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Abstract 

 

This paper proposes a subjective well-being approach to test the equilibrium condition implicit 
in hedonic pricing. Contrary to the conclusions of previous studies, we show that both 
approaches are not complementary but, rather, they are alternative ways of computing implicit 
prices of environmental amenities. They are equivalent when the equilibrium condition holds 
but, in the absence of such equilibrium, only the subjective well-being approach is 
theoretically correct. In an empirical application, we find that (i) the total impact of location-
specific amenities on self-reported well-being is not fully captured through compensating 
differentials in labor and housing markets, indicating that implicit prices derived using the 
hedonic approach would be incorrect and thus suggesting caution in its application, and (ii) 
environmental factors are as important as the most critical socio-economic and socio-
demographic factors in explaining subjective well-being. 
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I. Introduction 
 
The study of the relationship between location and quality of life has a long tradition in the 

hedonic pricing literature. Variables such as climate, environmental and urban amenities have 

for a long time been employed in hedonic wage and housing regressions to account for 

regional wage and rent differentials, and to construct ‘objective’ quality of life indices with 

which to rank quality of life both across and within urban areas (see Rosen, 1974; Roback, 

1982 or Blomquist, et al., 1988, for seminal contributions, and Chay and Greenstone, 2005), 

for a recent state-of-the-art valuation exercise).  

 

The compensating differentials in labor and housing markets generated by location-specific 

amenities are often large: in her study of U.S. cities, Roback (1982) found that the average 

person in her sample would be willing to pay $69.55 per year for an additional clear day, 

$78.25 per year to avoid an additional cloudy day, and $5.55 per year to avoid an increase of 

1 microgram per cubic meter in particulate matter. Blomquist et al. (1988) found that the 

difference in compensation between the most and least desirable U.S. counties in terms of 

the same bundle of local amenities comprising climate, urban conditions and environmental 

quality was $5,146. More recently, Berger et al. (2003) have shown that one standard 

deviation changes in climate attributes (heating degree days), air quality and crime produce 

annual compensation in the Russian housing and labor markets of 7,839, 8,050 and 8,602 

rubles respectively, compared to a mean monthly salary of 1,928 rubles. 

 

Hedonic regressions are based on the equilibrium condition of equal utility of individuals 

across locations, where house prices and/or wage rates fully compensate for differences in 

environmental amenities (e.g., Roback, 1982). However, if this condition does not hold, the 

implicit amenity prices derived from these valuation exercises are incorrect. Despite the highly 

restrictive nature of the assumptions of complete mobility of labor, perfect information, and 

instantaneous adjustment of housing and labor markets to adjust for differences in 

environmental amenities, the equilibrium condition on which the hedonic approach relies has 

gone largely unchallenged.2  

 

The first objective of this paper is to test if the hedonic equilibrium condition holds by 

analyzing whether labor and housing markets fully compensate for changes in environmental 

amenities. In order to do this we require an estimate of individuals’ utility. Although utility is 

not directly observable, in recent years, economists have started employing subjective well-

being scores from self-reported happiness and life-satisfaction data as a proxy for utility (e.g., 

                                                 
2 The main limitation of the hedonic approach is usually considered to be its inability to measure the non-use values 
of environmental assets. 
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Clark and Oswald, 1994; Oswald, 1997; Di Tella et al., 2001; Frey and Stutzer, 2002a).3  

Researchers have examined the impact on happiness and personal quality of life of the socio-

demographic characteristics of individuals, such as age, gender and marital status, and socio-

economic and macroeconomic characteristics, mainly income, unemployment and inflation.4

 

Despite the impressive development of this literature, and the fact that regional dummies are 

highly significant in the regressions that do include them (e.g., Clark and Oswald, 1994; Bell 

and Blanchflower, 2004), the role of location-specific factors in explaining life satisfaction has 

only recently started being explored. Only in the last few years have authors started analyzing 

the trade-offs between life satisfaction and specific environmental attributes: air pollution 

(Welsch, 2005); climate (Rehdanz and Maddison, 2005); commuting time (Frey and Stutzer, 

2005); and aircraft noise (van Praag and Baarsma, 2005). 

 

The hedonic and subjective well-being literatures are motivated by the same key underlying 

question: what are the determinants of quality of life? In addition, the subjective well-being 

approach has started being used as an alternative environmental valuation tool.5 However, 

the connection between the two approaches has been largely ignored. Only van Praag and 

Baarsma (2005) have recognized it, but they ignore potential compensation in labor markets, 

and they consider the hedonic and subjective well-being approaches to be complementary. In 

the theoretical section of this paper we clarify the relationship between the two approaches 

and show that: (i) in order to test the equilibrium condition in hedonic models, both housing 

and labor markets, and not only the latter, have to be considered; and (ii) if the equilibrium 

condition holds, the implicit prices of the amenities calculated using both approaches should 

be identical, i.e. the approaches are substitutes not complements. On the other hand, if the 

equilibrium condition is rejected, the hedonic approach is an inappropriate means of imputing 

implicit prices of amenities.  

 

In this paper we also bridge both literatures empirically using data on life satisfaction scores, 

location-specific amenities, individual characteristics, wages and house prices for Ireland. 

Results from the estimation of a micro-econometric life satisfaction regression indicate that 

location matters: site-specific factors are important in explaining subjective well-being. The 

                                                 
3 It was psychologists who traditionally studied the determinants of subjective well-being and happiness (see Diener, 
1984; Argyle, 1987; Myers, 1993 or Diener et al., 1999 for a recent survey).   
4 While economists have consistently found a strong, negative link between life satisfaction and unemployment (e.g. 
Clark and Oswald, 1994; Gerlach and Stephan, 1996; Di Tella et al., 2001), the link with income is less clear (e.g., 
Easterlin, 1974; 1995; 2001; Oswald, 1997) and certainly factors such as health and family circumstances tend to 
show a more marked influence on quality of life than standard economic measures (e.g., Winkelmann and 
Winkelmann, 1998). The limited role of income as a determinant of life satisfaction has lead authors to examine 
income aspirations (e.g., Easterlin, 1995; Stutzer, 2004; Frijters et al., 2004; Gardner and Oswald, 2001; 2004), 
positional externalities (e.g., Frank, 1997; 2003) and inequality (e.g., Alesina et al., 2004) as further influences. The 
general result is that some measure of relative income has a significant impact on self-reported life satisfaction (e.g., 
Easterlin, 2001; Luttmer, 2004). Further refinements include the examination of the effects of institutional factors such 
as the degree of democratic participation (e.g., Frey and Stutzer, 2000; 2002b). 
5 See, e.g., Frey and Stutzer (2005). 
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inclusion of climate, environmental and urban amenities, typically used in hedonic 

regressions, greatly improves our understanding of what determines quality of life. In addition, 

to test the validity of the equilibrium condition in hedonic models, the direct estimate of the 

impact of environmental amenities on utility from a life satisfaction regression is compared 

with the compensation in housing and labor markets derived from hedonic regressions.  

 
This comparison indicates that the total impact of location-specific amenities on self-reported 

well-being is not fully captured through compensating differentials in labor and housing 

markets, suggesting that the hedonic approach has to be applied with caution; in our 

empirical example its implicit prices would be incorrect. In the cases in which the equilibrium 

condition does not hold, and provided that self-reported well-being scores are a good proxy 

for utility, the subjective well-being approach, which does not require such a condition, 

provides a theoretically more correct alternative to the estimation of implicit prices of 

amenities.  

 

The paper proceeds as follows: Section II presents the theoretical model which integrates 

both the hedonic and subjective well-being approaches and proposes a straightforward test of 

the equilibrium condition central to the hedonic approach. The theory is followed by a 

description of the data and the estimation strategy used in the paper. Section III presents the 

results and Section IV concludes. 

 

II. Methodology 
 
A. Theoretical Model 

In this paper, drawing from the hedonic models of Roback (1982) and Blomquist et al. (1988), 

we assume that an individual’s utility depends on the consumption of goods and services 

(represented by a composite commodity), on the use of residential land, and on the local 

amenities associated with that land. Thus, the level of well-being attained by an individual in 

location k can be represented by the following indirect utility function: 

 

  (1) ),,( kkkk arwvv =

 

where kr  is the rental price of land,  is the wage rate and  is an index of local 

amenities in location k. Utility increases in wages ( ) and decreases in rents ( ). 

The effect on utility of a change in local amenities depends on whether they are consumption 

amenities ( ) or disamenities (

kw ka

0>wv 0<rv

0>av 0<av ). 

In hedonic models, wages and rents must adjust in equilibrium to equalize utility across 

locations: 
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 varwvv kkkk == ),,(     k∀  (2) 

 

Totally differentiating (2) we obtain: 

 

 0=++= davdrvdwvdv arw  (3) 

 

where the location superindices have been eliminated for notational simplicity.  

From equation (3), it is clear that, in equilibrium, changes in the level of amenities are fully 

compensated for in labor and rental markets, so that the net impact of such changes on utility 

is zero: 

 

 0=++= arw v
da
drv

da
dwv

da
dv

, (4) 

 

and the implicit price of amenities can be derived from (4) as: 

 

 
da
dw

da
dr

v
v

v
v

p
w

r

w

a
a −−==* , (5) 

 

where by Roy’s identity, 
w

r

v
v

 is estimated as the residential land consumed ( ): cl

 

 
da
dw

da
drlp ca −−=*  (6) 

 

Note that the computation of (6) in the hedonic approach does not require estimates of  or 

, but relies on the equilibrium condition. The subjective well-being approach, on the other 

hand, uses self-reported life satisfaction as a proxy for utility and, thus, allows the estimation 

of  and  directly, to calculate the implicit price of amenities in (5) without relying on the 

equilibrium condition:  

av

wv

av wv

 

 
w

a
a v

v
p =* . (7) 

 

Thus, in equilibrium, the implicit price of amenities computed using (6) and (7) is identical, and 

in this sense the hedonic and subjective well-being approaches are substitutes but, in 
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disequilibrium, (4) does not hold causing (6) and (7) to differ. In this case, only (7) provides a 

theoretically correct estimate of . Note that *
ap

w

a

v
v

 represents the total implicit price of the 

amenity in both equilibrium and disequilibrium, and not just (in the terminology of van Praag 

and Baarsma, 2005) a “residual shadow price.” In the empirical section of the paper we test 

the equilibrium condition by examining whether (4) holds. 

 

An obvious concern with the use of self-reported well-being is how good it is as a proxy for 

individual utility and the measurement error it may introduce if respondents are unable to 

communicate accurately their underlying utility level. In this regard there is a broad consensus 

among previous (including psychological) studies, that self-reported well-being is a 

satisfactory empirical proxy for individual utility (see, e.g., Diener et al.; 1999, Frey and 

Stutzer, 2002a; Blanchflower and Oswald, 2004b; or Ferrer-i-Carbonell and Frijters, 2004).6

 

B. Data 

Data on satisfaction with life and on the socio-demographic and socio-economic controls, 

necessary for the estimation of a life-satisfaction regression, come from a survey of a 

representative sample of 1,500 men and women, aged 18 and over and living in Ireland, 

interviewed in 2001.7 This is combined with a vector of location-specific factors describing 

climate conditions and environmental amenities, disaggregated at the regional level. 

Descriptions of the variables and descriptive statistics are outlined in Appendix I.  

 

The use of data collected in Ireland is interesting in its own right. In the last decade, the ‘Celtic 

Tiger’ economy grew at a record rate. Between 1990 and 2000, Gross Domestic Product 

(GDP) doubled with the real annual growth rate at a high of 11 percent in 1999. After 

Luxembourg, Ireland now has the highest GDP per capita and the lowest unemployment rate 

in Europe (these and other trends are documented in, for example, Clinch et al., 2002). 

Meanwhile, the Economist Intelligence Unit (2004) has ranked Ireland as first in its quality of 

life league table for 2005. Nevertheless, there has been much concern regarding the 

implications of the pace of economic growth for localized environmental quality and well-being 

generally (EPA, 2004a). This concern has mostly centered on Dublin. Ireland’s capital has 

experienced the most rapid growth – unparalleled in Europe (Honohan and Walsh, 2002). It is 

the only area to have experienced net internal immigration over the boom and is generally 

regarded as having suffered the most significant decline in the quality of urban amenities 

(EPA, 2004a).  

                                                 
6 In addition, as Blanchflower and Oswald (2004a) point out, measurement error in the independent variables would 
be more problematic in the econometric estimation.  
7 Due to missing observations the final sample consists of approximately (depending on the model specification) 
1,467 observations. The effective response rate is 66.6 percent. The margin of error using the entire sample is ± 2.5 
percent at a 95 percent confidence level. The 2000 Register of Electors was used as the sampling frame. 
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The well-being indicator (or proxy for individual utility) is based on the answers to the 

following question: ‘Thinking about the good and bad things in your life, which of these 

answers best describes your life as a whole?’. Respondents could choose a category on a 

scale of one to seven (‘As bad as can be’; ‘very bad’; ‘bad’; ‘alright’; ‘good’; ‘very good’; ‘as 

good as can be’). The survey found high well-being in general in Ireland with an average of 

5.5 on the seven-point scale. 

 

As for the independent variables, the dataset includes an employment-status variable divided 

into ten separate categories which follow the International Labor Organization classification: 

employed (self-employed, full-time employed and part-time employed), inactive (student, 

working on home duties, disabled, retired, those not working and not seeking work, and those 

on a government training scheme) or unemployed (CSO, 2006). Unemployment is further 

divided into two categories of those unemployed having lost or given up their job combined 

with those not working but seeking work, and those seeking work for the first time. Additional 

individual characteristics contained in the dataset and typically employed as controls are age, 

gender, educational attainment (primary, lower secondary/junior high school, upper 

secondary/senior high school and university degree), marital status (single, married, 

cohabiting, widowed and separated/divorced), gross household income8 and number of 

dependent children in the household (1, 2, 3+). The dataset also contains information on 

whether the respondent is caring for a disabled member of the family, and, as an indicator of 

health status, the number of times the respondent has visited the doctor in the past year 

(never or once, two to five times and six or more times a year). A preliminary analysis of the 

data revealed that over three-quarters of those surveyed (77 percent) saw the cost of housing 

as a major problem in Ireland. Thus, variables capturing household tenure (owned outright, 

mortgaged, renting, or in public housing) were included in the regression analysis. We also 

know the area in which the respondent lives.  

 

As elements of the vector of location-specific factors, the dataset contains climate (from 

Collins and Cummins, 1996) and environmental data (from EPA, 2004b) at a regional level, 

and a variable capturing access to, and quality of, local facilities and services. The climate 

data consist of mean annual precipitation, number of wet days per annum, mean daily air 

temperature, mean daily range of air temperature, mean daily air temperature for January and 

July, January mean daily minimum air temperature, July mean daily maximum air 

temperature, mean annual duration of bright sunshine, mean daily duration of bright sunshine, 

                                                 
8 Income is expressed in thousands of euro. Missing values, 23.7 percent of those interviewed, were imputed based 
on the respondent’s socio-demographic characteristics including age, gender, marital status, education level, area 
inhabited and employment status. The original income variable was divided in 10 categories, so mid-points were 
used (as in Stutzer, 2004). The survey was carried out when Ireland was still using the Irish Pound, so we converted 
to euros using the fixed rate of IR£1= €1.26974.  
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mean annual wind speed, and a driving rain index.9 Air pollution and water quality were 

considered as indicators of environmental quality but finally excluded as regional variation is 

minimal (EPA, 2004a). Population density (total population divided by total area in km2) (CSO, 

2003), congestion (number of vehicles (DELG, 2001) divided by the total length of primary 

roads per local authority area10 (NRA, 2003)) and average commuting time in each local 

authority area were included to capture crowding and congestion effects. As in Blomquist et 

al. (1988), variables capturing whether the respondent lives near the coast, the violent crime 

rate in the respondent’s area (measured as the number of homicides per 100,000 population 

(Garda Síochána, 2001)) and presence of waste facilities in the respondents area (measured 

as the number of waste facilities per 100,000 population (EPA, 2005)) were included. 

 

Except for the access to services variable, all the location-specific amenities are 

disaggregated at the regional level. The variable corresponding to local facilities and services 

is self-reported, and thus available at the individual level. It is a dummy that takes the value of 

1 if the respondent considers access to, or quality of, public transport, educational facilities, 

shops, healthcare or public services, to be a major problem. We also considered two 

dummies which capture whether local crime and disorder and rural isolation are major 

problems for the respondents. 

 

Finally, to estimate the hedonic regressions we used additional data collected in the survey 

on house characteristics (number of rooms, type of house – detached, semi-detached, 

terraced or apartment); location (Dublin or outside Dublin); a composite index of the quality of 

the house based on whether the respondent’s home has full central heating and is not damp) 

and further data on house prices.11

 

C. Estimation strategy 
 
The specification of the life satisfaction regression estimated in the paper is: 

 

           kikikikiu ,,,, '' εα +++= aγxβ Ii ....1= , k = 1,…,K (8) 

 

where u is self-reported well-being of individual i  in location k; a is a vector of location-

specific factors, some of which (e.g., commuting time, access to services, proximity to a 

                                                 
9 Driving rain is a term that describes the combined effects of falling rain and strong winds. It is the product of mean 
annual wind speed (m/s) and mean annual rainfall (m/year) (Collins and Cummins, 1996). 
10 For governance purposes, Ireland is divided into different regions called Local Authority areas. These generally 
equate to one body per county and one for the three major urban areas of Galway City, Limerick City and Cork City. 
Dublin is divided into four areas and Tipperary is divided into two local authority areas. 
11 We thank Mirko Moro for his assistance linking both data sets. 
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coast) may vary at an individual level; and x is a vector of socio-economic and socio-

demographic characteristics.  

 

As a first step towards capturing the influence of location-specific factors, in Model 1, we 

distinguish between those respondents living in Dublin and those living in the rest of the 

country. This split was considered appropriate in a small (approximately 70,000 m2) and 

relatively homogenous country like Ireland where the Dublin area is the only urban area with a 

population in excess of 150,000 (it comprises 28 percent of a total population of 4 million) in 

1.3 percent of the land area, and it accounts for 39 percent of the national total of Gross 

Value Added. This dummy variable is included in addition to the socio-economic and socio-

demographic variables (age, age-squared, gender, employment status, educational 

attainment, health, marital status, income and income squared, number of dependent children 

and household tenure).12  

 

In a model that controls for a broad range of socio-economic and socio-demographic 

characteristics, a dummy for Dublin might be seen as a rough summary measure of the 

amenities in that area. However, it does not provide much information regarding which 

specific amenities are most valued by the individuals. In order to determine which site-specific 

factors are most relevant, Model 2 incorporates location-specific climate and environmental 

variables, and dummies for the access to, and quality of, local facilities and services, and for 

local crime and disorder and rural isolation.  

 

The climate variables could not all be included together due to multicollinearity, which is a 

common problem in estimations of this kind (see, e.g., Roback, 1982; Rehdanz and 

Maddison, 2005). This is particularly the case with mean and daily sunshine and annual 

precipitation and the driving rain index with correlation coefficients over 0.75 (Appendix II).  

Following the advice of a climatologist, we used mean annual precipitation, mean annual wind 

speed, July mean daily maximum air temperature, January mean daily minimum air 

temperature, and mean annual duration of bright sunshine. We also included congestion 

proxies for each local authority area and a dummy variable for whether the respondent lives 

near the coast.  

 

To test whether the equilibrium condition holds, or, according to equation (4), for whether 

labor and housing markets perfectly compensate for differences in the level of amenities 

across locations, we need to estimate the following hedonic housing and wage regressions: 

 

                                                 
12 Since we know the area in which the respondent lives, we could estimate the models with regional fixed effects (or 
dummies for the different local authorities), but the problem with this approach is that most of the location-specific 
attributes included in subsequent models are also measured at the local authority level creating a problem of 
multicollinearity. 
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   (9) kikikikir ,,,, '' νδ +++= aηyφ

 

  (10) kikikikiw ,,,, '' ξϕ +++= aλxκ

 

where r and w are house price and wage rates, respectively, y is a vector of housing 

characteristics and x is, again, a vector of individual characteristics. The estimated 

coefficients  and  can be used to derive the compensating differentials in housing and 

labor markets implied in equation (4), which in turn can be compared with direct estimates of 

the impact of environmental amenities on utility derived from the estimation of equation (8). If 

the equilibrium condition holds, both should be identical. 

η λ

 

In all the regressions, the standard errors are corrected for clustering (see Moulton, 1990), as 

they combine data at different levels of disaggregation (individual characteristics versus local-

authority-level environmental amenities).  

 
III. Results 

 

A.  Model 1 – assessing the importance of location 

Tables 1 and 2 show the results from the estimation of Model 1. Table 1 contains the OLS 

results and, given the nature of the dependent variable, Table 2 contains the results from 

ordered-probit regressions. In both cases, the reference groups for the independent dummy 

variables are in parentheses. For simplicity, given the similarity of the estimates in the two 

tables, and the more intuitive interpretation of the OLS coefficients, we follow the literature 

(Frey and Stutzer, 2000) and in what follows we focus on the OLS results of Table 1. 

 

- Tables 1 and 2 about here - 
 

The coefficients on socio-economic and socio-demographic characteristics in Table 1 are, 

generally, in line with previous findings in the literature. For example, the coefficients on being 

unemployed and ‘not working, not seeking work’ are negative and significant and, everything 

else being equal, reduce life satisfaction by three-quarters of a life-satisfaction category and 

one category respectively (see, e.g., Blanchflower and Oswald (2004a) for similar results). 

Like Frey and Stutzer (2000), we find that those with middle (junior high school) or higher 

education (senior high school) are more satisfied with life than those with a lower education 

level. We find that those respondents visiting their doctor two or more times a year are less 

satisfied with their lives than those not attending or attending only once. As in Clark and 

Oswald (1994) and Blanchflower and Oswald (2004b), being separated or divorced is 

negative and significant. However, we find no difference between married and single 

respondents. Having three or more children is negative and significant at the 5 percent level 
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(Clark and Oswald (1994) also find that having children is associated with less contentment). 

Living in public housing is significant and negatively related to life satisfaction at the 1 percent 

level with a large coefficient, over half a category.  Income is insignificantly related to life 

satisfaction, which is not surprising in the light of previous studies that find a weak link 

between absolute income and life satisfaction (Biswas-Diener and Diener, 2001; Easterlin, 

1995) and, more specifically, given the correlation between income, education and housing 

tenure. In essence, one might expect that income should only be important in terms of what it 

buys.13

 

For the purposes of this paper, the most important finding of Model 1 is that the coefficient for 

Dublin is highly significant (at the 1 percent level) and large; only the coefficients for being 

unemployed, and being a discouraged worker are larger in magnitude. Everything else being 

equal, those living in all areas outside Dublin have a higher life satisfaction than those in 

Dublin.  

 

Having controlled for a large number of socio-economic and socio-demographic 

characteristics, a reasonable hypothesis is that factors related to the size of the settlement 

and other location-specific factors may be responsible for lower life-satisfaction levels in 

Dublin. For example, compared to any other area in the country, unparalleled growth rates 

have resulted in the capital having a much higher population density than other areas and a 

significant traffic congestion problem (DELG, 2002). To test this hypothesis, we examine the 

importance of location-specific amenities.  

 

B. Model 2 – examining location-specific amenities 

Model 2 builds on Model 1 by including variables capturing access to, and quality of, facilities 

and services, population density, congestion, commuting time and other environmental and 

climatic variables. This model, the results of which are reported in the third columns of Tables 

1 and 2, corresponds to Equation (8).  

 

Of the new variables, the composite variable describing the respondents’ perceptions of the 

provision, quality of, and access to, facilities and services in their area is significant with the 

expected sign; perceived problems with access to facilities and services decrease life 

satisfaction. Rural isolation is also associated with a lower life satisfaction. As these variables 

are self-reported and not purely objective unlike the other environmental attributes, there 

could be a problem of endogeneity. Thus, we repeated the regressions excluding these 

variables in this and subsequent models. The results for the remaining variables are robust. 

 

                                                 
13 Biswas-Diener and Diener (2001) suggest, however, that some individuals feel happier just possessing income in 
of itself. 
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Of the climate variables, the coefficient on wind speed is negative and significant, while those 

for mean daily minimum air temperature in January and mean daily maximum air temperature 

in July are both insignificant. The coefficient on the variable capturing whether the respondent 

lives near the coast is positive and significant at the 5 percent level.  

 

An interesting result is that the coefficient on mean annual precipitation is significant and 

indicates that, for Irish people, increased rainfall slightly increases life satisfaction. This result 

may, however, be driven by a positive correlation between rain and scenic beauty. The most 

spectacular landscapes in Ireland are found in the wettest counties in the West of Ireland. 

Rehdanz and Maddison (2005) find very scarce precipitation to reduce happiness, which they 

hypothesize might reflect the fact that climate could have an indirect effect on happiness 

through landscape effects. 

 

The coefficient on population density is negative and significant at the 5 percent level. This 

result contrasts with that of Roback (1982), who finds population density to be an amenity, 

and it possibly captures an overcrowding effect that decreases life satisfaction. Average 

commuting time and congestion are also negatively associated with well-being, but 

insignificantly so. The dummy variable capturing the presence of waste disposal facilities in 

the respondent’s locale emerges negative and significant at the 5 percent level. 

 

In Model 2 the dummy for Dublin looses its significance. This result suggests that the new 

variables entered into the model explain an important part of the difference between living in 

Dublin and other regions of Ireland in terms of well-being. In addition, the explanatory power 

of the model improves with the adjusted R-squared increasing from 0.2087 to 0.3207. 

 

C. Hedonic regressions  

Results from Models 1 and 2 confirm that location is important in explaining life satisfaction. 

Although this result is interesting in of itself, by comparing the results from the life satisfaction 

regression with those from hedonic regressions, the main aim of this paper is to test if the 

equilibrium condition implicit in the hedonic approach holds.  

 

To examine the extent to which housing and labor markets compensate for different levels of 

amenities, we estimated housing and wage hedonic regressions, where house prices and 

wages were regressed against house characteristics and wage earners’ socio-economic and 

socio-demographic characteristics respectively, along with the amenities included in the 

estimation of equation (8). These results could then be compared to those from the estimation 

of equation (8) to see if equation (4) holds. 
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C.1 Hedonic housing regression 

House prices were regressed, according to equation (9), on house characteristics; its location; 

a composite index of the quality of the house; the environmental and climatic features 

included in the happiness function; and variables for population growth, regional 

unemployment and the crime rate, which are typically employed in the hedonic literature. 

 

As expected, the results in Table 3 show that larger houses and detached houses command 

higher prices than semi-detached. We also find that houses located outside Dublin are 

cheaper (by approximately €80,000 on average).  

 

- Table 3 about here - 
 

None of the climate variables used in Model 2 is statistically significant, suggesting that their 

influence on well-being is not captured by the housing market. In fact, of the variables 

significant in Model 2, only population density has a significant impact on house prices. In line 

with Roback (1982), who finds population density to be an amenity, we find house prices to 

increase with population density. However, its negative sign in the estimation of equation (8), 

lowering life satisfaction, suggested that population density in our sample is a disamenity. If 

this is the case, house prices are not compensating for this effect. Population growth is also 

significant and influences house prices positively suggesting that we could be capturing 

demand effects. Finally, the crime rate, which does not directly affect life satisfaction in Model 

2, tends to reduce house prices. 

 

D. Hedonic wage regression 

Wages of the respondent were regressed on socio-economic and socio-demographic 

characteristics, and location-specific variables, according to equation (10). Wages were 

calculated by dividing household income by an equivalence factor (as in Joung et al., 1997) to 

adjust for the number of adults and children living in the household. Additionally, we restrict 

the regression to those respondents that are employed. Characteristics of the respondent 

include: age, gender, marital status, education and employment status (we distinguish 

between the self-employed, the full-time employed and the part-time employed). We also 

include the environmental and climatic variables included in the happiness regression, and 

add the variables: population growth, regional unemployment and the crime rate, typically 

employed in the hedonic literature. Results are shown in Table 4. 

 

- Table 4 about here - 
 

As expected, we find that wages increase with age and education. Of the climate variables, 

the coefficient on precipitation is positive and statistically significant, indicating that individuals 

are compensated in labor markets for living in areas that experience more rainfall. This 
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compensation, however, goes in the opposite direction than we would expect for full 

compensation to exist if rainfall is, as suggested by Model 2, an amenity or associated with 

one.  

 

Population density and congestion are also significant and positively related to the wage. 

Compensation through higher wages for higher population density could offset its direct 

negative impact on well-being in Model 2. However, simple eyeballing of the estimates 

suggests this is not the case once we take into account the adjustment in the housing market.  

 

IV. Conclusions  
 

This paper has analyzed the relationship between the hedonic and subjective well-being 

approaches to valuing environmental amenities both theoretically and empirically. Careful 

interpretation of the hedonic models reveals that, contrary to the conclusions of previous 

studies, both methods are not complementary but, rather, they are alternative ways of 

computing the implicit prices of environmental amenities. Both approaches are equivalent 

when the equilibrium condition implicit in hedonic models holds. However, in the absence of 

such equilibrium, the implicit prices of environmental amenities cannot be derived from simple 

hedonic regressions and only the subjective well-being approach offers a theoretically correct 

alternative.  

 

In an empirical application, we test the equilibrium condition and, thus, the validity of hedonic 

pricing for Ireland. Using data on life-satisfaction scores, location-specific amenities, individual 

characteristics, wages and house prices, we estimate a micro-econometric life-satisfaction 

regression and compare the results to those from hedonic wage and housing regressions.   

 

In so doing, we advance our understanding of the determinants of quality of life, and show 

that location-specific amenities have a profound influence on well-being. Factors such as 

population density, access to and quality of facilities and services, environment and climate, 

are shown to be extremely important determinants of well-being, as important as the most 

critical socio-economic and socio-demographic factors. Consideration of these variables, 

generally ignored in the self-reported life-satisfaction literature, is thus crucial in 

understanding what makes us happy.  

 

Moreover, the amenities that have a direct impact on well-being fail to be fully accounted for 

in wages or house prices in our empirical example, so that the equilibrium condition does not 

hold. This may be explained by the disequilibrium resulting from rapid economic growth in the 

Celtic Tiger, a fall in interest rates due to membership of the eurozone, a consequent boom in 

housing demand along with a relatively fixed supply of housing, and a strong growth in 

employment with an associated skills shortage and consequent wage inflation.  
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The fact that our empirical results indicate that the total impact of location-specific amenities 

on self-reported well-being is not fully captured through compensating differentials in labor 

and housing markets, suggests that the hedonic approach must be applied with caution; its 

implicit prices could be incorrect. In the cases in which the equilibrium condition does not 

hold, and provided that self-reported well-being scores are a good proxy for utility, the 

subjective well-being approach, which does not require such a condition, provides an 

alternative means of estimating implicit prices of amenities. 
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Table 1: OLS Regressions/ Dependent Variable ‘Subjective Well-being’  

Variable Name Model 1 Model 2 
Age 0.0153 

 (1.44) 
0.0002 
(0.02)  

Age 

Age-squared -0.0001 
(-1.46)     

-3.42E-05 
(-0.32)       

Gender 
(Female) 

Male 0.0735 
(-2.39)** 

-0.1080 
(-1.49)   

Retired  0.0735 
 (0.56)  

-0.0111 
(-0.12)  

Engaged in home duties -0.3046 
(-3.07)** 

-0.2651 
(-1.88)*      

Student 
 

-0.1503 
(-1.05)       

-0.1712 
(-1.04) 

Seeking work for 1st time -0.1565 
(-0.54) 

-0.1522 
(-0.47) 

Unemployed 
 

-0.7755 
(-4.13)***  

-0.6226 
(-4.32)***  

Not working, not seeking 
work 

-1.1683 
(-3.82)*** 

-1.2485 
(-4.16)***       

Working full-time -0.0973 
(-1.20) 

-0.0907 
(-1.22) 

Working part-time -0.2963 
(-2.71)**      

-0.2172 
(-2.26)**       

Government Scheme -0.5163 
(-2.41)**       

-0.8979 
(-2.72)**       

Employment 
status 
(Self 
Employed) 

Permanently unable to 
work 

-0.4205 
(-1.61) 

-0.4353 
(-1.89)* 

Lower secondary/Junior 
high school 

0.3366 
(3.53)*** 

0.1119 
(1.18)       

Upper secondary/Senior 
high school  

0.1525 
(1.69)* 

0.0094 
(0.09)  

Education  
(Primary) 

Degree 
 

0.0497 
(0.49) 

0.0246 
(0.25)  

2 – 5 doctor visits -0.1357 
(-2.55)**      

-0.1301 
(-1.92)*      

Health 
(Visited the 
doctor 0 or 1 in 
the last year) 

6 or more doctor visits 
 

-0.3158 
(-3.05)** 

-0.2259 
(-2.16)**  

Married 0.0034 
(0.04)       

0.0580 
(0.75)       

Co-habiting  -0.0614 
(-0.49)  

-0.0986 
(-0.74)  

Widowed  0.0712 
(0.56)       

0.0993 
(0.80)       

Marital Status 
(Single) 

Separated and Divorced -0.3222 
(-1.94)* 

-0.2164 
(-1.26)  

Income (1000s) 0.0137 
(1.45)  

0.0126 
(0.96)       

Income 

Income-squared 
 

-9.02E-05 
(-0.63)  

-7.74E-05 
(-0.37)  
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Table 1: OLS Regressions (Cont.)/ Dependent Variable ‘Subjective Well-being’ 

Variable Name Model 1 Model 2 
1 Child 0.0157 

(0.18)   
0.0611 
(0.68)   

2 Children -0.0844 
(-1.04) 

-0.0093 
(-0.12) 

Number of 
children in the 
household 
(No children) 

3 or more children 
 

-0.1634 
(-2.08)** 

-0.0354 
(-0.58) 

Own with a mortgage -0.0100 
(-0.17)   

-0.0901 
(-1.76)*   

Rent privately 0.0302 
(0.30) 

0.0192 
(0.16) 

Household tenure 
(Own Outright) 

Public housing -0.4401 
(-4.83)*** 

-0.3789 
(-3.99)*** 

Respondent is a caregiver  
 

0.2587 
(1.69)* 

0.3958 
(2.32)** 

Dublin Dummy Variable -0.6210 
(-11.40)*** 

0.3886 
(1.09) 

Access to Services Dummy 
 

No -0.1068 
(-1.73)* 

Increasing crime and disorder No -0.0836 
(-1.08)       

Rural isolation 
 

No -0.1210 
(-2.12)**  

Location-specific Variables No Yes 
Precipitation  No 0.0011 

(4.70)*** 

Wind speed No -0.4297 
(-2.61)** 

January minimum 
temperature 

No -0.1741 
(-0.91) 

July maximum 
temperature 

No 0.1695 
(1.00) 

Climate Variables 
 
 

Average annual 
sunshine (hours) 

No 0.0003 
(0.35) 

Waste facilities  No -0.0959 
(-3.69)** 

Average commuting 
time  

No -0.0141 
(-0.68) 

Respondent lives near 
the coast 

No 0.6717 
(2.67)** 

Population density 
 

No -0.0160 
(-3.07)** 

Congestion 
 

No -6.23E-05 
(-1.04) 

Environmental 
Variables 

Homicide rate 
 

No 0.0533 
(1.24) 

Number of Observations 1467 1464 

Adjusted 2R  0.2087 0.3207 
Note 1:  * Significant at 10% level; ** significant at 5% level; *** significant at 1% level.  

Note 2:  t-statistics in parentheses computed using robust standard errors. 
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Table 2: Ordered-Probit Regressions/ Dependent Variable ‘Subjective Well-being’ 

Variable Name Model 1 Model 2 
Age 0.0186 

(1.44) 
-8.429E-04 
(-0.06)  

Age 

Age-squared -2.124E-04 
(-1.47)    

-3.5E-05 
(-0.24)       

Gender 
(Female) 

Male -0.1623 
(-2.36)** 

-0.1417 
(-1.49)   

Retired  0.0944 
 (0.58)  

-0.0169 
(-0.14)  

Engaged in home duties -0.3823 
(-3.11)**      

-0.3680 
(-2.09)**       

Student 
 

-0.1967 
(-1.11)       

-0.2580 
(-1.18) 

Seeking work for 1st time -0.1913 
(-0.54) 

-0.2248 
(-0.52) 

Unemployed 
 

-00.9126 
(-4.22)***  

-0.7870 
(-4.47)***  

Not working, not seeking 
work 

-1.4272 
(-3.92)*** 

-1.6941 
(-4.47)***       

Working full-time -0.1253 
(-1.24)  

-0.1303 
(-1.34)  

Working part-time -0.3617 
(-2.74)** 

-0.3027 
(-2.41)**       

Government scheme -0.6417 
(-2.54)**       

-1.2770 
(-3.05)**       

 
Employment 
status 
(Self 
Employed) 

Permanently unable to 
work 

-0.4929 
(-1.61) 

-0.5736 
(-2.02)**  

Lower secondary/Junior 
high school 

0.4260 
(3.71)*** 

0.1598 
(1.26)       

Upper secondary/Senior 
high school  

0.1800 
(1.71)* 

-0.0072 
(-0.06)  

Education  
(Primary) 

Degree 
 

0.0513 
(0.43) 

0.00937 
(0.07)  

2 – 5 doctor visits -0.1566 
(-2.48)**       

-0.1660 
(-1.89)*     

Health 
(Visited the 
doctor 0 or 1 in 
the last year) 

6 or more doctor visits 
 

-0.3863 
(-3.12)** 

-0.2979 
(-2.10)**  

Married -0.0125 
(-0.13)       

0.0554 
(0.51)       

Co-habiting  -0.1133 
(-0.75)  

-0.1979 
(-1.15)  

Widowed  0.0803 
(0.52)       

0.1173 
(0.71)       

 
Marital Status 
(Single) 

Separated and Divorced -0.3802 
(-2.06)**  

-0.2673 
(-1.27)  

Income (1000s) 0.0160 
(1.38) 

0.0170 
(0.98)       

Income 

Income-squared 
 

-9.66E-05 
(-0.55)  

-0.0001 
(-0.37)  
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Table 2: Ordered-Probit Regressions (Cont.)/ Dependent Variable ‘Subjective Well-
being’ 

Variable Name Model 1 Model 2 
1 Child 0.0211 

(0.19)   
0.0934 
(0.80)   

2 Children -0.0849 
(-0.89) 

0.0170 
(0.17) 

Number of 
children in the 
household 
(No children) 

3 or more children 
 

-0.1790 
(-1.90)* 

-0.0136 
(-0.17) 

Own with a mortgage -0.0246 
(-0.34)   

-0.1397 
(-1.99)**   

Rent privately 0.0333 
(0.27) 

0.0212 
(0.13) 

Household tenure 
(Own Outright) 

Public housing -0.5161 
(-4.71)*** 

-0.4769 
(-4.08)*** 

Respondent is a caregiver 
 

0.3253 
(1.66)* 

0.5410 
(2.43)** 

Dublin Dummy Variable 
 

-0.7516 
(-11.76)*** 

0.5878 
(1.21) 

Access to Services Dummy 
 

No -0.1366 
(-1.67)* 

Increasing crime and disorder No -0.1456 
(-1.26)       

Rural isolation 
 

No -.1579 
(-1.99)**  

Location-specific Variables No Yes 
Precipitation  No 0.0017 

(4.15)*** 
Wind speed No -0.6380 

(-2.58)** 
January minimum 
temperature 

No -0.2306 
(-0.85) 

July maximum 
temperature 

No 0.2179 
(0.88) 

Climate Variables 
 
 

Average annual 
sunshine (hours) 

No 0.000695 
(0.50) 

Waste facilities No -0.1381 
(-3.45)** 

Average commuting 
time 

No -0.017 
(-0.59) 

Respondent lives near 
the coast 

No 0.8949 
(2.64)** 

Population density 
 

No -0.0199 
(-2.71)** 

Congestion 
 

No -8.84E-05 
(-1.00) 

Environmental 
Variables 

Homicide rate 
 

No 0.0687 
(1.16) 

Number of Observations 1467 1464 
Likelihood Ratio -1844.6378 -1709.306 
Pseudo 2R  0.0888 0.1543 

Note 1:  * Significant at 10% level; ** significant at 5% level; *** significant at 1% level.  

Note 2:  t-statistics in parentheses computed using robust standard errors. 

PEP 06/03 University College Dublin 23



Environmental amenities and subjective well-being Brereton, Clinch and Ferreira 

Table 3: Hedonic Housing Regression 

Variable Name Results 
Housing quality 
 

10378.04 
(1.12) 

Number of rooms 7002.44 
(2.99)** 

Dwelling type 
(Detached) 

Semi-detached -29552.89 
(-2.80)** 

 Terraced -7895.73 
(-0.54) 

 Apartment 17975.46 
(1.15)       

Dublin Dummy Variable 80028.24 
(2.07)**  

Location-Specific Variables Yes 
Precipitation  19.9709 

(0.48) 

Wind speed 17889.76 
(0.73) 

January minimum 
temperature 

13365.33 
(0.54) 

July maximum 
temperature 

7468.611 
(0.28) 

Climate Variables 
 
 

Average annual 
sunshine (hours) 

67.85034 
(0.74) 

Waste facilities  2443.349 
(0.60) 

Average commuting 
time  

1442.487 
(0.53) 

Respondent lives near 
the coast 

-9652.269 
(-0.32) 

Population density 
 

3059.225 
(3.92)*** 

Congestion 
 

5.5462 
(0.66) 

Homicide rate -9727.991 
(-2.12)** 

Unemployment rate 
 

4505.032 
(0.91) 

Environmental 
Variables 

Population change 
 

6164.241 
(3.22)** 

Number of Observations 1168 

Adjusted 2R  .2432 
Note 1: Dependent variable; individual house prices. 

Note 1:  * Significant at 10% level; ** significant at 5% level; *** significant at 1% level.  

Note 2:  t-statistics in parentheses computed using robust standard errors. 
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Table 4: Hedonic Wage Regression 

Variable Name Results 
Age 245.5018 

(1.71)* 
Age 

Age-squared -2.3919 
(-1.40)     

Gender 
(Female) 

Male -299.807 
(-0.59) 

Married -153.4735 
(-0.18)       

Co-habiting  -922.7715 
(-0.80)  

Widowed  6123.288 
(1.79)*       

Marital Status 
(Single) 

Separated and 
Divorced 

-2819.723 
(-1.74)* 

Employment status 
(Self Employed) 

Working full-time 210.0304 
(0.20) 

 Working part-time -2382.483 
(-2.14)** 

Lower 
secondary/Junior 
high school 

1804.586 
(2.14)** 

Upper 
secondary/Senior 
high school  

4255.282 
(5.93)*** 

Education  
(Primary) 

Degree 
 

7559.773 
(7.07)*** 

Dublin Dummy Variable -4036.534 
(-1.51)  

Access to Services Dummy 
(Not a major problem) 

-365.8809 
(-0.74) 

Rural isolation 
 

459.701 
(0.82) 

Location-Specific Variables Yes 
Precipitation  5.3886 

(1.83)* 
Wind speed -191.2225 

(-0.16) 
January minimum 
temperature 

-987.9173 
(-0.51) 

July maximum 
temperature 

-1210.822 
(-0.81) 

Climate Variables 
 
 

Average annual 
sunshine (hours) 

13.3590 
(1.54) 

Waste facilities  -212.5885 
(-0.89) 

Average 
commuting time  

16.8381 
(0.08) 

Respondent lives 
near the coast 

-1626.934 
(-0.69) 

Population density 
 

114.5995  
(2.29)** 

Congestion 
 

1.3843 
(3.07)** 

Environmental 
Variables  

Homicide rate -327.373 
(-1.01) 
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 Unemployment rate 
  

-145.7988 
(-0.42) 

Population change 
 

147.9696 
(1.25) 

Number of Observations 791 
Adjusted 2R  0.1683 

Note 1: Dependent variable: equivalized individual income. 

Note 2: * Significant at 10% level; ** significant at 5% level; *** significant at 1% level.  

Note 3: t-statistics in parentheses computed using robust standard errors. 
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Appendix I – Variable Listing and Descriptive Statistics 
 

Table A1: Variable Listing – Socio-economic and socio-demographic variables 

Variable Name Description Type 
Self-reported well-being 
 

Thinking about the good and bad things in 
your life, can you say which of these 
answers best describes your life as a 
whole? Answers ranged from ‘as good as 
can be’ to ’as bad as can be’.  

Discrete (1-7) 
 

Socio economic and demographic variables  

Age Age of respondent Continuous 
Age Squared Age of respondent squared Continuous 
Gender Male/ female Dummy 
Employment status   

Self-employed Respondent is self-employed Dummy  

Retired Respondent is retired Dummy 

 Engaged in home 
duties 

Respondent is a homemaker Dummy 

 Student 
 

Respondent is in full-time education Dummy 

 Seeking work for 1st 
time 

Respondent is seeking work for the 1st time Dummy 

 Unemployed 
 

Consists of those not working, seeking work 
and those unemployed having lost or given 
up their job 

Dummy 

Not working, not 
seeking work 

Respondent is not working, not seeking 
work 

Dummy 

Working full-time Respondent works full-time Dummy 
Working part-time Respondent works part-time Dummy 
Government 
Scheme 

Respondent is on a government training/ 
education/ employment scheme 

Dummy 

 

Permanently unable 
to work 

Respondent is unable to work due to 
permanently illness or disability 

Dummy 

Education   
 Primary Respondent has just primary (no 

secondary) education 
Dummy 

 Lower Secondary Respondent has a lower secondary 
education (Junior/ group/inter) 

Dummy 

 Upper Secondary Respondent has a technical or vocational 
qualification, or the leaving certificate or 
both of these.  

Dummy 

 Third level Consists of non-degree, primary degree, 
professional qualification, both of these and 
post graduate degree 

Dummy 

Health   
 0-1 doctor visits In past year, respondent has visited doctor 

never or once  
Dummy 

 
 

2-5 doctor visits In past year, respondent has visited doctor 
2 to 5 times 

Dummy 

 
 

6 or more doctor 
visits 

In past year, respondent has visited doctor 
6 or more times 

Dummy 
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Table A1: Variable Listing (cont.) 

Variable Name Description Type 
Income   
 Income Gross household income/ 1000 Continuous 

 Income squared Gross household income/1000 squared Continuous 
Marital Status   

Single  Respondent is single (never married) Dummy 
Married Respondent is married Dummy 
Cohabiting Respondent is cohabiting Dummy 
Separated/ 
Divorced 

Respondent is separated/ divorced Dummy 

 

Widowed Respondent is widowed Dummy 
Number of dependent 
children 

  

No Children 
 

Respondent has no dependent children Dummy  

1 child Respondent has 1 dependent child Dummy 

 2 children Respondent has 2 dependent children Dummy 
 3 or more children Respondent has 3 or more dependent 

children 
Dummy 

Caregiver Respondent is the care giver of a family 
member with a disability 

Dummy 

Dublin dummy variable 
 

Respondent lives in one of the four Dublin 
local authority areas 

Dummy 

Local Authority area Local Authority area in which the 
respondent lives (of which there are 34). 

Dummy 
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Table A2: Variable Listing – Environmental variables 

Variable Name Description Type 
Environmental Variables  
Access to Services Captures access to, and quality of, local 

facilities and services. Is 1 if respondent 
perceives there to be a major problem with 
access to public transport, access to 
educational opportunities, access to shops, 
healthcare and provision of housing for local 
people. Zero otherwise 

Dummy 

Increasing crime and disorder 1 if respondent perceives there to be a 
major problem with increasing crime and 
disorder in their area. Zero otherwise 

Dummy 

Rural isolation 1 if respondent perceives there to be a 
major problem with rural isolation in their 
area. Zero otherwise 

Dummy 

Climate   
 Precipitation Rainfall measured as mm/year Continuous 

 Wind Mean annual wind speed at 10 meters 
above ground level 

Continuous 

 January Minimum 
temperature  

Air temperature in degrees Celsius  Continuous 

 January Minimum 
temperature 

Air temperature in degrees Celsius Continuous 

 Average Annual 
Sunshine 

Mean annual total duration of bright 
sunshine, hours/ day 

Continuous 

Waste facilities 
 

Number of waste facilities in the 
respondents local authority area per 
100,000 of the population  

Continuous 

Average commuting time Measured as the average commuting time 
in the local authority area in 2002.  

Continuous 

Respondent lives near the 
coast 

1 if respondent lives in a local authority area 
which lies on the coast, 0 otherwise 

Dummy 

Population density Measured as total population divided by 
total area in km2

Continuous 

Congestion 
 

Measured as the average number of 
vehicles in the LA divided by the national 
road length 

Continuous 

Homicide rate 
 

Number of homicides in the respondents 
local authority area per 100,000 of the 
population 

Continuous 
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Table A3: Descriptive Statistics - Dummy variables  

Variable  n Percent 
Well-being   
As good as can be 209 14 
Very good 547 37 
Good 488 33 
Alright 197 13.3 
Bad 26 1.8 
Very bad 4 0.3 
As bad as can be 3 0.2 
Gender   
Male 718 47.9 
Female 782 52.1 
Marital Status   
Single (never married)  518 35 
Married  778 52 
Co-habiting  36 2.5 
Separated or divorced 45 3 
Widow 100 7 
Children   
No children 927 62 
1 child (all) 123 8 
3 or more children  218 14.5 
Employment Status   
Retired 182 12.2 
Engaged in home duties 303 20.4 
Student 86 5.7 
Seeking work for 1st time 12 1 
Unemployed 41 2.7 
Not working, not seeking work 7 0.5 
Full-time employed 555 37.3 
Part-time employed 114 7.6 
On a government training 
scheme 

16 1 

Disabled 29 2 
Self employed 133 9 
Education   
Primary 204 14 
Lower secondary 279 18.6 
Upper secondary 704 47 
Degree 259 17.3 
Health (Doctor visits)   
Never or once 855 57 
Two to five times 502 33 
Six or more times 146 10 
Tenure   
Own outright 621 42 
Own with a mortgage 535 36 
Rent Privately 106 7 
Rent from the local authority 198 13 
Other   
Good housing Quality 914 60 
Caregiver 36 2.5 
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Table A4: Descriptive Statistics - Location-specific and other continuous variables  

Variable  Observations Mean Std. Dev Min  Max 
January minimum 
temperature (degrees 
Celsius) 

1494 2.45 0.561 1.5 3.5 

July maximum 
temperature (degrees 
Celsius)  

1494 
 

19.22 0.67 17.6 20 

Precipitation (mm) 1494 1127.12 340 700 1900 
Mean annual sunshine 
(hours) 

1494 1385.94 93.65 1200 1500 

Mean daily sunshine 
(hours) 

1494 3.7 0.237 3.25 4.12 

Population density  1494 8.66 14.36 0.1623 42.15 
Total Population 1494 178089.9 135797.1 25799 495781 
Average commuting 
time (minutes) 

1494 25.88 5.3 17 36 

Congestion 1494 1260.4 1406.5 41.42 4963.1 
Waste facilities (per 
100,000 population) 

1494 3.19 1.92 0 7.75 

Homicide rate 1494 1.52 1.41 0 5.42 
Age  1492 43.6 17.1 18 90 
Income 1497 22986 11643 1852 57138 
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Appendix II – Correlation Coefficients  
 
Table A5: Environmental Variables – Correlation Coefficients 

 Waste 
Facilities 

Total 
population 

Congestion Population 
density 

Average 
commuting 
time 

Coast 

Waste facilities -- -0.1171 -0.4087 -0.2703 -0.1331 -0.3402 
Total population  -- 0.2726 0.3597 0.2347 -0.2039 
Congestion   -- 0.4779 0.0879 0.3703 
Population density    -- 0.0791 0.1883 
Average commute 
time 

    -- -0.1223 

Coast      -- 
 

Table A6: Climatic Variables – Correlation Coefficients 

 Driving 
rain 

Wind Mean 
sunshine 

Annual 
Precipitation  

July 
maximum 
temperature 

January 
minimum 
temperature 

Mean 
Daily 
Sunshine 

Driving rain -- 0.4389 -0.5674 0.7781 -0.6467 0.2189 -0.5187 
Wind  -- 0.1894 0.1282 -0.5106 0.6064 0.3228 
Mean annual 
sunshine 

  -- -0.7144 0.4021 0.1957 0.8924 

Annual 
Precipitation 

   -- -0.5482 0.1081 -0.6823 

July 
maximum 
temperature 

    -- 0.2377 0.2865 

January min. 
temperature 

     -- 0.2665 

Mean Daily 
sunshine 

      -- 
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Table A7: Environmental/ Climatic Variables Correlations  

 Total 
population 

Congestion Population 
density 

Average 
commuting 
time 

Waste 
facilities 

Driving rain 
 

-0.3172 -0.3440 -0.2994 -0.1185 0.3132 

Wind 
 

0.0332 0.3610 0.3036 0.0050 -0.1700 

Mean 
sunshine 

0.4390 0.6302 0.5309 0.2138 -0.2961 

Annual 
Precipitation 

-0.4217 -0.5223 -0.4456 -0.1493 0.2469 

July max 
temperature 

0.0609 0.2200 0.0195 0.0695 0.0539 

January min 
temperature 

-0.0281 0.4692 0.2480 -0.1476 -0.1861 

Mean Daily 
Sunshine 

0.4311 0.6463 0.5294 0.2120 -0.4973 
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