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Abstract

Principles of sustainability defend compactness, density and diversity as main characteristics of the optimal development of
cities. These factors support public transport efficiency, economic activity, accessibility to equipments and services, prox-
imity and walkability of streets and social exchanges in open public spaces. The Covid-19 pandemic crisis has called into
question these factors perceived as booster of infections. However, dense and compact cities can also be the synonym of a
more efficient provision of services, along with solidarity networks and creative solutions to fight the sanitary and economic
crisis. Based on Alexander’s (1965) concepts of ’tree’ and ’semi-lattice’, this study aims to identify areas in the urban tissue
that could be self-sufficient, that is functionally autonomous to manage epidemics from the neighbourhood scale. Encourag-
ing healthier lifestyles during lockdown is fundamental for social resilience. What alternative spatial approach to fighting
epidemics could perform better? How could an "intermediate confinement" based on self-sufficiency and the promotion
of healthier environments become a major priority for action? The analysis of Madrid (Spain) offers a suitable case study
due to its density, diversity and high contagiousness during the Covid-19 crisis, revealing also some issues to apply such
’intermediate confinement’ strategy, due to major spatial imbalances.
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Introduction

The sheer essence of the city implies a rapid spread of
viruses. Understood as "the being together of strangers”
(Young 1990), as "a human settlement in which strangers are
likely to meet" (Sennett 1977, p. 39), or as a "large, dense,
and permanent settlement of socially heterogeneous indi-
viduals" (Wirth 1969, p. 148), the city is a virus-welcoming
arena, which hosts countless common face-to-face interac-
tions, and where simple space-sharing (even asynchronous)
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can be contagious. City dwellers typically build complex
social networks that show distinct properties (Batty 2013,
2020), two of which are crucial in pandemic times. First,
the existence of many "weak ties’ (Granovetter 1973) linking
heterogeneous groups. Second, the redundancy and resil-
ience of networks, meaning that any pair of individuals are
communicated by not one but many social chains. These two
properties explain why diseases like Covid-19 spread rapidly
and exponentially, and why it is impossible to stop a virus by
identifying and blocking specific few links, types of interac-
tion, or by targeting key super-spreader individuals or places
(Batty 2020). On the other hand, the same two properties
partly explain some of the wonderful phenomena unique
to cities, such as creativity, innovation, solidarity and the
respect towards social diversity (Fincher and Iveson 2008;
Mumford 1938, p. 457).

With regards to the benefits of cities, one of the most
successful authors in grasping and communicating these
concepts was Christopher Alexander, who asserted that "a
city is not a tree", but a ’semi-lattice’ (1965). These two
concepts are different metaphors describing the shape of
urban systems from a structuralist viewpoint. A tree is a
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hierarchical, simple structure: one thick trunk, then several
branches, then many more twigs, up to multiple leaves. It is
not merely a question of numbers, but a relational feature:
each leaf is linked to only one specific twig and each twig
to one specific branch. This many-to-one system results in a
very simple, controllable, never spontaneous structure. After
World War-II and all around the world, rationalist archi-
tects and planners found that "trees" were a very useful tool
for planning neighbourhoods and whole cities. Dwellings,
neighbourhoods, districts, towns, and metropolitan areas
were imagined as Russian dolls, with implications for all
sorts of urban systems, e.g. the road network—a hierarchy of
local streets, collectors, arterial roads and freeways—. This
type of order was intensely criticized by Alexander (1965)
and other authors. Alexander hypothesized that the tree
simplicity relates to the human mind difficulty to grasp and
plan complex structures. However, he defended less hier-
archical, more complex and subtle systems where overlaps
and ambiguities could be possible and even common, to
support the implicit spontaneity and randomness of social
contacts in cities. This type of structure called ’semi-lattice’
has been considered the trigger for social cohesion, soli-
darity, cross-fertilization, serendipity, creativity, resilience,
aesthetics, and many other vital urban phenomena (Cullen
1961; Hertzberger 1991; Jacobs 1961; Mumford 1938). On
the same page, the majority of planners and designers have
been fighting to make these principles underpin their propos-
als despite the obstacle of inheriting very rationalist plan-
ning tools (Carpio-Pinedo et al. 2020; Farifia Tojo and Ruiz
Sanchez 2002; Ruiz Sanchez 2002) ...until the Covid-19
pandemic arrived.

The Covid-19 crisis has called into question the structure
of urban systems, along with other principles of sustainable
cities like density and complexity, although these factors of
urban sustainability can support the provision of services
more efficiently and develop community-based solidarity
networks to get over any crisis. Today many planners fear
the return or intensification of sprawl and single-use zoning
models as well as the intensification of private automobile
demand.

The spatial approach for fighting the first wave of Covid-
19 in Spain has been disappointing and extreme (home-
based lockdown), ignoring and neglecting the benefits of the
local environment with regards to many other health issues.
Because the network of interactions in cities is so dense and
redundant, the stay-at-home rule leading to total lockdown
has been the most common spatial approach: no semi-lat-
tice, no tree, only cut leaves. If long-lasting, total lockdown
may be counterproductive. Staying at home implies physi-
cal inactivity and sedentary lifestyles, loneliness and social
isolation in all forms for an important share of population,
attacking active lifestyles and mental health, especially for
vulnerable groups or people with any kind of dependency.

Additionally, homes, buildings and close neighbourhoods
and environments were found as unhealthy and uncomfort-
able spaces where it is impossible to combine household
with productive work. Total lockdown approaches have also
ignored the geographic and social asymmetries of the pan-
demic, which has reinforced social and health inequalities
already present in the city (Comunidad de Madrid 2017).
Later, the transition plan to lift the lockdown restrictions
included measures like the possibility of a stroll within a 1
km radius around the home address, which is radically dif-
ferent depending on the type of urban fabric where one lives
in. Further, the transition decisions were made on provinces
as spatial units, which exceeded the scale of everyday life.

The second wave of Covid-19 has been approached dif-
ferently, focussing on lockdown measures at the scale of the
municipality but, in the case of Madrid city, also at the scale
of basic health zones—administrative boundaries unrelated
to local communities or the functional spatial system of the
local environment. The results have included some grotesque
sights, like one main street pavement under strict lockdown
restrictions but not the opposite pavement.

Could we think of more imaginative lockdown spatialities
to optimize the fight against the virus along with healthier
lifestyles and the benefits of the local environment? We first
argue that the city is not a tree but, in temporary pandemic
situations, must sometimes be a tree. We propose a spatial
rearrangement and fragmentation of cities based on the spa-
tial analysis of the access to basic facilities by foot. The
division of cities into basic functionally self-sufficient units
("local shelters") can inform an ’intermediate confinement’
policy: if the pandemic is under control in the local environ-
ment, going out of home is allowed as long as staying within
the boundaries of the ’local shelter’ and maintaining basic
social distance principles. Using GIS tools and data, we test
this approach to the case study of the city of Madrid (Spain),
which reveals the adequacy of the approach in some city
areas but also some possible issues of the proposed approach
and, in particular, spatial imbalances both as overlaps and
lacks of access to basic facilities.

Health and urban planning: a literature
review

The city shaped by pandemics and other health
issues

Cities and urban infrastructures have historically evolved
progressively due to multiple trends, dynamics, technologies
and needs. However, health problems have been one of the
major concerns to implement urban policies and regulations,
and are at the core of the sheer birth of planning theory and
practice in the nineteenth century.
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Table 1 Comparative urban health factors pre Covid-19

10 Healthy Streets’ indicators (2019)

Delivering healthier communities

Healthier neighbourhoods (2020) Urban planning factors

London (2017). Reduction of Euro-

pean diseases

C R (0] Th A MH Walkable Greener Coexist-
ence
spaces
Pedestrian from all walks of life X X Mobility
Easy to cross X X X X X Mobility
Shade and shelter Microclimate urban conditions
Places to stop and rest Urban design
Not too noisy X X X Environmental
People choose to walk, cycle and use  x X X X X X X Urban design
public transport
People feel safe X X Land use, diversity
Things to see and do X Land use, complexity
People feel relaxed X X X X Urban design
Clean air X X X Environmental

C cardiovascular, R respiratory, O obesity, Th thermal stress, A acccidents, MH mental health

Source: Author’s elaboration accordingly to “Healthier Streets check indicators (2019), “Delivering healthier Communities in London” (2017)
and “Guidelines for healthier public spaces for the elderly population. Recommendations in the Spanish context.” (Higueras et al. 2019)

Three major types of interconnected public health issues
exist in cities:

e environmental: produced by some source of pollutant
emissions in water, air, electromagnetic waves, etc.;

e transmissible: attracting the world current attention due
to Covid-19, but also including Ebola, flu, bubonic and
other contagious diseases, where zoonosis is a major
topic from the perspective of epidemiology;

e non-transmissible and non-communicable: identified
as major public health issues in contemporary cities,
affected by built environments and urban lifestyles, e.g.
cardiovascular problems, obesity, mental health and lone-
liness.

Transmissible and contagious diseases like the Black
Death or Spanish flu have justified the regulation of hous-
ing standards to improve ventilation and fight overcrowding,
along with quarantines and social distancing (Nevius 2020;
Strochlic and Champine 2020), the spatial control of certain
activities with international links like trade (Bashford 2016;
Rose 2020).

Transmissible diseases from animal to human has influ-
enced the location and sanitary standards of certain facilities
in cities, such as slaughters and markets (Connolly 2020).
Because the Covid-19 outbreak in Wuhan has been related
with a food market, this issue has gained attention recently
(Huang et al. 2020).

The creation of water supply and sewage infrastructure
(Gandy 2006), the relocation of pollutant industries out
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of residential areas, and the introduction of green areas in
the city have been mainstream strategies for public health
institutions and policymakers (Crompton 2013).

The Hygienist and Modernist Movements in the first
half of XX century were aligned with these strategies
(Wald 2020), but introduced new radical principles that
affected sustainability and health in cities dramatically:
dependence on automobile mobility, lack of pedestrian- or
transit-oriented areas, land use zoning, social segregation
(Shah 2010; Hendrickson and Mark 2020), spatial frag-
mentation, and increased disparities in terms of health in
every city (Hutson et al. 2012; Lovasi et al. 2009). Fur-
ther, the lack of a gender-sensitive perspective in planning
for decades has resulted in the unequal access to basic
services (Carpio-Pinedo et al. 2019; Horelli et al. 2000;
Horelli and Wallin 2013).

For decades, promoting healthy cities has been a major
objective for the World Health Organization (WHO 2010)
as "places that are progressively increasing their physical,
social and environmental well-being and that uses their own
resources to improve them for all the people in the commu-
nity". The Health 2020 strategy (WHO 2020), the European
Territorial Agenda 2020 (Territorial Agenda 2011), and the
European Disability Strategy 2010-2020 Action Plan (Euro-
pean Commission 2011) have underscored the role of urban
planning and design in promoting healthy environments.
However, the greatest attention until the Covid-19 crisis
was the fight against sedentary lifestyles and risk factors
for non-communicable diseases (Mayor of London 2017),
as shown in Table 1.
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In that context, planning strategies towards healthier cit-
ies were focussed on promoting walkability and air pollution
reduction through traffic restrictions, along with creating
better conditions for active aging” (WHO 2002).

In line with this rationale, the Sustainable Develop-
ment Goals (SDGs) 2030 (United Nations 2015) promote
urban density, complexity, land use mix, proximity to green
areas, public transport provision and facilities at accessible
locations.

As Covid-19 pandemic sprawled on 2020 worldwide, the
strategy must be updated and the consensus renewed. The
aforementioned urban factors are now controversial: while
some authors have stanched that SDGs-related factors such
as density and public transport are incompatible with stop-
ping contagion in large cities (Faus Onbargi 2020), others
claim that only the dense city can preserve and articulate
sanitary, solidarity and security measures (Sennett 2020).

Although there are some risk differences between the
infectious and non-infectious diseases, density and complex-
ity are essential factors of the desired city for many (Bos-
selmann et al. 1999; Jacobs 1961; Mumford 1938), and can-
not be now stigmatized as simple risk factors, but defended
and reconsidered as an opportunity to fight pandemic holis-
tically. The experience of the Covid-19 crisis has proved
the importance of neighbourhoods where individuals enjoy
mutual support and solidarity networks, care and provision
of food and goods (Davies 2020; Higueras and Pozo 2020;
Lopez 2020).

Response to pandemics in urban contexts

In some contexts, the sanitary emergency is overshadow-
ing the major health issues that were affecting pre-Covid-19
cities, as presented in the previous section. In this sense,
urban planners, and policymakers all around the world have
found an opportunity and are calling for creativity and new
measures to promote healthier environments and Sustainable
Development Goals rapidly (MacArthur 2020).

Total lockdown in countries such as Spain—where it has
been restricted all non-essential displacement (Royal Decree
463/2020)—has negatively affected many people, and espe-
cially the most vulnerable. While authorities have consid-
ered "homes" as "shelters" against the virus, these spaces
have shown important contradictions. Lack of housing qual-
ity (isolation, ventilation, light or space) and the restrictions
to go out (social isolation, loneliness, and lack of physical
activity) may have serious consequences on physical and
mental health, which will start to be evaluated in the fol-
lowing months. Evidence shows that built environments are
related to cardiovascular diseases (Franco et al. 2017; Lovasi
et al. 2009). In addition, spatial disparities in Covid-19 are
evident and have affected low-income, women and immi-
grant communities more intensely (Buchanan et al. 2020;

New York City Department of Health 2020), representing a
major problem concerning health equity.

Many strategies have aimed to reduce the spread of infec-
tions while maintaining certain economic activities by estab-
lishing social distance regulations (Nishi et al. 2020). In this
sense, the reduction of direct interactions might contribute
to a higher isolation and segregation based on age, education
or income differences (Block et al. 2020). Another strategy
explored has been “balancing groups”, which represents a
redirection of individuals to alternative similar locations
to balance the number of people gathering at each target
area. In turn, other studies have confirmed the effectiveness
of mobility restrictions so as to control the spread of the
virus (Schlosser et al. 2020). Finally, many cities across the
world have been implementing bespoke re-design projects
for outdoor spaces to promote safer environments to walk or
cycle, apart from pushing the sustainability agenda forward
(NACTO and Global Designing Cities Initiative 2020; UK
Government 2020).

In this paper, we explore the conditions that could support
a better understanding of city structure and future spatial
policies regarding mobility restrictions while maintaining
the access to the majority of urban services.

Local self-sufficiency: tree-liked city proposals
in history

The idea of conceptualising and shaping cities as a con-
stellation of self-sufficient local communities was a popular
planning principle for most of the twentieth century, but also
a widely criticized one. Christopher Alexander’s article "A
city is not a tree" (Alexander 1965) underscored that urban
structures must not be shaped as such hierarchically ordered
spatial structures, but promoting different sorts of intercon-
nectivity, complexity, overlaps and asymmetries (shaped as
’semi-lattices’).

Alexander’s main criticism is that the essential difference
between the artificial (i.e., planned) and the natural (i.e.,
spontaneous) city, is a structural principle: while the natural
city has the organization of a semi-lattice, we plan cities as
tree structures, meaning that "within this structure no piece
of any unit is ever connected to other units, except through
the medium of that unit as a whole". The result is a city
that obstructs liveability and variety (Jacobs 1961), as the
artificial tree city concept destroys the natural and necessary
overlap of human activities, which is best represented by
semi-lattice structures. Another harmful assumption derived
from tree-like thinking is that there is a deterministic relation
between the designed object -the city- and its appropriation
by social groups: "the physical layout of the plans, and the
way they function, suggests a hierarchy of stronger closed
social groups, ranging from the whole city down to the fam-
ily, each formed by associational ties of different strength".
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Further, Alexander challenged the use of tree structures for
city planning even in the case of administrative units, more
precisely in terms of their political functionality.

However, some positive features of tree-structures can
be found by a closer look to one of the examples in Alexan-
der’s paper. The "Neighbourhood Unit" (NU) appeared as
a concept of self-sufficient community and became one of
the most pregnant concepts in city planning. The NU was a
concept coined by Clarence Perry in 1929, variously defined
as a place, a community and a policy unit (Baffoe 2019).
As a policy unit or tool, NU has been incredibly success-
ful in twentieth century planning so it is explicitly found in
Abercrombie’s 1943 London Plan, the English New Towns
from the 1950s to the 1980s, Costa and Niemeyer’s Brasi-
lia superquadras, Le Corbusier’s Chandigarh Sectors and,
more recently, in Duany and Plater-Zyberk’s "New Urban-
ism". However, and as expected in a tree-like structure, NU
reinforces the problems of limited variety, scarce overlap-
ping, repetition, and hierarchy (Hillier 1988). In contrast,
authors like Patricios (2002) argue that naive social deter-
minism (i.e., creating communities by design), should not
be blamed on the original conception of NU,' because the
NU is primary an urban design concept aimed at changing
the way undifferentiated low-quality peripheries were built.
The focus was on the physical aspects of the concept, aiming
at ensuring good life standards for the medium class. And
this is where the concept could be helpful today: what are
NU characteristics to provide a local environment with good
living conditions?

The principles of the NU are well-known due to its suc-
cess and Perry’s graphic summary (Fig. 1):

e Focus on high-quality residential suburbs. The impor-
tance of open space, public facilities (school and com-
munity centre), shopping units at a walkable distance
(R=1/4 mile, "best when all sides are fairly equidistant
from centre").

e Highlighting the definition of clear units of residential
development, supported by size limitations ("it should
house enough people to require one elementary school"),
clear boundaries (surrounding roads), and by creating a
community centre at the core ("only neighbourhood-level
institutions").

! On the contrary, Patricios argues that the inclusion of social objec-
tives within the aims of the NU was done lately by officials and prac-
titioners, when it was adopted in the rest of the U.S., or in other coun-
tries around the world. In fact, over twenty organizations, from the
Urban Land Institute, the American Institute of Architects, and the
American Society of Planning Officials to the National Association
of Home Builders, supported some or all of the neighbourhood unit
principles (Solow et al. 1969, in Patricios 2002).
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e Hierarchical principles, clearly expressed in facility and
road classifications, where the NU boundaries were arte-
rial streets.

As will be presented in the next section, these charac-
teristics make the NU concept a suitable candidate in the
definition of self-dependent "shelters", "intermediate con-
finement" units during pandemics. Further study and adapta-
tion will be obviously needed, paying special attention to the
relationship between facility areas and people’s perception
of what they consider their neighbourhood (Haynes et al.

2008).

Methodology
Case study and data sources

The case of the city of Madrid helps to test the approach.
Madrid has been one of the cities where the Covid-19 pan-
demics during the first and second waves of 2020 have had
the most dramatic impact in Spain (Spanish National Centre
of Epidemiology 2020) and Europe. However, the advan-
tages of choosing this case study relate more to the rich
variety of urban environments with regards to density, land
uses and morphology. The majority of trends in the His-
tory of City Planning have been applied in Madrid (Bataller
Enguix et al. 2004) (Tables 2, 3).

Another reason is the longstanding priority of the local
governments of providing good access to a variety of basic
services and facilities (Lopez de Lucio 1999) and the tested
potential of the urban context to be reorganized as functional
self-sufficient local environments (Hernandez Aja 2007).

Open-data from Ayuntamiento de Madrid and Comuni-
dad de Madrid have been used, corresponding to the city and
regional levels of political action (Ayuntamiento de Madrid,
n.d.; Comunidad de Madrid. Instituto de Estadistica, n.d.).
Both data sets can be considered 'open data’, being easily
accessible at no cost and with permits of reuse, transforma-
tion, and publication (Nugroho et al. 2015).

A new spatial approach: local shelters
for intermediate confinement

This paper proposes a new spatial approach to fight pandem-
ics while promoting healthier environments. The main argu-
ment is that, between the inevitable rapid spread of viruses
in cities-as-usual and the extreme home-based lockdown, an
intermediate approach is possible and desirable to fight the
pandemic while promoting healthy lifestyles: staying in the
local environment, strengthened as "local shelter". The fol-
lowing diagram (Fig. 2) illustrates this idea, using Alexan-
der’s type of diagrams. "Local shelters" have great potential
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Table 2 Urban factors risk with main European diseases and infectious diseases (post Covid-19)

Main diseases in European Cities High density Lack public ~ Low typologi- Lack of green areas Zoning -Land use High

transport cal variety spatial distribution ~ Mobility
by car

Obesity Medium High Medium High High High
Cardiovascular disease High High Low High High High
Respiratory Diseases High High Medium High Medium High
Heat or Cold Stress Shocks High Low High High High Low
Accidents High High Low Low Low High
Mental Health High High High High High High
Infectious diseases post Covid High Low Medium Medium High Low

Source: Authors’ own based on data from Delivering Healthier Communities in London (2007) adding infectious diseases post COVID-19

Fig. 1 Principles of the
Neighbourhood Unit. Source:
Authors’ own (2020) redrawing
Perry’s scheme for Neighbour-
hood Units (Perry 1929)

Area in open development preferably
160 acres in any case it should

house enough people to require one
elementary school. Exact shape not
essential but best when all sides are
fairly equidistant from centre.

A shopping district
might be substituted
for church site

Interior streets not wider
than required for specific
use and giving easy
access to shops and
community centre

[\c

institutions at community

—
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A Only neighbourhood
.
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10% of area to recreation
and park space

§
1
]

s e — Shopping districts in
1'|' Samast ‘] periphery at traffic
L— junctions and preferably

for reshaping public spaces and activating local economy
towards healthier environments to improve quality of life.
Distant mobility should be reduced to the minimum, and
transport infrastructure networks rethought as they can act
as a great social-mixer (Carpio-Pinedo 2019), with network
"weak links’ spreading the virus from one group (or neigh-
bourhood) to another. However, if the city were reorganised
temporarily as a collection of "neighbourhood units", as
self-sufficient as possible, without contact from unit to unit,
then these local environments could become real "local shel-
ters" for an intermediate confinement that supports healthier

bunched in form
I 'l I

lifestyles during the pandemic and with positive outcomes
afterwards.

This means that the approach to authorizing/forbidding
activities would be spatial rather than per type of activity:
activities like going to work, shopping, and to a bar could be
allowed, but only locally. People working in the area where
they live could still go to work, but longer distance commut-
ers would have to work from home or find a temporary work-
ing station locally. Imaginative, innovative, temporary deals
could be possible, like a "desk-exchange", which would ena-
ble citizens to still have a place to work out of home.
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CITY AS USUAL City centre(s)

Local centres

Homes

STAY AT HOME

INTERMEDIATE
CONFINEMENT

(ISR ZAN [\
dés660v0o0uso0o0eosbo0d

Fig.2 Diagram of the new proposal for an intermediate confine-
ment. In green, connexion between different scale of activity centres.
In red, connections that might disappear during lockdown measures.
In the diagram “city as usual”, all the connections are free and open.
In the second case, with the lockdown measure to stay at home, all
these connections disappear. In the third case, intermediate confine-
ment would stop bigger connections between urban areas and local
accessibility remain open and free, with the possibility to enable cer-
tain restrictions in specific vulnerable or out-of-control areas. Source:
Authors’ own (2020).

"Local shelters" could be the right middle scale to fight
the pandemic since they would optimize the other very
important health issues (cardiovascular, mental, etc., espe-
cially for ageing population), as well as enabling the neces-
sary social contact to develop a local network of solidarity,
which may also be key to fight the socio-economic impact
of the pandemic.

Further, a fragmentation of the city space into local shel-
ters has the potential to support a smarter spatial manage-
ment of the pandemic asymmetry. Out-of-control contagion
in some areas would definitely lead to the total home-based
lockdown that all Spanish citizens have recently experi-
enced. However, if the virus is under control or not present
in other areas, local movement and interaction could be
allowed (Fig. 3).

This approach is based on a rationale and concepts that
can be perfectly generalized and reproduced in other cities
and countries, using similar data inputs and analytical steps.
The case of the city of Madrid is appropriate because its
great diversity of urban fabric types enables a more complete
test of the approach.

Analysis steps
The first task has been identifying existing local centres,
understood as the locations with high foot-access to a high

number of basic facilities, to measure the accessibility
enjoyed by city dwellers. These basic facilities are selected

¥

Out-of-Control
Contagion

Virus-Free /
Under Control

Fig.3 Diagram of possible healthier and more efficient lockdown
measures based on local shelters and intermediate confinement.
Source: Authors’ own (2020).

from municipal regulations of local equipments and services
that should be included in urban districts such as educational
and sanitary equipments, green spaces and parks, leisure
and sportive centres and groceries and pharmacies. Hence, a
synthetic opportunity accessibility index will be calculated,
customising walkability indexes such as Walkscore (Carr
et al. 2010) for health purposes. For each type of facility,
service areas are drawn constrained by the street network,
which is affected by street geometry-density and connectiv-
ity- and capturing on-foot accessibility better than Euclid-
ean circles (Gutiérrez and Garcia-Palomares 2008). Two
distance thresholds have been considered (400 and 800 m),
corresponding to a 5- and 10-min walk respectively, and
based on the local literature on spatial access to facilities
(Carpio-Pinedo et al. 2019; Hernandez Aja 1997). The clos-
est service area (0 — 400 m) receives 2 points, while the
second area (400-800 m) receives 1 point. As per previous
literature (Carpio-Pinedo et al. 2019), access to shops was
evaluated using the total number of shops accessible at 400
m, as described in Table 3.

By summing up all points from individual facility acces-
sibility evaluations, the total score represents the overall
level of provision of basic services, understood here as ’local
centrality’ (Fig. 4), and a first approach of the spatial voca-
tion of "local shelter".

The second task has been to draw possible boundaries for
the "local shelters" that can sustain the "intermediate con-
finement" to face pandemics while enjoying the benefits of
the local environment for other health issues, such as social
exchange, physical activity and exercise, solar exposure
and contact with nature. When possible, the local shelter
boundaries are adjusted to the most intuitive urban barri-
ers like motorways and large green areas, which are more
context-aware physical or cognitive neighbourhood borders
than the official administrative divisions.

Drawing local shelter borders has enriched the discus-
sion, due to the very diverse situations related to the unequal
levels of access to basic services across the city. Opposite
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Fig.4 Visualization of local centralities in San Blas-Canillejas District (Madrid East). Source: Authors’ own (2020) using GIS tools

situations of both excess and lack of provision are not rare,
and correspond with the diversity of urban fabrics. Further,
by considering demographic data, it is possible to identify
the local shelters where a higher number of vulnerable peo-
ple live, and where more cautious policies and extraordinary
resources may be targeted at. Likewise, the local shelters
could be the base to monitor the number of contagions, so
that intermediate confinement could be allowed in local
shelters where the pandemic is under control whereas total
home-based lockdown is limited to out-of-control areas.

Results and discussion

After calculating the total score of access to basic facilities,
the first clear observation is that the existing official neigh-
bourhood boundaries or health areas cannot possibly be the
base to sustain the intermediate confinement proposed. The
official boundaries have little to do with the distribution of
facilities and the local centres deduced. Often these bounda-
ries divide what we understand as a local centre in two or
more official fragments, with no consideration of its func-
tional potential. High streets are often the official boundaries

¥

dividing official neighbourhoods. However, could we imag-
ine a regulation in which we are allowed to patronise one
high street side shops but not the shops on the other side?
That has already happened in Madrid’s second wave local
lockdowns. Maps in Fig. 5 show the official boundaries in
contrast with the context-aware boundaries drawn as local
shelters in this study.

After calculating the total score of access to basic facili-
ties, a significant extension of land reached quite high val-
ues. Figure 6 shows in blue all areas with more than 15
points out of 30 (the maximum possible). Whereas a little
extension of land got low scores (< 8 out of 30), most areas
reach intermediate values (12—15 points), which means that
a cut value to define a "local centre" should be higher. The
shelter boundaries have been drawn with the purpose of
not dividing areas with 20-30 points, and when possible
using areas of very low values to divide the urban territory
(Figs.7,8,9).

However, another important issue is rapidly evident:
the diversity of city fabrics results in an unequal distribu-
tion of access to basic services, and thus of local centres.
Whereas some local centres and potential urban shelters
are almost ’naturally’ defined, we can also identify many
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Fig.5 Comparison between map with official boundaries of administrative neighbourhood boundaries (left) and map with boundaries for ‘local

shelter’ areas (right). Source: Authors’ own (2020) using GIS tools

other situations, both by excess or by lack of access to basic
facilities.

First, extensive areas with very low total access were
identified, which represent "weak centrality" or no cen-
trality at all. This situation implies an obvious functional
dependence of the not-so-close, closest local centre. In
some cases, large areas are not equipped with a basic
health centre, which is another issue of dependency in
periods of pandemics. Low density, suburban areas or new

still-unequipped developments are typical cases facing
these two dependency problems.

On the opposite side, dense, diverse, central locations
reach very high access to many basic services for exten-
sive, continuous areas. Actually, too extensive for the pur-
poses of this study, because such an intense provision of
basic activities for such a large territory multiplies the
risk of virus spread. In both cases, the decision was to

¥
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Fig.6 Spatial score of access
basic services in Madrid.
Source: Authors’ own (2020)
using GIS tools
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split these large areas (both continuous centralities and
dependent areas) in smaller units.

However, this fragmentation is not ideal in terms of
functionality and quality of life. Therefore, the proposal is
that these types of local shelters could merge into *wider
local shelters’, as long as all smaller shelters are virus-free
or under control. The average area of the 90 smaller local
shelters is 243.6 hectares, while the average area of the 58
wider local shelters rises to 376.13 hectares.

Another relevant question for discussion is how these
functional areas fit with the unequal distribution of

¥

Health centres
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vulnerable groups in the city. The spatial analysis of the
ageing ratio (share of > 65 year-old population from the total
amount), over-ageing ratio (share of >80 year-old popula-
tion from the total of > 65 year old) and index of depend-
ency (<16 plus> 65 year-old over the 16—65 year-old)
shows several areas that are coincident with lack of health
centres and weak centralities. On the other hand, there are
certain areas like the city centre that present an extended
continuous centrality while there are not very high levels
of dependent or ageing population. This might be explained
due to gentrification trends in the city centre showing a clear
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Fig. 7 Diagram of functionality and management for local and wider
local shelters. Source: Authors’ own (2020). In cases with lack of
accessibility to local services, wider local shelters might be proposed
in order to assure healthy environments and equal accessibility for
citizens

Fig.8 Diagram of functionality
and management for local and
wider local shelters. Source:
Authors’ own (2020)

centre-periphery gradient in terms of ageing and over-age-
ing but not for dependency index. This preliminary analysis
presents the question of health equity and management of
equipment and services in dense cities, and reveals some ser-
vice deficiencies from the local scale in the city of Madrid,
which go beyond the pandemic crisis. This type of analysis
could be the base for a cross-cutting reorganisation of the
location of basic facilities, in order to create a more effec-
tive, balance network of spaces for proximity, care and active
ageing. s

Indeed, the local shelters proposed for intermediate confine-
ment can become an optimal intervention scale for promoting
healthier neighbourhoods too, drawing on a fine-scale analysis
of existing basic services and the everyday dynamics of the

‘:] Wider Urban Shelters
' Urban Shelters - No Health Centre

\ \ Urban Shelters - Extense Continuous Centrality

Weak Centrality

Non-residential / Unbuilt areas
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Fig.9 Ratios of most vulnerable population to lockdown meas-
ures. First map (left) shows the Ageing Ratio (%), which represents
population of 65 years old or older from the total of the population.
Second map (middle) shows the Over-Ageing Ratio (%), which rep-
resents population over 80 years old from> 65 years old population.

city. The promotion of healthier environments at this scale is
in line with the concept of the 15-min city (Hidalgo 2020) that
is currently emerging as the trigger for sustainability in urban
environments. Similarly, health management strategies are also
evolving to the local scale following a more context-aware
administration boundaries (Torrens 2018), and in relation to
other small local environments units equivalent to the Bar-
celona’s traffic-calmed "superblock” concept (Rueda, 2016),
theorized for 400 X 400-m areas.

Both health and city management are getting to a more pre-
cise and better understanding of the built environment, health
issues and data management at the local scale. Administra-
tive divisions such as basic health areas are not context-aware
and do not provide comprehensive information to analyse the
impact on public health of built environment factors like the
accessibility to basic facilities. A more-context-aware health
management could optimise not only the management of
services, facilities and data, but also constitute a more solid
ground for health promotion action programs (Ministry of
Health and Consumer Affairs and Social Welfare of Spain
2020).

¥

Third map (right) shows the Index of Dependency, which is defined
as the sum of number of citizens younger than 16 years old and older
than 65 years-old for 100 habitants of 1664 years. Source: Authors’
own (2020) using GIS tools from neighbourhood statistics of Ayun-
tamiento de Madrid (2018)

Conclusions and ways forward

The initial aim of the paper was to explore the possibili-
ties of moving from an extreme home-based confinement
scheme to a more urban context-aware and healthy strat-
egy: neighbourhood-based, reordering movement, provi-
sion of service and health monitoring in episodes such as
the current Covid-19 crisis. The analysis of the on-foot
accessibility to basic services in Madrid shows the oppor-
tunity of making compatible the sustainable city variables
(density and complexity), with the definition of temporal
“intermediate confinement’ self-dependent units to manage
pandemic situations but also to improve health manage-
ment actives thanks to a network of proximity providing
services and equipments for health promotion.

Applying the principles of the neighbourhood unit,
the ’intermediate confinement’ in ’local shelters’ has
demonstrated its potential to face possible epidemic out-
breaks following a smarter spatial strategy. Moreover, this
approach confirms some major inequities in cities, being
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useful to identify the lack of basic services and healthy
environments in certain neighbourhoods and in a context
of increasing dependent populations. Thus, this approach
can be the base to identify the areas requiring re-equip-
ment and upgrading. The methodology could provide a
more sensitive approach to combine the ongoing programs
in many cities seeking regeneration, sustainability and
health, in line with the new urban utopia of the ‘15-min
city’ (Pisano 2020; Willsher 2020).
Some ways forward could include:

e Testing the methodology in cities of different morphol-
ogy, which may show dissimilar patterns of accessibil-
ity to basic services.

e Establishing a more complex, data-based and com-
puter-assisted process to define the precise boundaries
of ’local shelters’, like the analysis of land use comple-
mentarity at the street-segment level (Carpio-Pinedo
et al. 2021).

e Also, using local residents’ insights framed in participa-
tion processes.

e The transition towards the coordination between the
’local shelters’ defined and the official health system
areas, at the local and district levels, or even evolving
to a more effective system where health management is
based on community actives and health prevention.

e The identification of key roads and streets to access
the local facilities in each ’local shelter’, and a proto-
col to increase its pedestrian capacity (with quick "tac-
tic urbanism" measures first, a complete refurbishment
later): measures to provide adequate, safe spaces during
lockdown but also to improve connectivity between stra-
tegic spaces in the surroundings, to implement policies
to take cars out of the public streets and, consequently,
to promote walkable pathways in safe, comfortable and
attractive streetscapes.

Local authorities can play a major role to face the chal-
lenges that will arise in future pandemic scenarios and this
major decentralisation could support a smarter, healthier
organization of the sanitary response for prevention, along
with the development of local solidarity networks, and
deliver a better quality of life and health conditions during
these episodes in cities.
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