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This paper provides an overview of urban inequality in the StockholmMetropolitan Area analyzing the
spatial distribution of amenities and their accessibility. Inequality in urban amenities is measured by a
multidimensional index at a fine geographical scale and it can be decomposed into the sum of
inequality indices computed on themarginal distributions of amenities across locations plus a residual
term accounting for their joint distribution. Our research leverages a unique dataset that combines
income data for approximately 90,000 geocoded individuals residing in the metropolitan area with
information from the OpenStreetMap platform, enabling us to examine the distribution of both natural
and urban design-related amenities. Furthermore, we integrate data from online platforms to analyze
the housingmarket. Our findings revealmoderate levels of inequality in amenitieswithin theStockholm
Metropolitan Area, with social segregation emerging as the primary driver of this inequality.

Individual wellbeing is affected by a variety of issues and factors,
some of which are strictly related to locations where people live.
Indeed, individual well-being depends on resources, services, or
general outcomes that are specific to an area1. introduce the concept
of amenities defined as location specific characteristics with positive
or negative effects on individuals’ utility. The contribution of ame-
nities to well-being has been widely studied in the literature of urban
quality of life2–4 that shows how higher socioeconomic status
households can afford to live in locations with more desirable ame-
nities. Spatial sorting determined increases with income inequality
across and between geographical areas5–7. However, the causal link
between income inequality and uneven distribution of amenities in
the urban space is less explored. People living in different areas are
likely exposed to different bundles of amenities and this generates
inequalities across individuals in their level of wellbeing.

In this paper, we start from the consideration that a society is fair if its
members enjoy the same level of well-being, whenever they live. We
therefore need to establish when different areas, each with a specific bundle
of amenities, ensures equivalent livability. Consider the simple example of a
city divided into two neighborhoods, A and B, each endowed with only two
amenities, infrastructure and climate conditions. If the two neighborhoods
have an equal number of amenities, residents have an equal access to them,
regardless of their economic endowment and willingness to pay. As8 points
out, an equal amount of amenities do not guarantee equal individual well-
being, since individual needs and preferences contribute to the process of
transformation from commodities to functioning. However, several studies
argue that an equal availability of local facilities mitigates well-being
inequality9–11. Moreover, an equal amount of amenities is partly consistent
with the idea of leveling the playing field developed in equality of oppor-
tunity literature12,13.

Coming back to our example, any ranking generated by comparing
each amenity at any time is incomplete, whenever we observe less infra-
structure and better climate in A than in B. The first aim of the paper is to
evaluate the disparities in the distribution of amenities across areas using a
multidimensional index that allows to disentangle the effect of the dis-
tribution of each amenity on overall inequality, as well as the effect of the
joint distributionof amenities in determiningoverall inequality across areas.
We use register data about wages, data fromopenmap services and housing
prices to decompose inequality in access to amenities. The decomposition
approach holds the potential to establish a connection between income
inequality and disparities in the distribution of amenities, an aspect that has
received less attention in existing literature. The methodology relies on the
hedonic approach that considers both the housing market and the labor
market14.

Secondly, we aggregate the different determinants of well-being in a
single index in order to produce a complete ranking of areas based on their
level of well-being provided by amenities. The aim is to investigate the
relationship between our measure of well-being and the average income by
area.We expect a positive relationship between the twomeasures reflecting
the fact that affluent people reside in better-endowed amenities.

Thirdly, we show how our analysis can provide a range of techniques
and tools for policy actions aiming at reducing inequality.

We employ our methodology to assess inequality within the Metro-
politan Area of Stockholm relying on a unique dataset composed of geo-
coded register data on socioeconomics, scraped real estate data from an
online platform, and land use data extracted fromopenmap services. In our
analysis, we utilize register data to generate key socioeconomic variables
within theMetropolitan Area of Stockholm. Specifically, we create averages
for thewages of individualswithin the 100nearest neighbors, theproportion
of visible minorities within the 100 nearest neighbors, and the share of
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highly educated population within the 100 nearest neighbors from each
populated unit. Register data is characterized by a geographic scale as fine as
100 squaremeters, serving as our initial referencepoint until calculations are
extended to the nearest 100th neighbor at any distance. To complement the
socioeconomic variables, we merge unaggregated housing price data
obtained through web scraping (at the listing level) with the geocoded
registerat 100 squaremeters aggregates.This approachallowsus to associate
each sold apartment with socioeconomic characteristics in its immediate
100 × 100 scale neighborhood. Moreover, it enables us to maintain infor-
mation about sold apartments at the individual level, preserving categorical
details such asfloor and size. Furthermore, we extract landuse data from the
OpenStreetMap platform. This data serves as a source for assessing the
domination of natural and urban qualities within a 500meter radius of
the geocoded locations of residents. Access to amenities is thenweighted by
the distance from individual coordinates within the geographical constraint
of 500m. Using 500m or similar sized radii to denote neighborhoods and
neighborhood functions has a long tradition (see for instance15,16) and the
use of bespoke, individual centered smaller neighborhoods to capture
neighborhood effects has become common practice in more recent
studies17. Individual, fixed radius centered neighborhoods fails to
capture individual level variation in access to different modes of
transport or individual preferences for different types of amenities.
This is due to the lack of individual level statistics concerning
transport mode and preferences.

By analyzing this land use data, we gain insights into the distribution
and influence of natural and urban features in the immediate vicinity of
residents’ locations. Fromall scrapedhousing price locations, the areal share
of lake, river and seawater within a 500meter radius is used to describe how
dominantwater is on a neighborhood level using a focal statistics analysis in
GIS18. Similarly, the areal share of commercial activities (shopping malls,
retail areas), residential qualities (houses, private gardens, residential
parking, etc.) and parks are calculated and used in the analyses. Urban form
is measured using a line density variable, expressing the total length of road
infrastructure within a 500meter radius from each house (GIS derived
variable) and the Cartesian distance to the urban core (defined as the most
central housing price location). The geography of the study region com-
prises sales in Stockholm County, wherein all urban, suburban and peri-
urban parts of the greater Stockholm region are included, but also a sub-
stantial number of rural areas within commutable distance. Stockholm is a
monocentric city with a dense urban core area, and with residential areas
concentrated around public transport hubs andmajor roads located outside
the central parts19,20. Social inequality, in particular segregation, has been
increasing in later years in Sweden. Recent papers have also turned the
attention to the segregation patterns outside the residential sphere, where
segregation in schools, labor market and in daily lives are added to the
measured segregation. In21–25, segregation after taking into account diurnal
mobility of the population in the greater Stockholm region clearly showed
that residential segregation is onlyonepart of the overall picture.Thismeans
that the residential segregation, at least partially, can be decreased by facil-
itating access to amenities, are promoting mobility trajectories that lead to
more mixed interactions.

Results
The implicit price of amenities
In this section, we begin by presenting our findings concerning the rela-
tionship between the distribution of amenities and wage and housing
equations in our empirical approach. Following that, we delve into our
discoveries regarding inequality in Stockholm, which we calculated using
hedonic price theory and implicit prices. Implicit prices of amenities are the
households’ annual willingness to pay to have access to an additional
(arbitrarily small) amount of them.

The analysis of housing prices and wages in Stockholm reveals inter-
esting insights about the relationship between amenities and the quality of
life. Firstly, the dominationofwaterdemonstrates apositive correlationwith
both housing prices and wages.

Moreover, the domination of amenities resulting fromurban planning
and policies, such as commercial activities, residential qualities, and parks
within a 500meter radius, also exhibit positive correlations with housing
prices and wages (see26 for a review on subjective well-being and green
places). These findings indicate that the accessibility of such amenities,
whichare created and facilitated throughdeliberateurbandesign, adds value
to the local housingmarket and enhances the income potential of residents.
Notably, the implicit price for residential qualities is estimated to be 10,919
euros annually, highlighting their substantial monetary importance.
Implicit prices for residential amenities indicate that, on average, residents
assign a value equivalent to 23% of their annual income (€48,120) to the
qualities of their residential environment.These encompass private gardens,
parks, detached houses, and similar features.

In addition to physical amenities, the social composition of neigh-
borhoods plays a significant role in determining wages. Variables reflecting
the share of non-visible minorities and the share of highly educated indi-
viduals among the 100 nearest neighbors show positive correlations with
wages and housing prices. This underscores the importance of social factors
and community dynamics in shaping individuals’ earning potential. These
findings suggest that the composition of neighborhoods, in terms of both
diversity and educational attainment, has a notable monetary impact.

Furthermore, accessibility, asmeasuredby the roadnetwork, is another
crucial factor influencing housing prices and wages. The road network
variable, representing the line density of road networks within a 500meter
radius of all individuals and all home sales, serves as a measure of accessi-
bility. Importantly, the interaction between the road network and the dis-
tance of individuals to the center of Stockholm reveals a positive correlation
in both equations. This implies that improved accessibility, particularlywith
respect to proximity to the city center, contributes to higher housing prices
and wages. The implicit price for this interaction is estimated to be around
767 euros.

The analysis of housing prices incorporates control variables such as
the size of the housing and the type of dwelling (e.g., apartments, villas, etc.).
These variables are essential in capturing additional factors that influence
housing prices, beyond the amenities discussed earlier. (Table 1).

Inequality in Stockholm Metropolitan area
We examine the findings related to inequality in Stockholm, considering
both total inequality and decomposing it into the contributions of social,
urban planning, and natural amenities. Table 2 presents the results, indi-
cating that the total inequality measure is 0.09.

The analysis reveals that a significant portion of this total inequality
stems from social structure, suggesting the presence of segregation within
the city (see also refs. 27,28). Social amenities, including the composition of
neighborhoods in terms of demographics and educational attainment,
contribute significantly to the overall inequality.

Furthermore, urbandesignor planning factors account for~15%of the
total inequality. This implies that variations in access to amenities resulting
from deliberate urban planning decisions, such as the distribution of
commercial activities, residential qualities, and parks, contribute to
inequality within the city.

In terms of natural amenities, specifically access to the sea, around 11%
of the total inequality can be attributed to this factor. The presence or
absence of natural amenities, like water bodies, can influence property
values and the overall quality of life (see also ref. 29).

Overall, the findings underscore the multidimensional nature of
inequality in Stockholm. The majority of the total inequality is driven by
social factors, indicating the existence and influence of segregation. Urban
planning and thedistributionof amenities contribute to a significantportion
of the inequality, and access to natural amenities also plays a role.

To further investigate the spatial pattern of inequality, a spatial auto-
correlation analysis usingMoran’s I tests was conducted for total amenities,
as well as social, natural, and urban planning-related amenities. The results,
presented in the second columnofTable 2, indicate aMoran’s indexof 0.658
for total amenities, suggesting a moderate level of spatial autocorrelation.
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Notably, the highest Moran’s I value is observed for urban design-
related amenities, recording a value of 0.902. This high Moran’s I value
indicates a strong spatial autocorrelation, suggesting a clustering of urban
design amenities in certain areas of Stockholm. This spatial concentration of
urban design amenities contributes to the observed inequality patterns.

Furthermore, the analysis also confirms a high spatial autocorrelation
for social structure-related amenities, with a Moran’s I value of 0.840. This
finding aligns with the earlier decomposition of inequality, which high-
lighted the substantial contribution of social amenities to overall inequality.
The spatial autocorrelation of social amenities suggests the presence of
spatial segregation and clustering of neighborhoods based on social
characteristics.

The spatial autocorrelation analysis adds an additional layer of evi-
dence to the inequality decomposition, indicating that there is indeed a
spatial pattern to inequality in Stockholm. The strong spatial autocorrela-
tion of urban design and social structure-related amenities suggests that
certain areas in the city benefit disproportionately from these amenities,
contributing to spatial inequality. Additionally, we conducted a local spatial
autocorrelation analysis (LISA) to examine the spatial patterns and statis-
tical significance of amenity distributions within the Metropolitan Area of
Stockholm. The LISA analysis allows us to identify clusters of amenities and
understand their spatial relationships. The LISA maps, included as sup-
plementary information, reveal high clusters of amenities in affluent
neighborhoods of Stockholm. These areas are characterized by a con-
centration of desirable amenities, reflecting the advantages enjoyed by
residents inmore affluent parts of the city that are located in the city center.
Furthermore, the decomposition of amenities and corresponding LISA
values highlight interesting patterns related to social amenities. We observe
low-low clusters of social amenities in areas with a higher concentration of
immigrants. Specifically, areas such as the South, Southwest, andNorthwest
exhibit low levels of social amenities. This suggests a potential lack of access
to social amenities in these neighborhoods, which may contribute to
socioeconomic disparities. Supplementary Fig. 5, available in supplemen-
tary information,makes a comparison between two areas belonging to these

two clusters: Kungsholmen south waterfront is a high-education and high-
income, relatively central, waterfront urban residential area; Husby in
Stockholm is a low education and low-income suburban residential area.

Natural amenities, by definition, tend to cluster around water bodies
within theMetropolitan Area. These areas showcase the presence of natural
amenities that contribute to the overall quality of life and recreational
opportunities for residents. In contrast, urban design-related amenities
appear to be more evenly distributed across the Metropolitan Area, indi-
cating a wider availability of such amenities throughout various neighbor-
hoods. Low-low clusters generally indicate areas characterized by affluent
villa-type dwellings, where the need for parks or public green spacesmay be
relatively low due to the presence of private amenities within individual
properties.

Discussion
The strength of our approach lies in the detailed and localized scale of
variable generation and analysis, which allowed us to gain in-depth insights
into inequality patterns within Stockholm. In previous studies, the analysis
was often conducted at a larger scale, providing limitedunderstanding of the
dynamics at the neighborhood or local level. The findings of our study shed
light on the spatial inequalities within Stockholm and reveal the influence of
social structure. Our analysis highlights that social structure plays a domi-
nant role in shaping these spatial inequalities, which in turn indicates the
presence of strong segregation patterns within the city.

The results are striking considering how the implicit pricing varies
between types of amenities.Amenities that are reinforcing social segregation
are valued at a greater cost than all other types of amenities, while amenities
that are related to urban design are considerably less costly and amenities
associated with residential qualities and natural amenities are priced in
between. The results suggest that property costs and ethnic and/or class/
education composition may have developed in accordance with a Schelling
type of segregation (see30), and that amenities such as parks, infrastructure
accessibility and commercial amenities are perceived as amenities that are
within reach or widespread in the urban landscape.

A few policy implications can be derived fromour findings. This paper
puts in perspective inequality not only limited to social dimension but also
adding urban design and nature amenities into consideration, which from a
policy-making perspective allow a better maneuvering capacity. In
particular:
• Policies can affect social inequality indirectly by compensating the lack

of social interactions opportunity by improving thenatural anddesign-
related amenity opportunities.

• Stockholm can still benefit from inclusive housing policies aimed at
reducing disparities according to our results, providing good access to
natural- and urban-design amenities.

• Due to the restricted availability of natural amenities, particularly
access to the sea, in certain parts of the Stockholm area, modifying
building permit regulations in high-amenity zones could lead to more
integrative forms of planning and execution of urban districts. This
adjustment aims to accommodate a more diverse range of tenure
forms, fostering a mix of social backgrounds among the local
population.

• By nurturing a sense of belonging and reciprocal trust among residents
from diverse backgrounds, these initiatives can contribute to a more
integrated and cohesive city fabric. As indicated in earlier studies of
mobility and segregation in the Stockholm region (see introduction),
mobility has the potential to improve chances of social interaction
across different social backgrounds. Natural and urban design related
amenities are potential destinations for mobility, and by promoting
diverse environment with good connectivity to various neighborhoods
has the potential of addressing those three dimensions of inequality
analyzed in this paper, with a particular emphasis on diversifying
monotonous low-income suburbs.

• Investing in the expansion of public transportation networks and
infrastructure holds significant potential for enhancing access to

Table 1 | Summary statistics of variables used in the analysis

Variable Obs Mean Std. Dev. Min Max

House Prices (Log) 89,969 12.537 0.581 6.665 15.178

Wages (Log) 89,969 10.199 0.441 2.332 12.247

Water 89,969 0.010 0.0494 0 1

Commercial 89,969 0.017 0.084 0 1

Residential qualities 89,969 0.478 0.290 0 1

Parks 89,969 0.031 0.049 0 0.506

Non visible minorities 89,969 0.891 0.098 0.263 1

Highly Educated 89,969 0.369 0.105 0.129 0.963

Road Networks 89,969 0.309 0.142 0 1

Distance Center 89,969 0.214 0.135 0.000 1.005

SqrMeter 89,969 96.990 44.960 10 300

Type of House 89,969 4.003 1.332 1 6

Table2 | Inequality inamenitiesandMoran’s I indices: total and
by the type of amenity

I Moran’s I

Total Inequality 0.090 0.658

Inequality Due to Social Structure 0.067 0.840

Inequality Due to Urban Design 0.014 0.902

Inequality Due to Natural Amenities 0.010 0.664
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opportunities and elevating the overall quality of life for residents in
every neighborhood. Specifically, the expansion of public transporta-
tion networks to bridge underserved neighborhoodswith employment
centers and essential services can be a transformative step in reducing
the isolation experienced by certain communities.

• Continuously monitoring and analyzing data on housing prices,
demographics, and the availabilityof amenities is essential for detecting
emerging patterns of segregation and inequality. This data-driven
approach could inform policy adjustments and interventions as
necessary to address these issues proactively. Planners could focus on
natural and urban design related amenities, which are easier to directly
affect by planning policies, and thus a quarter of the calculated
inequality that could be attributed to these amenities.

• This analysis can be complemented with the study of other forms of
inequality such as the digital divide which is the inequality in access to
the Internet and ICT leading to a division and inequality around access
to information and resources. Recent studies, such as14, show that
urban smartness is in fact negatively associated with internal digital
divide. Another example of dimension that needs to be monitored by
policy makers interested in maintaining a fair value of inequality in
society is the risk of energy poverty. The latter can be excessively high
for low-income segments of the population, and minorities located in
institutionally and economically weak contexts, as shown by31, leading
to an exacerbation of inequality. Finally, policy makers should also
consider the size of city in relation to inequality and its effects on social
discontent. A recent study by32 shows that bigger cities are
characterized by structurally higher inequalities with respect to smaller
urban areas, and also that compositional effects on discontent are
particularly harmful in cities.

Methods
Data
Amenities have been broadly categorized as natural, built, social and
cultural33. The data for housing prices was collected fromHemnet.se, which
is a major online platform for the real estate market in Sweden. Hemnet.se
provides comprehensive information on housing listings, including prices,
property types, sizes, and addresses of sold houses. To collect the housing
price data, we utilized web scraping techniques to extract information from
the Hemnet.se website. The scraped data allowed us to obtain a large
sample of housing listings in Stockholm, capturing a wide range of
property types and sizes. In addition to the basic listing information,
we leveraged the addresses of the sold houses to obtain their corre-
sponding geographic coordinates. By geocoding the addresses, we
were able to pinpoint the exact locations of the properties on
the map.

The acquisition of amenity data was made from the global wiki-
mapping web OpenStreetMap, and further curation and variable develop-
ment was conducted in a GIS framework. Downloaded GIS data was ori-
ginally stored as vector GIS (shape-file format) but during curation,
rasterization of data in order to obtain focal statistics and line density output
was conducted. Matching of wage data and of housing price data to GIS
results was executed using value extraction functions where coordinates of
wage holders and house sales are transferred from raster to coordinates
based on location.

Sociodemographic data was derived from the Uppsala University
population register database PLACE, which contains a geocoded full
population register of pseudonymized individuals with data indicating level
of education and country/region of birth. Using a spatial k-nearest neighbor
approach we calculated the share of higher educated (university degree or
equivalent) and share of people not being at risk of visible discrimination
(indicated as being born in Europe, USA, Canada, Australia or New Zeal-
and) among the 100 nearest neighbors from each populated unit and geo-
coded address of home sale34. The PLACE register database contains
residential coordinates on 100m × 100m units which roughly represents a
small block unit. In total 89,969 locations are used in our analyses.

Depending of population density, the listed locations contain different
number of individuals and sales.

Multidimensional inequality in the distribution of amenities
The multidimensional inequality index used in the analysis assumes that
social well-being depends on local amenities that are defined as location-
specific characteristics with positive or negative effects on individuals’
utility1,2.

Let us consider n blocks, indexed by i ¼ 1; :::; n. Each block is
endowed with k amenities that are all strictly positive. The element zij 2
Rþþ indicates the level of amenity j in the block i. The quantities owned by
block i are denoted by the vector z i ¼ ðzi1; :::; zij:::; zikÞ 2 Rk

þþ. Let

w zi ¼
Yk

j¼1

z
σ j
ij

 !

ð1Þ

be the function measuring the level of social well-being in block i. The
parameter σ j captures the aversion to an unequal distribution of
amenities across blocks. In this section we discuss the role of this
parameter in the setup and present how to determine its value
associated with each amenity. Notice that the function measuring
well-being in society has a Cobb-Douglas form that provides the level
of well-being via a geometric aggregation of the different amenities.
The geometric aggregation has been preferred to a linear function,
such as the sum of amenities or their arithmetic mean, since the latter
is based on the following two strong assumptions: the independence
among amenities, and a constant compensability between amenities.
This implies that a greater quantity of one of the amenities
compensates for the loss in another amenity. The Cobb-Douglas
function assumes only some degree of compensability. Thus, a lower
quantity of a given amenity is not able to compensate fully in other
amenities35.

Themultidimensional inequality index, denoted by I, complements to
1 with the equality index developed by36 and denoted by E, i.e.

I ¼ 1� E ð2Þ

where E ¼Pk
j¼1σ jln γj þ ln ρ. The terms γj, with j ¼ 1; :::; k, are k uni-

dimensional indices of the Atkinson37 type, i.e.

γj ¼
1
�zj

1
n

Xn

i¼1

z
σ j
ij

" # 1
σ j ð3Þ

where �zj ¼ 1
n

Pn
i¼1zij; the term ρ ¼

nk�1
Pn

i¼1

Qk

j¼1
z
σj
ij

� �

Qk

j¼1

Pn

i¼1
z
σj
ij

� � accounts for the
interaction among amenities.

Several studies on inequality, such as38 and39, assume equal weights σ j
for the different amenities under exam. In this paper, we follow40 to endo-
genously determine the values of σ j. They are set to their respective weight
on the monetary assessment of the amenity bundle with sample average
quantities. Themonetary value of amenities, denotedby pj, is determinedon
the basis of hedonic regressions based on the housing prices individuals are
willing topay and thewages they arewilling to accept to locate in agivencity.
The parameter σ j is defined as:

σ j ¼
1� εj
k� 1

ð4Þ

where εj ¼
pj�zjPk

l¼1
pl�zj

. Each parameter εj is set to be equal to the ratio between

the estimated value of the average quantity of the amenity j and the value of
all amenities. The implicit assumption is that the higher the contribution of
amenity j in determining the amenity bundle value, the more intense is the
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aversion for its uneven distribution across blocks, the lower will be the value
of σ j.

The implicit prices of amenities, pj, are determined by estimating two
separate equations for the log of housing prices and wages:

ln vhit ¼ β0 þ β1Xhit þ β2Zit þ ξhit ð5Þ

lnwmit ¼ δ0 þ δ1Xmit þ δ2Zit þ ζmit ð6Þ

where vhit is the real price of housingunith in block i at time t;Xhit is a vector
of housing characteristics; Zit is the vector of amenities in block i at time t;
wmit is the real wage of individualm in block i at time t; Ymit is a vector of
individual characteristics; ξhit and ζmit are theusual error terms.The implicit

price of amenity zj is given by

pj ¼
der v
der zj

� der w
der zj

: ð7Þ

On the theoretical ground, the amenity full implicit prices are deter-
mined in a general equilibrium setting that considers both the housing
market and the labor market. Households with a preference for amenity-
rich areas will move to those areas, which are also the most expensive, and
will be willing to earn lower wages to enjoy the higher level of amenities.
Conversely, households living in low-amenity areas will be compensated
with higher wages, and lower housing prices. In equilibrium, no-one has an
incentive tomove, since the relocations costs are higher than the utility gains
generated by moving. The representative household experiences the same
level of utility in all areas, and unit production costs are equal to the unit
production prices41.

We estimate the empirical model using ordinary least square regres-
sions, which allows us to analyze the relationship between wage, housing
prices and the distribution of amenities. It is important to note that, despite
incorporating various spatially constructed covariates, the OLS model may
still exhibit some degree of spatial autocorrelation in residuals. Future stu-
dies may delve into this aspect and consider adjusting the model using a
spatial regression framework. However, such an exploration is beyond the
scope of the current paper. In the second step of our analysis, we employ a
global spatial autocorrelation measure, specifically the Moran’s I index, to
assess the overall spatial pattern of amenity distribution. Additionally, we
conduct a local autocorrelation analysis to identify specific areas with sig-
nificant clustering of amenities. Table 3 shows the estimation results for the
housing price equation and wage equation, as well as the implicit prices pj,
with j ¼ 1; :::; k: In order to obtain the annual full implicit price of each
amenity the estimated coefficients in housing price equation are converted
into imputed annual rents by applying a 7.85% discount rate, as in42.

The model explains >50% of the variability of housing prices
(column1) and 22.5% of the variability of wages (column2). In both
equations, amenity variables are individually statistically significant.
Estimated coefficients in the wage equation have the same sign as in the
housing equation, thus implying implicit prices with opposite signs.
Similar results are obtained by43,44 and, more recently, by45, and46. The
finding of counter-intuitive implicit prices in the wage equation can be
interpreted as an indication that local amenities affect the location deci-
sions of both households and firms, so that the net effect of wages of the
presence of local amenities is ambiguous42. The estimated implicit prices
are reported in Column3 and commented in the Results section.

Data availability
The study uses population register data obtained from third parties and
cannot be shared with public due to privacy agreement. We provide details
about data and how the results were obtained in Section Materials and
methods. Although data are from a proprietary data source that is not
accessible to other researchers, we are certainly available to make them
available for any reviewer.

Code availability
The code is available upon request.
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