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Abstract

COVID-19 hit the world in a sudden and uneven way. Scientific community has provided strong
evidence about socioeconomic characteristics of the territory associated with the geographical
pattern of COVID-19 incidence. Still, the role played by these factors differs between study areas.
Geographically Weighted Regression (GWR) models were applied to explore the spatially
varying association between age-standardized COVID-19 incidence rate in 2020 and
socioeconomic conditions in Portugal, at the municipality level. The spatial context was defined as

a function of the number of neighbours; the bandwidth was determined through AIC. Prior, the
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validity of the GWR was assessed through ordinary least squares models. Border proximity,
proportion of overcrowded living quarters, persons employed in manufacturing establishments
and persons employed in construction establishments were found to be significant predictors. It
was possible to observe that municipalities are affected differently by the same factor, and that
this varying influence has identifiable geographical patterns, the role of each analysed factor
varies importantly across the country. This study provides useful insights for policymakers for

targeted interventions and for proper identification of risk factors.

Key words: COVID-19; geographical patterns; socioeconomic disparities; spatial analysis.

Resumen

COVID-19 golped al mundo de manera repentina y desigual. La comunidad cientifica ha
aportado pruebas sobre las caracteristicas socioeconémicas del territorio asociadas al patrén
geogréfico de incidencia de COVID-19. Se aplicaron modelos de regresién ponderada
geogréficamente (GWR) para explorar la asociacién espacialmente variable entre la tasa de
incidencia de COVID-19 estandarizada por edad vy las condiciones socioeconémicas (viviendas
superpobladas, capacidad en unidades de atencién social para ancianos, trabajadores de la
construccién y manufactura, proximidad de la frontera y personas que se desplazan para un
municipio). El contexto espacial se definié en funcién del ndmero de vecinos; el ancho de banda
se determiné mediante AIC. Previamente se evalué el GWR mediante modelos de minimos
cuadrados ordinarios. La proximidad de la frontera, la proporcién de viviendas superpobladas,
las personas empleadas en establecimientos manufactureros y las personas empleadas en
establecimientos de construccién resultan ser predictores significativos. Se pudo observar que
los municipios se ven afectados diferentemente por el mismo factor y que esta influencia variable
fiene patrones geogréficos identificables, el papel de cada factor analizado varia de manera
importante a lo largo del pafs. Este estudio proporciona informacién dtil para los formuladores
de politicas para intervenciones especificas y para la identificacién adecuada de factores de

riesgo.

Palabras clave: COVID-19; patrones geogréficos; disparidades socioeconémicas; andlisis

espacial.
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1 Introduction

Since the start of the pandemic, an estimated 170 million people have been infected worldwide,
and 3.5 million have died, demonstrating the extent to which the world was ill-prepared to
respond to a global health emergency (Timmis & Briissow, 2020). With the increasing number of
patients in need of medical assistance the healthcare services struggle to give appropriate answer
worldwide (Mollalo et al., 2020; Volpato et al.,, 2020). According to the United Nations’
biodiversity panel it is likely that in the future pandemics will happen more often, kill more people

and cause even worse damage to the global economy than COVID-19 (Daszak et al., 2020).

Population mobility was firstly considered the most relevant factor to explain the rapid spread of
COVID-19, both daily commuting (Kang et al., 2020), international travels (Adegboye et al,,
2021; Almeida et al., 2020) and large-scale migrations (Adegboye et al., 2020). With increased
knowledge about COVID-19, several other factors have been identified to play a decisive role in

the spread of the disease (da Costa & da Costa, 2020; Ribeiro & Santos, 2020).

The number of studies addressing the associations between the epidemic incidence and possible
explanatory factors has increased significantly during the last months, covering different spaces,
at different scales and assessing different indicators. Li et al. (Li et al., 2020) assessed the role
played by urban infrastructures to explain the severity of cases across Wuhan. Murgante et all
(2020) explained why ltaly was so seriously hit though geographical and climatic similarities
among the areas. Mogi and Spijker (Mogi & Spijker, 2021) analysed the influence of social
and economic ties to the spread of COVID-19 in Europe at the country level. Mollalo, Vahedi,
and Rivera (2020) used environmental, socioeconomic, topographic, and demographic variables
to model the COVID-19 incidence in the United States of America, at the county-level. Kulu and
Dorey (2021) calculated the cumulative infection rates in Great Britain by local authority districts
and council areas identifying that infection rate increased with the population density and with the
level of deprivation. Menéndez and Higueras Garcia (2020) looked within the city of Madrid and
found that there was a major concentration of cases in the peripheral areas rather than in the city

centre.

There is ample evidence that health inequities have a spatial footprint, often following the
geographical patterns of inequality in the social, economic, built and physical environment in
which people are born, grow, live, work, and age (Chung et al., 2020; Huisman et al., 2005;
Loureiro et al., 2019; Santana et al., 2020; Santana et al., 2015; Santana & Almendra 2019;

Wang & Tang, 2020). Conditions favouring the infection are clustered within social groups
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according to the inequality patterns of our societies, exacerbating the syndemic nature of the
threat (Horton, 2020). People living in poorly ventilated, poorly built and crowded dwellings are
at higher risk as these characteristics favour transmissible diseases (Team & Manderson, 2020).
Individuals in low-income jobs are the most affected and vulnerable to death and infection related
to COVID-19 (Sannigrahi et al., 2020) due to a greater prevalence of precarious employment
conditions, impossibility to homework, and work environments that favour close contact between

colleagues (Pasco et al., 2020).

Urban areas characterized with higher population and economic densities are also recognized as
factors favouring the COVID-19 transmission due fo its higher concentration of individuals,
residential blocks, shopping amenities and constant demand of mass transportations of goods (Li
et al., 2020). Places where people gather and concentrate are the principal locations for the
transmission between humans, providing the perfect context for the interaction of the drivers of
transmission (Almendra et al., 2021; Dalziel et al., 2018; Sharifi & Khavarian-Garmsir, 2020).
Urban areas tend to present higher concentration of atmospheric pollutants and according to
Conticini, Frediani and Caro (2020) the predisposition to infection is higher among individuals

more exposed to air pollution.

Population age structure is considered a crucial factor to explain deaths and infection as physical
and social vulnerability may be linked with increased incidence and lethality (Almendra et al.,
2021; Dowd et al., 2020; Sannigrahi et al., 2020). COVID-19 outbreak in retirement homes and
longterm facilities for dependent elderly have been reported as having devastating impacts as
the contacts between residents and nursing staff are frequent and unavoidable so it is extremely
difficult to stop the spread of the disease inside the facility (Etard et al., 2020); further, high
mortality rates in older persons living in nursing homes have been reported (Gardner et al.,

2020).

Apart from the socio-demographic factors, other environmental conditions such as air quality
(Murgante et al., 2020; Zhu et al., 2020), humidity (Sanchez-Lorenzo et al., 2021), temperature
(Murgante et al., 2020; Sanchez-lorenzo et al., 2021, Smit et al., 2020), seasonal climatic
variability (Sironi et al., 2020; Smit et al., 2020) and atmospheric circulation characteristics
(Sanchez-Lorenzo et al., 2021; Setti et al., 2020) could influence the transmission of COVID-19

and be responsible for spatial disparities across and between countries.

The COVID-19 outbreak has forced governments to give immediate answers to an emergency

that is seriously threatening not only population health but also social cohesion, the economy and
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the infrastructures of territories. The intensity and type of measures applied, as well as the timing
of their execution (Dowd et al., 2020) and their health governance (Chung et al., 2020), are
likely to influence the evolution of the COVID-19 spread and the incidence geographical pattern.
Although in different timings, governments often decided for the implementation of measures
such as stricter border management policies, cancelling public events, closing day care centres,
schools and universities, promoting social distancing, telework or partial or total lockdowns
(Flaxman et al., 2020; Mogi & Spijker, 2021). Despite all the efforts taken, the virus spread
without being stopped by political borders (Chung et al., 2020).

Marques et al (2021) analysed the first 100 days of COVID progression in Portugal and found
that the diffusion process started in more populated and economically active areas, following the

frontier areas, and later, it spread to lower density and ageing territories.

It is undeniable that the COVID-19 crisis is having multifaceted impacts on people and
communities. Constant fear and worry, as well as other stressors and insecurities felt during the
pandemic can have severe impacts on physical and mental health (Brooks et al., 2020; Knudsen
et al., 2021; Wang et al., 2020). The role played by the multiple factors influencing the evolution
of the disease is not even throughout the space (Moniz, Soares, and Nunes 2021). A specific
factor can be of extireme relevance in a certain location but can be negligible in others, or even
impact the disease progression in an opposite way. Understanding the spatial patterns of the
influence of these factors could contribute to the gathering of valuable knowledge for controlling
the outbreak by informing more precise strategy adapted for different areas to better tackle future
similar public health emergencies (Ribeiro & Santos, 2020). Thus, this study aims to assess the
spatial inequalities of COVID-19 incidence in Mainland Portugal (hereinafter referred as Portugal)
in 2020 and analyse which and how the impacts of socioeconomic conditions vary across the
country. To our best knowledge, this paper provides the first attempt to use GWR models of
COVID-19 distribution across Portugal and can provide useful insights for policymakers for

targeted interventions and for proper identification of risk factors.

2 Data and methods

2.1 Study area

This study focuses on the municipalities from Portugal (Figure 1). The units of analysis were the
278 municipalities of Portugal mainland (i.e. hence excluding the islands of Madeira and the

Azores). Portuguese municipalities are considered to present internal homogeneity as their
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socioeconomic characteristics are more likely to reflect the nature of the social environment
where people live (Santana et al., 2015). Moreover, this administrative level is considered the
geographical level that better fits ecological studies in Portugal, based on national registries

(Roquette et al., 2018).

Figure 1. Location of the Portuguese municipalities within the Iberian Peninsula
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In 2019, the Portuguese resident population was almost 10 million inhabitants, 70% of whom
reside in urban spaces (Santana & Almendra, 2018). Nonetheless, although population living in
urban areas is increasing in Portugal, the share of the population living in rural areas is still high

compared to other European Countries (OECD, 2018).

Lisbon and Porto are the two most populous cities and the capitals of the correspondent
metropolitan areas, accounting together for nearly 4.5 million inhabitants (both Metropolitan

areas).
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2.2 Data collection and processing
a) Dependent variable

COVID-19 incidence data (from March to December 2020) was provided by the Portuguese
Directorate-General of Health through a protocol. The database stores information about all the
persons that were tested positive for COVID-19, namely the date of the test, the municipality of

Residence, sex, age and symptoms.

Age-standardized COVID-19 incidence rate was calculated for each municipality accordingly to
the direct standardization method. Estimated population produced by the Portuguese National

Statistics to 2019 and European standard population was used.
b) Independent variables

To analyse how the impacts of socioeconomic conditions on COVID-19 incidence vary across the
country, six variables from four dimensions were selected. The dimensions are: built
environment, social care, employment and mobility. The six variables, presented in Table 1, were

collected at municipality level for the most recent year available.

Table 1. Dependent variables and data sources

DIMENSION VARIABLES REFERENCE | b ATA SOURCE
PERIOD
Built Proportion of overcrowded living 2011 National Stafisfics
Environment quarters (%)
. ., Ministry of Labour and
Social care So(;l%gacr)%gng%ebrcse)ds 2018 Social Security;
' National Statistics
Persqns employed n o 2019 National Statistics
manufacturing establishments (%)
Employment . .
Persons employed in construction 2019 National Stafisfics
establishments (%)
P.e.opll.e commu‘ng fo ‘rge o 2011 National Statistics
Mobility municipality to work or study (%)
Time to reach the Border with
Spain, weighted by population 2020 National Statistics
distribution

Source: authors’ own elaboration

The proportion of overcrowded living quarters, and of people commuting to the municipality to
work or study are calculated by the Portuguese National Statistics Office, based on the Census

data from 2011. The proportion of people employed in manufacturing establishments or in
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construction establishments are also calculated by the national statistics, based on data from 2019
collected through their integrated business accounts system. The dimension Social care is
analysed through the capacity of residential units for elderly support with an agreement with
social services per 100.000 inhabitants with more than 65 years old. The capacity of the units is
provided by the Ministry of Labour and Social Security through the Carta Social website while the
estimated population by age group was taken from the National Statistics Office. The border
proximity is measured by the time needed by each Portuguese statistical unit to reach the closest
Spanish statistical unit. Since this indicator is based on spatial data, the closest facility tool and the
road network provided by ArcGIS PRO were required to build the indicator. After running this
tool, the time of each statistical subsection was weighted by the number of people living there
and the distribution of the population within the municipality. The methodology applied to build
this indicator follows the one published by Costa et al. (2020).

2.3 Methodology

Both a global (Ordinary Least Square) and a local (Geographically Weighted Regression) models
were applied to assess the association between the COVID-19 incidence and selected
socioeconomic factors. The global effects of socioeconomic factors were addressed with the
Ordinary Least Squares (OLS) coefficient estimates, assuming that the effects are evenly
distributed across the country (Li et al., 2020). OLS model outcomes were also assessed to
inform about multicollinearity and the global behaviour of the independent variables. Residual
spatial heterogeneity was evaluated through Moran’s |. Variables considered important by the
literature, despite of being statistically significant, were kept in the model if the model integrity

was not threatened.

Geographically Weighted Regression (GWR) models were applied to explore the spatially
varying association between age-standardized COVID-19 incidence rate and socioeconomic
factors, at the municipality level. When assessing the relationship between the dependent and
independent variable, GWR models estimate as many coefficients as the number of
municipalities, allowing the analysis of how the impact of a specific risk factor on the outcome
changes across the country (Weisent et al., 2012). Following Tobler’s first law of geography, the
influence of a given variable decreases with the increase of the distance from spatial unit where
the outcome is being measured (Gu et al., 2021). The spatial context was defined as a function

of the number of neighbours and the optimal model bandwidth was based on AIC criterion.
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Prior, the validity of the GWR was assessed through ordinary least squares models. The GWR

equation adopted is:
Yi=p0(u,v) +XBiu,v) Xij + &

Where Y/ indicates the incidence rate at municipality |I; Xj represents the six independent
variables (Proportion of overcrowded living quarters; Social care units’ beds; Persons employed
in manufacturing establishments; Persons employed in construction establishments; People
commuting to the municipality to work or study; Time to reach the Border with Spain, weighted
by population distribution); B(ui, i) are regression coefficients for the relationship between an
explanatory variable and the dependent variable around a location u and is therefore unique to
that location, and i is the random error term. The OLS, Moran’s | and GWR models were

developed on ArcMap 10.8.
2.4 Data representation

The indicators, local R2 and coefficients are presented through single choropleth maps produced

with ArcGIS PRO.

The age-standardized COVID-19 incidence is represented in five classes quantiles. Darker green

represents the municipalities with higher age-standardized COVID-19 incidence.

Regarding the independent variables, the classes for each indicator included in the model were
built with the mean and 1 standard deviation. Blue areas identify the municipalities with values

below the mean. Brown areas represent the municipalities with values higher than the mean.

Local R2 is represented in seven classes with a 0.1 interval and a darker colour-scheme. The first
class, in lighter red, locates the municipalities where the model explains less than 0.10 of COVID-
19 incidence. The last class, in darker red, locates the municipalities where the model explains

more that 0.60 of the dependent variable.

Finally, the coefficients are represented in 7 classes quintiles. Negative coefficients are
represented in blue while the positive ones are represented in red. Darker blue means higher

negative coefficients. Darker red means higher positive coefficients.
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3 Results

3.1 COVID-19 Incidence rate and socioeconomic factors

In 2020, near 420 thousand COVID-19 cases were recorded in Portugal, corresponding to an
age standardized incidence rate of 3,850.9 cases per 100,000 habitants (and a crude rate of
4,285.3 cases per 100,000 habitants).

In 2020, the so called first and second wave was recorded in Portugal (figure 1). At the end of

December, there were already signals of growth, to what became the largest of the waves.

Figure 1. Number of COVID-19 cases in Portugal in 2020
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Source: own elaboration based on Directorate-General

of Health database for Scientific purposes (2021)

Figure 2 presents the geographical pattern of age-standardized COVID-19 incidence, revealing a
heterogeneous spatial pattern with higher incidence rate in the Northern region, along with the
Porto Metropolitan Area, near the Atflantic shore, and at the Eastern Spanish border.

Municipalities from the South tend to present lower incidence rate.
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Figure 2. Age-standardized COVID-19 incidence
per 100,000 inhabitants and by municipality, 2020
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Source: own elaboration based on Directorate-General

of Health database for Scientific purposes (2021)

Figure 3 presents the six independent variables assessed. An exploratory analysis of the
indicators allows evaluating the geographical pattern of each socioeconomic factor. The indicator
time to reach the border with Spain reveals a stronger pattern, and, as it is expected, COVID-19
incidence tends to increase as the distance to Spain diminishes. The ratio of people commuting
to the municipality to work or study reveals that municipalities from the two Metropolitan Areas
tend to have more people commuting daily. Overcrowded quarters are located mainly in Lisbon
and Porto Metropolitan Area and Algarve. The share of people working in Industry companies is
higher in the municipalities from the North Atlantic shore, near the Porto Metropolitan Area.
Municipalities where the percentage of people working in constructions is higher are located in
the Centre and North Regions. The number of social care beds are higher in the municipalities

near the border.
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Figure 3. Dependent variables included in the model
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Source: authors’ own elaboration based on data sources referred on Table 1
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3.2 OLS Model

Table 3 indicates the regression results of the global OLS model for the association between
COVID-19 incidence and socioeconomic factors. The model presents a moderately low
explanatory power with 30% (AIC of 4847) of the variation explained by the selected factors,
among which border proximity, proportion of overcrowded living quarters, persons employed in
manufacturing establishments and persons employed in construction establishments are
significant at the 99% confidence level (p < 0.001). The association between COVID-19
incidence and Social care units’ beds and people commuting to the municipality to work or study
is not significant, although the direction of the association is accordingly with the expected, as the

incidence rises as the distance to Spain decreases and as the commuting movements increase.

Moran’s | of the OLS model residuals is significant, meaning that the OLS model with global
estimation cannot fully explain the spatial heterogeneity of influencing factors, therefore

supporting the adoption of GWR models.

Table 2. OLS model results

ROBUST
STD. ROBUST T-| ROBUST
VARIABLE COEFFICIENTS ERROR STD. STATISTIC | P-VALUE VIF
ERROR
Intercept 1187,6 561,7 578,7 2,1 0,041 —
Border proximity -12,0 2,3 2,2 5,4 0,000 1,13
Overcrowded living 131,9 34,0 40,4 3,3 0,001 | 1,40
quarters
Persons employed in
manufacturing 53,0 6,7 9,9 5,4 0,000 1,13
establishments
Persons employed in
construction 54,4 16,3 14,5 3,8 0,000 1,13
establishments
Social care units 0,0 0,0 0,0 0,3 0,777 | 1,51
beds
People commuting to
the municipality to 15,5 10,9 10,3 1,5 0,135 1,22
work or study
Source: authors” own elaboration
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3.2 GWR Model

The adjusted R2 values of the GWR models are of 60% (three times higher than the OLS model),
ranging from 0.06 to 0.60, with an AIC value of 4693 (lower that the OLS models, indicating a

more suitable model) (Figure 4). The parameter estimation results of the GWR model are

displayed in Table 3 and the local GWR coefficients can be found in Figure 5.

Table 3. GWR model results

VARIABLE COEFFICIENTS STD. ERROR
Lower Upper Lower Upper
Intercept -573.08 4729.00 621.15 1067 .91
Border proximity -33.11 6.75 2.85 543
Overcrowded living quarters 216.95 451.33 45.51 88.06
Persohs employed in manufacturing 3360 7304 2 62 16.42
establishments
Persohs employed in construction 3373 49 70 16.88 10 55
establishments
Social care units” beds -0.05 0.09 0.02 0.04
People commuting to the municipality to 36.02 40 77 11.90 30.50
work or study
Source: authors” own elaboration
Figure 5. Geographic distribution of local R2 of GWR
Source: authors’ own elaboration
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Figure 6. Geographic distribution of GWR coefficients
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overcrowded living quarters (%).

Source: authors” own elaboration

The model capacity to explain the COVID-19 was higher in the North of the country and the
metropolitan areas, whereas R2 values >0.3 were found; the model performance decreases in

the southern municipalities.
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Local GWR coefficients provide information about the changing tendency in the age
standardized COVID-19 incidence rate by a unit change in the independent variables. The
overcrowded living quarter’s coefficients reveal a positive association across the majority of the
country, indicating that COVID-19 incidence tends to be higher in municipalities with higher
overcrowding. The positive correlation coefficients were extensively and noticeably higher along

the north region and the two main metropolitan areas.

Persons employed in manufacturing establishments are positively associated with the COVID-19
incidence rate in the municipalities from the North region, being an important factor to explain

the high rates verified in these municipalities.

Persons employed in construction establishments influence on the epidemic situation importantly
varies across the country. The municipalities from the Centre and South, since the Spanish border
until the Atlantic shore, tend to present important positive association, while in the municipalities

from the North Atlantic shore is not a relevant factor.

The percentage of people commuting to the municipality to work or study has a positive
association with COVID-19 incidence in the majority of the country, being particularly important in
the municipalities from the Lisbon Metropolitan Area and near the border with Spain at the

Centre and South of the country.

The number of Social care units” beds per 100,000 elderly was revealed to be an important
predictor in the border municipalities from the North and South, but not in the Centre or in the

municipalities from the Atlantic shore.

The proximity to the border was associated in the municipalities from the North and Centre,
where being near the border (less distant) was associated with higher COVID-19 incidence. In
the municipalities from the South this association was less important or even in the opposite

direction.

4 Discussion

This study addressed the impacts of socioeconomic conditions on COVID-19 incidence and how
they vary across the country applying GWR models. Six variables that potentially could explain
the spatial pattern of age-standardized COVID-19 incidence rate at the municipal level across
Portugal were compiled. Our findings suggest that the role of each analysed factor varies
importantly across the country. Evidence to identify corresponding locations where these factors

shed significant influences was provided.
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In Portugal the first cases of COVID-19 were detected on the 2" of March, ten days later, on
the 12", the first measures were implemented, and on the 18" the emergency state was decreed,
imposing stronger containment measures, such as mandatory confinement (Almendra et al. 2021;
Moniz et al. 2021). The adopted measures resulted in a relatively mild first wave, but failed to

avoid the second, registered at the latest months of 2020.

Portugal is a country marked by strong demographic, economic and social inequalities
(Almendra et al., 2017; Claudia Costa et al., 2020; Costa & Santana, 2021; Moura & Barros,
2018; Santana & Almendra, 2018) and it is without surprise that the COVID-19 incidence rate
presents a spatial heterogeneous pattern. Until the end of 2020, the incidence rate was higher in
the North municipalities and in the Lisbon Metropolitan Areas and lower in the municipalities

from the South.

In the global model, border proximity, proportion of overcrowded living quarters, persons
employed in manufacturing establishments and persons employed in construction establishments
were found to be significant predictors, while, despite presenting the expected behaviour, the
association between COVID-19 incidence and Social care units” beds and people commuting to
the municipality to work or study are not significant. Some of the dimensions addressed have
been previously identified as socio-territorial structures with potential influence on contagion and

mortality in Portugal by Marques et al. (2020).

By modelling the role played by the studied factors, accounting for the possibility that its
influence may change across the country, it was possible to identify that municipalities are
affected differently by the same factor, and that this varying influence has identifiable
geographical patterns. This spatial heterogeneity in the model coefficients was also found in
previous studies addressing the impact of multidimensional factors on the pandemic geography

(Li et al., 2020; Mogi & Spijker, 2021; Mollalo et al., 2020).

Almendra et al. (2021), in a study assessing the spatiotemporal pattern of COVID-19 incidence
during the first wave, identified a common cluster of high cases between Portugal and Spain in
the Norther border of Portugal. In this study, the authors further test the hypothesis that economic
and social border relationships between Portugal and Spain could have some impact in the
COVID-19 incidence and spread of the disease. It was identified that this factor plays a more
important role in the municipalities from the North and Centre Region suggesting that border

relationships may be stronger in the North and Centre.
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The percentage of persons employed in manufacturing establishments is an important factor in
the North region near the Atlantic Ocean and the percentage of persons employed in
construction establishments in the North and Centre regions. The rational beyond these indicators
shows that cerfain jobs are impossible to adapt to homework, and need to be developed in
environments that favour close contact between colleagues, therefore favouring new infections
(Pasco et al., 2020). Nonetheless, the conditions in which manufacturing is processed vary
significantly. The activities developed in the Northern Region may have been more favourable for
new infections than the main activities in other municipalities. Future studies need to identify

which activities are more favourable for new coronavirus infections.

People living in overcrowded households was considered an important factor in the
municipalities of the two metropolitan areas; mostly the municipalities from Porto Metropolitan
Area. Overcrowded quarters are often places with limited ventilation and density of persons by
household which provide close contact between individuals, representing the perfect context for
the interaction of the drivers of transmission (Dalziel et al., 2018; Sharifi & Khavarian-Garmsir,
2020). Lai, Leone, and Zopp (2020) analysed the impact of Covid-19-related social living
conditions on spatial planning policies and practices and highlight the need of avoiding
overcrowding houses, promoting a balanced distribution of activities, amenities and outdoor

public meeting spaces of small- or medium-size.

Elderly are more vulnerable to COVID-19 infection and their survival rate is lower (Baud et al.,
2020; Dowd et al., 2020; Laires & Nunes, 2020; Marques et al., 2020; Sannigrahi et al,,
2020). A recent cross country study has shown that more than a half of the variation in mortality
rates can be explained by differences in the population age structure (Dudel et al., 2020). The
COVID-19-age related vulnerability is even more severe when considering retirement homes and
longterm facilities for dependent elderly where is very difficult to stop the spread of the disease
(Etard et al., 2020). According to Team and Manderson (2020), institutional care is routinely,
constrained by the capacity of residents to pay, by poor funding support, understaffing, and
overcrowding; aged care workers are commonly undertrained, under-protected, underpaid and
underemployed, working on a contract basis across multiple facilities, ineligible for paid sick and
isolation leave; residents often share bed-rooms, meal rooms and bathrooms, and share
equipment such as wheelchairs and commodes. Portuguese social communication has been
reporting several cases of COVID-19 outbreaks in retirement homes and our results identified that

Social care units’ beds are important predictors of COVID-19 incidence rate in the border
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municipalities from the North and South. Previous studies in Portugal have identified retirement

homes as an important factor (da Costa & da Costa, 2020).

The percentage of people commuting to the municipality to work or study is an important factor
across the country, but assumes particular importance in the municipalities around the Lisbon
Metropolitan Area. Despite the measures taken to diminish the capacity of public transportation
and to promote the usage of mask in public spaces, daily commuting through public
transportation is perceived as a favourable factor for the spread of virus (Troko et al., 2011) as it
promotes risk contact (Kang et al., 2020; Severo et al., 2021). According to Lai et al. (2020), in
the future, places will need to ensure that residents may work and study in the same municipality
where they live. Moreover, alternative modes of transportation meant for individual use will be

more popular (e.g. bike) (Gerlofs-Nijland et al., 2021).

5 Strengths and limitations

To our best knowledge, this paper provides the first attempt to use GWR models of COVID-19
distribution across Portugal and can provide useful insights for policymakers for targeted

interventions and for proper identification of risk factors.

Although the model provides evidence on the socioeconomic factors associated with COVID-19
incidence, the geographical pattern is not fully explained. Beside the six variables presented, 14
other variables were considered for the analysis but were not selected by the model, namely:
population density, elderly living in institutionalized families dedicated to social care, non-
qualified workers, ageing ratio, share of elderly population, population with tertiary education
affainment, average monthly earnings of salaried employees, dynamism related to the municipality
purchasing power, unemployment rate, people commuting to another municipality to work or
study, hospital admissions due to diseases of the respiratory system, hospital admissions due to
Diabetes, mortality due to respiratory diseases and geographical accessibility to the reference
hospital (weighted by population distribution). Other factors might affect the spatial pattern of the
COVID-19 incidence and were not addressed. Also, dimensions as the local policies, people’s
behaviour or different strains of the virus were not assessed and contribute for different rhythms
of spreading and uneven incidence. Furthermore, important variables considered in this text are

only available for 2011 and may not be as accurate as desirable.

Although the results presented should not be derived to region with different social,

demographic, economic contexts without caution, the methods applied in this text can be
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implemented in different geographical frameworks, to consider the different waves and cover
diverse scales of analysis. It is important to highlight that these results are linked with the scale of
analysis selected; the role of environmental factors at a neighbourhood scale are still to be

addressed, as far as the authors are aware.

6 Conclusion

This study found that in Portugal the association between age-standardized COVID-19 incidence
rate and socioeconomic conditions varies unevenly across the country. It highlights the role of
border proximity, proportion of overcrowded living quarters, persons employed in manufacturing
establishments and persons employed in construction establishments as significant COVID-19

predictors. Still, with different weights depending on the geographical area.

The results presented provide useful insights for policymakers for targeted local interventions and
for proper identification of risk factors. Thus, empowering the municipalities with local evidence

will allow them to tackle COVID-19 and its consequences.
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