International Journal of Population Data Science (2021) 5:4:1688

International Journal of
Population Data Science

W
International Journal of \/ .
Swansea University

Population Data Science V
Journal Website: www.ijpds.org Prifysgol Abertawe

Sensing pedestrian flows for real-time assessment of non-pharmaceutical policy
interventions during the COVID-19 pandemic

Jonas Klingwort!, Sofie MMG De Broe?3, and Sven A Brocker**

Abstract
Submission History
Submitted: 20/07/2021
Accepted: 04/11/2021
Published: 13/01/2022

Introduction
To combat and mitigate the transmission of the SARS-CoV-2 virus, reducing the number of
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social contacts within a population is highly effective. Non-pharmaceutical policy interventions,
e.g. stay-at-home orders, closing schools, universities, and (non-essential) businesses, are expected
to decrease pedestrian flows in public areas, leading to reduced social contacts. The extent to
which such interventions show the targeted effect is often measured retrospectively by surveying
behavioural changes. Approaches that use data generated through mobile phones are hindered by
data confidentiality and privacy regulations and complicated by selection effects. Furthermore, access
to such sensitive data is limited. However, a complex pandemic situation requires a fast evaluation
of the effectiveness of the introduced interventions aiming to reduce social contacts. Location-based
sensor systems installed in cities, providing objective measurements of spatial mobility in the form
of pedestrian flows, are suited for such a purpose. These devices record changes in a population’s
behaviour in real-time, do not have privacy problems as they do not identify persons, and have no

selection problems due to ownership of a device.

Objective

This work aimed to analyse location-based sensor measurements of pedestrian flows in 49
metropolitan areas at 100 locations in Germany to study whether such technology is suitable for the
real-time assessment of behavioural changes during a phase of several different pandemic-related
policy interventions.

Methods

Spatial mobility data of pedestrian flows was linked with policy interventions using the date as a
unique linkage key. Data was visualised to observe potential changes in pedestrian flows before or
after interventions. Furthermore, differences in time series of pedestrian counts between the pandemic
and the pre-pandemic year were analysed.

Results
The sensors detected changes in mobility patterns even before policy interventions were enacted.
Compared to the pre-pandemic year, pedestrian counts were 85% lower.

Conclusions

The study illustrated the practical value of sensor-based real-time measurements when linked
with non-pharmaceutical policy intervention data. This study's core contribution is that the
sensors detected behavioural changes before enacting or loosening non-pharmaceutical policy
interventions. Therefore, such technologies should be considered in the future by policymakers for
crisis management and policy evaluation.
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Introduction

Using sensor data to develop real-time indicators for official
statistics is currently an active field of research within
National Statistical Offices (NSIs) and in disciplines such
as the social sciences [1-5]. Several pilots and applications
to integrate big data, including sensor data, in statistical
production have been developed and conducted within the last
years. These included job vacancies, enterprise characteristics,
smart energy, tracking ships, financial transactions, earth
observation, mobile networks, and tourism statistics [6, 7].
Compared to survey or administrative data, the added value
of sensor data is the accuracy of the measurements and its
potential timeliness [8, 9]. The COVID-19 pandemic has shown
that NSls and social scientists have a central role in providing
accurate and timely information required by policymakers
during the pandemic [10, 11]. Such required information can
consist of monitoring and assessing the impact of policy
interventions, which are recurrent challenges for policymakers
and governmental bodies [12-14]. During the COVID-19
pandemic, governments introduced several policy interventions
with varying strictness (based upon the development of the
pandemic) to contain the spread of the SARS-CoV-2 virus. In
this pandemic, a wide range of technologies was available to
monitor human behaviour [15, 16]. These circumstances offer
the unique opportunity to monitor and assess the effectiveness
of policy interventions during a crisis using sensor technologies.
Therefore, it is particularly relevant for NSls to analyse this
information to further develop the research field of real-time
indicators in official statistics. This paper analyses a novel
spatial mobility dataset containing pedestrian flows measured
by location-based sensors in 49 metropolitan areas at 100
locations in Germany during the introduction and relaxation
of several pandemic-related policy interventions. As we will
explain, such systems have advantages over using data from
population surveys or mobile phones and thus serve as a
valuable additional data source. It will be demonstrated that
such a system has the potential to be used as a real-
time measurement system for assessing the impact of non-
pharmaceutical policy interventions. In addition, we will reflect
on how using sensor data can be of further relevance for
policymaking to better understand the link between policy
measures and human behaviour in a crisis, and we will discuss
potential data-linkage applications using this specific sensor
data.

Background

With the spread of the COVID-19 pandemic, countries
worldwide began to implement non-pharmaceutical and
pharmaceutical policy interventions to mitigate the transmission
of the virus SARS-CoV-2. Our study focuses on non-
pharmaceutical policy interventions. About one and a half
years after COVID-19 was declared a global pandemic,
several studies on non-pharmaceutical policy interventions
and their effectiveness in reducing key pandemic indicators,
such as growth rate, incidence, or the R-indicator, have been
published. Here, we summarize some of the key findings
of several recent studies. Although the studies differed in
data and methods used, it was overall shown that lockdown
periods, school/university closures, closing workspaces,

physical distancing, and closing (non-essential) businesses
were highly effective non-pharmaceutical policy interventions
reducing the virus transmission. Some inconsistent findings are
reported for public transport closure, testing, contact tracing,
and (international) travel restrictions. The effectiveness of,
e.g. public information campaigns, restrictions on internal
movement, or restrictions on public transportation was not
conclusively clarified [17-25]. Currently, the most appropriate
tool to quantify the severity of non-pharmaceutical policy
interventions seems to be the Oxford Covid-19-Government
Response Tracker [26, 27], which we will use in our study
(for details, see section Policy intervention data). To study
how populations have reacted to these interventions during
the pandemic, population surveys or data generated through
mobile phones have often been used. In the following, the
challenges and limitations of these data sources will be outlined
and compared to the sensor-based real-time measurements
presented in this paper.

Population surveys were used worldwide to collect data
on adopting pandemic-preventing policy interventions [28-
33]. Because person-to-person transmission causes the spread
of SARS-CoV-2, face-to-face surveys were ineligible [34, 35].
Therefore, web surveys were used because no interviewers
are required. Furthermore, web surveys represent low costs,
short fieldwork periods, and timeliness of the data [36].
However, the use of (web) surveys has several problems
in evaluating policy interventions for pandemic-preventing
behaviour. First, reported and actual behaviour might differ
due to social desirability [37]. Second, memory errors can lead
to a bias in the responses [38]. Third, the time gap between
interviews and publication hinders a quick assessment of
policy interventions. Fourth, the data collection for continuous
monitoring is costly [39]. Fifth, web surveys yield biased
results for behavioural variables regarding health [40-43].
Finally, most web surveys are based upon non-probability
samples and thus have severe restrictions regarding population
inference [44, 45]. This aspect of web surveys can be
considered as their main issue.

Data generated through mobile phones allows the real-
time assessment of actual behaviour and does not rely on
people’s memory. Several studies based upon GPS, mobile
phone position data, and specific smartphone applications
have been conducted during the COVID-19 pandemic. For
example, a number of studies used real-time mobile phone
position data to study changes in human mobility behaviour
in the USA, China, and Europe [28, 46, 47]. A further study
based upon volunteered geographic information (app data),
assessed worldwide mobility [48]. Data from companies such
as Google or Baidu was used to study human mobility and
the effects of policy measures [49, 50]. However, the data
used in such studies suffers from self-selection procedures.
The required device has to be owned, the application needs
to be known by the owner, no privacy concerns should exist,
the willingness to participate is a requirement, owners have to
activate the required service of the device/application, and
the device needs to be carried continuously. It is unlikely
that these consecutive steps will yield a random selection
of the population [51]. Hence, using data generated through
mobile phones (either location-based or app-generated) to
describe changes in mobility or evaluate the effects of
policy interventions, will exclude specific subgroups of the
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population. Additional problems using GPS-generated data are
the accuracy and completeness of the data. GPS devices cause
problems due to intended or unintended switch-off, delays
due to standby mode, battery issues, or the device not being
carried [52-54]. Accordingly, the usefulness of smartphone-
based technologies to mitigate and monitor the pandemic is
still debated [51, 55, 56].

The spatial mobility data measured by the sensors used in
this study include location-based measurements of pedestrian
flows in different cities and has received little attention in the
scientific literature during the COVID-19 pandemic (e.g. [57]).
The recorded data of such systems has several advantages
compared to those previously described. First, in contrast
to population surveys, these sensors provide objective in
situ measurements of the population’s behaviour, overcoming
problems due to survey respondents’ social desirability and
memory errors. Furthermore, the delay between recording
and reporting results and costs for continuous monitoring
are negligible when analysis can be done promptly. Second,
in contrast to data generated through mobile phones, an
important difference is that these sensors measure only
whether public places or locations are still visited, i.e. they
do not measure who has visited them. As such, data privacy
and protection, which were not always adequately addressed
during the pandemic [58], are no issue when using such data.
Coverage and selectivity issues in smartphone usage among
the population or the required use of specific smartphone
applications can also be neglected. Finally, data obtained
through such objective in situ measurement systems offers the
potential for official statistics output. More specifically, given
the number of advantages mentioned and the results provided
by this paper, this type of technology and the data collected
could be more widely used by NSIs and policymakers, for
example, future crisis management or policy evaluation. Until
now, only a few applications of such data in official statistics
can be found, such as the recording of traffic with traffic loop
data [8, 59] or the use of real-time indicators based upon
publicly available streamed traffic camera images to monitor
busyness during a lockdown [60].

Methods

First, we will describe the sensor and policy datasets used in
the study. Second, we will explain the applied methodologies
and analysis.

Sensor data

The data of sensors measuring pedestrian flows in
metropolitan areas is provided by the company hystreet.com
GmbH. The data collection started on 01.05.2018 at
27 locations in Germany. The sensor network has been
continuously expanded, and currently, sensors are installed
in 74 cities at 152 locations in four European countries
(Germany, Austria, Switzerland, and the Netherlands). Sensors
were installed strategically at these locations from a real
estate perspective. A real estate perspective is to determine
the possible turnover potential of a location, assess the
location quality of the real estate object, and evaluate the
attractiveness of cities. As a result, the sensors are located

at centres of metropolitan areas on economically relevant
and highly frequented streets and places. According to the
definition of the German Federal Office for Construction
and Regional Planning, 45 out of 49 analysed cities can be
considered metropolitan areas (>100,000 inhabitants). The
remaining four cities are medium-sized cities (>20,000 up to
100,000) [61]. The different sizes of the cities are not taken
into account in the analysis, given the majority belong to the
same category (metropolitan area), and given that Brocker
and Klingwort showed that the developments in pedestrian
flows were comparable across cities [62].

The sensors are attached to facades and generate an
invisible and eye-safe quadruple light curtain to measure the
pedestrian flows constantly. Hence, pedestrians are not aware
of being recorded and cannot consciously avoid the recording.
When pedestrians cross the light curtain, a record is made.
An accuracy of 99% can be achieved up to a flow rate of
approximately 500 persons per minute. Persons crossing the
light curtain multiple times are recorded repeatedly. Hence, the
total count per day might not be a count of unique persons. For
example, persons on their route to, e.g. essential shopping and
back, might cross the light curtain twice if they take the same
route. However, it is reasonable to assume that such scenarios
do not systematically upward bias the pedestrian counts. Only
if persons cross the light curtain, in the most extreme case, in
the form of a curved line, a form of systematic measurement
error will occur. This scenario seems unlikely as people are not
aware of the light curtain. Measurement errors can occur if
the laser is blocked (e.g. by scaffolding, cranes, or treetops),
and in case of energy failure, no measurements are made [63].
When these types of measurement errors occurred, data was
excluded from the analysis, as we will explain in the following
paragraph.

Data from 01.01.2019 to 18.04.2021 of German sensor
locations will be used for the analysis. Sensors with either
considerable down-times (about one year) or down-times of
at least about three weeks in the periods of interest were
excluded from the analysis. The resulting dataset consists of
49 cities with 100 sensor locations. The cities have a minimum
of about 25,000 inhabitants, on average about 400,000, and
a maximum of 3.7 million (Berlin, capital city of Germany).
Figure 1 shows the considered cities and indicates the number
of sensors per city. On average, there are two sensor locations
and a maximum of nine per city. 14 out of 16 federal states
have at least one sensor location because one has no sensors
installed and the second is omitted due to the selection criteria.

Policy intervention data

On 11*" March 2020, the World Health Organization (WHO)
declared COVID-19 a pandemic [64]. After that, policy
interventions were enacted, extended, relaxed, or reintroduced
in Germany at 15 points in time (in the period considered
in this paper). Since the interventions aimed to reduce
the number of social contacts, it is reasonable to assume
that closing schools, universities, (non-essential) businesses
and restricting public gatherings affect pedestrian flows at
public places. To quantify the stringency of the measures,
we used the ‘stringency index’ from the Oxford Covid-19-
Government Response Tracker (OxCGRT) project [26, 27].
This project systematically records policy measures in over
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Figure 1: Sensor locations in Germany

Black dots indicate city centres. Red circles surrounding black dots indicate the number of sensor locations within the 49 cities.

Grey-coloured federal states do not contain sensor locations.

180 countries that governments have implemented since 15t
January 2020, to address the pandemic. The stringency index
has been calculated since 215 January 2020, and consists of
9 indicators recording the severity of lockdown style policies
(school closures, workplace closing, cancel public events,
restrictions on gatherings, public transportation, stay at home
order, restrictions on internal movement, international travel
controls, public information campaigns) that primarily restrict
people’s behavior [27]. Most of these policies were considered
highly effective in mitigating the transmission of the virus
SARS-CoV-2 (see section “Background”). The stringency index
is calculated using all ordinal containment and closure policy
indicators, plus an indicator recording public information
campaigns. The index ranges from 0-100 (100 = strictest).
Table 1 shows the dates when policy interventions were

enacted, describes the interventions, and shows the stringency
index on that specific day.

Policy interventions and pedestrian counts

First, we focus on the period from 01.01.2020 to 18.04.2021,
which contains 15 points in time with policy interventions (see
Table 1). For this period, policy interventions were linked to
the pedestrian flow data using the date as a unique identifier.
This allows observing potential changes in pedestrian flows
before or after interventions. Within this period, 0.1% of
the observed data contained zero counts. The sensors store
a zero-count in case of a measurement error and for the
actual absence of individuals. However, zero-counts on a given
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Table 1: Timeline of non-pharmaceutical policy interventions in Germany between 13'" March 2020, and 22”4 March 2021

No. Date Policy intervention and description Stringency index

1 13.03.2020 Closing schools until May 2020 [65, 66] and universities 33
until summer 2021 [67, 68]

2 22.03.2020 Closing of non-essential businesses; restricting public gatherings [69] 77

3 15.04.2020 Extending interventions until May 2020 [70] 77

4 04.05.2020 Stepwise re-opening of schools [71] 72

5 06.05.2020 Opening of a majority of non-essential businesses; 66
allowing limited public gatherings [72]

6 02.11.2020 Closing of non-essential businesses (wholesale/retail businesses remained 62
open); restricting public gatherings [73]

7 01.12.2020 Extending interventions; increasing restrictions of public gatherings [74] 68

8 14.12.2020 School closings until January 4, 2021 [75] 68

9 16.12.2020 Closing of non-essential businesses (wholesale/retail 82
businesses as well); restricting public gatherings [76]

10 04.01.2021 Stepwise re-opening of schools [77] 82

11 05.01.2021 Extending interventions from 16.12.2020 [78] 85

12 19.01.2021 Extending interventions from 16.12.2020 [79] 83

13 10.02.2021 Extending interventions from 16.12.2020 [80] 83

14 03.03.2021 Stepwise re-opening non-essential businesses 78
(incidence-dependent) [81]

15 22.03.2021 Extending interventions from 03.03.2021 until 18.04.2021 [82] 75

day are implausible, even in the case of a strict lockdown
or an evening/night curfew. Therefore, a conditional median
imputation was applied to correct the zero counts.

Pandemic and pre-pandemic pedestrian counts

Second, the period from 01.01.2019 to 31.12.2020 is
considered to quantify differences in pedestrian counts
between the pandemic (01.01.2020 to 31.12.2020) and the
pre-pandemic year (01.01.2019 to 31.12.2019). A complete
time series of sensor data is required to calculate the relative
difference between 2020 and 2019. As the sensors were
installed consecutively over time, the complete time series
for 2020 and 2019 were only available for 20 cities and
40 locations. Within this period (01.01.2019 to 31.12.2020),
0.6% of the observed data contained zero counts. These were
corrected using the method explained above. Due to the
weekday shifts of the same date between years, leap year,
public holidays on different weekdays, the pedestrian counts
of each location were summed per corresponding city and
week. No decomposition of the time series into its systematic
and unsystematic components was done. Therefore, we cannot
tell whether the pedestrian counts might depend on seasonal
influences. The relative difference between 2020 and 2019 is
calculated using the 2019 data as the benchmark. Accordingly,
a positive relative difference indicates the counts in 2020
being larger than in 2019, and vice versa, a negative relative
difference indicates a lower count in 2020 than in 2019.

Results

Policy interventions and pedestrian counts

Figure 2 shows the pedestrian counts of all considered cities
and locations and the average daily count in the period

from 01.01.2020 to 18.04.2021. In general, the counts from
Mondays to Thursdays are comparable, rise on Fridays, peak
on Saturdays, and reach the lowest level on Sundays. In
Germany, there are peculiarities regarding the opening of stores
on weekends. On Sundays, the drop in pedestrian counts is
due to almost exclusively to all shops, including essential
businesses, being closed. Exceptions include train stations,
gas stations, bakeries, restaurants, cafes, and pubs. However,
the latter three would have been closed in the pandemic year
during a lockdown anyway.

Until early March 2020, a similar and repeating pattern
in the pedestrian counts is observed. Shortly after the WHO
declaration on March 11th, 2020, pedestrian counts started to
decrease. Here, at the same time, the stringency index started
to increase. On March 13th, 2020, the first national policy
interventions (school closings) were enacted.

The pedestrian counts decreased further before the
second policy intervention on 22"4 March 2020, when non-
essential businesses closed. During the following period,
pedestrian counts remained low, although some days show
high pedestrian counts at a few locations. Throughout
this period, the stringency index increased further. The
pedestrian counts started to increase slightly before the
interventions were lifted on 4" and 6" May 2020. This
finding suggests that behaviour already changed before the
policy interventions were lifted. Thereafter, pedestrian counts
increased and remained stable during the summer months.
Here, the stringency index indicates lower severity of policy
measures. After the introduced interventions on 24 November
2020, almost no decrease in pedestrian counts was observed.
A reasonable explanation might be that wholesale/retail
businesses remained open, which are likely to be located
in the areas around the sensor locations and still attracted
customers. With the introduced interventions on 14" and 16"
December 2020, a substantial decrease in pedestrian counts
was observed. This development is accompanied by a steep
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Figure 2: Pedestrian counts in 49 German cities at 100 locations between 01.01.2020 and 18.04.2021
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increase in the stringency index. During these interventions
and their threefold extension, the pedestrian counts remained
at a low level and the stringency at a high level. An increase
after the stepwise re-opening of schools on 4" January 2021,
could not be observed. From 15* March 2021, with gradual
openings and relaxations, slight increases in pedestrian counts
were recorded.

Pandemic and pre-pandemic pedestrian counts

Figure 3 shows the weekly relative difference in the pedestrian
counts between the pandemic (2020) and pre-pandemic (2019)
year. On average, the pedestrian counts were lower in the first
week of 2020 compared to 2019 (—1%). Between the second
week up to the sixth week (beginning of February), the average
pedestrian counts were larger in 2020 than in 2019 (from
2% up to 13%). From the sixth week, the average pedestrian
counts fall below the level of 2019. The pedestrian counts are
beginning to decrease in 2020 before the WHO declaration and
first policy interventions in week 11 compared to the previous
year.

The most considerable difference was observed in week
13 (—85%), the second week after the first restricting policy
interventions. The difference remained stable between weeks
13 to 15 and steadily decreased from week 16 (second half
of April). Hence, pedestrian counts developed towards the
previous year's count about three weeks before the policy
interventions were relaxed in week 19. In the following weeks,
the average difference converged further to the level of 2019
but remained lower. The difference was positive at some
specific locations, i.e. the pedestrian counts were larger at
these locations in 2020. In week 30 (end of July), the average
difference was about zero. Until week 43, there was some
variation in the relative difference (from —14% up to —23%).

Starting in week 43 (second half of October), the average
difference started to increase again. Hence, before the policy
interventions in November and December 2020, the pedestrian
counts started to decline again compared to 2019. By the
end of 2020 (weeks 51 to 53), the relative difference was
comparable to weeks 13 to 16 (—74% to —83%). A reasonable
explanation for this observation might be the same type of
policy interventions (see Table 1).

Discussion

This paper analysed sensor-based spatial mobility data of
pedestrian counts in 49 metropolitan areas at 100 locations
in Germany during a phase of non-pharmaceutical policy
interventions due to the COVID-19 pandemic. Furthermore,
differences in pedestrian counts between pandemic and pre-
pandemic periods were studied, and several observations were
made. First, we observed behavioural change and a reduction
in counts detected by the sensors that pre-empted restricting
policy interventions. Inversely, sensors detected an increase in
pedestrian counts before the loosening of policy restrictions.
Second, with less strict policy interventions, no considerable
reduction of pedestrian counts compared to strict interventions
could be observed; a finding consistent with the stringency
index. Hence, a decrease in pedestrian counts was always
connected with an increase in the stringency index (more
severe non-pharmaceutical policy interventions). Third, after
the interventions in 2020, on average, up to 85% lower
pedestrian counts were found compared to 2019. The findings
in this study show the potential and practical importance of
sensor systems and corresponding data for measuring real-time
behaviour.
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Figure 3: The weekly relative difference between pandemic (2020) and pre-pandemic (2019) pedestrian counts in 20 German cities
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We consider this research of high importance because,
until now, such objective in situ real-time measurement
systems recording spatial mobility have been rarely used
in the pandemic to evaluate or improve policy decisions.
Thus, it highlights the potential of such systems for
policymaking. If NSIs would administer such sensor systems
themselves and allocate them randomly over a country, ensure
quality and usability, such systems could be considered an
additional data source for various official statistics [83].
These objective measurement systems are not reliant on
adoption by citizens [84], and therefore, do not introduce
selection bias due to usage or ownership as mobile phones do.
Additionally, such systems do not collect individual data, and
accordingly, data confidentiality and privacy regulations are
no major concerns. We see great potential and need for such
objective measurement systems at NSls for several applications
(e.g. real-time monitoring of the de facto population) and
statistical output. For applications during a pandemic or crisis,

such spatial mobility data can be integrated into real-time
dashboards [85, 86], along with (non)-pharmaceutical policy
interventions, pandemic-related information, and could allow
data visualisation on the national or federal-state level to
identify regional differences [87]. Targeted policy interventions
could be enacted based upon this information bearing in
mind that contact tracing is not possible due to the non-
identification of individuals.

Furthermore, such spatial mobility data has the potential
to be used within data-linkage applications. However, the
linkage on the micro-level (individuals) is impossible. Instead,
the timestamp or a combination of the timestamp and regional
identifier (e.g. city or federal state) can be used to link
the pedestrian count data to survey or administrative data.
When linked to survey or administrative data, it can be
used as auxiliary information to improve existing estimation
processes (e.g. using aggregated weekly/monthly counts
as auxiliary information when estimating weekly/monthly
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economic activity) to help local authorities understand human
behaviour as a driving force for societal change [11].
When linked to survey data, it can be used to compare
external sensor measures and reported pandemic-prevention
behaviour [62]. Additional examples can be safety monitoring
in cities, the commercial viability of businesses, or tourism and
mobility statistics. When data from different sensor systems is
combined, e.g. traffic and air pollution in busy high streets,
awareness of health risks can be addressed [88]. The concept
of linking data sources, also on the individual level, for more
insights and quality improvements of official statistics or in the
health sector is currently an active field of research and has
already been successfully demonstrated [89-95].

Besides several advantages, there are limitations to this
study. The sensors are not distributed randomly over Germany.
The stations are located only in metropolitan areas at
economically relevant and highly frequented locations and data
is not available for all federal states. As a result, no valid
design-based inferences could be drawn using this data which
is a central demand in statistical production at NSls. The
analysis conducted did not acknowledge the non-random and
unequal distribution of the sensors. Therefore, an inference
framework would have to be developed, which is considered a
research project in itself (see for example [96]). Furthermore,
the sensors only provide information about the number of
movements (which may not correspond with the number of
persons) at the position at which they are installed. The trade-
off for this privacy-ensuring measurement limits the number
of addressable research questions. For example, relevant
questions for policymakers on the demographic composition
(e.g. age, gender, occupation) of pedestrians during the
pandemic cannot be answered with such data. Using such data
for general population studies will be complicated because the
sensors miss certain parts of the population. For example,
those who are not mobile or have certain demographic
characteristics are more or less likely to visit these locations.
In addition, the small number of sensors cannot measure the
avoidance of public places and the evasion by citizens to
other parts of the cities. Moreover, without comprehensive
areal coverage, malfunctions of individual sensors have a large
impact on the data quality. Furthermore, we did not deduce
from the data whether the behavioural change was due to
expected policy interventions or perceived risks. However,
the data seems to suggest that behaviour preceded policy
interventions. Finally, we did not control for external factors
(e.g. weather) and did not apply seasonal adjustments (e.g.
public holidays or holiday seasons), to control for differences
in pedestrian counts. Accordingly, future research will be
dedicated to studies on causal inference for policy evaluation
and on the control of external factors.

Conclusion

The COVID-19 pandemic has shown that measuring human
behaviour during a health crisis in real-time is of high
importance. Real-time data for crisis management will
continue to be important for policymakers, not only at
the national level but also to react in an internationally
coordinated manner. Differences in policy measures between
countries pose a risk to effective policy interventions across

borders. However, the pandemic has not only been a health
crisis but also highlighted sociological challenges. Behavioural
and social changes are essential to tackle such a crisis and are,
at the same time, the most challenging to change, control,
and measure. Hence, tackling such global crises is primarily a
social and not a technical problem and cannot be managed
solely with technical solutions. The pandemic has revealed
challenges, opportunities, and potential for improvement in
crisis management in the future, for example, climate change
and energy provision. To allow and evaluate crisis management
and related policy interventions, the future relevance of
measurement systems that records societal changes in real-
time will only increase.

Acknowledgments

The authors are thankful to the editors and two unknown
referees for their time and helpful comments that substantially
improved the manuscript.

The authors thank Nico Schréder and Julian C.
Aengenvoort (hystreet.com GmbH) for their support.

The author(s) received no financial support for the research
and authorship. For the publication of this article, the authors
received financial support from the Open Access Publication
Fund of the University of Duisburg-Essen.

Statement on conflicts of Interest

None declared.

Ethics statement

Ethical approval was not required since no personal data was
used.

References

1. Struijs P, Braaksma B, Daas PJH. Official Statistics
and Big Data. Big Data Soc. 2014;1(1):1-6.
https://doi.org/10.1177/2053951714538417

2. Kim G-H, Trimi S, Chung J-H. Big-data Applications in
the Government Sector. Commun ACM. 2014;57(3):78-
85. https://doi.org/10.1145/2500873

3. Japec L, Lyberg L. Big Data Initiatives in Official
Statistics. In: Hill CA, Biemer PP, Buskirk TD, Japec L,
Kirchner A, Kolenikov S, et al., editors. Big Data Meets
Survey Science. Hoboken: John Wiley & Sons; 2020. p.
273-302. https://doi.org/10.1002/9781118976357.ch9

4. Braaksma B, Zeelenberg K, De Broe S. Big Data
in Official Statistics. In: Hill CA, Biemer PP,
Buskirk TD, Japec L, Kirchner A, Kolenikov S,
et al., editors. Big Data Meets Survey Science.
Hoboken: John Wiley & Sons; 2020. p. 303-38.
https://doi.org/10.1002/9781118976357.ch10


https://doi.org/10.1177/2053951714538417
https://doi.org/10.1145/2500873
https://doi.org/10.1002/9781118976357.ch9
https://doi.org/10.1002/9781118976357.ch10

10.

11.

12.

13.

14.

15.

16.

17.

Klingwort, J et al. International Journal of Population Data Science (2021) 5:4:1688

Galesic M, Bruine de Bruin W, Dalege J, Feld
SL, Kreuter F, Olsson H, et al. Human Social
Sensing Is an Untapped Resource for Computational
Social  Science.  Nature.  2021;595(7866):214-22.
https://doi.org/10.1038/s41586-021-03649-2

European Commission. ESSnet Big Data |. 2016
[retrieved 2021  Jul  15].  https://ec.europa.eu/
eurostat/cros/content/essnet-big-data_en

European  Commission. ESSnet Big Data Il
2018 [retrieved 2021 Jul 15]. https://ec.europa.
eu/eurostat/cros/content/essnet-big-data-0 _en

Daas PJH, Puts MJ, Buelens B, van den Hurk PAM.
Big Data as a Source for Official Statistics. J Off
Stat. 2015;31(2):249-62. https://doi.org/10.1515/]jos-
2015-0016

Allin P. Opportunities and Challenges for Official Statistics
in a Digital Society. Contemp Soc Sci. 2021;16(2):156—69.
https://doi.org/10.1080/21582041.2019.1687931

Ljones O. Pandemic and Official Statistics; Some
Comments on Recent COVID-19  Experiences.
Stat J [IAOS. 2020;36(2):285-90. https://doi.org/
10.1080/21582041.2019.1687931

De Broe S, ten Bosch O, Puts M, Koren W,
Henning F, Bakker J. How Official Statistics Can Help
Prevent Emerging Infectious Diseases. Conference on New
Techniques and Technologies for Statistics (NTTS 2021).

Giest S. Big Data for Policymaking: Fad or Fasttrack?
Policy =~ Sci.  2017;50(3):367-82.  https://doi.org/
10.1007/s11077-017-9293-1

Poel M, Meyer ET, Schroeder
Policymaking: Great Expectations,
Progress? Policy Internet.
https://doi.org/10.1002/p0i3.176

R. Big Data for
but with Limited
2018;10(3):347-67.

Aragona B, De Rosa R. Big Data in Policy
Making. Math  Popul Stud. 2019;26(2):107-13.
https://doi.org/10.1080/08898480.2017.1418113

Wamsley D, Chin-Yee B. COVID-19, Digital
Health  Technology and the Politics of the
Unprecedented. Big Data Soc. 2021;8(1):1-6. https://
doi.org/10.1177/20539517211019441

Hantrais L, Allin P, Kritikos M, Sogomonjan M,
Anand PB, Livingstone S, et al. COVID-19 and the
Digital Revolution. Contemp Soc Sci. 2021;16(2):256-70.
https://doi.org/10.1080/21582041.2020.1833234

Brauner JM, Mindermann S, Sharma M, Johnston
D, Salvatier J, Gavenciak T, et al. Inferring the
Effectiveness of Government Interventions Against
COVID-19. Science. 2021;371(6531):eabd9338. https://
doi.org/10.1126/science.abd9338

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Nouvellet P, Bhatia S, Cori A, Ainslie KEC, Baguelin
M, Bhatt S, et al. Reduction in Mobility and COVID-
19 Transmission. Nat Commun. 2021;12(1090):1-9.
https://doi.org/10.1038/s41467-021-21358-2

Flaxman S, Mishra S, Gandy A, Unwin HJT, Mellan
TA, Coupland H, et al. Estimating the effects
of  non-pharmaceutical interventions on COVID-
19 in  Europe. Nature. 2020;584(7820):257-61.
https://doi.org/10.1038/s41586-020-2405-7

Piovani D, Christodoulou MN, Hadjidemetriou A,
Pantavou K, Zaza P, Bagos PG, et al. Effect of
early application of social distancing interventions
on COVID-19 mortality over the first pandemic
wave: An analysis of longitudinal data from 37
countries. J Infect. 2021;82(1):133-42. https://doi.org/
10.1016/j.jinf.2020.11.033

Pozo-Martin F, Weishaar H, Cristea F, Hanefeld J, Bahr
T, Schaade L, et al. The impact of non-pharmaceutical
interventions on COVID-19 epidemic growth in the 37
OECD member states. Eur J Epidemiol. 2021;36(6):629-
40. https://doi.org/10.1007/s10654-021-00766-0

Duhon J, Bragazzi N, Kong JD. The impact of non-
pharmaceutical interventions, demographic, social, and
climatic factors on the initial growth rate of COVID-19: A
cross-country study. Sci Total Environ. 2021;760:144325.
https://doi.org/10.1016/].scitotenv.2020.144325

Davies NG, Kucharski AJ, Eggo RM, Gimma A,
Edmunds WJ, Jombart T, et al. Effects of non-
pharmaceutical interventions on COVID-19 cases, deaths,
and demand for hospital services in the UK: a
modelling study. Lancet Public Health. 2020;5(7):e375-
85. https://doi.org/10.1016/S2468-2667(20)30133-X

Liu Y, Morgenstern C, Kelly J, Lowe R, Jit M,
CMMID COVID-19 Working Group. The impact
of  non-pharmaceutical interventions on  SARS-
CoV-2 transmission across 130 countries and
territories. BMC Med. 2021;19(1):40. https://doi.org/
10.1186/s12916-020-01872-8

Abouk R, Heydari B. The Immediate Effect of COVID-
19 Policies on Social-Distancing Behavior in the
United States. Public Health Rep. 2021;136(2):245-52.
https://doi.org/10.1177/0033354920976575

Hale T, Angrist N, Goldszmidt R, Kira B, Petherick
A, Phillips T, et al. A Global Panel Database
of Pandemic Policies (Oxford Covid-19 Government
Response Tracker). Nat Hum Behav. 2021 Apr;5(4):529-
38. https://doi.org/10.1038/s41562-021-01079-8

Hale T, Anania J, Boby T, Cameron-Blake E, Di Folco
M, Ellen L, et al. Variation in Government Responses
to COVID-19. Oxford: Blavatnik School of Government;
2020. (BSG Working Paper Series). Report No.: BSG-WP-
2020/032 Version 12.0.


https://doi.org/10.1038/s41586-021-03649-2
https://ec.europa.eu/eurostat/cros/content/essnet-big-data_en
https://ec.europa.eu/eurostat/cros/content/essnet-big-data_en
https://ec.europa.eu/eurostat/cros/content/essnet-big-data-0_en
https://ec.europa.eu/eurostat/cros/content/essnet-big-data-0_en
https://doi.org/10.1515/jos-2015-0016
https://doi.org/10.1515/jos-2015-0016
https://doi.org/10.1080/21582041.2019.1687931
https://doi.org/10.3233/SJI-200672
https://doi.org/10.3233/SJI-200672
https://doi.org/10.1007/s11077-017-9293-1
https://doi.org/10.1007/s11077-017-9293-1
https://doi.org/10.1002/poi3.176
https://doi.org/10.1080/08898480.2017.1418113
https://doi.org/10.1177/20539517211019441
https://doi.org/10.1177/20539517211019441
https://doi.org/10.1080/21582041.2020.1833234
https://doi.org/10.1126/science.abd9338
https://doi.org/10.1126/science.abd9338
https://doi.org/10.1038/s41467-021-21358-2
https://doi.org/10.1038/s41586-020-2405-7
https://doi.org/10.1016/j.jinf.2020.11.033
https://doi.org/10.1016/j.jinf.2020.11.033
https://doi.org/10.1007/s10654-021-00766-0
https://doi.org/10.1016/j.scitotenv.2020.144325
https://doi.org/10.1016/S2468-2667(20)30133-X
https://doi.org/10.1186/s12916-020-01872-8
https://doi.org/10.1186/s12916-020-01872-8
https://doi.org/10.1177/0033354920976575
https://doi.org/10.1038/s41562-021-01079-8

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

10

Klingwort, J et al. International Journal of Population Data Science (2021) 5:4:1688

Pan Y, Darzi A, Kabiri A, Zhao G, Luo W, Xiong
C, et al. Quantifying Human Mobility Behaviour
Changes During the COVID-19 Outbreak in the
United States. Sci Rep. 2020;10(20742):1-9. https://
doi.org/10.1038/s41598-020-77751-2

Fatmi MR. COVID-19 Impact on
J Urban Manag. 2020;9(3):270-5.
10.1016/j.jum.2020.08.002

Urban Mobility.
https://doi.org/

Anke J, Francke A, Schaefer L-M, Petzoldt T.
Impact of SARS-CoV-2 on the Mobility Behaviour
in Germany. Eur Transp Res Rev. 2021;13(1):10-3.
https://doi.org/10.1186/s12544-021-00469-3

Borkowski P, Jazdzewska-Gutta, M, Szmelter-Jarosz A.
Lockdowned: Everyday Mobility Changes in Response
to COVID-19. J Transp Geogr. 2021;90:102906.
https://doi.org/10.1016/].jtrangeo.2020.102906

MOBIS. MOBIS — Mobility Behaviour in Switzerland
- Research Project. 2021 [retrieved 2021 Jul 15].
https://ivtmobis.ethz.ch/mobis/en

COSMO. COSMO - COVID-19 Snapshot Monitoring.
2021 [retrieved 2021 Jul 15]. https://projekte.uni-
erfurt.de/cosmo2020/web

Gummer T, Schmiedeberg C, Bujard M, Christmann
P, Hank K, Kunz T, et al. The Impact of COVID-
19 on Fieldwork Efforts and Planning in pairfam
and FReDA-GGS. Surv Res Methods. 2020;14(2):223-7.
https://doi.org/10.18148 /srm/2020.v14i2.7740

Scherpenzeel A, Axt K, Bergmann M, Douhou S,
Oepen A, Sand G, et al. Collecting Survey Data among
the 50+ Population During the COVID-19 Outbreak:
The Survey of Health, Ageing and Retirement in
Europe (SHARE). Surv Res Methods. 2020;14(2):217-21.
https://doi.org/10.18148 /srm/2020.v14i2.7738

Hlatshwako TG, Shah SJ, Kosana P, Adebayo E, Hendriks
J, Larsson EC, et al. Online Health Survey Research
During COVID-19. Lancet Digit Health. 2021;3(2):e76-7.
https://doi.org/10.1016 /S2589-7500(21)00002-9

Krumpal |. Determinants of Social Desirability Bias in
Sensitive Surveys: A Literature Review. Qual Quant.
2013;47(4):2025-47.  https://doi.org/10.1007/s11135-
011-9640-9

Hipp L, Biinning M, Munnes S, Sauermann A. Problems
and Pitfalls of Retrospective Survey Questions in COVID-
19 Studies. Surv Res Methods. 2020;14(2):109-14.
https://doi.org/10.18148/srm/2020.v14i2.7741

Sastry N, McGonagle K, Fomby P. Effects of the COVID-
19 Crisis on Survey Fieldwork: Experience and Lessons
from Two Major Supplements to the U.S. Panel Study of
Income Dynamics. Surv Res Methods. 2020;14(2):241-5.
https://doi.org/10.18148/srm/2020.v14i2.7752

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Adams J, White M. Health Behaviours in People Who
Respond to a Web-based Survey Advertised on Regional
News Media. Eur J Public Health. 2008;18(3):335-8.
https://doi.org/10.1093/eurpub/ckm100

Schnell R, Noack M, Torregroza S. Differences in
General Health of Internet Users and Non-users
and Implications for the Use of Web Surveys.
Surv Res Methods. 2017;11(2):105-23. https://doi.org/
10.18148 /srm/2017.v11i2.6803

Braekman E, Charafeddine R, Demarest S, Drieskens
S, Berete F, Gisle L, et al. Comparing Web-
based Versus Face-to-face and Paper-and-pencil
Questionnaire Data Collected Through Two Belgian
Health Surveys. Int J Public Health. 2020;65(1):5-16.
https://doi.org/10.1007 /s00038-019-01327-9

Schaurer |, Weil B. Investigating Selection Bias of
Online Surveys on Coronavirus-related Behavioral
Outcomes. Surv  Res Methods. 2020;14(2):103-8.
https://doi.org/10.18148/srm/2020.v14i2.7751

Cornesse C, Blom AG, Dutwin D, Krosnick JA, De Leeuw
ED, Legleye S, et al. A Review of Conceptual Approaches
and Empirical Evidence on Probability and Nonprobability
Sample Survey Research. J Surv Stat Methodol.
2020;8(1):4-36. https://doi.org/10.1093/jssam/smz041

Baker R, Brick JM, Bates NA, Battaglia M, Couper
MP, Dever JA, et al. Summary Report of the
AAPOR Task Force on Non-probability Sampling.

J Surv Stat Methodol. 2013;1(2):90-143. https://
doi.org/10.1093/jssam /smt008
Santamaria C, Sermi F, Spyratos S, lacus SM,

Annunziato A, Tarchi D, et al. Measuring the
Impact of COVID-19 Confinement Measures on
Human Mobility Using Mobile Positioning Data. A
European Regional Analysis. Saf Sci. 2020;132:104925.
https://doi.org/10.1016/].ssci.2020.104925

Zhou Y, Xu R, Hu D, Yue Y, Li Q, Xia J. Effects of
Human Mobility Restrictions on the Spread of COVID-
19 in Shenzhen, China: A Modelling Study Using Mobile
Phone Data. Lancet Digit Health. 2020;2(8):417-24.
https://doi.org/10.1016/52589-7500(20)30165-5

Vannoni M, McKee M, Semenza JC, Bonell C, Stuckler
D. Using Volunteered Geographic Information to Assess
Mobility in the Early Phases of the COVID-19 Pandemic:
A Cross-city Time Series Analysis of 41 Cities in
22 Countries from March 2nd to 26th 2020. Glob
Health. 2020;16(1):85. https://doi.org/10.1186/s12992-
020-00598-9

Kraemer MUG, Yang C-H, Gutierrez B, Wu C-H,
Klein B, Pigott DM, et al. The Effect of Human
Mobility and Control Measures on the COVID-19
Epidemic in China. Science. 2020;368:493—7. https://
doi.org/10.1126/science.abb4218


https://doi.org/10.1038/s41598-020-77751-2
https://doi.org/10.1038/s41598-020-77751-2
https://doi.org/10.1016/j.jum.2020.08.002
https://doi.org/10.1016/j.jum.2020.08.002
https://doi.org/10.1186/s12544-021-00469-3
https://doi.org/10.1016/j.jtrangeo.2020.102906
https://ivtmobis.ethz.ch/mobis/en
https://projekte.uni-erfurt.de/cosmo2020/web
https://projekte.uni-erfurt.de/cosmo2020/web
https://doi.org/10.18148/srm/2020.v14i2.7740
https://doi.org/10.18148/srm/2020.v14i2.7738
https://doi.org/10.1016/S2589-7500(21)00002-9
https://doi.org/10.1007/s11135-011-9640-9
https://doi.org/10.1007/s11135-011-9640-9
https://doi.org/10.18148/srm/2020.v14i2.7741
https://doi.org/10.18148/srm/2020.v14i2.7752
https://doi.org/10.1093/eurpub/ckm100
https://doi.org/10.18148/srm/2017.v11i2.6803
https://doi.org/10.18148/srm/2017.v11i2.6803
https://doi.org/10.1007/s00038-019-01327-9
https://doi.org/10.18148/srm/2020.v14i2.7751
https://doi.org/10.1093/jssam/smz041
https://doi.org/10.1093/jssam/smt008
https://doi.org/10.1093/jssam/smt008
https://doi.org/10.1016/j.ssci.2020.104925
https://doi.org/10.1016/S2589-7500(20)30165-5
https://doi.org/10.1186/s12992-020-00598-9
https://doi.org/10.1186/s12992-020-00598-9
https://doi.org/10.1126/science.abb4218
https://doi.org/10.1126/science.abb4218

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

11

Klingwort, J et al. International Journal of Population Data Science (2021) 5:4:1688

Google. COVID-19 Community Mobility Reports.
2021  [retrieved 2021  Jul 15].  https://www.
google.com/covid19/mobility/

Klingwort J, Schnell R. Critical Limitations of
Digital Epidemiology: Why COVID-19 Apps Are
Useless.  Surv.  Res Methods. 2020;14(2):95-101.

https://doi.org/10.18148 /srm/2020.v14i2.7726

Goodspeed R, Yan X, Hardy J, Vydiswaran VV, Berrocal
VJ, Clarke P, et al. Comparing the Data Quality of
Global Positioning System Devices and Mobile Phones
for Assessing Relationships Between Place, Mobility,
and Health: Field Study. JMIR MHealth UHealth.
2018;6(8):e168. https://doi.org/10.2196/mhealth.9771

Bricka SG, Sen S, Paleti R, Bhat CR. An
analysis of the factors influencing differences in
survey-reported and  GPS-recorded trips.  Transp
Res Part C Emerg Technol. 2012;21(1):67-88.
https://doi.org/10.1016/].trc.2011.09.005

Shen L, Stopher PR. Review of GPS Travel
Survey and GPS Data-Processing Methods. Transp
Rev.  2014;34(3):316-34.  https://doi.org/10.1080/
01441647.2014.903530

Blom AG, Wenz A, Cornesse C, Rettig T, Fikel M,
Friedel S, et al. Barriers to the Large-scale Adoption
of a COVID-19 Contact Tracing App in Germany:
Survey Study. J Med Internet Res. 2021;23(3):e23362.
https://doi.org/10.2196 /23362

Gonzalez A, von Liicken C, Paciello J, Ocampos T, Pane
J. Critical Overview of the Use of Contact Tracing Apps in
the Context of the COVID-19 Pandemic. Proceedings of
the 6th International Conference on Complexity, Future
Information Systems and Risk (COMPLEXIS 2021).
2021;91-9. https://doi.org/10.5220/0010480400910099

Mollers A, Specht S, Wessel J. The Impact of the COVID-
19 Pandemic and Government Intervention on Active
Mobility. Inst Transp Econ Miinst. 2021;Working Paper
No. 34.

Newlands G, Lutz C, Tamo-Larrieux A, Villaronga
EF, Harasgama R, Scheitlin G. Innovation under
Pressure: Implications for Data Privacy During the
COVID-19 Pandemic. Big Data Soc. 2020;7(2):1-14.
https://doi.org/10.1177/2053951720976680

Puts MJH, Daas PJH, Tennekes M, de Blois C.
Using Huge Amounts of Road Sensor Data for
Official = Statistics. AIMS  Math. 2019;4(1):12-25.
https://doi.org/10.3934/Math.2019.1.12

Nolan L. Developing Timely Statistics in the United
Kingdom in Response to the COVID-19 Outbreak. Big
Data Matters 3, Statistics Netherlands. 2021.

Bundesinstitut fiir Bau-, Stadt- und Raumforschung.
Laufende Stadtbeobachtung - Raumabgrenzungen.
2021  [retrieved 2021 Sep  3].  https://www.

62.

63.

64.

65.

66.

67.

68.

69.

70.

bbsr.bund.de/BBSR/DE /forschung/raumbeobachtung/

Raumabgrenzungen/deutschland /gemeinden/
StadtGemeindetyp/StadtGemeindetyp.html

Brocker SA, Klingwort J. Comparing Sensor-based
Pedestrian Flows with Survey Estimates of Pandemic-
preventing Behavior. Data Collection, Measurement,
and Public Opinion During a Pandemic 76th Annual
Conference American Association for Public Opinion
Research (AAPOR). 2021.

hystreet GmbH. Methodology. 2020 [retrieved 2021 Jul
15]. https://hystreet.com/methodology

World Health Organization (WHO). Virtual Press
Conference on COVID-19 - 11 March 2020. 2020
[retrieved 2021  Jul  15].  https://www.who.int/
docs/default-source/coronaviruse/transcripts/who-
audio-emergencies-coronavirus-press-conference-full-and-
final-11mar2020.pdf7sfvrsn=cb432bb3 2

Kultusministerkonferenz.  Entscheidungen der KMK
in der Corona-Krise. 2020 [retrieved 2021 Jul 15].
https://www.kmk.org/aktuelles/entscheidungen-der-
kmk-in-der-corona-krise.html

Kultusministerkonferenz.  Zum Umgang mit dem
Corona-Virus. 2020  [retrieved 2021  Jul  15].
https://www.kmk.org/presse/pressearchiv/mitteilung/
detail /News/zum-umgang-mit-dem-corona-virus.html

Hochschulrektorenkonferenz. Auswirkungen der COVID-
19-Pandemie auf die deutschen Hochschulen - Aktuelle
Hinweise und Nachrichten. 2020 [retrieved 2021 Jul 15].
https://www.hrk.de/themen/hochschulsystem /covid-19-
pandemie-und-die-hochschulen/

Hochschulrektorenkonferenz.  HRK:  Sommersemester
2020  weiter als  Online-Semester  durchfiihren
- Riickkehr ~ zu  Prasenzlehre nur schrittweise
moglich und sinnvoll. 2020 [retrieved 2021 Jul 15].
https://www.hrk.de/presse/pressemitteilungen/pressemit
teilung/meldung/hrk-sommersemester-2020-weiter-
als-online-semester-durchfuehren-rueckkehr-zu-

praesenzlehre-nur-schri/
Bundesregierung.

Presse- und Informationsamt der

Besprechung der Bundeskanzlerin mit den
Regierungschefinnen und Regierungschefs der
Lander vom 22.03.2020. 2020 |[retrieved 2021
Jul  15].  https://www.bundesregierung.de/breg-de/

themen/coronavirus/besprechung-der-bundeskanzlerin-
mit-den-regierungschefinnen-und-regierungschefs-der-
laender-vom-22-03-2020-1733248

Presse- und Informationsamt der Bundesregierung.
Videokonferenz ~ der ~ Bundeskanzlerin ~ mit  den
Regierungschefinnen und Regierungschefs der Lander
am 15. April 2020. 2020 [retrieved 2021 Jul 15].
https://www.bmi.bund.de/SharedDocs/downloads/DE/
veroeffentlichungen/2020/corona/beschluss-
bund-laender-kontaktbeschraenkungen-15-

april.pdf? _ blob=publicationFile&v=4


https://www.google.com/covid19/mobility/
https://www.google.com/covid19/mobility/
https://doi.org/10.18148/srm/2020.v14i2.7726
https://doi.org/10.2196/mhealth.9771
https://doi.org/10.1016/j.trc.2011.09.005
https://doi.org/10.1080/01441647.2014.903530
https://doi.org/10.1080/01441647.2014.903530
https://doi.org/10.2196/23362
https://doi.org/10.5220/0010480400910099
https://doi.org/10.1177/2053951720976680
https://doi.org/10.3934/Math.2019.1.12
https://www.bbsr.bund.de/BBSR/DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/gemeinden/StadtGemeindetyp/StadtGemeindetyp.html
https://www.bbsr.bund.de/BBSR/DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/gemeinden/StadtGemeindetyp/StadtGemeindetyp.html
https://www.bbsr.bund.de/BBSR/DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/gemeinden/StadtGemeindetyp/StadtGemeindetyp.html
https://www.bbsr.bund.de/BBSR/DE/forschung/raumbeobachtung/Raumabgrenzungen/deutschland/gemeinden/StadtGemeindetyp/StadtGemeindetyp.html
https://hystreet.com/methodology
https://www.who.int/docs/default-source/coronaviruse/transcripts/who-audio-emergencies-coronavirus-press-conference-full-and-final-11mar2020.pdf?sfvrsn$=$cb432bb3_2
https://www.who.int/docs/default-source/coronaviruse/transcripts/who-audio-emergencies-coronavirus-press-conference-full-and-final-11mar2020.pdf?sfvrsn$=$cb432bb3_2
https://www.who.int/docs/default-source/coronaviruse/transcripts/who-audio-emergencies-coronavirus-press-conference-full-and-final-11mar2020.pdf?sfvrsn$=$cb432bb3_2
https://www.who.int/docs/default-source/coronaviruse/transcripts/who-audio-emergencies-coronavirus-press-conference-full-and-final-11mar2020.pdf?sfvrsn$=$cb432bb3_2
https://www.kmk.org/aktuelles/entscheidungen-der-kmk-in-der-corona-krise.html
https://www.kmk.org/aktuelles/entscheidungen-der-kmk-in-der-corona-krise.html
https://www.kmk.org/presse/pressearchiv/mitteilung/detail/News/zum-umgang-mit-dem-corona-virus.html
https://www.kmk.org/presse/pressearchiv/mitteilung/detail/News/zum-umgang-mit-dem-corona-virus.html
https://www.hrk.de/themen/hochschulsystem/covid-19-pandemie-und-die-hochschulen/
https://www.hrk.de/themen/hochschulsystem/covid-19-pandemie-und-die-hochschulen/
https://www.hrk.de/presse/pressemitteilungen/pressemitteilung/meldung/hrk-sommersemester-2020-weiter-als-online-semester-durchfuehren-rueckkehr-zu-praesenzlehre-nur-schri/
https://www.hrk.de/presse/pressemitteilungen/pressemitteilung/meldung/hrk-sommersemester-2020-weiter-als-online-semester-durchfuehren-rueckkehr-zu-praesenzlehre-nur-schri/
https://www.hrk.de/presse/pressemitteilungen/pressemitteilung/meldung/hrk-sommersemester-2020-weiter-als-online-semester-durchfuehren-rueckkehr-zu-praesenzlehre-nur-schri/
https://www.hrk.de/presse/pressemitteilungen/pressemitteilung/meldung/hrk-sommersemester-2020-weiter-als-online-semester-durchfuehren-rueckkehr-zu-praesenzlehre-nur-schri/
https://www.bundesregierung.de/breg-de/themen/coronavirus/besprechung-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-vom-22-03-2020-1733248
https://www.bundesregierung.de/breg-de/themen/coronavirus/besprechung-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-vom-22-03-2020-1733248
https://www.bundesregierung.de/breg-de/themen/coronavirus/besprechung-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-vom-22-03-2020-1733248
https://www.bundesregierung.de/breg-de/themen/coronavirus/besprechung-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-vom-22-03-2020-1733248
https://www.bmi.bund.de/SharedDocs/downloads/DE/veroeffentlichungen/2020/corona/beschluss-bund-laender-kontaktbeschraenkungen-15-april.pdf?__blob=publicationFile{&}v=4
https://www.bmi.bund.de/SharedDocs/downloads/DE/veroeffentlichungen/2020/corona/beschluss-bund-laender-kontaktbeschraenkungen-15-april.pdf?__blob=publicationFile{&}v=4
https://www.bmi.bund.de/SharedDocs/downloads/DE/veroeffentlichungen/2020/corona/beschluss-bund-laender-kontaktbeschraenkungen-15-april.pdf?__blob=publicationFile{&}v=4
https://www.bmi.bund.de/SharedDocs/downloads/DE/veroeffentlichungen/2020/corona/beschluss-bund-laender-kontaktbeschraenkungen-15-april.pdf?__blob=publicationFile{&}v=4

71.

72.

73.

74.

75.

76.

77.

78.

12

Klingwort, J et al. International Journal of Population Data Science (2021) 5:4:1688

Kultusministerkonferenz. Hubig: KMK schafft mit
Rahmenkonzept =~ Voraussetzung  fiir  schrittweise
Schuléffnungen in  ganz Deutschland. 2020
[retrieved 2021  Jul 15].  https://www.kmk.org/

presse/pressearchiv/mitteilung/detail /News/hubig-
kmk-schafft-mit-rahmenkonzept-voraussetzung-fuer-
schrittweise-schuloeffnungen-in-ganz-deutschla.html

Presse- und Informationsamt der
Pressekonferenz von Bundeskanzlerin Merkel,
Ministerprasident Soder und dem Ersten
Biirgermeister ~ Tschentscher im  Anschluss  an
das Gesprich mit den Regierungschefinnen und
Regierungschefs der Lé&nder. 2020 [retrieved 2021
Jul 15]. https://www.bundesregierung.de/breg-
de/aktuelles/pressekonferenzen /pressekonferenz-von-
bundeskanzlerin-merkel-ministerpraesident-soeder-und-
dem-ersten-buergermeister-tschentscher-im-anschluss-
an-das-gespraech-mit-den-regierungschefinnen-und-
regierungschefs-der-laender-1751050

Bundesregierung.

Presse- und Informationsamt der Bundesregierung.
Videokonferenz ~ der ~ Bundeskanzlerin ~ mit  den
Regierungschefinnen und Regierungschefs der
Lander am 28. Oktober 2020. 2020 [retrieved 2021
Jul  15].  https://www.bundesregierung.de/breg-de/
aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-
regierungschefinnen-und-regierungschefs-der-laender-am-
28-oktober-2020-1805248

Presse- und Informationsamt der Bundesregierung.
Videokonferenz ~ der ~ Bundeskanzlerin ~ mit  den
Regierungschefinnen und Regierungschefs der Lander
am 25. November 2020. 2020 [retrieved 2021 Jul 15].
https://www.bundesregierung.de/resource/blob/997532/
1820090/11c9749f77a71b9439759538864aa672/2020-
11-25-mpk-beschluss-data.pdf

Jungblut M. Riickblick 2020 - Chronologie eines
Schuljahrs in der Coronakrise. 2020 [retrieved 2021
Jul  15].  https://www.deutschlandfunk.de/rueckblick-
2020-chronologie-eines-schuljahrs-in-
der.680.de.html?dram:article id=489919

Presse- und Informationsamt der Bundesregierung.
Telefonkonferenz  der  Bundeskanzlerin ~ mit  den
Regierungschefinnen und Regierungschefs der Lander
am 13. Dezember 2020. 2020 [retrieved 2021 Jul 15].
https://www.bundesregierung.de/resource/blob/997532/
1827366/69441fb68435a7199b3d3a89bff2c0e6/2020-12-
13-beschluss-mpk-data.pdf?download=1

Kultusministerkonferenz. Wiederaufnahme des
Schulbetriebs - Beschluss der Kultusministerkonferenz
vom 04.01.2021. 2021 [retrieved 2021 Jul 15].
https://www.kmk.org/fileadmin/veroeffentlichungen
beschluesse/2021/2021 01 04-Corona-Beschluss-KMK-
Schule.pdf

Presse- und Informationsamt der Bundesregierung.
Videoschaltkonferenz der Bundeskanzlerin  mit den
Regierungschefinnen und Regierungschefs der Lander

79.

80.

81.

82.

83.

84.

85.

86.

87.

am 5. Januar 2021. 2021 [retrieved 2021 Jul 15].
https://www.bundesregierung.de/resource/blob/997532/
1834306,/75346aa9bbal050fec8025b18a4bb1a3/2021-
01-05-beschluss-mpk-data.pdf?download=1

Presse- und Informationsamt der Bundesregierung.
Videoschaltkonferenz der Bundeskanzlerin  mit den
Regierungschefinnen und Regierungschefs der Lander
am 19. Januar 2021. 2021 [retrieved 2021 Jul 15].
https://www.bundesregierung.de/resource/blob/997532/
1840868/1c68fcd2008b53cf12691162bf20626f/2021-01-
19-mpk-data.pdf?download=1

Presse- und Informationsamt der Bundesregierung.
Videoschaltkonferenz der Bundeskanzlerin mit
den Regierungschefinnen und Regierungschefs der
Linder am 10. Februar 2021. 2021 [retrieved 2021
Jul 15]. https://www.bundeskanzlerin.de/bkin-
de/suche/videoschaltkonferenz-der-bundeskanzlerin-
mit-den-regierungschefinnen-und-regierungschefs-der-
laender-am-10-februar-2021-1852824

Presse- und Informationsamt der Bundesregierung.
Videoschaltkonferenz der Bundeskanzlerin  mit den
Regierungschefinnen und Regierungschefs der Lander
am 3. Mairz 2021. 2021 [retrieved 2021 Jul 15].
https://www.bundesregierung.de/resource/blob/997532/
1872054 /66dba48b5b63d8817615d11edaaed849/2021-
03-03-mpk-data.pdf?download=1

Presse- und Informationsamt der Bundesregierung.
Videokonferenz ~ der ~ Bundeskanzlerin ~ mit  den
Regierungschefinnen und Regierungschefs der
Linder am 22. Marz 2021. 2021 [retrieved 2021
Jul 15]. https://www.bundeskanzlerin.de/bkin-
de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-
den-regierungschefinnen-und-regierungschefs-der-laender-
am-22-maerz-2021-stand-24-maerz-2021-1881736

Kitchin R, Stehle S. Can Smart City Data Be
Used to Create New Official Statistics? J Off Stat.
2021;37(1):121-47. https://doi.org/doi:10.2478/jos-
2021-0006

Bohlen JM, Beal GM. The Diffusion Process. Spec Rep.
1957;18(1):56-77.

Krusina A, Chen O, Varela LO, Doktorchik C, Avati
V, Knudsen S, et al. Developing a Data Integrated
COVID-19 Tracking System for Decision-Making and
Public Use. Int J Popul Data Sci. 2020;5(4):1-10.
https://doi.org/10.23889/ijpds.v5i4.1389

Mourby =~ MJ.  ‘Leading by  Science’ through
COVID-19: the GDPR & Automated Decision-
Making. Int J Popul Data Sci. 2020;5(4):1-7.

https://doi.org/10.23889/ijpds.v5i4.1402

Di Cara NH, Song J, Maggio V, Moreno-Stokoe C, Tanner
AR, Woolf B, et al. Mapping Population Vulnerability
and Community Support during COVID-19: A Case Study
from Wales. Int J Popul Data Sci. 2020;5(4):1-15.
https://doi.org/10.23889/ijpds.v5i4.1409


https://www.kmk.org/presse/pressearchiv/mitteilung/detail/News/hubig-kmk-schafft-mit-rahmenkonzept-voraussetzung-fuer-schrittweise-schuloeffnungen-in-ganz-deutschla.html
https://www.kmk.org/presse/pressearchiv/mitteilung/detail/News/hubig-kmk-schafft-mit-rahmenkonzept-voraussetzung-fuer-schrittweise-schuloeffnungen-in-ganz-deutschla.html
https://www.kmk.org/presse/pressearchiv/mitteilung/detail/News/hubig-kmk-schafft-mit-rahmenkonzept-voraussetzung-fuer-schrittweise-schuloeffnungen-in-ganz-deutschla.html
https://www.kmk.org/presse/pressearchiv/mitteilung/detail/News/hubig-kmk-schafft-mit-rahmenkonzept-voraussetzung-fuer-schrittweise-schuloeffnungen-in-ganz-deutschla.html
https://www.bundesregierung.de/breg-de/aktuelles/pressekonferenzen/pressekonferenz-von-bundeskanzlerin-merkel-ministerpraesident-soeder-und-dem-ersten-buergermeister-tschentscher-im-anschluss-an-das-gespraech-mit-den-regierungschefinnen-und-regierungschefs-der-laender-1751050
https://www.bundesregierung.de/breg-de/aktuelles/pressekonferenzen/pressekonferenz-von-bundeskanzlerin-merkel-ministerpraesident-soeder-und-dem-ersten-buergermeister-tschentscher-im-anschluss-an-das-gespraech-mit-den-regierungschefinnen-und-regierungschefs-der-laender-1751050
https://www.bundesregierung.de/breg-de/aktuelles/pressekonferenzen/pressekonferenz-von-bundeskanzlerin-merkel-ministerpraesident-soeder-und-dem-ersten-buergermeister-tschentscher-im-anschluss-an-das-gespraech-mit-den-regierungschefinnen-und-regierungschefs-der-laender-1751050
https://www.bundesregierung.de/breg-de/aktuelles/pressekonferenzen/pressekonferenz-von-bundeskanzlerin-merkel-ministerpraesident-soeder-und-dem-ersten-buergermeister-tschentscher-im-anschluss-an-das-gespraech-mit-den-regierungschefinnen-und-regierungschefs-der-laender-1751050
https://www.bundesregierung.de/breg-de/aktuelles/pressekonferenzen/pressekonferenz-von-bundeskanzlerin-merkel-ministerpraesident-soeder-und-dem-ersten-buergermeister-tschentscher-im-anschluss-an-das-gespraech-mit-den-regierungschefinnen-und-regierungschefs-der-laender-1751050
https://www.bundesregierung.de/breg-de/aktuelles/pressekonferenzen/pressekonferenz-von-bundeskanzlerin-merkel-ministerpraesident-soeder-und-dem-ersten-buergermeister-tschentscher-im-anschluss-an-das-gespraech-mit-den-regierungschefinnen-und-regierungschefs-der-laender-1751050
https://www.bundesregierung.de/breg-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-28-oktober-2020-1805248
https://www.bundesregierung.de/breg-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-28-oktober-2020-1805248
https://www.bundesregierung.de/breg-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-28-oktober-2020-1805248
https://www.bundesregierung.de/breg-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-28-oktober-2020-1805248
https://www.bundesregierung.de/resource/blob/997532/1820090/11c9749f77a71b9439759538864aa672/2020-11-25-mpk-beschluss-data.pdf
https://www.bundesregierung.de/resource/blob/997532/1820090/11c9749f77a71b9439759538864aa672/2020-11-25-mpk-beschluss-data.pdf
https://www.bundesregierung.de/resource/blob/997532/1820090/11c9749f77a71b9439759538864aa672/2020-11-25-mpk-beschluss-data.pdf
https://www.deutschlandfunk.de/rueckblick-2020-chronologie-eines-schuljahrs-in-der.680.de.html?dram:article_id=489919
https://www.deutschlandfunk.de/rueckblick-2020-chronologie-eines-schuljahrs-in-der.680.de.html?dram:article_id=489919
https://www.deutschlandfunk.de/rueckblick-2020-chronologie-eines-schuljahrs-in-der.680.de.html?dram:article_id=489919
https://www.bundesregierung.de/resource/blob/997532/1827366/69441fb68435a7199b3d3a89bff2c0e6/2020-12-13-beschluss-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1827366/69441fb68435a7199b3d3a89bff2c0e6/2020-12-13-beschluss-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1827366/69441fb68435a7199b3d3a89bff2c0e6/2020-12-13-beschluss-mpk-data.pdf?download=1
https://www.kmk.org/fileadmin/veroeffentlichungen_beschluesse/2021/2021_01_04-Corona-Beschluss-KMK-Schule.pdf
https://www.kmk.org/fileadmin/veroeffentlichungen_beschluesse/2021/2021_01_04-Corona-Beschluss-KMK-Schule.pdf
https://www.kmk.org/fileadmin/veroeffentlichungen_beschluesse/2021/2021_01_04-Corona-Beschluss-KMK-Schule.pdf
https://www.bundesregierung.de/resource/blob/997532/1834306/75346aa9bba1050fec8025b18a4bb1a3/2021-01-05-beschluss-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1834306/75346aa9bba1050fec8025b18a4bb1a3/2021-01-05-beschluss-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1834306/75346aa9bba1050fec8025b18a4bb1a3/2021-01-05-beschluss-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1840868/1c68fcd2008b53cf12691162bf20626f/2021-01-19-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1840868/1c68fcd2008b53cf12691162bf20626f/2021-01-19-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1840868/1c68fcd2008b53cf12691162bf20626f/2021-01-19-mpk-data.pdf?download=1
https://www.bundeskanzlerin.de/bkin-de/suche/videoschaltkonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-10-februar-2021-1852824
https://www.bundeskanzlerin.de/bkin-de/suche/videoschaltkonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-10-februar-2021-1852824
https://www.bundeskanzlerin.de/bkin-de/suche/videoschaltkonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-10-februar-2021-1852824
https://www.bundeskanzlerin.de/bkin-de/suche/videoschaltkonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-10-februar-2021-1852824
https://www.bundesregierung.de/resource/blob/997532/1872054/66dba48b5b63d8817615d11edaaed849/2021-03-03-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1872054/66dba48b5b63d8817615d11edaaed849/2021-03-03-mpk-data.pdf?download=1
https://www.bundesregierung.de/resource/blob/997532/1872054/66dba48b5b63d8817615d11edaaed849/2021-03-03-mpk-data.pdf?download=1
https://www.bundeskanzlerin.de/bkin-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-22-maerz-2021-stand-24-maerz-2021-1881736
https://www.bundeskanzlerin.de/bkin-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-22-maerz-2021-stand-24-maerz-2021-1881736
https://www.bundeskanzlerin.de/bkin-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-22-maerz-2021-stand-24-maerz-2021-1881736
https://www.bundeskanzlerin.de/bkin-de/aktuelles/videokonferenz-der-bundeskanzlerin-mit-den-regierungschefinnen-und-regierungschefs-der-laender-am-22-maerz-2021-stand-24-maerz-2021-1881736
https://doi.org/doi:10.2478/jos-2021-0006
https://doi.org/doi:10.2478/jos-2021-0006
https://doi.org/10.23889/ijpds.v5i4.1389
https://doi.org/10.23889/ijpds.v5i4.1402
https://doi.org/10.23889/ijpds.v5i4.1409

88.

89.

90.

91.

92.

93.

94.

13

Klingwort, J et al. International Journal of Population Data Science (2021) 5:4:1688

Smedley T. Clearing the Air: The Beginning and the End
of Air Pollution. New York: Bloomsbury Publishing; 2021.

Lohr SL, Raghunathan TE. Combining Survey Data
with Other Data Sources. Stat Sci. 2017;32(2):293-312.
https://doi.org/10.1214/16-STS584

Klingwort J, Buelens B, Schnell R. Capture—
recapture Techniques for Transport Survey Estimate
Adjustment Using Permanently Installed Highway-
sensors. Soc Sci Comput Rev. 2021;39(4):527-42.
https://doi.org/10.1214/16-STS584

Datta AR, Ugarte G, Resnick D. Linking Survey Data
with Commercial or Administrative Data for Data Quality
Assessment. In: Hill CA, Biemer PP, Buskirk TD,
Japec L, Kirchner A, Kolenikov S, et al., editors. Big
data meets survey science. Wiley; 2020. p. 99-129.
https://doi.org/10.1002/9781118976357.ch3

Medalia C, Meyer BD, O'Hara AB, Wu D. Linking Survey
and Administrative Data to Measure Income, Inequality,
and Mobility. Int J Popul Data Sci. 2019;4(1):1-8.
https://doi.org/10.23889/ijpds.v4i1.939

Reid RER, Insogna JA, Carver TE, Comptour
AM, Bewski NA, Sciortino C, et al. Validity and
reliability of Fitbit activity monitors compared to
ActiGraph GT3X+ with female adults in a free-living
environment. J Sci Med Sport. 2017 Jun;20(6):578-82.
https://doi.org/10.1016/]j.jsams.2016.10.015

Chaix B, Benmarhnia T, Kestens Y, Brondeel R, Perchoux
C, Gerber P, et al. Combining Sensor Tracking with a
GPS-based Mobility Survey to Better Measure Physical

Activity in Trips: Public Transport Generates Walking.
Int J Behav Nutr Phys Act. 2019 [retrieved 2021 Sep
15];16(1). https://doi.org/10.1186/s12966-019-0841-2

95. Brondeel R, Kestens Y, Rahimipour Anaraki J,
Stanley K, Thierry B, Fuller D. Converting Raw
Accelerometer Data to Activity Counts Using Open-
Source Code: Implementing a MATLAB Code in
Python and R, and Comparing the Results to
Actilife. J Meas Phys Behav. 2021 Sep 1;4(3):205-11.
https://doi.org/10.1123/jmpb.2019-0063

96. Klingwort J, Burger J. Inferring a Transport Network from
Road Sensor Data Without a Sampling Design. Center for
Big Data Statistics: Statistics Netherlands; 2021. Working
Paper No.: 02-21.

Abbreviations

NSI: National Statistical Institute
WHO: World Health Organization

Additional Notes

The views expressed in this paper are those of the authors and
do not necessarily reflect the policies of their affiliations.

The sensor data used in the study can be requested and
downloaded at hystreet.com GmbH.

The data of the Oxford Covid-19-Government Response
Tracker can be downloaded at https://github.com/OxCGRT/
covid-policy-tracker


https://doi.org/10.1214/16-STS584
https://doi.org/10.1177/0894439319874684
https://doi.org/10.1002/9781118976357.ch3
https://doi.org/10.23889/ijpds.v4i1.939
https://doi.org/10.1016/j.jsams.2016.10.015
https://doi.org/10.1186/s12966-019-0841-2
https://doi.org/10.1123/jmpb.2019-0063
https://github.com/OxCGRT/covid-policy-tracker
https://github.com/OxCGRT/covid-policy-tracker

