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1 Introduction

Transport related noise is a major environmental and health problem in many developed

countries. In Sweden, for example, recent calculations estimate that about 1 730 000

individuals and 225 000 individuals are exposed to transport noise above the equivalent

level of 55 dB caused by road tra�c and railway tra�c, respectively (Simonsson, 2009).

Furthermore, since one of the policy objectives for the transport sector is accessibility,

transport activity naturally occurs most frequently in areas where people live and work.

Thus, further urbanization in the future will ceteris paribus lead to even more problems

caused by transport noise.

Considering these problems caused by noise, there is a demand for operations and

investments that mitigate noise problems. However, these operations and investments

are not costless which indicates that there is a trade-o� between accepting the noise

exposure and using valuable resources to reduce it.

The bene�t of noise abatement e�orts cannot be directly monetized since there is

no market for noise abatement. Instead the willingness to pay (WTP) determined by

individual preferences has to be derived either indirectly from another market where in-

dividuals implicitly trade noise exposure against other attributes, or by stated preference

techniques.

The WTP for noise abatements is transport-policy relevant mainly for two reasons:

(1), it should be included in cost bene�t analysis (CBA) of operations and investments

in transport infrastructure or other areas that impact the noise level; and (2), it can be

used to derive marginal costs of transport noise useful for infrastructure charging which

internalizes the external cost of noise as well as implies incentives for the noise polluters

to invest in noise-reducing technologies or take other actions that reduces the noise level.

Earlier research that estimate the WTP for noise abatements mostly rely on regres-
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sion on property prices based on Rosen's (1974) hedonic regression technique where the

implicit price of noise is the parameter of the noise variable in a property price regres-

sion.1 An important strength of using this method is that the data is based on revealed

preferences, i.e. actual market data.

However, most previous research has focused on noise caused by road tra�c, and

sometimes aircraft, but not often on railway noise, where the latter also is a major

problem in many countries. For example, the review of the hedonic methodology for

transportation noise studies by Nelson (2008) refers merely on road and aircraft tra�c.

In addition, previous research, with a few exceptions, only focuses on the �rst step of

the hedonic regression technique. Using the �rst step implies that the estimates are

market-speci�c and is only valid for marginal changes of noise exposure.

Among other �rst-step hedonic studies, Andersson et al. (2009) estimated the Noise

Sensitivity Depreciation Index (NSDI), which states the percentage reduction in property

value due to a 1 dB increase in noise exposure, to be ranging from 0.08 to 4.09 including

a strongly positive correlation between NSDI and the level of noise exposure for railway

tra�c. Furthermore, in a literature review by Bateman et al. (2001), 28 previous studies

of road noise have resulted in an NSDI interval from 0.08 up to 2.22 with a mean NSDI of

about 0.55. Additionally, in a Dutch study, Theebe (2004) estimates the NSDI for tra�c

noise reductions to be between 0.3 and 0.5. These mixed results point out that the WTP

for noise abatements is to a high degree context dependent and highlights the need for a

method that goes beyond the limits of the �rst-step analysis.

Therefore, Day et al. (2007) extended the analysis to incorporate the second step of the

hedonic regression technique wherein demand functions for the good �peace and quiet�, i.e.

the opposite of noise, are estimated. These second-step estimates recovers the preference

structure as they are not equilibrium dependent and are thus theoretically valid to use
1Some studies are also based on stated preference methods, for example Sælensminde (1999); Parumog et al. (2006).
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for non-marginal changes of peace and quiet, which often is the case when noise-reducing

operations are realized.

In this study, we estimate the demand for peace and quiet based on the two-step hedo-

nic regression technique. We improve the method of Day et al. (2007) in three di�erent

aspects. First, we use data from several geographically separate submarkets to estimate

the e�ect from railway noise on the property value. In particular we use data of seven

di�erent municipalities in Sweden where most of them di�er signi�cantly with respect to

location and averages of socioeconomic characteristics. Day et al. (2007, p. 230) noted

that a combination of �rst-stage analysis applied in more than one urban area together

would provide a far stronger basis for identi�cation of the demand relationship. Second,

we perform the second stage of the hedonic regression technique to estimate the demand

for peace and quiet by including socioeconomic characteristics of the individual level.

Finally, we have access to a lot more properties that are exposed to railway noise.

The demand for peace and quiet is used to calculate welfare estimates of noise abate-

ments, which also are applicable to other locations with another supply of quiet housing.

Also, from the estimated demand for peace and quiet we can derive marginal costs that

can be used for railway infrastructure charges, which however is not the scope of this

paper and therefore not provided here.

The rest of the paper is outlined as follows. In the next section we describe the

hedonic regression technique. In Section 3, we present our data including housing market

segmentation, the estimation sample and descriptive statistics. Thereafter follows the

modeling framework in Section 4. Section 5 provides results of the hedonic regression

steps and the estimated welfare e�ects. The paper is concluded in Section 6.
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2 Hedonic regression technique

The hedonic regression technique is the basis for the estimation in this paper. Rosen

(1974) showed that in an economy with utility and pro�t maximizing individuals and

�rms, the marginal WTP for attributes of composite goods will equal their implicit prices

in a di�erentiated market. Here below, we describe how the technique is used in our

study.2

The property price model is formulated as

Pi = P (Qi,Ai,Gi), ∀ i ∈ j, (1)

where i denotes the individual property, j denotes the housing market, Q is the level of

peace and quiet,A is a vector of property characteristics, andG is a vector of geographical

variables.

Rosen (1974) showed that the consumer's WTP for the good will equal its market

price. We assume the market to be in optimum where the consumer's marginal WTP

equals her marginal rate of substitution between the price of the good and any of the

attributes, that is the slope of the price function determines the marginal WTP of the

consumer. From Eq. (1) we can calculate the implicit price of peace and quiet, πij, as

πij =
∂P

∂Qij

, (2)

where πij > 0 is expected.

Eq. (1) is known as the �rst step of the hedonic regression technique and reveals the

marginal WTP in optimum, which also depends on the supply side of the market, i.e. it

does not reveal the underlying preference structure. Therefore, in the second step, the
2See e.g. Bateman et al. (2001); Freeman (2003); Haab and McConnell (2003); Ekeland et al. (2004); Palmquist (2005);

Andersson (2008) for a more comprehensive description of the technique, or the original source, Rosen (1974).
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preference parameters are estimated using the results from the �rst step, together with

information on the household of the property-owner, S, which results in the estimated

demand (Marshallian) for peace and quiet. From this demand we can calculate theoreti-

cally consistent WTP for non-marginal changes of peace and quiet. Note that by applying

this method we assume a homogeneous demand function for all housing markets.3

In accordance with Day et al. (2007), we specify the equation in the second step as

demand for peace and quiet and not the WTP-function as suggested by Rosen (1974).

The main reason is the accessibility to instruments since endogeneity problems will arise

in both speci�cations, but the instrumented variable will di�er. To �nd instruments for

peace and quiet, which is not correlated with the implicit price of peace and quiet through

the property price, would be very di�cult. In other words, we �nd it easier to instrument

the implicit price of peace and quiet compared to the quantity of peace and quiet. Then,

in our application, the second step model is speci�ed as

Qij = Q(πij,Sij,Aij,Gij), ∀ j. (3)

3 Data

Data from seven Swedish municipalities with di�erent characteristics are used in this

study. The choice of the municipalities are mainly driven by a su�cient number of

properties exposed to di�erent levels of railway noise and no large roads close to the

railway. We also want the municipalities to be geographically located in di�erent parts

of Sweden. The municipalities we use are Töreboda, Sollentuna, Falköping, Hässleholm,

Kungsbacka, Alingsås and Gävle. The locations of these municipalities are shown in the
3Another possible estimation approach is to assume a speci�c utility function and derive non-marginal WTP from

estimations of the expenditure rates (see e.g. Wilhelmsson, 2002).
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map of Figure 1 and in Table 1, characteristics of the municipalities is presented.

[Figure 1 about here.]

[Table 1 about here.]

We can see that the municipalities show a mixture of population size and location with

respect to urban areas. Töreboda is a very small municipality located in the rural area.

Sollentuna, Kungsbacka and Alingsås can be categorized as suburb municipalities located

close to Stockholm or Göteborg. Gävle is the largest municipality and also the center of

its region, whereas Falköping and Hässleholm is mid-sized municipalities located too far

away from an urban area to be considered as suburb municipalities.

3.1 Data sources

The data set used originates from three sources. The data on prices and attributes of

the properties are from the National Land Survey of Sweden. The property attributes

also contain the geographical coordinates, which are used here to derive geographical

variables. The data set covers all sales of single family houses from the autumn of 1996

to September 2009. We de�ate the property prices to the value of 2009 by regional

property price indices for the county of which the municipality belongs to.4

Railway noise levels are equivalent sound pressure levels (dB) for a full 24-hour period

and calculated at two meters height above ground at the center of the property, following

the standardized �Nordic methods� (Jonasson and Nielsen, 1996; Ringheim, 1996).

Individual socioeconomic characteristics are provided as register data by Statistics

Sweden.5 This means that we have data of all individuals that are registered to live in a
4These indices are used instead of consumer price index because the price increase of properties in Sweden between

1996 and 2009 was much larger than the increase of consumer prices. In fact, for properties this increase was 171 percent
whereas the increase was only 17 percent for consumer prices.

5For integrity reasons, Statistics Sweden merge the socioeconomic data with our property data only under the condition

7



given housing property at the end of the purchase year of the property. The variables we

utilize are income (available up to year 2008), age, household size and education level.

The following four sub subsections describe the groups of variables used as explanatory

variables in the property price equations and in the demand equation respectively.

3.1.1 Structural variables

Structural variables de�ne property characteristics. We use property type, living space,

subsidiary space, property area, quality index, age of the dwelling, and an indicator vari-

able for properties bordering on the sea/lake. Property types are distinguished between

detached, linked by a garage and terraced. The quality index is based on a self-reported

form that the house owners �ll in for the tax assessment concerning the indoor-quality

of the property, for instance the standard of the kitchen, number of bathrooms, the exis-

tence of an open �re place or a sauna, etc. When the age of the dwelling is missing we use

39 years, which is the average observable age of the dwelling in our estimation sample.

3.1.2 Geographical variables

The geographical variables are derived from the coordinates of each property and are

supposed to capture accessibility di�erences and environmental disutility sources other

than noise exposure within each municipality. As geographical variables, when applicable,

we use distance to nearest train station, indicator for countryside6, distance to nearest

large main road, and distance to nearest motorway entrance road. Distance is throughout

our study de�ned as the crow �ies.

that we cannot trace individual properties. This means that Statistics Sweden had deleted all geographical coordinates
when we received the merged data set, which potentially can be a limit to our analysis since we cannot use coordinates in
the second step of the hedonic model.

6In Sollentuna there is no clear countryside. Instead we divide Sollentuna into �ve di�erent geographical areas.
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3.1.3 Noise indicator

The most commonly used noise indicator is the A-weighted equivalent sound pressure

level, which is an energy average over a certain time period, normally 24 hours, denoted

as LAEq,24h. The A-weighting approximates the varying sensitivity of the human ear to

di�erent frequencies. The equivalent level is a good indicator of overall annoyance, but

for sleep disturbance a better choice is the maximum level, which is normally de�ned as

the maximum noise level occurring during a certain time period.

The dB-scale used in this study does not have a natural zero point; instead, the zero

of the scale is determined by convention (see Sandberg and Ejsmont, 2002). The sound

pressure level 0 dB corresponds to a sound pressure of 20 µPa, which is roughly the

lowest audible level for a tonal sound at a frequency of 1000 Hz. The total absence of

sound is represented by a sound pressure of 0 Pa, corresponding to negative in�nity on

the dB scale (−∞ dB). For other environmental e�ects it makes sense to use valuations

that vanish when the e�ect variable becomes zero (for instance, number of particles per

m3 describing air pollution), but the same is not true for noise measured in dBs. The

e�ect should be zero when no negative e�ect is observed from noise, and in our study we

have chosen to use a lower limit of 45 dB for LAEq,24h. This limit is somewhat arbitrarily

determined, but the percentage of persons reporting that they are annoyed by tra�c

noise is very low below this level (Miedema and Oudshoorn, 2001).

The railway noise is calculated using the �Nordic method� for railway tra�c noise

(Ringheim, 1996). The noise exposure is calculated at the height of two meters above

the center of the property area. The e�ect of screening by the terrain or noise barriers is

taken into account but not the e�ect of buildings. The height pro�le is determined in a

grid with a resolution of 25 meters.

As a control variable, road noise is also used in areas where there are major roads.
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For the road tra�c noise the LDEN indicator is used, which is approximately 3 dB higher

than the equivalent level LAEq,24h. The calculated values were taken from the o�cial

Swedish calculations according to the Environmental Noise Directive (END). The values

are in 10 dB intervals starting from LDEN 55 dB, so they are just a rough indication of

the presence of road tra�c noise.

In Alingsås and Kungsbacka there are areas which due to the properties of the ground

are known to be sensitive to building vibrations mainly from freight tra�c. Such vi-

brations increase the annoyance from noise reported in social surveys as reported in

Öhrström et al. (2010), and may in�uence the WTP in these areas. There is no stan-

dardized calculation method for such vibrations, and apart from the properties of the

ground and the track and embankment the details of the buildings are also very im-

portant. Therefore no e�ort has been taken to include vibrations as a variable in this

study.

Finally, in accordance with Day et al. (2007), we transform the �bad� noise exposure

to the �good� peace and quiet. Here we �rst set the noise exposure to be the calculated

noise level minus 45. Then we multiply this variable with −1 and add slightly more than

the maximum noise level of the full sample so that the lowest level of peace and quiet

exceeds 1. Speci�cally, this means that peace and quiet is equal to 0 when the equivalent

railway noise level is 75 dB. The reason for the latter operation is to ensure positive values

of peace and quiet that can be transformed to its natural logarithm in an adequate way

without resulting in extreme values.

3.1.4 Socioeconomic variables

For all individuals that are registered to live in a given housing property we have data on

registered income, gender, age and education level. We translate these data to household
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variables as described below.

Our household income variable includes labor income, capital income and transfer

payments for all household members. In accordance with the property prices, we de�ate

the income to the year of 2009. Labor income and capital income cannot be separated

in our data and since we expect labor income to be larger than capital income for most

of the households, we use the labor income index to de�ate the sum of labor income and

capital income. The Swedish transfer payment system uses a price-adjusted base amount

to adjust transfer payments over time and therefore we also use this base amount to

de�ate the transfer payments to the value of year 2009.

The choice to buy a property may be heavily dependent on expectations of future

income and not only on income of the purchasing year of the property. To account for

this e�ect we use the income of the purchasing year as well as the income the year after

as covariates. Note also that for a purchase in the end of a year it may be more relevant

to expect a stronger e�ect from the income in the year after compared to the income in

the year of the purchase.

Education level is categorized in four di�erent levels. We use indicator variables for

the two oldest household members, which are assumed to be the adults. When there is no

second oldest household member, i.e. for single households, and for households where the

second oldest household member is more than 18 years younger than the oldest household

member we use a combination indicator variable. The latter is supposed to capture the

e�ect where the second oldest household member is the child of the oldest household

member, which is not observable in data.

We also include the number of children in a household de�ned in di�erent age groups.

The groups are 0-3 years of age, 4-6 years of age, 7-11 years of age, and 12-17 years of

age.
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Finally, we also include an indicator variable for single households.

3.2 Market segmentations

To identify the di�erent structures of the implicit prices of peace and quiet, we want

to segment the market into di�erent submarkets. Here it is important that the property

demanders exogenously belong to a given market and which market they belong to should

not be a decision simultaneously with their choice of peace and quiet and other housing

attributes. In our data, we have distinguished geographical regions which are a natural

basis for the housing market segmentation.

However, some of the municipalities belong to the same local labor market region and

thus it can be questioned if they are distinguished housing markets.7 This holds for

Kungsbacka and Alingsås, and Töreboda and Falköping, respectively.8 Our decision for

these markets is based on a pooled �rst-stage hedonic OLS regression for the municipali-

ties belonging to the same local labor market. Here we include an indicator for one of the

municipalities and an interaction variable between the municipality indicator and peace

and quiet. For Töreboda and Falköping, these variables are jointly signi�cant with a

p-value less than 0.001 so we conclude that these two municipalities are separate housing

markets. For Kungsbacka and Alingsås, on the other hand, the corresponding p-value

0.314 and thus we merge Kungsbacka and Alingsås to one single housing market.

Furthermore, we do not want to use socioeconomic characteristics as the basis for

housing market segmentation (as in Day et al., 2007) since these characteristics are used

in the second step to identify shifts in the demand curve for peace and quiet. Thus we

avoid the circularity in the estimation strategy caveated by Day et al. (2007, p. 230).
7Local labor market regions are de�ned by Statistics Sweden based on commuting �ows between municipalities.
8Alingsås and Kungsbacka belong to the local labor market region of Göteborg whereas Töreboda and Falköping belong

to the local labor market region of Skövde.
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Then remains property characteristics as a potential source for further housing market

segmentation. Living space, for example, would serve as a good basis for housing market

segmentation since most property demanders have predetermined their demand for a

house of a speci�c size, at least within a relatively narrow interval. In other words,

property demanders mostly have decided if they want to purchase a small house or a large

house. As will be described in subsection 4.2, we are using living space as an instrument

variable and thus to use housing attributes also to segment the housing market is not

adequate.

To sum up, our di�erent housing markets will be based on the six di�erent geographical

regions in our data.

3.3 Estimation sample

To mitigate the e�ect of in�uential outliers and to create su�ciently homogeneous esti-

mation samples we have restricted the samples in several ways.

Firstly, to be included in the sample, the equivalent railway noise level have to be

above 45 dB, which is assumed to be the minimum noise level that can be experienced

as disturbing and therefore in�uence the property price.9 For Gävle, only properties

with equivalent railway noise level above 50 dB is included. The complex structure of

di�erent motorways and railway lines in Gävle implies that including equivalent railway

noise below 50 dB may distort the estimated model.

We also restrict the sample with respect to living space and property area. For living

space we exclude observations of 30 square meters or lower and 506 square meters or

higher. Regarding property area, we exclude areas above 10 000 square meters which we

believe might be properties used for business activities and not for private housing. In
9A very low percentage of individuals report that they are annoyed by tra�c noise below the level of 45 dB

(Miedema and Oudshoorn, 2001).
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addition, the railway noise is measured at the center of the property and if the property

area is large, this measure point may be misleading since we do not observe where the

dwelling-place is located. Only a few observations are excluded by these property size

restrictions, however.

Since no registered income data for 2009 is available yet and since we use a lead variable

of income, only data up to year 2007 is used in the estimation of the second step. In the

�rst step estimation we still use data up to year 2009 to increase the number of observation

and thus utilize the maximum available information. Also, for some households there is

no available income, which means that the sample size of the second step will be further

smaller than the sample size of the �rst step. However, these drop-outs are not in any

way systematic with respect to the di�erent housing markets.

3.4 Descriptive statistics

Descriptive statistics is presented in Table 2. When interpreting these data, recall that the

included observations are only households that purchase a property exposed to railway

noise. Keep also in mind the other types of sample restrictions that are described in

subsection 3.3. We will point out what we consider as speci�cally interesting di�erences

across the housing markets.

[Table 2 about here.]

First, we can notice the huge di�erence of property prices. The Stockholm suburb,

Sollentuna, has the highest average property prices followed by the Göteborg suburbs

Kungsbacka and Alingsås. The property prices are lowest in the rural housing market

Töreboda. Also, the household income follows the same pattern, although the relative

di�erence between the housing markets is much lower here. The structural variables are

fairly similar across the housing markets with the exceptions that linked and terraced
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properties are more common in the suburb housing markets and in the regional center

Gävle and that the property area generally is smaller in the suburb housing markets.

The average equivalent railway noise exposure is highest in Gävle which mostly de-

pends on the exclusion of properties exposed to less than 50 dB in Gävle in contrast to

45 dB in the other housing markets. However, the average noise exposure is only slightly

lower in Töreboda than in Gävle. Kungsbacka and Alingsås has the lowest average of

noise exposure.

The number of children in di�erent ages di�ers substantially across the housing mar-

kets. Generally, Sollentuna seems to have the highest average which probably depends

on the high average property price leading to a selection e�ect. In urban areas, the high

property price implies that only households with a very strong preference for an own prop-

erty actually buy a property. One indicator for such a strong preference is likely to be

a household with many children. Also, single households are most frequent in Töreboda

followed by Hässleholm, which are the housing markets with the lowest average property

price. With a relatively low property price, single households have a better opportunity

to a�ord buying a property.

4 Modeling framework

4.1 Hedonic price regression - �rst step

When the relationship between noise and property prices is estimated, the choice of

functional form is not self-evident and no guidance is provided by Rosen (1974). In

general, implicit prices of attributes are not linear in property prices and, also, a linear

speci�cation would result in a constant implicit price of peace and quiet within a property

market, which leaves us with a small number of observations for the second step, that is
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one observation per housing market. The most common way in the literature to estimate

the �rst step in a hedonic model is the semi-logarithmic approach where the property

price is transformed to its natural logarithm. However, based on explanatory power, we

instead propose a log-log speci�cation where both the property price and peace and quiet

is included in its natural logarithmic form. This formulation is outperforming the semi-

log speci�cation in terms of adjusted R2 for all of our housing markets.10 The log-log

model is formulated as

ln Pi = β0 + β1 ln Qi +
N∑

n=1

γnf(ani) +
H∑

h=1

λhf(ghi) + εi, (4)

where the variables a and g that are not indicator variables are transformed to its natural

logarithm. The calculated implicit price of peace and quiet based on Eq. (4) is given by

πi =
∂P

∂Qi

=
β1Pi

Qi

. (5)

In hedonic regressions on property prices spatial dependence is often handled through

either a spatial error model or a spatial lag model (Anselin, 1999, 2003). With the spatial

error model the OLS estimator is unbiased but not e�cient (Anselin, 1999), whereas the

marginal implicit price of a spatial lag model depends on both the direct e�ect and a

spatial indirect e�ect (Kim et al., 2003).

Nonetheless, whether the indirect e�ect should be included when calculating the so-

cial bene�t of a change in an attribute level is not clear. The inclusion of the indi-

rect e�ect depends on the mechanism behind the in�uence of neighboring properties

(Small and Steimetz, 2006). The externality of property values that in�uence the values

of neighboring houses is either technological or pecuniary (Small and Steimetz, 2006).

With a technological externality individuals obtain utility from living close to higher-
10These comparisons are based on OLS.
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priced houses and the indirect e�ect should then be included. A pecuniary e�ect arises,

for instance, when buyers use the prices of surroundings properties as a guide to the

value of their property of interest. Here the indirect e�ect is a welfare neutral transfer

and should therefore not be included.

We test for spatial dependence based on criteria taken from Anselin (2005, p. 196-

200). For two of our markets, the spatial error model is preferred whereas the spatial

lag model is preferred for the other four markets. However, referring to the unclearness

whether the indirect e�ect should be included and our preference for applying the same

spatial model for all markets, we use the spatial error model for all markets. We also use

an inverse distance-based weight matrix and have tested di�erent distance bands ranging

from two kilometers up to the maximum distance. For each market, we choose the weight

matrix that implies the highest log-likelihood.

The implicit price of peace and quiet calculated from Eq. (5) is given as the discounted

sum of all yearly prices of peace and quiet for the expected lifetime of the property. To

arrive at a yearly implicit price of peace and quiet we conveniently assume that the

expected lifetime of the properties is in�nite. Thus the yearly implicit price, π′ij, is

calculated as

π′ij = φπij, (6)

where φ is the discount rate. We use the expected real interest rate plus the yearly

property taxation rate as the discount rate. Since we already have used property price

indices to de�ate the prices to 2009, we use the available interest rate with the longest

�xed-term on the housing market in 2009 minus the expected in�ation rate. The weighting

average ten-year nominal interest rate in 2009 was 5.11 percent.11 Since the Central Bank
11Holds for Swedbank, which is one of the largest providers for housing loans in Sweden and also provides data of

historic interest rates on their web page, see http://hypotek.swedbank.se/rantor/historiska-rantor/historik-bostadsrantor-
2008-2009.
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of Sweden has an in�ation objective of two percent we use a real interest rate of 3.11

percent.

The yearly property taxation for the years 1996 up to 2007 was 1 percent of the

taxation value of the property.12 Therefore, we calculate this part of the discount rate

as 1 percent multiplied by the property taxation value divided by the property price.13

This means that the discount rate, φ, is property-speci�c and Eq. (6) can be rewritten as

π′ij = φiπij. (7)

4.2 Hedonic price regression - second step

In the second step we use the implicit price of peace and quiet along with the socioeco-

nomic variables as regressors for the chosen level of peace and quiet in a linear speci�ca-

tion.14 Also, the variables from the �rst step is included to account for characteristics that

are either substitutes or complements to peace and quiet. A positive parameter means

a complement to peace and quiet whereas a negative parameter means a substitute to

peace and quiet. However, we do not include distance to road since it is not de�ned for

Töreboda. The model is formulated as follows

Qij = α0 + α1πij +
M∑

m=1

δmsmij +
N∑

n=1

κnanij +
H∑

h=1

θhghij + εij. (8)

Note here that no variables are given in the natural logarithmic form. This di�erence

between the second step equation and the �rst step equation is assumed to further improve
12The center-right government that was elected in Sweden 2006 had one of their electoral promises to decrease the

property taxation for most properties by imposing a ceiling for the taxation, which was subsequently implemented from
2008. This proposal might have been a�ected the property prices before 2008 through individuals' expectations. However
we only consider the property taxation according to the former legislation.

13For Gävle we do not have access to the property taxation value and therefore we use 0.75 percent as the taxation part
of the discount rate, which originates from the objective of the legislation stating that the property taxation value should
correspond to 75 percent of the property value.

14This demand relation may not be linear as described in Day et al. (2007), which is further discussed in Section 6.
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the identi�cation of the demand relationship.

The second step of the hedonic regression analysis based on Eq. (8) su�ers from endo-

geneity problems as the implicit price is dependent on peace and quiet. Therefore we use

the instrumental variable (IV) method and estimate Eq. (8) by two stage least squares

(2SLS), which accounts for endogeneity problems.

To produce unbiased parameter estimates, the instruments must be strong and valid

(see e.g. Cameron and Trivedi, 2005, p. 100). In our speci�c application, strong means

that the instruments should explain a su�cient amount of the implicit price for peace

and quiet whereas valid means that the instruments have to be uncorrelated with the

error term in Eq. (8).

As the implicit price of peace and quiet depends on property price, property character-

istics that are strongly correlated with the property price will be strongly correlated also

with the implicit price of peace and quiet and therefore serve as strong instruments. We

propose living space as such property characteristics. In additions, we use year indicator

variables that signi�cantly in�uence the implicit price of peace and quiet as instruments.

These years are 2005, 2006 and 2007.

To be valid instruments, the instruments need to be uncorrelated with the decision

process behind the choice of peace and quiet. Day et al. (2007) state that this decision

process re�ects speci�c characteristics of the household and its attitude to noise. We

will argue that there is no speci�c relation between our instruments and the preferences

against noise exposure. If a particular household has strong preferences against noise,

it can either buy a small house or a large house far from the railway depending on its

preferences for living space. On the other hand, if a particular household has weak

preferences against noise it can still either buy a small house or a large house close to

the railway depending on its speci�c preferences for living space. In other words, we
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assume that living space is neither a complement nor a substitute to peace and quiet. By

controlling for socioeconomic characteristics in the second step the partial dependence of

year indicators on demand for peace and quiet is presumed to be small. In other words,

we assume that the preferences for peace and quiet are stable over time. By using these

instruments for the implicit price of peace and quiet we can therefore identify the demand

for peace and quiet.

To formally test if the instruments are strong and valid we provide some diagnostic

tests. We rely on the minimum eigenvalue statistic of the instruments in the �rst-stage

regression15 to test for weak instruments and Sargan's test for overidentifying restrictions

to test for validity.

5 Results

5.1 Hedonic price regression - �rst step

In Table 3, the results of the �rst step hedonic price regressions for the di�erent housing

markets are presented. That is the property price equation based on Eq. (4) with taking

the spatial error structure into account. Also, summary statistics of the estimated implicit

price of peace and quiet is presented in this Table.

[Table 3 about here.]

First we can see that the spatial parameter lambda is strongly signi�cant in all markets,

which clearly shows the importance of taking the spatial structure into account.

Peace and quiet is strongly signi�cant in all housing markets except Gävle where it

still is signi�cant at the �ve-percent level.
15That is the �rst-stage regression of the two-stage regression in the 2SLS approach, which should not be confused with

the two steps of the hedonic model.
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In general, the results show strongly signi�cant structural variables in all housing

markets. Living space and quality index is positive and strongly signi�cant for all markets.

Age of the dwelling is signi�cant for all markets except Gävle. Property area, subsidiary

space, linked properties and terraced properties are all signi�cant in about half of our

markets and those are not the same for all of these attributes. Properties bordering on

the sea/lake have often no e�ect on the selling price but this variable is signi�cant for

Sollentuna.

Among the geographical variables, distance to railway station is signi�cant for all mar-

kets whereas distance to road is positively signi�cant for Sollentuna and for Kungsbacka

and Alingsås. Distance to road is capturing both positive accessibility e�ects and negative

pollution, noise and barrier e�ects so its expected sign is ambiguous. In Sollentuna how-

ever, we control for the accessibility through the distance to motorway entrance road so

here the positive e�ect of living further away from a major road is expected. Countryside

is mostly negative but does not a�ect the property price in Hässleholm.

It should be emphasized that none of our parameter estimates is signi�cant with an

unexpected sign. Failure to detect signi�cant e�ects, especially for the geographical

variables, may therefore depend on problems with multicollinearity.

The estimated implicit price variable has the highest average for Sollentuna, whereas

the average is lowest for Hässleholm. The distributions seems to be fairly similar since

about the same ranking among the housing markets holds for the 10th percentile, 25th

percentile, 75th percentile and 90th percentile. These di�erences across the housing

markets highlight the risk of applying the �rst step hedonic results on other housing

markets. The average estimated implicit price is 3.12 times higher in Sollentuna compared

to Hässleholm. A generalized value for railway noise abatements will therefore di�er

substantially depending on which housing market it is based on. Also, if we take di�erent
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levels of noise exposure and property values into account, the di�erence between the

housing markets is substantial. This can be seen from the parameter estimates of peace

and quiet, which range from 0.101 to 0.477. Hence, the underlying preference structure,

which will be recovered in the second step, is very important.

The model �t is strong for most of the housing markets with the squared correlation,

corresponding to the conventional R2-measure, in the interval 0.332-0.661. The model �t

is considerably lower for Sollentuna and Gävle compared to the other housing markets,

which indicates that for these markets there are probably some variations in the property

prices that are of local knowledge type, which we cannot control for in our models.

5.2 Hedonic price regression - second step

The second step estimates are presented in Table 4. We present the results of both

the OLS estimation, which is assumed to be su�ering from endogeneity problems, and

the consistent 2SLS estimation with the endogenous implicit price of peace and quiet

instrumented by living space and year indicators for 2005, 2006 and 2007.16

[Table 4 about here.]

First, we need to check the IV-approach with some diagnostic tests. The test of week

instruments has a critical value of 16.85 for signi�cance at the �ve-percent level. Our test

statistic is about 47, wherefore we strongly reject the null hypothesis of weak instruments

and conclude that our instruments are strong. The Sargan's test of valid instruments has

a p-value of 0.266, which means that we cannot reject the null hypothesis of invalid

instruments. Note that this result is not evidence for valid instruments but no evidence

for invalid instruments. Since our instruments satisfy the diagnostic tests we conclude

that they are adequate for our application.
16The result of the �rst-stage regression of the IV-estimation can be provided by the authors on request.
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Furthermore, the results show that the relationship between the implicit price and

peace and quiet is negative as expected and also strongly signi�cant.17 Among the so-

cioeconomic variables, the income e�ect is positive as expected. To include future income

is a way to control for the in�uence of expected income on the chosen level of peace and

quiet when households decide to purchase a property. Expected income is found to be very

important for the choice of peace and quiet while current income in fact is non-signi�cant.

The number of children 0-3 years of age is positively in�uencing the demand for peace

and quiet. However, there is no signi�cant e�ect for the number of children in the other

age groups and for single households.

The included �rst-step variables tell us if they are substitutes or complements to peace

and quiet. For distance to railway station, the only geographical variable included, is the

e�ect assumed to be driven by geographical constraints and should not be interpreted as

a substitutes to peace and quiet. For the structural variables; property area, subsidiary

space, quality index and bordering on the sea/lake are complements to peace and quiet

whereas age of the dwelling is a substitute. Generally, we can say that if you choose

more of an attractive attribute you also choose more of peace and quiet. Finally, linked

properties are complements to peace and quiet whereas terraced properties are substitutes

to peace and quiet, both in comparison to detached properties, which is the reference.

5.3 Welfare estimates

The result of the second step is the estimated demand for peace and quiet, i.e. based

on preferences only and not a�ected by the supply side of the housing markets. This

means that we can calculate welfare estimates for non-marginal changes of railway noise

exposure. Also, by assuming the demand structure to be the same across Sweden we
17Note that, as in Day et al. (2007), we do not consider the uncertainty of the implicit price estimates when these are

used in the second step.
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generalize the welfare estimates to hold for the whole country of Sweden.

The estimated demand relationship expressed in the conventional price-quantity space

where all other covariates are evaluated at their respective sample means is given as

P = 1501− 57.94Q, where P is price in 2009 prices and Q is peace and quiet. A change

in peace and quiet will lead to a change in consumer surplus, which is the area below the

demand curve bounded by the ex ante peace and quiet and the ex post peace and quiet.

This change in consumer surplus is the welfare e�ect of a change in peace and quiet.

Household size is taken into account by dividing the welfare estimates by 3.02, the

average number of household members in the estimation sample, which implies that the

demand is de�ned per individual. We have also transformed the demand to account for

income di�erences between Sweden in general and the seven municipalities of this study

weighted with respect to the number of included observations per housing market. This

transformation implies multiplying with a factor of 0.914, which means that the average

income in Sweden is approximately nine percent lower than in our sample. Q is de�ned so

that 0 corresponds to an equivalent railway noise level of 75 dB, whereas the maximum

level of equivalent railway noise in our estimation sample is 71.08 dB. The estimated

demand reveals that individuals have no willingness to pay for reducing railway noise

below an equivalent railway noise level of 49.09 dB.

In Table 5, the welfare estimates for a 1 dB decrease in railway noise with di�erent

baseline noise exposure are presented. These estimates are based on the demand equation

above. As we can see, for a reduction of the equivalent railway noise level from 71 dB

to 70 dB the average Swedish citizen is willing to pay 1240 SEK18 per year and for a

reduction of the equivalent railway noise level from 61 dB to 60 dB the WTP is 661 SEK.

[Table 5 about here.]
18At 20th of December 2010, 1 EUR is 9 SEK.
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95 percent con�dence intervals based on standard errors calculated by the delta method

are also presented in Table 5. The con�dence intervals are relatively narrow, for example

the WTP for a reduction of equivalent railway noise level from 71 dB to 70 dB is very

likely to be in the range of 977 SEK to 1504 SEK.

In Table 5, we also present welfare estimates for elimination of the railway noise at

di�erent baseline levels of noise. Here we can see that the WTP for eliminating railway

noise of 71 dB is approximately 13 901 SEK per individual and year.

6 Concluding discussion

In this study we estimate the demand for peace and quiet, and thus also the willingness to

pay (WTP) for railway noise abatements, based on hedonic regressions on property prices.

We estimate both steps of the hedonic model, which means that our estimated demand for

peace and quiet is theoretically consistent for non-marginal changes in noise exposure.

Since we use di�erent municipalities around Sweden as di�erent housing markets and

generalize the results to account for average household size in our estimation sample and

income in Sweden in general, we believe that our welfare estimates for noise exposure can

be generally applicable in Sweden.

To compare with Day et al. (2007), the only application of the hedonic second step for

railway noise valuation that the authors are aware of, we found a stronger dependence

between the WTP and the noise level, i.e. we have found a more inelastic price elasticity

of demand for peace and quiet. This means that our welfare estimates are higher for

high baseline levels of railway noise and lower for low baseline levels of railway noise.

To reduce the equivalent railway noise level from 71 dB to 70 dB, the average Swedish

resident is willing to pay 1240 SEK. Day et al. (2007) estimate the same WTP to be
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equivalently 771 SEK.19 For a baseline noise level of 56, on the other hand, we estimate

the WTP to be 371 SEK whereas Day et al. (2007) estimate this WTP to equivalently

548 SEK. The welfare estimates of Day et al. (2007) is thus decreasing slowly when the

baseline railway noise is decreasing, which means that the WTP does not reach zero for a

noise level where individuals not are assumed to be disturbed by tra�c, a result that can

be seen as an inconsistency since they assume a background urban noise level of 55 dB.

Here we believe that our estimated demand where the WTP is zero below a noise level of

49.09 dB and that WTP increase continuously above this noise level is more consistent.

If we compare with ASEK, the Swedish o�cial values based on road noise (SIKA,

2008), our welfare estimates are much less progressive. In 2006 years prices, the ASEK-

value is 2371 SEK for a reduction from 71 dB to 70 dB, which is much higher than our

estimates. For a reduction from 56 dB to 55 dB, the ASEK-value of 280 SEK is lower than

our estimate although fairly similar when we take the di�erent base years into account.

We have estimated a linear demand, which is not for certain the adequate functional

form. Note however that the linearity in the second step should not be confused with

a linear estimate in the �rst step of the hedonic model. Since we estimate the second

step of the hedonic model, this linear demand still means that the WTP for a 1 dB noise

reduction is higher the higher the baseline noise level is.

To relax the linearity assumption we might choose another functional form for the

second step. Poudyal et al. (2009) used a log-log function in the second step when they

estimated the demand for urban recreation parks. However, the log-log model states a

non-linear demand relationship by de�nition, which also can be seen as an in�exibility

of the model. Moreover, we have already used a log-log speci�cation in the �rst step.

Including a squared term of the implicit price is another possible approach. When test-
19It is not straight-forward to convert the estimates of Day et al. (2007), which are given per property and in the value

of 1997. We have assumed 2.36 individuals per household (see Nellthorp et al., 2007), 46.6 percent increase in real income
in the UK between 1997 and 2009 and an exchange rate of 10.59 between GBP and SEK.
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ing this approach in the IV regression, that is instrumenting the implicit price and then

calculate the square term of the instrumented implicit price, the linear term is still nega-

tive and strongly signi�cant whereas the squared term is not signi�cant at conventional

signi�cance levels with a p-value of 0.369. Thus we cannot reject the linear speci�cation

of the demand for peace and quiet.

As described earlier, neither the functional form of the �rst step model is self-evident.

We proposed a log-log formulation whereas the semi-logarithmic function is most common

in the hedonic literature. Therefore, we have also tested a semi-log speci�cation estimated

by OLS in the �rst step with the same variable speci�cation followed by the IV-approach

in the second step. The results are very similar with slightly lower welfare estimates for

noise abatements but still within the 95 percent con�dence interval of our log-log model.

This result provides support for the consistency of our model.

The WTP for noise abatements as estimated in this paper only takes into account the

e�ect that is capitalized into the property market and there may be other e�ects that is

not included here. First, we can consider that individuals do not spend all their time in

their own homes but also at work, in school and in di�erent public areas. This indicates

a social cost that is in fact larger than what is estimated through the property market

(Nijland and van Wee, 2008). Furthermore, there is a possibility that all negative health

e�ects caused by transport-related noise are not capitalized into the property market. In

welfare economics we usually assume that individuals know their own best and that their

preference-based choices are utility maximizing. On the other hand, if medical service

and labor related insurances to a great extent is subsidized, as in Sweden, there is a

further external cost of noise if individuals do not take the complete health e�ect of noise

into account. The o�cial Swedish ASEK-values, referred to earlier in this Section, is

adding a 42 percent health factor to the hedonic implicit price (SIKA, 2008). Such a
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policy implementation is of course possible also for our estimates but the evidence for

doing so is not examined in our study.

There are, however, other e�ects that probably o�set the possible absence of health

e�ects. For example, many individuals live in apartments, where the access to outdoor

areas, which is more disturbed by noise than indoor areas for given dB, is lower than in

owned properties. Then the e�ect for apartment-living individuals may be lower than

for property-owners. Also, individuals that are living in rented apartments tend to have

a lower income in general compared to property-owners. In Nellthorp et al. (2007), this

latter e�ect for the UK is calculated to a 17.5 percent decrease of the welfare estimates.

Although some caveats are presented here above, our study is an important contribu-

tion to the literature as it is based on the two-step hedonic regression technique and uses

combined data of geographically di�erent housing markets and individual socioeconomic

characteristics.
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Table 4: Hedonic second step estimates
Variable OLS 2SLS
Implicit price -0.004*** -0.005***

(0.000) (0.001)
ln Household income -0.004 0.003

(0.035) (0.035)
ln Household income year t+1 1.552*** 1.790***

(0.155) (0.264)
Single household 0.140 0.303

(0.422) (0.442)
No of children 0-3 years of age 0.253** 0.314**

(0.115) (0.124)
No of children 4-6 years of age -0.101 -0.071

(0.142) (0.144)
No of children 7-11 years of age 0.150 0.202

(0.117) (0.125)
No of children 12-17 years of age -0.084 -0.068

(0.121) (0.123)
Property area 0.029*** 0.037***

(0.011) (0.012)
Subsidiary space 0.003* 0.003**

(0.001) (0.001)
Age of dwelling -0.025*** -0.026***

(0.003) (0.003)
Quality index 0.069*** 0.084***

(0.012) (0.016)
Linked -0.775*** -0.653***

(0.213) (0.229)
Terraced 0.614*** 0.555***

(0.176) (0.184)
Bordering on the sea/lake 2.372*** 2.449***

(0.677) (0.720)
Distance railway station -0.526*** -0.573***

(0.027) (0.044)
No of observations 6184 6184
R2 0.237 0.229
Notes: a; Dependent variable is peace and quiet.
b; ***, ** and * denote di�erence from zero at the one,
�ve and ten percent signi�cance level respectively.
c; The models include education dummy variables, which
for simplicity are not shown here.
d; Robust standard errors are given in parenthesis.
e; Distance railway station is de�ned in kilometers.
f; Property area is de�ned in hundreds square meters.
g; The models also include an intercept.
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Table 5: Welfare estimates of changes in peace and quiet
Noise level change Welfare estimate 95 percent CI
71 ⇔ 70 1240 [977 ; 1504]
66 ⇔ 65 951 [764 ; 1137]
61 ⇔ 60 661 [552 ; 770]
56 ⇔ 55 371 [339 ; 403]
51 ⇔ 50 81 [35 ; 128]
71 ⇔ 49.09 13 901 [10 929 ; 16 873]
66 ⇔ 49.09 8279 [6639 ; 9920]
61 ⇔ 49.09 4106 [3410 ; 4802]
56 ⇔ 49.09 1381 [1244 ; 1519]
51 ⇔ 49.09 105 [69 ; 142]
Notes: a; Noise is given in equivalent dB.
b; The welfare estimates are given in SEK per individual and year
in 2009 prices.
c; The 95 percent con�dence interval is based on standard errors
calculated by the delta method.

36



Figure 1: Map over the seven municipalities
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