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Abstract 9 

The worldwide COVID-19 outbreak has dramatically called for appropriate responses from 10 

governments. Scientists estimated both the basic reproduction number and the lethality of the virus. 11 

The former one depends on several factors (environment and social behavior, virus characteristics, 12 

removal rate).  13 

In the absence of specific treatments (vaccine, drugs) for COVID-19 there was a limited capability 14 

to control the likelihood of transmission or the recovery rate. Therefore, to limit the expected 15 

exponential spread of the disease and to reduce its consequences, most national authorities have 16 

adopted containment strategies that are mostly focused on social distancing measures. 17 

In this context, we performed an analysis of the effects of government lockdown policies in 5 18 

European Countries (France, Germany, Italy, Spain, United Kingdom).  19 

We used phone mobility data, published by Apple Inc. and Google, as an indirect measure of social 20 

distancing over time since we believe they represent a good approximation of actual changes in social 21 

behaviors. 22 

(i) The responsiveness of the governments in taking decisions  23 

(ii) The coherence of the lockdown policy with changes in mobility data 24 

(iii) The lockdown implementation performance in each country.   25 

(iv)  The effects of social distancing on the epidemic evolution 26 

These data were first analyzed in relation with the evolution of political recommendations and 27 

directives to both assess (i) responsiveness of governments in taking decisions and (ii) the 28 

implementation performance in each country.   29 

mailto:seccoe@hope.ac.uk
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Subsequently, we used data made available by John Hopkins University in the attempt to compare 30 

changes in people behaviors with the evolution of COVID-19 epidemic (confirmed cases, new and 31 

cumulative) in each country in scope.   32 

Finally, we made an attempt to identify some key lockdown performance parameters in order to  33 

(i) establish responsiveness, efficiency and effectiveness of the lockdown measures  34 

(ii) model the latency occurring between the changes in social behaviors and the changes in 35 

growth rate of the disease. 36 

1 Introduction 37 

The spread of Covid-19 around the world in 2020 has called for appropriate responses from the 38 

governments. Following the early stages of the Covid-19 virus outbreak, scientists were able to 39 

estimate both the basic reproduction number and the lethality of this aggressive and infective disease: 40 

that made very clear the level of risk that this virus represents. 41 

It is well known in the literature that the basic virus reproduction number depends on several factors 42 

such as  43 

(i) the environment and the social behaviors (i.e. the probability that infected people get in 44 

contact with susceptible people) 45 

(ii) the specific virus characteristics (i.e. the likelihood of transmission between an infected and 46 

a susceptible if they get in contact) 47 

(iii) the removal rate, that is the rate at which infected people recover or die (assuming that 48 

recovered people becomes immune). 49 

In the absence of specific treatments, such is the case of Covid-19 at today, there is a limited 50 

capability to control the likelihood of the transmission (i.e. vaccine) or the recovery rate (i.e. specific 51 

drugs). Therefore, in order to control the expected spread of the disease – which in the early stages of 52 

the infection typically mimics an exponential law - and to contain its consequences, most governments 53 

and national authorities have adopted a containment strategy, namely a lockdown policy.  54 

This strategy – aimed at controlling the growth rate - is mainly focused on social distancing 55 

measures: the less are the contacts among individuals, the lower is the probability that an increasing 56 

number of people will catch the virus.  57 

Of course, governments have complemented social distancing policies with other appropriate 58 

containment measures; they suggested or mandated the use of personal protection equipment (i.e. 59 

wearing masks in public areas) and promoted the increase in hygienic habits (i.e. frequent and accurate 60 

hands washing). 61 

Nevertheless, we believe the lockdown policies play a key primary role to succeed in the control of 62 

coronavirus pandemic. Hence, we decided to investigate on the way they have been adopted and 63 

implemented around the world. 64 

____ 65 

 66 
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To the best of our knowledge, the research documented in this paper represents the first attempt to 67 

mix a set of interdisciplinary measurements of the COVID-19 outbreak. 68 

Here we matched the actual population behavior versus the government lockdown policies for 5 69 

European countries (Italy, Germany, Spain, France and United Kingdom) which represents a 70 

significant amount of people vs the overall European population. We will analyze the mobility trends 71 

of the national population in each country, with an inter-country comparison focusing on the derivative 72 

of such lockdown, namely the temporal decrement of the national population mobility vs the lockdown 73 

as declared and imposed by local authorities (Bsg.ox.ac.uk., 2020; Kumar, 2022). 74 

On the complex dynamics of the COVID outbreak there are clearly many aspects that affect its 75 

evolution and that are not (yet) incorporated in this study, such as the role of hospitals and the effect 76 

of the quarantine measure vs the spread of the virus (Ryu, 2022; Huang, 2022). These aspects are not 77 

taken into account in this study, even if they are important especially from an epidemic viewpoint.  78 

In this context it is also important to emphasize that the analysis we are going to perform will 79 

specifically focus on the mobility data combined with the overall number of the compartments, i.e. the 80 

‘metrics’ of the infected individuals, recovered individuals and so on. We are not embedding within 81 

our analysis other relevant information which would enhance a better understanding of the outbreak 82 

dynamics from a more insightful medical viewpoint, namely from an epidemiological perspective 83 

(Sonnino, 2022; Kumar, 2021). For example, the role of hospitalization, the effect of vaccine and the 84 

distribution of the hospitals and of the poles of attractions are not examined here (Sonnino, 2020; 85 

McAloon, 2022; Congdon, 2022).  86 

We will then look at the efficiency and efficacy of such mobility decrement with respect to the 87 

number of cases of infection in each country and we will investigate on possible relationship between 88 

the implementation of the lockdown and containment measures and the effects in the reduction of the 89 

epidemic. 90 

Finally, we will try to assess the influence of the initial lockdown conditions (in terms of number 91 

of infected individuals) with the changes over time in the transmission rate of the disease. In other 92 

terms we will investigate to figure out to what extent the initial conditions influence the speed of 93 

reduction of the transmission rate.  94 

Section 2 outlines the sources of data that we have used and some concerns about the possible 95 

entropy and quality of these data vs the proposed analysis. Section 3 presents the pre-processing of the 96 

data, that is the data preparation and visualization. Section 4 is about the analysis and the results of 97 

these analysis. Discussion and conclusion follow in Section 5 and 6, respectively. Following the 98 

References (Section 7), we also reported an Appendix or Section 8 where all plots for each country can 99 

be found. 100 

2 A Multi-Disciplinary Approach 101 

This research investigates on the outcomes of lockdown policies put in place by national 102 

governments in 5 European countries. 103 

The inquiry has been conducted on three key areas of investigation: 104 

✓ a timeline of events has been developed to illustrate main facts and decisions related to the 105 

lockdown policies adopted by national authorities 106 
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✓ mobility data have been analyzed to investigate the effects of governments decisions on 107 

social distancing 108 

✓ mobility figures have been compared to COVID-19 trends to grasp the effects of social 109 

distancing on the spread of the disease 110 

This analysis makes use of three types of data 111 

• Government and National Lockdown Timeline - Lockdown timelines have been created 112 

using publicly available data mostly collected from Internet. The intent here was to capture a 113 

concise representation of main facts and decisions that are related to the social separation 114 

policies adopted by governments. 115 

Comparison among lockdown policies is very complex and goes beyond the objectives of the 116 

present research. Some considerations about such complexity have been reported in par. 4.2. 117 

• COVID-19 data - The World Health Organization (WHO) publishes daily coronavirus disease 118 

situation reports and provides data and information on the ongoing pandemic. Other efforts are 119 

put in place by several public and private organizations to gather, organize, aggregate and 120 

analyze data. As an example, John Hopkins University Centre for Systems Science and 121 

Engineering (JHU CSSE or JHU in the following) is collecting data from several sources and 122 

makes them available to third parties. 123 

This research is based on data gathered and made available "to the public strictly for 124 

educational and academic research purposes" in the repository (GitHub, 2020) by the John 125 

Hopkins University (JHU) CSSE (Coronavirus JHU, 2020). The datasets provide information 126 

about the spread of coronavirus in several countries around the globe in terms of confirmed 127 

cases, deaths and recovered patients. 128 

• Mobility Data - Recently (April 2020) Apple and Google have released worldwide data of the 129 

mobility distribution of mobile phones for each country, i.e. data related to the mobility of all 130 

iPhones and Android Phones around the world. 131 

We have processed all these data in order to look for possible links towards the COVID-19 132 

epidemic and to characterize the effect of the government lockdown policy. 133 

At this stage of the analysis, the data of 5 European countries have been analyzed, namely the 134 

data of France, Germany, Italy, Spain and United Kingdom. These countries were chosen because 135 

of their similarities from a geographical and cultural viewpoint: that makes a comparison easier. 136 

Moreover, all of them experienced the COVID or Coronavirus outbreak in the "same" period and 137 

represent a large share of the overall number of COVID-19 cases in the European continent. 138 

All analyses have been performed by developing code with the Python Programming language 139 

(Python, 2020) in the Jupyter Notebooks environment, a document format based on JSON (Jupyter, 140 

2020). 141 

2.1 Data Sources  142 

In this paragraph we will focus on the sources we used to collect the three main “categories” of 143 

data needed to conduct the proposed analysis: (i) Lockdown data, (ii) COVID-19 data, and (iii) 144 

Mobility data. 145 



 Analysis of EU lockdown performance vs Covid-19 outbreak 

 
5 

• Lockdown data consist in a collection of significative events related to the Coronavirus outbreak 146 

or to the political decisions taken to contain the spread of the disease. This information has been 147 

mostly collected from public sources - such as Internet, press, media - or by interviews with local 148 

contacts. 149 

• COVID-19 data are time series data describing overall trends associated to the spread of the 150 

epidemic. Our main data source for this category is John Hopkins University Centre for Systems 151 

Science and Engineering (JHU CSSE or simply JHU in the following). 152 

• Mobility data used in this research basically describe how much time people spend in different 153 

locations, or how much time they intend to spend in travels, and how these habits change over time. 154 

For this category, we have used data made publicly available from Apple and Google. 155 

2.1.1 Lockdown Data 156 

All 5 countries examined in this research have been adopting social distancing measures to contain 157 

the spread of COVID-19 disease. The intent of lockdown policies is to limit contacts among individuals 158 

and thus reduce the risk of infection. Therefore, governments have put in place temporary restrictions 159 

on mobility and people were invited (or even forced) to stay at home unless they had valid reasons to 160 

move. 161 

With the term lockdown data, we refer to a set of major events related to lockdown policies that 162 

occurred in each country under analysis: we collected and recorded those measures, ordinances, and 163 

facts that were significant for the population of each country. Information was retrieved from several 164 

sources, such as official channels, governmental sites, press and communication media.  165 

We have also consulted residents in the country in order to discriminate and identify events that 166 

even if may not be considered as official governmental acts, had a relevant impact and strongly 167 

influenced the behavior of the population; sometime press conferences have strongly affected the 168 

perception and the reactions of the population: we may refer, for example, to the conferences held in 169 

Germany by A. Merkel on March the 11th and March the 18th. 170 

Accordingly, we collected evidences of the most significant dates of such government impositions 171 

and sketched them in a graphical timeline format.  172 

At time of writings, for all countries in scope, the epidemic seems to have reached its peak and the 173 

number of active cases is finally decreasing as the actual reproductive number is less than one. As a 174 

consequence, national governments are carefully easing their lockdown policies: in most cases that 175 

would represent a first step toward a normalization of people lives. Therefore, we have also tracked 176 

some of the events associated to this second phase. 177 

Lockdown data and information have been collected from different sources, including, for example, 178 

local and National information sources, portals collecting the evolution of the outbreak in the different 179 

countries (e.g. Bsg.ox.ac.uk. 2020), websites and media coverage (De.wikipedia.org. 2020, 180 

En.wikipedia.org. 2020, BBC News. 2020) as well as professional figures who are residents and are 181 

stably living and working in the different countries (see the acknowledgment). 182 

Table 1 lists some information related to the lockdown policies that has been gathered for the United 183 

Kingdom. 184 
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Table 1 - Lockdown data for United Kingdom – L01 is (BuzzFeed, 2020), L04 is (Pharmaceutical 185 

Technology, 2020), L07 is (www.dw.com, 2020), L14 is (U.S. 2020, 2020) 186 

Date Event 

29-01-2020 British Airways suspends flights to mainland China [L14] 

28-02-2020 First Case 

29-02-2020 Outbreak 

03-03-2020 Emergency Cobra meeting. PM says an outbreak across UK is "likely" [L01] 

06-03-2020 First Death [L04] 

12-03-2020 The UK moves from the “contain phase” to the “delay phase” [L01][L04] 

Self-isolation for vulnerable people 

13-02-2020 Chief scientific adviser Patrick Vallance suggests that the UK’s goal is to achieve 

“herd immunity” [L01] 

Downing Street says mass gathering will be banned from following week [L01] 

15-03-2020 Plan to isolate elderly people [L04] 

16-03-2020 First of Downing Street daily press conferences; BKJ advice to avoid all 

unnecessary contact and travels [L01] 

17-03-2020 UK advises against nonessential travels abroad [L01] 

20-03-2020 Schools Shut. Cafes, Pubs and Restaurants Close [L01]  

Cafes, pubs, and bars to close, as well as shops, theatres and leisure centres, are to 

close to protect public health. [L04] 

22-03-2020 BJ warns he could have to introduce tougher measures [L01] 

27-03-2020 BJ is diagnosed with the virus [L07] 

05-04-2020 Queen Elizabeth calls for “self-discipline and resolve” to defeat the coronavirus. 

[L01] 

09-04-2020 Dominic Raab signals that the UK lockdown will be extended [L01] 

23-04-2020 Nationwide Lockdown 

10-05-2020 Start of Phase 2 

 187 

2.1.2 COVID-19 Data 188 

The World Health Organization (WHO) publishes daily coronavirus disease situation reports and 189 

provides data and information on the ongoing pandemic. Other efforts are put in place by several public 190 

and private organizations to gather, organize, aggregate and analyze data.  191 

This research is mostly based on data gathered and made available "to the public strictly for 192 

educational and academic research purposes" by JHU in a GitHub repository (GitHub, 2020; 193 

Coronavirus JHU, 2020). JHU CSSE, in turn, is collecting and organizing data coming from several 194 

primary sources. The resulting dataset provides information about the spread of coronavirus in several 195 

countries around the globe in terms of confirmed and active cases, deaths and recovered patients. 196 

In fact, according to the definition reported in (Coronavirus JHU, 2020), 4 compartments are 197 

reported for each country on a daily basis, namely: 198 

• Confirmed: the total number of cases recorded by each country up to each day (this is a cumulative 199 

value); this number sometime includes the presumptive positive cases and the probable cases.  200 

http://www.dw.com/
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• Deaths: this number accounts for confirmed and - for some countries - probable deaths due to 201 

coronavirus illness. Deaths are included in the Confirmed cases. 202 

• Recovered: this value is an estimate of the number of individuals who have recovered from the 203 

disease and is determined “based on local media reports, and state and local reporting when 204 

available, and therefore may be substantially lower than the true number”. Recovered are included 205 

in the Confirmed cases. 206 

• Active: represents the total number of people that result as infected at a given date, namely 207 

Confirmed cases less the Recovered cases, less the Deaths. 208 

Figure 1 shows the trends of the Confirmed cases of the 5 countries under investigation and Figure 209 

2 plots all the different compartments for a single country, Italy.  210 

 211 

 212 

Figure 1 - the trends of the Confirmed cases for the five countries in scope  213 

 214 

Figure 2 - the Confirmed, Active, Recovered and Deaths values for a single country: Italy. 215 

2.1.3 Mobility Data 216 

In April 2020, Apple and Google have publicly released sanitized data describing changes in 217 

mobility trends of individuals for several countries around the world (Apple COVID-19, 2020; 218 

COVID-19 Community Mobility Report, 2020). These data actually track different phenomena 219 

(request for directions vs. presence of people in specific locations) but, indirectly, provide a measure 220 

of people mobility over time.  221 

a. Apple Mobility Data  222 

Apple has reported all data reflecting “requests for directions in Apple Maps” in (Apple COVID-223 

19, 2020). The company clarifies that, "this data is generated by counting the number of requests 224 

made to Apple Maps for directions in select countries/regions, sub-regions and cities” and “the 225 
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availability of data in a particular country/region, sub-region or city is based on a number of factors, 226 

including minimum thresholds for direction requests per day" (Apple COVID-19, 2020). 227 

According to such a definition, these data do not represent the effective movements of the end-user, 228 

rather they represent the interest or intention of the user to reach a certain destination by different 229 

means, namely walking, driving or transit.  230 

Apple data describe changes in mobility in percentual terms with respect to a predetermined 231 

baseline reference. This initial reference level (100%) has been defined as “a baseline volume on 232 

January 13th, 2020”. 233 

Figure 3 shows Apple mobility trends for two among the countries in scope: Spain and Germany. 234 

Percentual changes in transit, walking and driving (y-axis) are reported as function of time (dates on 235 

x-axis).  Percentual changes are expressed with respect to the baseline reference (100%) as defined by 236 

Apple. 237 

 238 

 239 

Figure 3 - Apple mobility trends for Spain and Germany. 240 

 241 

b. Google Mobility Data  242 

Google has publicly released the COVID-19 Community Mobility Reports (COVID-19 Community 243 

Mobility Report, 2020), namely a set of data collected by Google OS from the available mobile phones 244 

around the globe.  245 

Google dataset is conceptually different from the Apple dataset. “Each Community Mobility Report 246 

dataset is presented by location and highlights the percent change in visits to places like grocery stores 247 

and parks within a geographic area” (COVID-19 Community Mobility Report, 2020). Google data 248 

are classified into 6 categories and they represent the effective location of the end-user mobile phone. 249 
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The categories are (1) Retail and recreation, (2) Grocery and pharmacy, (3) Parks, (4) Transit 250 

stations, (5) Workplaces and (6) Residential.  251 

In order to provide a baseline reference for these data, the Google “datasets show how visits and 252 

length of stay at different places change compared to a baseline” and “the baseline is the median 253 

value, for the corresponding day of the week, during the 5-week period Jan 3–Feb 6, 2020”.  254 

Figure 4 shows Google mobility trends for two among the countries in scope: Spain and Germany. 255 

Percentual changes in average time spent in each category of locations are reported (y-axis) as a 256 

function of time (dates on x-axis). Percentual changes are expressed with respect to the baseline 257 

reference (0%) as per Google definition. 258 

 259 

 260 

Figure 4 - Google mobility trends for Spain and Germany 261 

 262 

2.2 Data Quality  263 

In this paragraph we will share some considerations on the quality of the data we have been using 264 

in our research. Before performing any analysis, it is important to focus on the nature, variability and 265 

noisiness of these data to ensure they fit the purpose. 266 

We are fully aware that the data from all three categories are noisy and with a limited level of 267 

accuracy. That’s not a surprise and there are several reasons for this. For example, we know that 268 

COVID-19 data come from a variety of sources and from different countries with different criteria for 269 

data collection and different delays in reporting times.  270 

When we are aware of the level of accuracy of our data, we can still analyze and compare them to 271 

draw some conclusions, as long as we can accept some degree of uncertainty. 272 
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2.2.1 Lockdown Data 273 

Depending on country specific situation, political decisions on social distancing measures have been 274 

changing over time. In some cases, restrictions were applied locally (where COVID-19 clusters were 275 

initially detected) and were later extended to larger areas of the country up to the national level. 276 

Moreover, permitted activities during the lockdown phase vary country by country: this makes the 277 

analysis of such policies and their comparison really complex, but an in-depth analysis of lockdown 278 

policies is not an objective of this research (Bsg.ox.ac.uk. 2020). 279 

According to our objectives, we have been collecting data on what we considered the “main” and 280 

“significant” events for each country. We took into account the official announcements of lockdown 281 

measures (implemented at a regional or national level) as well as all those facts that had a strong 282 

influence on the public perception of the COVID-19 outbreak and, therefore, on the population’s 283 

behavior.  284 

Lockdown information we have used are somewhat “qualitative” in nature: as we said, they are 285 

intended to describe main events and decisions that are related to the development of the epidemic or 286 

to the evolution of the social distancing regulations imposed by the national authorities. As a matter of 287 

fact, our data collection is undermined by some intrinsic weaknesses; let us briefly discuss some of 288 

them. 289 

Arbitrariness and completeness. Our selection of “relevant events” is obviously arbitrary and 290 

subjective: other choices could have been equally good, or even better. The collection is by no means 291 

exhaustive: for sure, some of these events may have been missed, even if the authors have tried to 292 

recover all sets of these main events through the references to different media channels and the direct 293 

contact with residents in the different countries.  294 

Same term, different meanings. We are aware that the same term, for example “Nationwide 295 

Lockdown”, has “more or less” the same meaning everywhere, but – in facts – it does not indicate 296 

exactly the same thing in all countries under observation since the social distancing measures and the 297 

way restrictions have been implemented differs from country to country. 298 

Time consistency. Sometime data sources do not fully agree on dates: maybe in some cases one 299 

data source records when a political decision has been taken while another refers to the date when that 300 

political decision became effective. Sometime things are unclear. 301 

Complexity. Simple tasks are not always easy. For example, we wanted to identify the day that 302 

marks the beginning of the epidemic in each country: we considered that a fundamental milestone. The 303 

attempt was not as straightforward as we would have initially expected:  304 

• First COVID-19 cases in Italy were recorded from Chinese tourists visiting the country. The 305 

infection, very likely, was not contracted in Italy: so, in our opinion, that event is not a proof that 306 

the disease was spreading in the country. Therefore, for all countries in scope, we have been looking 307 

for cases with evidences of local transmission. 308 

• Germany had a local cluster of Coronavirus cases in January, with confirmed local transmission, 309 

but that cluster was associated to a specific situation that occurred in Bavaria. The cluster has been 310 

kept under control for weeks – about 15 people being involved in total – and only much later (at 311 

the end of February) Germany experienced its COVID-19 outbreak.  312 
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So, even the “first case” with confirmed transmission within a country does not always mark the 313 

beginning of the epidemic spread within a nation. Therefore, we had to use a proper and reasonable 314 

judgement to identify the “first case” that was relevant for us, the one that marks the outbreak of 315 

COVID-19 within the country. 316 

2.2.2 COVID-19 Data  317 

For sure all efforts are done to provide correct information, but it is well understood that the accuracy 318 

of available data cannot be given for granted. JHU itself warns the user of its dataset on the fact that 319 

that its "website relies upon publicly available data from multiple sources, that do not always agree" 320 

and clarifies that "confirmed cases include presumptive positive cases". We are also informed that 321 

"recovered cases outside China are estimates based on local media reports, and state and local 322 

reporting when available, and therefore may be substantially lower than the true number" and that 323 

"death totals in the US include confirmed and probable".  324 

Other clues suggest that data signals are noisy, and this aspect should be taken into account while 325 

performing our analysis. It is important to clarify some of these clues. 326 

a. CFR as an indicator of lethality 327 

A quick at look at the available data will show very different Case Fatality Rates (CFRs) in 328 

different countries. CFR is determined as the ratio between COVID-19 deaths and confirmed cases and 329 

its accuracy depends on the accuracy of those values. It has been observed that "by 24 March 2020, 330 

Italy’s case fatality rate (CFR) was nearing 10%, while China’s hovered at around 4% and Germany 331 

recorded a much lower figure, at 0,5%" (Villa, 2020). 332 

Of course there may be several causes that determine those figures such as a different age 333 

distribution in the population or a different quality of healthcare system, but such factors do not fully 334 

explain the big differences in countries like Italy and Germany that are not too far, both in terms of 335 

geography and social development. 336 

Some observers have suggested that the primary reason should be given by the fact that confirmed 337 

cases just represent a subset of all active infections, that is "the tip of the iceberg". The share of known 338 

cases may differ by a great extent from country to country since countries have different capabilities 339 

and policies in place to perform the screening of the population. Moreover, it has been observed that 340 

both policies and capabilities in a given country have been changing over time. 341 

b. Recovery times 342 

The first cluster of coronavirus cases in western countries took place in Italy starting on February 343 

the 20th, 2020. Starting from that day Italy experienced an exponential growth of confirmed infections. 344 

The outbreak in Spain started a few days later and had an initial lower rate of growth. A couple of 345 

weeks later the growth rate boosted in Spain until, on April 4th, the number of confirmed cases reported 346 

from Spanish authorities was higher than the Italian figure.  347 

Since the Italian cluster started earlier and the number of confirmed cases in Italy has been much 348 

higher than the Spanish one for several days, we would have expected a similar behavior for the number 349 

of the recovered patients. That is not the case: it looks like recovery times are much shorter in Spain. 350 

This is what we may conclude looking at this statistic, based on data collected on April 17th, where the 351 

number of individuals who have recovered in Spain almost doubles the number of recoveries in Italy 352 
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(Figure 5). Is Spanish healthcare system better than the Italian ones? If so, why are deaths statistics 353 

almost parallel? 354 

Again, chances are that we formally have the same data from different countries, but there are 355 

different procedures, criteria and timings to count recovered individuals. 356 

  

Figure 5 – Comparison of Deaths and Recovery trends in Italy and Spain 357 

c. Mortality and COVID-19 lethality 358 

The Italian National Institute of Statistics (ISTAT) has recently made available mortality data 359 

referring to the period January the 1st – April the 4th of years 2015-2020. The initial period of 2020 360 

shows a significant increase in mortality if it is compared with the same period in the previous years. 361 

Such a difference is much larger than the total number of deaths which have been reported in the 362 

COVID-19 statistics as provided by Italian authorities.  363 

Again, chances are that we formally have the ‘same’ data from different countries, but the meaning, 364 

criteria and timings of these data may be different. Figure 5 shows a comparison between Deaths and 365 

Recovery trends and for Italy and Spain. 366 

2.2.3 Mobility Data  367 

As we said, our intent is to use mobility data as an indirect measure of social distancing: as people 368 

mobility decrease, lower are the chances that people get in contact. Lower social contacts, in turns, 369 

mean a lower risk for individuals to get infected by Coronavirus. 370 

Apple data are an expression of a potential interest to navigate - by different means - to a certain 371 

destination, while Google data represent the time spent by individuals’ mobile phones in locations 372 

belonging to a given set of categories. 373 

It is difficult to determine how accurate these indirect measures are for our purposes. But, given the 374 

different meaning and nature of Apple and Google datasets, we decided to compare these data for each 375 

country under analysis in order to verify if – at least - they are consistent in term of trends.  376 

In fact, similar trends from these different datasets would suggest that in some way they provide a 377 

fair estimate of changes in social contacts among time, in other words an agreement in trends would 378 

suggest that there is some fair degree of correlation among the quantities measured by Apple and 379 

Google and the quantity we want to estimate indirectly. 380 
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 381 

Figure 6 - time alignment of the Apple and Google data on the top and bottom panels, respectively 382 

(country: Italy) 383 

Figure 6 shows this comparison for Italy. In the figure we have marked some significant events such 384 

as the activation of the government lockdown (see par. 3.1.1), which are represented with a set of red 385 

vertical lines. In order to well represent the timeline of the event, we also clustered the data week by 386 

week reporting a set of vertical grids made of groups of 7 days each (light grey vertical lines in the 387 

figure).  388 

The figure shows a first order of consistency, since all Apple time patterns decreased at the 389 

lockdown events and, simultaneously, the residential Google data show a clear increment; at the same 390 

time all other categories of the Google data display a reduction. Both Apple and Google data exhibit a 391 

weekly pattern with some variations in the weekend.  392 

Moreover – even if a deeper analysis would be desirable - such consistency suggests that the 393 

intentional Apple data may effectively represent the consequent localization of the end-user. 394 

3 Data preparation & visualization 395 

In Section 2 we have clarified the sources and nature of the data sets that we are going to use for 396 

our analysis. At this stage we are now going to define a set of process and parameters on which our 397 

analysis will be based on. For clarity, we divided this part into different subpar. focusing on each data 398 

type. 399 

3.1 Lockdown data 400 

In order to process Lockdown data according to our objectives, we split our observation time of the 401 

epidemic and of the consequent political decisions into 3 different stages: 402 

• STAGE 0: starting immediately after the COVID-19 outbreak in each country and ending when 403 

restrictive policies imposed by local authorities reach their maximum; 404 
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• STAGE 1: during the nationwide lockdown period in each country, when most social activities are 405 

banned or restricted to minimise the risk of transmission of the disease;  406 

• STAGE 2: beginning when national governments progressively start easing restrictions on people 407 

activities; 408 

• STAGE 3: starting when people are finally permitted all usual social activities, even if more stringent 409 

regulations are imposed to carry on the activity (i.e. wearing masks) 410 

 411 

 412 

This research mostly focuses on the initial stages; therefore, we have gathered a partial list of key 413 

decisions and events associated to the evolution of the lockdown policies.  414 

We have defined two classes of events: 415 

• Key events that are “common” to all the 5 countries under analysis; they mark major facts and 416 

usually represent a change of stage, such as the First Case recorded (COVID-19 Outbreak) or the 417 

beginning of the Nationwide Lockdown. 418 

• Relevant events may be common to all countries (shut of schools and universities) or specific of a 419 

given nation; for example, we collected facts that provide clues about the evolution of the lockdown 420 

policies during STAGE 0 (i.e. the time period between the COVID-19 Outbreak and the imposition 421 

of the Nationwide Lockdown). 422 

 423 

3.1.1 Key events 424 

a. Outbreak 425 

In our view, the Outbreak is the key event that marks the beginning of STAGE 0. It represents what 426 

we believe to be the “first case”, that is the COVID-19 case that triggers the spread of the epidemic 427 

disease within a country. Be aware that this is not always the first case recorded within the country, 428 

nor the first case actually contracted within the boundaries of a country. 429 

In order to determine the Outbreak date for each country in scope, we had to consider several events 430 

from the lockdown data and also compare them with other parameters (i.e. the number of confirmed 431 

COVID-19 cases). 432 



 Analysis of EU lockdown performance vs Covid-19 outbreak 

 
15 

• First Case: date of first local case (BBC, 2020), namely the detection of an infection developed 433 

within the country boundaries. Positive cases from visitors (i.e. people arriving and tested positive 434 

in the country because they were infected elsewhere do not prove that the infection is active within 435 

the country). 436 

• First Cluster: In some situations, a single illness case - immediately detected and isolated - may not 437 

trigger an epidemic. In epidemiology "a cluster is an aggregation of cases of a disease or another 438 

health-related condition [...] closely grouped in time and place" (Medicinenet, 2020). 439 

• Outbreak: a local small cluster does not always imply an immediate spread of the infection within 440 

a country. If the cluster is local and under control, it has been happening in Germany for Covid-19, 441 

we can’t always say the epidemic is started. So, we tried to define the Outbreak as the date when a 442 

significative number of cases have been recorded, followed by exponential increase. 443 

b. Start of lockdown 444 

The Start of Lockdown is the key event that marks the transition between STAGE 0 and STAGE 1 445 

of our observation period. For each country under analysis, it represents the first day of the Nationwide 446 

Lockdown imposed by the political authorities.  447 

For us, the term Nationwide Lockdown represents the time period when all non-essential activities 448 

are banned, and people are mandated to stay at home and avoid social contacts. 449 

In some cases, i.e. Italy, the rules defined by a government for the Nationwide Lockdown have 450 

changed over time. Therefore, in order to determine the Start of Lockdown, we decided to consider the 451 

day when restrictive policies, in each country, have reached their maximum level.  452 

c. Lifting of restrictions 453 

According to our definition, STAGE 2 begins when national authorities start easing restrictive 454 

measures. In fact, at time of writing, all countries in scope have moved to a “next phase” when a gradual 455 

re-start of business and social activities is being allowed by governments. 456 

3.1.2 Relevant events  457 

Relevant events have been collected and used in our research to help identify key events and to 458 

analyze potential linkages with other data. In fact, as part of the present research main facts and decision 459 

related to the lockdown policies have been gathered to be compared with data of different nature such 460 

as people mobility data and data describing the evolution of the coronavirus disease. 461 

3.1.3 Processing & Representation 462 

Most of processing for lockdown data was manual: information was gathered, selected and 463 

organized in table format for human analysis. Table 2 reports some of the main events that have been 464 

recorded for each country under analysis. 465 

Table 2 - summary of the main relevant lockdown milestones of the 5 countries 466 

2020 Lockdown Milestone 

Country 
First 

Case 

Significant 

Dates & Events 

National 

Lockdown 
Ease of Lockdown 

France 25/02 
29/02 - epidemic stage 2 

14/03 - epidemic stage 3 
17/03  11/04 
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Germany 27/01 
11/03 – social distance alert (conf press 1) 

18/03 – pandemic status (conf press 2) 
22/03 15/04 

Italy 20/02 

21/02 – lockdown of Province of Lodi 

04/03 – schools/universities closure 

08/03 – lockdown of Northern Provinces 

09/03 

11/03 
lockdown 

tightening 

04/05 

Spain 24/02 13/03 – state of alarm 15/03 
13/04 – lift on restriction 

02/05 – de-escalation 

United 

Kingdom 
29/02 

12/03 – self-isolation for vulnerable people 

20/03 – closure of schools, pubs, restaurants 
23/04 10/05 

 467 

In this context, the most important and significant dates of each country lockdown have been 468 

considered and reported in Table 2 (BBC News, 2020; De.wikipedia.org, 2020; En.wikipedia.org, 469 

2020): this table not only reports the beginning of the national lockdown, but also refer to other 470 

significant dates which have influenced the population behavior of each country: for example, when 471 

referring to Germany, two dates of conference press of the prime minster have been reported since 472 

these conference press have deeply influenced the perception and behavior of the population vs the 473 

COVID-19 outbreak.  474 

Lockdown data have also been represented through a graphical timeline, to be plotted together with 475 

COVID-19 or mobility data, and to produce holistic charts. Since we have been using Python 476 

Programming Language (Python.org, 2020) and Python libraries, such as Matplotlib, to accomplish 477 

this, we used basic Python data structures (i.e. dictionaries) to represent these data.  478 

 479 

3.2 COVID-19 data 480 

In order to perform the analysis and process all types of information together, we must perform 481 

some data preparation and pre-processing of the COVID-19 data from JHU CSSE, precisely:  482 

• we have filtered the COVID-19 worldwide original data in order to extract the subset referring to 483 

the 5 countries in scope 484 

• starting from these original 5 subsets we have identified the Confirmed, Active, Recovered and 485 

Deaths cases of each country (see par. Error! Reference source not found.) and then defined 4 486 

homologous “new” compartments – namely the NewConfirmed, NewActive, NewRecovered and 487 

NewDeaths cases - that represent the daily change (differential or derivative) of each original 488 

metric, respectively. 489 

Figure 7 shows the new compartments. The definitions of these new compartments follow. 490 

Derivative of Confirmed, Active, Recovered and Deaths 491 

Here we report the calculation of the NewConfirmed cases, however the differential is calculated 492 

in the same way for each one of the other metric. If C(t) represent the Confirmed time series, then the 493 

NewConfirmed metric, NC (t), at the time or date tn is computed as: 494 

 NC (tn) = C (tn)  –  C (tn-1) 495 

Therefore, it holds that: 496 

• NewConfirmed, NC(t) represents - for each given day - the number of the new COVID-19 cases 497 

that have been confirmed vs the cases of the previous day. This value should be always greater than 498 
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zero or equal to zero. Unfortunately, this is not always true, possibly because errors in data were 499 

later amended in some of the countries’ databases. 500 

• NewActive, NA(t), represent - for each given day - the difference in active COVID-19 cases between 501 

that day and the previous one. This parameter can also assume negative values. 502 

• NewRecovered, NR(t), represent - for each given day - the number of patients that have been 503 

declared recovered between the day of the observation and the day before. 504 

• NewDeaths, ND(t), represent - for each given day - the number of infected individuals who have 505 

died for the COVID-19 disease between the day of the observation and the day before (i.e. in the 506 

last 24 hours). 507 

Figure 7 shows plotted aforementioned parameters for one country (i.e., Italy). 508 

 509 
 510 

Figure 7 - NewConfirmed, NewActive, NewRecoverd and NeawDeaths Trends. Country: Italy 511 

 512 

3.3 Mobility data 513 

A set of procedures and parameters have been defined in order to process the mobility datasets and 514 

properly synchronize them with the other datasets (i.e. the lockdown data and the COVID-19 data).  515 

3.3.1 Apple mobility data 516 

As we have already outlined, the Apple mobility data include three different metrics, namely the 517 

transit, walking and driving mobilities, respectively. In order to perform the analysis and conglomerate 518 

these data with the other information, we have defined a new unique and overall metric, or overall 519 

mobility, which is the average of the three-original metrics. We also used a smoothing filter to this 520 

average curve applying a 7-days rolling average to this newly defined metric.  521 

The choice of a 7-days rolling average is clearly subjective – since other width of the time window 522 

maybe adopted – and may cause information loss, however it is reasonable to look at the weekly pattern 523 

in this context. Moreover, the intent here is to use the mobility data in order to detect possible changes 524 

of the people behavior - especially in terms of social distancing - before and after the COVID-19 525 

outbreak. 526 

Finally, as a result of the aforementioned processing of the data, we obtained a unique curve that (i) 527 

follows the trend of the original 3 metrics and (ii) highlights two main plateaus that are clearly related 528 

to the changes of the people behavior around the COVID-19 lockdown.  529 

Here below, we detail the main steps of this process.  530 

a. Overall mobility trend 531 
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The 3 Apple mobility trends timeline - i.e. transit, walking and driving - have averaged according 532 

to the following expression: 533 

Am (t) = [ Mt (t) + Mw (t) + Md (t) ] / 3 534 

where Am (t) is the timeline of the average mobility and Mt (t) , Mw (t) , Md (t) are the transit, walking 535 

and driving mobility trends timeline, respectively. 536 

b. 7-days rolling average 537 

The overall mobility Am (t) is then filtered with rolling window calculation to obtain the mobile 538 

average of the 7-days average mobility, according to the following expression: 539 

Sm (t) = [ Am (t-3) + Am (t-2) + …  + Am (t+2) + Am (t+3) ] / 7 540 

where Sm (t) is the final 7-days rolling average. 541 

Figure 8 illustrates the results of the above process for the Apple mobility of the United Kingdom. 542 

The upper panel shows the average mobility trend, Am (t), while the lower panel shows the 7-days 543 

rolling average curve, Sm (t). Both panels show Apple original metrics in the background. Similar plots 544 

have been obtained for the other countries in scope. 545 

 546 

Figure 8 – Average (top panel) and 7-days rolling average (bottom panel) of Apple Mobility data. 547 

Country: UK. 548 

c. Differential of the mobility data 549 

As we already mentioned, two plateaus can be easily identified in the 7-days rolling average 550 

mobility curve that we derived, namely  551 

• an upper plateau representing the baseline or “usual” behaviour in terms of people mobility 552 

before the COVID-19 outbreak (see the left part of the plot of Figure 8, bottom panel) 553 

• a lower plateau representing a steady state of reduced mobility occurring after the social 554 

distancing measure has become effective (see the right part of the plot of Figure 8, bottom panel) 555 
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The 7-days average mobility plot also can help to characterize what happened in each country during 556 

the transition period between the two plateaus (Figure 9)   557 

To this aim, in order to compare the main characteristics of the mobility trends of the 5 countries, 558 

we calculated the differential or derivative of such mobility curve: the differential has been calculated 559 

assuming a unitary time interval of 1-day. Therefore, the derivative of the mobility represents the 560 

instantaneous or daily rate of change of the mobility function over time, namely the numerical 561 

difference between mobility values measured at time or date t and at time t-1. 562 

Figure 9 shows the mobility trend (upper subplot) and its derivative (lower subplot) for the country 563 

Spain. 564 

 565 

Figure 9 – Top panel - The 7-days rolling average mobility as extracted from the original data set 566 

provided by Apple: the residential mobility trends are averaged and then smoothed (black dotted 567 

line). Bottom panel – the derivative of the 7-days rolling average curve – Country: Spain. 568 

 569 

3.3.2 Google mobility data  570 

Multiple metrics are also reported within the COVID-19 Community Mobility Report data as 571 

released by Google. As we did for the Apple mobility data, we wanted to derive a unique overall metric 572 

to summarize all metrics information for each of the countries in scope.  573 

As we have already observed, Apple and Google data measure phenomena that are somewhat 574 

related, but different in nature. Despite baselines, and percent changes with respect to the baselines, 575 

are used in both datasets, different criteria and methods were employed to calculate them. 576 

We have seen that all three Apple metrics showed similar percent changes over time, so we decided 577 

to use a simple average to derive the overall mobility trend from those data. Things are quite different 578 

for data provided by Google. In facts, considering for example the data of the United Kingdom (Figure 579 

10), it holds: 580 

• all metrics but one (i.e. the residential) decrease over time: because of the enforcement of social 581 

distancing measures people started spending more time at home and less time elsewhere; 582 
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• all decreasing metrics from the Google dataset show different percentual changes before and after 583 

the COVID-19 spread: for example, about 20% less time is spent in grocery and pharmacy vs. 70% 584 

less time spent in transit stations. 585 

Therefore, a simple mean to derive a summary mobility trend cannot be used: a weighted average 586 

to account for the different amounts of time spent by individuals in different locations (i.e. workplace 587 

vs. retail and recreation) may be used; unfortunately the process to define and assign a weight to each 588 

metric, even if it may be based on a good common sense, it would have been very subjective and 589 

arbitrary. 590 

Finally, we opted for a different approach. We derived an outdoor metric based on the following 591 

consideration: when people are not at home (i.e. residential), for sure they are somewhere else (i.e. 592 

outdoor). Therefore the 24 hours per day can be partitioned into two subsets: a residential time and an 593 

outdoor time.  594 

a. Overall mobility trend: outdoor 595 

Let us assume that – because of the social distancing measures - people change their behavior and, 596 

on average, spend less time outdoor (for example 4 hours): that timeframe moves from the outdoor to 597 

the residential share. From the Google data set we are then informed about this increase of time spent 598 

at home in terms of a percentual change; unfortunately, we are not informed about the absolute value 599 

of this time. We know that the percentual increase in residential corresponds to a decrease of time 600 

spent outdoor, but we cannot determine the percentual decrease since we do not know the initial split 601 

between residential and outdoor.   602 

 603 

Figure 10 – Average (top panel) and 7-days rolling average (bottom panel) of original and reversed 604 

Google Mobility data (top and bottom panels, respectively) - see details in the text for the definition 605 

of reversed data. Country: UK 606 

Therefore, we decided to express the change over time in the outdoor category as a percent with 607 

respect to the residential metric: in practice, we defined the outdoor metric, Om (t), as the opposite of 608 

the residential metric, Mr (t):  609 
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Om (t) = - Mr (t) 610 

The result, shown in the upper plot of Figure 10, is that the percentual change is the same in absolute 611 

terms, but opposite in sign: we have a percent increase in residential and the same percent decrease in 612 

outdoor. |For clarity, it is important to notice that those percent values are different in nature vs the 613 

Apple data percentage values and therefore refer to a different set of scales. 614 

 615 

b. Smoothed mobility trend: 7-days rolling average 616 

The Om (t) is then filtered with a rolling time window of 7-days to obtain a 7-days rolling average 617 

mobility, according to the following expression: 618 

Sm (t) = [ Om (t-3) + Om (t-2) + …  + Om (t+2) + Om (t+3) ] / 7 619 

where Sm (t) is the smoothed curve (shown in the lower part of Figure 10). 620 

 621 

c. Differential of the mobility data 622 

As we did for the Apple mobility, the differential or derivative of the Google mobility curve is 623 

calculated in order to analyze the main characteristics of the data trends and compare the time patterns 624 

of the five countries.  625 

The differential is calculated assuming a unitary time interval of 1-day. Therefore, the derivative of 626 

the mobility represents the instantaneous or daily rate of change of the mobility function over time, 627 

namely the numerical difference between mobility values measured at time t and at time t-1. 628 

Figure 11 displays the 7-day rolling average and its derivative of the country Spain.  629 
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 630 

Figure 11 - Top panel - The 7-days rolling average mobility as extracted from the original data set 631 

provided by Google: the residential mobility trends is reversed and then smoothed (black dotted line). 632 

Bottom panel – the derivative of the 7-days rolling average curve – Country: Spain. 633 

 634 

4 Analysis & results 635 

Lockdown policies and changes in people behavior 636 

These data were first analyzed in relation with the evolution of political recommendations and 637 

directives to assess a multiple set of performances of the different countries, namely: 638 

(i) The responsiveness of the governments in taking decisions  639 

(ii) The coherence of the lockdown policy with changes in mobility data 640 

(iii) The implementation performance in each country  641 

(iv) The effects of social distancing on the epidemic evolution 642 

4.1 Lockdown policies: responsiveness of the governments 643 

Here we measure the responsiveness of each government towards the beginning of the COVID-19 644 

outbreak with a specific attention to each national infection.  645 

4.1.1 Objective & Methodology 646 

At first instance we look at the status of the infection at specific temporal moments and, in 647 

particular, in correspondence with the government decisions: a first set of graphs have been designed 648 

where we show the NewConfirmed (definition in par. 3.2) vs. the main lockdown events.  649 
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To estimate the authorities’ responsiveness, we measure a time-based parameter and an epidemic 650 

one. The first one is a measurement of the time response of the government vs the detection of the 651 

outbreak whereas the latter one returns the size of the severity of the outbreak.   652 

(i) Time response – This variable is the time-based parameter and it is defined by means of 653 

two time-based parameters 654 

• The date of the detection of the first case in the country (Ti), where for first case we 655 

intend a subject with the citizenship of that country and not any guest and/or tourist 656 

and/or foreign subject 657 

• The official date of the lockdown (Tf) as it was engaged at national level, where for 658 

national we intend a procedure overall the whole nation and not just a local or 659 

restricted regional lockdown 660 

Then, it holds that the government time response (ΔT) is defined as: 661 

ΔT = Tf – Ti 662 

(ii) Severity – This variable is the epidemic-based parameter and it represents the extent of the 663 

outbreak when the national lockdown is onset. It is defined as the number of by means of 664 

two epidemic-based parameter 665 

 666 

4.1.2 Results (country by country) 667 

 668 

France 669 

French government formally imposed a nationwide lockdown on March 17th, 20 days after 670 

Coronavirus outbreak. Earlier some other restrictions – such as shut of schools and universities – were 671 

already put in place by national authorities. On March the 17th, according to JHU CSSE data, almost 8 672 

thousand of the COVID-19 cases were confirmed in the country (Figure 12). 673 
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 674 

Figure 12 - Response time and severity of the lockdown in France 675 

Germany 676 

As a consequence of the COVID-19 outbreak (February 26th), German authorities progressively 677 

established restrictions on social activities. Following the Prime Minister press conference, a tight 678 

nationwide lockdown was also established on March the 23rd, i.e. 19 days after the outbreak. On that 679 

day about 29 thousand of the COVID-19 cases were already confirmed in the country (Figure 13). 680 

 681 

Figure 13 - Response time and severity of the lockdown in Germany 682 

Italy 683 

Italy experienced COVID-19 outbreak on February the 21st. National authorities implemented 684 

immediate responses in the attempt to contain the spread of the disease. In the following days, as a 685 

consequence of the exponential growth of the cases, additional restrictions were gradually imposed by 686 
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the government. Finally, on March the 11th a tight nationwide lockdown was mandated. On that day 687 

over 12 thousand of the COVID-19 cases were already recorded in the country (Figure 14). 688 

 689 

Figure 14 - Response time and severity of the lockdown in Italy 690 

Spain 691 

In Spain the outbreak of COVID-19 started on February the 25th when a citizen form Barcelona was 692 

found infected. On March the 10th schools were closed in some areas of the country and, later on, on 693 

March the 14th, a partial lockdown was declared with people invited to leave their homes for work and 694 

real needs only. A national lockdown was finally declared on March the 15th. On that day almost 8 695 

thousand of COVID-19 cases were recorded in the country (Figure 15). 696 
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 697 

Figure 15 - Response time and severity of the lockdown in Spain 698 

United Kingdom 699 

On the 29 of February the first COVID case was detected in York, UK when two nationals were 700 

found infected. After the first death (March the 6th), UK moves from the contain phase to the delay 701 

phase (March the 12th) and the day after prohibition of mass gathering was banned for the next week.. 702 

In the next 5 weeks, other restrictions were imposed to non-essential travels as well as schools, pubs 703 

and restaurants were closed. Between March the 22nd and April the 9th, the Prime Minster, the Secretary 704 

of State for Foreign Affairs and the Queen warns they could have to introduce tougher measures and 705 

calls for self-discipline. Finally on April the 23rd, the national lockdown was imposed. On that day over 706 

139 thousand COVID-19 cases were already recorded in the country (Figure 16). 707 
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 708 

Figure 16 - Response time and severity of the lockdown in United Kingdom 709 

4.1.3 Overall results 710 

According to the above analysis, the overall values of the time response and of the severity of each 711 

country can be reported. These values are shown in Table 3 and in Figure 17. 712 

Table 3 - Time response and severity of the lockdown 713 

Country 
Time response 

[day] 

Severity 

[confirmed cases x 1000] 

France 20 7.7 

Germany 26 29.0 

Italy 19 12.5 

Spain 19 7.8 

United Kingdom 54 139.3 

 714 
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 715 

Figure 17 - Time response vs. severity 716 

4.2 Coherence of lockdown policies and mobility data 717 

In this paragraph we aim at measuring the coherence between the lockdown policies and the people 718 

behavior in terms of their changes, if any, of their mobility  719 

4.2.1 Objective & Methodology 720 

Here we report the timeline of the national mobility of the different countries together with the date 721 

estimation of the beginning of the lockdown and of the end or steady state as it was defined in par. 3.3. 722 

For brevity, the time patterns are reported for two countries only (all other countries’ patterns are 723 

reported in the supplementary material).  724 

 725 
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 726 

Figure 18 - timeline of the national mobility of Italy and Spain on the topo and bottom panels, 727 

respectively. 728 

4.2.2 Synthesis of results 729 

It is important to notice that, according to a preliminary analysis of the mobility patterns, a reduction 730 

of both the Apple and Google mobilities have been observed before the official declaration of the 731 

national lockdown at least in some countries such as, for example, Italy and Spain (see Figure 18). 732 

Such behavior may have been also conditioned by the news following the identification of the fist cases 733 

in the country (see for example the mobility pattern of Italy in February after the 1st case identification 734 

– Figure 18, top panel). 735 

Similar behaviors have also been observed in the mobility graphs of the other countries (see the 736 

supplementary materials). 737 

4.3 Effectiveness and efficiency in social distancing 738 

Finally, we made an attempt to identify some key lockdown performance parameters in order to 739 

establish (i) responsiveness, (ii) efficiency and (iii) effectiveness of the lockdown measures 740 

4.3.1 Objective & Methodology 741 

In a second subplot we also report the derivative of the Am curves which determine the calculation 742 

of the lockdown beginning and end points (Li, Lf), according to the methodology reported in par. 3. 743 

Finally, the design and plot of the two boundaries dates allow the calculation of the lockdown 744 

efficiency (ΔTlock) and effectiveness (ΔMlock) as reported below. 745 

 Efficiency and effectiveness evaluation method  746 

In order to estimate the lockdown performance and compare the timeline of the different countries, 747 

a set of performance parameters are defined as it follows 748 

▪ lockdown velocity – the derivative of the 7-days rolling average of the mobility trend, 749 

namely the Sm  750 

▪ the beginning of the lockdown (Li) 751 

▪ the steady state of the lockdown (end of lockdown for simplicity - Lf) 752 
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According to the definition, efficacy and efficiency of the lockdown are then defined as it follows: 753 

▪ efficiency - the time that is spent between the beginning and end of the lockdown, namely 754 

ΔTlock = Tf – Ti 755 

where ΔTlock is the efficiency of the lockdown, Tf and Ti are the Lf and Li dates, respectively. 756 

▪ effectiveness - the observed drop of the mobility drop due to the lockdown between Ti and 757 

Tf, namely 758 

ΔMlock = Mf – Mi 759 

where ΔMlock is the effectiveness of the lockdown, Mf and Mi are the values of the mobility 760 

at the time (or dates) Lf and Li, respectively. 761 

Figure 19 (top and bottom panels) shows an example of the calculation of such efficiency and 762 

efficacy for one of the countries (i.e. Spain). Similar plots and calculations can be performed for the 763 

other countries. 764 

4.3.2 Outcome by country 765 

Here we report the lockdown and mobility timeline of the different countries. For brevity, the time 766 

patterns are reported for two countries only (all other countries’ patterns are reported in the 767 

supplementary material).  768 

 769 

 770 
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 771 

Figure 19 - Lockdown and mobility timeline in France and Germany (top and bottom panels, 772 

respectively) 773 

4.3.3 Synthesis of results 774 

Table 4 shows the value of the lockdown efficiency and efficacy for each of the analyzed countries. 775 

At this stage of the analysis it is important to observe that all countries show a significant reduction of 776 

the population mobility (i.e. the effectiveness – mean and std: 78.6 ± 6.5), even if the efficiency of such 777 

a reduction is significantly different with a very high standard deviation (mean and std: 14.6 ± 4.7).  778 

Table 4 – efficiency and effectiveness of each country lockdown 779 

Country 

Lockdown performance 

Li Lf 

ΔTlock 

Efficiency 

[days] 

ΔMlock 

Effectiveness 

[%] 

France 09/03 21/03 12 85 

Germany 10/03 23/03 13 70 

Italy 24/02 15/03 20 85 

Spain 10/03 19/03 9 78 

United 

Kingdom 
09/03 28/03 19 75 

In particular, countries such as Italy and United Kingdom show a tendency to require many days 780 

in order to perform an effective lockdown. Such a slow speed of the lockdown execution may have had 781 

a strongly impact on the spread of COVID-19. 782 
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4.4 Effects of social distancing on the epidemic evolution 783 

Finally, we made an attempt to model the latency occurring between the changes in social 784 

behaviors and the changes in growth rate of the disease. 785 

4.4.1 Objective & Methodology 786 

Here we combine the mobility timeline with the temporal pattern of the infection: three curves are 787 

plotted; these curves represent  788 

(i) the mobility patterns 789 

(ii) the number of NewConfirmed (definition in par. 3.2)  790 

(iii) a semi-transparent time shifted curve of the mobility 791 

The time shift of this curve is arbitrary and it is performed in order to align the descending pattern 792 

of the mobility with the descending pattern of the infection. The purpose of such a strategy is to 793 

highlight and qualitative determine the effective time shift (ΔS) which is needed to see a benefit of the 794 

lockdown vs the reduction of the infection.  795 

4.4.2 Outcome by country 796 

Here we have reported the main timeline events of the lockdown policy for two countries – namely 797 

France and Germany - vs the time pattern of the new confirmed cases. All plots referring to the other 798 

countries’ are reported in the supplementary material.  799 

 800 

 801 
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 802 

Figure 20 - Mobility vs. COVID-19 trends of United Kingdom 803 

4.4.3 Synthesis of results 804 

In Table 5 we reported a the amount of virtual time shift which is needed in order to align the 805 

lockdown with the effective reduction of the new confirmed cases. It is important to observe that, 806 

irrespective of the initial condition of the outbreak for each country (i.e. the initial number of cases at 807 

the beginning of the lockdown) the shift time is always in the range between 27 and 35 days (mean and 808 

std: 31.6 ± 4.0), therefore a period of at least 3-4 weeks is needed in every country in order to see 809 

some initial benefit of the social distance policies.   810 

Table 5 - time shift for the alignment of the decreasing trends of the outbreak vs the lockdown. 811 

Country 
ΔS time shift 

[days] 

France 32 

Germany 28 

Italy 35 

Spain 27 

United Kingdom 36 

 812 

5 Discussion & next steps  813 

The analysis was conducted on the following 5 countries in Europe (France, Germany, Italy, Spain, 814 

United Kingdom). 815 

These countries were chosen because of their similarities from a geographical and cultural 816 

viewpoint: that makes a comparison easier. Moreover, all of them experienced the COVID or 817 

Coronavirus outbreak in the "same" period and represent a large share of the overall number of 818 

COVID-19 cases in the European continent. 819 

First, the mobility reported from Apple, even if representing a map research task of the end-user, 820 

seems well aligned with the data which are provided by Google: the next figure shows a comparison 821 
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of Apple and Google data after aligning the dates of the data from the two database for one country 822 

(i.e. Italy). Similar patterns are observed for the other countries.  823 

In this plot we also show the time scale of the official and most significative dates of the lockdown 824 

together with the timeline of the new confirmed cases (top panel) and, more importantly, with the 825 

overall number of cases (bottom plot). This final figure is extremely important because it shows the 826 

importance of performing a proper and strict lockdown when the initial condition of the infection (i.e. 827 

the number of confirmed new cases and overall cases) is low, otherwise – even if the lockdown is 828 

efficient and effective – the spread of the infection will rapidly occur whatever social distancing policy 829 

will be applied. 830 

The following Figure 21 summarizes the overall lockdown analysis of two representative countries, 831 

i.e. Spain and Italy. Similar summary can be obtained from the graphs of the other countries. 832 

 833 

Figure 21 - Overall lockdown analysis. Countries: Spain and Italy, top and bottom panels, 834 

respectively. 835 

6 Conclusions 836 
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This paper integrates a preliminary analysis of the population mobility with the COVID-19 outbreak 837 

in 5 European Countries. Worldwide Apple and Google mobility data have been processed and 838 

combined with the John Hopkins database of COVID-19 outbreak. 839 

The Apple and Google database, as well as the JHU COVID-19 database are currently reporting 840 

data of all the countries in the world. At this stage we decided to only focus some of the most populated 841 

and larger European countries which represent a large amount of the European population. 842 

Nevertheless, it is worth to mention that the way our software manipulates these data would allow the 843 

selection of other countries’ data to be analyzed, therefore an extension to other countries and areas 844 

would be relatively easily performed. 845 

We defined a set of parameters for determining the beginning and steady state of each country 846 

lockdown, as well as a set of performance parameter to estimate the performance of the lockdown. For 847 

each country these parameters have been calculated vs. the behavior of the COVID-19 infection, i.e. 848 

the confirmed and cumulative number of cases of each country. 849 

In this framework we also look at the number of weeks or period of time and shift that is needed in 850 

order to see an effective reduction of the virus in the population after the lockdown. 851 

We have also analyzed the influence of the initial condition of the outbreak (i.e. the effective number 852 

of cases at the beginning of the lockdown) with respect to the timeline of the contagious occurring after 853 

the lockdown. 854 

This is clearly a preliminary study and further work should be developed in order to deeply analyze 855 

the population behavior at national and sub-national/regional level, as well as, to look more specifically 856 

at the effect of the lockdown vs. a more detailed model of the COVID-19 diffusion (Mc Aloon, 2022; 857 

Ryu, 2022).  858 

In this context, it is worth to mention how important would be to embed into this analysis the roles 859 

of the hospitalization of those members of the population that are requiring it, as well as the main role 860 

of the quarantine measure (Sonnino, 2022). Another very critical aspect, which has not been included 861 

in this analysis, despite its importance, is the effect of single or multiple vaccine injections vs the spread 862 

of the virus and, as a consequence, vs the lockdown strategies: this particular aspect would deserve a 863 

specific study (Kumar, 2021; Huang, 2022; Congdon, 2022).  864 

Finally, it is important to underline that this study is not exhaustive, rather should inspire further 865 

research aimed at supporting the development of epidemiologist modelling where, for example, the 866 

distribution of the hospitals and of poles of attraction of people would be taken into account, together 867 

with an evaluation of the lockdown impact vs the outbreak (Sonnino, 2020; Kumar, 2022; Poongodi, 868 

2022): for example, the data analysis could be clustered around these poles of attractions (i.e. ‘retail 869 

and recreation’, ‘workplaces’, etc.) and crossed with the National Health data (i.e. status of the 870 

vaccination, number of contacts, etc.).  871 

____________ 872 

The Supplementary Material Section (i.e. Section 8) reports all the figures and plots for each of 873 

the analyzed country. Details of the software are available on request. 874 
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