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Measuring and analysing the factors that affect the quality of life (QoL) in cities and regions has long been
the subject of theoretical and empirical work in a wide range of fields. More recently there have been an
increasing number of studies involving traditional so-called objective indicators of QoL as well as more
subjective measures of well-being, drawing on the emerging new science of happiness. This article pre-
sents an overview of studies in this field and highlights the key issues and debates pertaining to measur-
ing, analysing and theorising QoL and happiness in cities and regions. It also highlights the importance of
geographical and socio-economic contextual factors pertaining to QoL, well-being and happiness with a
particular emphasis on the impact of social and spatial inequalities and social justice.
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Introduction

Measuring the extent to which where we live affects how we
feel and our overall QoL has long been the subject matter of theo-
retical and empirical work in the fields of human geography, urban
and regional studies, regional science and regional Economics.
Most of the efforts to date involve the use of objective approaches
to researching QoL and well-being, whereby factors pertaining to
the social and physical environment, that are relatively easy to
quantify and which are assumed to determine human well-being
(e.g. income, consumption, residential land, wages and rents, local
amenities, natural environment, environmental pollution) are ob-
served, measured and modelled. These factors are typically rated,
and regions and cities are ranked on this basis (e.g. see Savageau’s
(2007) Places Rated Almanac, Mercer’s (2012) Quality of Living rank-
ings, or a more negative approach in Crap Towns: The 50 Worst
Places to Live in the UK by Jordison and Kieran (2003)). Neverthe-
less, over the past decade there has been a massively increased
interest in subjective measures of QoL and well-being, which are
based on social survey data, whereby people are asked to rate their
health, well-being, life satisfaction and overall happiness. In partic-
ular, in recent years there have been numerous attempts in the so-
cial sciences to define, measure and analyse subjective measures of
happiness from different academic disciplinary perspectives, rang-
ing from neuroscience and psychology to philosophy and econom-
ics. ‘Happiness questions’ are increasingly used in population
surveys and there is a rapidly growing body of interdisciplinary re-
search on the determinants of subjective happiness and well-
being. There has also been theoretical work discussing the possible
links between subjective happiness and geographical or wider
‘contextual’ circumstances and characteristics (e.g. climate and so-
cio-economic environment) as well as the relative importance of
such characteristics in different countries and within regions and
cities in a country (Ballas & Dorling, 2013).

An important distinction that can be made with regards to all
these issues is that between studies of happiness, which typically
analyse subjective measures measured via social survey questions
such as ‘are you happy with your life?’ or ‘how happy do you feel as
you live now?’, whereas quality of life (QoL) studies usually pertain
to the analysis of more objective factors, such as the quantity and
quality of natural amenities (e.g. climate and physical beauty) as
well human-created amenities (e.g. recreation/entertainment
opportunities, education and health services) and other ‘objective’
factors (e.g. unemployment rate and human capital). In the past
decade there has been an increased interest in studying both objec-
tive and subjective measures of QoL and happiness and their socio-
economic, demographic as well as possible geographical determi-
nants. Given that most of the world’s population now lives in cities,
it is not surprising to see that a large and rapidly growing number
of such studies focuses on urban areas, building on the long tradi-
tion of analysing ‘objective’ QoL measures and combining them
with subjective approaches to measuring well-being. Of particular
relevance and importance is a recent edited volume by Marans and
Stimson (2011) ‘‘Investigating Quality of Urban Life’’, which in-
cluded a detailed overview of pertinent studies over the last
50 years. It also included an impressive and cohesive set of
empirical case studies of cities around the world, illustrating the
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key issues and approaches to the objective as well as subjective
measurement of quality of urban life. Further, the volume high-
lights recent methodological developments and innovations (such
as GIS and agent-based modelling) aimed at integrating objective
and subjective approaches.

This article aims to further build on efforts such as the work of
Marans and Stimson by highlighting the key issues pertaining to
the factors affecting QoL, well-being and happiness in cities and
also by reviewing some more recent work. The article is organised
as follows: the next section presents an overview of ‘objective’
approaches to measuring QoL and well-being, drawing on some
key comprehensive reviews that were carried out in the past,
but also highlighting more recent work. The ‘Subjective happiness
and well-being’ section introduces approaches to measuring and
analysing ‘subjective’ measures of well-being and happiness and
discusses the studies with a geographical and urban focus in this
field to date. The ‘Contextual factors: social and spatial inequali-
ties, social justice and the city’ section provides a discussion of
city and city-region contextual factors pertaining to QoL, well-
being and happiness. It also discusses methods and attempts to
examine the interaction between individual level QoL and happi-
ness and context. The concluding section discusses the role that
cities can and should play in the new agendas of subjective hap-
piness and well-being indicators and presents a research agenda
to that end.
Objective approaches to measuring QoL in cities

Conceptualising QoL in cities and regions

It can be argued that the first comprehensive geographical ap-
proach to measuring city and regional QoL and well-being using
objective measures is the work of David Smith, who systematically
examined the geography of social well-being in the US (Smith,
1973). This study was based on the statistical analysis of secondary
data for different geographical levels. Since then there has been a
steadily growing number of similar but increasingly sophisticated
studies of urban and regional QoL. There have also been a number
of reviews of such studies, some of which have been very compre-
hensive and informative. Amongst the notable most recent surveys
is the work of Craglia, Leontidou, Nuvolati, and Schweikart (2004),
Mulligan, Carruthers, and Cahill (2004), Stimson and Marans
(2011), Mulligan and Carruthers (2011) and Lambiri, Biagi, and
Royuela (2007). This section provides an overview of the key de-
bates, points and themes highlighted by these reviews, but it also
aims to enrich these debates with a discussion of additional and
more recent work.

It has often been suggested (Mulligan & Carruthers, 2011; Mul-
ligan et al., 2004) that amongst the first attempts to quantify and
analyse QoL in cities is the work of Goodrich, Allin, and Hayes
(1935), Goodrich (1936), who identified a data-based ‘‘plane of liv-
ing’’ for US counties during the Great Depression, and Thorndike
(1939), who rated the ‘‘goodness of life’’ in US cities. These studies
were followed by Tiebout’s (1956) theory that people select where
they live by considering public services in relation to the tax they
have to pay, ‘voting with their feet’ when they are not satisfied
with the level of services they receive in a particular location. Nev-
ertheless, as noted above, it can be argued that the first attempt to
build an evidence-based framework that can be used for the analy-
sis of social well-being and QoL is the work of Smith (1973). In
addition, there have been considerable efforts aimed at building
a comprehensive conceptual, theoretical and empirical framework
for the analysis of regional variation of QoL such as the work of Ro-
sen (1974), Cropper (1981), Graves (1982) and Roback (1982), who
examined the relationship between wages, rents and QoL indica-
tors, as well as the work of Hoehn, Berger, and Blomquist (1987)
who demonstrated how amenity values can be estimated in an in-
ter-regional context. These studies typically define individual well-
being as a utility function of factors that can be measured (e.g. con-
sumption, residential land, wages and rents, local amenities) and
which are assumed to be associated with QoL. The theories under-
pinning these debates suggest that, assuming constant-returns-to-
scale technology and free mobility, ‘‘an interregional equilibrium
implies that firms cannot reduce their costs and individuals cannot
improve their well-being by relocation’’ (Hoehn et al., 1987, p.
608).

Building objective well-being indicators for cities and regions

These theoretical developments have been complemented by
numerous attempts to provide specific objective indicators of QoL
by city and region, and to identify the factors affecting it, including
natural and urban amenities. In particular, there has been consid-
erable research on the impact of the latter and of related public
policy initiatives upon a range of measures that are thought to af-
fect QoL in cities and regions (e.g Bartik and Smith, 1987; Beeson,
1991). A recent example is the work of Morais and Camanho
(2011) who presented an evaluation of the performance of 206
European cities on the basis of QoL based on two approaches:
the construction of a composite indicator and an assessment of
the ability of local authorities to promote QoL in the city given
the economic position of their country. Further, Morais, Miguèis,
and Camanho (2011) present an assessment of the urban QoL in
European cities from the perspective of highly qualified and edu-
cated workers. They highlight the increasing policy relevance of ur-
ban QoL, given that it plays a major role in the migration decisions
of highly educated workers. The attraction of highly educated
workers in turn significantly affects the competitiveness of cities,
so it is argued that there is a strong need to improve methods to
evaluate and monitor urban QoL. Morais et al. (2011) developed
a composite QoL index for 246 European cities by using data from
the European Urban Audit.

It can be argued that the quantity and standard of amenities
could be seen as a suitable objective indicator of QoL in cities. As
Mulligan and Carruthers (2011) point out, amenities can be seen
as ‘‘site- or region-specific goods and services, of either the private
or public variety, that make some locations particularly attractive
for living and working. Their opposites, disamenities, make other
places unattractive’’. Amenities in this context include both natu-
ral (e.g. climate, physical beauty, proximity to mountains or
coasts) as well as social or human-created (theatres, music halls,
restaurants, public parks, health and education services, and shop-
ping choice) phenomena. Mulligan et al. (2004), in a very compre-
hensive and synthetic overview of multidisciplinary research on
QoL and cities, suggested that natural amenities such as climate
and topography have an important impact on household migration
decisions as well as on the cost of housing. In addition, social and
human-created amenities such as fiscal prudence, cultural and
lifestyle tolerance, education, crime levels and the responsible
management of land use are increasingly important for the success
of cities. Relevant examples of modelling natural amenities include
the work of Cheshire and Magrini (2006), who used measures
relating to climate, and Shapiro (2006) who used air quality mea-
sures. Similarly, with regards to social/human created amenities
Glaeser, Kolko, and Saiz (2001) explored the impact of bars, restau-
rants and theatres and Glaeser and Sacerdote (1999) explored the
impact of crime.

More recently, Mulligan and Carruthers (2011) examined the
role of amenities in regional economic development and identified
the following key debates: ‘‘jobs versus amenities’’, ‘‘jobs versus
people adjustment’’ and ‘‘household migration’’. The ‘‘jobs versus
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amenities’’ debate is underpinned by the ideas of Rosen (1974) and
Roback (1982), which were briefly discussed above. Of particular
importance is the idea that geographical differences in QoL would
be compensated by respective disparities in wages and house
prices. This is also commonly referred to as the urban–rural wage
gap or compensating differentials framework (see Mulligan & Carru-
thers, 2011). It is argued that everything else being equal, people
would be prepared to accept lower wages and to pay more to
buy a house in cities and regions with better amenities. In contrast,
they would demand higher wages and would be prepared to pay
much less for a house in areas with fewer and lower-quality ame-
nities and with disamenities such as high levels of crime and envi-
ronmental pollution.

A good recent example of a relevant empirical study is the work
of Kahsai, Gebremedhin, and Schaeffer (2011) who investigated the
impact of the natural and built amenities on growth by analysing
data for 299 counties in the Northeast region of the US. Their anal-
ysis suggests that historical and cultural amenities (including the
amenities of neighbouring counties), as well as water-based recre-
ational amenities, have a positive impact on population growth. In
contrast, the impact of natural amenities was found to be negative
or insignificant. However, the overall analysis did not find any evi-
dence of a consistent and strong relationship between amenities
and regional economic growth. Another is the work of Robinson,
Murray-Rust, Rieser, Milicic, and Rounsevell (2012), who adopted
an agent-based modelling approach to explore the links between
land system dynamics and well-being. In particular, they built
agent-based models and used them to simulate the impact of the
availability of highly productive agricultural soil, noise pollution
and indicators such as ‘access to green space’, public transport
and ‘access to shops’ on the well-being (defined as utility, drawing
on utility theory) of agents. Their results suggested that aggregate
resident QoL increases non-linearly with changes in development
density and that clustering of industrial development has a posi-
tive impact on well-being.

More recently, Carruthers and Mulligan (2012) revisited the
concept of the ‘plane of living’ coined by Goodrich et al. (1935)
in order to explore the relationship between QoL differentials
and housing values in the three decades leading to the financial cri-
sis in the USA. They defined the plane of living as ‘‘the surface that
modern American households negotiate as they decide where to
live, and at what cost’’ (Carruthers & Mulligan, 2012, p. 754). Using
systematic mapping and spatial econometric methods they present
and explore the impact of both the natural as well as socio-eco-
nomic dimensions of the plane of living upon housing values. Their
analysis indicates that both natural as well as human amenities
have a very important role, but with the latter having a more pow-
erful influence. It is also suggested, however, that human amenities
offer an opportunity for public policy to make a difference, espe-
cially by investing in human capital.

Migration-based and ‘voting with their feet’ approaches

The second key debate identified and considered by Mulligan
and Carruthers is ‘jobs versus people’, or, in other words, demand
(employment) versus supply (population). This is underpinned by
the ideas discussed above, as well as the thinking of Borts and Stein
(1964), Muth (1971), and Steines and Fisher (1974) according to
which jobs follow people into cities and regions in addition to
the other way around. In particular, people move between cities
and regions in search for work but also consider other issues di-
rectly affecting their QoL. Nevertheless, when there are high num-
bers of moves based on QoL considerations into a region, this could
result in increased demand for goods and services (e.g. enhanced
demand for leisure services, real estate, health services) which in
turn could lead to increased demand for labour and to additional
people moving in the region for employment. Mulligan and Carru-
thers (2011) present an overview of studies tackling these issues
with the use of the so called regional adjustment tool (Mulligan
et al., 1999; Mulligan et al., 2006). Also, a very good recent example
of this type of work is a comparative study of Europe and North
America by Faggian, Olfert, and Partridge (2011) who examine
the relationship between population change and local natural ame-
nities as well as income per capita; they point out that the migra-
tion-behaviour revealed preferences (or ‘voting with their feet’)
measures are more reflective of well-being in North America than
in Europe.

The ‘household migration’ debate is very relevant to Tiebout’s
(1956) original theory. There is a closer focus on the individual
and household motives behind population movements, recognising
that different demographic and socio-economic groups are at-
tracted by different factors which need to be taken into account in
analysis. Older populations may place more emphasis on climate
factors and health services, whereas households with children
would be attracted by areas with better child care and education
services. A number of studies deal with such issues, the most recent
of which is that by Whisler, Waldorf, Mulligan, and Plane (2008)
who add a ‘life course’ dimension to the study of QoL and migration,
highlighting the importance of simultaneously looking at personal
characteristics and type and quality of amenities, suggesting that
valuations of amenities differ across life-course groups. They look
at the migration patterns of college-educated populations across
metropolitan areas in the US in relation to QoL indicators and ex-
plore the relationship between out-migration patterns and a range
of individual characteristics, which include life course stage, spatial-
demographic setting as well as QoL characteristics. Their findings
suggest that cultural and recreational amenities are particularly
important for the younger segments of this population. On the other
hand, safety issues and a preference for milder climate are what
matters for the older college educated population. In addition, an
important finding of this study is that areas with growing human
capital had significantly lower migration rates.

Also of relevance here is a recent relevant study by Korpi, Clark,
and Malmberg (2011) who explored the interaction between inter-
nal migration, disposable income and the cost of living in Sweden.
They pointed out that most studies to date suggest that migration
is associated with positive changes in disposable individual and
household income. Nevertheless, they also suggest that if the hous-
ing costs in the destination region are taken into account, then this
pattern is reversed. In particular, their analysis suggests that house-
holds moving up the ‘urban hierarchy’ (from smaller to larger labour
markets and population growth regions) also experience increases
in their disposable income, but at the same time considerable rises
in their housing expenditure, which may offset the gains in dispos-
able income. They also point out that the willingness to accept such
costs may be explained by other factors pertaining to regional or city
level QoL such as amenities as well as possible long-term economic
gain. In other words, and as it would be expected, people are willing
to pay more for their homes when moving to more attractive areas.
This is consistent with the theoretical framework originating in the
work of Rosen (1979) and Roback (1982), discussed earlier.

Also of relevance to the ‘household migration’ theme, is the
work of Faggian and Royuela (2010) who studied migration flows
between municipal areas in Barcelona. Their modelling work in-
cludes a QoL composite indicator comprising objective area mea-
sures, as well as individual variables. Their work suggests that a
single composite index of QoL can be used to proxy differentials
between areas; but they also suggest that individual variables
can also be used to better identify aspects of QoL that may be par-
ticularly important in different contexts. With regards to Barcelona
they point out that inter-municipal migration is significantly af-
fected by variables such as sport, culture and education facilities
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as well as public transport and traffic congestion. Royuela, Moreno,
and Vayà (2010) and Royuela (2011) further build on this work by
examining the impact of QoL measures upon population growth in
the municipalities of Barcelona using a simultaneous equation
model. This confirms a positive and statistically significant impact
and also highlights the importance of spatial lags for some vari-
ables, given that services are not homogeneously provided in the
territory.

Housing-market analysis perspectives

The above discussion demonstrates the significant progress and
further contributions to knowledge about the socio-economic and
geographical determinants of ‘objective’ QoL in cities and social
well-being, since the early theoretical work of Tiebout (1956)
and the first comprehensive empirical study of this kind by Smith
(1973). Nevertheless, there are increasingly debates calling for new
approaches to the analysis of QoL and for a better understanding of
what makes a place attractive and what maximises utility from liv-
ing in a particular city or neighbourhood. Of particular importance
here are the current lively debates regarding the most suitable ap-
proach to the analysis of housing markets (Boelhouwer, 2011;
Clark, 2011; Marsh & Gibb, 2011; Smith, 2011; Watkins & McMas-
ter, 2011, and Clapham, 2011).

Marsh and Gibb (2011) revisit standard neoclassical economic
theories of explaining housing market decisions and they argue
that they are not suitable for understanding the complexity of res-
idential mobility, arguing that expected utility theory is particu-
larly ill-suited for the understanding of housing decisions. They
provide a discussion of potential alternative approaches to behav-
ioural and institutional economics. Most standard models (and this
is also the case with most of the work discussed above) focus on
physical and human amenities, but Marsh and Gibb argue that this
is not enough and that social context should also be taken into ac-
count. In particular, they highlight the relevance of relative and
conspicuous consumption theories, including the work of Veblen
(1899) as well as more recent discussions of signalling social posi-
tion through consumption (Bagwell & Bernheim, 1996; Charles,
Hurst, & Roussanov, 2009; Frank, 2008). These debates are also
revisited later in this article. It is argued that there is a very strong
social dimension of housing consumption and that this has long
been established in the social sciences, although it is very often ig-
nored by conventional economists.

Smith (2011) also highlights the inadequacy of mainstream eco-
nomic theories and tools for the understanding of house price
dynamics and considers the possibility of cross-disciplinary alli-
ances (including the fields of material sociology and social psychol-
ogy) for the development of new models of housing market
behaviour. In particular, she offers a comprehensive criticism of
the ability of mainstream models to explain regional house prices
on the basis of economic fundamentals such as income, population
growth, housing supply and interest rates, and argues that there is
a need to also consider the psychology of expectations, money illu-
sion, over-confidence, greed and fear, thus revisiting earlier rele-
vant work on the financial markets by Shiller (2005) as well as
the economists’ debate on the merits of Adam Smith’s ‘‘invisible
hand’’ and Keynes’ ‘‘animal spirits’’. In this context, she also dis-
cusses relevant work by Case and Shiller (2003) on the so called
‘Glamour Cities’ which are characterised by entertainment ameni-
ties and high tech industries as well as world class universities,
that are also the places where international celebrities want to live.
It is argued that in these cities ‘‘home price appreciation surges
ahead of incomes, as money illusion combines with over-optimis-
tic expectations to extract high prices from buyers who regard
their homes as luxury goods, and who are looking for investment
returns’’ (Smith, 2011, p. 244), which leads to prices being driven
by ‘‘irrational emotional impulses: by the economic fallacies peo-
ple believe in; by the mechanisms (word of mouth, media frenzies)
which amplify these; by the imprint of animal spirits’’ (Case & Shil-
ler, 2003; cf, Smith, 2011, p. 244). She also discusses the so called
‘superstar cities’, drawing on the work of Gyourko, Mayer, and Si-
nai (2006). In contrast to ‘glamour cities’, house prices in ‘superstar
cities’ are driven by economic fundamentals and they are described
as ‘‘metropolitan areas where demand for housing exceeds supply,
and where supply is constrained, generally because of coastal loca-
tions. In these cities, prices are driven up primarily by wealth-
selection: in-movers have higher-than-average incomes; while
out-movers are disproportionately drawn from low-income
groups’’ (Smith, 2011, p. 244). Smith also provides an overview
of the different perspectives coming from material sociology, social
psychology and cultural economy and concludes that there is a
need for an interdisciplinary approach to the analysis of the hous-
ing economy.

Watkins and McMaster (2011) have commented on the papers
of Marsh and Gibb and Smith, and endorse the call for the need
to ‘‘energise inter-disciplinary working in behavioural studies’’
and, in particular ‘‘the need to work on resolving some of the ten-
sions that might arise from attempts to blend the insights and ap-
proaches associated with different disciplinary perspectives’’ (p.
281). Clark (2011) also discusses expected utility models and re-
flects on the key messages, providing a discussion of whether tra-
ditional growth models are appropriate for the analysis of house
prices: ‘‘. . .are the traditional growth models suspended in these
‘glamour cities’? Why should home prices be driven by fundamen-
tals in some cities while in ‘glamour cities’ price dynamics are
more sensitive to irrational behaviours? Are high prices less a func-
tion of attractive amenities and a simple willingness to pay? These
are research questions which may well be amenable to hypothesis
testing and analysis. Whether there are some cities where price
rises are driven by fundamentals and others by speculative and
psychological imperatives is not yet clear, nor is it clear how it
would change the modelling strategy’’ (Clark, 2011, p. 272). Clark
also provides a very interesting overview of the background to
and causes of housing price escalation in the US and points out that
households gradually viewed housing as both home and ATM: ‘‘the
rapid increases in housing prices shifted the psychology from the
house simply as a place to raise a family and have a secure living
environment to how much money was being generated by the rise
in property values’’ (Clark, 2011, p. 265).
Towards an interdisciplinary approach and a synthesis

It is increasingly argued that there are lessons to be learned
from disciplines such as psychology and behavioural economics
regarding the better understanding and measurement of concepts
such as utility, QoL, happiness and well-being with the use of sub-
jective measures. As noted in the introduction, a rapidly growing
number of studies in the social sciences use subjective measures
of QoL, well-being and happiness. Although there is a relative pau-
city of such studies with a regional or urban focus, this seems to be
changing. The next section reviews the key issues pertaining to
subjective measures of well-being and overall QoL and the studies
of subjective happiness and well-being in cities and regions.
Subjective happiness and well-being

Subjective versus ‘objective’ well-being

We have seen that there has been a long, successful history
and lively debates regarding the ‘objective’ measurement of QoL
in cities. All studies reviewed in the previous section are
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underpinned – at least implicitly – by the assumption that objec-
tively measured variables (such as life expectancy, education
attainment, number of amenities or disamenities) are correlated
with how the inhabitants of the cities subjectively feel about their
quality of their life. However, it has often been argued that any
such correlation would vary and would depend on individual char-
acteristics (e.g. gender, income, and position in the life cycle) as
well as area, or contextual and cultural characteristics. In addition,
any such correlation would depend on the ways in which subjec-
tive QoL and well-being are measured. The importance of exploring
this issue has long been recognised and also highlighted in the
work of Smith (1973), who argued that there is a need to compare
objective measures to social attitude and other subjective mea-
sures. Amongst the first attempts to actually examine whether
there is any association is the work of Schneider (1975), who inves-
tigated correlations between objective indicators such as those
proposed by Smith with subjective measures of QoL (such as ‘life
satisfaction’, ‘satisfaction with job’, and ‘satisfaction with housing’)
in a selection of large American cities and found that:

‘‘. . . no relationship exists between the level of well being found
in a city as measured by a wide range of commonly used objec-
tive social indicators and the quality of life subjectively experi-
enced by individuals in that city. Cities that are most well off as
measured by objective indicators are not necessarily the same
cities in which people are subjectively the most satisfied with
their life situations. Conversely, cities that are worst off objec-
tively are not necessarily the same cities where subjective dis-
satisfaction is highest. Moreover, while considerable
differences in objective conditions between cities are readily
apparent, city residence does not appear to be of any great
importance in structuring individual evaluations of life experi-
ences.’’ (Schneider, 1975, p. 505).
However, such findings are in stark contrast with recent re-
search, such as the work of Oswald and Wu (2010), which can be
seen as part of the wider field of the economics of happiness, or
more broadly the new ‘science of happiness’.

The new science of happiness

As noted in the introduction, there is a growing body of liter-
ature in the social sciences presenting an analysis of subjective
measures of QoL such as subjective happiness and well-being.
In particular, in recent years there have been numerous attempts
to define, measure and analyse happiness in various contexts and
pertaining to a wide range of disciplines, ranging from neurosci-
ence and psychology to philosophy and economics. There are a
number of theories and ways of measuring subjective happiness
and well-being. In particular, happiness questions are increas-
ingly used in population surveys and it is suggested that a new
‘Science of Happiness’ is emerging, which aims to measure hap-
piness, identify the main factors affecting it and to quantify their
relative importance. There is a rapidly growing body of interdis-
ciplinary research on the determinants of happiness and well-
being (Dolan, Peasgood, & White, 2007; Frey & Stutzer, 2002;
Huppert, Baylis, & Keverne, 2005; Layard, 2005). In addition,
there have been on-going debates about whether happiness can
be measured, whether it should be measured, how it should be
measured and what are the factors affecting it (for a recent com-
prehensive overview see David, Boniwell, and Conley Ayers
(2013)).

Quantitative studies of happiness are typically based on some
measurement of subjective well-being derived by survey questions
such as: ‘‘Taking all things together would you say you are very
happy, quite happy, or not very happy’’ (Dolan et al., 2007; Frey &
Stutzer, 2002; Layard, 2005). Although there are critiques of the
idea that happiness can be measured and compared between peo-
ple, there is a growing amount of strong evidence in support of the
validity of such measures. For instance, research in the fields of
neuroscience suggests that there is a correlation between the sub-
jective feelings that people report in surveys and brain activity pat-
terns (Davidson, 2000; Davidson et al., 2000). Other examples cited
in the literature include the work of Di Tella, MacCulloch, and Os-
wald (2003) and Bray and Gunnell (2006), suggesting that there is
strong evidence that the rises and falls in suicide rates move in the
opposite direction to changes in general levels of happiness (also
see Blanchflower & Oswald, 2004; Powdthavee, 2007a). Neverthe-
less, there is on-going debate on the most appropriate and valid
measure of well-being and it has long been argued that there are
different types and dimensions of happiness. For instance, Dolan
et al. (2006) present detailed discussions of different concepts of
well-being and classify them in the following categories: ‘‘Prefer-
ence satisfaction’’ based on the fulfillment of desires; ‘‘Flourishing
accounts’’, based on the satisfaction of certain psychological needs;
‘‘Hedonic accounts’’ based on how people feel and ‘‘Evaluative ac-
counts’’ based on how people think they feel. A more recent review
is presented by Layard (2010).

Individual and household factors affecting subjective happiness

Most of the quantitative studies of subjective happiness to date
have been aimed at developing statistical methodological frame-
works for the analysis of the main demographic, socio-economic
and contextual determinants of subjective well-being and happi-
ness. Most of these studies have been aimed at identifying the rela-
tionship between individual demographic (e.g. age and sex) and
socio-economic factors (e.g. education, individual and household
income) and happiness.

It has often been argued that age and happiness have a ‘‘u-
shaped’’ relationship, suggesting that people are happier when they
are younger as well as when they are older (Blanchflower & Oswald,
2008; Clark, 2003; Ferrer-i-Carbonell & Gowdy, 2007; Gerdtham &
Johannesson, 2001; Oswald, 1997; Warr, 1992). There have also
been numerous studies exploring gender differences in well-being,
suggesting that females tend to report slightly higher subjective
well-being than males (Frey & Stutzer, 2002; Gerdtham & Johannes-
son, 2001). In addition, most studies include various measures of in-
come as an explanatory variable in happiness equations and it is
very often suggested that there is a positive albeit relatively weak
relationship between absolute income and happiness (Easterlin,
1974; Diener et al., 1999; Di Tella et al., 2001; Clark, 2003). Never-
theless, it has also been suggested that such a weak association
may be due to the correlation of individual income with variables
that reduce well-being, such as number of hours worked and com-
muting time (Clark, 2003). It has also been argued that there is a po-
sitive – but not linear – relationship between income and happiness,
with diminishing marginal returns: income appears to have a higher
impact for lower income groups and much lower or zero impact for
higher income groups. But it has also been argued that there is no
definite proof for such a relationship and there are on-going debates
(Oswald, 2005; Easterlin, 2005). In addition, it has long been argued
that relative income and the position of an individual in the national
income distribution has very strong effects on happiness (Clark,
2003; Frank, 1999, 2007; Clark and Oswald, 1996; Luttmer, 2005;
Ferrer-i-Carbonnell, 2005). The role of changing aspirations in the
life-cycle has also been highlighted (Easterlin, 2001). Moreover, it
has often been argued (and this will be revisited and discussed in
more detail in the next section) that it is inequality that affects hap-
piness rather than levels of income (Ballas, Dorling, & Shaw, 2007).
One of the variables for which there is very strong and consistent
evidence of negative association with happiness is unemployment



S44 D. Ballas / Cities 32 (2013) S39–S50
(Clark, 2003; Clark & Oswald, 1994). In particular, it has been sug-
gested that being in a state of unemployment has severe and long
lasting negative impacts on happiness. These impacts cannot be ex-
plained only in terms of loss of income and there are significant non-
pecuniary effects (Clark, 2003; Clark & Oswald, 1994; Theodossiou,
1998; Winkelmann & Winkelmann, 1998). Perhaps one of the most
important factors affecting happiness that is also associated (in
varying degrees) with the variables described above is the quality
of interpersonal relationships and friendships. Single people appear
to be on average less happy than married couples (Frey & Stutzer,
2002; Helliwell, 2003) and in general there is evidence that stable
and secure intimate relationships are beneficial for happiness,
and, in contrast, the dissolution of such relationships is damaging
(Ballas & Dorling, 2007; Dolan et al., 2007). There are also studies
of the impact of social networks and social capital upon happiness
that highlight the importance of social well-being (Keyes, 1998) as
well as social trust and local community networks (Putnam,
2000), suggesting that friendship is one of the biggest sources of
happiness and well-being (Burt, 1987; Diener and Selingman,
2002; Layard, 2005; Powdthavee, 2007b). Another extremely
important factor affecting happiness is health status, as most rele-
vant studies consistently report a high positive correlation between
well-being and physical and psychological health (Dolan et al.,
2007; Frey & Stutzer, 2002).

The above very brief review of happiness studies discussed
some of the key variables that appear to affect subjective happi-
ness and well-being (for detailed and comprehensive reviews see
David et al., 2013; Dolan et al., 2007; Frey & Stutzer, 2002; Layard,
2005). Although most of these studies do not explicitly consider
the role of space and place in affecting happiness and well-being,
they provide insights into the issues that cities and regions could
provide to increase the happiness of their inhabitants, ranging
from regional and social policies (e.g. labour market policies to
tackle unemployment) to transport-related investment, such as
high-speed rail (which may reduce commute times which have a
detrimental impact on happiness, and also enhancing employment
opportunities) and more local community initiatives that may be
aimed at enhancing social trust and community networks. In addi-
tion, as Oswald and Wu (2010, p. 577) point out ‘‘places have char-
acteristics that human beings find objectively pleasant (Hawaiian
sunshine or Colorado scenery) and unpleasant (Connecticut land
prices or New York City traffic fumes)’’. Nevertheless, there will
never be a city or city-region that would be ‘optimal’ from a hap-
piness point of view, given that (as also discussed in the previous
section) various characteristics and factors are valued differently
from different people (or from the same people at different points
in their ‘life course’ (Whisler et al., 2008). For example, the happi-
ness of parents with small children would be affected by the qual-
ity of local schools, quality (and cost) of housing and overall
facilities offered for families in a city (who may perhaps prefer to
live in a smaller city or conurbation, or in the suburbs), whereas
this would not be the case for an 18-year old who would place
more emphasis on opportunities for recreational amenities, or for
elderly retirees, who may rate highly a milder climate and the
quality of health services.

Nevertheless, having detailed information on the socio-eco-
nomic and demographic make-up of a city can help identify the
city-level or regional factors that could affect (and possibly change,
through policy) the happiness and well-being of its citizens. In
addition, there are possibilities to explicitly address geographical
context and the impact of place.

Geographical studies of subjective happiness and well-being

Although the studies discussed above are undoubtedly useful in
providing insights into what are the types of cities and regions that
would increase happiness, there has been very little research with
a regional science or city or local area perspective that defines QoL
or utility on the basis of subjective well-being and happiness data
from social surveys. It is only relatively recently that the literature
on subjective happiness has begun to take serious account of the
role of place, local community and social cohesion and belonging
(e.g. Blanchflower & Oswald, 2009; Brereton, Clinch, & Ferreira,
2008; Clark, 2003; Clark, Kristensen, & Westergård-Nielsen,
2009; Luttmer, 2005; Powdthavee, 2007c; Propper et al., 2005;
Putnam, 2000, Ballas, 2008; Ballas et al., 2007). It has also been
suggested by some, from an anti-globalisation and ‘economics of
localisation’ perspective (e.g. see Norberg-Hodge, Gorelick, & Page,
2011) that living in urban areas may be detrimental to human hap-
piness. On the other hand, as Glaeser (2011) points out: ‘‘There is a
myth that even if cities enhance prosperity, they still make people
miserable. But people report being happier in those countries that
are more urban. In those countries where more than half of the
population is urban, 30% of people say that they are very happy
and 17% say that they are not very or not at all happy. In nations
where more than half of the population is rural, 25% of people re-
port being very happy and 22% report unhappiness. Across coun-
tries, reported life satisfaction rises with the share of the
population that lives in cities, even when controlling for the coun-
tries’ income and education’’ (Glaeser, 2011, pp. 7–8).

There is a need for such arguments and evidence to be consid-
ered more closely and there is now a steadily growing number of
studies of subjective measures of happiness and well-being with a
geographical dimension. Oswald and Wu (2009, 2010) explored
the geography of life satisfaction and mental health in the US,
drawing on a sample of over one million people collected under
the auspices of the Behavioural Risk Factor Surveillance System
(BRFSS). In particular, they fitted regression models to estimate
levels of well-being across the American states and concluded
that, after controlling for individual characteristics, the state of
Louisiana and the District of Columbia have high levels of psycho-
logical well-being, whereas the states of California and West Vir-
ginia have low well-being. Similarly to the work of Hoehn et al.
(1987) discussed above, Oswald and Wu pointed out that eco-
nomic theory would predict that well-being should be the same
in all regions. In particular, they point out that, if we assume that
there are sufficiently low mobility costs and accurate levels of
information about what it would be like to live in another state,
then individuals would be expected to keep moving into attrac-
tive places until these places become too congested and expen-
sive to be desirable. This process would lead to equilibrium,
where utility would be the same in every location. Oswald and
Wu (2009) applied regression methods to BRFSS data to empiri-
cally test this theoretical proposition and they suggested that
their results are consistent with a weak version of this theory,
assuming subjective mental well-being can be seen as analogous
to utility. Also, recent research by Ballas and Tranmer (2012)
combined the British Household Survey with census data in order
to explore levels of happiness and well-being at the individual,
household, district and regional level. Their findings suggested
that while most of the variation in happiness and well-being is
attributable to the individual level, some variation in these mea-
sures was also found at the household and area levels. However,
this geographical variation in happiness was not found to be sta-
tistically significant when controlling for a number of pertinent
socio-economic and demographic variables. Nevertheless, it was
also suggested that the lack of statistical significance of place at
the district level may have been due to the small sample size
(Ballas & Tranmer, 2012) and that there is a need for further
investigation of the impact of geographical and social context
upon happiness. Aslam and Corrado (2011) also present a regio-
nal study of subjective well-being in Europe and find a statisti-
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cally significant relationship between subjective life satisfaction
and regional factors.

Other notable geographical work of subjective well-being mea-
sures, with more focus on cities, includes the work of Marans and
Kweon (2011) who examined community life in Detroit, Stimson,
McCrea, and Western (2011), who investigated resident percep-
tions of QoL in the Brisbane–Southeast Queensland region in Aus-
tralia (including an analysis at sub-regional level), and McCrea
et al. (2011), who further disaggregates the analysis spatially. They
spatially cluster objective indicators to identify different types of
subjective QoL linking it to neighbourhood level information.
Chheetri et al. (2011) use GIS-based techniques and principal com-
ponents analysis to explore and map spatial patterns of QoL
dimensions at the intra-urban level.Keul and Prinz (2011) also ap-
ply GIS to the analysis of subjective QoL in Salzburg, Austria. Ballas
(2010) presents a GIS-based spatial microsimulation approach
aimed at estimating small area subjective well-being, while also
of relevance is the more recent work of Higgins, Campanera, and
Nobajas (2012) who examined the geographical distribution of
QoL at the intra-urban scale, exploring geographical patterns of
key indicators for London boroughs using cluster analysis of both
objective and subjective measures. Bergstad et al. (2012) explored
the relationship between urbanisation and life satisfaction and
found no statistical significance, but Morrison (2007), who used
survey data for 12 locations in New Zealand suggested that living
in highly urbanised dense environments lowers subjective mea-
sures of life satisfaction and happiness. Morrison (2011) further
built on this work, while Berry and Okulicz-Kozaryn (2011) ex-
plored subjective well-being in American cities and found that
small towns and rural areas have higher scores, possibly due to
natural amenities such as more space, nicer views, clean air and
low crime. Brereton et al. (2008) presented an even more geo-
graphically disaggregated analysis of well-being by using GIS-
based techniques to explore the impact of location-specific factors
upon life satisfaction and well-being; their work suggested that
living in Dublin results in lower subjective well-being scores, com-
pared to living in the countryside. Brereton, Bullock, Clinch, and
Scott (2011) built on this work to explore subjective well-being
in rural areas in Ireland and their results suggested that there is
a consistently high life satisfaction in rural Ireland, whereas more
recently Mitchell (in press, 2013) explored the relationship be-
tween green spaces and measures of health in Scotland and found
that although greener neighbourhoods do not seem to be healthier
‘‘people who actually visit and use green spaces, whether for exer-
cise, or just to get away from it all for a while, do seem to have bet-
ter mental health and more life satisfaction, all else being equal’’
(Mitchell, 2013; emphasis in the original). Also of relevance is
the recent work of Wells and Donofrio (2011), exploring links be-
tween urban planning, the natural environment and public health
measures in the US.

Contextual factors: social and spatial inequalities, social justice
and the city

There have been considerable efforts to build frameworks for
the analysis of QoL, well-being and happiness on the basis of
both objective and subjective measures. Nevertheless, there have
been relatively limited attempts to consider the impact of con-
text upon individual well-being, happiness and QoL. This is per-
haps surprising given the considerable amount of theoretical
work on the importance of social comparisons and socio-eco-
nomic context which dates back to the original work of Adam
Smith (1759) who argued that: ‘‘By necessities, I understand
not only the commodities which are indispensably necessary
for the support of life, but whatever the customs of the country
renders it indecent for creditable people, even of the lower order,
to be without. A creditable day labourer would be ashamed to
appear in public without a linen shirt’’ (Smith, 1759, p. 383).
Marx also identified the importance of relative social position
on inequality and social comparisons upon human well-being
in a social justice context.

A house may be large or small; as long as the neighbouring
houses are likewise small, it satisfies all social requirements
for a residence. But let there arise next to the little house a pal-
ace, and the little house shrinks to a hut. The little house now
makes it clear that its inmate has no social position at all to
maintain, or but a very insignificant one; and however high it
may shoot up in the course of civilisation, if the neighbouring
palace rises in equal or even in greater measure, the occupant
of the relatively little house will always find himself more
uncomfortable, more dissatisfied, more cramped within his four
walls’’ (Marx, 1847)

Veblen (1899) and Duesenberry (1949) also highlighted the
importance of social comparison of consumption patterns,
whereas Runciman (1966) argued that people compare them-
selves most with their ‘‘near equals’’ and there have long been
very important theoretical and evidence based debates about
the relationships between social context, social norms and human
need (also see Dorling, 2011; Doyal & Gough, 1991; Gordon &
Pantazis, 1997; James, 2007; Marmot, 2004; Sen, 1987; Town-
send, 1987). In particular and with specific reference to happi-
ness, it has long been argued that people tend to compare
themselves to their colleagues, friends, neighbours or ‘‘reference
groups’’ and this in turn has an impact on happiness and health
(Layard, 2005). As Clark and Oswald (2002) point out, the group
of people to whom we compare our income is thought to be
our ‘‘peer group’’, defined as ‘‘people like me’’ (of the same sex,
age and education). Most of the empirical studies that examined
comparison effects to date have focused on relative income. As
noted above, research into the impact of income on happiness
highlighted the importance of relative income and income-rank,
given that an individual’s position in the income distribution is
also an indicator of how they are ‘‘valued’’, communicating their
relative status in the social hierarchy (Alesina, Di Tella, & MacCul-
loch, 2004; Clark & Oswald, 1998; Frank, 1999, 2007; Layard,
2005). This occurs despite incomes not often being explicitly
known. In fact it is because income is so important in relation
to status that we tend not to let others know our exact incomes,
although they can be guessed from our consumption patterns, job
titles and residential address. The importance of social justice is-
sues in cities have also long been discussed in the seminal work
of Harvey (1973).

Also of high relevance here is the ‘Spirit Level’ work by Wilkin-
son and Pickett (2009), who present comprehensive and compel-
ling evidence on the relationship between income inequality and
a wide range of different health and social problems. Of particular
relevance is the evidence pertaining to the relationship between
income inequality and mental health (see Fig. 1), trust and commu-
nity life (see Fig. 2) and income inequality and child well-being
(see Fig. 3). Even within wealthy Western nations, outcomes in
these and other areas are very substantially worse in more unequal
societies. These findings highlight clearly the role of social and geo-
graphical context with regard to a wide range of factors that are
associated with QoL, well-being and happiness. It is also interest-
ing to note the positions of Spain, Italy and Germany in the graph
shown in Fig. 1, suggesting that there may be additional contextual
factors that have an important role.

From an urban and regional perspective, these issues have been
highlighted in models of residential mobility and the housing



Fig. 1. Mental illness and income inequality (source: www.equalitytrust.org.uk).

Fig. 2. ‘‘Community Life’’ and income inequality (source: www.equalitytrust.org.uk).
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market, such as the work of Clark (2011) and Smith (2011) re-
viewed above. It has long been argued (at least as early as the writ-
ings of Marx quoted above) that housing is a highly positional good
(both in terms of size and location) for which context matters (also
see Frank, 2007). Marsh and Gibb (2011) revisit this issue and con-
sider housing-related consumption and the desired levels, control-
ling for social status as well as individual characteristics and the
local and social context. As Clark (2011) puts it in his comment
of Marsh and Gibb work:

Unlike the expected utility model, which emphasises the
amount of space and the comparison of the current level of sat-
isfaction with the level of satisfaction to be gained by moving,
the emphasis shifts to search and mobility, which is triggered
when consuming the current dwelling drops below some reference
level defined either as a social reference group or because the
current location is predicted to decline. The heart of the new
approach to behaviour is to take the choice out of the context.
(Clark, 2011, p. 270; my emphasis)

Marsh and Gibb (2011) argue that ‘‘the trigger for considering
mobility is when consuming at the current dwelling drops below
the reference level (i.e. CSQ < CRef) either because the reference le-
vel has shifted up (and hence the need to ‘‘keep up with the Jon-
eses’’) or consumption at the current location is predicted to
decline (e.g. as a result of neighbourhood decline)’’. They also en-
dorse long held arguments suggesting that the absolute character-
istics of persons cannot be seen in abstraction of the reference level
with regards to what they consume.

As noted above, there have long been arguments highlighting
the positionality of particular goods, leading to conflicts between
individual and collective choice, generating so called ‘smart for



Fig. 3. ‘‘Child well-being’’ and income inequality (source: www.equalitytrust.org.uk).
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one, dumb for all’ behaviours (see Frank, 1999, 2007). Overall, the
importance of social justice and inequality affecting QoL and cities
has long been identified but there has been very little empirical re-
search exploring these issues in relation to well-being. This is sur-
prising, given the positionality of housing and geographical
residential location as goods. Amongst the notable exceptions of
geographical work exploring these issues is the research of Luttmer
(2005), who matched individual level happiness data to informa-
tion about average earnings in the US Public Use Microdata Areas
to investigate whether individuals feel worse off when their neigh-
bours earn more. He found that, on average, higher earnings of
neighbours are associated with lower levels of self-reported well-
being. Clark (2003) used data from the British Household Panel
Survey (BHPS) to show that the well-being of unemployed people
is strongly positively correlated with reference group unemploy-
ment at the regional and household level, suggesting that ‘‘unem-
ployment hurts, but it hurts less when there are more unemployed
people around’’ (Clark, 2003, p. 346). Powdthavee (2007c) exam-
ined the role of social norms in the relationship between happiness
and unemployment, using cross-sectional data in South Africa and
also reported that unemployment appears to be less detrimental to
happiness in regions where the rate of unemployment is high. Bal-
las and Tranmer (2012) also explored context, and their findings
corroborated those of Clark and Powdthavee with regards to the
relationship between unemployment and context.

The issues discussed above have very important policy implica-
tions for cities and city regions. In particular, these issues highlight
the need to pay attention to geographical context when it comes to
happiness, moving away from ‘‘individual level’’ remedies. In par-
ticular, it can be argued that policies aimed at enhancing social
cohesion at the city level may have a more effective impact on
the happiness and well-being of individuals compared to actions
or initiatives focused on individual behaviour. As Wilkinson and
Pickett (2009) point out:

‘‘Politics was once seen as a way of improving people’s social
and emotional well-being by changing their economic circum-
stances. But over the last few decades the bigger picture has
been lost. People are now more likely to see psychosocial
well-being as dependent on what can be done at the individual
level, using cognitive behavioural therapy – one person at a
time – or on providing support in early childhood, or on the
reassertion of religious or family values. However, it is now
clear that income distribution provides policy makers with a
way of improving the psychosocial wellbeing of whole popula-
tions. Politicians have an opportunity to do genuine good’’.
(Wilkinson & Pickett, 2009, p. 233)
Concluding comments

As pointed out throughout this article, there has been a very
long and successful history of urban and regional research into
the determinants of QoL. Most of the research studies to date were
based on relatively ‘objective’ measures of QoL. There has been re-
newed interest in this field recently with the emergence of the new
‘Science of Happiness’ which explores whether subjective happi-
ness can be measured, whether it should be measured, how it
should be measured and what are the factors affecting it. Although
there has been relatively limited urban and regional research in
this new emerging inter-disciplinary field, it is increasingly being
recognised that there is huge potential for social and behavioural
scientists to add a spatial dimension by identifying characteristics
and factors of cities and regions that affect subjective happiness
and well-being measures. This article provided an overview of both
objective and subjective studies of QoL and happiness in cities and
regions and also identified key current issues and debates in this
field.

A key issue that was identified is the potential for inter-disci-
plinary research aimed at a better understanding of what makes
a ‘happy’ city. In particular, there is great potential to build on
the very successful urban and regional research of QoL indicators
by complementing them and/or combining them with subjective
measures of happiness and well-being. However, in order to fulfill
this potential there is a need to conduct research drawing on a
wide range of disciplines including geography, economics, sociol-
ogy, urban and regional planning and psychology. There have al-
ready been calls for such inter-disciplinary research, as well as
some attempts which were reviewed in this article, but it can be
argued that there is huge potential for the new emergent Science
of Cities (Batty, 2012) to engage with the very important debates
on what makes people happy and, in particular, on what cities
and regions can do about it.
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The overview presented in this article demonstrated the poten-
tial and the need for a geographical dimension to be added by
researchers interested in cities and regions to the new Science of
Happiness, in order to address the extent to which well-being
and happiness may be attributed to so-called individual (e.g.
employment status and age-group), household (e.g. household in-
come, household type, house type and size) and contextual circum-
stances and characteristics, and the relative importance of such
characteristics within regions and cities (e.g. the importance of in-
come levels and of its distribution within the city). A particularly
important issue is that of social and spatial inequalities in income
and wealth and generally social justice and social cohesion which,
as argued in the last section of this article paper, have huge impli-
cations for individual well-being and happiness and the QoL of
whole populations. There has been some very impressive research
in this field over the last few years (such as the ‘Spirit Level’ work
discussed in the previous section) and there is now a great chal-
lenge to add a city and regional dimension to this work and to re-
visit traditional debates on social justice. In this context, it may be
particularly interesting to consider the possibility (and the impact
on happiness) of a hypothetical implementation of basic income
policies which could increase the economic independence of all
individuals in society (Van Parijs, 1997, 2001) as well as the possi-
ble impact of innovative progressive consumption tax policies
(Frank, 1999, 2007) and to further investigate the degree to which
the source of happiness or unhappiness is personal or has more to
do with inequalities in the distribution of income, wealth, skills
and capability.

Finally, there is also great potential for interdisciplinary re-
search (drawing on expertise from computer science and statistics,
in addition to the fields mentioned above) on the methodological
frameworks that could be developed and implemented to address
the issues raised above, and to further explore QoL and happiness
in cities and regions. In particular, in addition to traditional spatial
econometric methods, it is increasingly possible (due to new regio-
nal and local social survey microdata availability, and computer
software and hardware advances) to use multilevel models,
agent-based models and spatial microsimulation modelling tech-
niques to explore subjective happiness, well-being and QoL at dif-
ferent levels, ranging from the individual to household,
neighbourhood, city and region. There have already been some
developments in this field, which were reviewed in this article,
but it can be argued that a lot more is now possible!
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