Modelling the Effects of Airport Noise
on Residential Housing Markets

A Case Study of Winnipeg International Airport

- By Terrence J. Levesque*

1. Introduction

Decomposition of residential property prices by regression is a well-established practice
to estimate the effects of aircraft noise on housing markets near airports. Samples of
property transactions are drawn from neighbourhoods exposed to varying amounts of
noise. Each transaction is represented by a list of physical characteristics such as the size
of the house, and location features, including its exposure to airport noise. The latter is
typically represented by a single index such as the Noise Exposure Forecast (NEF). When
the closing prices of transactions are regressed on these characteristics the technique is
called hedonic price estimation. The regression coefficient of the noise characteristic
measures the economic impact of noise on property markets.

By measuring noise with cumulative energy measures like the Noise Exposure
Forecast, analysts forgo the opportunity to distinguish the relative importance of sound
pressure levels, frequencies of overflights, and the variability of the noise as factors
influencing residential property prices. This study considers separating these effects by
representing noise conditions at each location as a vector of characteristics. It tests the
resulting model against one based on the more typical Noise Exposure Forecast.

2. Previous Evidence
The connection between cumulative measures of airport noise and property prices has
been explored for a number of North American and European airports. Nelson (1980)
summarises the evidence concerning the price effects of airport noise from a variety of
studies. He compares their results by denominating the noise effect in acommon unit, the
Noise Depreciation Index (Pearce, 1978). The NDI measures the percentage depreciation
for eachunitincrease in noise exposure. The NDI for eighteen cities that Nelson discusses
ranges from 0.29to 1.10, and the average NDI is 0.58. The coefficient of variation is about
0.31, suggesting that the average NDI is quite representative of housing markets in many
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different cities. Nelson’s study and those he cites consider housing markets in the period
1967-80. Pennington, Topham and Ward (1990) and Uyeno, Hamilton and Biggs (1993)
examine more recent markets. The former find no statistically significant relationship
between housing prices and the Noise and Number Index for Manchester International
Airport in the period 1985-86. The latter find that the NDI for Vancouver International
Airport is 0.65 for single detached housing in 1987. An unpublished hedonic study by
Gillen and Levesque (1991) estimates an NDI of 0.48 for single detached housing
neighbouring Toronto International Airport.

Calculations of noise effects on residential housing markets exhibit considerable
similarity in a variety of cities, at different times. Aviation noise appears to reduce prices
of otherwise similar houses between 0.5 and 0.6 per cent for each NEF decibel. However,
because the NEF measure is cumulative these results do not reveal anything directly about
the individual effects of loudness and number of events, information that would be useful
in examining the benefits of alternative noise management strategies. Besides, while it
is possible to derive separate estimates indirectly by differentiating the hedonic price
function with respect to the loudness and frequency components of the NEF formula, the
relationship between the results is restricted by the form of the NEF function. A better
approach to investigate the loudness and frequency effects involves allowing the two to
be estimated independently. The results can then be compared with those based on NEF
to determine which is the statistically superior model of noise effects in housing markets.

A similar analysis applies to applications that rely on the Noise and Number Index

(NNI). Like the Noise Exposure Forecast, it combines measures of loudness and number
of events in a single cumulative index. Itdiffers from the NEF in the way that it measures
loudness as the maximum perceived noise level of each event (Ford, 1987). Like the NEF
itis a cumulative energy measure and therefore may mask the hedonic effects of loudness
and number of events.

3. Cumulative versus Single Event Analysis
Previous hedonic studies rely exclusively on cumulative noise measures, especially the
Noise Exposure Forecast, to represent noise at the locations studied. The Noise Exposure
Forecast aggregates the noise produced by individual events over a day. The formula for
its calculation is

NEF =101og Z}: ‘,‘: antilog (NEfél’] ) ) 1)
where: NEF(i,j) is the NEF value produced by aircraft i using flight path j. These values
are calculated as
NEF(i,j) = EPNL(i,j) + 10l0g[N, + 16.67N,] - 88

where: EPNL(i,j) is the Effective Perceived Noise Level at the location, produced by
aircraft i using flight pathj, N,is the number of daytime flights (0700-2200) involving this
combination, and N, is the number of night-time flights (2200-0700). EPNL measures
loudness in terms of sound pressure levels, the duration of the event, and the presence of
pure tones like the whine of a jet engine (Raney and Cawthorn, 1991). It is particularly
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suited to measure the human response to aircraft noise. As aresult the Noise Exposure
Forecast provides a good correlate of responses to the question “How annoyed are you by
aircraft noise?”” (Hede and Bullen, 1982).

The goal of hedonic price analysis of airport noise is, however, not to calibrate dose
response functions of the annoyance reaction. Instead, it attempts to measure the
contributions of a variety of location characteristics to property price differences. In a
housing market, buyers react to the number of “loud” events at a location and the level
of the noise from these events. Combining these characteristics in a particular formulalike
the NEF calculation imposes a priori restrictions on the way that loudness and frequency
can affect prices. It is appropriate to test these against more general specifications of the
effects.

In spite of this, there is no published account of any attempt to decompose the separate
effects of loudness and number of events in the literature that examines the relationship
between market prices and airport noise. This is attributable to two features of previous
studies. Generally, hedonic studies have not accounted for the research on noise
annoyance, and hence do not recognise the variety of issues surrounding the representa-
tion of noise, including the separation of loudness and number of events. Besides, they
tend to rely exclusively on noise contour maps to estimate noise at a housing location.
These maps only depict the cumulative noise measure, conveying no information about
the variability of the loudness of individual events or their number.

However, because the noise contour maps are assembled from data on individual
events, it is possible to use the algorithm that builds them to obtain a disaggregate profile
of noise at a location. In this study Transport Canada’s NEF program is modified to
provide the EPNL value at eachlocation studied and the number of events for each aircraft
type and flight path. Instead of representing aircraft noise as a single index value for each
house sale, noise can be represented by a vector of values related to the loudness of
individual events and the number of events. Further, use of the algorithm means that noise
ateachhouselocationcan be estimated directly rather than by linear interpolation between
contours on a map, a practice common to most previous hedonic studies of airport noise.

4. Model Specification

Itis well understood that the sale price of ahouse in a competitive housing market depends
on its characteristics, and that this relationship can reveal the effects of “quality”
differences when it is estimated. As long as most buyers prefer a fireplace to not having
one, the market price of a house with one will exceed the price of the same house without
one. Similarly, a house at a noisy location will sell for less than the same house at a quiet
location. These relationships between the market price of a house and its characteristics
are expressed in the function:

P =D(21,235- - sZp» 01,03, ..,0,, time), 2)
where: z; denotes a continuous variable such as the number of noise events and 8j denotes
adummy variable like “fireplace/no fireplace.” Time, referring to the date of the sale, is
included when the sample of sales spans a long enough interval for the effects of price
increases to be controlled.
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The theory of hedonic price functions implies that they are restricted by the
preferences for characteristics and the costs of supplying them through a system of
equilibrium conditions. A few studies specify preferences and costs and derive closed
form hedonic price functions (Epple, 1987; Giannias, 1988). More commonly, the
hedonic price function is specified without referring to underlying demand and cost
conditions. Most studies of housing prices and airport noise rely on fixed specifications
such as the linear, log-linear, and exponential models. An alternative is to use a flexible
function that is general enough to accommodate a range of conditions relating to the
curvature of the hedonic price function. The Box-Cox transformation satisfies this
requirement. It is specified as:

i
P_z_l- o+ o _/'L—— + 7,(7—) SJ By 3

In this specification all the continuous vanables are transformed by the same function.
The value of the transformation parameter, A, determines the curvature of the price
function. If A = 1.0, the price function is linear in the continuous characteristics. As A
approaches 0.0 the price function approaches log-linearity in the continuous characteris-
tics. Values of A between 0.0 and 1.0 yield varying amounts of curvature. The values of
the dummy variables are not transformed because their role in the model, as shift
parameters, is not affected when they are transformed.

Turning to the representation of noise conditions, this study uses three measures. The
number of events that exceed an EPNL value of 75 at alocation represents the frequency
of loud incidents. A medium executive turbojet, such as a Learjet, produced an EPNL of
75 when it was twenty thousand feet from alocationin 1986-87. The relationship between
EPNL values and distance reflects technology and noise management flight procedures.
Itis expected that as the number of events exceeding 75 EPNL is larger, the market value
of similar housing will be lower.

The loudness of events that exceed 75 EPNL is measured by the mean EPNL. It is
expected that the higher the mean value is, the lower-priced similar housing will be. The
model also includes the standard deviation of EPNL of all events that exceed 75 EPNL.
A difference of 10 EPNL corresponds to an approximate doubling of perceived loudness.
In the area studied, the standard deviation of EPNL ranges from 4.600t09.876 over 1,635
properties. From one standard deviation below to one above the mean, the increase in
loudness appears to vary from two to four times. There is no guidance from the literature
onhedonic price analysis concerning how this variation in the contrast between the above
average and below average events might affect prices.

For the same mean EPNL value and different standard deviations at two locations, the
location with the higher standard deviation experiences more atypically high and low
EPNL values. Robinson (1971) contends that the more variable noise is, the “greater its
distracting and hence annoying quality.” This would tend to support a hypothesis that,
other things being equal, the higher the standard deviation of EPNL the lower housing
prices would be. In a 1982 study of 3,580 neighbours of Australian airports Hede and
Bullen (1982) find that more than half state that “the steady build-up of all the planes [they]
hear in a day” affects their feelings about noise at least as much as the “noisiest plane that
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[they] hear.” Thisresult appears to suggest that variability might be preferred toa constant
noise level, since below average events provide a measure of relief in the build-up over
the day. On balance, there is not a strong argument for signing the coefficient on the
standard deviation.

5. The Study Area and The Data

The study examines the housing market in Winnipeg between January 1985 and Decem-
ber 1986. Property data from the Winnipeg Real Estate Board’s annual report on listings
were collected from a large enough area that the 25 NEF contour is fully enclosed. Actual
1986 NEF values were calculated for every address based on Transport Canada’s records
concerning aircraft types, flight paths and frequency of arrival and departure. The “Study
Area” for the purposes of the analysis comprises those addresses for which the estimated
NEF exceeds 24.5.

Within the Study Area, 99 per cent of the sales recorded during the 1985-86 market are
of single detached housing. The 1986 Census shows that 76 per cent of housing in the
Study Area is single detached, and 59 per cent of housing in the rest of the Winnipeg
Census Metropolitan Area is single detached. It appears that the main market in the Study
Area is for single detached housing, and that the high proportion of this type of housing
in the sales data is not atypical. All the analysis of property values that follows concerns
single detached housing. In total, 1,635 such houses sold in the time interval studied.

Table 1 shows housing characteristics in the Study Area from 1985 to 1986. Besides
the features of the Study Area shown in Table 1, the 1986 Census shows that the Study
Areais an older area. Seventy-one per cent of the houses were atleast 25 years oldin 1985,
and another 19 per cent were at least 15 years old.

A noise profile composed of vectors of EPNL values and frequencies for each
combination of aircraft type and flight path was constructed for each house. The noise
variables were then calculated from the profiles. Table 2 contains descriptive statistics for
these variables. The correlations among the noise measures show that it should be possible
to identify separate effects of the number of events, the mean and the standard deviation
with a regression analysis.

Concerning the physical characteristics of the houses, this study adopts the strategy
employed by Pennington et al. (1990) for representing the effect of the number of
bedrooms and bathrooms. Their use of dummy variables permits a more general
consideration of the value of additional rooms than is possible when the number of rooms
is represented as a single continuous variable.

6. Results

The following expression shows a generalisation of the Box-Cox model described in
Section 4. In this case the transformation parameter can differ for the dependent and
independent variables. This permits examination of an even broader class of models.

Arl_ . 12— /lrz_
P_11_1=a0+a1u_nwj_2__l+£'/( ) Eﬁkak @

=1
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Table 1

Characteristics of Single Detached Housing in the Study Area and Area 2

Variable Study Area
Closing price $72316
Style (% of all styles): Bungalow 50.1
One-and-a-half storey 232
Two storey 21.2
Two-and-a-halfstorey 0.5
Split 33
Number of rooms 58
Number of bedrooms 2.8
Number of bathrooms 12
Total area in square metres 1074
Percentage with: Fireplace 32.1
Recroom in basement 27.6
Main floor family room 8.0
Plot size: Kerb length in metres 14.7
Depth in meters 34.2
Distance to nearest school (km) 0.5
Number of houses 1,635

Five different models were tested. Table 3 summarises them according to the restrictions
imposed on A, and A, in the estimation procedure. Pennington et al. (1990) and Uyeno
et al. (1993) estimate exponential models (Model 1). An exponential model restricts the
Noise Depreciation Index to a constant, an assumption that ought to be tested.

Models 3 and 4 are nested in Model 5. Hence, likelihood ratio tests, which compare
the explanatory power of the restricted models to the more general model, provide a basis
for selecting among them. The test statistic is:

LLR = -2[log likelihood(restricted model) - log likelihood(unrestricted model)]
which is distributed asymptotically as a’y? variable with degrees of freedom equal to the
number of restricted parameters. In comparing Models 3 and 4 to Model S, there is one
degree of freedom,; the 2 statistic with one degree of freedom is 6.63 at the one per cent
level of significance. Itisclear from the testresults in Table 3 that Model 5 is significantly
different from Models 3 and4. Hence, the best explanation of the price datais not alinear
model or a log-linear model. Since Model 1 is nested in Model 2, the likelihood ratio test
can be applied to select between them. The test shows that it is possible to reject the
hypothesis of an exponential model.

Model 2 and Model S are notnested. However, they canbe compared according to their
Akaike Information Criterion (Sawa, 1978). Of the two models the one that minimises
—2log likelihood(Model) + 2k is preferred. Table 3 shows that Model S is superior in this
regard; therefore, the estimates for Model § are selected to represent the hedonic price
function. The Box-Cox parameter of Model 5 is A = 0.47. Thus, the usual specifications
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Table 2

Descriptive Statistics for the Noise Characteristics in the Study Area

Characteristic Mean Standard Minimum Maximum
Deviation

Number of events exceeding 75 EPNL 210.39 84.49 7147 399.11

Average EPNL of events 85.76 1.99 79.38 90.99

Standard deviation of EPNL 7.58 097 4.60 9.88

Noise Exposure Forecast 31.32 4.30 24.51 43.13

Correlation coefficients Number Average Standard NEF

Deviation

Number of events exceeding 75 EPNL 1.000

Average EPNL of events 0.564 1.000

Standard deviation of EPNL 0.700 0.691 1.000

Noise Exposure Forecast 0.831 0.825 0.858 1.000

found in the literature are strongly rejected for the 1985-86 market in Winnipeg. In
particular, the practice of regressing the logarithms of sale prices on the independent
variables is not the best estimation strategy in this case.

Table 4 shows the coefficient estimates and their associated 7-ratios for the optimal
model. The base housing configuration, captured in the constant term, is a three-bedroom
bungalow, with one bathroom, no fireplace, recreation room, or family room, and no
garage parking. As an indication of the overall fit of the model, the adjusted R? is 0.8017;
eighty per cent of the variation in the sample of prices is accounted for by the relationship
between price and the characteristicsincluded in the model. All theindividual coefficients
are significant at the one per cent level or better except for the coefficient that identifies
the difference between the price of a bungalow and a two and a half storey house.
Inspection of Table 1 suggests that this contrast is probably weak because there are so few
two-and-a-half storey houses in the data.

Concerning the results, the coefficient estimates indicate the following. Two-storey
and split-level houses sell at a premium to bungalows in the study area and time.
Bungalows sell at a premium to one-and-a-half storey houses. Houses with fireplaces sell
at a premium to those without, as do houses with recreation rooms or main-floor family
rooms. Houses with fewer than three bedrooms sell at a discount to houses with three
bedrooms, and the discount increases as the number of bedrooms decreases. Houses with
more than three bedrooms sell at a premium, and the premium increases with the number
ofbedrooms. The coefficients show similar findings for the number of bathrooms.Houses
with garage parking sell at a premium to those with only driveways or carports, and the
premium on a two-car garage is higher than for a one-car garage. Older houses sell for
less than newer houses, and over the time of the study, January 1985 to December 1986,
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Table 3

The Five Models
Model Restriction Restriction Log LIR AIC

on A, on A, Likelihood
Model 1: exponential A=0 A=1 -18113.1 3214 -
Model 2: unrestricted dependent A, unrestricted A=1 -17952.4 - 35956.8
Model 3: linear A=1 A=1 -18101.2 343.0 -
Model 4: log-linear A=0 A,=0 -18066.8 2742 -
Model 5: unrestricted common A A=A, A=A -17929.7 - 359114

house prices increased inthe market. The annual rate of increase implied by the coefficient
on the time variable is about 14 per cent.

The results for the non-noise characteristics suggest that the model uncovers the
determinants of the market prices effectively. The quality of these results provides
evidence of the validity of the results concerning noise. This is helpful because there are
no previous results on these relationships. All the noise coefficient estimates are
significant at the one per centlevel or better. Houses exposed to higher numbers of events

exceeding 75 EPNL sell at a discount to those exposed to lower numbers. Houses inhigh

average EPNL areas sell at a discount to similar houses inlow average EPNL levels. Both
findings are consistent with expectations.

The coefficient on noise variability suggests that houses sell at a premium in areas
affected by the same number of events, the same average EPNL level, but with a larger
variation in the individual event noise levels. Ifitis a valid and reliable finding, this is an
interesting result as it implies that variability in the loudness of events compensates for
the number of events and their average loudness.

One way to describe the results of this hedonic estimation involves deriving the
percentage price discount per unit increase in each noise characteristic. This extends the
Noise Depreciation Index to the separate features of noise. For noise characteristic z;, the
percentage change in price arising from a unit increase in the z; is denoted NDI; and is
calculated as:

_aﬂ 1_ ﬁk (5)
%, P = - Aph |

For A = 0.47, NDI, depends on the level of the characteristic and the sale price. There is
not a unique discount, for instance, associated with the number of events exceeding 75
EPNL. Figure 1 shows NDI functions for a “standard” house comprising a 35-year-old
three-bedroom bungalow with one bathroom, a fireplace, and garage space for one car.
The house is half a kilometre from the nearest school, and is located on a property of
average dimensions. The domain of each NDI function shown is the range of the actual
values of the related noise characteristic. For example, the NDI for average EPNL is about

206



Modelling the Effects of Airport Noise on Residential Housing Markets T. J. Levesque

Table 4
Box-Cox Model Parameter Estimates
(A=047)

Variable Coefficient T-ratio
Style: One-and-a-half storey (,) -12.665 —4.149
Two-storey (9,) 23.316 7.225
Two-and-a-half storey (8,) 7.788 0.485

Split (5,) 23.228 3.672

House with:  Fireplace (85) 27.233 11.302
Recroom in basement (85) 12.169 5.020

Main-floor family room (8,) 39.103 8.758

Plot size: Kerb length in metres (z;) 28.177 25.244
Depth in metres (z;) 7.641 7.131

Garage parking for one car (8g) 12.940 5.559
Garage parking for two or more cars (Jg) 28.702 8.111
Number of bedrooms: ~ One (8,) -56.358 -7.595
v Two (8,,) -25.221 -9.070
Four (§,,) 13.484 4.094

Five or more (8,3) 24.831 2.520

Number of bathrooms: ~ One-and-a-half (3,,) 20.541 7.246
Two (8,5) 21.725 6.212

Two-and-a-half (3,¢) 38.542 6.059

Three or more (8,7) 90.203 7.013

Distance to school (z3) 8.417 2.714
House age in years (z,) -1.925 -3.629
Time (z5) 12.468 16.176
Number of events exceeding 75 EPNL (z) —4.361 -14.297
Average EPNL of events (z7) -28.614 -3.801
Standard deviation of EPNL (zg) 24.254 4864
Constant 539.110 5.083

-1.3over therange 78 to 92; increasing the average EPNL by one decibel reduces predicted
house prices by about 1.3 per cent. In contrast, the NDI for the number of events is much
smaller, as would be expected. Adding one more landing or take-off is less noticeable than
raising average loudness. The NDI for the number of events varies from -0.2 to -0.1 as
the number of events increases from 80 to 400. The NDI for the variability of the EPNL
shows the percentage change in the predicted price arising from a one decibel decrease
in the standard deviation.

The results of the Box-Cox estimation show that measures of loudness and event
frequency correlate significantly with residential housing prices. This result, while
interesting, may not be of much importance if the model does no better than one that
measures noise with a cumulative energy index like the NEF. To determine whether the
decomposition is a more powerful explanation of the effects of noise, a second model,
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based onthe NEF for 1986, is estimated. Then a Davidson-MacKinnon J-test of the model
specification is performed (Davidson and MacKinnon, 1981). The decomposition model
is re-estimated with the predicted closing prices from the NEF model added as an
independent variable. If the coefficient of the predicted price variable is significant,
information about housing prices is contained in the NEF measure that is not captured in
the decomposition into loudness and frequency; on the other hand if the coefficient is not
significant, the NEF measure adds nothing to the model of housing prices.

To ascertain if the decomposition model is better than the NEF model, the latter is re-
estimated with predicted prices from the original Box-Cox decomposition model. If the
coefficient for the predicted prices is significant, the decomposition adds explanatory
power to the NEF model.

The decomposition model is non-linear. Therefore, following the suggestion by
Davidson and MacKinnon (1981), likelihood ratio tests are used to determine whether the
relevant coefficients are significant. When the decomposition model is re-estimated with
the predicted prices from the NEF model, the likelihood ratio to test the significance of
the coefficient for the predictions is 4.4. When the NEF model is re-estimated with the
predicted prices from the original decomposition model, the likelihood ratiois 115.8. The
likelihood ratios are asymptotically distributed as x2 with one degree of freedom. The
contribution of the NEF predictions to the decomposition model is not significant at the
one per cent level; in contrast, the contribution of the decomposition predictions is
significant at much less than the one per cent level. These results provide strong evidence
that the decomposition of noise into loudness and frequency effects is more powerful-at
explaining the effects of noise on residential house prices.

7. Discussion

The findings concerning the hedonic price function are notable. They appear to
decompose the roles of different aspects of airport noise definitively. If the study has
produced valid and reliable estimates of these effects, they carry interesting implications
about management of airport noise. For instance, because the number of flights is less
important than the loudness and variability of the loudness of single events, the phase-in
of the quieter Stage III aircraft can be expected to improve overall well being and offset
increases in the frequency of events at the same time.

The result concerning the variability of the loudness of single events is even more
important. It suggests that a constant background level of noise is more detrimental than
one in which there is more variability.

Thisis the first case study of an airport’s effects on property prices that has decomposed
the contribution of noise. As there are no previous studies with which to make compari-
sons, care must be exercised in interpreting the findings. Further analysis involving other
markets and airports is indicated either to confirm the results of this study or show that they
are not reliable. Itis, however, significant that there is strong evidence that decomposing
the contributions of loudness and event frequency provides a better model of housing
prices than using the Noise Exposure Forecast. This result suggests that decomposition
is an effective approach.
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