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Abstract 

Hitherto the task of valuing differences in environmental quality arising from air pollution and 
noise nuisance has been carried out mainly by using the hedonic price technique. This paper 
proposes a different approach to deriving information on individual preferences for local 
environmental quality. It analyses data drawn from the German socio economic panel in an 
attempt to explain differences in self-reported levels of well-being in terms of environmental 
quality. Mindful of existing research a large number of other explanatory variables are 
included to control for socio-demographic differences, economic circumstances as well as 
neighbourhood characteristics. Differences in local air quality and noise levels are measured 
by how much an individual feels affected by air pollution or noise exposure in their residential 
area. The evidence suggests that even when controlling for a range of other factors higher 
local air pollution and noise levels significantly diminish subjective well-being. But 
interestingly differences in perceived air and noise pollution are not capitalised into 
differences in house prices.  
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1 Introduction 
In most developed countries standards for air pollution and noise exposure are an important 
part of environmental policy to improve local environmental quality. Often these standards 
are based on expert judgements and do not take into account peoples preferences. Although 
improvements in air quality or reductions in transportation noise are beneficial, they are 
nevertheless costly. As this money could be spent elsewhere in an economy, information on 
the social benefits are needed prior to implementing such standards. 

Two valuation techniques have typically been used to derive the welfare benefits from 
reduced air pollution or noise nuisance. The hedonic price approach relies on data from the 
housing market while the contingent valuation method derives values by asking people 
directly about their willingness to pay.  

The contingent valuation method is often criticized because of the difficulties related to the 
construction of a market and its numerous potential biases (see Mitchell and Carson, 1989 or 
Bateman et al., 2002, for a more recent overview of the method). The majority of studies 
apply the hedonic price approach to measure the benefits of air quality improvements or to 
value noise (see Freeman, 2003, for an overview of the method).  

All hedonic studies assume that the ability of households to relocate eliminates the net 
benefits of different locations whilst simultaneously giving rise to compensating house price 
and in some cases, wage rate differentials.1 This requires the existence of perfect information, 
zero moving and transaction costs, as well as perfectly flexible prices. That these assumptions 
are more realistic for some countries than others is obvious. Perhaps it is not therefore very 
surprising that most of what is known about societal willingness to pay for improvements in 
air quality or reductions in noise nuisance comes from hedonic studies carried out in the 
United States or the United Kingdom. For Germany only one early hedonic study exists.2 
Holm-Müller et al. (1991) analyse data on (self-reported levels of) noise exposure for three 
cities in Germany (Bielefeld, Bremen and Wuppertal) and find no significant effect of road 
traffic noise on property prices. For overviews of the empirical literature see Smith and Huang 
(1995) for air pollution studies and Nelson (2004) for noise pollution studies linked to 
airports. 

This paper proposes a different approach to valuing air and noise pollution using data on 
subjective well-being (SWB). More specifically, the paper considers the link between 
perceived levels of noise and air pollution and self reported happiness using individual-level 
data. We further test the stability of these regressions over both time and space and in addition 
test the extent to which any welfare impacts caused by noise nuisance and air pollution are 
also capitalised into hedonic house price regressions.  

The remainder of the paper is structured as follows. Section two presents an overview of the 
economic research into the determinants of happiness focussing in particular on those few 
studies that have attempted to link happiness with environmental quality. Section three 
presents the analytical framework underlying the alternative approaches. Section four 
describes data sources and section five the empirical implementation. Section six discusses 
the results and the final section concludes.  

                                                 
1 It is difficult to see how highly localised environmental goods such as air quality and noise nuisance can give 
rise to compensating wage differentials. For a theoretical model in which environmental quality can be 
capitalised into both house prices and wage rates see Roback (1982).  
2 Three contingent valuation studies exist; Schulz (1985), Holm-Müller et al. (1991) and Weinberger et al., 
1991). Schulz (1985) values improvements of air quality in Berlin. Weinberger et al. (1991) analyse noise 
exposure and Holm-Müller et al. (1991) study a variety of issues including air and water quality, noise exposure, 
amenity areas. 
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2 Literature review 
One strand of economics is based on analysing people’s decisions revealed through their 
market behaviour. Investigating, e.g., people’s choices on the property market, should reveal 
their preferences for locations including environmental amenities as well as property 
characteristics. The hedonic price method takes advantage of this kind of information. 
However, an alternative is to focus on “experienced” utility, stressing the pleasure of 
consumption, as provided by survey measures of happiness of life-satisfaction. 

Research into the determinants of happiness or life-satisfaction was for a long time solely the 
domain of psychologists and sociologists. In recent years however, it has become increasingly 
accepted into welfare economics. Today there is the general belief that data on subjective 
well-being are valid and can be used for formal analyses (Di Tella et al., 2003). Empirical 
work has furthermore shown that happiness is not a purely personal issue, but that economic 
conditions like income, unemployment and inflation also have a strong impact on people’s 
subjective well-being (see e.g. Clark and Oswald, 1994; Di Tella et al., 2001; Easterlin, 2001). 
See, for example, Frey and Stutzer (2002) for a review of the literature. 

A handful of studies also attempt to explain differences in SWB as a function of ambient 
environmental quality. Air pollution was found to reduce happiness in a study using country 
level data (Welsch, 2002 and 2006). Rehdanz and Maddison (2005) also found climate 
variables to have a highly significant effect on average self-reported levels of happiness. Van 
Praag and Baarsma (2005) studied the area around Amsterdam Airport and found exposure to 
aircraft noise to reduce SWB to a significant extent. Presenting a slightly different type of 
analysis, Ferrer-i-Carbonell and Gowdy (forthcoming) analyse the relationship between 
subjective measures of well-being and environmental attitudes.  

 

3 Analytical framework 
In the hedonic framework house prices and the levels of environmental attributes are 
endogenous to the household. The household maximises utility which is a function of the 
quantity of some composite good and the level of the environmental attribute. This 
maximisation process is subject to a budget constraint linking household income, expenditure 
on the composite commodity and expenditure on housing which is itself a function of the 
level of the environmental attribute.  

The household’s marginal willingness to pay is revealed by the household’s position on the 
implicit price schedule which plots the gradient of the hedonic price function with respect to 
the level of the amenity (Rosen, 1974). In the hedonic model calculating the value of non-
marginal changes is more involved since the inverse demand function for the environmental 
amenity is not identified unless the households are observed under different supply and 
demand conditions.  

In the alternative approach presented in this paper the indirect utility function is estimated 
directly and all prices and levels of environmental attributes are taken as exogenous. In this 
framework marginal willingness to pay for the environmental attribute is given by the 
derivative of the indirect utility function with respect to the level of the environmental 
attribute divided by the derivative of the indirect utility function with respect to income. And 
unlike with the hedonic approach calculating the value of non-marginal changes in level of 
the environmental amenity is straightforward.  

Which of these alternative frameworks yields the most reliable estimate of the value of 
environmental amenities? Van Praag and Baarsma (op cit) argue that in the event that both of 
these approaches yield statistically significant implicit values these benefits should be added 
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together. Unfortunately it is not straightforward given that hedonic analyses consider the 
marginal willingness to pay of the household and studies of SWB are undertaken at the level 
of the individual. It turns out that only one of these approaches yields a statistically significant 
role for environmental variables.  

 

4 Empirical analysis 
Most of the data used in this study is taken from the German Socio-Economic Panel (SOEP) 
survey. The SOEP is based on a set of pre-tested questionnaires for both households and 
individuals. Since 1984 the survey has provided annual information on housing, as well as on 
the occupation, employment history and earnings of individuals. It was extended to include 
former East Germany in 1990.  

In addition to a stable set of core questions, each year the survey focuses on a special topic. In 
1994, 1999, and 2004 the questionnaire asked for details of housing and neighbourhood 
characteristics including information on how strongly the respondent feels affected by air and 
noise pollution in their place of residence.  

One feature of the survey is that the head of the household only answers the questions on 
housing and neighbourhood characteristics. The head of the household is defined as the 
person who knows best about the general conditions under which the household operates. 
However, the questions on air pollution and noise exposure are directed to the individual and 
should not be answered on behalf of other household members. Tables A1 and A2 in the 
appendix provide information on the distribution as well as the exact wording of the two 
questions.  

In order to take advantage of this information the analysis relies exclusively on the surveys of 
1994, 1999 and 2004 and on information the household head provided and excludes 
information provided by other household members. Taken together, our dataset contains a 
total number of about 23,000 observations. 

Turning to the analysis of SWB first, SWB is measured on an integer scale of 0-10 with an 
average SWB of 6.79 for our sample (see Table A3 in the appendix for more detailed 
information). A feature of the survey is that people living in former East Germany tend to be 
less happy compared to those in West Germany. One explanation might be the lower income 
levels and the higher rate of unemployment in the East. Therefore, a dummy variable 
separating Germany into East and West is included.  

Other explanatory variables, generally found significant in models explaining differences in 
SWB, are individual characteristics such as age, gender, employment status, education level, 
income, number of children, physical condition or living together with a partner. Note that the 
income data was adjusted for inflation using information on the consumer price indices 
(Statistisches Bundesamt, 2005).  

In addition to the above, we include characteristics of the property the individual is living in 
(age of the building, type of building, condition of the property) as well neighbourhood 
characteristics to identify possible factors influencing air pollution or noise exposure. Dummy 
variables indicate whether the individual is living, for example, in a predominantly residential 
area, industrial or commercial area. Controls are also included for the size of the town or city 
as well the distance to the nearest large city or the closest transport link. To capture regional 
differences on a more disaggregated level dummy variables indicate in which of the Federal 
State the individual is living. Further dummy variables indicate whether observations are 
drawn from the 1994, 1999 or the 2004 survey. 
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Turning to the hedonic regression, the logarithm of monthly rental costs per square metre was 
regressed on a number of environmental characteristics including air pollution and noise 
exposure as well as neighbourhood characteristics and structural attributes of the property. 
Note that for owners the survey provides self-reported imputed rents rather than actual rents. 
For 2004 no information on rents for owners is provided. The hedonic analysis is, therefore, 
restricted to data from 1994 and 1999. Also, we excluded from our analysis households living 
in residential homes, student halls and hostels. 

The same set of variables describing the environmental, property and neighbourhood 
characteristics are used in both the hedonic equations as well as in the equations explaining 
differences in SWB. In addition, the hedonic model controls for the year the household moved 
in, whether the house has heating, a garden, a balcony, is owner occupied or is a council 
house. All those variables are likely to have a significant influence on the rental rate. In line 
with the demands of theory individuals’ socio-economic characteristics are excluded from the 
hedonic regression. 

In order to account for the possible correlation of residuals when observations are taken from 
the same individual over the different years, the standard errors of both models were adjusted 
for clustering. The effect is to increase the standard errors of the parameter coefficients. This 
procedure also leads to robust variance estimates in the face of heteroscedasticity.  

A list of variables contained in the dataset is presented in Table 1.  

 

Table 1. Definition of variables included in the two regression models 

Variable Definition 
AIR Adversely affected by level of air pollution (1=not at all, 2=slightly, 

3=bearable, 4=strongly,5=very strongly) 
NOISE Adversely affected by noise pollution (1=not at all, 2=slightly, 3=bearable, 

4=strongly,5=very strongly) 
AGE Age of the individual 
MALE Unity if the individual is male, zero otherwise 
INCOME Household net income adjusted for inflation (in EURO) 
EDUCATION Institutional years necessary to receive the current degree of education 
UNEMPL Unity if individual is registered unemployed, zero otherwise 
CHILDREN Number of children living in household 
DISABLED Unity if individual is disabled, zero otherwise 
HEALTH Current health status (1=very good, 2=good, 3=satisfactory, 4=poor, 5=bad)
TOGETHER Unity if individual lives together with a partner, zero otherwise 
CONDITION Condition of property (1=good, 2=needs renovation, 3=needs complete  

renovation, 4=ready for demolition) 
WINDOW Unity if the property got new windows last year, zero otherwise 
AREA Kind of residential area (1= mostly old houses (built before the war), 2= 

mostly newer houses, 3= residential and commercial area with flats, houses, 
shops and businesses, 4= commercial area (shops, banks, offices) with few 
flats, 5= industrial area with few flats, 6=else) 

TYPE Building type (1=agricultural building, 2=single or double house, 3=terrace 
house, 4=flat in building with 3 to 4 flats, 5=flat in building with 5 to 8 
flats, 6=flat in building with 9 or more flats, 7=flat in high rise building or 
8=else) 

BUILT Vintage class (1=before 1919, 2=1919-1948, 3=1949-1971, 4=1972-1980,  
5=1981-1990, 6=1991 or later) 
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CITY Distance to centre of the nearest city (1=property is in city centre, 2=less 
than 10 km, 3=10-25 km, 4=25-40 km, 5=40-60 km, 6=60km or more) 

TRANSPORT Walking distance to public transport stop (1=under 10 minutes, 2=10-20 
minutes, 3=more than 20 minutes, 4=not in walking distance) 

OWNER Unity if property is owned, zero otherwise 
SOCIAL Unity if the property is a council house, zero otherwise 
NO-HEATING Unity if property has no central heating, zero otherwise 
GARDEN Unity if the property has a garden, zero otherwise 
BALCONY Unity if the property has a balcony, zero otherwise 
MOVEIN Year the household moved in 
GGK Community size (1=less than 2000, 2=2000-20000, 3=20000-100000,  

4=100000-500000, 5=more than 500000 inhabitants) 
STATE Federal State (1=Schleswig-Holstein, 2=Hamburg, 3=Lower Saxony, 

4=Bremen, 5=North Rhine-Westphalia, 6=Hesse, 7=Rhineland-Palatinate 
and Saarland, 8=Baden-Wuerttemberg, 9=Bavaria, 10=Berlin, 
11=Brandenburg, 12=Mecklenburg Western-Pommerania, 13=Saxony, 
14=Saxony-Anhalt, 15=Thuringia) 

EAST Unity if Federal State belongs to Eastern Germany (Berlin is matched to the 
West German sample), zero otherwise 

2004 Unity if the observations are drawn from the 2004 survey, zero otherwise 
1999 Unity if the observations are drawn from the 1999 survey, zero otherwise 
 
Source: German socio-economic panel 
 
 

5 Results 

5.1 The SWB model 
The SWB data are analysed using an ordered probit model and the results of different model 
specifications presented in Table 2. These indicate that when all the data is pooled together 
there is a clearly discernible effect of both perceived noise and air quality on SWB. Note that 
the inclusion of air and noise quality as categorical rather than continuous variables does not 
result in a statistically significant increase in fit.3  

Analysing the data from each year separately does not yield markedly different results. 
Dividing the data according to whether households are located in former East or West 
Germany does not alter the regression coefficients either although the statistical significance 
of the results for former East Germany is much diminished. Therefore, we formally test 
whether the coefficients describing the impact of higher air pollution or noise exposure are 
homogenous across space and time. Results of these parameter homogeneity tests are 
presented in Table A4 in the appendix. The null hypothesis of parameter homogeneity is not 
rejected for air pollution. The variance weighted estimates are highly significant across space 
and time. For noise exposure the null hypothesis of parameter homogeneity over time is 
rejected on the five-percent level of significant. However, when steps are taken to test 
parameter homogeneity over time for smaller regions (East and West separately), the test is 
not rejected, but the coefficient is significant for Western Germany only (results are not 
shown). 

                                                 
3 The χ2(3) statistic of the Wald-test ranges from 2.75 (p=0.4311) to 6.83 (p=0.0775) for air pollution 
and from 0.32 (p=0.9553) to 4.56 (p=0.2066) for noise.  
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Consistent with earlier analyses we find an inverse U-shaped relationship with age and a 
diminishing marginal utility of money. Unemployed, sick and single individuals are 
significantly less happy than their counterparts. Individuals living in poor housing and, as 
indicated earlier, former East Germany are also less happy.  

 

Table 2. Subjective well-being, noise and air quality 

 ALLa  WESTa  EASTa  2004  1999  1994  
 Coefficient  Coefficient  Coefficient  Coefficient  Coefficient  Coefficient  
AIR -5.93E-02 *** -5.07E-02 *** -7.85E-02 *** -5.00E-02 *** -6.05E-02 *** -7.32E-02 ***
NOISE -3.42E-02 *** -4.66E-02 *** -6.41E-04  -6.69E-02 *** -1.40E-02  -1.07E-02  
AGE -2.43E-02 *** -1.85E-02 *** -4.97E-02 *** -3.10E-02 *** -2.90E-02 *** -1.70E-02 ***

AGE2 3.36E-04 *** 2.74E-04 *** 6.03E-04 *** 3.97E-04 *** 3.81E-04 *** 2.73E-04 ***
MALE -4.09E-02 ** -5.22E-02 *** -2.40E-02  -3.02E-02  -9.37E-02 *** -4.17E-02  
INCOME 9.91E-05 *** 8.36E-05 *** 3.26E-04 *** 8.20E-05 *** 2.23E-04 *** 1.97E-04 ***

INCOME2 -1.10E-09 *** -9.06E-10 *** -2.07E-08 *** -8.89E-10 *** -1.70E-08 *** -1.19E-08 ***
EDUCATION -1.93E-03  -2.73E-03  -1.46E-03  1.12E-02 *** -6.99E-03  -1.97E-02 ***
UNEMPL -5.03E-01 *** -5.05E-01 *** -4.36E-01 *** -5.53E-01 *** -4.40E-01 *** -4.57E-01 ***
CHILDREN -8.50E-02 *** -8.46E-02 *** -1.22E-01 *** -1.11E-01 *** -6.77E-02 ** -8.14E-02 ***

CHILDREN2 1.85E-02 *** 1.81E-02 ** 2.86E-02 * 3.31E-02 *** 5.45E-03  1.36E-02  
DISABLED -3.03E-02  -1.82E-02  -7.76E-02  -5.75E-02 * -2.07E-02  1.95E-02  
HEALTH -5.35E-01 *** -5.34E-01 *** -5.37E-01 *** -5.16E-01 *** -5.59E-01 *** -5.46E-01 ***
TOGETHER 1.93E-01 *** 2.11E-01 *** 8.67E-02 ** 2.38E-01 *** 2.10E-01 *** 1.27E-01 ***
CONDITION -1.52E-01 *** -1.76E-01 *** -8.77E-02 *** -1.73E-01 *** -1.40E-01 *** -1.26E-01 ***
WINDOW -1.42E-02  -8.01E-04  -1.26E-02  4.07E-02  2.64E-02  -8.33E-02  
AREA1 5.82E-02  5.10E-02  -1.62E-02  1.37E-01  1.01E-01  1.09E-02  
AREA2 5.54E-02  4.61E-02  -1.69E-04  1.16E-01  1.87E-01  -4.85E-02  
AREA3 7.08E-02  6.75E-02  -1.12E-02  1.28E-01  1.80E-01  6.22E-03  
AREA4 9.95E-02  9.26E-02  (dropped)  3.43E-01  3.44E-01  -2.86E-01  
AREA5 -1.71E-01  -2.03E-01  -2.00E-01  -1.33E-01  -2.15E-01  -7.12E-02  
TYPE1 -5.13E-02  -8.87E-02  2.71E-03  -5.00E-02  3.23E-01  -1.25E-01  
TYPE2 7.91E-02  8.43E-02  7.23E-02  1.40E-01  3.35E-01  9.58E-03  
TYPE3 6.49E-02  7.97E-02  1.38E-02  1.46E-01  2.95E-01  -1.78E-02  
TYPE4 3.66E-03  1.86E-03  3.96E-02  8.33E-02  1.83E-01  -3.60E-02  
TYPE5 -3.27E-02  -2.68E-02  -4.52E-02  5.93E-02  2.07E-01  -1.37E-01  
TYPE6 -7.69E-02  -5.84E-02  -1.09E-01  4.76E-03  1.56E-01  -1.51E-01  
TYPE7 -1.79E-02  -3.44E-02  (dropped)  -2.48E-02  1.21E-01  4.39E-02  
BUILT -1.58E-02 *** -1.82E-02 *** -1.77E-02  -9.31E-03  -3.31E-02 *** -1.35E-02  
CITY 1.04E-03  2.80E-03  -3.54E-03  3.17E-03  -3.88E-03  3.51E-03  
TRANSPORT -6.05E-02 *** -3.56E-02 ** -1.34E-01 *** -6.29E-02 *** -7.10E-02 *** -5.16E-02 * 
GGK1 -7.60E-02 * -1.25E-01 ** -1.96E-02  -6.44E-02  -8.86E-02  -6.21E-02  
GGK2 -5.08E-02  -4.93E-02  -6.16E-02  -9.19E-02 * -2.27E-02  -1.93E-02  
GGK3 -4.08E-02  -4.73E-02  -2.00E-02  -8.02E-02 * -4.52E-02  1.71E-02  
GGK4 1.22E-04  -1.34E-02  2.49E-02  -2.15E-02  -2.87E-02  5.68E-02  
STATE1 -1.27E-01  -1.34E-01  (dropped)  -1.83E-01  -2.70E-01  2.42E-02  
STATE2 (dropped)  -1.57E-02  (dropped)  -1.46E-02  -6.32E-02  (dropped)  
STATE3 -9.66E-02  -1.11E-01  (dropped)  -1.06E-01  -2.69E-01 * 4.09E-03  
STATE4 9.85E-03  (dropped)  (dropped)  (dropped)  (dropped)  -1.36E-02  
STATE5 -8.79E-02  -1.01E-01  (dropped)  -9.13E-02  -2.59E-01 * -1.22E-02  
STATE6 -9.88E-03  -2.67E-02  (dropped)  -8.33E-02  -1.52E-01  1.58E-01  
STATE7 -4.04E-02  -4.92E-02  (dropped)  -1.06E-01  -1.31E-01  6.97E-02  

 7



STATE8 -1.39E-01 * -1.51E-01  (dropped)  -1.44E-01  -3.29E-01 ** -4.48E-02  
STATE9 -1.07E-01  -1.23E-01  (dropped)  -1.20E-01  -2.95E-01 * 4.53E-03  
STATE10 -2.26E-01 *** -2.41E-01 ** (dropped)  -2.74E-01 ** -2.54E-01  -2.04E-01  
STATE11 8.21E-02  (dropped)  1.08E-01 * 7.36E-02  (dropped)  3.12E-02  
STATE12 (dropped)  (dropped)  (dropped)  -1.22E-01 * -7.46E-03  (dropped)  
STATE13 4.58E-02  (dropped)  5.21E-02  (dropped)  -6.04E-02  3.23E-02  
STATE14 -7.16E-02  (dropped)  -6.30E-02  -1.13E-01 * -1.92E-01 ** -5.47E-02  
STATE15 2.09E-02  (dropped)  3.10E-02  -8.17E-03  -5.51E-02  -1.63E-02  
EAST -3.83E-01 *** (dropped)  (dropped)  -3.74E-01 *** -3.96E-01 ** -3.02E-01 ** 
1999 2.19E-01 *** 1.92E-01 *** 3.03E-01 *** (dropped)  (dropped)  (dropped)  
1994 2.59E-01 *** 2.66E-01 *** 2.36E-01 *** (dropped)  (dropped)  (dropped)  
             
cut1 -5.02E+00  -4.86E+00  -5.21E+00  -5.00E+00  -5.11E+00  -5.14E+00  
cut2 -4.77E+00  -4.63E+00  -4.91E+00  -4.75E+00  -4.86E+00  -4.90E+00  
cut3 -4.34E+00  -4.22E+00  -4.42E+00  -4.29E+00  -4.45E+00  -4.48E+00  
cut4 -3.85E+00  -3.75E+00  -3.89E+00  -3.79E+00  -3.99E+00  -3.99E+00  
cut5 -3.50E+00  -3.41E+00  -3.50E+00  -3.42E+00  -3.64E+00  -3.65E+00  
cut6 -2.83E+00  -2.77E+00  -2.76E+00  -2.75E+00  -2.97E+00  -2.97E+00  
cut7 -2.39E+00  -2.35E+00  -2.28E+00  -2.31E+00  -2.53E+00  -2.53E+00  
cut8 -1.71E+00  -1.67E+00  -1.57E+00  -1.63E+00  -1.85E+00  -1.84E+00  
cut9 -6.45E-01  -6.16E-01  -4.54E-01  -5.44E-01  -7.77E-01  -8.09E-01  
cut10 2.78E-02  6.01E-02  2.16E-01  1.51E-01  -5.66E-02  -2.05E-01  
             
No. Obs. 23,189  17,552  5,637  10,415  6,643  6,131  
Log-likelihood -41,132  -30,977  -10,065  -18,456  -11,664  -10,906  

Pseudo-R2 0.0817  0.0770  0.0774  0.0848  0.0808  0.0841  
F-test  
(P>F)b 0.0000  0.0000  0.0001  0.0000  0.0000  0.0000  
LR-test 
(P>χ2)c        0.0000  0.0000  0.0000  
 
Note: Significance at the ten-percent level is indicated by *, significance at the five-percent 
level is indicated by ** and significance at the one-percent level is indicated by ***.  
 
a These have been adjusted for heteroscedasticity and clustering on the level of the 
household.  
b F-test on joint significance of AIR and NOISE. 
c A Likelihood ratio test is not applicable if standard errors have been adjusted for 
heteroscedasticity. 
 
 
From table 2 above the estimated coefficients of the ordered probit models are, unfortunately, 
not intuitiv. To be able to calculate changes in levels of SWB by changes in explanatory 
variables, we start with deriving the probabilities for an individual to choose one of the 11 
scores on life-satisfaction. Using the information on the cutpoints reported in table 2, the 
chance that a respondent for being least satisfied (score 0) is Prob (“score 0”) = F (cut1-H), 
where F is the standard normal distribution and H is a person’s SWB (which is the predicted 
value of the fitted model from the ordered probit regression). Consequently, the probability to 
score 1 is Prob (“score 1”) = F (cut2-H) - F (cut1-H). Probabilities for other levels of SWB 
can be computed alike (for more details see Greene, 2003).  
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Table 3 shows the probabilities derived from our model estimates. They are summarized in 
steps of three (scores 0 to 2, scores 4 to 6 and score 8 to 10) for all our model specifications. It 
is evident that the probability to score at the bottom of the scale is very low; mainly less than 
1%. Scores of  7 or 8 are dominating (not shown). This corresponds to the original data 
(compare table A3 in the Appendix). 

 
Table 3: Probability for a person to report a certain score of SWB 

ALL WEST EAST 2004 1999 1994 Score of life-
satisfaction in % in % in % in % in % in % 

0 (lowest) to 2 0.91 0.83 1.36 0.93 0.81 0.89 
4 to 6 30.93 27.30 42.82 32.23 29.09 30.75 
8 to 10 (highest) 39.30 43.81 25.87 37.61 41.88 39.17 

Source: Own calculation. 

 
Having computed the probabilities to choose one of the 11 scores on life-satisfaction makes it 
possible to derive the impact of marginal changes of explanatory variables on changes in a 
person’s SWB. Taking the example from above, they can be derived as follows. The change 
in ones probability for being, for example, least satisfied is ΔProb (“score 0”) = F (cut1-
(H+ΔH)) - F (cut1-H). Table 4 shows the calculated changes in probabilities when the quality 
of air increases or noise exposure decreases. Changes are, again, summarized in steps of three 
for all our model specifications. In our model, improvements in environmental services imply 
that respondents move from their current category to the next higher (e.g. from “very strongly 
affected” to “strongly affected”).  

If the quality of environmental services increases the distribution of SWB changes. The 
probability for a respondent to score 8 or higher increases by 2 to 3% for changes in air 
pollution and by 1 to 3% for improvements in noise exposure. The representation of all other 
categories diminishes. As a consequence of the estimated coefficients for AIR and NOISE, 
changes in air quality have more pronounced effects although more people feel negatively 
effected by noise pollution (compare tables A1 and A2 in the appendix).  

 

Table 4: Change in probability when environmental quality changes  

ALL WEST EAST 2004 1999 1994 
 in % in % in % in % in % in % 

quality of air 
increases:    
0 (lowest) to 2 -0.16 -0.12 -0.30 -0.13 -0.14 -0.19 
4 to 6 -1.76 -1.46 -2.30 -1.50 -1.80 -2.18 
8 to 10 (highest) 2.26 1.99 2.47 1.88 2.35 2.78 
    
noise exposure 
decreases :    
0 (lowest) to 2 -0.09 -0.11 -0.001 -0.18 -0.031 -0.031 
4 to 6 -1.02 -1.34 -0.021 -2.00 -0.411 -0.321 
8 to 10 (highest) 1.31 1.83 0.021 2.51 0.551 0.411 
1Results are statistically not significant. 

Source: Own calculation. 
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Similarly, the impact of changes in other explanatory variables like income on SWB can be 
computed. An increase in household’s net income per month of e.g. EUR 100 increases the 
probability of a respondent to score 8 or higher by only 0.36%. 

Taking advantage of this information it is possible to compute the amount of money needed to 
compensate for a reduction or the willingness to pay for an improvement in environmental 
quality to attain the same level of utility (SWB). For the first model specification (ALL) about 
EUR 630 per household and month would be needed to compensate for a reduction from one 
category to the next lower; for an increase in noise exposure about EUR 360 are needed. 
Although possible to compute, the significance of those numbers is limited as moving from 
one category of impairment to the next higher might be particularly difficult (as well as 
expensive) to achieve; especially for the top categories. More than 70% of all respondents feel 
only slightly or not at all affected by air or noise pollution. They might not notice 
improvements or might value them only little. Therefore, it might be more important to 
improve the quality for those in the last three categories. This might be easier to achieve and 
also less costly. In our model, improving the quality of air and noise for those in the bottom 
two categories (“very strongly affected” and “strongly affected”) to medium quality 
(“bearable”) costs about 2.3% of all household income for air quality improvements and 1.3% 
for noise. 

 

5.2 The hedonic model 
Turning now to the hedonic analysis reported in Table 5, it is apparent that perceived noise 
and air pollution are not generally statistically significant. This conclusion is unaltered if data 
from different years is analysed separately, or if the data are analysed according to whether 
the household is situated in former East or West Germany.4 Elsewhere we find that the 
absence of central heating and poor renovation reduce the logged price per square metre. 
There are also marked differences according to the type of dwelling (flat, bungalow etc) and 
according to the size of the community with more expensive properties being located in major 
urban areas.  

The evidence therefore suggests that even though perceived air quality and noise levels 
contribute to individual welfare, differences in the perceived levels of these environmental 
variables are not capitalised into house prices. At least in Germany using the hedonic 
technique to estimate the value of air quality and noise nuisance risks underestimating the 
extent to which they contribute to SWB.  

                                                 
4 Note that the inclusion of air and noise quality as categorical rather than continuous variables does not result in 
a statistically significant results. 
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Table 5. Hedonic house prices, noise and air quality 
 
 
 ALLa  OWNERa  RENTERa  WESTa  EASTa  1999  1994  
 Coefficient  Coefficient  Coefficient  Coefficient  Coefficient  Coefficient  Coefficient  
CONSTANT 1.68E+00 *** 2.44E+00 *** 1.66E+00 *** 1.86E+00 *** 1.77E+00 *** 1.99E+00 *** 1.72E+00 ***
AIR 1.49E-04  2.64E-03  -2.42E-04  1.72E-04  3.67E-03  -6.77E-03  1.07E-02  
NOISE 7.08E-03 * 3.13E-03  9.30E-03 * 9.11E-03 * 6.11E-04  3.53E-07  -1.84E-03  
OWNER 1.63E-01 *** (dropped)  (dropped)  1.18E-01 *** 1.74E-01 *** 1.09E-01 *** 3.68E-01 ***
SOCIAL -6.71E-02 *** (dropped)  -3.58E-02 *** -1.24E-01 *** -9.10E-03  -9.56E-02 *** 1.41E-01 ***
NO-HEATING -1.79E-01 *** -1.09E-01 *** -1.84E-01 *** -2.12E-01 *** -7.28E-02 *** -1.31E-01 *** -9.36E-02 ***
GARDEN -1.22E-02  3.59E-02 * -1.66E-02 * -1.45E-02  -2.91E-02  -2.41E-02 ** -6.40E-03  
BALCONY 2.97E-02 *** 7.91E-02 *** 1.61E-02 * 4.17E-02 *** 1.40E-02  1.65E-02  1.20E-02  
MOVEIN 4.93E-03 *** 3.62E-03 *** 6.37E-03 *** 5.51E-03 *** 7.23E-04  2.61E-03 *** 3.82E-03 ***
CONDITION -1.18E-01 *** -1.50E-01 *** -9.69E-02 *** -1.21E-01 *** -1.06E-01 *** -6.39E-02 *** -4.47E-02 ***
WINDOW 4.22E-02 *** -8.90E-03  6.93E-02 *** 4.43E-02 ** 3.51E-02 * 1.20E-04  2.13E-02  
AREA1 3.64E-02  6.98E-02  -2.01E-02  6.78E-03  2.20E-02  -3.34E-02  7.70E-02  
AREA2 3.71E-02  9.00E-02  -2.96E-02  3.02E-02  -3.36E-02  -2.31E-02  5.04E-02  
AREA3 2.99E-02  3.81E-02  -1.50E-02  1.26E-02  -2.11E-02  -2.97E-02  4.46E-02  
AREA4 4.71E-02  8.36E-02  2.52E-04  3.72E-02  -3.22E-03  -3.78E-02  8.45E-02  
AREA5 -4.85E-02  -8.40E-02  -7.52E-02  -8.46E-02  (dropped)  -1.20E-01  4.06E-02  
TYPE1 7.98E-02  -3.85E-02  1.62E-01 * 8.71E-02  (dropped)  3.74E-01 ** -1.60E-02  
TYPE2 1.45E-01 *** 5.95E-02  1.75E-01 *** 1.23E-01 ** 1.42E-01 * 4.48E-01 ** 8.01E-02  
TYPE3 1.99E-01 *** 1.11E-01  2.08E-01 *** 1.87E-01 *** 9.32E-02  4.93E-01 *** 1.33E-01  
TYPE4 1.98E-01 *** 2.96E-02  2.57E-01 *** 1.71E-01 *** 1.64E-01 ** 4.98E-01 *** 1.29E-01  
TYPE5 2.16E-01 *** 1.12E-01  2.73E-01 *** 1.94E-01 *** 1.66E-01 ** 5.04E-01 *** 1.47E-01  
TYPE6 2.23E-01 *** 1.92E-01 * 2.80E-01 *** 2.33E-01 *** 1.53E-01 * 5.12E-01 *** 1.40E-01  
TYPE7 2.67E-01 *** 2.05E-01 * 3.28E-01 *** 2.84E-01 *** 1.78E-01 ** 5.20E-01 *** 1.77E-01 * 
BUILT 3.21E-02 *** 1.66E-02 *** 4.29E-02 *** 3.51E-02 *** 3.72E-02 *** 2.96E-02 *** 4.52E-02 ***
CITY -1.64E-02 *** -2.77E-02 *** -8.63E-03 *** -1.60E-02 *** -1.45E-02 *** -1.79E-02 *** -1.57E-02 ***
TRANSPORT -1.21E-02 * -8.10E-03  -1.31E-02  -1.32E-02 * 1.72E-02  -1.23E-02  -1.71E-02  
GGK1 -2.53E-01 *** -4.34E-01 *** -1.52E-01 *** -3.58E-01 *** 4.70E-02  -3.05E-01 *** -2.14E-01 ***
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GGK2 -2.10E-01 *** -3.48E-01 *** -1.75E-01 *** -2.47E-01 *** 1.00E-01 *** -2.55E-01 *** -1.49E-01 ***
GGK3 -1.67E-01 *** -2.84E-01 *** -1.43E-01 *** -1.78E-01 *** 6.98E-02 * -2.10E-01 *** -1.27E-01 ***
GGK4 -1.50E-01 *** -2.49E-01 *** -1.28E-01 *** -1.57E-01 *** 7.50E-02 ** -2.01E-01 *** -1.19E-01 ***
STATE1 2.31E-01 *** -4.53E-03  (dropped)  1.15E-01 *** (dropped)  1.18E-01 *** 4.41E-02  
STATE2 1.51E-01 *** (dropped)  -9.85E-02 *** (dropped)  (dropped)  (dropped)  (dropped)  
STATE3 6.01E-02 ** -2.21E-01 *** -1.51E-01 *** -6.49E-02 *** (dropped)  -8.78E-02 *** -9.70E-02 ** 
STATE4 (dropped)  -4.18E-01 *** -1.79E-01 *** -1.52E-01 *** (dropped)  -2.12E-01 *** -1.28E-01 ** 
STATE5 9.98E-02 *** -1.45E-01 *** -1.47E-01 *** -3.49E-02  (dropped)  -4.32E-02 * -7.81E-02 * 
STATE6 1.52E-01 *** -9.06E-02  -8.85E-02 *** 2.49E-02  (dropped)  1.65E-02  -2.10E-03  
STATE7 7.29E-02 *** -2.06E-01 *** -1.37E-01 *** -2.74E-02  (dropped)  -7.33E-02 ** -1.21E-01 ** 
STATE8 1.31E-01 *** -1.11E-01 ** -1.16E-01 *** 1.23E-02  (dropped)  3.50E-03  -1.98E-02  
STATE9 1.24E-01 *** -1.55E-01 *** -9.66E-02 *** 1.08E-03  (dropped)  -2.76E-02  -4.99E-02  
STATE10 -7.94E-02 *** -1.78E-01 ** -3.15E-01 *** -2.49E-01 *** (dropped)  -2.49E-01 *** -2.25E-01 ***
STATE11 (dropped)  (dropped)  (dropped)  (dropped)  (dropped)  (dropped)  -2.18E-02  
STATE12 4.83E-02 * 1.71E-01 *** 3.21E-03  (dropped)  4.23E-02 * 6.40E-02 ** (dropped)  
STATE13 -1.40E-02  -5.66E-02  -7.52E-03  (dropped)  -2.56E-02  -4.53E-02 * -2.72E-02  
STATE14 -2.29E-02  -6.51E-02  -2.41E-02  (dropped)  -4.37E-02 * -7.39E-02 ** -1.88E-02  
STATE15 -2.70E-03  -3.04E-02  2.20E-02  (dropped)  6.10E-03  -3.51E-03  -3.41E-02  
EAST 3.53E-02  -7.22E-02  -2.42E-01 *** (dropped)  (dropped)  -6.26E-02 * -1.79E-01 ***
1999 1.58E-01 *** 8.93E-02 *** 2.07E-01 *** 1.05E-01 *** 2.61E-01 *** (dropped)  (dropped)  
               
No. Obs. 14,304  5,178  9,126  11,828  2,476  5,391  4,911  

R2 0.3684  0.3467  0.4009  0.3931  0.3541  0.2228  0.3054  
F-test  
(P>F)b 0.0778  0.6961  0.0406  0.0324  0.0854  0.3378  0.2201  
 
Note: Significance at the ten-percent level is indicated by *, significance at the five-percent level is indicated by ** and significance at the one-
percent level is indicated by ***.  
 
a These have been adjusted for heteroscedasticity and clustering on the level of the household.  
b F-test on joint significance of AIR and NOISE. 
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6 Discussion 
The current results require us to explain why perceived air quality and noise levels contribute 
to SWB but are statistically insignificant determinants of house prices, particularly when 
many other hedonic house price studies have uncovered significant parameter values.  

One possibility is that hedonic studies have generally considered much smaller geographical 
areas, typically cities rather than an entire country. It may be that housing markets in 
Germany are geographically segmented and that assuming a national market obscures the 
impact that these variables have on house prices. But defining geographically smaller areas 
such as Hamburg, Bremen or Berlin does not increase the statistical significance perceived air 
quality and noise nuisance and neither does distinguishing between communities of differing 
sizes (results not shown).   

Our explanation is that the majority of hedonic studies appear to be undertaken in the United 
States. In Germany by contrast people are less mobile. Also, the number of individuals renting 
homes is much greater and the rental sector is subject to regulations governing when and 
under what circumstances prices can be increased or tenants be evicted (see e.g. Grundmann, 
2001, for some recent developments on the regulation of rental housing). These might explain 
why the price of housing does not appear to reflect variations in the level of environmental 
attributes. If we are correct then techniques based on SWB might prove to be a useful addition 
to valuation techniques in contexts where the underlying assumptions of hedonic technique 
appear unreasonable.  

Finally the reader should be aware that variations in self-perceived levels of air pollution and 
noise nuisance might themselves be correlated with other unobserved characteristics of 
individuals. Thus unhappy or depressed individuals might perceive noise nuisance or poor air 
quality more acutely than others. Nonetheless individuals living close to the centre of big 
cities, close to transport links and in mixed-use or predominantly industrial areas are far more 
likely to declare themselves strongly affected than individuals living in other locations (see 
tables 6 and 7). Thus individual assessments of environmental quality are not wholly 
determined by individual traits.  

Of course, objective measures of air pollution and noise nuisance would have been preferred 
to self-perceived levels. However, local measures are generally unavailable as there are only a 
limited number of monitoring stations per town or region. Interpolating pollution measures 
would create errors of its own. Neither is it clear which of a variety of matrix (daily average, 
peak, night time etc.) is more relevant. 
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Table 6: Variation in air quality  

living close 
to the city 

centre 

living in 
rural area 

living close 
to transport 

link 

no transport 
link in 

walking 
distance 

living in 
industrial 

area 

living in 
residential 

area Affected by air 
pollution on 

residential area  in % in % in % in % in % in % 
1 (not at all) 28.62 46.17 37.61 58.17 20.41 46.24

2 39.57 38.74 40.58 32.69 42.86 39.71
3 21.68 9.98 14.82 5.77 20.41 10.31
4 7.39 4.19 5.31 2.40 11.56 2.89

5 (very strongly) 2.74 0.92 1.68 0.96 4.76 0.85

Source: German socio-economic panel, own calculation. 

 

Table 7: Variation in noise nuisance 

living close 
to the city 

centre 

living in 
rural area 

living close 
to transport 

link 

no transport 
link in 

walking 
distance 

living in 
industrial 

area 

living in 
residential 

area 
Affected by 

noise pollution 
on residential 

area  in % in % in % in % in % in % 
1 (not at all) 29.28 44.26 35.53 57.42 23.81 44.53

2 39.58 36.03 39.45 31.58 39.46 38.83
3 20.71 12.99 16.35 8.13 24.49 11.84
4 7.19 4.84 6.38 1.44 8.16 3.64

5 (very strongly) 3.24 1.88 2.29 1.44 4.08 1.16

Source: German socio-economic panel, own calculation. 

 

 

7 Conclusion 
This paper compares the extent to which perceived measures or air quality and noise nuisance 
are reflected in measures of SWB and property prices. At least in the context of Germany it 
appears that perceived levels of air pollution and noise nuisance are not capitalised into 
property prices. This is most likely due to the fact that the housing market is highly regulated 
by the state. By contrast high noise levels and poor air quality markedly diminish SWB.  

Future analyses might attempt to apply the same techniques in other countries specifically 
those in which the hedonic technique has been observed to yield significant results for air 
pollution and noise nuisance. These analyses might also be able to compare self-perceived 
measures of air pollution and noise nuisance with their objectively measured counterparts. 
Further research might also attempt to determine whether individuals sharing the same 
characteristics reach the same level of well-being irrespective of their geographical location 
since this is the key assumption underpinning the hedonic technique.  
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Appendix 
 
Table A1. How strongly do you feel you are affected by air pollution on your residential area?  

 ALL WEST EAST 2004 1999 1994 
 in % in % in % in % in % in % 

not at all 38.44 41.11 30.12 47.32 35.59 26.46
slightly 40.61 39.20 45.01 39.15 42.69 40.84
bearable 14.22 13.61 16.14 9.76 15.02 20.94
strongly 5.18 4.69 6.69 3.11 5.12 8.76
very strongly 1.55 1.39 2.04 0.67 1.58 3.00

Source: German socio-economic panel, own calculation. 

 
 
Table A2. How strongly do you feel you are affected by noise pollution on your residential 
area?  

 ALL WEST EAST 2004 1999 1994 
 in % in % in % in % in % in % 

not at all 36.57 39.38 27.82 42.39 33.69 29.80
slightly 39.25 38.14 42.72 38.02 42.24 38.10
bearable 15.93 15.12 18.45 13.09 16.36 20.27
strongly 6.10 5.61 7.63 4.97 5.68 8.47
very strongly 2.16 1.76 3.39 1.53 2.03 3.36

Source: German socio-economic panel, own calculation. 

 
Table A3. How satisfied are you with your life, all things considered? "0" means completely 
dissatisfied ,"10" means completely satisfied? 
 ALL WEST EAST 2004 1999 1994 
 in % in % in % in % in % in % 

0 0.56 0.56 0.59 0.58 0.53 0.59 
1 0.44 0.39 0.59 0.45 0.42 0.44 
2 1.45 1.29 1.95 1.56 1.29 1.44 
3 3.42 2.99 4.75 3.67 3.01 3.44 
4 4.30 3.81 5.82 4.70 3.91 4.05 
5 13.31 11.74 18.20 13.79 12.40 13.47 
6 12.37 11.40 15.40 12.50 12.19 12.35 
7 22.67 22.44 23.38 22.66 22.53 22.83 
8 28.61 30.42 22.97 28.22 29.85 27.92 
9 8.68 9.98 4.65 8.28 9.63 8.33 

10 4.19 4.99 1.7 3.61 4.21 5.14 

Source: German socio-economic panel, own calculation. 
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Table A4. Parameter Homogeneity among the Coefficients  
 

Model AIR  NOISE   Model AIR  NOISE  
WEST -5.07E-02 *** -4.66E-02 ***  2004 -5.00E-02 *** -6.69E-02 ***
EAST -7.85E-02 *** -6.41E-04   1999 -6.05E-02 *** -1.40E-02  
      1994 -7.32E-02 *** -1.07E-02  
           
Parameter 
homogeneity  
test χ2(1) = 1.08  χ2(1) = 3.61 *  

Parameter 
homogeneity
test χ2(2) = 0.82  χ2(2) =7.48 ** 

Variance 
weighted  
estimate -0.058 *** -0.034 ***  

Variance  
weighted  
estimate -0.061 *** -0.036 ***

Note: Significance at the ten-percent level is indicated by *, significance at the five-percent 
level is indicated by ** and significance at the one-percent level is indicated by ***.  
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