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ABSTRACT
What is the relationship between urban form and citizens’
well-being? In this paper, we propose a quantitative approach to help answer this question, inspired by theories
developed within the fields of architecture and population
health. The method extracts a rich set of metrics of urban
form and well-being from openly accessible datasets. Using linear regression analysis, we identify a model which can
explain 30% of the variance of well-being when applied to
Greater London, UK. Outcomes of this research can inform
the discussion on how to design cities which foster the wellbeing of their residents.
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1.

INTRODUCTION

The search for an urban form which fosters people’s wellbeing has long been the research topic of many architects
and scholars. Urban form refers to the physical and configurational features of the built environment, such as: built
density, street connectivity, the amount of green areas. Probably, the first work ever carried out in this field dates as
far as back as the first century BC when the Roman architect Vitruvius wrote the architectural treatise De Architecura and identified the method for good city planning in
the grid street pattern. Since then, many others followed.
On one side, urban designers and architects mostly based
their theories on personal observations, thus undermining
the generalizability of the results. On the other, researchers
who implemented quantitative approaches focused on very
few aspects of the built environment (e.g., presence of cer-
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tain amenities) [9] or modeled single aspects of well-being
(e.g., crime) [10]. To remedy this, we propose a quantitative method to analyze the relationship between urban form
and well-being by considering multiple features of the urban
environment and apply it to Greater London. The method
comprises of two main steps: (i) extracting metrics of urban
form and well-being from openly accessible datasets (e.g.,
OpenStreetMap) and (ii) performing linear regression with
the metrics of urban form as independent variables and wellbeing index as dependent one. The outcome of this research
is a set of variables of urban form which are related to different levels of well-being. Method and outcome can help
urban planners and administrators in shaping cities which
foster the well-being of their residents.

2.

RELATED WORK

Different approaches have been used to study urban form
and well-being. On the qualitative side, Jane Jacobs strongly
supported the traditional compact city form, characterized
by medium to high densities, highly walkable short urban
blocks, and mixed use [11]. Le Corbusier was against this
and favored bigger blocks, the use of cars, and the segregation of functions in specialized sectors [5]. Since these works
are based on personal views, they are limited as they are
hard to replicate or validate. Other researchers implemented
quantitative methods. Vaughan et al., for example, found
that places with poor accessibility (e.g., back streets) were
associated with disadvantaged classes, while places with a
higher accessibility (e.g., main streets) were related to more
well-off residents [17]. Other scholars studied the relationship between urban form and crime. Hillier [10] and Budd
[3] studied dwelling typologies and came to the conclusion
that the flat is the safest house type. Hillier also analyzed
high densities in relation to crime and found that were overall beneficial against it [10]. Other researchers focused on
social aspects of well-being (e.g., place attachment). Some
academics reported that high urban densities enhanced social interactions [6], while low ones reduced them and also
led to more car-dependent behaviors [4]. The quantitative
studies above mentioned have two main limitations: (i) they
focused on single aspects of the urban environment (e.g., accessibility, cul-de-sac) thus providing a limited understanding of the relationship between urban form and well-being;
(ii) they modeled specific aspects of well-being (e.g., crime,
place attachment) rather than more complex indexes. With
the recent data revolution, large geodatasets have become
easily available and computational social scientists started

to investigate urban form. Quercia et al., for example, quantitatively studied the relationship between people’s visual
perceptions and the happiness of places [14]. Naik et al.
identified what city areas were related to different socioeconomic aspects such as wealth, safety, and uniqueness [13].
Others analyzed geographic variations of Twitter content
to predict happiness [7] and well-being [16]. Inspired by
this line of research, we propose a quantitative method to
study the relationship between urban form and well-being in
Greater London by extracting multiple metrics from openly
accessible datasets. The approach then relies on linear regression to identify what specific set of metrics is related to
well-being. We present the datasets used next.

3.

DATASETS

To carry out this work, we had to access datasets with
the following information: configuration of the urban environment, age of the housing stock, and well-being scores for
Greater London. We extracted the information concerning
the first two points from OpenStreetMap, Foursquare and
OS VectoMap District. Well-being scores were extracted
from the London Datastore.
OpenStreetMap (OSM) is an openly accessible and
editable map of the world. OSM consists of three types
of spatial entities: nodes which represent amenities, ways
which represent roads, and relations which are used to group
together other spatial objects (e.g., bus routes). For the
purpose of this study, we focused on ways which are the basic
components of the street network to later extract variables
descriptive of urban form for Greater London.
Foursquare is a social media platform where users can
share their whereabouts with friends by checking-in into
places (i.e., amenities). A Foursquare place is defined by
a pair of geographic coordinates (i.e., latitude, longitude), a
name, and a category (e.g., theater, Japanese restaurant,
pawn shop). For the aim of this study, we crawled the
Foursquare places of Greater London through the official
Foursquare API between the 01/04/2014 and the 06/04/2014.
OS VectorMap District is an accurate map of the UK
in vector format. It is released by the Ordnance Survey (i.e.,
the official UK mapping agency) and it is freely accessible.
OS VectorMap District contains information about several
geographic entities (e.g., roads, buildings, bodies of water,
stations). For the purpose of this work, we selected the information relative to the buildings (i.e., building footprints)
of Greater London.
London Datastore is an official web portal with statistical data for Greater London. Information on well-being for
the areas under study was extracted from this repository.
The well-being score is computed as the weighted mean of
12 different non-economic indicators such as life expectancy
and crime rate. In this work, we used the latest available
score which dates back to 2013. We expected well-being
to be related to socioeconomic factors. A wealth of studies – see for example Blanchflower and Oswlad [2] – has, in
fact, reported that better-off people also tend to experience
greater wellness. We thus tested this assumption by correlating well-being with the official deprivation index for the UK,
the Index of Multiple Deprivation (IMD). Given the spatial
nature of the data analyzed, we used a correlation technique
which controlled for spatial autocorrelation (an issue which
can diminish the robustness of findings). By applying this
technique, we found that well-being and deprivation were

correlated, with no sign of spatial autocorrelation (i.e., r =
-0.85, p − value = 0). Socioeconomic factors seemed thus to
be highly explanatory of well-being; however, they seemed
not to fully explain it. We argue that urban form also plays
a role in defining well-being. We next present a method to
quantify to what extent urban form can serve to indicate
well-being.

4.

METHOD

The method comprises of two steps: computation of metrics of urban form per areal unit of analysis and regression
analysis with well-being as dependent variable.

4.1

Unit of analysis

The areal unit of analysis chosen for this study was the
ward, which is the areal unit for which well-being data is
available. Wards are UK official administrative boundaries
and represent electoral areas as well as ceremonial entities.
Greater London is subdivided in 625 wards with an average
size of 255 hectares. In the remainder of this paper, we will
refer to wards as “neighborhoods”.

4.2

Metrics

After having obtained the datasets presented in the previous section, we extracted a set of descriptors of urban form.
The chosen metrics can be broadly grouped in 3 main categories: Street Network Configuration, Amenities’ Offering,
and Neighborhood Age.
Street Network Configuration (SNC). We identified a total
of 7 metrics related to the configuration of the street network. Three are proposed by the authors of this paper and
were extracted from OSM. These are:
• Dead-end density (deden) is calculated as the ratio between the number of dead-ends and the areal unit. The
hypothesis behind this metric is that dead-end roads
might be detrimental to people’s well-being as they
promote a life style based on the use of cars, which
diminishes the number of travels made by foot. This
decreases the amount of physical activity undertaken
by residents and might consequently lead to less wellbeing.
• Green areas (ga) is computed as the ratio between the
surface covered by green areas and the areal unit. The
hypothesis is that presence of green areas is beneficial
for citizens’ wellness, as it might reduce air pollutants,
encourage more physical activity, and also have a therapeutic function against stress.
• Irregularity (irr) is calculated as the standard deviation of the node degrees per areal unit normalized
on the average node degree. Irregularity measures
whether a street network is more similar to a grid or
to an organic structure. In this case, the hypothesis is
that a more organic-shaped street network makes travels by car harder, thus increasing the share of trips by
foot or bike. This, in turn, might raise the levels of
well-being.
Four metrics were derived from previous works. The first
three were extracted from OSM, while the last one was extracted from the OS VectorMap District dataset. These are:

• Connected node ratio (cnr) is computed as the ratio
between the number of non dead-end intersections and
the total number of intersections per areal unit [12]. It
is a measure of network connectivity and walkability.
These were considered necessary factors for thriving
neighborhoods in Jane Jacobs’ work [11].
• Intersection density (iden) is measured as ratio between the number of non dead-end intersections and
the total number of intersections per areal unit [12]. It
is a measure of street network density. Previous qualitative work [11] claimed that density is an important
feature for a prosper urban environment.
• Betweenness (bet) measures the property of a place
to lie in-between others and it has been shown to be
strongly related to key dynamics in cities, for example street quality [15]. This is calculated at the street
network level; however, for the aim of this work, it has
been aggregated at the level of the areal unit of analysis by computing its maximum value.
• Percentage of open space (osperc) is calculated as percentage ratio between the surface of the areal unit minus its built up part, divided by the surface of the
areal unit [1]. This measure describes a city area in
terms of presence of open spaces. This directly relates
to density, as fewer open spaces correspond to a more
condensed urban fabric. The theoretical background
for this metric is the same as the one presented for
Intersection density [11].
Amenities’ Offering (AO). In a previous work, the same
authors of this paper found a relationship between the presence of specific amenities and socioeconomic deprivation [18].
In this work, we explored whether a similar relationship exists with respect to citizens’ well-being. To do so, we used
Offering Advantage (OA), a formula that captures whether
a city area offers more of a certain amenity compared to
the average offering of that amenity for the whole city under study. We applied this calculation to the 332 types of
amenities present in the Foursquare dataset of Greater London. At this point, we checked what categories were related
to well-being by means of correlation analysis with control
for spatial autocorrelation. Since we were testing hundreds
of values, the chance of obtaining false positive results increased. We thus applied a technique, called False Discovery Rate (FDR), to exclude those variables which were false
positives (i.e., q-value>0.05). At the end of this process, we
obtained 11 variables. For matter of brevity, we mention
just 3: OA of fried chicken restaurants, OA of Caribbean
restaurants, and OA of factories.
Neighborhood Age (NA). As we presented in section 2,
building traditional neighborhoods or modernist ones was,
and still is, a highly contested topic. To test this idea, we
introduced a metric which measured whether a city area
offered more historic properties compared to the average offering of Greater London. To this end, we chose 1928 as temporal threshold, the year of the Congres Internationaux de
Architecture Moderne (CIAM). This represented a turning
point in the planning practice worldwide: from that point

Topic Ind. variable

p-value

IM D

*** -0.865
adj. R2 = 0.75

SNC

AO

NA

deden
ga
irr
cnr
iden
bet
osperc
f ried chicken
dentist
cricket
grocery store
f actory
golf course
Italian rest.
Af rican rest.
Caribbean rest.
wine shop
salon barbershops
preciam

β

* -0.144
* 0.043
* -0.042
-0.091
* 0.170
*** 0.146
0.032
-0.002
0.024
0.016
-0.028
-0.009
0.030
*** 0.071
* -0.039
* -0.039
*** 0.072
-0.006
*** 0.089
adj. R2 = 0.30
Moran’s index = 0.15

Table 1: Model’s outcome. Symbols’ interpretation: ‘.’ pvalue < 0.1, ‘*’ p-value < 0.05, ‘**’ p-value < 0.01, ‘***’
p-value < 0.001.

on, the modernist approach (e.g., “tower in the park”) became the norm for many new developments. We thus calculated the OA of those properties which were built before
the 1928: OA of preciam properties (preciam).

4.3

Linear regression

After having defined the areal unit of analysis, we computed the morphological metrics presented in the previous
section for the 625 London neighborhoods. At this point, we
took two steps to make variables ready to be introduced in a
linear regression model. To have more understandable and
comparable regression coefficients, we first normalized the
variables which were skewed through exponentiation and,
second, we calculated their z scores. In section 3, we showed
that socioeconomic factors did not fully explain well-being.
To quantify what urban form was able to capture of what
the socioeconomic factors could not explain, we performed
the following steps. Firstly, we performed a regression analysis with socioeconomic deprivation as independent variable
and well-being as dependent one. Secondly, we used the
residuals of this model as dependent variable in a second
regression with the metrics of urban form as independent
variables. The last step consisted in checking whether residuals showed or not spatial autocorrelation. To ascertain this
point, we used a technique called Moran’s test.

5.

RESULTS AND DISCUSSION

The result of the correlation analysis presented in section
3 was confirmed by the outcomes of the regression analysis.
IMD was able to explain 75% of the variance of well-being.
To quantify the explanatory power of urban form, we input
the residuals of this first model into a second one, with the
19 metrics descriptive of the urban environment as independent variables. We present a summary of the results below,
for more details please refer to Table 1. The model showed
an adjusted R2 value of 0.30 with the most important and
significant regression coefficients being Intersection density

(β = 0.17), Betweenness (β = 0.15), and Dead-end density
(β = -0.14). The Moran’s test for this model was significant
with an observed index of 0.15, meaning that only small
traces of spatial autocorrelation were present in the residuals. The results highlighted the existence of a relationship
between urban form and well-being. By looking at signs
and strengths of β coefficients, we suggest that the typical London neighborhood with good levels of well-being has
the following characteristics: it is well-connected and easily accessible (negative value of deden and positive value of
bet), it is characterized by green areas and predominance of
historic properties (positive values of ga and preciam), its
street network is dense and tends to be grid-shaped (positive value of iden and negative value of irr). For what concerns the Foursquare venues analyzed, Italian restaurants
and wine shops tend to be present in London neighborhoods
with good well-being levels (positive values of Italian rest.
and wine shops); conversely, African and Caribbean restaurants tend to be absent (negative values of Af rican rest.
and Caribbean rest.). Findings seem to be consistent with
what Jane Jacobs identified as thriving neighborhoods, that
is well-connected, dense, and walkalbe places characterized
by buildings of different ages [11]. We argue that this kind
of neighborhood is linked to well-being for the following reasons: a dense and well-connected street network might encourage more walking and less driving which, in turn, might
positively affect well-being in two ways: more physical activity and less air and noise pollution. A dense urban environment can also enhance social interactions which might
foster sense of belonging and perceived safety thus positively
affecting the psychological well-being of a person. Furthermore, the presence of green areas might decrease levels of
stress and air and noise pollution. Italian restaurants and
wine shops with their offering of quality food might be linked
to better eating habits, which, in turn, might positively impact people’s well-being; conversely, African and Caribbean
restaurants, which might sell less healthy food, might be
associated with a worse diet and thus to lower levels of wellbeing. This work can have practical as well as theoretical
implications. It can help urban planners and city administrators to design neighborhoods which foster the wellness of
their residents. It can be used by researchers to test other
urban theories and check whether results hold for other geographic contexts and for different time frames. This work
has three main limitations. Firstly, it is confined to London and thus results only hold, at the moment, for this city.
The second limitation concerns the direction of causality for
the relationship between urban form and well-being. This
study, in fact, does not clarify whether specific urban features attract people with higher well-being or whether the
arrival or presence of residents with more wellness attract
certain features of the built environment. We suppose that
these two causes are combined thus making very hard for
any study to disentangle them. The last limitation is linked
to the explanatory power of our model. Although the model
presented could explain the 30% of what the socioeconomic
index is not able to capture in terms of well-being, a large
part remains unexplained. It is plausible that other explanatory variables are missing (e.g., built density).
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