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Abstract

:

Social distancing is a powerful non-pharmaceutical intervention used as a way to slow the spread of the SARS-CoV-2 virus around the world since the end of 2019 in China. Taking that into account, this work aimed to identify variations on population mobility in South America during the pandemic (15 February to 27 October 2020). We used a data-driven approach to create a community mobility index from the Google Covid-19 Community Mobility and relate it to the Covid stringency index from Oxford Covid-19 Government Response Tracker (OxCGRT). Two hypotheses were established: countries which have adopted stricter social distancing measures have also a lower level of circulation (H1), and mobility is occurring randomly in space (H2). Considering a transient period, a low capacity of governments to respond to the pandemic with more stringent measures of social distancing was observed at the beginning of the crisis. In turn, considering a steady-state period, the results showed an inverse relationship between the Covid stringency index and the community mobility index for at least three countries (H1 rejected). Regarding the spatial analysis, global and local Moran indices revealed regional mobility patterns for Argentina, Brazil, and Chile (H1 rejected). In Brazil, the absence of coordinated policies between the federal government and states regarding social distancing may have played an important role for several and extensive clusters formation. On the other hand, the results for Argentina and Chile could be signals for the difficulties of governments in keeping their population under control, and for long periods, even under stricter decrees.
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1. Introduction


In late 2019, Chinese authorities began reporting cases of pneumonia of unknown aetiology in the city of Wuhan, located in the Hubei province, in the central region of that country. Within a few weeks, other nations in the region reported similar cases, indicating that a new type of coronavirus was in circulation, the SARS-CoV-2. On 11 March 2020, the World Health Organisation (WHO) declared a global pandemic by Covid-19 [1]. While, in the first weeks of March 2020, China already showed a tendency to stabilise the number of cases of people infected with SARS-CoV-2 [2,3], Italy stood out as the global epicentre of the disease [3]. Faced with a critical scenario of deaths and cases confirmed by the novel coronavirus, the Italian government drastically reduced mobility through lockdown measures, which seems to have produced effects on the Covid-19 outbreak, which has shown signs of contention since April 2020 [2]. Other European countries, like Spain, Germany, France, and Sweden, were also struck by the Covid-19 pandemic [4].



A few months later, the region of the Americas became the global epicentre of the Covid-19, with the United States and Brazil being the leaders in terms of number of deaths and confirmed cases [5]. Until 31 October 2020, the American continent had more than 20 million cases of Covid-19, the largest of all regions in the world [6].



A central aspect for the success of the measures that aim to contain the spread of the virus is social distancing. According to experts, actions, such as the suspension of school activities, the practice of home office, reduction in the use of public transport, cancellation of sporting events, and other activities that involve a large number of people, and the use of digital technologies for daily communication, can make a difference in the level of cases and deaths from Covid-19 [7,8]. The less social interaction among people, the more distributed the number of new cases over time, thus preventing the health system from collapsing in a scenario of excessive demand for medical care [7,8,9]. Lockdown is the most extreme case of social distancing, in which the objective is to drastically reduce the interaction between people during the Covid-19 pandemic through rules that restrict the movement of the community, or partially within a given location [10,11].



Around the world, a variety of decrees of social distancing have been applied to reduce the spread of the SARS-CoV-2 [12,13,14] virus, achieving favourable results [12,13,15]. However, keeping population mobility under control and for long periods is a challenge for the authorities [14], which can be seen in some countries as the systematic non-compliance with social distancing, even in those more rigid cases of restrictions on mobility. In the study conducted by Reference [16], a “slow erosion” of the lockdown measures was identified, characterised by an increase in the movement of people in places of operation of activities not authorised by the decrees of economic reopening, considering a group of European and North American countries. For low and middle-income countries, maintaining the population under strict social distancing measures becomes even more difficult, due to the worse socioeconomic conditions that a large part of the population falls into. And this represents a series of implications, such as the beginning of the economic reopening in these countries despite the still increasing pace of the number of cases and deaths of Covid-19 [17].



Around September, several European countries started to show a new growth of cases and deaths by Covid-19. In order to contain a possible second wave, the authorities decided to apply again stricter social distancing measures, such as the partial closure of commerce and schools, and the imposition of restrictions on the movement of people on the streets [18].



Some studies focus on the analysis of the impact of social distancing measures on the mobility of people in different regions of the world, without, however, highlighting South America [19,20,21,22,23]. Others present analyses only for some South American capitals [24,25] or identify regional development pattern of Covid-19 without discussing the government strategies to hold down the pandemic [26]. Franch et al. [27] present a review of 63 scientific works on geospatial and spatial-statistical analysis of the geographical dimension of the Covid-19 pandemic, and, regarding the spatial analysis, none of the works found covered South America.



Regarding the analysis of the transmission levels of Covid-19, there are few studies focused on South America [28,29,30]. Due to the diverse profile of the South American region in terms of levels of pandemic advancement and the measures adopted to face the novel coronavirus, as well as concerning cultural, socioeconomic, and political aspects, the main objective of this study is to identify variations in the mobility of people in South America during the Covid-19 pandemic.



Previous studies have highlighted culture as a key element to explain behavioural variations when facing scenarios in which behaviour change is required to control contagious diseases [31,32]. Brito et al. [33] make use of the Earth observation (EO) dataset [34] to analyse the potential to support a risk assessment of Covid-19 from the spatial dimension. They highlight the environmental and social vulnerabilities of slum communities and use two slum areas in Salvador, Brazil, as a case study. Authors state that, along with auxiliary spatial information, such as drone-based local data gathering procedures, the EO dataset would be useful to identify the spatial foci for Covid-19 control measurements. In the study done by Seale et al. [35], adherence to preventive measures against the novel coronavirus in Australia, such as social distancing, was associated with factors, such as greater trust in the government and authorities and a greater perception that the recommendations made by them are efficient. In the study conducted by Huynh [31], it was found that the mobility of the population during the Covid-19 pandemic was lower in nations in which population tends to have a higher perception of risk in relation to Covid-19, considering a group of 58 countries. In Reference [36], using data for the city of Kansas, in the Midwest of the United States of America, authors found the same relationship between risk perception of the novel coronavirus and adherence to measures of social distancing. Studies for other outbreaks also point out that the greater the level of knowledge of individuals regarding the disease, the greater the perception of risks, and also the adherence to preventive measures, such as social distancing [37,38].



The present work established two hypotheses for the mobility trend of the population in ten South American countries: Countries that have adopted stricter social distancing measures have a lower level of movement of people during the pandemic (H1), and mobility is occurring randomly in space during the pandemic (H2). To evaluate these hypotheses, we used Google Community Mobility Reports dataset to construct a mobility index that summarises the Google categories into a single one [39]. In order to compare the level of population mobility with the strictness degree of social distancing measures in each country, we used the Covid stringency index from Oxford Covid-19 Government Response Tracker (OxCGRT). This relationship was also compared taking into account the magnitude of the reproduction number,   R ( t )  , obtained from 4 March to 27 October 2020. We performed a spatial auto-correlation analysis considering two distinct periods (15 February to 31 May 2020 and 1 June to 27 October 2020) that differ from each other by the flexibility level of social distancing and economic activities.



The main contributions of our work are:




	
use of data-driven approach and statistical analysis to understand the people movement during the Covid-19 pandemic and the governments’ responses in terms of social distancing measures, considering different periods and contexts in South America;



	
propose the use of a measure of people movement based on Google’s geolocation data for six types of social activities, which can be compared to different geographical units, updated, and which can also be easily replicated by other researchers;



	
provide objectivity to the classification of countries in South America as to the strictness level of their measures of social distancing through the use of the Covid stringency index from Oxford Covid-19 Government Response Tracker (OxCGRT), that also represents a comparable measure, with broad and free access, in addition to having daily and routinely updated information;



	
using mathematical modelling, we calculate the level of transmission from Covid-19 (  R ( t )  ) for countries of South America, identifying two distinct patterns of transmissibility: a transient and a steady-state period;



	
relate the people movement, the strictness degree of social distancing measures and transmission levels of Covid-19 to identify patterns among the countries analysed in South America; and



	
undertake a spatial analysis of mobility patterns in three specific countries in South America, and for more granular analysis units (provinces and states) than has generally been used in previous works.








In addition to this introduction, the present work is subdivided into three more sections: in Materials and Methods, the data sources and analysis techniques used to achieve the proposed objectives are presented. Then, the results obtained for a group of ten countries in South America are presented, while the discussion on the main findings and points raised are described in the last section.




2. Materials and Methods


2.1. Google Community Mobility Reports Dataset


Since April 2020, Google has made available in its Google Community Mobility Reports [40] information about places visited, captured by mobile devices for 132 countries. For the visited places to be registered, the user needs to activate the Location History of his account, which by default is disabled. The information is made available as historical series in Comma-Separated Value format files (anonymous and aggregated records) for each country and has the following categories of physical spaces: (a) Retail & recreation (restaurants, cafes, shopping centres, theme parks, museums, libraries, and movie theatres); (b) Grocery & pharmacy (grocery markets, food warehouses, farmers markets, speciality food shops, drug stores, and pharmacies); (c) Parks (national parks, public beaches, marinas, dog parks, plazas, and public gardens); (d) Transit stations (public transport hubs, such as subway, bus, and train stations); and (e) Workplaces; and Residential spaces. Figure 1 illustrates the structure of the mobility database provided by Google.



The data released by Google are percentages of variation in population mobility compared to the baseline that consists of the period from 3 January to 6 February 2020 (period considered pre-pandemic in the region, where most countries had not started social distancing measures).



Note that data from Google Community Mobility Reports is collected from users who have turned on the Location History setting of their mobile phones. Therefore, by definition, the data analysed in this work concerns a specific part of the population that has a Google Account configured with Location History turned on.




2.2. South American Countries and Covid Stringency Index


For the analysis of mobility trends in the countries in South America, nations in which data was available for the period from 15 February to 27 October 2020 were selected. Based on this criterion, ten South American countries were included: Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, and Venezuela. This same group of countries and period were used in the comparative analysis between the people movement and the strictness degree of the social distancing measures adopted, according to the Covid stringency index from Oxford Covid-19 Government Response Tracker (OxCGRT) [41]. It is a summary indicator of nine dimensions related to the policies employed by countries during the pandemic to contain the circulation of people: school closing, workplace closing, cancel public events, restrictions on gathering size, close public transport, stay at home requirements, restrictions on internal movement, restrictions on international travel, and public information campaign. The indicator varies between 0 and 100, and the higher the value, the greater the strictness of the social distancing policies adopted. For this indicator, information from 1 January to 27 October 2020 was used.




2.3. Mobility Index


To summarise the mobility trends of the six Google activity categories in a single metric, a mobility index was created based on the area of a radar chart [42]. As can be seen in Figure 2, each triangle that makes up the hexagon forms an area that can be calculated by the law of sines and in which centre point is a minimum value, C [42]. The mobility index is then obtained by the ratio between the sum of the areas of the six triangles in the analysed period and the sum of the areas of the six triangles in the period from 3 January to 6 February 2020 (baseline), before the arrival of the Covid-19 pandemic in South America.



Compared to the baseline period, index values smaller than one indicate a lower level of circulation of people; equal to one indicates the same level of movement of people; and greater than one indicates higher level of circulation of people.



In order to remove the effects of weekdays, the trends were seasonally adjusted through the application of statistical techniques (Season-Trend decomposition using LOESS [43]).




2.4. Reproduction Number


The level of Covid-19 transmission represents an important dimension to be considered in the relationship between mobility and strictness of social distancing. Since epidemics due to contagious diseases are relatively recurrent, there is a stimulus for development of metrics that allow to know the potential of contagion of each one of them. The reproduction number, R, one of these metrics, represents the expected number of people that someone infected can infect [44].



  R ( 0 )  , a variant of R, is used when considering that all individuals of a given population are susceptible. When one wants to calculate the R at a given time, i.e., assuming that the part of the population has acquired immunity along the epidemic occurrence, the metric is called   R ( t )   [45]. If   R ( t )   is greater than 1, it means that the disease is in a contagion phase; if it is less than 1, it means that the disease is under control [44]. Previous studies demonstrated that the practice and timing of implementing social distancing measures can significantly reduce the reproduction number of Covid-19 [46,47].



In this work, we estimate the daily value of   R ( t )   from 1 March to 27 October 2020. There are many ways to calculate   R ( t )   (such as Reference [48]), and we have adapted a model proposed by the Centre for the Mathematical Modelling of Infectious Diseases (CMMID) [44].



To model   R ( t )  , the parameters used were: a Gamma distribution with an average of 4.7 days and standard deviation of 2.9 days, which is in accordance with the methodology for calculating the reproduction number of Covid-19 from previous studies [49,50]. The   R ( t )   was calculated assuming a confidence interval of 95%, and, because it is a lagging indicator, the values of   R ( t )   refer to the average of the last seven days.



The epidemiological information needed to calculate the   R ( t )   (daily numbers of confirmed cases and deaths for each of the ten selected countries in South America) were obtained from the Centre for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU) [39]. The code used to estimate the   R ( t )   is available in Reference [51].



According to the   R ( t )   distribution in South America during the pandemic, we can highlight two periods: a transient period, during March, marked by high levels of Covid-19 transmission and the first government responses to the pandemic; and a steady-state period, from April, characterised by more stable levels of Covid-19 transmission and different government managements of the pandemic.



Considering these two periods, we conducted to analysis. In the first one, to analyse the strictness of social distancing measures pattern according to the transient or steady-state period, we calculate the probability density function (PDF) for Covid stringency index. Through this function, it is possible to obtain the probabilities associated with a continuous variable, which form a bell-shaped curve under the horizontal axis with area equal to 1 [52]. Distributions of the PDF Covid stringency index close to zero and uni-modal indicate low and homogeneous level of strictness of social distancing measures applied by governments. On the other hand, distributions more distant from zero and with a bi-modal shape (or more) suggest a high level of strictness and also more heterogeneous decrees.



In the second analysis, for each country and period (transient and steady-state), we compare the relationship between the community mobility index and the Covid stringency index, considering the magnitude of   R ( t )  . In order to take into account the variability of mobility and strictness indices and the   R ( t )   per country, we considered the sum of the mean and the standard deviation in each one.




2.5. Spatial Auto-Correlation Analysis


Based on the relation of community mobility index, Covid stringency index, and   R ( t )  , we selected three nations to carry out the spatial auto-correlation analyses: Argentina and Brazil, which presented a high-low and middle-low pattern in transient and steady-state periods, respectively, in terms of strictness of social distancing and people mobility; and Chile, which presented a low-low pattern during the transient period.



Regarding the sociodemographic characteristics of the countries selected to evaluate if there is spatial dependence in population mobility or if mobility is occurring randomly in space, Brazil stands out in relation to Argentina (44 million) and Chile (18 million) in terms of territorial extension and population size: 210 million inhabitants in 2019. In terms of income inequality (measured by the Gini Index), Chile (44.4) and Argentina (41.4) shared practically the same high level of inequality in 2018, while Brazil presented a higher level of inequality (53.9), pointing to a most economically unequal society. With regard to life expectancy at birth, which can be interpreted as a measure of quality of life, Argentina, Brazil, and Chile had similar levels. The highest value was presented by Chile (80 years), followed by Argentina (76.5 years) and Brazil (75.7 years), given estimated values for 2018, for all cases [53].



For Argentina, Brazil, and Chile, mobility information was also disaggregated for smaller units of analysis; in this case, provinces and states (of the total of 132 countries in the Google dataset, these characteristics were present in only 39% of them). This was a necessary condition for the identification of mobility clusters within the selected countries.



To use information of provinces, departments, and states, it was necessary to handle the missing information from the mobility records. In the case of Argentina, Workplaces and Residential categories did not present missing values, while, for the Transit stations category, there was 6.1% of missing data. For the other categories, the missing data was less than 1%. For Chile, different percentages of missing data were found in all categories: Workplaces (0.93%), Retail & recreation (0.83%), Grocery & pharmacy (1.25%), Residential (4.57%), and Transit stations (1.78%). For Brazil, missing data were also found in all categories, and the Parks category had the largest percentage (1.68%).



To overcome with these missing data, we opted for a single imputation method by adding the average of the values by country and by category. This choice is justified by its simplicity to generate the complete dataset [54].



Each variation in mobility within the dataset is associated with spatial sub-spaces in two different granularities: national and its political-administrative subdivisions (provinces or states). Thus, the analysis of spatial auto-correlation was used to reveal whether there is any association between these variations of nearby mobility in spaces, whether they form clusters or if they occur at random. We considered two periods that differ from each other by the beginning of the gradual reopening of the economy and the social activities: 15 February to 31 May 2020, and 1 June to 27 October 2020.



Spatial auto-correlation can be understood as a correlational assessment of the values of the same variable at different points in space, in order to verify how the magnitudes of this variable influence and are influenced by nearby locations [55]. When the spatial auto-correlation is positive, spatial similarity occurs, i.e., close points in space are similar in their values, forming clusters. When the spatial auto-correlation is negative, this relationship between proximity and values of a variable is reversed, and spatial heterogeneity can be observed [56]. There is also the case of spatial randomness, characterised by the absence of any significant relationship between the location of the variable and its values [55].



To estimate the spatial auto-correlation, one of the most common statistical techniques is the Moran’s Test, which presents a global index to assess the entire region under analysis and local indices for the different subdivisions within the same region [55,56,57]. Both indices take into account the influence of the neighbourhood, represented by a spatial weights matrix W, where each element   w  i j    measures the proximity between i and j by some spatial contiguity criteria [56,58]. The most used neighbourhood specifications are the Rook’s case contiguity, in which it is defined that neighbouring areas share only edges, and the Queen’s case contiguity, in which neighbouring places share edges and vertices, the one used in the present study [59]. These neighbourhood criteria are illustrated in Figure 3.



According to Reference [55], the global Moran’s index I for a variable x can be formally described by (1).


  I =  n  S 0      ∑ i   ∑ j   w  i j    (  x i  − μ )   (  x j  − μ )     (  x i  − μ )  2   ,  



(1)




where n is the number of areas,   S 0   is the sum of all elements of the spatial weights matrix W, and  μ  is the average of all observations from x. The Moran index, I, varies between −1 and 1, with   I > 0  , indicating positive spatial auto-correlation and   I < 0   pointing to a negative spatial auto-correlation. There is a validation of the index through a pseudo-significance test in which null hypothesis is spatial independence (  I = 0  ) [55].



A visual interpretation of the Moran’s index is the slope of the regression line of the so-called Moran Scatterplot [55], as illustrated in Figure 4. This diagram consists of a two-dimensional plot, in which a normalised variable z is arranged on the x-axis to be compared with the average of the same variable at neighbouring locations   W z   (in which W is row-standardised, i.e., each element   w  i j    is divided by its row sum), arranged on the y axis [61]. Therefore, the points in the quadrants   Q 1   and   Q 2   represent areas surrounded by neighbours with similar values (positive auto-correlation), while the points in the quadrants   Q 3   and   Q 4   illustrate areas surrounded by neighbours with dissimilar values (negative auto-correlation) [62].



The visualisation of this data through maps is convenient and useful. In this case, the spatial subdivisions are coloured according to the quadrant to which each point belongs in the Moran diagram [64]. Since Moran Scatterplot does not provide information on the significance of each observation within its quadrants, it is necessary to investigate this statistic using Local Indicators of Spacial Association (LISA) [62]. The local Moran’s index is part of the LISA class and provides details of local patterns and trends [64], being defined for each area i from the values of the variable   z i   according to (2).


    I i  =  z i   ∑ j   w  i j    z j  ,   



(2)




where the elements   w  i j    of the spatial weights matrix are row-standardised, and the sum in j encompasses only neighbouring values   j ∈  J i    of the area i [62]. The local Moran’s index also presents a statistical test for its validation analogous to that of the global index [55], becoming feasible that maps visualisation only highlights the spatial subdivisions with significant spatial auto-correlation. In the literature, these maps are known as LISA cluster maps and are usually accompanied by other similar maps that highlight significance level of each subdivision, called LISA (significance) maps [62,65].





3. Social Distancing, Easing Covid-19 Restrictions and Community Mobility in South America


As shown in Figure 5, in 2020 Peru was the first country in South America to adopt the lockdown (15 March), followed by Ecuador and Venezuela (17 March), Argentina and Paraguay (20 March), Bolivia (22 March), and Colombia (24 March). Less restrictive social distancing measures were in place in Brazil, Uruguay, Chile, and Guyana, although, in the specific case of Chile, measures to close some areas of its territory were adopted [66].



Regarding the number of social distancing measures applied to contain the movements across and within countries, Chile (36 measures), Paraguay (19 measures), and Bolivia (15 measures) stood out. Among these countries, only Chile did not adopt the lockdown (Figure 5). On the other hand, Peru (5 measures), Argentina (7 measures), and Ecuador (8 measures) presented less restrictions or prohibition on the entry of foreign travellers, border closures and controls, and restriction or closure of public places and mass gatherings.



Figure 5 also shows that from May, countries started to ease the lockdown. On 3 May, the Ministry of Labour of Ecuador established rules for the reactivation of labour journey of the private sector. Ecuador was the precursor to decree the lockdown and also the economic reopening in South America. Colombia (25 August) and Bolivia (1 September) were the last to decree the lockdown and also the last to ease the social distancing measures.



Considering the incidence rate of Covid-19 (new cases per 1 million inhabitants) on 10 October (see Figure 5), there is a mix of new confirmed cases of the disease among the countries analysed, regardless the type of social distancing measure adopted during the pandemic [66]. Although this variability may be related to the testing capacity of each country and to the different behaviours of the pandemic, it is also related to the population’s relaxation regarding measures of social distancing, especially after the economic reopening and other social activities. An important example is Argentina that instituted one of the longest lockdown decrees among the countries analysed; however, in October, it reached approximately 1 million of confirmed cases of Covid-19, following its neighbour Brazil, the first country in the region to reach this mark four months earlier, in June. As shown in Figure 5, Argentina had the highest incidence rate of Covid-19 among the countries analysed on 31 October (308.8 new cases per million inhabitants), followed by Colombia (197.1 new cases per million inhabitants), which also reached one million infected with the new coronavirus in the same week as Argentina. In both countries, the trend of stability in the number of new cases of Covid-19 started to increase in July, approximately, which may have been stimulated by the expansion of the measures of economic reopening and social activities verified since that period [67,68].




4. Strictness of Social Distancing Measures and Population Mobility in South America: Is There a Pattern?


Figure 6 illustrates the trajectory followed by the proposed community mobility index between 15 February and 27 October 2020 for the group of ten South American countries. There is a sharp drop in the population mobility captured by Google on the dates coinciding with the carnival celebrations (in the second half of February). The downward trend in mobility started approximately from the second week of March when most of the countries announced the first measures of social distancing.



There is a decline in mobility for nations, like Paraguay, the first country in South America to enact social distancing (9 March), and Uruguay, in which initial measures were enacted on 13 March. The case of Venezuela also draws attention: On 12 March, that country applied its first measures related to the restriction of population mobility; however, the mobility levels remained one of the highest for a few more days, until reaching a pace of decline with the lockdown decree on 17 March, four days after that country confirmed its first case of Covid-19 [69].



From 23 March, approximately, the formation of two groups can be seen for most of the period: the first, with less circulation, included nations that declared lockdown at the beginning of the pandemic; the second, with greater circulation, included countries that adopted two types of social distancing.



4.1. Countries with Lower Levels of Population Mobility


According to the analysed index, Bolivia was the country with the lowest level of population mobility until the beginning of June, when the people circulation reached a sustained growth rate, according to the trend presented by the indicator. For Colombia, the trend described was an increase in mobility until the beginning of July. From this point, the curve of the community mobility index showed an important inflection, with a tendency to reduce the people circulation for approximately 15 days. At that time, the pace of contagion by Covid-19 was growing, which led the Colombian government to extend the lockdown and to allow the gradual reopening of the economy to continue only in those areas with no or few cases of Covid-19 [70]. However, after the second half of July, the mobility of the Colombian population increased again, and, at the end of the analysed period, it was one of the highest in the region, as well as the number of cases of the new coronavirus in that country.



In the case of Argentina, which decreed lockdown on 20 March 2020, it was among the countries with the lowest levels of circulation in the region. However, it is noteworthy that, despite the greater control of the movement of people, Covid-19 has advanced rapidly in that country, as previously discussed. The low capacity to carry out tests and tracking of contacts may be a possible explanation for this apparent paradox. On 6 November, Argentina was one of the South American countries that performed less Covid-19 tests (70.1 tests per 1000 inhabitants), while, in Chile, the South American country that tested the most, this value was almost the triple (234.8 tests per 1000 inhabitants).



In Chile, the trend of the community mobility index, which was close to that of the countries that did not decreed a lockdown in the entire territory, was reversed in the first weeks of May. On that occasion, in the metropolitan region of Santiago (the administrative capital of Chile), the lockdown was decreed due to the increase in the number of Covid-19 cases [71]. The level of people movement in Chile during the pandemic was one of the lowest in the region, although, at the end of October, the trend of the community mobility index was upward.



The trend described by the population mobility index in Peru, the first country to declare the lockdown in South America, was one of the lowest and most stable. It is important to highlight that the national lockdown decree was one of the most severe in the region, including curfew at certain night times. These measures were successively renewed throughout the pandemic, and, until 6 November, the number of confirmed cases of Covid-19 approached the mark of 1 million, and the number of deaths, 35 thousand records [72].



In Ecuador, the epidemic advanced strongly since the confirmation of the first case, at the end of February [73]. Measures were taken to contain the people circulation in the first weeks of March, especially in the capital Quito [74]. Ecuador, which has a population of around 17 million inhabitants [75], accounted for more than 3000 deaths by Covid-19 on 6 June [5]. The trend of the community mobility index has been growing over time, especially since June, when Ecuador started to present people circulation levels close to those of countries that did not institute national lockdown measures.




4.2. Countries with Higher Levels of Population Mobility


Considering the countries that presented the highest level of population mobility in the period analysed, Brazil is peculiar. From the second half of March, Brazil presented as the regional leader in mobility during practically the entire period analysed, although, in specific periods, countries, such as Uruguay, Paraguay, and Venezuela, took turns leading him in the level of movement of people during the pandemic. For example, for two consecutive months (middle August to late October 2020), no country managed to reach Brazil considering the trend described by the community mobility index. Despite its continental dimensions, its large population, and the profound social inequalities that mark Brazil, the absence of a national coordination plan that would guide states and municipalities regarding social distancing may have been decisive for the circulation of people to be high during the pandemic [76]. Furthermore, the presidential speeches that conflict with the guidelines of the world health authorities and health authorities of their own government, that contributed to the change of command of the Ministry of Health on two occasions, may have contributed to a great internal variability in the level of adherence to non-pharmacological interventions to cope with Covid-19 [77]. Brazil entered the month of November with more than 5 million confirmed cases, the third largest in the world, second only to the United States and India. Although the contagious rhythm of Covid-19 in Brazil has shown signs of decrease, the country has remained for long months in an uncomfortable plateau of the distribution of the number of deaths over time, which, until 7 November, surpassed the mark of 160 thousand deaths [6]. In turn, Uruguay has presented a more favourable scenario than its neighbours. In the first week of November, it had accounted for about 3000 confirmed cases and 61 deaths from Covid-19 [78]. On 3 November, Uruguay was one of the exceptions in South America as it did not present community transmission of the new coronavirus, with the confirmed cases limited to certain geographical areas [79]. Without instituting a national lockdown, Uruguay had one of the highest levels of circulation of people, according to the trend shown by the community mobility index. The rapid, and strongly based on scientific criteria, governmental response to the pandemic, since the first case was confirmed on 13 March, may have allowed Uruguay to better manage the health crisis when compared to other countries for most of the period, despite this high level movement of people. For example, in Uruguay, the preparation of the health system for the care of patients and the testing and contact tracking system, which represents one of the most efficient in South America, stood out [80].



Paraguay, which adopted lockdown measures on 20 March 2020, the community mobility index trend fluctuated until the first half of April but subsequently reached a consistent pace of growth and at levels closer to the typical mobility of countries that did not adopt a national lockdown. The reversal of this trend occurred only in August, with a decrease in mobility levels, but with an indication of a resumption of growth at the end of the analysed period. Until the first week of November, the number of confirmed cases of Covid-19 in Paraguay was just over 65 thousand, and the number of deaths reached around 1500, with both epidemiological indicators concentrated in the second half of 2020 [81].



Venezuela was one of the first countries to institute the lockdown and also to end it in late May. The serious humanitarian crisis installed in the country a few years ago impacted the health system’s capacity to respond to Covid-19, intensifying the circulation of Venezuelans on the borders with neighbours Brazil and Colombia, despite the existing prohibitions. In the border regions with these countries, the incidence rates of Covid-19 were the highest in Venezuela [82]. According to the World Health Organisation, until 7 November, Venezuela had 819 deaths from Covid-19, and the number of confirmed cases was close to 94,000 [83]. Observing the trend of the community mobility index for that country, there was an increase in circulation until the first half of June, when, from then on, there was stabilisation around a lower level, although, at the end of October, the trend described was of increase in the mobility of people.



The next section presents the pattern described by Covid stringency index for each country along the pandemic and the probability density function (PDF) for this index considering a transient and a steady-state period. It also presents the daily evolution of the values of   R ( t )   and moving average seven days to confirmed cases of the novel coronavirus for three countries selected for spatial analysis (Argentina, Brazil, and Chile). And, for each period (transient and steady-state), we show the relationship between community mobility index and Covid stringency index, considering levels of Covid-19 transmissibility.





5. Mobility Pattern, Epidemiological Indicator and Public Policies to Contain the Pandemic in South America


5.1. The Scenario of the Covid-19 Crisis in Two Acts: Transient and Steady-State Periods


According to Figure 7, one can see that, although measures related to social distancing in the region start to appear in an isolated way in February, they only increase significantly in March. Although, for some countries, the score in the Covid stringency index grew gradually, as in the case of Uruguay, in others, the process of tightening up these measures was faster. For example, Argentina became the country with the strictest distancing policies in South America in the second half of March. However, it is the curve of the Covid stringency index in time for Uruguay that stands out. This country, which, as previously presented, did not adopt national lockdown measures, presented a slower and more ephemeral increase in the rigidity of its measures in relation to the others. In Uruguay, the Covid stringency index score started to drop in the first half of April, as can also be seen for Colombia. However, while, for that country, there was a recovery of stiffness around May, for Uruguay, the behaviour of the curve was monotonic until the beginning of June. From that point on, successive declines in the value of the Covid stringency index can be observed, which increased again only from the week of September and remained stable throughout the month of October. When looking at the PDF of Covid stringency index, there are notable differences in distributions for countries considering transient and steady-state periods. During the transient period corresponding to the month of March, when governments showed their first reactions to the arrival of the pandemic, and with it, high levels of transmission from Covid-19, there is a concentration of curves around zero, signalling for measures of low rigidity and marked homogeneity between countries. Once again, the Uruguay curve stood out, more centred around zero than the others, which is compatible with the trend previously presented by it. With regard to the steady-state period, which covers the period from April to the end of October, and which is characterised by stable values of   R ( t )   and in response to different government actions in the course of the pandemic, it is observed a general behaviour of multi-modal curves and centred on values far from zero. For example, Uruguay presented tri-modal curves that were flatter than those of other countries. This pattern illustrates the more gradual pace of stiffening of its measures of social distancing and the low Covid stringency index scores achieved. In the case of Argentina, the shape of curves had low dispersion and were centred around high values, which in turn illustrates the rapid rise in the scale of the previously mentioned social rigidity index.



Figure 8 presents the relationship between community mobility index (CMI) and Covid stringency index (CSI) for the ten countries in South America during the transient period. The magnitude of   R ( t )   is expressed in the size of the symbols for each country represented in the graph. Based on the relationship between stiffness and people mobility, countries can be classified into three clusters: Cluster 1 composed of Uruguay and Chile (very low CSI–very high CMI); Cluster 2 composed of Brazil, Colombia, and Venezuela (low CSI–very high CMI); and Cluster 3 formed by Argentina and Bolivia (middle CSI–very high CMI), Paraguay, Ecuador, and Peru (middle CSI–high CMI).



During the month-long transient period, the degree of rigidity of social distancing measures ranged from “very low” to “middle”, while the level of people mobility ranged from “very high” to “high”. In Cluster 1, Uruguay and Chile were, in relation to the others, in the lowest level of rigidity of the Covid stringency index, and also, in the highest level of circulation of the community mobility index. Similarly, in Cluster 2, Brazil, Colombia, and Venezuela presented a low level of rigidity in their measures and a very high level of people mobility. On the other hand, in Cluster 3, countries seem to have responded with more rigidity in their decrees to the crisis that was taking place (Covid stringency index classified as middle) than their South American counterparts; however, this stiffness in the rigidity seems not to have been sufficient in that period to produce greater control over people mobility, that was classified as very high or high.



Figure 9 refers to the steady-state period, which formed the following clusters: Cluster 1 that includes only Uruguay (middle CSI–high CMI); Cluster 2 that includes only Brazil (high CSI–high CMI); and Cluster 3 that includes Paraguay, Ecuador, Venezuela, Colombia, and Bolivia (very high CSI–middle CMI), and Chile, Argentina, and Peru (very high CSI–low CMI). In this period that includes six months of exposure, the application of stricter measures of social distancing has not always resulted in a reduction in the mobility of the population. In the case of Uruguay, the average rigidity of the CSI was related to a high level of mobility, and in the case of Brazil, although it reached a high level in the steady-state period in the CSI index, the level of mobility of its population was also high, suggesting a low response from its population to the tightening of its measures. In Cluster 3, which included countries that adopted and did not adopt national lockdown measures, Chile, Argentina, and Peru presented combinations of Covid stringency index (CSI) and community mobility index (CMI) compatible with what establishes H1: very high rigidity of its decrees of social distancing and medium or low population mobility.



In summary, the results found for the transient and steady-state period for the most part pointed to the rejection of H1, since, in most of the clusters that were formed, the expected inverse relationship between the level of rigidity of the social distancing measures and mobility of the population was not verified, and, especially in the steady-state period, which presents a period of greater consolidation of government measures aimed at containing mobility, on the one hand, but also a longer time of exposure of people to circulation. Despite the rigidity of the measures adopted, for some countries, the task of containing the movement of people seems to have been more difficult than for others.



Countries were selected for the spatial analysis to test the H2 based on the clusters that were formed in the previous analysis. This spatial analysis seeks to measure spatial dependence in population mobility or if mobility occurred randomly in space. In this way, Chile was selected, which, in the transient period, composed Cluster 1; Brazil, that, in the transient and steady-state period, was part of Cluster 2; and Argentina, which composed Cluster 3 in both periods analysed. Uruguay presented important characteristics in the formation of clusters; however, it was decided not to include this country in the spatial analysis due to its high rate of missing values for Google’s categories of activities.



Figure 10 shows the evolution of the reproduction number   R ( t )   and moving average 7 days confirmed cases of Covid-19 for Argentina, Brazil, and Chile. High values of   R ( t )   are observed for the three countries at the beginning of the pandemic (transient period), but it has declined consistently since April (steady-state period). These changes in the reproduction number levels point out to good results achieved by the measures of social distancing implemented by these countries, although the starting points and rigidity of the adopted measures were different among them. The quality of information on confirmed cases and deaths by Covid-19 and others that affect the construction of the   R ( t )   index must also be taken into account. As shown in Figure 10, there is a large daily fluctuation in the number of confirmed cases for the three countries, which may be an indication of information under-reporting. Low population testing for Covid-19 issues may mean that the values of   R ( t )   are higher than the one presented here.



Regarding the growth of the number of cases during the pandemic, different rhythms have been observed. While Brazil experienced a rapid escalation of Covid-19 cases, following a very oscillating trend that began to show signs of decline as of August, but which ends the period under analysis at a pace of growth, Chile showed a slower trend of rise in its curve of the moving average of the number of cases, which cooled down in June, and, from then on, it stabilises at a low level. In turn, Argentina shows a sustained growth trend for this epidemiological indicator, especially considering from May on.




5.2. Lessons Learned. Implications of the Scenario for Public Policies Concerned to Covid-19


According to the analysis presented, during the eight months of the pandemic, different patterns were revealed in the region, not only in terms of mobility but also related to the rigidity of social distancing measures and Covid-19 contamination, considering two distinct phases of the pandemic: the transient and steady-state period.



Considering only the evolution of the community mobility index, with the implementation of the first measures of social distancing, a significant drop in the level of people movement was observed for all the countries analysed. However, in none of them was this level sustained for a long time, and, in many cases, the resumption of the level of mobility occurred before local governments directed the return of non-essential activities under health and hygiene protocols.



Historically, South America has had adverse socioeconomic characteristics and is highlighted by deep social inequalities between and within countries. And this diverse social framework must be taken into account to assess adherence to social distancing and the evolution of epidemiological indicators during the course of the pandemic.



Table 1 presents the proportion of informal employment related to total employment in 2019, and the Gini Index as a measure of social inequality. It is clear that there is also a mix within the region: informality in the labour market reached 84.9% in Bolivia, while, in Uruguay, it was no more than 24%. Regarding the Gini Index, Brazil (53.9) and Colombia (50.4) are the most unequal, and Uruguay (39.7) and Argentina (41.4) are the least.



These numbers show that there is no linear relationship between informal employment and inequality, and also, between each of these dimensions with the level of mobility during Covid-19 pandemic. Uruguay, which had a lower proportion of informal employment, was the one with the highest levels of movement, as shown by the community mobility index. Brazil, which had a proportion of informal workers of 47.9%, almost double that presented by Bolivia (84.9%), experienced movement at levels higher than the Bolivian population.



These aspects suggest that the high movement of people during the health crisis in the region does not depend only on the proportion of people in the informal economy and in which remote work is not an option but also on a set of characteristics that go through the degree of rigidity of social distancing measures, existence of assistance policies for supporting informal work, and also political and behavioral aspects.



For example, in Bolivia, the lockdowns were combined with income supports directed to informal workers, considered successful in the context of the pandemic, although problems, such as crowds formed at the benefit distribution locales, have been reported, increasing the risk of contamination. Faced with a large population of informal workers and employees mainly in the agricultural sector, the national government expanded benefits for existing cash transfer programs in order to protect these workers and contain Covid-19 which was rapidly spreading among the poorest population, achieving good social and public health outcomes [84].



Brazil has also adopted a set of public policies to protect workers severely affected by the health crisis, such as the introduction of an emergency aid payment for informal workers, individual entrepreneurs, unemployed people, and others. However, operational failures in the implementation of theses social policies, such as difficulty of registration, are pointed out as barriers to the success of these measures [85], as well as the formation of crowds at bank branches to withdraw the benefit, increasing the risks contagion. The difficulties imposed on beneficiaries may have contributed to the outstanding movement of people in Brazil [86], even in the face of an epidemiological scenario characterised by high incidence and deaths by Covid-19, in addition to other factors previously mentioned, such as the absence of a national coordination of social distancing and economic reopening measures. Simultaneously to an increase in the number of cases and deaths from the novel coronavirus and a slow process of acquiring vaccines to immunise its large population, Brazil also started 2021 under the threat of the end of the emergency aid, or in the best of cases, reductions on the amount provided by the government. If any situation occurs, Brazil, the most unequal country not only in South America but in the world, can further deepen the gap between the richest and the poorest.



In Argentina, a country that presented one of the most rigid and long-lasting lockdown measures among the countries analysed, the trends of the community mobility index reached one of the lowest levels in the region over the analysed period. In terms of social security in pandemic times, the country that presents a lower level of inequality compared to that presented by the majority of its peers, but a proportion of informal workers that reaches almost half of the total of workers, has also implemented specific social public policies. The Argentina “Emergency Family Income” pays US$155 to 3.6 million families, and a set of other actions, such as the increase of income transfers targeted at the elderly, in addition to employment and salary protection policies [87]. The set of these measures combined to a more rigid and coordinated action to control the circulation of people may have been the key factors for Argentina’s good performance compared to other countries in the region. However, as previously discussed, failures of health care, such as the low number of tests and contact tracking, may have contributed to the fact that, by the end of 2020, the number of cases and deaths from the disease showed a growth trend in that country. The experience in Argentina may be an example that, alongside social protected measures and social distancing, surveillance to control the spread of the novel coronavirus plays an important role in the context of the pandemic.



The next subsection presents descriptive spatial analyses for three selected countries and their territorial divisions in provinces and states of Argentina, Brazil, and Chile.





6. Spatial Analysis of the Inner Mobility Tendencies


6.1. Exploratory Analysis of Spatial Data


Figure 11 presents the average variation of mobility in the period from 15 February to 31 May 2020 and Figure 12 from 1 June to 27 October 2020, both for South America. In general, for all countries and periods, there was a smaller variation of mobility to Grocery & pharmacy, Workplaces, and Residential. In the second period (Figure 12), it is possible to notice the increase in circulation in Grocery & pharmacy in Brazil and the reduction of mobility in places, like “Parks” in Argentina, compared to other countries.



Looking at the average variation of internal mobility of Argentina, Chile, and Brazil, important trends are shown. In Argentina, comparing Figure 13 and Figure 14, one can see that the significant reduction in the circulation of people in the Parks category in the second period occurred homogeneously among the provinces. On the other hand, noteworthy is the generalised breach of social distancing between administrative units considering the categories Grocery & pharmacy, Workplaces, and Residential. For the Transit station category, the increase in the circulation of people from one period to the next was more localised, as in the province of Santa Fe and Salta.



In Brazil, Figure 15 and Figure 16 show a substantial increase in mobility over time for virtually all regions, considering the Grocery & pharmacy category. There were no major variations between the states in terms of isolation in places of residence from the first to the second period. However, for categories, such as Parks and Transit station, there has been an increase in mobility over time, especially for states in the North Region of the country.



In Chile (Figure 17 and Figure 18), although, especially for the Residential category, there was little variation from one period to the next, in the others, the trend was towards greater adherence to social distancing in the period from one period to another and jointly between the provinces.



6.1.1. Global Moran Index


According to the Table 2, for Brazil, Moran Global Indices statistically significant at the 95% level of reliability (highlighted in gray) predominated for a greater number of categories of Google activities, and especially in the first period (15 February to 31 May 2020). In the second period, which is marked by a greater reopening of commerce sectors and some social activities in Brazil, the categories Transit stations and Residential did not reach statistical significance, indicating that, in these cases, in time, mobility started to occur at random. In both categories and periods, the spatial auto-correlation was positive, i.e., a location has neighbours with similar values.



In the case of Argentina, Workplaces and Residential categories reached statistical significance in the two periods analysed, while, for the Retail & recreation category, this occurred only in the period from 1 June to 27 October 2020. As in the case of Brazil, for these categories, spatial auto-correlation was positive. As previously presented, Argentina showed an increase in the number of Covid-19 cases in the second half of the year, which, combined with some flexibility in its lockdown, may explain the return of spatial dependence on mobility and for only this category. However, it is important to highlight that the predominance of categories without statistical significance, and that point to the randomness of the population’s mobility for most of Google’s activities, may be a consequence of the high level of rigidity of the Argentine lockdown, as shown by previous analyses.



Finally, for Chile, only one category achieved statistical significance, and in the second period: Retail & recreation, which presented a positive and weak spatial auto-correlation. These results are consistent with what was demonstrated by previous analyses that pointed to this country that did not adopt national lockdown measures, increased the rigidity of its measures over time, as well as the control over the mobility of its population.




6.1.2. Local Moran Index: Clusters Formation in Argentina, Brazil, and Chile during the Pandemic


Having performed the analysis of the global spatial auto-correlation indicator, this sub-section presents the local Moran index that points out to the formation of clusters between administrative units of Argentina, Brazil, and Chile. High-high clusters mean agglomerations of provinces with high variation in mobility in relation to the baseline period. Conversely, a low-low cluster mean agglomerations of provinces with low variation in mobility. Places with low variation of mobility surrounded by neighbours with high variation form low-high outliers, and otherwise, i.e., high variation surrounded by neighbours with low variation, high-low outliers.



As illustrated in Figure 19 and Figure 20, from one period to another, for the Workplaces category, high-high clusters (province of Buenos Aires) and low-low (province of Salta) clusters disappear, leaving only the high-low outlier located in the province of Tierra del Fuego, Antarctica, and Islas del Atlántico Sur, which represents the least populous region of the country, located in the extreme south of Argentina.



For the Residential category, of the six clusters formed in the period from 15 February to 31 May 2020, only the high-low outlier (province of Tierra del Fuego, Antarctica, and Islas del Atlántico Sur) and the low-low cluster (province of Chaco) remained in the following period, with another low-low cluster (Corrientes province, neighbouring Chaco province). In the Retail & recreation category, four clusters were formed in the second period: low-low cluster (Santiago del Estero province and the province of Tierra del Fuego, Antarctica and Islas del Atlántico Sur), high-high cluster (province of Buenos Aires), and low-high outlier (province of La Pampa).



In the case of Brazil, Figure 21 and Figure 22 show the formation of clusters in the two periods considered. As previously presented, while, for Argentina and Chile, the absence of spatial dependence on population mobility predominated among Google categories, in Brazil, this was the exception and independent of the analysed period. Brazil presents the formation of clusters involving a more significant number of territorial divisions than that observed for the other two countries. Low-low clusters (low variation of mobility to the baseline) predominated and most of the time involved states in the Midwest Region, North Region, and the state of São Paulo, located in the Southeast Region of the country. In Brazil’s case, it is also noteworthy that the high-high clusters involve mostly states in the Northeast Region and at least one state of South Region of the country. In the second period, which corresponds to a strong economic reopening in the states of the Northeast Region, for example, the clusters in the Grocery & pharmacy, Residential, and Parks categories disappear, having remained only for the Retail & recreation and Workplaces category, which still operated under greater restrictions imposed on the movement of people.



For Chile, which has smaller territorial dimensions than Argentina and Brazil, Figure 23 and Figure 24 show the formation of rare and small clusters.



In the period from 1 June to 27 October 2020, the province of Maule formed a low-low cluster for the Retail & recreation category, with this Chilean administrative unit being one of the least populous in the country. In addition, in the second period analysed, this province formed a low-low cluster for the Parks category, as well as the province of Arica and Parinacota (low-high outlier) and Ñuble (low-low cluster) in the case of the Grocery & pharmacy category. The province of Ñuble, in turn, formed a high-low cluster in the Transit stations category from 1 June to 27 October 2020.



Together, the results obtained from Global and Local Moran Index for the three countries rejected H2 that population mobility occurs randomly in space. And in a more particular way for Brazil, in which results regarding the Global Moran Index for almost all Google categories indicated that the population mobility in both periods considered followed a spatial pattern; that is, it did not occur randomly. The formation of clusters indicates that the mobility of the population does not occur as uniformly as one might expect in cases where government measures determine social distancing as a rule and regulate the functioning of certain social activities. Whether there are administrative units that adhere to or break social distancing more or less than their neighbours, either these rules are not being observed by everyone or there is no coordination between national and local guidelines. For Argentina and Chile, two countries with low circulation of people and greater rigidity in their measures of social distancing, the formation of clusters was less frequent than in the Brazilian case. However, it is interesting to note that, even in these cases, clusters were formed, indicating the difficulties of governments in keeping their population under control and for long periods, regardless of the degree of rigidity of their measures and the size of their population and territory.






7. Discussion


In a context in which pharmaceutical solutions are not available to retain the advancement of the novel coronavirus worldwide, social distancing occupies a central position as mitigation actions against the Covid-19. Using geolocation data from cell phones from Google’s Community Mobility Reports, it was possible to identify variations in the circulation of people in South America’s selected countries, and, using the Covid stringency index from Oxford Covid-19 Government Response Tracker (OxCGRT) to measure the level of rigidity of measures of social distancing, it is possible to identify also important differences between the countries analysed.



In this work, we considered eight months (from 15 February to 27 October 2020) to analyse the trend of population mobility in South America, which, shortly after the World Health Organisation declared the Covid-19 pandemic, already had a considerable number of cases and deaths from the new coronavirus worldwide. Considering a transient period, in which the leaders astonished by the confirmation of the first cases and the increasing levels of transmission took their first steps towards social distancing, and a steady-state period in which the contagion rhythm of Covid-19 started to oscillate less and the mobility containment decrees had been in operation for a few months, analyses were carried out to test the H1: taking into account the magnitude of   R ( t )  , the greater the rigidity of the decrees of social distancing, the lower the level of movement of people? The clusters that formed in the transient and steady-state period showed that the answer to this question may not be trivial, and, based on the results obtained, some conclusions can be enumerated.



The first is that, in the transient period, half of the countries were able to respond immediately with decrees aimed at containing the mobility of people classified as “average” in terms of rigidity. However, at least at that time, these efforts were unable to produce substantive effects on the population’s adherence to social distancing. The different population behaviours of different countries when facing high transmissibility levels of Covid-19 at the beginning of the pandemic is consistent with the argument that the understanding and perception of risk in relation to the disease depends on each country, too [31]. And regarding the possible mechanisms that support this behaviour variability among countries (and also internally), in Reference [88], the authors analysed 58 countries in the beginning of the Covid-19 pandemic (between 20 March and 7 April), and the interviewed said that their leaders were not doing enough to contain the spread of Covid-19. These arguments reflect the findings of the present work of low population response to measures of social distancing in the beginning of the pandemic, supporting the importance of the government performance on the recognition and participation of the population in preventive measures against the novel coronavirus.



A second conclusion based on the results found is that, in the steady-state period, the experiences of Uruguay (medium CSI and high CMI), Brazil (high CSI and high CMI), Paraguay, Ecuador, Venezuela, Colombia, and Bolivia (very high CSI and middle CMI) point to the rejection of the hypothesis that countries that have adopted stricter social distancing measures have a lower level of movement of people during the pandemic. This hypothesis was confirmed only for three of the ten countries analysed (Chile, Argentina, and Peru), which presented a very high Covid stringency index and low community mobility index. The greater adherence of the population of these countries to the measures of social distancing taken, whether adopted in contexts of national lockdown (in the case of Argentina and Peru) or not (in the case of Chile), can be based on specific sociodemographic characteristics of these countries combination with the peculiarities of the distancing decrees applied. As discussed, Argentina undertook one of the most rigid and long-lasting lockdowns in the region, as well as Peru, which came to implement rules for the movement of people based, including, on their gender [89]. In the case of Chile, which has a population of about 3.5 million people in a small territory compared to the others, these factors added to cultural and civic characteristics may have contributed to its population responding more strongly to the social distancing.



However, apart from these exceptions, and regardless of the type of social distancing adopted (lockdown or not), the control of the movement of people does not seem to have been an easy equation to be solved in the region, despite efforts to undertake more rigid measures of social distancing over time. The analysis of the PDF of the Covid stringency index during the steady-state period in particular shows patterns of multi-modal curves, which signals an attempt by governments to adjust their decrees of social distancing in the face of the evolution of Covid-19 and also to economic pressures that imposed reopening of certain commercial activities in spite of the level of contagion of the disease, as has been reported in low and middle income countries [17]. Although, in the steady-state period, the values of   R ( t )   were more stable in relation to the transient period, they are oscillating around 1, indicating that the level of transmission may have decreased, but the virus continued to circulate. As demonstrated, the successful implementation and strictness of the decrees of social distancing may be related to other actions of an epidemiological nature, such as the structuring of the health system and services, such as testing and tracking contacts of infected people. Argentina, for example, despite the rigidity and durability of its lockdown, is one of the countries that least performs Covid-19 tests in the region, and this may have made the difference for the sustained increase in the number of cases and deaths as of the second semester.



The third conclusion is that, in a more rigid scenario of social distancing measures, regional mobility patterns seem to matter less or are not even formed, while, in a less rigid scenario of community mobility restricting, the political-administrative units have greater flexibility to deal with their decrees, which was reflected in the formation of large regional clusters during the pandemic. Based on the descriptive analysis of spatial auto-correlation (Global and Local Moran Index) for the two periods that differ as to the beginning of the easing of social distancing, it was found that there is a dependence on space in terms of population mobility in the period considered for the three countries (Argentina, Brazil, and Chile), rejecting our second hypothesis. Especially in Brazil, a country with the highest level of mobility and lower level of rigidity of its measures of social distancing, spatial dependence was more substantial than in Argentina and Chile, countries that presented when compared to Brazil a lower level of circulation of people and greater rigidity of their decrees to contain population mobility during the pandemic. In the case of Brazil, it is important to highlight that the asymmetry between the government guidelines and the health authorities ones in some aspects, such as the effectiveness of social distancing in containing the virus spread, may have contributed to a pattern of high internal mobility [77,90].



In the case of Argentina and Chile, the formation of cluster was less common than in the Brazilian, as well as the formation of small and rare ones. Anyway, it is important to consider that even for these two countries, randomness in the circulation of people during the pandemic was not the only pattern found, corroborating the findings from Rieger and Wang [16] about “slow erosion” when having these more rigid measures of social distancing. It should be noted that this work did not consider details regarding the measures adopted by countries to assess their effects on the community mobility; we considered only the degree of rigidity of the social distancing measures expressed in the Covid stringency index.



The results obtained have important public policy implications in the context of the pandemic, which must be observed by governments while the mass vaccination of the world population is still on going. Considering South America, a socially unequal region that gathers low and middle-income countries, it was found that the highest levels of movement are not necessarily related to the highest proportion of workers who had no other option but to break the social distance. For many, not obeying the so-called stay-in-home is a matter of survival. But whether they live in countries that were able to offer support, such as income transfer policies, efficient in granting benefits and perennials, and in conjunction with appropriate health policies, the chances of containing Covid-19’s mobility and advancing would be greater, and especially if some strict measures of social distancing were maintained, even in a context of lockdown easier imposed by economic reopening.



Summarising, we highlight the main findings of this work:




	
In the transient period when Covid-19 transmission levels are high and governments are implementing their first measures of social distancing, population adherence to these policies is low. Aspects, such as the population’s lower perception of risk and low level of trust in governments and authorities to deal with the pandemic, may be one of the aspects related to this pattern found;



	
in the steady-state period, which corresponds to a period of greater exposure to Covid-19’s social distancing measures and more stable transmission levels, the population’s response to the rigidity of social distancing measures is not always more obedience to social distancing;



	
in a more rigid scenario of measures of social distancing, few and small clusters are formed, while, in a less rigid scenario, many and extensive clusters are observed;



	
the proposition of cash transfer policies and others supports for informal workers during the pandemic are important to curb population mobility, but are more likely to prosper if they are effective in their implementation and if they are accompanied by coordinated measures of social distancing and health surveillance;



	
in the case of Brazil, the formation of extensive mobility clusters may have been a reflection of the absence of clear national guidelines and coordinated with the units of the federation and health authorities to face the pandemic; and



	
in the case of Argentina and Chile, that represent middle-income countries in South America, the formation of clusters despite the high level of rigidity of its measures of social distancing and low level of movement of people points to the socioeconomic difficulties of these nations in maintaining only essential economic activities during the pandemic.









8. Study Limitations and Final Considerations


Regarding the data and the methodology used in this work, although the information analysed has led to consistent results, it is crucial to consider that Google data have limitations. For example, the coverage of the user population who activate the location history of their mobile devices, allowing Google to capture mobility data is unknown. The information available by Google in its documentation is that locations and categories that did not reach statistically significant data were not included in the time series provided by the company [40]. Still, regarding the limitations of Google’s physical space categories, places, like home and work, are diffuse, which can lead to inaccurate results about the actual population that obeyed the social distancing, staying in their homes, or who performed work activities during the pandemic. It would be worth it to combine Google data with other sources, such as Mobility Trends Reports from Apple (https://covid19.apple.com/mobility, accessed on 28 February 2021), in order to have a more broad analysis.



Regarding the Covid stringency index, as stated in the methodological section, it does not measure or imply the appropriateness or effectiveness of government measures. Therefore, very high or very low scores do not mean that one country was better or worse than another in terms of social distancing, but one can only make inferences about the variation in the degree of rigidity of the set of measures adopted.



Regarding the methodology, it is possible that the choice for spatial analyses at provinces or state levels may not include the internal variability of countries in terms of mobility. Therefore, it is important to go deeper into data analysis (and even look for other datasets), in order to monitor social distancing in smaller units. In addition, in relation to the calculation of the Covid-19 reproduction number, it is possible that issues of under-reporting of cases and deaths may have occurred, and this must be taken into consideration when analysing trends.



As future work, we plan to analyse the relationship between the rigidity of social distancing measures and the movement of people in other regions of the world, especially in those locations that started the entry into a second wave of Covid-19 in September.
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Figure 1. Google Community Mobility Reports database. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 2. Calculation of the mobility index area on a radar chart. Source of primary data: Covid-19 Community Mobility Reports, Google. 
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Figure 3. Rook’s case contiguity and queen’s case contiguity. Source: Reference [60]. 
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Figure 4. Moran Scattering Diagram. Source: Adapted from References [61,63]. 
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Figure 5. Lockdown, lockdown easing, and Covid-19 incidence rate in South America. 
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Figure 6. Evolution of the community mobility index in South America, from 15 February to 27 October 2020. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 7. Probability density function (PDF) of the Covid stringency index: total, transient and steady-state periods. Source of basic data: Oxford Covid-19 Government Response Tracker (OxCGRT). 
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Figure 8. Community mobility index, Covid stringency index, and   R ( t )  : Transient period. Source of basic data: Covid-19 Community Mobility Reports, Oxford Covid-19 Government Response Tracker (OxCGRT), and Covid-19 Community Centre for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU). 
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Figure 9. Community mobility index, Covid stringency index, and   R ( t )  : Steady-state period. Source of basic data: Covid-19 Community Mobility Reports, Oxford Covid-19 Government Response Tracker (OxCGRT), and Covid-19 Community Centre for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU). 
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Figure 10. Daily evolution of   R ( t )   and moving average seven days confirmed cases of Covid-19: Brazil, Argentina, and Chile. Source of basic data: Covid-19 Community Centre for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU). 
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Figure 11. Average variation of mobility from baseline (3 January to 6 February 2020) for the selected countries of South America during the period from 15 February to 31 May 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 12. Average variation of mobility from baseline (3 January to 6 February 2020) for the selected countries of South America during the period from 1 June to 27 October 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 13. Average variation of mobility from baseline (3 January to 6 February 2020) for the provinces of Argentina during the period from 15 February to 31 May 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 14. Average variation of mobility from baseline (3 January to 6 February 2020) for the provinces of Argentina during the period from 1 June to 27 October 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 






Figure 14. Average variation of mobility from baseline (3 January to 6 February 2020) for the provinces of Argentina during the period from 1 June to 27 October 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google.
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Figure 15. Average variation of mobility from baseline (3 January to 6 February 2020) for the states of Brazil during the period from 15 February to 31 May 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 






Figure 15. Average variation of mobility from baseline (3 January to 6 February 2020) for the states of Brazil during the period from 15 February to 31 May 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google.
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Figure 16. Average variation of mobility from baseline (3 January to 6 February 2020) for the states of Brazil during the period from 1 June to 27 October 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 17. Average variation of mobility from baseline (3 January to 6 February 2020) for the regions of Chile during the period from 15 February to 31 May 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 






Figure 17. Average variation of mobility from baseline (3 January to 6 February 2020) for the regions of Chile during the period from 15 February to 31 May 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google.
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Figure 18. Average variation of mobility from baseline (3 January to 6 February 2020) for the regions of Chile during the period from 1 June to 27 October 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google. 






Figure 18. Average variation of mobility from baseline (3 January to 6 February 2020) for the regions of Chile during the period from 1 June to 27 October 2020. Lighter colours indicate greater distancing or greater isolation in residential areas. Source of basic data: Covid-19 Community Mobility Reports, Google.
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Figure 19. Cluster maps and Local Indicators of Spacial Association (LISA) significance maps for Google categories from 15 February to 31 May 2020: Argentina. Source of basic data: Covid-19 Community Mobility Reports, Google. 






Figure 19. Cluster maps and Local Indicators of Spacial Association (LISA) significance maps for Google categories from 15 February to 31 May 2020: Argentina. Source of basic data: Covid-19 Community Mobility Reports, Google.
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Figure 20. Cluster maps and LISA significance maps for Google categories from 1 June to 27 October 2020: Argentina. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 21. Cluster maps and LISA significance maps for Google categories from 15 February to 31 May 2020: Brazil. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 22. Cluster maps and LISA significance maps for Google categories from 1 June to 27 October 2020: Brazil. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 23. Cluster maps and LISA significance maps for Google categories from 15 February to 31 May 2020: Chile. Source of basic data: Covid-19 Community Mobility Reports, Google. 
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Figure 24. Cluster maps and LISA significance maps for Google categories from 1 June to 27 October 2020: Chile. Covid-19 Community Mobility Reports, Google. 
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Table 1. Proportion of informal employment related to total employment (2019) and Gini Index (2018). Source: Ilostat (2019) and World Bank (2018) 1.
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	Country
	Informal Employment (%)
	Gini Index





	Uruguay
	24.0
	39.7



	Argentina
	49.4
	41.4



	Bolivia
	84.9
	42.2



	Peru
	68.4
	42.8



	Chile 2
	29.2
	44.4



	Ecuador
	73.6
	45.4



	Paraguay
	68.9
	46.2



	Colombia
	62.1
	50.4



	Brazil
	47.9
	53.9







1 Information for Venezuela is not available. 2 For this country, the Gini Index refers to the year 2017.
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Table 2. Moran’s index I and p-value significance probability for Argentina, Brazil, and Chile considering both analysed periods: 15 February to 31 May 2020, and 1 June to 27 October 2020.






Table 2. Moran’s index I and p-value significance probability for Argentina, Brazil, and Chile considering both analysed periods: 15 February to 31 May 2020, and 1 June to 27 October 2020.





	

	

	
15 February to 31 May 2020

	
1 June to 27 October 2020




	
Region

	
Place

	
Moran’s I

	
p-Value

	
Moran’s I

	
p-Value






	
Argentina

	
Retail & recreation

	
0.2390

	
0.0530

	
0.2845

	
0.0110




	
Grocery & pharmacy

	
0.1329

	
0.1180

	
0.2066

	
0.0640




	
Parks

	
0.2047

	
0.0540

	
0.0070

	
0.3450




	
Transit stations

	
−0.0696

	
0.4260

	
−0.1798

	
0.1790




	
Workplaces

	
0.3333

	
0.0070

	
0.4041

	
0.0030




	
Residential

	
0.4007

	
0.0050

	
0.3459

	
0.0090




	
Brazil

	
Retail & recreation

	
0.5414

	
0.0010

	
0.5581

	
0.0010




	
Grocery & pharmacy

	
0.5501

	
0.0010

	
0.4030

	
0.0030




	
Parks

	
0.3538

	
0.0070

	
0.5184

	
0.0010




	
Transit stations

	
0.2132

	
0.0440

	
−0.0085

	
0.3610




	
Workplaces

	
0.2956

	
0.0130

	
0.4581

	
0.0010




	
Residential

	
0.2926

	
0.0190

	
0.1412

	
0.0850




	
Chile

	
Retail & recreation

	
0.0640

	
0.3260

	
0.3620

	
0.0470




	
Grocery & pharmacy

	
−0.3320

	
0.1680

	
−0.0319

	
0.4390




	
Parks

	
0.2866

	
0.0850

	
0.3494

	
0.0520




	
Transit stations

	
0.0612

	
0.3020

	
0.1141

	
0.2310




	
Workplaces

	
−0.2710

	
0.1750

	
−0.1849

	
0.3350




	
Residential

	
0.0907

	
0.2110

	
−0.0050

	
0.4100
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