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Abstract \With the onset of the coronavirus disease 2019 (COVID-19) pandemic, public health measures such as physical distancing were
recommended to reduce transmission of the virus causing the disease. However, the same approach in all areas, regardless of context,
may lead to measures being of limited effectiveness and having unforeseen negative consequences, such as loss of livelihoods and food
insecurity. A prerequisite to planning and implementing effective, context-appropriate measures to slow community transmission is an
understanding of any constraints, such as the locations where physical distancing would not be possible. Focusing on sub-Saharan Africa,
we outline and discuss challenges that are faced by residents of urban informal settlements in the ongoing COVID-19 pandemic. We describe
how new geospatial data sets can be integrated to provide more detailed information about local constraints on physical distancing and
can inform planning of alternative ways to reduce transmission of COVID-19 between people. We include a case study for Nairobi County,
Kenya, with mapped outputs which illustrate the intra-urban variation in the feasibility of physical distancing and the expected difficulty
for residents of many informal settlement areas. Our examples demonstrate the potential of new geospatial data sets to provide insights
and support to policy-making for public health measures, including COVID-19.

Abstracts in U F13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

The need for context-appropriate public health measures to
slow or interrupt community transmission of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) during
the coronavirus disease 2019 (COVID-19) pandemic was set
out in a 2021 paper.’ The authors described the challenges of
physical distancing measures, which require keeping a distance
of at least 1-2 m from other people and avoiding crowds and
large gatherings. These measures were initially implemented
in high-income countries, but later adopted by low- and
middle-income countries without adaptation to the different
contexts."” In particular, the authors highlighted the issue
of urban informal settlements in sub-Saharan Africa, draw-
ing on examples from Kenya, Uganda and United Republic
of Tanzania." While informal settlements can take different
forms,” urban informal settlements in these locations are often
overcrowded, with amenities shared between households. In
these settings, both physical and socioeconomic factors make
it challenging, if not impossible, for individuals to effectively
practise physical distancing."* The feasibility of applying other
interventions to reduce SARS-CoV-2 transmission also varies
across settings. Conditions that can contribute to rapid com-
munity transmission of SARS-CoV-2 include insufficient ven-
tilation of buildings; limited access to handwashing facilities
or SARS-CoV-2 testing; and difficulties in practising physical
distancing due to lack of space for isolation or inequalities in
access to private transport.

Several studies have aimed to identify geographical
variations in SARS-CoV-2 transmission risk in relation to
socioeconomic and demographic factors and the physical
characteristics of the built environment (the technical term
is urban form). A social vulnerability index, applied at the
sub-county level with national coverage, was developed for
Kenya.’ This index incorporated indicators of socioeconomic

deprivation and population characteristics, including the per-
centage of people living in informal settlements and in camps
for internally displaced people.” However, the spatial resolution
at sub-county level masked heterogeneity, especially where
informal settlements encompass only a small portion of a sub-
county. A similar study aimed to identify high-risk locations
for disease transmission in several cities (Cairo, Kinshasa and
Mumbeai), considering population density, building height and
associated floor space area, as well as access to public toilets
and water points.®” A third study in Cape Town, South Africa,
identified the small spacing between dwelling units in informal
settlements as posing a challenge for physical distancing.®
These studies have shown the intra-urban geographical varia-
tion in risk factors associated with community transmission,
and highlighted informal settlements as potentially higher
risk locations. The geographical coverage of these studies
was limited, however. Even if it is assumed that all informal
settlements in sub-Saharan African cities experience these
challenges, the locations and extents of these settlements are
not routinely or consistently mapped.’

Identifying locations within urban areas where physical
distancing is not possible is therefore a key consideration in
planning context-appropriate interventions to reduce the
spread of SARS-CoV-2, as well as for future outbreak prepared-
ness. We highlight how new forms of detailed geospatial data
can be integrated to explore the feasibility of physical distanc-
ing within urban areas in sub-Saharan Africa, including within
informal settlements.

Population density

At high population densities, the number of potential close
contacts increases. For SARS-CoV-2, which involves airborne
transmission,'” high population densities have the potential to
facilitate rapid transmission of the virus, particularly in poorly
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ventilated settings. If population density
is defined as the number of people per
geographical area, high population den-
sities in high-income country settings
are often associated with multi-storey
buildings. Such buildings, while present
within sub-Saharan African cities, are
not the norm for residential dwellings
in most cities. High population densities
are more typically found in informal
settlements,'’ where dense agglomera-
tions of one- or two-storey structures
are common.

Within urban centres, high popula-
tion densities can occur temporarily or
can persist over longer time periods;
population mobility means that the
spatial distribution of the population
is not constant.'>"” Temporary high
population densities can be a singular
occurrence (such as crowds associated
with an event) or occurring on a regu-
lar basis (such as daily commuters at a
transport hub). If not combined with
guidance on adequate ventilation and
correct wearing of protective masks,
high population densities — whether
temporary, routine or persistent — may
facilitate rapid transmission. Ventilation
of a space entails the introduction of
clean air from outside and the removal
of stale air, through natural or mechani-
cal means. Ventilation needs are in part
determined by the number of people in
a space; if changes cannot be made to ad-
equately increase ventilation, then limits
on occupancy rates may be needed.'*"”
Ventilation is particularly important in
non-residential settings, such as work-
places, schools, places of worship and
universities, where different households
mix and crowding may occur.

To understand how population
density varies geographically within
urban areas, high-resolution popula-
tion data sets are needed. Open-access
gridded population data sets, which
consist of population counts mapped
to a regular grid, are available globally
with population counts for grid cells of
approximately 100 m x 100 m."®"” These
data show the variation in population
density in a consistent way, both within
and between cities. Such data sets en-
able estimates of population density
to be calculated for smaller areas than
publicly available population data that
are linked to administrative units. Na-
tional censuses are generally considered
to be the standard source for population
data and reflect residential population
density.'® Alternative data sources can

help capture temporal changes in popu-
lation density, such as call detail records
or global positioning system (GPS)
data from mobile phones or location
data from social media websites.'*"*"!
Although such data sets can provide
detailed information on population
movements, the data are not openly
available, can be representative of only
a subset of the population, and may have
limited geographical coverage.”

Urban form

The structure and layout of a built
environment also affects the feasibil-
ity of physical distancing. Quantifying
measures of urban form relies on spatial
data of the built environment, which
until recently have generally only been
available with national coverage for
high-income countries. The growth in
computing power, machine learning
algorithms and satellite imagery have
enabled the recent development of new
data sets of building footprints (the out-
lines of buildings),” covering multiple
countries in Africa.”** Together with
established, but increasingly detailed
sources, such as OpenStreetMap,?*
these data provide new insights into
the urban form of sub-Saharan African
cities. The data enable metrics such as
the footprint area of buildings and the
space between buildings to be estimated.
However, building characteristics which
may influence the feasibility of physi-
cal distancing and ventilation, such as
building height, construction materials
or number of rooms, are generally not
available.”

In addition to population density
and urban form, the ease of disease
transmission and the feasibility of physi-
cal distancing are affected by a range
of socioeconomic factors, including
people’s reliance on daily wages, use of
public transport and use of shared toilet
facilities and water sources.”* Data on
socioeconomic factors are collected
through periodic household surveys,
such as those conducted as part of
the Demographic and Health Surveys
programme.”® Cluster-level survey data
can be interpolated to create gridded
surfaces using geostatistical modelling
techniques;” for example the estimated
percentage of the population living in
households using an improved water
source, mapped for grid cells of 5 km by
5 km. However, such data do not provide
sufficient spatial detail to map local-level
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variation in socioeconomic factors at the
intra-urban scale.

Using geospatial data

Imposing physical distancing rules to
reduce community transmission of
SARS-CoV-2 assumes that physical
distancing is feasible everywhere. As is
increasingly evident, particularly within
urban areas in sub-Saharan African
countries, physical distancing may not
be feasible."***! For interventions such
as physical distancing to be effective,
context-specific factors need to be
considered.” The growing number of
geospatial data sets provides increasing
spatial coverage and unprecedented
levels of detail, enabling greater insights
at the intra-urban scale. The increasing
use of online interactive maps and data
portals also enable a wider audience,
including policy-makers and the pub-
lic, to interact directly with mapped
data.’>* In the context of the COVID-19
pandemic and public health manage-
ment more broadly, new geospatial
data sources can provide both technical
specialists and decision-makers with the
detailed information that is needed to
plan strategies that are adapted to the
specific context.

An example of harnessing recent
developments in geospatial data is the
ease of social (physical) distancing index
developed for sub-Saharan Africa.** Ease
of physical distancing is calculated based
on estimates of population density and
the proportion of space occupied by
buildings. Index values range from 0 (no
expected difficulty in physical distanc-
ing) to 10 (extreme difficulty in physical
distancing), mapped for small areas,
which are bounded by physical features
such as roads, railways, waterways. Map-
ping index values for small spatial units
highlights intra-urban variation in the
feasibility of physical distancing, with
high index values often associated with
informal settlements. These insights are
relevant to those who are planning in-
terventions to reduce community trans-
mission of disease. A second example,
which also uses building footprint data,
calculated distances between buildings
to assess the risk of disease transmission
and the difficulty of practising physical
distancing.® This approach was limited
to two informal settlements in Cape
Town, but could be applied more widely
given the recent development of new
building footprint data sets.
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Fig. 1. Mapped outputs for the ease of physical distancing index for Nairobi, Kenya and Dar es Salaam, United Republic of Tanzania,

November 2021
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— the physical characteristics of the built environment — in these locations.
Imagery source: Maxar Technologies, Westminster, United States of America.

Integrating detailed geospatial data
sets can provide new insights to sup-
port evidence from urban communities
where physical distancing is impractical.
Fig 1 shows mapped outputs of the ease
of physical distancing index, highlight-
ing locations where physical distancing
is likely to be difficult, considering
population density and urban form. In
the examples shown for Nairobi, Kenya
and Dar es Salaam, United Republic
of Tanzania the highest index values
(indicating the greatest difficulty in
physical distancing) are often located
within informal settlements or dense
urban settlements. The examples for
the informal settlements of Kibera,
Mathare and Mukuru in Nairobi and the
sub-wards of Kombo and Mnazi Mmoja
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in Dar es Salaam all have consistently
high index values of 7.5-8.5. Fig. 1 also
shows the geographical variation in the
ease of physical distancing index over
relatively small distances within the
cities. The maps illustrate how uniform
application of strategies such as physical
distancing without consideration of the
local context is likely to be ineffective
in reducing community transmission
of SARS-CoV-2.

In such settings — and other sites
such as workplaces, schools, places of
worship and universities — additional
actions should be taken to reduce the
risk of transmission of SARS-CoV-2.
In particular, given the risk of airborne
transmission, ventilation is important in
all settings.” Ensuring adequate ventila-
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tion requires estimation of the number
of people in a space and, if ventilation
cannot be sufficiently increased, con-
sideration of ways to reduce room oc-
cupancy.'"® In addition to ventilation
and physical distancing, mask-wearing
is important, particularly in settings
where ventilation has been assessed to
be insufficient.’® We now build on these
examples with a more in-depth case
study for Nairobi County, Kenya.

Case study

Nairobi County is located in south-
central Kenya and, despite being en-
tirely urban, is highly diverse. There are
wealthy neighbourhoods, yet the county
also has 80% (814 848) of Kenya’s total
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urban informal settlement population of
1016913, over 60% (516 349) of whom
live in four sub-counties (Embakasi,
Kasarani, Kibra and Mathare) which are
home to the major settlements of Kibera,
Mathare and Mukuru (Fig. 1) and Ko-
rogocho.” These informal settlements
are overcrowded, with poor housing and
inadequate water, sanitation and health
facilities, and have historically been
marginalized in government health and
economic policies.*®

After the onset of the COVID-19
outbreak in Kenya, the government
introduced multiple measures to try
to contain disease transmission. These
measures, many of which were focused
on Nairobi, aimed to reduce overcrowd-
ing and maximize ventilation, with
limits on numbers or closures of venues

including places of worship, schools,
workplaces, sporting events, bars and
restaurants,’”* alongside reductions in
passenger capacity on public transport.*!
Other restrictions included partial
lockdowns, curfews and limitations on
movement and travel restrictions.’” The
controls restricted population move-
ments into and out of Nairobi,’? across
borders with neighbouring countries*!
and at times within some informal
settlements associated with the highest
reported counts of COVID-19 cases.*
In the informal settlements of Nai-
robi, it has been shown that COVID-19
control measures, especially physical
distancing, may have led to food and
economic insecurity for the majority
of residents* due to loss of income and
increase in food prices. Some people
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were forced to skip meals*>** and were
unable to pay rent or service their loans.
Additionally, although control measures
reduced contact between people, for
residents of informal settlements, the
number of contacts increased with de-
creasing wealth.”” Movement and close
contact is inevitable since residents have
to move frequently to access services
such as water, toilets and groceries, and
to earn an income.*' Many residents in
informal settlements rely on the infor-
mal sector for income and must often
commute to other areas to work. Indeed,
only a small proportion of residents
reported that they were able to stay at
home during lockdowns.*!

An approach informed by detailed
geospatial layers, such as those shown
in Fig. 2, could have been beneficial for

Fig. 2. High-resolution geospatial data sets that can be used to inform context-specific COVID-19 control measures, Nairobi County,

Kenya, May 2022
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Notes: The geospatial data sets are available online.** Contextual features* are included in the map of the location of Nairobi County and sub-county boundaries
are overlaid. The ease of physical distancing index is calculated from estimates of population density and urban form, mapped for small spatial units (typically
bounded by roads, rivers or other features). Darker shades in the maps represent higher values, indicating greater expected difficulty in physical distancing.
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improved planning and response to CO-
VID-19 in Nairobi. The layers identify
areas with low feasibility for physical
distancing, broadly corresponding to the
crowded urban informal settlements in
Nairobi. Maintaining physical distanc-
ing and self-isolation would be almost
impossible over extended periods in
these areas. The maps show factors
influencing the feasibility of physical
distancing: population density and
the proportion of land that is built-up
(Fig. 2). These estimates are combined
into a single index value, indicating
the ease of physical distancing (Fig. 2).
Darker shades in the maps represent
higher values, indicating greater ex-
pected difficulty in physical distancing.
These data can help identify what ap-
proaches may be appropriate and where
they should be implemented.

Moreover, rapid identification of
such areas in Nairobi, and elsewhere,
can help planners and policy-makers
ensure that relevant support for resi-
dents is available. Such support could
include provision of relief packages
(food and cash vouchers), additional
handwashing facilities,” disinfection of
common places such as markets' and
information and education on the need
for ventilation. This support can help
compensate people for loss of income,
reduce their need to travel and reduce
the risk of disease transmission where
people congregate.

Supporting policy-making

Geospatial data sets can help provide
information that is needed by policy-
makers and those planning public
health measures. In the context of the
COVID-19 pandemic, we illustrate
how geographical variation in popula-
tion and urban form combine to create
conditions that may make physical
distancing difficult. We have included
examples for locations within two

major cities in east Africa, focusing
particularly on Nairobi. However, the
mapped outputs of the ease of physical
distancing index are available for 50
countries in sub-Saharan Africa, provid-
ing detailed data for most urban areas.
The index data sets® are publicly avail-
able. The data, with detailed metadata
and documentation, can be downloaded
from the WorldPop Open Population
Repository*® and explored interactively
on the GRID3 data hub.* Such data sets
provide novel insights that can facilitate
context-appropriate measures, while
minimizing the negative impact on com-
munities and individuals. Despite the
benefits, the limitations of such data sets
and their utility in policy and practice
need to be acknowledged.

Specific limitations of the ease of
physical distancing index arise from
the input data sets. Urban areas can
experience rapid changes and growth,*
which may not be reflected in the
building footprint data sets. To ac-
count for vertical urban growth would
require data on building height, which
is not widely available. The population
density is representative of residential
populations, given its basis in census
enumeration.'® Changes in population
density due to population mobility
are therefore not reflected in the index
values. Additional data sources, such
as mobile phone records, can capture
some population movements;'*221#
however these sources are limited in
their consistency and spatial or temporal
availability.”> The index values are based
on estimates of population density and
urban form, but do not include other
factors that will contribute to a com-
munity or individual’s experience in a
location. These data sets can therefore
support planners and decision-makers,
and have a role in community advocacy;,
but should be supplemented by evidence
and knowledge from other relevant
sources.

Heather R Chamberlain et al.

Overall, these data support the
perspectives of other researchers' and
highlight the potential for novel geo-
spatial data sets to guide more location-
specific interventions. The integration
of increasingly detailed geospatial data
sets can provide information at the local
level on factors relevant to reduce com-
munity transmission of SARS-CoV-2.
Additionally, the data sets can be used
as inputs for epidemiological modelling
and optimizing vaccine distribution.
Longer-term, the data can aid the de-
velopment of programmes to improve
the health of populations in urban areas,
including future pandemic prepared-
ness and identification of locations
susceptible to other risks associated with
overcrowding. ll
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Résumé

Cartographie des contraintes urbaines en matiére de distanciation physique en Afrique subsaharienne: étude de cas au Kenya

Avec I'apparition de la pandémie de maladie a coronavirus 2019
(COVID-19), des mesures de santé publique telles que la distanciation
physique ont été mises en place afin de limiter la transmission du
virus a l'origine de la maladie. Néanmoins, adopter la méme approche
dans toutes les régions sans tenir compte du contexte pourrait réduire
l'efficacité de ces mesures et avoir des conséquences négatives
imprévues, comme la perte des moyens de subsistance et l'insécurité
alimentaire. Avant de planifier et de déployer des mesures utiles
et adaptées a la situation en vue de ralentir la transmission au sein
des communautés, il est impératif d'identifier les contraintes liées
notamment aux lieux ou la distanciation physique est impossible a
respecter. Le présent document se concentre sur I'Afrique subsaharienne.
Nous y avons présenté et évoqué les défis auxquels sont confrontés les

habitants des implantations urbaines sauvages au cours de l'actuelle
pandémie de COVID-19.Nous décrivons comment intégrer les nouveaux
ensembles de données géospatiales pour obtenir des informations plus
détaillées sur les contraintes locales liées a la distanciation physique et
trouver des solutions alternatives permettant de limiter la transmission
de la COVID-19 d'une personne a l'autre. Nous citons une étude de
cas réalisée dans le comté de Nairobi, au Kenya, dont les résultats
cartographiés illustrent les variations intra-urbaines qui déterminent la
faisabilité de la distanciation physique et les difficultés que les habitants
de nombreusesimplantations sauvages sont susceptibles de rencontrer.
Nos exemples révelent le potentiel des nouveaux ensembles de données
géospatiales dansl'analyse et |'élaboration des politiques et mesures de
santé publique, y compris pour la COVID-19.

Pesiome

KapTupoBaHue orpaHuueHnit pr3nyeckoro AUCTaHLMpOBaHMA B ropoaax ctpaH AGpukm K tory ot Caxapbi:

TemMmaTtTn4yeckoe nccienoBaHmne n3 KeHnun

C Hayanom nNaHAeMUW KOPOHaBUPYCHOU UHbeKUMwu
2019 roga (COVID-19) 6binm peKomMeHA0BaHb Mepbl O0LLIECTBEHHOMO
3[1paBOOXPaHeHWs, Takhe Kak Gu3nyeckoe AUCTaHUMPOBaHME,
LNA CHXKEeHWA nepeaadn BMPYCa, BbidblBatollero 3abonesaHve.
OAHaKo OAMHAKOBbIM MOAXOA BO BCEX 0OMACTAX, HE3aBUCKUMO OT
KOHTEKCTa, MOXeT NMPUBECTU K OrPaHNYEHHON 3GOEKTUBHOCTU MeP
1 HenpeaBMAEHHbBIM HEraTVBHbBIM NOCNEACTBMAM, TaKMM Kak yTpaTa
CPefCTB K CyLIeCTBOBAHMIO 1 HEHAAEXHOCTb MPOAOBONBCTBEHHOIO
obecneyeHuns. HeobxoaMMbIM YCIOBMEM AN MNAHUPOBAHUA Y
peanv3aummn 3GGEeKTUBHBIX, COOTBETCTBYIOLNX KOHTEKCTY Mep
no 3amenneHvio nepeaadn MHGeKUMM BHyTPU COLMyMa ABAAETCA
NMOHVMAHWE OrPaHUUYEHWI, TaKKX KaK MecCTa, rae dusmyeckoe
NMCTaHLMPOBaHKe He NpeaCTaBNAeTCA BO3MOXHbIM. CocpenoTouns
BHMMaHMe Ha cTpaHax AdpuKn K tory oT Caxapbl, aBTOPbI BbIAENAIOT 1
00CyAatoT NPobnembl, C KOTOPBIMU CTATKMUBAIOTCA KUTENM TOPOACKIX
HeopraHM30BaHHbIX MOCENEeHMI B YCIOBMAX NPOACXaloLLenca
naHaemmm COVID-19. ABTOPbI ONMCHIBAIOT MY TW MHTETPaLM HOBbIX

HaboPOB reonpOCTPAHCTBEHHbIX AaHHbIX, UTOObI MPefOCTaBNATb
6onee NoApoOHYI0 MHGOPMALMIO O MECTHBIX OrpaHUYeHKAX
Ha du3Myeckoe AWNCTaHUMPOBaHME, KOTOPbIE B CBOIO ouepeb
MOFYT MNOMOUYb B MAAHWPOBAHMW aNbTEPHATUBHbLIX CMOCOOOB
CHWKeHWA nepepaun COVID-19 mexay moabmu. ABTOPbI BKIIOYMIN
TemaTMyeckoe nuccnefoBaHve ana okpyra Hanpobn, Kenus, ¢
HaHeCeHHbIMN Ha KapTy pe3yfibTaTaMu, KOTopble WMICTPUPYIOT
BHYTPUrOPOACKME Pa3NNumMA, CBA3AHHbIE C BO3MOXHOCTbBIO
peanvsaunm GU3nMYeckoro ANCTaHUMPOBAHNA, 1 OXMAaeMble
TPYAHOCTU ANA KUTENen MHOIMX PaioHOB HEOPraHM30BaHHbIX
noceneHni. T NpuMepbl AEMOHCTPUPYIOT NOTEHUMaN HOBbIX
HabOPOB reonpPOCTPAHCTBEHHBIX JAaHHBIX 1A NPefoCTaBneHus
MHGOPMaLUMK 1 MOAAEPKKA Pa3paboTKM MOMUTUKM B OTHOLLEHUM
Mep 06LLeCTBEHHOIO 31paBooOxXpaHeHNs, Bkmodas COVID-19.
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Resumen

Cartografia de las limitaciones del distanciamiento fisico en el Africa subsahariana: un estudio de caso de Kenia

Con el inicio de la pandemia de la enfermedad por coronavirus de
2019 (COVID-19), se recomendaron medidas de salud publica como el
distanciamiento fisico para reducir la transmision del virus causante de la
enfermedad. Sin embargo, el mismo enfoque entodas las dreas, sin tener
en cuenta el contexto, puede llevar a que las medidas sean de eficacia
limitada y tengan consecuencias negativas imprevistas, como la pérdida
de medios de vida y la inseguridad alimentaria. Un requisito previo
para planificar y aplicar medidas eficaces y adecuadas al contexto para
ralentizar la transmision en la comunidad es conocer las limitaciones,
como los lugares en los que no serfa posible el distanciamiento
fisico. En este documento, centrado en el Africa subsahariana, se
describen y discuten los desaffos a los que se enfrentan los residentes
de los asentamientos urbanos informales en la actual pandemia

de la COVID-19. Se describe cémo los nuevos conjuntos de datos
geoespaciales pueden integrarse para proporcionar informacion mas
detallada sobre las limitaciones locales al distanciamiento fisicoy pueden
informar la planificacién de vias alternativas para reducir la transmision
de la COVID-19 entre las personas. Se incluye un estudio de caso del
condado de Nairobi, Kenia, con resultados cartograficos que ilustran
la variacién intraurbana en la viabilidad del distanciamiento fisico y la
dificultad prevista para los residentes de muchas areas de asentamientos
informales. Los ejemplos que aqui se presentan demuestran el potencial
de los nuevos conjuntos de datos geoespaciales para proporcionar
informacion y apoyo a la elaboracién de politicas sobre medidas de
salud publica, entre ellas las relacionadas con la COVID-19.
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