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1. Introduction

There is a large literature on how noise (or conversely; peace and
quiet) is capitalised into housing values. This literature is important
as to understand the social cost of noise pollution from different
transport modes, which in turn, is important to determine what
investments in noise abatements should be prioritised. However,
within the body of literature one can find a large spread of estimates
of the costs associated with noise pollution. This paper aims at
partially explaining these differences by looking at potential differ-
ences in transport modes (road and air) in relation to costs associated
with noise pollution. One large benefit directly resulting from this
approach is that when establishing the relation between transport
modes, planners can predict the cost of aircraft noise pollution when
only estimates for road noise pollution are available, and vice versa.
The findings suggest that the cost of aircraft noise is larger, all else
equal, than the cost of road noise. To which there may be several
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reasons, one being the difference in intensity and unpredictability
between the two transport modes. Road noise is normally an
ongoing event (when you live in proximity to a road) while aircraft
noise is attributed to the landing and take-off cycle. Differences in
exposure to noise stemming from different transport modes have
been examined in the medicinal field. For example, Stansfeld et al.
(2005) argue that aircraft noise has a greater impact on children's
reading capabilities than road noise. Basner et al. (2011) found dif-
ferences in sleep patterns related to the source of noise pollution.
Peace and quiet are goods that cannot be purchased on the open
market, yet they are in high demand. This results in a lack of
available observable prices for these goods. The common denomi-
nator of the included studies of this paper is that they all have
approached the valuation of the social cost of noise in the same
way, namely though estimation of the Noise Depreciation Index
(NDI) using the hedonic modelling framework, where noise levels
are associated to property values (rents or prices). The approach is
not without its problems but it gives good estimates of the social
cost of noise pollution. The included studies do of course differ in a
number of ways. Early studies of aircraft noise used Noise Exposure
Forecast (NEF) as the measurement of noise (Abelson, 1979; Maser
et al.,, 1977; Nelson, 1979; O'byrne et al., 1985) while estimations of
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Table 1
Summary of included studies.

139

Study NDI Noise Transport  Country Time period of Study NDI Noise Transport  Country Time period of
measure mode data measure mode data
Abelson (1979) 04 NEF Air Austrailia  1972—1973  Maser et al. (1977) 0,61 NEF Air USA 1971
Abelson (1979) 05 NEF Air Austrailia  1972—1973  McMillan et al. (1980) 0,51 NEF Air USA 1975—-1976
Allen (1980) 0,15 L10 Road USA 1977—-1979  Mieszkowski and Saper 0,52 CNR Air Canada 1969-1973
(1978)
Allen (1980) 0,14 L10 Road USA 1977—-1979  Myles (1997) 0,37 Air USA 1991
Anderson and Wise (1977) 0,43 NPL Road USA 1969—-1971  Nelson (1978) 1,06 NEF Air USA 1970
Anderson and Wise (1977) 0,14 NPL Road USA 1969—1971  Nelson (1978) 0,87 Ldn Road USA 1970
Andersson et al. (2010) 1,68 Laeq Road Sweden 1996—2006  Nelson (1979) 0,58 NEF Air USA 1970
Bailey (1977) 0,3 Distance Road USA 1968—1976  Nelson (1979) 0,51 NEF Air USA 1970
Baranzini et al. (2010) 0,226 Ldn Road Switzerland 2003 Nelson (1979) 0,29 NEF Air USA 1970
Baranzini et al. (2010) 0,197 Ldn Road Switzerland 2003 Nelson (1979) 0,4 NEF Air USA 1970
Bateman et al. (2001) 0,202 Leq Road UK 1987 Nelson (1979) 0,75 NEF Air USA 1970
Bateman et al. (2004) -0,5 Leq Road UK 1997 Nelson (1979) 0,52 NEF Air USA 1970
Bateman et al. (2004) 0,53 Leq Road UK 1997 Nelson (1979) 0,55 NEF Air USA 1970-1971
Bateman et al. (2004) 0,28 Leq Road UK 1997 O'Byrne et al. (1985) 0,69 Ldn Air USA 1980
Bateman et al. (2004) 0,55 Leq Road UK 1997 O'Byrne et al. (1985) 0,64 NEF Air USA 1970
Bateman et al. (2004) 0,18 Leq Road UK 1997 Paik (1972) 1,9 NEF Air USA 1960
Bateman et al. (2004) 0,25 Leq Road UK 1997 Paik (1972) 1,8 NEF Air USA 1960
Bateman et al. (2004) 16 Leq Air UK 1997 Paik (1972) 2,3 NEF Air USA 1960
Blanco and Flindell (2011) 0,45 Laeq Road Great 2005 Palmquist (1982) 0,48 L10 Road USA 1962—1976
Britain
Blaylock (1977) 0,99 Air USA 1970 Palmquist (1982) 03 L10 Road USA 1958—1976
Brandt and Maennig 0,233 Lden Road Germany 2002—2008  Palmquist (1982) 0,08 L10 Road USA 1950-1978
(2011)
Brandt and Maennig 0,13 Lden Air Germany 2002—2008  Pennington et al. 0,47 NNI Air UK 1985
(2011) (1990)
Chalermpong (2010) 2,12 NEF Air Thailand 2002—2008 Pommerehne, 1988 1,26 Leq Road Switzerland 1986
De Vany (1976) 0,8 NEF Air USA 1970 Price (1974) 0,81 NEF Air USA 1970
Dekkers and van der 0,77 Lden Air Netherlands 1999—2003  Piischel and 1,04 Lden Air Germany 2009
Straaten (2009) Evangelinos (2012)
Dygert (1973) 0,5 NEF Air USA 1970 Renew (1996) 1 Leq Road Austrailia
Dygert (1973) 0,7 Air USA 1970 Rich and Nielsen 0,54 Laeq Road Denmark 2002
(2004)
Emerson (1972) 0,58 CNR Air USA 1967 Rich and Nielsen 0,47 Laeq Road Denmark 2002
(2004)
Fromme (1978) 1,49 Air USA 1970 Salvi (2007) 0,93 Leq Air Switzerland 1995—2007
Gamble et al. (1974) 2,22 NPL Road USA 1969-1971  Soguel (1991) 0,91 Leq Road Switzerland 1990
Gamble et al. (1974) 0,24 NPL Road USA 1969—-1971  Swoboda et al. (2015) 0,2 Leq Road USA 2006
Gamble et al. (1974) 0,21 NPL Road USA 1969—-1971  Swoboda et al. (2015) 0,3 Leq Road USA 2008
Gamble et al. (1974) 0,26 NPL Road USA 1969—-1971  Swoboda et al. (2015) 0,4 Leq Road USA 2010
Gautrin (1975) 0,62 NNI Air UK 1968—1969  Swoboda et al. (2015) 0,27 Leq Road USA 2006—2010
Grue et al. (1997) 0,24 Leq Road Norway 1995 Tarassoff (1993) 0,65 Air Canada 1989—-1990
Grue et al. (1997) 0,48 Leq Road Norway 1988—1995  Taylor et al. (1982) 0,42 Leq Road Canada 1972—-1978
Grue et al. (1997) 0,54 Leq Road Norway 1988—1995  Taylor et al. (1982) 0,52 Leq Road Canada 1972—-1978
Hall et al. (1978) 1,05 Leq Road Canada 1975—1977  Uyeno et al. (1993) 0,65 NEF Air Canada 1987—-1988
Hidano et al. (1992) 0,7 Leq Road Japan 0 Uyeno et al. (1993) 0,9 NEF Air Canada 1987—-1988
Iten and Maggi (1988) 0,9 Road Switzerland 0 Uyeno et al. (1993) 1,66 NEF Air Canada 1987—1988
Kaufman et al. (1996) 0,28 Air USA 1991-1995  Vainio (1995) 0,36 Leq Road Finland
Langley (1976) 0,22 NPL Road USA 1962—1972  Vaughan and Huckins, 0,65 Leq Road USA 1971-1972
1975
Levesque (1994) 1,3 EPNL Air USA 1985—-1986  Wilhelmsson (2000) 0,6 Leq Road Sweden 1990—-1995
Mark (1980) 0,56 NEF Air USA 1969—-1970  Yamaguchi (1996) 1,51 Air UK 1996
Maser et al. (1977) 0,88 NEF Air USA 1971 Yamaguchi (1996) 2,3 Air UK 1996

road noise have traditionally used different types of equivalent
levels (Leg, LAeq) or noise levels throughout the day (Ldn, Lden) as
measurement (e.g. Bateman et al., 2001; Grue et al., 1997; Renew,
1996). Later, studies of aircraft noise adopted the same measures
as road noise studies. Studies also differ in terms of data availability.
Some rely on aggregate prices at, for example, the census tract (e.g.
Nelson, 1979; Price, 1974; De Vany, 1976). With better data avail-
ability, later studies have access to more disaggregated data and
focus on individual sales (e.g. Brandt and Maennig, 2011; Blanco
and Flindell, 2011; Levesque, 1994) or rents (e.g. Baranzini et al.,
2010; Piischel and Evangelinos, 2012). Furthermore, studies may
differ in terms of model specification where most use a semi-
logarithmic approach, with a few exceptions. These differences,
aside from the mode of transport under study, may all be causes of
the differences in estimated costs of noise pollution.
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Table 2

Regression output - Dependent variable NDI.
Variable Model I Model II Model III

Coeff t-value Coeff t-value Coeff t-value

Aircraft 0,4085* 3,86 0,4272* 3,42 0,6053* 4,09
Noise measure, Leq = 1 — —0,0201 -0,13 0,0420 0,28
Country, USA =1 — -0,1413 -1,21 -0,1135 -0,93
Year published - - 0,0158* 2,73
Published — — 0,0953 0,8415
Type of data, individual transactions = 1 — — 0,1273 0,93
Control for accessibility = 1 - - 0,2230%** 1,84
Model specification, Log-Linear = 1 — — —-0,3606* -2,32
Ln(sample size) - - -0,3117* -3,39
Constant 0,4810* 6,50 0,5499* 4,29 -30,37** -2,65
R2 0,1448 0,1603 0,395791
Nobs 90 90 64

Note: *, ** and *** significant at the 1%, 5% and 10 level respectively.

The remainder of the paper is structured as follows. In Section 2 the
most common approach to estimating the cost of noise pollution will
be described. In section 3 the meta-analysis performed here is dis-
cussed, with the results presented in section 4. Section 5 concludes.

2. Estimating the cost of noise pollution

Since Rosen (1974) presented the framework, the concept of
hedonic pricing models has come to play a large role in numerous
studies estimating the price (or cost) of non-market goods (or
bads), such as noise pollution, or accessibility. Hedonic price
models use the known price (P;) and composition (Z;) of a hetero-
geneous market good (often property). Drawing upon the fact the
properties are differently exposed to, e.g. noise, one can estimate
the implicit price of noise (§;) from (1).

lnP,- = 60 + ‘81N0i56 + 6311121' + U; (1)

Where the natural log of price is regressed on the property char-
acteristics (such as size, age and accessibility) and the noise level.
The benefit of estimating the log-linear model is that the implicit
price of noise () can be directly interpreted as the quasi elasticity
called the Noise Depreciation Index (NDI). That is, a 1 dB change in
the noise level yields a #; percent change in price. Formally, the NDI
is given by:

P (—100)

NDI'= oNoise P

(2)

The NDI is defined negatively as the effect of noise on price is
normally thought be negative. P is the price, for example the
sample mean. The NDI provides means of comparing estimates
between studies.

For this paper a total of 90 NDI estimates from 53 studies have
been gathered. Out of these, 44 are estimates of aircraft noise and
46 regarding road noise. The included studies are summarised in
Table 1. A histogram of the distribution of NDI estimates is pre-
sented in Fig. 1 with intervals of NDI estimates on the x-axis and
number of studies on the y-axis.

The sample mean of the NDI is 0.68 with a standard deviation of
0.53, which tells us the variation is large. The sample mean differs
between the two transport modes with aircraft seeing a mean NDI
of 0.88 while road noise estimates has a mean of 0.48.

There is not a single approach to measuring noise pollution.
Measures of noise pollution have differed over time, across coun-
tries and between transport modes. This is a potential source of the
differences in estimates of the noise depreciation index. This sus-
picion is supported by e.g. Wilhelmsson (2000) who states, when

comparing results, that “... and that L.q dBA is less than L;p under
the same condition” pp. 810.

3. Meta-analysis

Since the point of the NDI is to provide a comparable (between
studies) estimate of the cost of noise, it is also a good candidate for
meta-analysis. Nelson (2004) performs a meta-analysis on airport
noise in order to provide a useful sample mean, based on the
assumption that all included estimates are unbiased estimates of a
true population discount. Schipper et al. (1998) also perform a
meta-analysis on aircraft noise with the aim to describe what may
cause differences in estimates and find that relative house values
can explain a lot of the variation (aircraft noise is a larger problem
in wealthier neighbourhoods). Instead of explaining aircraft noise
alone, the present paper will aim to explain and estimate the size of
the difference between the cost of aircraft and road noise. Addi-
tionally, this will provide an estimate of a “multiplier” that can be
used when only road noise estimates are available but not aircraft
noise, or vice versa.

The meta-regression that will be estimated is given by (3):

NDI; = B + Bqaircraft; + BoX; + & (3)

Where the NDI of study i is regressed on study specific character-
istics (X;), such as country, time of publication, number of obser-
vations and so on. These are important to add as control variables as
there may be systematic differences in these underlying variables
that cause differences in NDI estimates between the two transport
modes. Also included is a binary variable describing if the NDI is
estimated on aircraft noise or not. Thus, (; is of specific interest. ¢; is
a random disturbance.

4. Results

As previously mentioned, 90 NDI estimates have been gathered
from 53 different studies. In addition, information regarding the
study has been gathered. Other than describing whether the NDI
estimate regards aircraft or not, the following information has been
gathered.

The type of noise measure

Country

Year of publication

Peer-reviewed journal

Type of data (individual sales or census)
Accessibility measure

Specification, log-linear or linear
Sample size
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The information regarding a few studies has been gathered from
Bateman et al., 2004%, hence not all information is available for
these studies. Which results in a reduced sample size when all
variables are included, that is in Model IIl presented in Table 2.

Table 2, column 1 illustrates the results of model I, where the
NDI is regressed on the aircraft noise dummy alone. The estimate of
0.40 is significant and tells us that, on average, aircraft noise costs
0.40 percent more than road noise. This estimate varies between
0.40 and 0.60 over the three models; it is always significantly
different from 0. In model III the whole range of variables is added
to the regression. These results give us some additional interesting
insights into the cost of noise. The estimate controlling for inclusion
of some sort of accessibility measure is positive and significant
(although weakly at the 10% level). This is reasonable. If a study fails
to control for accessibility this effect will more than likely be picked
up by the noise measure. As accessibility tends to have a positive
effect on house prices, studies disregarding this effect will under-
estimate the cost of noise pollution. The sample size shows a sig-
nificant, and negative, effect on the NDI estimate, which are in line
with the coefficient estimates of Nelson (2004). The year published
has a positive effect. This may be resulting from the fact that over
time, estimation techniques and the availability of better data be-
comes available. Interestingly, whether or not a study is published
in a peer review journal does not seem to have an effect on the
estimates of NDI, thus it seems this strand of literature does not
suffer strongly from a publication bias, although this might still be a
possibility.

5. Conclusions

This paper set out to study the difference in costs between
aircraft noise and road noise. When applying a meta-regression to
the 90 NDI estimates of 53 studies the results indicate that there is a
difference in the range 0.40—0.60 in terms of NDI, which means
that aircraft noise costs an additional 0.40 and 0.60 percent more
per increased dB than road noise. Noise valuations are resource
intensive, they take time and require costly data gathering. In light
of this, valuations are not always available for both road noise and
aircraft noise. Knowing the cost of noise is important. Policy makers
need this knowledge when implementing noise reduction schemes
and planners when determining where to construct new roads or
expand airports. The knowledge of a relation between road noise
and aircraft noise can serve as a rough conversion “multiplier”
when aircraft noise estimates are not available, but road noise es-
timates are, or vice versa. Thus it may be a convenient tool for
planners and policy makers when it comes to noise regulation and
traffic planning.

The question of why there is a difference in cost of noise be-
tween the two transport modes is still left unexplained in this
paper. New research might be warranted in this area. An attempt to
answering the question can however be found in the field of me-
dicinal research. For example, Stansfeld et al. (2005) argue that
aircraft noise affects health differently than road noise due to the
differences in predictability and intensity. That is, road noise is
continuous while aircraft noise is more dispersed and often louder.
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