are based on the

following statistical rule

(1) b= £, (8,)

where b denotes the estimated NEF coefficlent for a given airport,

ﬁb is the estimated standard error of the coefficient, and L is the
critical value of the Student-t statistic for a given confidence

lavel, e.g., 1.645 for the 90 percent confidence level. This statistic
has ¥ - K degrees of freadom, where N is the numher of chservations and
K 18 the number of parameters estimated (Including a constant teym).

The interval given by equation (1) allows us to state that in
repeated samples for a given airport, the true NEF coefficient (denoted
by b) will lie within this interval 90 percent of the time, i.e., the
statement b = tc-(ﬁb) <b f_g + tc-(ﬁb) may be made wich 90 percent
confidence.

Suppose we are interested ln testing the null hypothesis which
atates that no relatilonship whatsoever exists between aircraft noise
and residential property values. This is equivalent to testing
whether b = 0 for each airport,'that is,

b=0

@ w,

H

»e

A HN is false

where HN and HA are the null and alternative hypocheses, respectively.
For the null hypothesis to be rejected, the ecritical lower bound of the
90 percent confidence interval must include zero, Table 4.1 indicates

that the null hypothesis of no relationship can be rejected for all

seven airpor:s.l

10f course, it might be argued that as a practical matter the lower
bound for New Orleans does not differ significantly from zero. Chelce
of a higher confidence level {asay, 99 percent) would also alter this
conclusion,
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This test procedure may be used for any specific value of the
parameter and not necessarily zerc as in the above example, To teat
the null hypothesis that the true NEF coefficlent equals -0.0100,
the upper bounds of the 90 percent confidence intervals can be used. In
only two of seven cases do these critical values exceed =0.0100 and the
null hypothesis could not be rejected, To test the null hypothesis that
the true NEF coefficient is -0.0030, the lower confidence bounds can be
used. In only one of seven cases would we not reject this null hypoth-
esis. The evidence presented in Table 4.1 is therefore consistent with
the conclusion that the range of true NEF coefficients is -0.0030
to ~0.0100, or a 0.3 to 1.0 percent depreciation per unit increase
in NEF.

Rather than view each airport as an individual case, we can treat
the empirical results as repeated samples of the same phenomenon
using different geographic areas. Repeated cross—sections raise the
question of the mean coefficient value and the stability of the indi-
vidual empirical results around that mean value. It is possible to
test for stability of the coefficient estimates without resorting to
the cumbersome procedure of pooled-data regression analysis.

%o conduct this test, we leé b; be :he egtimated NEF coefficient in
the m~th sample (m = 1,...,6) and let B be a weighted average of the

b*s such that
m

* *

o " E (bm/pm)
h =

T /el

m

*

where Py ig the corresponding diagonal element in the inverse of the
moment matrix of regressors, i.e., the appropriate diagonal element of

t -1
(Xm Km) s where X is the Nm x Km matrix of observations on the re-
gressots.

If the null hypothesls that the coefficlents are stable holds, then

* -k
bm = b, and
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where M is the number of samples, Nm is the number of observations in
:ge m-th sample, Km s the number ;E parameters to be estimacted, and
Sm 1s the residual sum of squares.

The test statistic given by equation (4) calls for taking M
sepavate regressions, summing thelr residusl sums of squares, and
comparing chis with & sum of squared deviations of the coefficient
estimates, The resulting statistic has an | F-distribution with M - 1
and L (Nm - Kh) degrees of freedom. Table 4.2 presents the required
computations. The weighted mean value of the NEF coefficients is
~0.0050, The test results indicate that the null hypothesis cannot
be rejected. Thua, based on .gix samples, we conclude that the
empirical results yield stable coefficients distributed around a
weighted-mean value of -0.0050. This value is slightly greater than
the coefficient estimate obtained using the Paoled sample, at least
when both tract variables are included.

4.2 Parrivioned Regressions: Pooled Sample

Aa a further test of robustness, the pooled sample was parti-
tioned in two ways. Firat, dummy variables were inserted in the re-
gressions, where

e ——

2

See G, €, Tiao and A. S, Goldberger, "Testing Equality of In-
dividual Regression Coefficients," Unpublished paper, University of
Wisconsin, Social Systems Research Institute, February 1962.
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TABLE 4.2

TEST OF THE STARILITY OF NEF COEFFICIENTS
FOR SIX AIRPORTS

Adrport N K 52 b2 Pt .10™ (1/ph.a10%  (ba/pd) Bb;—ﬁ*flpé}lo*
San Francisco 145 1.329 0,058 0,367 2,725 -15,804 1.744
Cleveland 177 0.961 ~0.0029 0.310 3,226 -9.355 14.226
St. Louts 105 1.507 -0.0051 0,492 2,033 ~10,366 0.020
New Orleans 135 1.998 ~0,0040 0.262 1,817 -15,267 3.817
Buffalo 118 1.835 -0.0052 0.256 3,906 -20,312 0,156
5  San Diego 117 1.892 -0.0074 0.337 2,967 -21.958 17.092
otal 197 9.522 - - 18.674 ~93,062 37,055

B* m (-93.062)/(18.674 + 10°) = -0,0050

r

(37.055-10‘3)l(5)

" 19.522)7(79D)

= 0,620 < 2,21

ettt 00 i A st A A e 3 8 e d KoY 28 57 i e st M
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1 1if NEF = 40 or 45,

0 otherwise;

D2 = 1 4if NEF = 30 or 35,
= 0 otherwise,

(5} Dl

Using Figure 2.3, we expect D1 > 0, DI*NEF < 0, D2 > 0, and D2'NEF < 0
if any accessibility effects remain in the pooled sample.

The empirical results with these dummies are presented in Table
4.3, The signs on DL and D2«NEF are consistent with the accessibility
hypothesis, but nelther coefficient is statistically significnnt.3
On the other hand, the NEF coefficlents are now closer to the simple
and weighted means for the individual samples and partial F-tests in—
dicate that the dummies jointly contribute to the explanation of vari-
ation in residential property values, The NEF-property value rela~
tionship is possibly more complex than the simple relationship depicted
in Table 3.5, although the amount of bias appears to be small relative
to the range of values for the individual study areas.

As a second test, the pooled sample was partitioned using the
linear distance from the airport terminal, 1In Table 4.4, the results
are summarized for blocks located within 2 miles of the main terminal,
1 to 3 miles, 2 to 4 miles, and 3 to 5 miles, respectively. The mean
property values (Y), NEF range, and sample size (N), are also displayed,

While the range of NEF coefficients 1s now somewhat greater, appli-~
cation of an F-~test indlcates that the sample estimates are stable.

The values ~0.0030 and -0.0055 are stable about a weighted mean of
-0.0046, The valuea ~0.0061 and ~0.0036 are stable about a weighted
mean of -0.0055. On the whole, these results are consistent with those
presented above, althoupgh there 1s some suggestion of a greater nolse
discount at about 2 to 3 miles distance from an airport. This result
may simply vreflect sampling variation, but deserves to be tested fur-

ther using less aggregate data drawn frem a single urban area.&

3Due to high intercorrelation (r = 0.998 and 0.994), it was not
posaible to include both slope and intercept dummies in the same Te-
gression.

4For example, 20.3 percent of the one to three mile sample con-
slats of observations drawn from San Diego, compared to 1l4.8 percent
for the pooled sample.
49



TABLE 4.3

REGRESSION RESULTS FOR POOLED SAMPLE,
WITH DUMMY VARIABLES

Regreasion Coefficient (Student-t)

Variable {1 (2)
i Conatant 7.3917 7.5982
(45.5622)% (47.0939)»
weEr-it ~0.0053 «0,0055
! (2,0064)% (2.8258)%
DLeNEF-I1 0.0008 -
{0.7451)
D2+NEEF-1I ~0,0008 -
{1.0117)
Dl - 0.0183
(1.0843)
D2 - -0.0241
(1.2654)
Ln Mean Roome 1.3229 1.3230
par Uaic (28,3730)» (28,4380) %
Ln Parcent 0.1293 0.1294
Owner=-gecupied (3.9166) (3.9217)*
Parcent Black «0.0026 -0,002%
fopulacion (4,2572)% (4.2263)%
} Parcent Substan= =0,000% -0.0010
~ dacd Plunbing (0.3574) (0.3867)
]
i Parcent Buile =0,0003 «0,0003
| Sefore 1919 (0.7076} (9.7612)
"" Parcent Cantral 0.0012 0.0012
AMr Condicioning {2.3167)% (2,2896) '
I
: 8t. Loutn -0,%4%3 -0.5858
: (26.3246)% (24.6400) »
Clevaland ~0,2911, -0.,2940
Dy (18,1188) % (18.1738)
New Orleans «0,4118 =0.4123
! Dunay (17.9477) {18.0095)»
| San Diego 0.0003 -0,0010
Dugmy {0.0194) (0.0846)
|
I Buffalo «0.4308 ~0,4317
! Dumy (28.715)% (28,701 7)*
' 0.8446 0,84649
! 2 0.8420 0.8423
ir r 322.2996 322.9932
; seg 0.1180 0.1174
f Dac (XX} 0.1081 0.1822
f n 843 045

“5ignifcant at the 90 percent confidence level, one=tailed t-tasc,
Depandant variable 1s Ln mean property value,
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PARTITIONED RECRESSION RESULTS FOR POOLED SAMPLE

TABLE 4.4

Dintance to the Airport Terminal in Milea:

Yariabla 0-2 1-3 2-4 35
Constant 7.7452 7.5711 7.2650 7.5129
(31.3114)%  (40,6833)4  (34.5836)*  (24.7396)%
KEF~II ~0.0030 -0,0061 -0.0055 -0.0036
(1.9118)*  (6.2330)%  (4.4066)%  {2.1529)%
1n Mean Rooms 1.2832 1,4238 1.3970 1.1991
per Unie (15.4708)%  (23.7166)%  (23.4522)*% (14.3227)#%
Lo Percent 0.0904 0.0987 0.1715 0,1766
Owner=Ocecupled (1.8664)n {2,5225)* (3.8405)* (2.6623)*
Percent Black 0.0002 -0.0014 -0.0038 -0,0089
Populacicn ¢0.1962) (2.1518)%  (5.3915)%  (2.0661)w
Percent Substan~- 0.0024 -~0,00156 0.0018 0.0007
daxd Plumbing (0.4778)  (0.4360)  (0.5350)  (0.2048)
Parcent Built 0.0029 0.0012 -0.0013 -0.0013
Before 1939 (3.284B)%  (2.0541)%  (2.9414)%  (2.7049)%
Porcant Central  =0,0051 0.0009 0.0015 0,0025
Alr Conditioning  (2.5252)%  (1.3960) (2.4666)%  (2.5728)%
8t. Louis -0,5205 -0.6313 -6.5364 -0.5373
Duzany (7.7382)%  (21.4939)%  (19.0175)%  (13,0741)*
Clevaland -0,3160 -0.3061 +0.2448 -0,2631
Duzmy C11.1460)%  (14.9281)%  (11.7504)%  (10.2452)W
New Orleans “0.2578  --0.4207 ~0.3973 -0,3917
Duamy (4.6232)%  (14.5228)%  (10.9389)%  (8.1535)%
8an Diego -0,0456 -0.0332 0.0322 0.0305
Dumay (2.6089)  (1.8929)%  (l.6616)%  (0.7102)
Buffalo -0.4626 -0.4506 -0.3755 -0,4079
Duaay (21.6426)%  (26.1784)*%  (17.1976)%  (4.9984)#
z? 0.8729 0.8589 0.8483 0.8339
it 0.8674 0.8559 0.8448 0.5252
sEe 0.1099 0.1177 0.1155 0.1105
§.10° 23.5972 24,0176 23,6023 21,6947
NEF Range 25-45 20-45 20-45 20-40
N 289 372 529 244

#3ignificant ac the 90 percent confidence level, one-tailed t-test.
‘Dependent variable is Ln mean property wvalue. Student-c values in

parentheaes,

51




As a final test for accessibility effects, the six individual
samples were partitioned to include only obser&ations iocaced from
one to four miles from the airport terminal. Thus, these samples
exclude observations within one mile of the terminal (0-1 miles) or
greater than four miles from the airport terminal (4-5 miles)}. The
resulting samples are now consistent with one another insofar asz each
sample includes observaticns whicﬁ are the same distances from the
terminal. The major changes oceur in the San Francisco, Cleveland,
and New Orleans samples, where 13, 19, and 20 observations are excluded,
respectively. Only four observations are excluded from Buffale and
there are no changes in either the St. Louls or San Diego sample sizes.

The regression results are summarized in Table 4.5. The coefficient
range is now ~0.39 percent to -0.74 percent. The Cleveland coefficient
increases from -0.29 percent to -~0.51 percent and the San Francisco
coefficient declines from ~-0.58 percent to -0.47 percent, The New Orleans
and Buffalo coefficients are basically unchanged. Application of the
Tiao-Goldbherger F-test to these coefflcients resulted in a weighted mean
of =0.53 percent, The six individual coefficients were stable about
this mean, with a calculated F=-value of 0.333, The reaults using these
gamples are therefore consistent with the earlier results for the in-
dividual and pooled samples. The major change occurs in the results for
Cleveland, suggesting that some accessibility bias may have been present in
the earlier results for this area. Insofar as these samples are more ho-
mogeneous or control better for accessibility effects, the bias due to
accessibility is quite small, with the pogsible exception of Cleveland.
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TABLE 4.5

SUMMARY OF REGRESSION RESULTS--RESTRICTED SAMPLES®

San St. New San -
Francisco Louis Cleveland Orleana Diego DBuffalo

NEF-I1 Coefficient ~0,0047 ~0,0051 -0,0051 =0-.0039 -0,0074 ~0, 0052

(Student-t) (2.3866) (1.9136) (3.5054) {1.7931) (3.1795) (2.5413)
R2 0.6990 0.7420 0.7010 0.7540 0.7620 0.6100
Sample Size 140 113 166 123 125 122
Mean Prbpﬁrty 29,2980 16.4110 20,9700 22.6460 32.2410 20,7730
Value :10° (5.D.) (5.1860) {3.6840) {2.7150) {5.6870) (8.3350) (4.3380)
Mean NEF 32,2 30.2 34,2 26.1 32,3 29.1
Level {S.D.) (5.0) {6.1) (4.4) (6.6) (6.7) (6.9)
NEF Range 25-45 25~45 25=45 20-45 25-45 20~45
Percent of 13.6 17.7 15.9 2.4 23,2 12,3
Obaervutions
NET > 40

Snestricted samplos for obamervations located one to four milee from the airport terminal,

Regressions have the
game gpecification as regresaton (4) in Table 3.5, except the airport dummy variables are excluded,



4,3 TFunctional Form: Pooled Sample

As a final test for robustness, the pooled sample was applied to
two additional functional forms. First, the model was re-estimated
with all explanatory variables in linear form and a logged dependent
variable. The R2 declined slightly from 0,841 to 0.839 and the NEF
coefficient increased slightly from -0.0040 to -0.0043. There seems

to be no significant advantage to using this medel.
Second, the model was re-estimated in complete linear form, and

the results are displayed in Table 4.6. Regression (1) yields an

NEF coefficient of -§85.71. Evaluated at the sample mean, this implies
4 noise discount of -$85,71/$23,713.19 = ~-0.0036, compared to -0,0040
from Chapter 3. Addition of a quadratic term produced inconclusive re-
sulta due to multicollinearity--the vesults in regression (2) imply
that the size of the noise discount would decline as noise levels in-
crease. In addition to this problem, both regressions (1) and (2)
geemed to be subject to greater residual variance at higher property
value levels. These considerations suggest that our earlier results

are more raelinble than those produced by the complete Ilinear model.

4.4, Comparison with Earlier Studies

This section summarizes the results obtained in seven earlier studles
of the airport noise-property value relationship for the period 1967~
1973, Most earlier studies investigate noise levels in the vicinity
of only one airport. The study by Dygert counsiders both San Francisco
and San Jose Airports. Two studies (Mieszkowski and Saper; Maser,

Riker, and Rosett) look at separate residential areas within the

urban areas of Toronto and Rochester, respectively.s

5Table 4.7 does not include Paik's study of 1960 census block data
for. New York JFK, Dallas Love Field, and lLos Angeles International
Airport; see I, K, Palk, "Mensurement of Environmental Externallcy
in Particular Reference to Noise," Unpublished Ph.D. dissertation,
Georgetown University, 1972, The results of this study are not re-
presentative due to (1) introduction of commercial jets as a signifi-
cant new noise source; (2) use of 1965 noise data; (3) use of a
background noise level of REF 20; (4) omission of raesidential quality
variables such as the age of housing or the use of central air condi-
tioning; and (5) omission of controls for residential units that da
not report property values.
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TABLE 4.6

POOLED REGRESSIONS WITH LINEAR FORM
{Dependent Variasble iAa: Mesn Property Value)

Regresaion Coefficfent (Student-t)

Yariable {1 (2)
Conatant -5,046.62 5,833.81
€3.10) % (1.83)*
NEF-11 -85.71 «770.58
(4.2 (5.,41)%
(ver-17) 2 - 10.49
(3,95)»
La Mean Rooms 3,830.73 5,7%9,09
par Unit (26,96)% (26.76)+
La Percent 48,18 533.47
Owner~Occupied {4.19)2 (4.66)»
Perecent Black ~48.63 ~44,19
Population (2,93)n (2,68)%
Percent Substan=~ 8.47 2.11
dard Plumbing (0.12) €0.03)
Percent Built «9.04 ~5.59
Before 1939 (0.93) (0.57)
Percent Central 12.71 =9.29
AMr Conditioning (0.89) (0,61)
Mew Orleana ~9,164.23 -8,905.14
Dutmy (14.53)* (14.17)»
Cleveland 7,453,594 =7,515,96
Dummy (16.99)* (17.27)~
8c. Louis ~12,049.71 -11, 614,23
Dummy (18.62)* (17.84)#
Buffalo «10,242.09 «10,605.41
Dumy (25.30)* (25.76)*
San Diego 1,147.37 908.40
Dumny (2.81)* (2.22)n
't 0.01 0.81
i 0.1 0.81
? 293,08 276,48
SER 3,258.90 3,230.70
Dat (X°X) 0.23 0.002
N 845 84S

'3131\1!1::::\: at the 90 percent confidence level, cne-tailed t-teat,
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In order to compare these earlier studies with the present work,
it will help to develop the notion of a noise depreciation index. For
two residential propercties that differ only in their level of noilse
exposure, the absolute amount of depreciation per decibel (the price

of quiet) can be defined as

difference in total noise diszount

(6) D=
difference in noise exposure

Dividing D by the price of the basic house, the percentage rate of

depreciation or noise depreciation index (NDI) is defined asb

D

(7) NI = + 100
Property Value

difference in total percentage depreciation

difference in nolse exposure

The NDI is a measure of the nolse sensitivity of the housing market
expressed in terms of the marginal rate of depreciation per decibel
over some given interval of noise exposure. It 1s alsc equal to
the ratio of the price of quiet to the price of the basic house, For
example, suppose that two properties differ in value by $1,000 and the
difference in noise exposure is 10 decibels. If the price of the basic
house is $20,000, then the NDI would be

NDI = §é§%%96%%_ . 100 = 0.5 percent
L d

or a one-half percent discount (premium) for each decibel increase

(decrease) in noise exposure.
The range of noise depreciation indices in Table 4. 7 is about 0,50
to 1.10 percent. Taking a simple average of eight estimates yields a

mean nolse depreciation index of about 0.67 percent:

6See A. A. Walters, Noise and Prices (London: Oxford University
Press, 1975), pp. 102-05.
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TABLE 4.7

TARULAR SUMMARY OF SELECTED ALRCRAFT HOLHR-FROPERTY VALUE ATUDIES

Hoisa Pollution
Henours

Typa of Datn

Modu#l Charactorietics

Mater Findinga

Araa(s)
Author Studied & Year
Essracn Hinneapolin, 1967
(1989, 191)
Moan property
value 18 519, 603,
Dygert Ban Pranciaco,
(1323} 19

fan Joas, 1970

Moan property
valugs dra aboub
$27,600 and 921,000,
respectivaly.

Compouitn Nalse
Rating (CNR} from
90 to 125 (MEP
25-45) for Summer
19673 chrashold
CNR of 90 ur 100
unitl uaed,

REP 25 to 43 for
1970, Some astd-
matas for CNA alao
enployed. Ho ad-
Juacment for nolsa
thresholds in full
sonple cegcapaions,

Individual houslng data, sctusl Signiflcant explanatery vari-

galan prices ftom Multipla
Listing Sarvice sheaota fotr
July 15 to Septeater 30, 1967
(oample aieo M=227)}, Dopen=
dent variabla is log of salea
price,

Cansus tract data and Assesn-
ad land values aggrepated to
tha tract leval, Sample cize
of 120 observations for San
Mateo County in the vicinicy
of San Franciseo Intarnation-
a4l Alrport and 198 obaarva-
tions for Hanta Clara County
foar San Jooe Munlcipal Alp-
port and Moffatt Field, o
naval air atutlen, Depandaent
variable fu log of nmoon as-
sesped nire valuo per squarn
foot,

ables includa pquara fest in
house, square feur in lot,
aga, garage space, ho. of
baths, no, of floors, atuceo
ar stone exterior, no, of
rangea, etc., nho. of fire=
placen, diatance to acheol,
location within two lots of
freeway, location near pavks
OF DPER greon space, purcent
nonwhite population in ale-
mentary schools, and Ereedoa
From alvcralt nolse puisance.
The noles varlable 1s signi-
ficant at 90 percent level,
one-tatled test; RS = 0,798,

Explanatory varinbies include
acconsibility (abapping cep-
tera, industrial aites, alr-
port terminala, public schoola,
and the central business dla-
tricta), median no, of peaple
per unic, percent nonwhite
units, characteriatico of the
terrain, dwelling unite per
acte, and the property tax
rate. Raegroasions prosented
for full sample and partition-
ed samplas based on nolae
levala, proportion of sipgle=
fanily dwellings, and total
property value,

Enarson {1572, p. 275) concluded
that the reduction in pricea for
tesldencen oxposed ro & CNR of 125
wvag 9.8 percent, or §1,929,for a
wean §19,68) reaidence. The in=
plied marginal domage in about
§115 per NEP, or a nolse daprocla-
tion index of 0,58 percenc per HER
The CRE-NLF rolationship La ap-
proximately CHR = 33 + 1.5 NEF
(nygere 1913, p, 19). Final re~
gresaiona use a thresheld CNR of
100 (NEF 10).

Signtficant (30 parcent level) Ban
Hateo County noiae cosfficfentca
tend to eluater around -0,005, but
ranga from -0,704 to -0,034.

Santa Clara County ronfiiclionta
vange from =0.007 to -0,015, bur
do nat cluster around a central
valun, Supgested notae deprecia=-
tion indexes are 0,5 and 0,7 por-
cent, :'mu:u:t:l.valyt but could ba
greater, Typical &< fe {n Tange
0,60 ta 0,70,
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TADLY 4.7 (Continued)

Mofpe Polluticn
Heagura

Type of Data

Made) Characterintics

Major Pindings

Araa(m)
Author Studied & Yoar
Price poscton, 1969 co
{1914) 1970
Mean apartpent reant=-
al is akout $100 par
month for 1970,
Hiestkawakd Taronto, 1969-
and Saper 2]
(L975)

e e e e e, . . ..
T O T W S S PN ST PP PP PP

Msan preparty
vialuoe are sbout
$30,000 and $35,000
for Misntasauga and
Rrobicoka, respsc=
tively.

HEF 25 to &5 for
1970, NEP valuma
tar each tract aroc
interpolated to the
naateat NEF unie.
Ko adjustment For
threshold noloa
tevela,

HEF 23 to 13 for
1971 and CHR 95 to
115 forecasts for
1915-76, HNo adjumt~
ment for thresholda
in full sample re=-
greasiono, but
nolne-[ree regraa=
nlons can be used

to calculate tmplied
discounts in noisy
Arean,

. Lonoua tract dota scraened so
that at least 25 percent of
che tatal houaing units are
rantal units (sanple olee Ne
270), Dependent variabhle 1s
the percont change In median
contract rent from 1960 to
1970 Lor track,

Individual housing data, ace
tusl salas for January 196%
through June 1573, Date ara
deflated to 1969 using & timo
dummy, Sumple sizes vary de-
pending on control group, hut
611 ohaarvations are avail-
able for the botough of Hiss=
issauga and 509 ohaervationa
for Etobicoke, Dependent
voriable i8 oither linear orv
log of sales price,

Explanatory variablea fncluds
the change in the percont of
nenwhice populatien from 1560
to 1970, percent of acnwhicas
in 1960, percent of people
ovar 65 in 1960, lop of mu=
dian contract tept in 1960,
distance to the Boaton centrsl
buainesn district, percent in=
sresae In pruperty tox rate,
percent of housing units huflt
before 1910, percent of housing
upits bulle since 1940, and
the pureent of howsing unite
that are public housipng units.

Explanatory vartables include
squara feet in lot, average
room aize; lot sixa, square

of boch housa sire and lot
atze, no, of hedroowms, no,

af uellity rooms, no. of hama-
ment rooma, and dummy variables
for 25 additional characteria-
tica guch as pumber of atorien,
garape airg, fireplnces, typs
of slding, etc, Ho agcossi-
bittty moasuren are included.

Price cancluded that, for 1970,
tha differences in tenta botween
a quist realdence (NEP 29%) and a
comparally nofay one (NEF 15)
would be about $B8,J3 per month.
The avaraga monthly rent was about
5100 per month in 1970, This im-
plics a noise depreclatfon of
about 0.83 percent, or slightly
lews for more costiy rental pra-
pertles. Corvected N2 s 0.50 or
less and the nafse coofficlent in
pignificant at 95 percent or hat«
tar.

final rasults ara difficult to
intetprat dué to ust of control
proups. FPor Etobicoka, the total
nofae discount relative to tho
control group (NEF 20) 1a =~6.4
percent for HEP 23, -4.6 por=-
cent for HEF 30, and =7.0 pat-
cent for HEF 35. Thim implies
noias depreclation rates of

1.3, 0,5, ond 0,5 petcent per
HEP, respsctively. The R? ia
abput N.90 when all obaervationa
are used.
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TABLE 4,7 (Continuad)

Author

Araa(a)
Studied & Yoar

Haiae Pollucion
Measura

Typa of Data

Maodal Charactorimtice HMajor Findings

Haleon
{1975, 1918)

On Vany
{1926, 1911

Hashington, D.C.,
1970

Maan property
values 1o $27,455,

Dallas, 1370

Hoan property
valuo is about
422,000,

NEF 20 to 15 for
1970, DBackground
natas lavel of NEP
20 anaigned to 42
tvacts In vicinity
of Wamhipgtan
Hocfonal Alrpert.

NEF 20 to 50, ru-
presentad by four
qualitative {duwmy)
viriablan,

Conous tract data scracned Lo
excluds tracto with leps than
110 mipgle~family, owner-acoue
pled unite {onmple aiza Ne
52}, DPeperdent varlabla ia
log of median propercy valuo
for track.

Canwus block dats for 1,270
obaarvationa in tha vieinity
of Lovy Fiold. The nodal ia
linear and the dopendent
wariable in tha aeap property
value for block,

Pxplanatory variables included The nojoe deproclation index i
for no, of ruoms, lot aize in  about 1.1 parcent. The R2 {a
pquars feet, age of houalng, 0.B6). Hafme coeffictent ir sig=
contral air condicioning, dum- aificusnt at the 90 percent leval,
py for riverside locationn, one=tailed test.

and accesoibility to cmployment,

Testa conducted for 18 other

varinhles that proved to be in=-

pignificant.

The dusay varisblas capturs the
not effact af an alpport on pre-
porty valuas, WUithin ono sile

of the afrport (NEP S0) thers is
a afzeahle not reduction in valueg
for ona to two milaw the not af=-
fect 1g inconsequentialy far two
to three milea the nat effect

ta positive; and heyond three
milea there 18 no net effast an
valus. DaVany (1977, p. 139) eo=
timates that the nolse deprocia=-
tion index is 0.58 percent within
two to threa niles (NEF 10-43)
from the airport.

Explanatory varinblea included
for na, of rooms, percent of
homes that ate ownar=-cceupind,
age of houning, avorage length
of ascupancy, petesnt of homes
with air conditioning, and 2
distance to the CAD. The R

ia about 0,82, The total
nafse discount for 4 property
bardering en the airport
would be about ~$5,300, or
4177 per HEF, Uning the mcan
valug of houning of 5:2,000
yielda a nolue depreciation
index of about 0,8 perceng
par NEF.
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TABLE 4.7 {Continuad)

Hotsa Pollution
Measure

Type of Data

Hodel Cheracteristics

Hajor Findiage

Area(s)
Author Scudied & Yoar
Hanat, Aiker, MNochestar, 1971
and Rnsatd
{1977) Hean propetty

valuen are about
§15,200 and $22,000
for clity and sub=
urban samples, re=
sphectively,

Thater (1978}

100 PHAD eantour
(NEF 10) for 1967,
Thara is & lorge
discrepancy between
the FAA 100 PHdR
contour and the dow
timates used, The
actual nofne lavels
might be greater
than 100 FHAA,.

Individual louping oales and
cenqus tract data, Yor 1971,
ity and auburban obperva~
tions wore analyzod sepatvata-
1y for samples of 398 and 990
ohgervationa, respuctivaly.
The model is lincar and the
depepdent watiable ia the
snlep price per acro of land
plus struciura for each dp=
dividual parcel. The nolsn
variablo is in dummy form,

Bignificant variables includa
no. of ctooms, perecnt nonwhite
papulation, property crime
tata, canditicn of property,
adjacent or visible land uae
charactoriotics cuch Ao apart-
wents, industrisl sites, and
public bulldings, type of
gtteet, actess to ceptral
buaineds disteick, and nccdum
to bodins of water or parks.
The 1t? {g sbout 0,60 fot the
ciey sample and 0.80 for thm
suburbon sampla,

The raporced results plus cotmupis=
cation with the authots suggeat
that city properties within HEF 20
are dincounted by 5$2,500-2,900, of
& nofpe deprectatfon of about 0,802
to 0.93 percent per NEF on an
avernge $1%,200 property, The
suburban discount ia $2,400-3,000
pn an average $22,000 prapefty, or
& notse deprectstion of about 0.33
to 0,68 parcant per WEF,

Sources:

F. €, Zoergon, "The Determinanto of Reaidential Value with Special Reference to the Effectm of Afrcraft Nulsance and Other Environmantal Featursa,”

Unpubliahad Ph.D. diosartatton, University of Minnesota, 1969, ¥, C. Emerson, “Evalustion of Nealdential Amepitles: An Feonometric Approach,” Appraisal
P. K. Dygert, “Estimation of the Coot of Alrcrsft Noloe to Reatdentinl Activicios," Unpublished Ph.D, disacrcation,

ournal, 40 (Apcil 1972}, pp. 268-20,

1. Price, "Tha Social Cowt of Adrpore Nolsu aa Heaaured by Rental Ghopgest

P, Miooekowaki and A, M. Snper, "An Estimate of the Effocts of Alrport Nolae on Property Values," Unpublished paper,

J, P, Haluon, The Effacts of Mohilg-Sourca Air and Nolse Pollution on Rosidont il Proparty Valuea, DOT-IST=75-76 (Spcingfleld,
A+ S5, De Vany, "An Econouie Modal

Universicy of Hichigan, 1973,

sertation, dosten Universicy, 1974,

University of lfouston, 1375
Ya.: NTIS, April 19%35).

af Alrport Nolsa Pollutlon in an Urban Envitopment,” in 8.,A.Y. Lin (ed.) Thoory and Moasurement of Economic Externalities (Mew York:
A, 8 Da Vany, "Monatacy Measures nf the Doneflts of Abatement:
1977}, Chapter 7.

Pp. 203-14,

Policy Alternatives for Transporkation (Washingron, D.C.:

Jo P. Nolson, Economic Analynis of Tronsportation Noime Abatement (Cambridge:

fnalitien on the Price of Lands

Ballinger, 1970).

n Empitical Ansiysis of Monroa County, Wew York," Joutnal of Law ond

The Case of Logan Adrport,” Unpubliabed Ph.D. dis~

Academic Preoa, 1976),

Propecty=Value Analynin,” In Natlonsl Academy of Sciencas, Hofse Abstement)
8, M. Maser, #. W, Riker, and R, N, Rosett, "The Effects of Yaning ond Exter=
N 20 (April 1927}, pp. 111-32,

k. Thaler,

"4 Hote oa the Valua of Crima Controly Evidance [ron the Property Havket," Journal of Urban Econoamice, 3 (Januiry 1978}, pp, 137-45,
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Study Area NDI

Minneapolis 0,58

San Francisco 0.50

San Joge 0.7¢ .

Boston 0,83 f

Toronto 0.50 ;

Washington, DC 1.10 §

Dallas 0.58 é

Rochester 0.55 !
Average 0.6675 f

This estimate compares favorably with the aimple average of 0.55
percent derived in the previous chapter. The fact that most earlier
studies do not control for accessibility effects does not appear to
have created significant bias toward zero in the NDI estimates., Indeed, !
if anything, the results from carlier astudies may reflect a negative :

bias due to omitted variables for age and nelghborhood (density) effects. z

4.5 Comparison with Court Awards

The coat of an airspace easement is another indicator of the effect
of ailrcraft noise on property values. MeClure gurveyed the data avail-
able on five alrports and concluded that a hypothetical $24,000 houge

{1,200 sq. ft., seven rooms, stucco) exposed to 100 PNdB or more would

be reduced in value by about $3,432.7 Assuming that the easement award

13 the estimated market value of the property right for 15-25 decihels.s
then the NDI is 0,37 to 0.95 percent,

7P. T. McClure, Indicators of the Effect of Jet Noise on the Value
of Real Estate, P=4117 (Santa Monica, Ca.: Rand Corporation, July
1969), pp. 24-2Y, The five airports are Columbus, Ohio; Denver, ;
Colorado; Des Moines, lowa; Seattle, Washington; and Jacksonville, !
Florida. i

.8
Courts typically award damages only for notse exposure levels of
NEF 40 or more.
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A more recent EPA report determined an average easement cost of $201.40

per unit change in NEF.9 Assuming in 1972 average property value of
$22,000 to 526,000 yields an NDI of 0.77 to (0,92 percent. The easement
cost data presented in McClure and the EPA report are broadly consis-
tent with the regression estimates develeped in both present and past
astatistical studies of residenrial property values, The slightly
higher NDI suggested by the easement cost data might be due to inclu-
sion of moving expenses, legal fees, or unwarranted compensation for
pain and suffering.l0 as well as the poggibility of a higher NDI at

peak nolae levels.

4.6 Specification Bias

The empirical results obtained in the present study are based on
models that contain a handful of variables. The final regressions
contain no more than six significant variables, Studies based on in-
dividual housing data (Emerson; Mieszkowski and Saper) typically employ
models with a dozen or more variables. The coefficients of determina~
tion din the present study are also slightly lower than expected,

The average R2 is 0,711 (excluding Boston), while the range was 0,611
to 0.762. Both the limited number of variables and low st suggest
that the regression estimates may be subject to specification bias.

9U.S. Environmental Protection Agency, Noise Source Abatement
Technolopgy and Cost Analysis Ineluding Retrofitting, NTID 73.5

(Washington, D.C.: EPA, July 27, 1973), p. 4-6.

loMany lawyers and some courts seem to helieve that losses in
residential market value and noise nuisance (pain and suffering)
are different types of damages. This is incorrect. Market value

represents the discounted present value of the future stream of net benefics

agsoclated with a given property, including amenityservices. There
is no basis for counting damages twice through separate awards for taking

and for personal-injury claims.

11The coefficient of determination (R2) is the proportien of
variation in the dependent variable that can be attributed to 2
(explained by) variations in the set of explanatory variables. 4An R
of 0.70 means that 70 percent of the variation in property values is
explained by the independent variables.
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In a narrow gense, specification errors occur when the formulation
of the regression equation is incorrect., I1f, for example, a relevant
explanatory variable is omitted, then the remaining coefficient
estimates may be blased. The direction of the bias depends on the
aign of the omitted variable and the correlation between the omitted
and included explanatory variables, If the excluded variable is
not correlated with (orthogonal to) an included variable, then the
coefficient estimate for the inecluded variable will be unbiased.
However, the coefficient's standard error estimate will contain an
upward bias ard the usual tests of significance and confidence inter-
¥als will be unduly conservative, 1.e., the null hypothesis that b = 0
will not be rejected often enough.

The data and empirical results fndicated that housing located in
higher nolse intervals (NEF 40-50) tends to be smaller and lower in
value (Table 4,8). The housing stock in noisy areas (NEF 304) also
contains a greater proportion of rental units. Thus, it is possible
that the empirical results do not adequately reflect the vélue differen~
tials associated with older, more crowded neighborhoods. The implica-
tion is that the noise coefficient is blased away from zero (more nega-
tive) due to a positive correlation between the NEF variable and omitted
housing characteristics. If anything, therefore, the empirical results
tend to gverstate the true effect of noise on residential values.

There are, however, no consistent patterns among the mean values
of the block variahles. For example, In three cases (San Francisco,
Cleveland, San Diego), housing is significantly smaller in the NEF 20-30
contours when compared with either NEF 30-40 or NEF 40-50. IX¥n one case
{Cleveland), housing located at NEF 40-50 is significantly more resi-
dential. A number of cases exist where there are no significant
differences among the mean values. These comparisons, while admittedly
aimple, suggest that aspecification bias is not of major importance.

The diverse pattern of property values and housing conditions sug-
gests that the stability of the NEF coefficdents 1s not due solely
to change alone. Navertheless, the possibility of some specification

bias is surely present,
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TABLE 4.8

COMPARISON OF MEAN VALUES OF VARTADLES,
BY NEF INTERVALA:

NEF 20-30 NEF 20-30 NEF 30-40
Compared Compared Compared

Mean of to to to
Variable NEF 30-40 NEF 40-50 NEF 4050
Property Value

Sign. greater 4 5 k]

Sign. lower 1 0 1

No difference 1 1 2
Rooms per Unit

Sign. greater 3 5 3

Sign. lower 2 1 2

No difference 1 0 1
Percent Owner-Occupied

Sign. greater 4 k] 3

Sign. lower 1 1 1

No difference 1 2 2
Percent Black Population

Sign. greater 0 2 2

Sign. lower 0 3} 0

No difference 6 4 4

Percent Sibstandard Plumbing

Sign. greater 2 1 2
Sign. .léwer 1 Q 1
No difference 3 5 3

%see the last table in each appendix for the actual mean values and

standard deviations. Entries in Table 4.7 indicate the number of
mean values that are significancly greater or lesser for, say, the
NEF 20-25 contour cpmpared to NEF 30-40 contour.

bEmpirical results for Boston have been excluded from this table.

64



T oAU e

1aor

RSN

. CHCtE e

4,7 Hetercskedasticity and Appregation

Regresgion models of the sort presented in this study assume that
the variance of the digturbance term iz constant (homoskedastic).
When dealing with cross-secticnal microeconomic data, the assumption
of homogkedasticity is not very plausible cn a priori grounds. For
example, it seems reasonable that there would be less varilation in
property values at high noise levels than at low nolse levels. At
high noise levels, the possibilitcy of annoyance is perceived more
accurately by homeownera, and the random variation of property values
about the average level I1s therefore lower,

A ponuniform or heteroskedastie disturbance term deoes not bias
the coefficient estimates. However, the standard error estimates are
biased downward. This means that the usual tests of significance and
confidence will be unduly optimistic, i.e., the probabilicy of rejecting
the null hypothesis that b = 0 will be greater then that indicated by
the chosen confidence leval,

Grouping the data (aggregation) might reduce the amount of wvariation
present at lower nolse levela. Unless the number of observations Is the
same in every group, however, the disturbance term will still be heteroske—
dastic. Moreover, information contained in the sample is discarded
due to aggregation. That is, estimation based on sroup means discards
the information about the variation of the observations within each
group, Aggregation, therefore, does not necessarily solve a heteroske-
dasticity preblemand may result in a further loss of information.

The data employed in the present study are grouped according to
census blocks. While these blocks are fairly small observational
units, the number of residential properties in each block 1s not con-
8tant. As a rather simple check on heteroskedasticity, we plotted the

estimated value of the dependent variable against the estimated value

of the disturbance term for all final regresaions. Alchough the eati-
mated residual is not the same as the true residual, they can be used
ag proxiles, especially if che sample size 1s sufficilently large.

In general, the graphical tests did not suggest the presence of
heceroskedasticity, but the small number of observations at very high
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and very low property values makes any conclusion on this issue some-
what tentative. Moreover, since we do not know the true disturbance
variance, there is no obvious way to transform the data so that the

disturbances in the transformed data are more nearly homoskedastic.

4.8 Coneclusion

The empirical analysis in this astudy addressed the problem of
measuring the effect of aircraft noise on residential property values.
In an attempt to hold airport accessibility conatant, the sampling
procedures exploited the elongated shape of alrcraft noise contours
in the vieinity of seven major U.S5. airports. We found that air-
craft nolse is capitalized in housing prices and the coefficient for
six individual airports (excluding Boston due to census measurement
errors) are stable about a weighted mean of -0.50 percent per decibel
change in NEF. Thus, a 5-decibel increase (decrease} in NEF would
reduce (increase) the value of a $24,000 home by $600, other factors
remalning constant., This estimate is robust, stable, and consistent
with earlier empirical investigations. The range of nolse deprecia-
tion coefficients in the present study was about -0.3 to -1.0 percent
per decibel change in NEF.

When the observations for six individual airports were pooled to
form a sample of 845 observatdiens, the regressions yielded noise
coefficients of =0.40 and -0.48 percent. The addition df NEF slope
and intercept dummies produced estimates of -0.53 and -0.55 percent.
Further, when the pooled sample was partitioned into two mile inter-
vals, the regression coefficients were stable about welghted means of
~0.46 percent and ~0.55 percent. When the individual samples were re-
stricted to blocks located one to four miles from the airport terminal,

the coefficients were stable around a welghted mean of -0.53 percent.

The teats for accessibility effects therefore suggest that some additional

controls may be necessary if bias is to be avolded in the estimation of

noise effects alone. The aggregate nature of the data and limited number

of explanatory variables should also be horne in mind.

12Comparison of the double-log and linear models suggests that
the loparithmic transformation of the dependent variable does reduce
hetercakedasticity.
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In spiteof some qualifications, the amount of bias in the present
study is relatively small, especially when compared to the range of
values for the individual study areas. Both present and past empiri-
eal studies have frequently produced coefficient estimates in the
range -0.30 to -1.0 percent. Apparently, much depends on the par-~
ticular combination of housing characteristics and noise levels
employed, so the tests for accessibility effects may reiflect sampling
variations or incomplete controls for interurban differences. While
the results from this and earlier studies should be interpreted with
caution, there is little evidence that the noise coefficient exceeds
=1.0 percent in most areas and considerable avidence that suggests
a lower value ag representative of most aireraft noise-residential

housing relationships.
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APPENDIX A
SAN FRANCISCO REMPIRICAL RESULTS

San Francisco 15 a relatively large, busy airport, ranking
&ixth In annual average daily air carrier operations in 1972, Total
land area inside the airpert boundary is 8.13 square miles.

Location. The San Francisco sample includes census blocks in
San Mateo County, but excludes blocks that border on the state fish
and game refuge and the Bay. Some blocks were also included from
the South San Francisco Division scutheast te Millbrae. The study
area is west and northwest of the main terminal and is under the noise
contours from runways 10R and 10L. The most remote areas are about

five miles from the main terminal (Figure A.l).

Sample Size., Data were collected for blocks contained in 11
census tracts (Table A.l), Blocks were excluded if they were near
or adjacent to speclal envircnmental features, such as parks, cemeteries,
ot gelf courses. For San Francisce, a teotal of 393 observations were
recorded. The net sample, with boundary restrictions on the NEF
variable, consisted of 333 blocks. Observations were then deleted 1£
information was missing, the block contained less than 50 percent
single~family residential units, or the blocks contailned fewer than 10
single-family residential units. The maximum sample sizes are 197
observations without the NEF boundary restricticns and 159 observations
with the boundary restrictions.

Empirical Results. Initial empirical results for San Francisco
are presented in Tables A.2 and A,3; the results indicate that air-
craft noise has a negative effect on residentisl property values.
Moreover, the results are not sensitive to the model specification.
When the tract variables are added (before 1939, central air conditioning),
there are only slight changes in the NEF-II coefficlent value. This




reasult suggests that it should be possible to include both tract
variables in the final regressions,

The simple correlations in Table A.3 are L

NEF-1I Before 1939 Cent. Alr. Cond.
LMPVAL -0.448% N.053 0.165
NEF-II - -0.104 0.1a8
Before 1939 - - -0.229

where LMPVAL is the natural log of the mean property value and the asterisk
indicates statistical gignificance at the 90 percenc confidence level,
The final regressions in Table A.4 incorporate the sampling restric-
tion on the rooms and property value variables. The final sample size is
153 observations compared to 159 in Table A.3. When both tract variables
are employed, the NEF coefficient is -0.0058 and the corrected R2 is
0.699%4, While this estimate is robust, the air conditioning variable has
an incorrect sign, suggesting that it may be capturing some of the
effect of alrcraft noise. Six of the seven coefficients in this re-
gression are statistdically significant. The scatter plot of estimated
residuals contained no more than three outliers, which were located
close to the mean of the estimated dependent wvariable.

The mean property value for this sample is $29,686' (Table A.5),
while the simple correlation between property values and NEF levels
is -0.459 (Table A.6). Housing located in the intervals NEF
40-50 tends on average to be smaller, less residential, and lower in
value (Table A.7).
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TABLE A.1
SAN FRANCISCO SAMPLE SIZE

Cenaua Total Blocks Boundarty a Net
Tract No. Included Exclusians Sample
6022 65 8 57
6024 39 6 k]
6025 19 4 15
6037 38 8 30
6039 30 3 7
6040 27 8 19
6041 61 8 53
6042 36 1 35
6044 25 1 24
6045 14 K} 11
6048 39 10 29
Total 393 60 333

aBlocks near or adj]acent to the actual NEF~25 or-30 contour lines or
within MEF 30 but adjacent to NEF 35.

A-b
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TABLE A.2

SAN FRANCISCO REGRESSIONS,
WITHOUT BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regreasion Coefficient (Student-t)

Variable (1 (2) (3 (%)
Coustant 8.4785 8.5928 8.3996 7.9298
(51.6258)*  (35.4049)*%  (33,5456)%  (30.6497)*
NEF-I -0.0038 ~0.0041 -0,0037 -0.0050
{2.1100)* (2.1986)* (2.0237)* (2.8910)*
Ln' Mean Rooms 1.1093 1.1305 1.2648 1.1713
per Unit (14.6311)*  (13.6492)%  (13.1007)*  (12,7462)*
Ln Percent —— -0.0323 ~0.0426 0.1041
Owner-0ccupied (0.6406) (0.8545) (1.8711)*
Percent Black — - ~0.0085 -0.0053
Topulation (2.6035)* (1.7110)*
Percent Sub- - -— - -
stand. Plumbing
Percent Built - - - ' 0.0036
Before 1639 (5.3888)*
Percent Central -— - - =-0,0084
Adr Conditioning (1.0154)
f2 0.5981 0.5969 0.6086 0.6590
F 146,8615 97,7468 77.1994 64.1339
SEE : 0.1103 0.1104 0.1088 0.1016
Det (X°X) 0.8305 0.5908 0.4019 0.2267
N2 197 197 197 197

)
Significant at che 90 percent confidence level, one-tailed t-test.
Dependent variable is Ln mean property value.

?Sample size (N) excludes blocks with less than 50 percent and fewer
than 10 single~family, owner-occupied housing units.

A=5



TABLE A.3

SAN FRANCISCO REGRESSIONS,
WITH BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Variable (1} (2) (3} (4)
Constant 8.4538 8,1871 8.3444 8.1092
{29,2400)* (29.6056)% (27.3029)%  (27.8636)*
WNEF-11 =-0.0050 =-0.0066 =0,0048 =-0. 0064
(2.4903)* (3.4605)* (2.4093)* (3.3770)*
Ln'Mean Rooms 1.1730 1.0864 1.1788 1,0917
per Unit (11.1328)* (10.8262)* (11.1814)%  (10,8500)*
La Percent -0.0105 0.0864 0.0140 0.1052
Mgr-ﬂcgupied (0.1797) (1.4992)* (0.2227) (1.6951)*
Percent Black -0.0096 =0.0061 ~0.0093 =0.0060
Population (2.0867)% {1.3999)+* (2.0245)* (1.3598)*
Percent Sub~ 0.0051 0.0005 0.0050 0.0005
stand. Plumbing (0.9074) (0.0920) (0.8923) {0.0899)
Percent Buile - 0.0034 — 0.0034
Before 1939 (4.7390)* {4.6691)*
Percent Central -~ - ~0.0109 ~0.0081
Alr Conditioning (1.0978) (0.8657)
2. 0.6083 0.6564 0.6088 0.6559
F 50.0671 51.3171 41.9794 44 .0207
SEE 0.1082 0.1013 0.1081 0.1014
et (X°X) 0.3784 0.2860 0.3027 0.2278
e 159 159 159 159

*Sisnifican: at the 90 percent confidence level, one~tailed t-test.
Dependent variahle is Ln mean property value.

nSnnple size (N) excludes blocks with less than S0 percent and fewer
than 10 single-family, owner-occupied housing units.

A=6



TABLE A4

SAN FRANCISCO REGRESSTIONS,
WITH NEF AND SAMPLING RESTRICTIONS

Regression Coefficient (Student-t)

Variable (1) (2) (3) (4)
Constant 8.1376 7.8747 7.9727 7.7402
(27.5459)%  (28.1774)*  (25,3280)*  (26.0961)*

KEF-1 I ~0.0044 -0, 0060 =0.0041 =0.0058 ;

(2.2548)%  (3.2957)%  (2.1187)*  (3.1549)* :
Ln'ﬂean Rooms 1.1824 1.0910 1.1871 1.0962 '
per Unit (11.538B5)*%  (11.2529)* (11.6248)*  (11.3268)*
Ln Percent 0.0518 0.1518 0.089% 0.1819 ;
Mer-ﬂcgupied (0.8457) (2-5130)* (1,3518)+* (2. 8258)% %
Percent Black -0.0100 -~0.0063 ~0.0095 ~0.0060 i
Population (2.2335)* {1.5031)* (2.1450)* (1.4344)% ,
Percent Sub- 0.0068 0.0020 0.0068 0.0021 1
stand. Plumbing (1.2711) (0.3925) (1.2743) (0.4052) !
Percent Buile i 0.0035 — 0.0035
Bafore 1939 (4.9422)% (4.8789)%
Percent Central - —— ~0.0142 -0.011%
Air Conditioning (1.4738)*% (1.3276)% !
72 0.6497 0.6978 0.6524 0.6994
P 57.3740 59,5015 48,5549 51.5194 ?
SEE 0.1034 0.0960 0.1030 0.0958 1
Det (X°X) 0.3637 0.2758 0.2843 0.2150 '
" 153 153 153 153

P
Significant at the 90 percent confidence level, one-tailed t~-tast.
Dependent variable is Ln mean property value.

a..“u.‘v.mple size (N) excludes blocks with less than 50 percent and fawer
than 10 single~family, owner-occcupied housing units.
blocks are included where at least 80 percent of the units reported

values.

Only those



TABLE A.5

DESCRIFTION OF SAN FRANCISCO VQRIAELES
{Sample Size N = 153)

Standard
Variable Mean Deviation Minimum Maximum
Mean Property $29,686b §5,198 519,323 $41,250
Value (1)
NEF-II (2) 31.797 5.053 25.000 45,000
Mean Rooms 5.753 0.711 4,500 8.300
per Unit (3)
Percent Owner- 83,354 12,973 50.000 100.000
Occupied Units (4)
Percent Black 0.717 2,274 0.000 15.951
Population (5)
Percent Sub- 0.382 1.584 0.000 11,111
stand, Plumbing (6)
Porcent Builte 9.580 12.603 0.313 46,192
Before 1939 (7)
Percent Central 1,253 0.978 0.000 3.451

Alr Conditioning (8)

nSnmple silze (N) excludes blocks with less than 50 percent and fewer

than 10 single-family, owner-occupied housing units. Only those
blocks are included where at least 80 percent of the units reported

values.

bThe mean property value for 356 blocks in the 10 tracts listed in
Table A.1 was $28,014 (based on printed block statistics}.
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TABLE

A.b

ZERQO-ORDER CORRELATIONS FOR
SAN FRANCISCO VARIABLES
(Sample Size N = 153)a

Vari-

abled  (2) (3) C4) (5) (6) (7 (8)

(1) «0,459% 0.789% 0.489% 0,317+ -0.023 0.042 0.172
{2) - =0,412*% =0.459% -0.126 -0,023 0,2B88% -0,141

(3 - 0,526 0,539% -0,116 -0.162 0.279%
(4) ~— 0.204 ~0.132 -=0.408%* 0.453%
(5) - -0.075 =-0.172 0.171

(6} - 0.206 -0.074

(4] - -0.220

'
Significant at the 90 percent confidence leval.

uSample alze (N) excludes blocks with less than 50 percent and fewer

than 10 single-family, owner-occupied housing units,

Only thosae

blocks are included where at least 80 percent of the units reported
values.

b

and (4) are in natural logs.

A-9
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TABLE A.7

MEAN VALUES OF SAN FRANCISCO VARIABLES,
BY NEF INTERVAL

Mean of NEF Interval
Variable
(St. Dev.) 25-30 30=40 40-50
Property Value $29,629 $30,845 $23,109
(2,232)% (5,029) (3,995)%"
Rooms per Unie 3.728 5.899 4.947
(0.151)* (0.742) (0.342)*%
Percent Gwner= 88.132 84880 68.312
Occupied Units (7.080)* (12.269) {12.910)%°
Percent Black 0.814 0.786 0.192
Population (1.304) (2.611) (0.398)#°
Parcent Substan- 0,000 0.525 0.067
dard Plumbing { = ) {1.856) (0.290)*
NEF-II 25.000 31.560 42,105
No. of Obs. 25 109 19

. .
Mean valve for this interval is significantly different at the 90
percent confidence level from the mean value for the interval NEF

30'40-

“Mean value for this interval is significantly different at the 90

percent confidence level from the mean value for the interval NEF 25-30,
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APPENDIX B
BOSTON EMPIRICAL RESULTS

Boston (Logan) 1s a relatively large, busy airport, ranking tenth
in annual average dally air carrier operations in 1972. Total land
area inside the airport boundary is 3.72 square miles.

Location. The Boaton sample includes censis blocks in the areas
known as Chelsea, Revere, Everett, and Malden, but excludes blocks
near the rivers and Boston harbor. The study area is northwest of the
wain terminal and is under the noise contours from runways l5L and 22R.
The most remote areas are about five miles from the main terminal
(Figure B.1)

Sample Size. Data were collected for blocks contained in 12
census tracts (Table B.l). BElocks wera excluded if they were near or
adjacent to special envirommental features such as parks, apartment
complexesa, railroad tracks, highways, and rivers. For Boston, a total
of 393 observations were recorded. The net sample, with boundary
restrictions on the NEF varilable, consisted of 312 blocks., Observationa
were then deleted 1f information was missing, the block contained less
than 50 percent single~family residential units, or the blocks contained
fewer than 10 single-family residential units. The maximum sample

slzes are 185 observations without the boundary restrictions and 154
observations with the boundary restrictions. These restrictions alse
reduced the noise levels in the Boston sample to only three possible
values, NEF 25, 30, and 35,

Empirical Results. The best empirical results for Boston are
presented in Table B.2; the results indicate that aircraft nolse has
a negative effect on residential property values. The regression fits
the data very poorly, although three of the six variables in regression
(4) are atatistically significant, The poor f£it is due to the insigni-
ficant effect of the rooms varisble; indeed, the simple correlation

B-1
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between the rooms variable and property values 1s negative. When the
gampling restriction on property values was added, the sample size
fell from 154 observations to only 50 cbservations. This suggests
that measurement errors are present for the rooms variable.

In addition to this problem, the tract variable for the age of
housing (before 1939) was highly correlated with the MEF variable and
the other independent variable. It was necessary to omit this tract
variable from the final regressions due to a collinearity problem.
The Boston sample apparently is made up of older, larger houses which
are situated close to the airport. Because of these problems, the
emplrical results in Table B.2 should be used with caution.

The mean property value for thiz sample is 522,857 (Table 3.3),
while the simple correlation between property values and NEF levels
is -0.341 (Table B.4). Housing located in the intervals NEF 30-40
tends on average to be larger, less residential, and lower in value

(Table B.S).
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TABLE B.1
BOSTON SAMPLE SIZE

Census Total Blocks Boundary Net
Tract No. Included Exclusions® Sample
3421 50 7 43
3422 72 20 52
3423 25 0 25
3424 12 0 12
3425 40 10 30
3426 19 13 é
1604 8 0 8
1605 : 31 17 14
1606 38 5 Kk}
1701 37 6 31
1702 17 3 14
1703 44 0 b4

Total 393 81 312

Bplocks near or adjacent to the actual NEF-25 or-30 contour lines or
within NEF 30 but adjacent to NEF 35.
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TABLE B.2

BOSTON REGRESSIONS, WITH
BOUNDARY RESTRICTIONS ON NEF VARTABLE

Regression Coefficient (Student-t)

Vvariable (1) (2) (3) {4)
Constant 10.6354 10.0671 10,0647 9,9912
(38.984B)% (23.9505)* (23.6447)% (23,3327)*
NEF-II -0.012¢ -0.0110 -0,0095 =0.0084
(3.8622)* (3.0000)* (2.5158)* (2.1693)*
Ln Mean Reoms -0.1416 -0.1210 ~0,1389 -0.1087
per Unit (0.8505) {0.7300) (0.8286) (0.6504)
Ln Percent - C.1110 0.1127 0.1057
Owner-Occupied (1.7684)%* (L.7640)*%  (1.6531)*
Percent Black - - -0.0042 -0.0029
Population (0.7302) (0.5082)
Percent Sub~ - — ~0.0017 -0,0013
gtand. Plumbing (0.4532) {0.3551)
Parcent Built - - - -

Before 1939

Percent Central - - — 0.0202
Air Conditioning (1.3233)*
R 0.1089 0.1213 0.1143 0.1187

F 10,3510 8.0402 4.9478 4.4359
SEE 0.1406 0.1396 0.1401 0.1398
Det (X°X) 0.8699 0.7270 0.6073 0.4913
N® 154 154 154 154

%
Sipgnificant at the 90 percent confidence level, one~tailed t-test.
Dapendent variagble is Ln mean property value,

nSnmple size (N) excludeg blocks with less than 50 percent and fewer
than 10 single-family, owner-pccupied housing units.

D=5



TABLE B, 3

DESCRIPTION OF BOSTON VARIABLES

(Sample Size N = 154)

a

Standard

Variable Mean Deviation Minimum Maximum
Mean Property $22,857°  §$3,423 $15,000  $33,281
value (1)
KEF-IT (2) 27.955 3.643 25.000 35,000
Mean Rooms
per Unit (3) 5,790 0.432 4.900 7.400
Pearcent Cwner~
Occupled Units (4) 69.986 13.860 50.000 100.000
Percent Black 0.472 2.091 0.000 18.841
Population (5)
Parcent Sub- 1.872 3.180 0.000 13.636
stand, Plumbing (6)
Percent Built 59,251 20. 364 32,263 94.326
Before 1939 (7)

0.945 0.824 0.000 2.122

Percent Central
Ar Conditioning (8)

nSampla size (N) excludes blocks with less than 50 percent and fewer

than 10 single-family, owner-occupled housing units.

b’rhe mean property value for the 393 blocks in the 12 tracts listed
in Table B.1 was §21,556 (based on printed block statisties).
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TABLE B.4

ZERO-~ORDER CORRELATIONS FOR

BOSTON VARIABLES a
(Sample Size N = 154)

Vari-

abled  (2) {3 (4) (&) (6 N (8)
(1)  -0.341*% -0.182  0.266% -0.124 =0.131 =0.426% 0.248%
(2) - 0.361% -0.400%  0,256%  0.245% 0.798% ~0.383%
(3) - -0.204 0.006  0.013 0.348% -0.236
(%) — =0.002 -0.194 -0.369% 0.222
(5) - 0.147  0.255% -0,229
(6) -- 0.321% ~0.171
N -— ~0.601%

*Significunt at the 90 percent confidence level.

aSample slze (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-occupied housing units,

bFat a llsting of the variables, see Table B.3.

and (4) are in patural logs.
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TABLE B.5

MEAN VALUES OF BOSTON VARIABLES,
BY NEF INTERVAL

Mean of NEF Interval

Variable

{5t. Dev.) 25-30 30-40 40-50

Property Value $23,876 $21,602 e
(3,435)%* (2,980)

Rooms per Unit 5.655 5.957 -
(Q.374)* (0.442)

Percent COwner- 74,139 64.871 -

Occupied Units (13.494)* (12.617)

. Percent Black 0.045 0.998 -

Population {0.417)% (3.019)

Percent Subgtan~ 1.179 2.726 -

dard Plumbing (2.575)* (3.637)

NEF~IT . 25,000 31.594 —

No, of Obs. 85 &9 -

*
Mean value for this interval is significantly different at the 90
percent confidence level from the mean value for the interval NEF

30-40.
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APPENDIX C

CLEVELAND EMPIRICAL RESULTS

Cleveland is a medium-sized airport, ranking seventeenth in
annual average dally air carrier operacions in 1972, Total land
arc¢a inside the airport boundary is 2.30 square miles.
Location., The Cleveland sample includes census blocks in
tha areas known as River Edge and Linndale. The study ares is
bisected by Interatate Highway I-~71 in the south and by State i
Highway 10 in the north. Specilal care was taken to exclude blocks
near these highways and other important transportation facilities
(major streets, railroad tracks). Blocks located near parks and
playgrounds were also excluded. The study area is northeast of
the main terminal and is under the noise contours from runways
23R and 23L., The most remote areas are agbout five miles from the '
main terminagl (Figure C.1l). ‘
Sample Size. Data were collected for blocks contained in %
11 census tracts (Table C.1}. For Cleveland, a total of 267 ob- |
servations were included. The net sample, with boundary restrie-~
tions on the NEF variable, conaisted of 207 blacks, Observations
were then deleted if information was miseing, the block contained
less than 30 percent single-family residential units, or the block
contained fewer than 10 single-~family residéntial unita. The maximum
sample sizes are 246 cbservations without the NEF boundary restrictions
and 197 observations with the boundary restrictions.
Empirical Results. Initial empirical results for Cleveland are

presented in Tables C.2 and C.3; the results indicate that aireraft
nolse has a negative effect on residential property values, However,
the empirical results are sensitive to the model specification, When
the tract variables are added (before 1939, central air conditioning},
the NEF-I1 coefficient is no longer statistically significant. This
regult appcars te be due to the amount of correlation among the tract

c-1



variables and the NEF variable. The simple correlations in Table

C.3 are
NEF-1I Before 1939 Cent. Air Cond.
LMPVAL ~0.204 0.598% 0.102
NEF-II - =0.347% ~0,387%
Before 1939 - - 0.038

where LMPVAL is the natural log of the mean property value and the
asterisks indlcate statistical significance at the 90 percent confidence
level.

The final regressions in Table C.4 incorporate the sampling restrie-
tions on the rooms and property value variables. The final sample size
is 185 ohservations compared to 197 in Table C.3, The NEF coefficlent
is s8till sensitive to the model specification which incorporatas the
tract variable for central air conditioning. The NEF coefficient
for regression (4) is only -0.0029 compared to ~0.0069 in regression
(2). While the former regression has been chosen as the final result,
it should be recognized that the Cleveland estimate may be subject
to multicollinearity problems. $Six of the seven coefficients in re-
gression (4) ate statistically significant. The scatter plot of
eatimated residuals contained no more than two outliers, which were
located close to the mean of the estimated dependent variable,

The mean property value for this sample is $20,898 (Table C,5},
while the simple correlation between property values and NEF levels
1s -0.301 (Table C.6). Housing located in the intervals NEF 40-50
tendr on average to be smaller, less residential, and lower in value

(Table C.7).
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TABLE C.1
CLEVELAND SAMPLE SIZE

Census Total Blocks Boundary Net
Tract No. Included Exelusiona Sample
1231 16 12 4
1232 19 7 12
1234 19 o 19
1235 38 20 18
1236 27 1 | 26
1237 26 0 26
1238 12 0 12
1239 24 6 18
1242 k1)j 4 26
1243 35 8 27
1245 21 ' 2 19
Tatal 267 60 : 207

%Blocks near or adjacent to the actuwal NEF-25 or-30 contour lines or
within NEF 30 but adjacent to NEF 35.
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TABLE C.2

CLEVELAND REGRESSIONS, WITHOUT
BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Yarishle (1) (2} 3) {4)
Conatant 8,1195 6.6087 6.6678 7.4739

(48.9447)*  (24.1106)* (24.,7520)*%  (36.0430)%
NEF-I -0.0007 ~0.0035 -0.0036 0.0008

(0.4844) (2.4460)* (2.5814)* (0.6888)

Lo’ Mean Rooms 1.0751 1.158¢9 1.1515 1.0390
per Unit (12,4134)* (14.3416)* (14.4993)*  (13.6742)%
Ln Percent - 0.3273 0.3210 0.1351
Quner-fccupled (6.6406)* (6.6296)% (3.4387)*
Percent Black - -- -0D,0058 0.0003
Population (0.7710) (0.0428)
Percent Sub- - - =0,0119 -0,010%
gtand., Plumbing {3.3640)* (3.8314)+*
Parcent Built v -— - -0,0014%
Before 1939 €4.2110)*
Percent Central - - - 0.0294
Alr Conditioning (10.9697)*
i 0.4002 0.4906 0.5100 0.7319
bij 82.7383 79. 6409 52.0032 96.5693
SEE 0.1182 0.1089 0,1068 0.0790
Det (X°X) 0.9450 0.8266 0.8162 0.2797
' 246 246 246 246

* .
Signiffcant at the 90 percent confidence level, one~tailed t~test.
Dependent variable is Ln mean property value.

“Sample size (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-occupied housing units.
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TABLE C.3

CLEVELAND REGRESSIONS, WITH
BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Variable (1) (2) {3) (4)
Constant 8.3776 7.5668 7.6267 7.8545
(51.8887)%  (23.7791)%  (24.5899)%  (31.4133)*
NEF-IT -0.0022 ~0.0033 =0.0034 -0.0010
{1.4645) (2.2253)* (2.3553)%  (0.772N)

Ln' Mean Rooms 0.9547 1.0058 1,0033 1.0054
per Unit (11.3055)%  (11.8834)%  (12.1734)%  (12.0240)*
Ln Percent - 0.1708 0.1625 0.0821
Owner~Occupied (2.9377)% (2.8682)% (1.7197)%

! Percent Black - -— -0.0030 0.0007
Topulation (0.3286) (0.0970)
Percent Sub- —— - =-0.0127 ~0,0118
stand. Plumbing (3.5707)* (4.1106)*
Percent Built - - - -0,0015
Before 1939 (4.0875)%
Percent Central - - —~ (.0249
Adr Conditioning (7.6069)%*
&2 0.4163 0.4384 0,4681 0.6572
P 70.8892 51.9948  35.4958 54,6691
SEE 0.1032 0,1012 0.0985 0.0791

f per (X°X) 0.9621 0.8368 0.8302 0.3246
N 197 197 197 197

*
Significant at the 90 percent confidence level, one-tailed t-test.
Dependent variable is ILn mean property value.

ﬂSample size (N) excludes blocks with less than 50 percent and fewer
than 10 single-family,owner-occupied housing units.
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TABLE C.4

CLEVELAND REGRESSIONS, WITH
NEF AND SAMPLING RESTRICTIONS

Regression Cocefficlent (Studeat-t)

Variable (1) (2 (3) (4)
Constant 7.7647 7.8496 7.8081 7.8565

(23.5724)*%  (25.8506)*%  (27.6168)*  (28,8873)%
NEF-11 -0.0053 -0.0069 -0.0013 -0.0029

(3.8568)%  (5.2962)%  (1.,0169) (2.2695)*

La' Mean Rooms 0.9598 1,2111 0.8194 1.0003
per Unit (12.6341)%  (14.73B0)*  (11.9686)%  (12.4970)%
Ln Percent 0.1591 0.0741 0.1555 0,1007
Owner-Occupied  (2.5960)*  (1.2706) (2.9568)*  (1.9229)*
Percent Black 0.0041 -0.0069 0.0021 0.0007
Population (0.4981) (0.0914) (0.2984) (0.1041)
Percent Sub= ~0.0114 ~0.0098 -0.0121 -0,0109
stand. Plumbing  (3.4624)%  (3,2095)*%  (4.2776)%  (3,9973)*
Percent Builc - -0.0022 - -0,0014.
Before 1939 (5.7563)% (3.9684) %
Percent Central — ~ 0.0254 0,0214
Adr Conditioning (B.0658)*  (6.7001)*
a2 0.5260 0. 5982 0.6510 0.6777
T 41,8445 46,5629 58.1921 56,2614
SEE 0.0894 0.0823 0.0767 0.0737
Det (X°X) 0.8313 0.4816 0.6181 0.3220
N 185 185 185 185

*®
Significant at the 90 percent confidence level, one-tailed t-test.
‘Dependent variable is Ln mean property value.

a
Sample size (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-pceupied housing units.
blocks are included where at least 80 percent of the units reported

values.
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TABLE C.5

DESCRIPTION OF CLEVELAND VARIARLES
(Sample Size N = 185)2

Standard
VYariable Mean Deviation Minimum Maximum
Mean Property b
Value (1) $20,898 $2,787 415,703 $30,125
NEF-II (2) 33.892 5.026 25.000 45,000
Mean Rooms
per Unit (3) 5.526 0.510 4.500 7.200
Percent Owner-
Occupiled Units (4) 89.255 9.418 51.923 100.000
Percent Black
Population (5) 0.040 0.803 0.000 10,000
Percent Sub-
atand. Plumbing (6) 1.14L 2.007 0.000 8,333
Percent Built
Before 1939 (7} 29,868 21,296 12.476 79,737
Percent Central
Alr Conditioning {B8) 3,689 2,081 1.383 9.816

Y

nSnmple size (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-occupied housing units. Only those
bloclks are included where at least 80 percent of the units reported
values,

bThe mean property value for 338 blocks in the nine tracts listed in
Table C.l was 521,603 (based on printed block statisties).
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TABLE C.6

ZERO-ORDER CORRELATIONS FOR
CLEVELAND VARIABLES
(Sample Size N = 185)8

Vari-

ableP (2) (3 (4) (5) {6) N (8)
(1)  -0.301* 0.679% -0.,091 -0,028 -0.i77  0.177  0.589%
2) - -0.205  0.264% ~0.050 =0.026 =0,324% -0,427%
(1) - -0.280% -0.028 0,003  0.572%  0.336*
(%) - -0,006 -0.063 -0.395% «0.166
(5) - -0.042 -0.057 ~0.084
(6) - 0.092  0.041
(N - 0.066

*Qisnificant at the 90 percent confidence level.

nSnmple size (N) excludes blocks with less than 50 percent and fewer

than 10 aingle-family, owner-oeccupied housing units,

Only those

-blocks are included where at least 80 percent of the units reporced

values.,

b

and (4) are in natural logs.
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TABLE C.7

MEAN VALUES OF CLEVELAND VARIABLES,
BY NEF INTERVAL

Mean of NEF Interval
Variable
{5t. Dev.) 25-30 3040 40-50
Property Value $21,702 $21,150 $19,335 *a
(3,448) (2,747} (1,708)
Boons per Unit 5.450 5.611 5.252
(0.383) {0,538Y (0.357)
Percent Owner- 84.683 88,922 93,875 *a
Qccupied Units (10.094) (9.767) (4.482)
Porcent Black 0.022 0.126 0.000
Popilation (0.107) (0.963) ( =-- )
Percent Substan~ 1.423 1.129 0.980 ,
dard Plumbing (2.265) (2.000) (1.874)
NEF-IT 25,000 33.59 41.515
No. of Qbsa. 24 128 33

*
Mean value for this interval is significantly different at the 90 per-
cent confidence level from the mean value for the interval NEP 30-40

(large sample test).

BMean value for this interval is significantly different at the 90 per=-
cent confidence level from the mean value for the interval NEF 25.-30

(large sample test)}.
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APPENDIX D
ST. LOULS EMPIRICAL RESULTS

S§t. Louls is a medium-sized airport, ranking thirteenth in annual
average daily air carrier operations in 1972. Total land area inside
the airport boundsry is 2,89 square nmiles.

Logcation, The St. Louls sample includes census blocks in the
areas known as Berkeley, Ferguson, and Kinloch, The study area is
eaat of the main terminal and is affected by nolse from runwaya 30R,
0L, and 24, The most remote areas are about four miles from the
nain terminal (Figure D.1),

Sample Size, Data were collected f;%xﬁlocka located in five cen-
sus tracts (Table D.1). Blocks were excluded if they were unear or
adjacent to major environmental features, major transportation facili-
ties, or commercial developments, Tor St. Louls, a total of 258 obser-
vations were recorded. The net sample, with boundary restrictions on
the NEF variable, consisted of 207 blocks. Observations were then
deleted if information was missing, the blocks contalned less than
50 percent single-family residential units, or the block contained
fewer than 10 single~-family residential units. The maximum sample
sizes are 197 observations without NEF boundary restrictions and 149
observations with the boundary restrictions.

Empirical Results. Initial empirical results for St. Louls are
presented in Tables D.2 and D.3; the results indicate that aireraft
noise has a negative effect on property values, However, the empirical
results are gensitive to the model specification. When the tract vari-
ahlea are added (before 1939, central air conditioning), the NEF-II
coefficient declines in value or is no longer statistically significaat.
This result appears to be due to the amount of correlation among the
tract variables and the NEF variable. The simp}e correlations in Table

D.3 are

D=1



NEF-TI Before 1939 Gent. Air. Cond.

LMPVAL «0,511% -0.615% 0.799%
NEF-II -— 0.675% ~0,617%
Before 1939 —~— - =0.844%

where LMPVAL is the natural log of the mean property value and the
agterisks indicate statistical significance at the 90 percent confi-
dence level. .

In addition to this coellinearity problem, the results reflect the
very lLow property values observed in tract 2128, a tract which is
adjacent to the airport. The average property value in this tract
was only $9,930 and the average number of rooms is only 4.8. The
minimum property value in Table D.J i3 $4,400 and the minimum number
of rooms isg 3.9.

Table D.4 presents the regressions which incorporate the sampling
regtrictions on the rooms and property value variahles. The sample size
ia 149 observatlons compared to 185 in Table D.3. When both tract
variables are employed, the NEF coefficient 1is -0.0044 and the corrected
Rz is 0.8638. The raesults with this sample are still not very robust
as the NEF coefficient is only weakly significant or insignificant
when the tract variables are employed.

Table D.5 presents the regressions which incorporate the sampling
restrictions and alsc exclude all observations from tract 2128, The
sample size is now reduced to 113 ohbservations compared to 149 observa-
tions in Table D.4. When both tract variables are included, the NEF
coefficient 48 -0,0051 and the corrected Rz iz 0.7247. This estimate
ia atill sensitive to the model specification, but only when ailr
conditioning 1s the only tract variable included. We therefore
choose regression (4) as the final result and employ an NEF coefficient
of -0.0051 for St. Louis. Six of the seven coefficlents in this
regreasion are statistically significant. The scatter plot of eatimated
reaiduals contained two outliers, one toward each end of the range of

estimated values for the dependent variable,
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The mean property value for this sample 1s $16,411 (Table D.6),
while the simple correlation between property values and NEF levels is
~0.390 (Table D.7). Housing located in the intervals NEF 30-40 and
40-50 tends on average to be smaller and lower in value (Table D.8).
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TABLE D.1
ST. LOUILS SAMPLE SIZE

Cenaus

Tract No.

Total Blocks
Ineluded

Boundary
Exclusians

Net
Sample

2115
2126
2127
2128
2129

Total

27
47
68
72
44
258

2
16
6
10
17
51

25
31
62
62
27
207

nBlocks near or adjacent to the actual NEP-25 or~30 contour lines or
within NEF 30 but adjacent to NEF 35.



TABLE D.2

ST. LOUIS REGRESSIONS, WITHOUT
BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Variable (o)} (2) (3) %)
Constant 6.2813 3,7072 5.8592 5.9334
(20.2115)%  (8.2638)%  (16.5688)% (17.1284)*
NEF-I -0.0097 -0.0066 ~0,0047 -0.0006
(3.2559)%  (2.4634)%  (2.4711)*  (0.2726)
Ln'Mean Rooms 2.1323 1, 6963 1.3956 1.3130
per Unit (13.7358)*%  (11.2850)%  (12,9144)*  (10.8214)*
Ln Percent — 0.7255 0.3607 0.3190
Owner~Occupied {7.2784)% (4,.B545)* (4.3434)%
Percent Black —- —~ -0,0037 <0.0029
Population (11.3311)* (7.5751)%
Percent Sub- - - ~0.0036 ~0,0031
stand. Plumbing (2.8896)*%  (2.4404)%
Percent Built - — - ~-0,0013
Bafore 1939 (0.8977)
Percent Central - —-— - 0.0046
Air Conditioning (2.2352)%
g2 0.6045 0.6881 0.8490 0.8566
P 150.7897 145.1174 221,4113 168.2086
SER 0.2266 0.2012 0.1400 0.1364
Det {X°X) 0.7950 0.5891 0.2690 0.0103
) 197 197 197 197

*
Significant at the 90 percent confidence level, one-tailed t-test.

Dependent variable is Ln mean property value.

Bs::mplaq size (N) excludes blocks with less than 50 percent and fewer
than 10 single~family, owner-occupied housing units.



TABLE D,3

ST. LOUIS REGRESSIONS, WITH
BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student—-t)

LSRR T T e e Ry

Variable {1) €2) {(3) (4)
Constant 6.1356 3.5046 5.8223 5.8497
(16.4501)*  (6.6967)*  (13.3694)%  (13.6292)%
NEF-IT -0,0087 -0.0065 ~0.0063 -0.0042
» €2.5242)*%  (2.1361)*  (2.8650)*%  (1.4L806)%
B Lo Mean Reoms 2,2000 1.6946 1.3371 1.2046
* per Unit (12.0236)*%  (9.4367)*  (10.0835)*  (8.030L)*
Ln Percent - 0.7710 0.4048 0.3813
5 Owner-Occupied (6.4729)%  (4.43B2)%  (4.1780)*
? Percent Black - - -0, 0036 -0.0029
i Population . (9.3046)% (6.2453)*%
i Percent Sub- - — -0,0037 -~0.0036
! gtand. Plumbing (2.5549)%  (2.4250)%
Percent Juilt. - - - 0.0017
Befora 1939 {0.7775)
Percent Central - —-— - 0.0063
h Alr Conditioning (2,2938)~
: i . 0.6234 0.7058 0.8527 0.8570
F 123.4999 119.3633 172.3028 127.7307
o SEE 0.2361 0.2086 0.1477 0.1455
Det {X°X) 0.7371 0.5243 0.2147 0.0182
N 149 149 149 149

‘Significnnt at the 90 percent confidence level, one-tailed t-test.
Depandent variable is Ln mean property value.

I“‘Smnpla size (N) excludes blocks with less than 50 percent and fewer
than 10 single<family, owner-occupied housing units.
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TABLE D.4

ST. LOUIS REGRESSIONS, WITH
NEF AND SAMPLING RESTRICTIONS

Regression Coefficlent (Studenc—t}

Variable (1) {2) 3 (4)
Constant 5.8223 5,8207 5.8421 5.8497
€13.3694)* (13.3684)* (13.6341)* (13.6292)*
NEF-IT ~0,0063 =0.0044 =0.0032 =-0.0042
(2.8630)* (1.5150)* (1.2664) (L.48068)*
In Mean Rooms 1.3371 1.3636 1.2555 1.2046
per Unit (10.0835)* (10.0978)* (9.3144)% {8.0301)*
La Percent 0.4048 0,3883 0.3739 0.3813
Ouner-Occupied (4.4382)* (4.1941)* (4.1249)* (4.1780)*
Percent Black =-0.0036 -0.0034 -0,0030 -0,0029
Population (9.3046) % (8.6211)* (6.48%94)* (6.2453)*
Percent Sub- =-0.0037 -0.0033 ~0.0033 ={1,00346
stand. Plumbing (2.5549)% (2.1728)* {2.3037)* (2.4250)*
Percent Built - =-0.0017 - 0.0017
Befora 1939 (1.0310) (0.7775)
Percent Central - -_— 0.0048 0.0063
Air Conditioning (2.4016)* (2.2938)*
72 0.8527 0.8527 0.8574 0.8638
F 172.3028 143.8261 149,3343 127.7307
SER 0.1477 0.1476 0.1453 0.1455
Dot (X°X) 0.2147 0.0770 0.0555 0.0103
Nt 149 149 149 149

*Significan: at the 90 perceat confidence level, one-tailed t-tasat.
Dependent variable is Ln mean property value.

nSnmple size (N} exlcudes blocks with less than 50 percent and fewer
? than 10 single-family, owner-cccupied housing units. Cnly those

! blocks are included where at least 80 percent of the units reported
values,

|

i
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TABLE D.5

ST. LOUIS REGRESSIONS, WITH
NEF AND SAMPLING RESTRICTIONS

Regression Coefficient (Student~-t)

Variable (L (2) (3) %
Constant 5.6170 5.6253 5.6110 5.6264

(12.8923)%  (12.8852)%  (13.0276)*  (13.1531)%
NEF-II ~0,0040 -0.0053 ~0,0028 -0.0051

(1.8648)%  (1.9654)%  (1.2414) (1.9136)*
Ln Mean Rooms 1.3647 1.3375 1.2791 1.1943
per Unic (11.3879)*  (10.7120)%  (10.0699)*  (8,7205)*
Ln Parcent 0.4224 0.4328 u.4150 0.4346
Owner-Occupied  (4.4311)%  (4.4903)%  (4.4006)*%  (4.6009)*
Percent Black =-0.0023 -0.0019 -0.0026 -0,0019
Population (3.5062)*%  (2,3311%  (3.8959)%  (2.3499)*
Percent Sub- 0.0052 0.0050 0.0055 - 0.0052
stand. Plumbing (0.9577) (0.9216) (1.0321) (0.9877)
Percent Built - 0.0017 - 0.0037
Before 1939 (0.7933) (1.5866)*
Percent Central - - 0.0044 0.0059
Adr Conditioning (1.8698)% (2.3255)*
2 0.7143 0.7133 0.7208 0.7247
P 57.0004 47.4407 49.1911 43.1270
SEE ‘ 0.1221 0.1223 0.1207 0.1198
Det (X"X) 0.6318 0.2460 0.3891 0.1322
N 113 113 113 113

*Sisnifican: at the 90 percent confidence level, one-tailed t-test,

Dependent variable is Ln mean property value.

nSample size (N) excludes blocks with leas than 50 percent and fewer
than 10 single-family, owner-cccupied housing units. Blocks from
census tract number 2128 are excluded. Only those blocks are included
where at least 80 percent of the units reported values.
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TABLE D.6

DESCRIPTION OF ST. LOUIS VARIABLES

(Sample Size N = 113)8

Standard

Variable Mean Deviacicn Minimum Maximum
Mean Property b
Value (1) $16,411 $3,684 § 8,422 $25,990
NEF-1I (2) 30,177 6.121 25.000 45,000
Mean Rooms
per Unit (3) 5.487 ° 0.631 4.300 7.000
Percent Owner-
Oceupled Units (4) 87.620 10.468 53.571 100.00C
Percent Black
Population (5) 8.479 18.250 0.000 80.420
Percant Sube-
stand, Plumbing (6) 0.787 2.203 0.000 14,286
Percent Buile
Bafore 1939 (7) 15.501 8.409 1.316 23.030
Percent Central

33,516 6.125 24,282 43.034

Adr Conditioning (8)

a.‘mple aize (N) excludes blocks with lesa than 50 percent and fewer

than 10 single~family, owner-occupied housing units,
census tract number 2128 are excluded,

where at least BO percent of the units reported values.

Blocks from
Only those blocks are included

bThe mean property value for 224 blocks in the four tracts listed in
Table D.1 was $15,984, excluding tract 2128 (based on printed block

statistics),
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TABLE D.7

ZERO~-ORDER CORRELATIONS FOR
8T. LOUIS VARTABLES
(Sample Size N = 1139

Vari-

abled  (2) (3) (4) (s) (6) N (8)

(1)~ ~D.390% 0.797*% 0,494* -0,164 -0,119 0,015  0.457*
(2 - -0,422% -0,190 -0.240% 0,138  0.585% -0.493%
3) - 0.339* -0,004 0,226 =0.051  0,496%
) _ - -0.015  0.005 ~0,115 0,207
(%) - 0.009 -0.612*% 0,270%
{6) — 0.049 -0.146
N - ~0.489%

.Signifieant at the 90 percent confidence level.

nSnmple size (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-occupied housing units. Blocks from
census tract 2128 are excluded. Only those blocks are included
where at least 80 percent of the units reported values.

bFor a listing of the variables, see Table D.6. Variables (1), (3),
and (4) are in natural logs.
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TABLE D.8

MEAN VALUES OF ST. LOUIS VARTIABLES,
BY NEF INTERVAL

Mean of HEF Interval
Variable
{St. Dev.) 25-30 30-40 4Q0-50
Property Value £18,080 $14,221 $§15,788 a
{3,474)% (2,480) (3,934)
Rooms per Unit 5.746 5,273 5.155 a
(0.611)* {0.593) (0.444)
Percent Ovmer- 89,4822 B4.623 86.998
Occupied Units (8.472)* (11.084) {13.160)
Percent Black 11.756 8.093 0.016 *g
Population {18.993) (20.699) (0.072)
‘Percent Substan- 0.672 0.315 1.982
dard Plumbing {1.642) (1.099) (4.071)*
NEF-II 25.000 32,297 40.750
No. of Obs. 56 a7 20

*
Mean value for thia interval is significantly different at the 90 per-

cent confidence level from the mean wvalue for the interval NEF 30-40

(large sample teat).

Aean value for this interval is significantly different at the 90 per-

cent confidence level from the mean value for the interval NEF 25-30

(large sample test).
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APPENDIX E
NEW ORLEANS EMPIRICAL RESULTS

New Orleans is a medium-sized airport, ranking twenty-firast in
annual average daily air carrier operations in 1572. Total land
area inside the airport boundary is 2.34 square miles.

Location. The New Orleans sample includes census blocks in
the area known as Metairie. The study area is east and northeast
of the main terminal and is affected by noise from runways 1, 19,
and 28. The study area is bounded by Interstate Highway I-10 on the
north, Transcontinental Drive on the eaat, and railroad tracts on
the south. Special effort was made to exclude blocks located near
or adjacent to thase transportation facilities. Blocks located
near commercial developments (shopping centers) or environmental
features (parks, canals) were also excluded from the sample. The
mogt remote areas are about four miles from the main terminal
(Figure E.l).

Sample Size, Data were collected for blocks located in eight
cenaus tracts (Table E.l). For New Orleansa, a total of 258 obser-
vationg were recorded. The net sample, including boundary restric—
tions on the NEF variable, conasisted of 184 blocks. Observations were

then deleted if information was missing, the block contained less
than 50 percent single-family residential units, or the block contained
fewer than 10 single~family residential units. The maximum gample
aizes are 187 obaservations without the NEF boundary restrictions and
145 observations with the boundary restrictions.

Empirical Results. Initial empirical results for New Orleans are

pregented in Tables E.2 and E.3; the results indicate that ailrcraft
nolse has a negative effect on residential property values. Moreover,
the empirical results are not sensitive to the model specification.
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When the tract variables are added (before 1939, central air con-
ditioning), the NEF~II coefficient declines only slightly in value.

The simple cotrrelations in Table E.J are

NEF-IT Before 1939 Cent. Air Cond.
LMPVAL -0.571L* -0, 360% 0.684%
NEF-II - 0.519* -0.640%
Before 1939 - - =-0.500*

where LMPVAL 1s the natural log of the mean property value and the
ngterisks indicate statistical significance at the 90 percent confidence
level.

The final regressions in Table E.4 incorporate the sampling ve-
strictions on the rooms and property value variables. The final sample
slze 1a 143 observations compared to 145 observations in Table E.3.

When both tract variables are employed, the NEF coefficient 4is -0.0040
and the corrected R2 is 0.7376. This estimate 15 robust and the tract
variaﬁle for air conditioning has the correct sign. Four of szeven
variables in regression (4) are statistically significant, The scatter
plot of estimated residuals suggests the presence of two positive
residuals located near the upper end of the range of estimated values for
the dependent varilable.

The mean property value for this sample is $21,975 (Table E.5),
while the simple correlation between property values and NEF levels
is ~0,567 (Table E.6). Housing located in the intervals NEF 30-40
and 40-50 tends on average to he smaller, less resldential, and lower
in value (Table E.7).
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TABLE E.1

NEW ORLEANS SAMPLE SIZE

Census Total Blocks Boundary Net
Tract No. Included Exclusions® Sample
210 51 3 48
211 38 8 30
212 21 7 14
232 20 6 b1/
233 .23 1 22
234 a3 0 k]
235 ] 2 6
236 39 22 17
Total 233 49 184

%310cks near or adjacent to the actual NEF«25 or -30 contour lines or
within NEF 30 but adjacent to NEF 35.
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TABLE E.2

NEW ORLEANS REGRESSIONS, WITHOUT
BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Variable {1) {2) (3) (4)
Constant 7.2720 7.6818 7.6412 7.7731

{37.9578)* (20.8468)* (20.4810)* (20.4160)*
NEF~-I -0.0047 ~0.0051 -0.0048 -0.0040

(2.9640)% (3.1548)* (2,9388)* (2.1678) %

Ln'Mean Rooms 1.6113 1.6363 1.6428 1.5280
per Untic (17.0055)* (16.9542)% (16.8926)* (13.5031)%
Ln Percent - -0.0990 -0.0943 -0.0989
Owner-Occupied (1.3005)* (1.2310) (1.2911)%
Percent Black - - 0.0012 0.0012
Population {0.4059) (0.4056)
Percent Sub- - - 0.0057 0.0056
atand, Plumbing (0.7329) {0.7351)
Percent Built - - - 0.0096
Bafore 1939 (1.2283)
Percent Central —— - — 0.0015 -
Alr Conditioning (2.0750)*
g2 0.7207 0.7217 0.7197 0.7242
b4 240.9401 . 161.7938 96.5175 70.7702
SER 0.1221 0.1218 0.1223 0.1213
Dec (X°X) 0,7275 0.6293 0.6013 0.1837
N 187 187 187 187

7
Significant at che 90 percent confidence level,.ona~tailed t=-tesc.
Dependent variable is Lo mean property value,

aSumple gize (N) excludes blocks with less than 50 percent and fewer

than 10 single~family, cwner-occupied housing units.
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TABLE E.3

NEW ORLEANS REGRESSIONS, WITH
BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Variable (1) {2) (3) (4)
Constant 7.3014 7.4559 7.4308 7.6220

(33.7644)%  (17.5367)%  (17.3019)*  (17.2204)*
NEF-II -0.0044 ~0.0046 ~Q. 0044 -0.0038

(2.6718)* (2.6879)* (2.5233)%  (1.9049)*
Ln' Mean Rooms 1.5932 1.56008 1.6076 1.4920
per Unit (14.9253)*%  (14.7494)*  (14.6466)*  (11.5510)*
Ln Percent - -0.0364 -0.0350 ~0.0513
Owner-0ccupied (0.4225) {0.4027) (N.5908)
Percent Black —-— _— 0.0011 0.0011
Population (0.3672) (0.3706)
Percent Sub- -— - 0.0052 0.0058
atand. Plumbing (0.5204) (D.5856)
Percent Built - o -— 0.0091
Before 1939 (1.0549)
Percent Central -— — - 0.0015
Alr Conditioning (1.8894)*
72 0.7341 0.7326 0.7295 0.7334
F 199.7912 132.4831 78,6637 57.6013
SEE 0.1225 0.1229 0,1236 0.1227
Det (X°X) 0.6870 0.5748 0.5488 0.1497
N 145 145 145 145

&
Significant at the 90 percent confidence level, one-tailed t-test.

Dependent variable 1s Ln mean property value.

a
Sample size (N) excludes blocks with less than 50 percent and fewer

than 10 single~family, owner~occupied housing units.

E=-6



TABLE E.4

NEW ORLEANS REGRESSIONS, WITH
NEF AND SAMPLING RESTRICTIONS

Regression Coefficient (Student~t)

Variable (1) (2) (3 (4)
Constant 7.4089 7.3531 7.5839 7.5427

(16.7218)*  (16.4943)%  (16.5319)%  (16.4546)
NEF-I1 -0.0043 -0, 0050 -0.0033 -0.0040

(2.4581)*%  (2.6850)*%  (1.7296)%* (2.0523) %

Ln Mean Rooms 1.6698 1.6923 1.5655 1.5766
per Unit (14.7778)*%  (14.7378)*  (11.6070)*  (11,7022)*
Ln Percent . =0.0559 -0.0495 -0.0700 ~0.0642
Ownez-0ccupied  (0.6075) 0.5383) (0.7579) (0.6983)
Percent Black 0.0012 0.0013 0.0011 0.0013
Population (0.4106) (0.4530) (0.3820) (0.4316)
Percent Sub~ 0.0059 0.0055 0.0066 0.0063
gtand. Plumbing (0.6003) (0.5611) (0.6729) (0.6370)
Percent Built -— 0.0093 - 0.0117.
Before 1939 (1.0810) (1.3475)*
Percent Central - — 0,0011 0.0013
Adr Conditioning (1.4044)* {1.6178)*
g% 0.7341 0.7344 0.7360 0.7376
b4 79.4163 66.4565 66.9786 58.0140
SEE 0.1225 0.1224 0.1220 0.1217
Dat (X°X) 0.5415 0.3694 0,2124 0.1407
Ne 143 143 143 143

lt"‘a:lgn!.fit:nru: at the 90 percent confidence level, one~tailed t-test.
‘Dependent variable is Ln mean propercy value,

nSnmple gize (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-occupied housing units. Only those blocks
are included where at least 80 percent of the units reported values.
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TABLE E.5

DESCRIPTION OF NEW ORLEANS VARIABLES
(Sample Size N = 143)&

Standard
Variable Mean Deviation Minimum Maximum
Mean Property b
Value (1) $21,975 $5,651 513,938 §47,404
NEF=-II (2) 27.657 7.407 20.000 45,000
Mean Rooms
per Unit (3) 5.804 0.664 4,300 7.800
Paercent Quner-
Occupied Unirs (4) 88.331 9,902 50.000 100,000
Pexcent Black
Population (5) 0.431 3.468 0.000 33.906
Percent Sub-
stand. Plumbing (6) 0.280 1.062 0.000 6.667
Parcent Built
Before 1939 (7) 0.963 1.447 0.009 3,758
Percent Central
Air Conditioning (8) 38.134 20.974 19.707 75.923

aSample slze (N} excludes blocks with less than 50 percent and fewer

than 10 single~family, owner-occupied housing units.

Only those

blocks are included whers at least 80 percent of the units reported

values.

b'l‘he mean property value for 294 blocks in ‘the eight tracts in Table
E.l was $20,816 (based on printed block statistics).
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TABLE E.6

ZERO-ORDER CORRELATIONS FOR

NEW ORLEANS VARIABLES

(Sample Size N = 143)2

Vari=

ableP {2) (3) (4) (5) (6} €)] (&
{1) ~0.567% 0.854*_ 0.311*% -0.029 0.053 =0.372% (.684*
(2) - -0.557% =0,376% 0.041 ~0.169 0.533* ~D.638%
(3) - 0.366% -0.054 0,007 ~0,438% 0,722%
(4) - -0.072 0.049 -0.278%  0.384%
(5) - -0.033} -0.002" -0.032
(6) - 0.042 0,030
e — -0.508%

A
Significant at the 90 percent confidence level.

aS.a\.mpil.e glze (N) excludes blocks with less than 50 percent and fewer

than 10 single-family, owner-occupied housing units.

Only those

blocks are included where at least 80 percent of the units reported
values.

b

and (4) are in natural logs.

For a listing of the variables, see Table E.5.
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TABLE E.7

MEAN VALUES OF NEW ORLEANS VARIABLES,
BY NEF INTERVAL

Mean of REF Interval
Variable
(5t. Dev.) 2030 30-40 40-50
Property Value $24,783 $18,876 $19,870
(6,108)* (2,960) (2,754)
Rooms per Unit 6.149 5.414 5.592 *a
{0.676)* (0.429) (0.318)
Percent Owner- 91.247 87.002 77,010
Occupied Units (8.353)% (9.185) (12.900)
Percent Black 0.000 1.064 0.000
Population ( -~ (5.411) (— )
"Parcent Substan- 0. 457 0,115 0.000 a
dard Plumbing (1.245)* {0.875) (-—- )
NEF-1T 21.027 33,276 40,833
No. of Chs. 73 58 12

x
Mean value for this interval is significantly different at the 90 per-
cent. confidence level from the mean wvalue for the interval NEF 30-40
(large sample test).

BMean value for this interval is significantly different at the 90 per-
cent confidence level from the mean value for the interval NEF 20-30
(large sample test).
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APPENDIX F
BUFFALO EMPIRICAL RESULTS

Buffalo i3 one of the smaller airports in the sample, ranking
thirty~third dn annual averapge dally air carrier operatiomns in

1972, Total land area inside the alrport boundary is 1.56 aquare

miles. .

Logation. The Buffaloc sample includes census blocks iIn
Cheektowago Township. The study area is bordered by State High-
way 5 on the north, Harlem Avenue on the west, and railroad tracks
on the south., BSpeclal efforts were made to exclude bloclks located
adjacent to these facilities and other major streets or highways.
Ixcluded also were blocks located near cemeteries, rallroad yards,
and a sewage treatment plant, The study area is west of the main
terininal and 12 under the noise contours from runways 5 and 14,

The most remote areas are about three miles from the main terminal
(Figure F.1).

Sample Size. Data were collected for blocks located in seven
census tracts (Table F,1). For Buffalo, a total of 213 obgerva-
tions were recorded. The net sample, with boundary restrictions
on the NEF variable, consisted of 160 blocks. Observations were then
deleted if information was missing, the block contained less than 50
percent single-family residential units, or the block contained fewer
than 10 single-family residential units. The maximum sample sizes
are 183 observations without the NEF boundary restrictions and 138
observat {ons with the boundary restrictionas.

Empirical Results. Initial empirical results for Buffalo are
presented in Tables F.2 and F.3; the results indicate that aircraft
nolse has a negative effect on residential property valuas. Moreover,
the empirical results are not sensitive to the model specification.
When the tract variables are added (before 1939, central air conditioning),
there are only slight changes in the NEP-I coefficient value,

F=1



The simple correlations in Table F,3 are

NEF-II1 Before 1939 Cent. Alr Cond.
LMPVAL ~0.501*% 0.175 0.556%
NEF-I1 - -0,108 ~0.371%
Before 1939 —— — 0.326%

where LMPVAL is the natural log of the mean property value and the
asterisks indicate statistical significance at the 90 percent confidence
lavel.

The final regressions in Table F.4 incorporate the sampling restric-
tions on the rooms and property value variables. The final gample size
46 126 observationa compared to 138 in Table F.3. When both tract
variables are employed, the NEF coefficient is -0.0052 and the
corrected R2 is 0.5881. This estimate is quite robust, although only
three of the seven coefficients in regression (4) are atatistically
significant. The scatter plot of estimated residuals contained two
outliers, which were located close to the mean of the estimated
dependent variable.

The mean property value for this sample is $20,656 (Table F.5),
while the simple correlation between property wvalues and NEF levela is
~0,404 (Table F,6). Housing located in the intervals NEF 40-50
tends on average to be smaller, less residential, and lower in value

(Table F.7).
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rnagh vaULABD sunUaL y UT=T
No. Included Exelusions Sample
95.02 50 17 33
100.01 20 4 16
100.02 30 5 25
101.01 75 21 54
101.02 5 ¢ 5
105 10 0 10
106 23 6 17
Total 213 53 160

%810cks near or adjacent to the actual NEF~25 or-30 contour lines
or within NEF 30 but adjacent to NEF 35.

it



TABLE F.2

BUFFALO REGRESSIONS, WITHOI
BOUNDARY RESTRICTIONS ON NEF Wi

Regresaion Coeffic__... (Student-t)

Varioble {1) (2) (3) (4)
Conatant 7.2855 7.7575 7.7293 8.1719 ‘
(33,3112)*  (19.1048)*  (18.8901)*  (20.1499)* :
,{
NEF-I ~0.0042 -0,0047 -0.0044 -0.0028 :
(2,5699)* (2.8194)* (2.6165)* (1.7033)* :
La'Mean Rooms 1.5604 1.5719 1.5843 1.3454
per Unit (13,8359)*  (14.0345)*  (13.7591)*  (11.0065)* i
Lo Percent - -0.1061 ~0.1063 -0.1369 i
Owvner-Occupied (L,3781)*%  (1.3736)%  (L.8441)%
Pereene Black - - -0.0137 -0,0238 :
Population (0.6417} (1.1568) i
Percent Sub- -— - 0.0047 0.0041 '
otand, Plumbing (0.5101) (0.4575) ‘
Percent Built - -~ -— 0.0009 :
Before 1939 (0.7303)
Percent Central -- - - 0.0304 ‘
Adr Conditioning (3.8843)# !
w2 0.5836 0.5857 0.5827 0.6221
128,5323 B6.7493 51.8181 43.8094 i

SEE 0.1310 0.1306 0.1311 0.1248

Det (X°X) 0.8784 0.8133 0.7457 0.4017

K 183 183 183 183

. -
Significant at the 90 percent confidence lavel, one~tailed t-test.
Dependent variable is Ln mean property value.

aSample asize (N) excludes blocks with less than 50 percent and fewer
than 10 single-family, owner-occupied housing units.
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Regrassion Coefficient (Student-t)

Variable {1) {2) (3) (4)
Constant 7.7676 8.1249 8.1045 8,5169
{28.4856)* (16.6373)% (16.2734)% (17.0123)*
NEF-II ~0.0062 -0.0066 -0.0065 ~0.0054
(3.4536)% {3.5616)* (3.3255)* (2.8315)*
Ln' Yean Rooms 1.3243 1.32496 1.3379 1.1234
per Unit (9.5446)% (9.3661)* (9.2381)* (7.3460)%
Ln Percent — -0.0791 -0.0787 -0.1067
Owmer=Occupied (0.8823) (0.8642) (1.1984)
Percent Black - ~ -~0,0037 -0.0097
Population (0.1514) (Q.4065)
Percent Sub= - - 0.0020 0.0013
stand. Plumbing (0.2154) (0.1401)
Percent Built —— -— - 0.0004
Before 1939 (0.3272)
Percent Central - - - 0.0291
Afr Conditioning (3.1728)*
2 0.5460 0.5453 0.5386 0.5711
F 83.3834 55,7572 32,9881 27.0656
SEE 0.1294 0.1295 0.1304 0D.1258
bee (X°X) 0.7962 0.7305 0.6208 0.3602
i 138 138 138 138

&
Significant ar the 90 percent confidence level, one-tailed t-test.
Dependent variable is Ln mean property value.

ﬂSnmple aize (N) excludes blocks with less than 50 percent and fewer
than 10 single~family, owner-occupiled units.



TABLE F.4

BUFFALO REGRESSIONS, WITH
NEF AND SAMPLING RESTRICTIONS

Regression Coefficient (Student-t)

Variable (1) {2) (3) (4)
Constant 7.7592 7.6719 8.1855 8.0845

(12.7326)%  (12.7619)*  (13,6836)*  (13,3759)%*
NEF-11 -0, 0064 ~0.0059 -0.0053 ~0.,0052

(3.1205)*%  (2.8929)* (2.6683)+* (2.6000)*
La' Mean Rooms 1.3904 1.3382 1.1553 1.1579
per Unic (9.1930)%  (8,8770)% (7.L747)% (7.1576)*
La Percent =-0.0243 0.0043 =0.0466 -0,0286
Owner-Occupled  (0.2166) (0.0382) (0.4318) (0.2626)
Parcent Black ~0.0010 -0.0119 -0.0061 -0.0112
Papulation {0.0405) {0.4851) 0.2603) (0.6446)
Percent Sub~ 0.0063 0.0042 0.0060 0.0045
stand. Plumbing (0.6266) (0.4215) (0.6188) (0.6202)
Parcent Buile - 0.0032 - 0.0017
Before 1939 (2.2027)* (1.1151)
Percent Central - -— 0.0299 0.0261
Alr Conditioning {3.3706) % (2.7405) %
72 0.5516 0,5655 0.5872 0.5881

31,7542 28,1199 30.6401 26.4943
SEE 0.1301 0.1281 0.1248 0.1247
Det (X°X) 0.6173 0.5637 0.4266 0.3384
¥ 126 126 126 126

*Sianificun: at the 90 percent confidence level, one-tailed t-test.
Dependent variable is Ln mean property value.

nSnmple aize (N} excludes blocks with leas than 50 percent and fewer

than 10 single-family, owner-occupied housing units.

Only those

blocks are included where at least 80 percent of the units reported

values,
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TABLE F.5

DESCRIPTION OF BUFFALO VABIABLES
{Sample Size N = 126)a

Standard

Variable Mean Deviacion Minimum Maximum
Mean Property b
Value {1) $20,656 54,319 814,700 $36,136
WEP-II (2) 29.325 6,910 20,000 45,000
HMean Rooms
per Unit (3) 5.856 0.539 5.000 7.700
Percent Owner-
Occupied Units (4) 91.277 9.285 62.500 100.000
Percent Black
Population (5) 0.104 0.503 0.000 4. 651
Parcent Sub-
ptend, Plumbing (6) 0.376 1.195 0.000 8.333
Percent Built
Before 1939 (7) 11.610 B.204 4,933 45.297
Percant Central

1.935 1.514 0.000 4.663

Mr Conditioning (8)

aSnmple size (N} excludes blocks with less than 50 percent and fewer
than 10 aingle<fomily, owner~occupled housing units.
blocks are included where at least B0 percent of the units reported

values.

bThe mean property value for 321 bloeks in the seven tracts listed in
Table ¥.l was $20,350 (based on printed block statistics).

Only those
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TABLE F.6

ZERQ-ORDER CORRELATIONS FOR

BUFFALO VARIABLES

(Sample Siza N = 126}2

Vari-

able®  (2) (3 (4) (5) (6) ) (8)

(1) ~0.404%  0.725% 0,118 -0.145 ~0.099  0.266% 0.575%
@ - -0.441% -0,301% 0,291% -0,010 -0.118 -0.368*
3 - 0.095 ~-0,122 -0.221 0,178  0.529%
4 - -0.002 0,050 =0.056 -~0.148
{5 - ~0.066  0.140 -0.048
(6) -— 0.039 -0.092
(7) -~ ., 0.395%

*Sisnifican: at the 90 percent confidence level.

aSample aize (N) excludes blocks with less than 50 percent and fewer

than 10 single-family, owner-oceupied housing units.

Only those

blocks are included where at least 80 percent of the units reported
wvalues.

bFor a 1iafiﬁg of the variables, see Table F.5, Variables (1), (3),
and (4} are in natural logs.
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TAMLE F.7

MEAN VALUES OF BUFFALO VARIABLES,

BY NEF INTERVAL

Hean of
Varfable NEF Interval
{st. Dev.) 20-30 30-40 40-50
Property Value $22;212 $19,745 517,210 *a
(4,B16)* (3,163) (1,507)
Rooms per Unit 5.986 5.818 5.465 *a
{0.581) {0. 484) {0.250)
Percent OQuner~ 892.736 91,968 83.957 *a
Occupied Units (8.796) (B.178) {10.866)
Percent Black 0.028 0.078 0.458
PFopulation (0.151) (0.366) (1.161)
Percent Substan- 0.438 0.142 0.572
dard Plumbing (1.410)* {0.682) {1.345)
NEF-I1 23.828 32.111 42,647
Ro. of Obs. 64 45 17

*

Mean value for this interval is significantly different at the 90 per-
cent confidence level from the mean value for the interval NEF 30-40
(large sample test).

%Mean value for this interval is significantly different ar the 90 per-
cent confidence level from the mean value for the interval NEF 20-30

{large sample test).
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APPENDIX G
SAN DIEGO EMPIRICAL RESULTS

San Diego is one of the smaller airports in the sample, ranking
thirty-second In annual average daily air carrier operations in 1972.
Total land area inside the airport boundary is only 0.76_aquare
miles.

Lacation. The San Diego sample includes census blocks
from a peninsula area known as Ocean Beach. The study area is
veat of the mein terminal and is affacted by noise from runways
9 and 13. The most remote areas ore about three miles from the
main terminal (Figure G.l).

Sample Size. Data were coilccned for blocks lecated in eight
census tracts (Table G.l). Blocks were excluded if they were
near or adjacent to parks, major atreets, or naval facilities.

For San Diego, a total of 226 observations ware recorded. The

net sample, with boundary restrictions on the NET variable, con-
alsted of 187 blocks. Observations were then deleted if information
was missing, the block contained less than 50 percent single-family
residential unita, or the block contained fewer than 10 single-family
residential units. The maximum sample sizes are 156 observations
without the NEF boundaty restrictions and 125 observations with the
boundary restrictions.

Empiricnl Results. The initial empirical results for San Diego
are pregented in Table G.2 and G.3; the results indicate that air-
craft noise has a negative effect on residential property values,

Moreover, the results are not sensitive to the modal apecification.

When the tract variables are added (before 1939, central air condition-

ing), there are only slipht changes in the NEF=1I coefficient value.

G-1



The simple correlations in Table F.3 are

NEF-IT Before 1939 Cent. Air Cond.
LMPVAL ~0.108 -0.018 0.251*
NEF-IT - 0.649% -0.261%
Before 1939 — - ~0,164

where IMPVAL is the natural log of the mean property value and the
aateriské indicace statistical significance at the 90 percent confi-
dence level,

When the sampling restriction on the rooms and property value
variables was added, there was no change in the sample aize. When
both tract variables are included, the NEF coefficient is -0.0074
2 is 0.748B2. This estimate 4s quite robust, al-
though only two of seven coefficiénts in regression (4) are statia-

and the corrected R

tically significant. The scatter plot of eatimated residuals contained
one negative outlier located near the upper end of the range of esti-
mated values for the dependent wvariable.

The mean property value for this sample is $32,241 (Table G.4),
while the simple correlation between property values and NEF levels
is only -0.108 (Table G.5). Housing located in the intervals NEF
40-50 tends on average to be larger and higher in value (Table G.6).

G=2
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TABLE G.1

SAN DIEGO SAMPLE SIZE

Census Total
Tract Blocks Boundary Net
No. Included Exclusions Sample
68 ? 1 6
69 66 0 i6
70.01 34 10 24
70.02 33 11 22
1 7 ‘ 0 7
72 15 3 12
73.02 32 i1 21
74 32 3 29
Total 226 : 39 ez

2g10cks near or adjacent to the actual NEF-25 or-30 contcur lines

or within NEF 30 but adjacent to NEF 35.



TABLE G.2

SAN DIEGO REGRESSTIONS, WITHOUT
BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Variable {1) (2) (N (4)
Constant 6.9461 6.8406 6.8370 6.8479

(39.6919)* (20.7216)* (20.1450)* (19.9096)~
NEF-1 -0.0067 =-0.0066 ~0.0066 -0.0062

(4.0573)* (3.9109)* (3.8836)* £2.7505) %

Ln'4can Rooms 2.0234 2.0068 2.0092 2.0070
per Unit (20.9485)* {18.8497)* (18.5943)% (18.3584)*
Ln Percent - 0.0295 0.0295 0.0256
Ovner~Occupied (0.3771) (0.3685) (0.3128)
Percent Black - —_ -0,0021 -0,0019
Population {0.0588) (0.0870)
Percent Sub- . - 0.0016 0.0011,
atand. Plumbing . {0.1362 (0.0932)
Parcent Built - -— - «0,0003
Before 1939 (0.1842)
Parcent Central - - -~ 0.0065
Alr Conditioning {0.2554)
2 0.7401 0.7385 0.7352 0.7318
r 221.6376 146.9775 87.0492 61.4039
SEE 0,132]1 0.1325 0.1333 0.1342
Day (X7X) 0.9912 0.8071 0.7532 0.3832
N 156 156 156 156

3
Significant at che 50 percent confidence level, one~tailled t-test.
Dopendent variable is Ln mean property value.

nSample size (N) excludes blocks with less than 50 percent and fewer
than 10 single=family, owner-cccupied housing units.
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TABLE G.3

SAN DIEGO REGRESSIONS, WITH

BOUNDARY RESTRICTIONS ON NEF VARIABLE

Regression Coefficient (Student-t)

Variable (1) {2) (3) (4)
Constant 7.0498 6.7311 6.7587 6.7479
(38.0358)* (20.9718) % (20.4089)* (19.9828)+#
NEF=-II -0.0071 =-0,0068 -0.0068 -0.0074
(4.2222)% (4.0100)* (3.9621)* (3.1795)*
Ln' Mean Rooms 1.5785 1,9156 1.9173 1.9043
per Unit (19.4044)*%  (16,7764)% {16.5204)*%  (15.8682)*
Ln Percent - 0.0948 0.0881 0.0951
Owner=0ceupied (1.2149) (1.1063) (1.1550)
Percent Black - - -0.0128 ~-0,0129
Population (0.6091) {0.6101)
Percent Sub-~ - - -0.0003 0.0007
stand. Plumbing {0.0244) (0.0634)
Percant Built - - - 0.0009
Before 1939 (0.4962)
Percent Central - - - 0.0064
Alr Conditioning (0.2411)
g2 0.7542 0.7551 0.7518 0.7482
F 191.2176 128.4677 76,1172 53.6406
SEE 0.1256 0.1254 0.1263 0.1272
Det (X°X) 0.9914 0.7814 0.7266 0.3344
Nt 125 125 125 125

R .
Significant at the 90 percent confidence level, one~tailed t~test,
Dependent variable is Ln mean property value.

a
Sample size (N) excludes blocks with less than 50 percent and fewer
than 10 single~family, owner-occupied housing units.
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TABLE G.4

DESCRIPTION OF SAN DIEGO VARIABLES
(Sample Size N = 125)2

Secandard
Deviation Minimum Maximum

Variahle Mean
Mean Property b
Value (1) §32,241
NEF-IT (2) 32.320
Mean Roous

per Unit (3) 5,990

Percent Owner-
Occupied Units (4) 86.250

Percent Black
Population (5) 0.108

Percent Sub-
stand. Plumbing (6) 0.1686

Percent Built
Before 1939 (7) 159.850

Percent Central
Ax Conditioning (8) 0.748

$8,335 §16,471 $54,444
6.707 25.000 45.000
0.661 4.600 7,600
12.534 50.000 100,000
0.545 0.000 4,348
1.073 0.000 10.000
L
8.895 1.662 30.864
0.463 0.000 1.881

aSnmple size (N) excludes blacks with less than 50 percent and fewer
than 10 single~family, owner-cccupied housing units. Only those
blocks are included where at leagt 80 percent of the units raported

values.

bThe mean property value for 375 hlocks in the seven tracts listed in

Table G.1 was $34,535 (based on printed block statistics).




TABLE G.5

ZERO-ORDER CORRELATIONS FOR
SAN DIEGO VARTIABLES
(Sample Size N = 125)3

Vari-

able? (2 )] (4) (s) (6 (7 8
(1)  -0.108  0,850%* 0.448% -0.06% -0.177 =0,018  0.251*%
(2) - 0.093 -0.088  0.033  0.062  0.649% =0.261%
(3) -~ 0.442% -0.033 -0.,186  0.112  0.215
(%) - -06.139 -0.167 ~0,168 0,201
s - -0.031  0.062 -0.048
(6) - -0.101 -0,028
)] - -0.164

f
* Significant at the 80 percent confidence level.

aSample gize (N) excludes blocks with less than 50 percent and fewer

than 10 single-family, owner-occupied housing units.

Only those

blocks are included where at least 80 percent of the units reported
values,

bFor a listing of the variables, see Table G.4.

and (4) are in natural logs.
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TABLE G.6

MEAN VALUES OF SAN DIEGO VARIABLES,
- BY NEF INTERVAL

Mean of NEF Interval
Variable
{5t. Dov.) 25-30 30-40 40-50
Property Value $36,338 §26,210 §35,792
(9,080)% (4,942) (5,047)*
Rooma per Unit 6,140 5,541 6.507
(0.601)* (0.518) (0.464)
Percent Owmer- 88.153 83,795 87.314
Oceupied Units {11.325)% (12.129) {14,669)
Percent Black 0.028 0.197 0.086
Population (0.192) (0.777) . (0.442)
Percent Substan~ 0.000 0.424 0.000
dard Plumbing (== (1.693) (-
NEF-I1 25,000 33775 41,724
29

No. of Oba. 47 49

* .
"Mean value for this interval is significantly different at the 90 per-
cent confidence level from the mean value for the interval NEF 30-40

(large sample test).
Yean value for this interval is algnificantly different at the 90 per-

cent confidence level from the mean value for the interval NEF 25-30
{large sample test).
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APPERDIX H

MINNEAPOLIS, ATLANTA, AND LA GUARDIA
EMPIRICAL RESULTS

In the course of this study, some empirical results were prepared
for three additional airports, These are Minneapolis-St. Paul, Atlanta,
and Rew York's La Guardia Airport. This appendix comments
on the results obtained for each of these airports and the reasons
for their exclusion from the final empirical results in Chapter Four.

Minneapolis-St. Paul. Figure H.1 shows the study area selected
for the Minneapolis-St, Paul Airport. The study area includes a number
of lakes and a major park (Minnehaha Park) which bisects the area under
the northweat flight path. This made it difficult to collect a sample
that did not include blocks near at least gome of these features. In
addition, there 1s a limit on nighttime operations at the airport which
nay also influence property values in the surrounding residential area.

Despite & number of experiments, the Minneapolisg-St. Paul regreasions
never vielded a significant, negative NEF coefficient. Rather than
deleting sufficient observations sc as to produce the desired result,
we shall report this case as interesting in its own right. Apparently,
accessibilicy to lakes and parks in this area more than outweighs
the disamenitles associated with noise. This suggeats that a '"fiper"
approach than that taken in the present study would be necessary to
capture the effect of noise on property values, e.g., use of individual
housing data, detailed site visits, and questionnaires. In additdion,
it suggests that attempts at exclusionary zoning around ailrports can
deny househiolds access to scarce amenities, the value of which may
exceed the disamenities associated with noise,

. Atlanta. Figure H,2 shows the study area selected for Atlanta.
The study area contained a significant amount of rental housing units.
When the sample was restricted to blocks with more than 50 percent
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TABLE 6.6

MEAN VALUES OF SAN DIEGO VARTABLES,
- BY NEF INTERVAL

Mean of NEF Interval
Variable
(St. Dev.) 25-30 30-40 40-50
Property Value $36,338 $26,210 §35,792
(9,080)* (4,942) (5,047)%
Rooms per Unit 6.140 5.541 6.507 *a
(0.601)* (0.518) (0.464)
Percent Owner- 88.153 83.795 87.314
Oceupied Units {11.325)* {12.125) (14.669)
Pearcent Black 0,028 0.197 0.086
Population (0.192) (0.777) . (0.442)
Percent Substan- ¢.000 0.424 0.000
dard Plumbing (== (1.693) (-
NEF-11 25,000 33.775 41,724
No. of Obs. 47 49 29

*
"Mean value fbor this interval is significantly different at the 90 per-
cent confidence level from the mean value for the interval NEF 30-40

(large sample test). .
“Mean value for this interval is significantly different at the 90 per-

cent confidence level from the mean value for the interval NEF 25-30
(large sample test).
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APPENDIX H

MINNEAPOLIS, ATLANTA, AND LA GUARDIA
EMPIRICAL RESULTS

In the course of this study, some empirical results were prepared
for three additional airports. These are Minneapolis-St. Paul, Atlanta,
and New York's La Guardia Airport. This appendix comments
on the results obtained for each of these airports and the reasons
for their exclusion from tha final empirical results in Chapter Four.

Minneapolis-St, Paul. Figure H.1l shows the study area selected
for the Minneapolis~St. Paul Airport, The study area includes a number
of lakes and a major park (Minnehaha Park) which bisects the area under

the northweat flight path. This made it difficult to collect a sample
In

that did not include blocks near at least some of these features.

addition, there is a limit on nighttime operationa at the airport which

may alse influence property values in the surrounding residential area,
Despite a number of experiments, the Minneapolis-5t. Paul regressions

never yielded a significant, negative NEF coefficient. Rather than

deleting sufficient observations so as to produce the desired result,

we shall repert this case as Interesting in its own right. Apparently,

accessibility to lakes and parks in this area more than outweighs

the disamenities associated with noise. This sugpgests that a "finer"

approach than that taken in the present study would be necessary to

capture the effect of noise on property values, e.g., use of individual

housing data, detailed site visits, and questionnaires. In addition,

it suggests that attempts at exclusionary zoning around airports can

deny houscholds access to scarce amenities, the value of which may

exceed the disamenities assoclated with noise.

) Atlanta. Fipgure H,2 shows the study afea selected for Atlanta.

The study area contained a significant amount of rental housing units.

When the sample was restricted to blocks with more than 50 percent

H=1



reasidential units, only 54 observations were obtained with NEF-I and

45 wirh NEF-II, While the noise coefficient was occasionally negative,
the small sample size and the effects of rental housing on residential

property values made the results suspect. For these reasons, the
Atlanta results have not been reported

New York La Guardia, Figure H.3 shows the study area for New
York's La Guardia Airport. Recorded noise levels ranged from NEF 25

to 40, but the diverse nature of the area and census sampling errors
produced unreliable results. It was imposaible to determine if the
nolse coefficient was negative or not, The results are in several
regpects similar to those obtained for Boston's Logan Airport. The
wathedology adopred in the present study is applicable to suburban
atrports, but not to urban airports like Logan and La Guardia. In
these latter areas, a more sophisticated methodolopy 1s required,
with access to less aggregate data containing more accurate measures

of residential property value levels,
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