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Spread dynamics and the confinement policies of COVID-19 exhibit different patterns for different countries. Numerous factors
affect such patterns within each country. Examining these factors, and analyzing the confinement practices allow government
authorities to implement effective policies in the future. In addition, they help the authorities to distribute healthcare resources
optimally without overwhelming their systems. In this empirical study, we use a clustering-based approach, Hierarchical
Cluster Analysis (HCA) on time-series data to capture the spread patterns at various countries. We particularly investigate
the confinement policies adopted by different countries and their impact on the spread patterns of COVID-19 . We limit our
investigation to the early period of the pandemic, because many governments tried to respond rapidly and aggressively in the
beginning. Moreover, these governments adopted diverse confinement policies based on trial-and-error in the beginning of
the pandemic. We found that implementations of the same confinement policies may exhibit different results in different
countries. Specifically, lockdowns become less effective in densely populated regions, because of the reluctance to comply
with social distancing measures. Lack of testing, contact tracing, and social awareness in some countries forestall people from
self-isolation and maintaining social distance. Large labor camps with unhealthy living conditions also aid in high community
transmissions in countries depending on foreign labor. Distrust in government policies and fake news instigate the spread in
both developed and under-developed countries. Large social gatherings play a vital role in causing rapid outbreaks almost
everywhere. An early and rapid response at the early period of the pandemic is necessary to contain the spread, yet it is not
always sufficient.
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1 INTRODUCTION
The novel coronavirus disease (COVID-19) was first detected in Wuhan, China on December 31, 2019, following
the reports of a cluster of cases of a typical pneumonia [84]. On January 30, 2020, the World Health Organization
(WHO) declared the outbreak of COVID-19 as a Public Health Emergency of International Concern (PHEIC) [145].
WHO advised for early detection, isolation, and treatment of COVID-19 cases as well as social distancing measures.
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Despite the initially infected geographic regions being isolated and locked down by the Chinese government,
the COVID-19 soon spread into other parts of the world. Due to the rapid increase in the number of detected
cases and deaths, WHO declared the outbreak of COVID-19 as a pandemic on March 11, 2020 [148]. There are
more than 248 million cases reported in over 180 countries to date. To control the spread of COVID-19 and not to
overwhelm the medical facilities, different governments have decided to take various confinement policies or
preventive measures in the early period of the pandemic.

Multiple studies have employed different mathematical models [33, 35, 40, 62, 76, 97] to predict the transmission
of the COVID-19 disease. However, these predictive models do not account for individual social activity or the
effect of confinement policies. As a result, these studies often failed to predict or explain the sudden surge of
new cases. Other studies have focused on the impact of different confinement policies adopted by different
authorities [29, 51, 147]. However, these studies mostly focus on one country, e.g., the provinces of China,
Italy, or USA [20, 33, 51, 147] or a set of selected countries [34, 55, 99]. Yet, the spread characteristics differ
from one country to another depending on their confinement policies. Moreover, implementations of the same
confinement policies may exhibit different results in different countries. Therefore, examining the spread patterns,
and analyzing the confinement policies over multiple countries are needed to determine effective preventive
measures. Understanding the effect of these policies can help countries to manage and distribute resources
efficiently, and fight against COVID-19 or similar outbreaks in the future.

In the early period of the pandemic, countries have adopted various confinement policies to reduce or contain
the COVID-19 spread. Lockdowns, social distancing, isolation of infected patients, large gathering bans, travel
or mobility restrictions, contact tracing, testing, or curfews have been the most common forms of confinement
policies or preventive measures. Implementations of strict policies after the orders by governments or local
authorities have also been challenging. Many countries succeeded to contain or flatten the spread through
imposing strict lockdowns, travel restrictions, and social distancing while others, e.g., South Korea, Netherlands,
and Denmark were successful without any strict confinement policies. In some countries, the spread increased
despite strict measures due to the lack of social awareness, not maintaining social distancing, large gatherings,
or distrust to comply with government policies. As a result, medical facilities were easily overwhelmed and
people did not access adequate and proper healthcare, which may cause panic among the population. The
introduction and distribution of several COVID-19 vaccines (e.g., Pfizer, Moderna, and Johnson & Johnson)
have helped controlling spread in some countries recently. Even after the vaccination, countries such as India,
Netherlands, and Canada are still unable to contain the spread due to either the lack of adequate doses or the
distrust/misinformation of the effect of vaccines. Vaccination as a confinement policy is out of the scope of our
study, because we only focus on the early period of the pandemic before the vaccines were developed.

In this study, we employ Hierarchical Cluster Analysis (HCA) [63] with Dynamic-Time Warping (DTW) as a
distance metric [100] to capture the patterns and analyze the time series data of different COVID-19 affected
countries. We use the global confirmed cases data from the GitHub repository [56] maintained by the Johns
Hopkins University, Center for Systems Science, and Engineering (JHU CSSE). We select the countries having
more than 10,000 confirmed cases and at least 90 days of data in the early period of the pandemic, which spans an
over-four-months period from January 22 to May 31 2020 for this study. We investigate the early period, because
(i) most governments have tried to respond rapidly and aggressively in the beginning of the pandemic; (ii) the
confinement policies in the initial period have been more diverse; (iii) lack of immediate, widespread and accurate
information caused diverse public reactions in the beginning; and (iv) the information gathered later allows us
to meticulously assess the successful and unsuccessful policies in the initial period. We divide the time-series
data of each country into three stages: early, middle, and post stages. Each stage contains 30 days of time series
data, not necessarily starting on the same date. We apply hierarchical clustering on the early and post stages to
analyze the spread dynamics in different countries at two different time intervals. Then, we use the middle-stage
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time-series data to explain the variation between the early and post-stage periods. Our main contributions in this
study are listed as follows:

• We demonstrate that Hierarchical Cluster Analysis (HCA) with Dynamic Time Warping (DTW) as a
distance metric to capture the time-series based COVID-19 spread patterns has been effective.

• We include a wide range of countries to compare and contrast the COVID-19 spread dynamics as well as
the counter-measures implemented by those countries.

• We propose segmenting the time series data into early and post-stage periods and use the middle-stage
period to understand the spread dynamics that led countries to move from an early-stage cluster to another
post-stage cluster.

• We analyze the efficacy of different confinement policies or preventive measures on the spread dynamics
of different countries in detail.

Our findings suggest that some countries were successful to reduce the spread, while others were unsuccessful,
despite imposing lockdowns or other strict measures. Through early and rapid response (Romania, Israel, Portugal,
Austria, and China), contact tracing (Israel, Philippines, Germany, and China), improved testing capacity (Spain,
Germany, Austria, and China), or social distancing (Italy and Belgium), many countries have relatively reduced
or flattened the spread. On the other hand, slow or delayed response (USA, U.K., Mexico, and Brazil), lack
of testing (USA, Afghanistan, India, Spain, and Mexico), lack of social awareness (Afghanistan, India, Italy,
and Russia), large gatherings during festivals (Iran and France), failure to maintain social distancing policies
(Iran, India, Qatar, and Saudi Arabia), migrant workers in large and dense labor camps (Kuwait, U.A.E., Qatar,
Oman, Saudi Arabia, and Singapore), fake news (Dominican Republic), distrust in government-issued policies
(Dominican Republic and Russia) or poor healthcare facilities (Egypt) are the main factors influencing the increase
in the spread. Moreover, lockdowns have become ineffective in densely populated areas (India). Some countries
such as Denmark, Netherlands, Switzerland, Japan, South Korea, Indonesia, Belarus, and Sweden opted for
different and more relaxed confinement policies, as they did not impose any lockdowns. Among these countries,
Denmark, Netherlands, Switzerland, and South Korea were successful to flatten the curve. Rigorous testing
capacity, compliance with social distancing measures, and self-discipline or self-responsibility helped these
countries to control the spread. However, the confinement policies adopted by Belarus, Sweden, Indonesia, and
Japan have failed to contain the spread due to lack of testing, not imposing strict lockdowns or social distancing
measures, or large gatherings during festivals.
The rest of the paper is organized as follows. Section 2 presents the related work. Section 3 introduces

the technical approaches used in this study. Section 4 describes empirical results. Section 5 provides detailed
discussions on the analyses of the clusters. Finally, Section 6 concludes our study.

2 RELATED WORK
COVID-19 data analysis has leveraged different kinds of methodologies. Kumar used a hierarchical clustering
technique with euclidean distance as a distance metric to perform the data analysis on 27 Indian states [65].
Confirmed, deaths and recovered cases were used to cluster the states into six groups. The author suggested
optimizing the monitoring techniques such as screenings, lockdowns, curfews, and improving medical facilities
which provide valuable insight into the seriousness of the disease spread to the government, police, and healthcare
authorities. Castorina et al. [20] analyzed the COVID-19 data using generalized Gompertz law. The authors used
the data of four countries, including China, Italy, South Korea, and Singapore, and evaluated the saturation points
of the above-mentioned countries. The study concluded that strong confinement policy in China has helped
to saturate the spread, the new growth rate in Singapore may point to a strong spreading, and the next data
on South Korea and Italy need to be evaluated to determine if the spread in these two countries will reach a
saturation point or not.



4 • Hassan, et al.

More recent studies discussed the impact of social distancing and other preventive measures against the spread
of COVID-19. Wells et al. [147] analyzed the impact of travel restrictions on the growth of COVID-19 spread.
The authors utilized Monte Carlo simulations and estimated that the travel restrictions in Hubei reduced the
rate of COVID-19 disease exportation by 81%. Courtemanche et al. [29] discussed the impact of social distancing
measures in the USA. The authors evaluated four types of measures such as large event ban, closure of schools,
closure of entertainment venues, and shelter-in-place-orders (SIPOs). The study suggested that without the social
distancing measures, the number of confirmed cases would have risen to 35 times by 27 April.
Many researchers have proposed mathematical prediction models based on the daily incidence data. Fanelli

and Piazza [40] proposed a susceptible-infected-recovered-deaths (SIRD) model to predict the outbreak in China,
Italy, and France. Data from 22 January to 15 March were analyzed. They observed that the recovery rate is the
same but death rates were different for these countries. Kucharski et al. [64] proposed a susceptible-exposed-
infectious-removed (SEIR) based prediction model, using a combination of four datasets. The model estimated
the transmission dynamics in Wuhan. Rocklov et al. [97] analyzed the confirmed cases data of the Diamond Ship
Cruise and estimated the reproduction number using the SEIR model. The authors recommended evacuating
immediately after an outbreak is confirmed. Naji [76] proposed a susceptible-exposed-infected-recovered-death
(SEIRD) model to analyze the confirmed, recovery, and death cases in Morocco. The proposed model estimated the
time of the peak and the minimum number of infection rates. Fang et al. [41] proposed an SEIR based prediction
model to analyze the COVID-19 spread data in China. The authors discussed the impact of preventive measures
taken by the Chinese government and recommended other affected countries to follow the same measures.
Gatto et al. [51] also leveraged an SEIR based prediction model. However, this study focused only on Italy. The
results indicated that strict social distancing measures have reduced the spread by 45%. Liu et al. [70] proposed a
machine learning based prediction model, Augmented ARGOnet. The proposed system provides a short-term
forecast of COVID-19 spread in the provinces of China. The proposed model outperformed a persistence model,
which is used as a baseline, in 27 out of 32 provinces of China.

Elmousalami and Hassanien [35] analyzed the daily incidence data using a mathematical model. The model
observed that without the preventive measures, the incidence rate grows at more than 25%. Deb andMajumdar [33]
proposed a different mathematical model to analyze the daily incidence rate in the provinces of China and five
other countries including Italy, USA, Iran, South Korea, and India. The proposed model provides insights into the
lockdown effect and estimates the significant change of growth in spread patterns and reproduction numbers.

In these recent studies, data analysis is performed in some selected countries. Most of these studies are based
on a prediction model that estimates the peak infection rates and reproduction rates with a small amount of data.
However, in this study, we use a more generalized approach by selecting a wide range of countries all over the
world. We included the countries having more than 10,000 cases and at least 90 days of data to have a sufficient
amount of data for analysis. Our goal in this study is to shed light on the COVID-19 spread dynamics in different
regions in the world by analyzing time-series data belonging to three consecutive time periods.

3 METHODS
In this section, we explain the methodology used in this study. We first standardize the time-series data belonging
to different countries. Next, we divide the time-series data into three periods: early-stage, middle-stage, and
post-stage. Then we use Hierarchical Cluster Analysis (HCA) with Dynamic TimeWarping (DTW) to cluster early
and post-stage time-series. Finally, we use the middle-stage to explain the discrepancies between the early-stage
and post-stage clusters. We perform Hierarchical Cluster Analysis (HCA) with Dynamic Time Warping (DTW)
as a distance metric and complete linkage as a linkage method to compare and contrast the spread dynamics in
various countries.
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3.1 Hierarchical Cluster Analysis (HCA)
Cluster analysis groups the data that share meaningful or useful characteristics. Performing cluster analysis allows
us to discover patterns or characteristics that are previously not noticeable. There are two popular techniques for
cluster analysis: hierarchical and non-hierarchical [151]. In hierarchical clustering techniques, data points are
merged or dissected to form homogeneous clusters. In non-hierarchical clustering techniques, an initial set of
cluster centroids are first established. Then, each data point is assigned to the nearest cluster and cluster centroids
are updated. This process continues until the centroids of the clusters are not updated anymore [77].

The goal of hierarchical clustering is to find sub-groups of data points that are homogeneous to each other. This
technique is especially suitable when the ideal number of clusters in the data is not anticipated before-hand. A
dendrogram, tree-like visual representation, is generated to visually inspect each possible number of clusters from
1 to 𝑘 , where 𝑘 is the total number of data points. There are two types of hierarchical clustering: agglomerative
and divisive [151]. In the agglomerative or bottom-up approach, each data point is assigned to its cluster. Then two
closest clusters are merged to form a cluster and this process continues until there is only one cluster containing
all the data points. In the divisive or top-down approach, all the data points are assigned to one cluster. Next,
the cluster is split iteratively until all the data points are assigned to singleton clusters. We use agglomerative
hierarchical clustering, as our goal is to cluster the countries exhibiting the same spreading patterns.

To perform a hierarchical clustering analysis, a proximity matrix between each pair of data points is required.
The proximity matrix is updated every time two clusters are merged. The proximity matrix is computed using a
distance metric. The most widely used distance metrics are Euclidean distance, Manhattan distance, Mahalanobis
distance, or Cosine similarity. The closeness between two clusters is measured by a linkage method. The most
popular linkage methods are complete, average, single, and centroid. In this study, we use Dynamic TimeWarping
(DTW) as a distance metric (described in section 3.2) and complete linkage as a linkage method (described in
section 3.3).

In unsupervised learning, hierarchical clustering in the time-series analysis is desirable over other clustering
methods in three ways. First, HCA does not need any prior information of the data or the structure of the data
for grouping the homogeneous data points [44]. Second, HCA does not need to predefine the desired number of
clusters [44, 83]. Third, HCA provides a graphical representation (i.e., dendrogram) of the homogeneous groups
in the data [83]. Dendrogram allows us to have an idea about the data and how the data points are clustered
together at different distance levels. Hierarchical clustering enables us to determine the spreading patterns of
various countries. Therefore, it is suitable to use HCA on time-series data of various COVID-19 affected countries.

3.2 Dynamic Time Warping (DTW)
Dynamic time warping (DTW) is a distance metric that is used to find patterns in time-series data. DTW is first
used in speech recognition [100]. It has been applied to other domains such as robotics [102], data mining [91],
handwriting recognition [92], and gesture recognition [105]. DTW calculates the similarity between two time-
series by building one-to-many and many-to-one matches to minimize the cumulative distance between them.
Generally, DTW calculates the distance between all pairs of indexes in two time-series which is computationally
costly, i.e., the time complexity is 𝑂(𝑛2), and the space complexity is 𝑂(𝑛2). However, it can be optimized
using a warping window [101] with time complexity 𝑂(𝑛) and space complexity 𝑂(𝑛) by reducing the distance
computations. Let 𝑋 = {𝑥1, 𝑥2, ..., 𝑥𝑚} and 𝑌 = {𝑦1, 𝑦2, ..., 𝑦𝑛} be two time series of lengths𝑚 and 𝑛, respectively.
DTW distance is calculated between 𝑋 and 𝑌 with a window size𝑤 by using Equation 1.

𝐷 (𝑖, 𝑗) = 𝑑
(
𝑥𝑖 , 𝑦 𝑗

)
+min


𝐷 (𝑖 − 1, 𝑗)
𝐷 (𝑖, 𝑗 − 1)
𝐷 (𝑖 − 1, 𝑗 − 1)

(1)
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where 0 ≤ 𝑖 < 𝑚 and (𝑖 − ⌊𝑤/2⌋) ≤ 𝑗 ≤ (𝑖 + ⌊𝑤/2⌋). DTW measures the similarity in terms of shape or pattern
with shifting or scaling at any period between two time-series data [44]. The correlation coefficient also captures
shape or pattern. However, it is not convenient to apply to time series with shifting and variable amplitude [68].
Therefore, DTW is a preferable distance metric in our study to capture the spread patterns among various
countries.

3.3 Linkage Method: Complete
The linkage method is used to compute the similarity/dissimilarity between clusters when multiple data points
are residing inside them. The objective is to merge a cluster with the nearest cluster. In this study, we use complete
linkage which is also referred to as maximum linkage. Complete linkage considers the maximum distance between
one data point in the first cluster and another data point in the second cluster. Sequentially, two clusters with the
minimum of the maximum distance values considered to be the closest to each other and merged. After merging
two clusters their distance values are updated in the proximity matrix.

Let 𝐶 be the clusters present in the data at any arbitrary moment, 𝑋 and 𝑌 be two clusters in 𝐶 , i.e., 𝑋,𝑌 ∈ 𝐶 .
The distance between two clusters for all pairs of clusters (𝑋 , 𝑌 ) in 𝐶 is calculated using Equation 2. Two clusters
with the minimum value are merged and the proximity matrix is updated according to Equation 3:

min
𝑋,𝑌 ∈𝐶

𝐷 (𝑋,𝑌 ) = max
𝑥 ∈𝑋,𝑦∈𝑌

𝑑 (𝑥,𝑦) (2)

𝐷 (𝑋,𝑌 ) = max
𝑥 ∈𝑋,𝑦∈𝑌

𝑑 (𝑥,𝑦) (3)

where 𝑑(𝑥 ,𝑦) is the distance between two time series 𝑥 and 𝑦 at any arbitrary point, and 𝐷(𝑋 ,𝑌 ) is the distance
between two clusters.

Hierarchical clustering with the single linkage method tends to produce more loose clusters [151]. In centroid
linkage, the smaller clusters are more similar to the new larger cluster than to their individual clusters. Thus, it
may cause an inversion in the dendrogram. The average and complete linkage both produce compact clusters.
However, complete linkage ensures the grouping of most correlated data points or clusters [19]. Therefore, the
complete linkage is more applicable to our dataset.

3.4 Data Preparation
We use the publicly available COVID-19 time-series dataset published and maintained by the Johns Hopkins
University, Center for Systems Science and Engineering (JHU CSSE). The dataset is updated daily on their GitHub
repository [56]. Confirmed, recovered and death cases are available for both country and state/county levels
(for some countries such as Australia, Canada, China, France, Netherlands, U.K., and USA) in different files. The
dataset consists of the cumulative number of confirmed cases from 22 January 2020 to date. Our study focuses on
the daily incidence rate at the country level. Therefore, we merged all state/province level data into one record
to represent their corresponding countries, removed the latitude and longitude information; and converted the
cumulative data to daily case numbers. Next, we transformed the data using standardization [146]. A standard
score is defined as the difference of a sample in population and mean of the population, divided by the standard
deviation (SD) of the population. Standardization is needed to convert all data into a similar scale so that all
countries have the same weight in clustering. We applied the following equation to transform the data into their
z-scores:

𝑧𝑖 𝑗 =
𝑥𝑖 𝑗 − ` 𝑗

𝜎 𝑗

(4)
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Fig. 1. Dendrogram of 41 countries in the early-stage.
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Fig. 2. Dendrogram of 41 countries in the post-stage.
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where 𝑧𝑖 𝑗 is the standardized 𝑖-th case number of the 𝑗-th country, 𝑥𝑖 𝑗 is the 𝑖-th case number of the 𝑗-th country,
` 𝑗 is the mean of the daily case numbers of the 𝑗-th country and 𝜎 𝑗 is the standard deviation of the daily case
numbers of 𝑗-th country.

Next, we apply hierarchical clustering with complete linkage and DTW as the distance metric with a window
size of seven. The daily new confirmed cases linearly increase or decrease throughout a week in most of the
countries. Due to weekly holidays, Saturdays and Sundays have fewer new cases whereas Mondays and Tuesdays
have more new cases comparatively. Therefore, we set the window size to seven to precisely capture the weekly
spread pattern among different countries. To ensure the reproducibility of our results, we used python’s sci-kit-
learn package [85] for agglomerative hierarchical clustering, scipy package [26] for dendrograms, and dtaidistance
package [57] for DTW.

4 RESULTS
We generate dendrograms for both early and post stages. Dendrogram of 41 countries with at least 10,000 cases
along with their respective time-series for early and post stages are shown in Figure 1 and Figure 2, respectively.
The formations of clusters and their symmetrical log distances are shown on the left-hand side of the dendrograms.
The time series of each country is shown on the right-hand side of the dendrograms, highlighting the early-stage
in Figure 1 and the post-stage in Figure 2. By visually inspecting the dendrogram of early-stage, we deduced that
the ideal number of clusters is nine. We validated our decision by using the elbow method as shown in Figure 3.
We computed the within-cluster sum of squared errors for 1 to 𝑘 clusters, where 𝑘 is the maximum number of
countries in the dataset. Thus, the value of 𝑘 is 41 which is the total number of countries present in the dataset
after preprocessing. We also set the ideal number of clusters in the post-stage to 9, same as the early-stage, to be
able to track the changes between the early and post stages.
Figures 4 and 5 show the time-series data of different countries residing in different clusters of the early and

post stages, respectively. In the early-stage, the largest cluster is Cluster-3 with 15 countries. Cluster-4 is the
second-largest one containing 12 countries. Cluster 1, 2, and 9 have 3, 2, and 5 countries, respectively. The rest
of the clusters i.e., Cluster 5, 6, 7, and 8, are singleton clusters. In the post-stage, Cluster-1 is the largest cluster
with 17 countries. The second-largest cluster is Cluster-5 containing 9 countries. Cluster 2, 3, and 4 have 5, 4,
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Table 1. Country-wise type and level of measures taken by the government.

Countries First Case
Confirmed Type of Measure Level Start Date End Date

Afghanistan 24 Feb Lockdown State 28 March (Day 33) 21 May (Day 87)
Austria 25 Feb Lockdown Country 16 March (Day 20) 13 April (Day 48)
Bahrain 24 Feb Strict restrictions Country 18 March (Day 23) 7 May (Day 63)
Belarus 28 Feb - - No Lockdown No Lockdown
Belgium 4 Feb Lockdown Country 18 March (Day 43) 4 May (Day 90)
Brazil 26 Feb Lockdown State 17 March (Day 20) 7 April (Day 41)
Canada 26 Jan Strict restrictions State 18 March (Day 52) 11 May
China 31 Dec Lockdown State 23 Jan (Day 1) 8 April (Day 76)

Dominican
Republic 1 March Strict restrictions Country 19 March (Day 18) Not Lifted
Denmark 27 Feb Lockdown Country 11 March (Day 13) 13 April (Day 46)
Ecuador 1 March Lockdown Country 15 March (Day 14) Not Lifted
Egypt 14 Feb Lockdown Country 19 March (Day 34) Not Lifted
France 24 Jan Lockdown Country 17 March (Day 53) 11 May

Germany 27 Jan Lockdown Country 23 March (Day 56) 10 May
India 30 Jan Lockdown Country 25 March (Day 55) Not Lifted

Indonesia 2 March Strict restrictions Country 24 April (Day 53) 1 June
Iran 19 Feb Lockdown Country 14 March (Day 24) 20 April (Day 61)

Ireland 29 Feb Lockdown Country 12 March (Day 12) 18 May (Day 78)
Israel 21 Feb Lockdown State 2 April (Day 41) Not Lifted
Italy 31 Jan Lockdown Country 8 March (Day 37) 18 May
Japan 16 Jan - - No Lockdown No Lockdown
Kuwait 24 Feb Strict restrictions Country 14 March (Day 19) 31 May
Mexico 28 Feb Lockdown Country 23 March (Day 24) 1 June

Netherlands 27 Feb - - No Lockdown No Lockdown
Nigeria 28 Feb Lockdown State 30 March (Day 31) 4 May (Day 66)
Oman 24 Feb Lockdown State 10 April (Day 46) 29 May
Pakistan 26 Feb Lockdown Country 22 March (Day 25) 9 May (Day 73)

Philippines 30 Jan Lockdown State 15 March (Day 45) 31 May
Portugal 2 March Lockdown Country 19 March (Day 17) 2 May (Day 61)
Qatar 29 Feb Lockdown State 11 March (Day 12) Not Lifted

Romania 26 Feb Lockdown Country 25 March (Day 28) 15 May (Day 78)
Russia 31 Jan Lockdown Country 30 March (Day 59) 12 May

South Korea 20 Jan - - No Lockdown No Lockdown
Saudi Arabia 2 March Lockdown State 23 March (Day 21) Not Lifted
Singapore 23 January Lockdown Country 7 April (Day 75) Not Lifted
Spain 1 Feb Lockdown Country 14 March (Day 42) Not lifted
Sweden 31 Jan - - No Lockdown No Lockdown

Switzerland 25 Feb Strict restrictions Country 16 March (Day 20) 11 May (Day 76)
U.A.E. 29 Jan Lockdown Country 5 April (Day 67) 28 May
U.K. 31 Jan Lockdown Country 23 March (Day 52) 1 June
US 20 Jan Lockdown State 16 March (Day 54) 27 April-30 May
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Fig. 4. Different clusters in the early-stage after applying Agglomerative Hierarchical Clustering.

and 2 countries, respectively. Similar to the early-stage, there are four singleton clusters in the post-stage, i.e.,
Cluster 6, 7, 8, and 9. The cluster labels obtained from performing agglomerative hierarchical clustering is shown
in Appendix B, Table 2. Please note that the cluster labels do not carry any additional information except that
the countries clustered together exhibit similar behavior. To emphasize this fact and demonstrate the countries
clustered together better, we show the clusters on a world map in A, Figure 17.
Additionally, we investigated the confinement policies or preventive measures adopted by each country.

We collected the preventive-measures data from various credible news sources [3–5, 8–12, 14, 17, 22, 27, 28,
36, 39, 42, 45, 47–50, 52, 58, 66, 74, 79, 82, 90, 93, 95, 96, 106, 111, 113–120, 122, 124, 125, 127, 130–132, 134–
136, 139, 140, 149, 150] and summarised them in Table 1. Although we were not able to contact the health
authorities of the countries presented in Table 1, we assume that the information provided by the news outlets
were correct and/or dependable.



12 • Hassan, et al.

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

U.K.

Mexico

Nigeria

Indonesia

Pakistan

Qatar

Egypt

Kuwait

D.R.

Canada

Brazil

Sweden

Belarus

Bahrain

US

Saudi Arabia

U.A.E.

(a) Cluster-1

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

Singapore

Russia

Oman

Afghanistan

India

(b) Cluster-2

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

Germany

Italy

Romania Belgium

(c) Cluster-3

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

Iran Ecuador

(d) Cluster-4

65 70 75 80 85 90

Days

−2

0

2

4

6
D

is
ta

n
ce

S.Korea

Israel

Ireland

Netherlands

Austria

Portugal

Denmark

China

Switzerland

(e) Cluster-5

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

Japan

(f) Cluster-6

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

Philippines

(g) Cluster-7

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

France

(h) Cluster-8

65 70 75 80 85 90

Days

−2

0

2

4

6

D
is

ta
n

ce

Spain

(i) Cluster-9

Fig. 5. Different clusters in the post-stage after applying Agglomerative Hierarchical Clustering.

5 DISCUSSION
The only way to fight against the COVID-19 disease is to reduce the virus spread as much as possible, as no
cure or vaccine had been developed in the early period of the pandemic. To this end, various confinement
policies or preventive measures have been taken by different countries around the world. The travel bans,
mobility restrictions, bans on large gatherings, social distancing, quarantine or isolation of infected patients,
and lockdowns of infected cities, states or countries, are the most widely adopted the preventive measures.
Researchers have studied the effects of the preventive measures on the spread of COVID-19 [25]. In the early
period of the pandemic, it is essential to restrict mobility within a city, state, or country as well as traveling
outside of the infected areas [25, 41]. The government of China issued travel restrictions on January 22, 2020.
Chinazzi et al. [25] estimated that a 77% reduction in cases exported from China to the outside world due to
the travel restrictions. Air travel restrictions have severely reduced the cases in some European countries [69].
However, the preventive measures can become less effective if a country already has a high infection rate [41].
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Fig. 6. Early, middle and post stage spread patterns of Dominican Republic, Iran, Romania and their mobility during the
same period.

Therefore, the data of each country is needed to be analyzed individually to recognize the factors that affect the
spread.
We utilize the Google COVID-19 Community Mobility Reports [53] to investigate the effect of lockdowns or

other preventive measures on the mobility of the people. The mobility data at any period is compared with a
baseline. The baseline is calculated using a 5-week period from January 3 to February 6, 2020. Positive values
mean increased mobility, whereas negative values indicate reduced mobility. The mobility data is available for all
countries except China and Iran.

5.1 Early-Stage: Cluster-1
Early-stage clustering in Figure 4a shows that the Dominican Republic (D.R.), Iran, and Romania are initially
clustered together. According to Table 1, Dominican Republic imposed a lockdown on March 19 (day 18 in the
time series data) [125], Iran on March 14 (day 24) [49], and Romania on March 25 (day 28) [95]. However, all three
countries are in different clusters in the post-stage due to different spread patterns in their middle stages.

In Figure 6a, Iran has a very high spread compared to the Dominican Republic and Romania in the middle-stage
due to the Nowruz festival [86]. Iran contains the spread from day 40 according to its time-series data in Figure 6a.
In the post-stage, Iran has a lower spread pattern than the other two countries. As a result, Iran lifted the lockdown
on day 61 [47]. On the other hand, Iran has suffered from lifting the restrictions as the daily new cases increased
after day 70. It is reported that not wearing masks and not maintaining social distancing measures after the
reopening are the main reasons for a surge of new cases [129]. Figure 6a also shows that the Dominican Republic
and Romania have dissimilar peaks. The Dominican Republic did not lift the strict restrictions in the post-stage.
Figure 6b shows that mobility in the Dominican Republic is greatly reduced after day 18. Despite the preventive
measures taken by the government, the spread has been gradually increasing in the post-stage. Tapia states
that the reasons behind the failure to control the spread are fake news regarding COVID-19 treatment and the
public distrust in the government [104]. In Romania, the spread has started to rise after day 10 according to its
time-series data in Figure 6a. According to Table 1, Romania imposed lockdown on March 25 (day 28) [95]. In
Figure 6b, the effect of the lockdown can be seen in the mobility data of Romania. The mobility has started to
reduce around day 15, but it reduced significantly when the lockdown was imposed on day 28. Dascalu states
that Romania is successful in containing the spread in the post-stage by implementing preventive measures and
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Fig. 7. Early, middle and post stage spread patterns of Netherlands and Portugal, and their mobility during the same period.

addressing the issues of the healthcare system early and fast [31] as the daily cases started to decrease after day
75.

Despite being in lockdowns, large gatherings, failure to maintain the social distancing protocols, fake news,
or distrust in government actions of preventive measures have increased the spread in the post stages for the
countries in cluster-1. On the other hand, early and fast actions have enabled these countries to avoid massive
outbreaks.

5.2 Early-Stage: Cluster-2
Early-stage clustering in Figure 4b shows that the Netherlands and Portugal are in the same cluster. Two countries
take different approaches to prevent the COVID-19 spread. The Netherlands did not impose traditional lockdowns
like other countries. Rather, the government implemented an "Intelligent Lockdown" which includes work from
home and an urge to avoid leaving homes as much as possible [32]. On the other hand, Portugal imposed a total
lockdown on March 19 (day 17) [132] and lifted it on May 2 (day 61) [45]. Figure 7a depicts the spread pattern of
the Netherlands and Portugal. The spread increased for both countries at the end of the early-stage. Figure 7b
suggests that the mobility in Portugal reduced by almost 75% around day 20. Euro News and Politico reported
that early implementation of the preventive measures along with the compliance of the population with the
government orders played key roles in controlling the spread [37, 38]. On the other hand, Figure 7b presents
that the intelligent lockdown drastically reduced the mobility in the Netherlands. Haas et al. [32] stated that
self-discipline and self-responsibility of the Dutch made it possible to carry out the government orders.

Both countries in Cluster-2 adopted different preventive measures, but were successful in the containment of
the spread. Self-discipline, self-responsibility, and compliance to follow and maintain the preventive measures
have helped these countries to control the spread.

5.3 Early-Stage: Cluster-3
Cluster-3 of the early-stage is the largest cluster consisting of 15 countries. Among the countries in this clus-
ter, Bahrain, Brazil, Canada, Kuwait, Pakistan, USA, and U.A.E. remain clustered together in Cluster-1; India,
Afghanistan, and Oman in Cluster-2; Ireland, Israel, and South Korea in Cluster-5; the Philippines in Cluster-7
and Spain in Cluster-9 in the post stages according to Appendix B, Table 2.
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Fig. 8. Early, middle and post stage spread patterns of Bahrain, Brazil, Canada, Kuwait, Pakistan, USA and U.A.E., and their
mobility during the same period.

Bahrain, Brazil, Canada, Kuwait, Pakistan, USA, and U.A.E. have a common spread pattern. These countries
initially have a low spread in the early-stage. But their spread rise in the post-stage. Early, middle, and post-stage
spread patterns of these seven countries are shown in Figure 8a and their respective mobility during the first 90
days of the pandemic are shown in Figure 8b. As the spread was low in the early-stage, Bahrain only imposed
restrictions on large gatherings and ordered to maintain social distancing on March 18 (day 23) [10]. According
to Figure 8b, such measures reduced the mobility from 25% to 50%. Bahrain lifted the restrictions on May 7 (day
63) [93]. The impact of lifting the restrictions can be seen in Figure 8a as the spread started to rise in the post-stage.
Brazil imposed state-wide social distancing measures on March 17 (day 20) [11]. Their mobility data also shows
that more than 60% reduction from day 25 (see Figure 8b). Brazil lifted the restrictions on April 21 (day 55). As a
consequence, the spread started to rise in the post-stage around day 70. Canada imposed a state-wide lockdown
starting from March 18 (day 52). The country restricted traveling and closed the borders [74]. Figure 8b shows
that mobility is decreased by 70% after the declaration of the lockdown. The spread continued to increase in the
post-stage. Canada started to lift restrictions on May 11 [17] which is after the first 90 days since the first case.
Kuwait imposed a country-wide curfew and restricted air and border travel beginning March 22 (day 19) [54].
The mobility data in Figure 8b shows that the curfew reduced the internal movement. However, the continued
increase in spread (see Figure 8a) indicates that a complete lockdown was needed to be enforced instead of a
curfew. Pakistan imposed a nationwide lockdown on March 22 (day 25) [90]. The impact of the lockdown can be
seen in their mobility data in Figure 8b. Surprisingly, Pakistan lifted the lockdown on May 9 (day 73) [111] while
the spread continued to increase. Such action only worsened the spread in Pakistan. To this date, the USA has
the highest number of cumulative cases in the world. The USA imposed state-wide lockdowns and restricted air
travel starting from March 16 [8]. Figure 8b shows that lockdowns were only able to reduce mobility by 50%
which is less than most of the countries. The USA saw a peak in the spread around day 70 (see Figure 8a).

Slow response and delayed testing in the early stages of the pandemic contributed to the spread in the
USA [18, 103]. The states imposed lockdowns independently. The country as a whole did not implement a unified
lockdown which made it difficult to control the spread. The spread in U.A.E starts to increase around day 60
according to Figure 8a. The government imposed a lockdown on April 5 (day 67) [134]. Enforcing a lockdown
reduced the mobility according to Figure 8b. Unfortunately, failure to comply with social distancing measures
and lack of social awareness are the factors behind the increasing spread in the country.
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Fig. 9. Early, middle and post stage spread patterns of Afghanistan, India, and Oman, and their mobility during the same
period.

In summary, these seven countries suffered high spread in the post-stage due to different factors. Slow response,
lack of testing, lack of contact tracing, state-wide lockdowns or curfews instead of unified lockdowns, and not
maintaining social distancing measures properly are the worsening factors.
According to Figure 9a, the spread in Afghanistan, India, and Oman started to rise from the mid-point of the

middle-stage. Afghanistan imposed a state-wide lockdown from March 28 (day 33) [48] while India and Oman
imposed nationwide lockdown from March 25 (day 55) [58] and April 10 (day 46) [82], respectively. Figure 9b
shows that the mobility in India has reduced significantly after the order of the lockdown. The mobility in
Oman has reduced even before the lockdown, because the government closed schools, offices, places of worship
and ordered to maintain social distancing measures. Similar to Wuhan, the Muscat state of Oman has suffered
from the spread significantly compared to other states. Lack of social awareness, social gatherings, and migrant
workers living and working in close proximity contributed to the rising spread in Oman [6, 123, 142]. Despite the
lockdown, the spread continues to increase in Afghanistan due to the lack of testing, social awareness, social
gatherings, and case importations from foreign countries, especially from Iran [46, 73, 110]. India fails to maintain
social distancing measures because of the lack of social awareness in the highly populated and dense country [71].
Hence, India has also suffered from a high spread in the post-stage.
The spread in these countries continues to rise in the post-stage despite adopting lockdowns and social

distancing measures. Several factors including lack of social awareness in the densely populated regions, failure
to maintain social distancing measures, and lack of rigorous testing supplement the spread.

Ireland, Israel, and South Korea exhibit low spread patterns in the post stages according to Figure 10a. Ireland
was quick to respond and imposed a lockdown on March 12 (day 12) [59]. Their mobility was also reduced as
soon as the lockdown was ordered (see Figure 10b). Ireland saw a peak in the spread in the middle-stage. The
government lifted the restrictions on May 18 (day 78) [98]. By successfully enforcing a lockdown and supplying
adequate medical equipment, Ireland was able to control the spread in the post-stage [60]. Israel imposed a
state-wide lockdown on March 25 (day 33) [144]. Like Ireland, Israel had its peak in the early part of the middle-
stage as shown in Figure 10a. Rapid response and contact tracing helped Israel to slow down the spread in the
post-stage [144]. South Korea did not impose any lockdowns. Rather, they enforced isolation and quarantine for
the infected patients, rigorous contact tracing, and increased testing capacity to contain the spread [80].
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Fig. 10. Early, middle and post stage spread patterns of Ireland, Israel, and South Korea, and their mobility during the same
period.
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Fig. 11. Early, middle and post stage spread patterns of Philippines, and Spain, and their mobility during the same period.

These countries exhibit high spread patterns in the middle-stage. Through early and rapid response, contact
tracing, and meticulous testing facilities, these countries reduced the spread significantly in the post-stage. Among
these countries, the response of South Korea has been exceptional.

Early-stage clustering in Figure 4c shows that the Philippines and Spain remain in the same cluster. Figures 5g
and 5i show that they reside in singleton clusters in the post stages due to different spread patterns in their middle
stages. Figure 11a shows that the spread in the Philippines has started to increase in the middle-stage. The country
is under lockdown since March 15 (day 45) [52]. Figure 11b shows that the mobility in the Philippines has reduced
to almost 85% after the enforcement of the lockdown. The peak in the spread can be seen between days 60 to 67.
Lack of testing and contact tracing are the reasons behind the increasing spread in the Philippines [94]. Lockdown
helped the country to decrease the spread in the latter part of the post-stage. Spain imposed a countrywide
lockdown on March 14 (day 42) [131] as the spread started to increase. The mobility data in Figure 11b indicates
that Spain implemented and maintained strict measures. Spain had a peak in the latter part of the middle-stage. It
has been reported that the lack of testing at the beginning of the pandemic supplement the spread [1]. However,
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Fig. 12. Early, middle and post stage spread patterns of Germany, Italy, and Belgium, and their mobility during the same
period.

by implementing strict preventive measures and improving the testing capacity, Spain started to contain the
spread in the latter part of the post-stage according to Figure 11a.
Lack of testing and contact tracing prevents people from self-isolation. As a consequence, it aids in high

community transmission in these countries.

5.4 Early-Stage: Cluster-4
Early-stage clustering in Figure 4d shows that 12 countries in Cluster-4 exhibit a similar spread pattern. The
countries in this cluster move to two different clusters in the post-stage. Germany, Italy, and Belgium remain
clustered together (Cluster-3 in the post-stage) as they are in the early-stage. The remaining nine countries move
to Cluster-1 in the post-stage as shown in Appendix B, Table 2.
In Figure 12a, Germany, Italy, and Belgium had a very low spread in the early-stage. The spread started to

increase in the middle-stage in these three countries. According to Table 1, the lockdowns were imposed on
March 23 (day 56) [28], March 8 (day 37) [130], and March 18 (day 43) [114] in Germany, Italy, and Belgium,
respectively. Germany was in a complete lockdown starting on March 23 (day 56) [28]. Figure 12b shows the
reduction in mobility as the lockdown was enforced. According to Figure 12a, Germany started to contain the
spread in the last part of the post-stage by implementing and maintaining the lockdown measures, contact tracing,
and widespread testing [13, 43]. A sudden spike of new cases forces Italy to be in a complete lockdown starting
on March 8 (day 37) [130]. However, the people moved to different cities before the orders were in effect causing
high local transmission of the spread [130]. Figure 12b supports this fact as the highest reduction in mobility
is six days after the lockdown was ordered. Lack of social awareness and a high number of case importations
from China in the early-stage, and densely populated cities in the Northern region contributed to the rise of
spread in Italy [78, 108]. In Figure 12a, the decreasing spread pattern in the post-stage suggests that Italy started
to contain the spread by imposing the complete lockdown [133]. Belgium closed its borders and imposed strict
social distancing measures on March 18 (day 43) [114]. Figure 12b suggests that mobility in Belgium reduced
significantly as soon as the preventive measures were taken. In Figure 12a, the effect of the lockdown can be seen
from the data as the spread started to decrease for Belgium in the post-stage. Hence, the government lifted the
restrictions on May 4 (day 90) [36].

The actual outbreak occurred in the middle stages in Germany, Italy, and Belgium. Strict lockdowns or social
distancing measures, contact tracing, and widespread testing helped to contain the spread in the post-stage.
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Fig. 13. Early, middle and post stage spread patterns of Belarus, Egypt, Indonesia, Mexico, Nigeria, Qatar, Saudi Arabia,
Sweden, U.K., and their mobility during the same period.

According to Figure 13a, the remaining nine countries, including Belarus, Egypt, Indonesia, Mexico, Nigeria,
Qatar, Saudi Arabia, Sweden, and the U.K. also had very low spread patterns in the early stages. However, the
spread starts to increase gradually from the middle stages to the post stages. Among these countries, Belarus did
not impose any lockdown [96]. Belarus opted for self-isolation of the infected patients [2]. Lack of a lockdown or
strict social distancing measures have not decreased the spread. Like Belarus, Sweden also did not impose any
lockdowns [113]. Not maintaining strict social distancing measures, lack of testing, and high disease transmission
compared to its neighboring countries contributed to the unsuccessful efforts of containing the spread in the post-
stage of Sweden [137]. Initially, the U.K. decided for a herd immunity approach to the COVID-19 pandemic but
later they changed their decision and imposed a lockdown on March 23 (day 52) [118]. The delay in implementing
strict lockdowns or social distancing measures affected the spread in the country. Egypt, Mexico, Qatar, and
Saudi Arabia are still enforcing lockdowns [3, 5, 136, 150] while Nigeria started to ease the restrictions from
May 4 (day 66) [126]. In Egypt, lack of sanitation facilities, poor hygiene, and weak healthcare system are the
catalysts, as the lockdown failed to contain the spread [75]. Indonesia imposed strict restrictions on the mobility
and social distancing instead of a lockdown [9]. Figure 13b supports this fact as mobility is reduced by more
than 50%. However, it is reported that the delayed testing and definite preventive measures along with lack of
testing and rigorous lockdowns or social distancing measures in Indonesia caused a high spread [61, 89, 141].
The spread in Mexico also suffered from the lack of testing like Indonesia along with the lack of contact tracing
and negligence of the government to take any rigorous actions early in the pandemic [112, 128]. Qatar, on the
other hand, has large labor camps which have been often criticized for poor living conditions and overcrowding.
Almost 60% of the infected patients are asymptotic. Together, these factors played a pivotal role in increasing
the spread in Qatar [21, 72]. Saudi Arabia ordered to follow precautionary measures even before detecting its
first case [3]. Like Qatar, Saudi Arabia has labor camps with people living in close proximity [7]. Large social
gatherings also played a significant role in the spread in Saudi Arabia [23]. In Nigeria, the lack of testing and
social awareness contributed to the spread [107].
The spread in these countries continues to rise in the post-stage despite implementing different preventive

measures. Lack of strict measures, not maintaining social distancing, lack of testing and contact tracing, delay in
testing and implementing preventive measures, large labor camps with unhealthy living conditions are the most
vital factors contributing the spread in these countries.
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Fig. 14. Early, middle and post stage spread patterns of Austria, Denmark, Switzerland and China, and their mobility during
the same period.

5.5 Early-Stage: Clusters 5-8
Early-stage clustering in Figures 4e to 4h show that Austria, Denmark, Switzerland, and China reside in different
singleton clusters. These countries have dissimilar peaks in their respective timelines. However, they reside in
the same cluster in the post-stage (Cluster-5) due to the low spread patterns. Figure 14a shows the dissimilarities
among these countries in the early-stage. Switzerland imposed strict social distancing measures, while others
went for complete lockdowns. Austria imposed lockdown measures on March 16 (day 20) [135] as the daily new
cases started to increase. According to Figure 14a, Austria saw the peak around day 25-30. Figure 14b shows
that their mobility data has reduced by 75% on day 20. This figure indicates that the preventive measures were
strictly implemented. The Independent reported that the early lockdown, and mobile testing facilities are the
core reasons for Austria to successfully contain the spread [121]. Thus, Austria has been able to flatten the curve
as early as day 40. The government lifted the restrictions on April 13 (day 48) [135]. Austria continues to exhibit
a very low spread pattern in the post-stage.
Denmark exhibits different peaks in the early-stage compared to Austria. According to Figure 14a, Denmark

had its first peak around day 10-13. The government was quick to respond and imposed a national lockdown and
closed its borders on March 11 (day 13) [135]. Denmark was among the first countries to impose strict preventive
measures such as lockdowns, ban of large gatherings, restrictions on mobility, and air travel. Figure 14b shows
that their mobility has reduced by more than 50% since the lockdown was imposed. A combination of factors
such as the early lockdown, trust in government orders, and cultural attributes contribute to the containment of
the spread [81]. As a result, the spread in Denmark starts to decrease from day 40 (see Figure 14a). Hence, the
government lifted the restrictions on April 13 (day 46) [135]. The spread in Denmark continues to decrease in the
latter part of the middle-stage and throughout the post-stage.
The spread in Switzerland starts to increase around day 15. In response, the government imposed strict

restrictions such as social distancing, and close down of borders on March 16 (day 20) [122]. The mobility data of
Switzerland in Figure 14b shows that such measures help the country to contain the spread around day 45 (see
Figure 14a) in the middle-stage. Joseph et al. [67] also verifies that the early implementation of the preventive
measures sharply reduces the spread. Similar to Austria and Denmark, Switzerland continues to exhibit a very
low spread pattern in the post-stage.
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Fig. 15. Early, middle and post stage spread patterns of Russia and Singapore, and their mobility during the same period.

China was the first country to hit by the pandemic. The statewide complete lockdown inWuhan and restrictions
in air travel and local mobility was imposed on January 23 (accumulated day 1) [39]. By implementing these strict
preventive measures, China was able to contain the spread in the last part of the early-stage. Chinazzi et al. [25]
estimated that the restrictions not only slowed down the spread in China but also helped to reduce the spread in
other countries. The government lifted the restrictions on April 8 (day 76) [14]. China continued to exhibit a very
low spread pattern in both middle and post stages.

Despite exhibiting different high spread patterns in the early stages, various preventive measures have helped
these countries to control the spread in the latter part of the early stages or the early part of the middle stages.
As a result, these countries exhibit low spread patterns in the post stages. China followed more strict lockdown,
whereas early lockdown and compliance of people with social distancing measures helped other countries to
reduce the spread as well.

5.6 Early-Stage: Cluster-9
Early-stage clustering in Figure 4i, Ecuador, France, Japan, Russia, and Singapore reside in cluster 9. In the
post-stage, only Russia and Singapore remain clustered together in Cluster-2 as other countries move to different
clusters. These two countries have a very low spread in the early and middle stages according to Figure 15a.
However, the daily new cases of these countries start to increase in their post stages. As a result, the governments
of these two countries imposed lockdowns on 30 March (day 59) and 7 April (day 75), respectively. Figure 15b
shows that mobility has initially been reduced by more than 60% in Russia once the lockdown was imposed.
Even after imposing a lockdown, air travel ban, stay-at-home order, and social distancing measures, Russia
suffered a spike in cases in the post-stage. Most of the confirmed cases in the early and middle stages were
due to travelers from European countries [24]. Several news articles reported that the lack of social awareness
among people, delaying the lockdown order, unclear guidelines about the restrictions, and not complying with
the government orders contributed to the rise of the spread in the post-stage in Russia [87, 138]. Singapore also
shares a similar spread pattern as Russia according to Figure 15a. Singapore imposed the lockdown as soon as the
spread started rising. Most of the new cases were from the migrant workers as they continued to work during
the pandemic [109]. The lack of social awareness and failure to implement preventive measures earlier are the
reasons for the increasing spread in Singapore.
Ecuador, France, and Japan exhibit different spread patterns in their middle stages. Hence, these countries

move to different clusters in the post-stage (clusters 4, 8, and 6, respectively). Ecuador has been in lockdown
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Fig. 16. Early, middle and post stage spread patterns of Ecuador, France, and Japan, and their mobility during the same
period.

since 15 March (day 14) [127]. In the middle-stage, Ecuador exhibits inconsistent peaks compared to Japan and
France. It is reported that the increased capacity of COVID-19 tests caused the inconsistent peaks [15]. Japan and
France exhibit dissimilar peaks as both countries reside in singleton clusters in the post stages (clusters 6 and 8,
respectively). Both countries took different approaches to fight against the pandemic. Japan did not impose any
strict lockdown policies, rather they declared a state of emergency and social distancing measures. However,
these measures were lifted during the Hanami festival season on March 19 (day 57) [30]. The mobility data of
Japan in Figure 16b shows that mobility is reduced only after the festival season. As a consequence, the spread
is increased in the post-stage. On the other hand, the daily new cases start to rise after day 45 in France. The
French government imposed a total lockdown since March 17 (day 53) [120]. Figure 16b shows that the mobility
in France reduced significantly only after the lockdown was imposed. Despite the lockdown, the spread kept
increasing in France. Vox and Politico reported that the lack of testing kits and large gatherings in a week-long
festival in February contributed to the spread [88, 143] in France. The infrequent peaks in the post-stage are
caused by adding previous data from nursing and retirement homes [16]. The spread starts to decline in the last
part of the post-stage.

Several factors affected the spread in Cluster-9. Lack of social awareness, lack of testing kits, large gatherings
during festivals, or delaying lockdown orders, all contributed to the rise in the spread in the post stages.

6 CONCLUSIONS
In this study, we analyze the spread patterns of different countries from different geographic locations in the early
period of the pandemic. We divided the time-series data of each country into three stages i.e., early, middle, and
post stages. We applied the agglomerative hierarchical clustering into the early and post stages, which divided
41 countries into nine clusters. We used the middle-stage time-series data to explain the changes in clusters
of early and post stages. We further investigated the impact of different confinement policies or preventive
measures adopted by the governments of each country to contain the virus spread. We found that some countries
were successful in containing the spread by implementing strict preventive measures (e.g., Romania, Portugal,
Austria, Germany, France, Italy or China), while others were successful without any strict restrictions (e.g.,
Denmark, Netherlands, or South Korea). The spread in some countries is still increasing despite implementing
strict preventive measures (e.g., USA, Brazil, Canada, India, or Singapore). These countries need to identify the
point of transmission of spread and implement even more strict measures to contain the spread. We also found
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that the effect of lockdowns or other strict preventive measures varies from country to country. Lockdowns are
less effective in densely populated countries with a lack of social awareness and government trust. In such cases,
bolstering the testing capacity, isolation of infected patients and regions, and strict social distancing measures
can help to reduce the spread. Implementing a single counter-measure may not be enough to contain the spread
but when implemented together, these measures can certainly control the spread depending on the dynamics of
the individual countries.
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Fig. 17. Early and post-stage clusters of countries on a Choropleth map.
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B CLUSTER LABELS

Table 2. Cluster labels after applying agglomerative hierarchical clustering on early and post-stage.

Countries Early-stage
Cluster Labels

Post-stage
Cluster Labels

D.R. 1 1
Iran 1 4

Romania 1 3
Netherlands 2 5
Portugal 2 5

Afghanistan 3 2
Bahrain 3 1
Brazil 3 1
Canada 3 1
India 3 2
Ireland 3 5
Israel 3 5
S.Korea 3 5
Kuwait 3 1
Oman 3 2
Pakistan 3 1

Philippines 3 7
Spain 3 9
US 3 1

U.A.E. 3 1
Belarus 4 1
Belgium 4 3
Egypt 4 1

Germany 4 3
Indonesia 4 1

Italy 4 3
Mexico 4 1
Nigeria 4 1
Qatar 4 1

Saudi Arabia 4 1
Sweden 4 1
U.K. 4 1

Austria 5 5
Denmark 6 5

Switzerland 7 5
China 8 5
Ecuador 9 4
France 9 8
Japan 9 6
Russia 9 2

Singapore 9 2



Efficacy of the Confinement Policies on the COVID-19 Spread Dynamics in the Early Period of the Pandemic • 25

REFERENCES
[1] Al Jazeera. 2020. Coronavirus: Why are deaths rising so quickly in Spain? https://www.aljazeera.com/news/2020/03/coronavirus-

deaths-rising-quickly-spain-200327181759832.html. Last Accessed on August 10, 2020.
[2] Al Jazeera. 2020. Shunning virus lockdown, defiant Belarus stages Victory Day parade. https://www.aljazeera.com/indepth/features/

belarus-life-normal-ravaging-coronavirus-epidemic-200507104734893.html. Last Accessed on August 13, 2020.
[3] Algaissi, Abdullah A and Alharbi, Naif Khalaf and Hassanain, Mazen and Hashem, Anwar M. 2020. Preparedness and Response to

COVID-19 in Saudi Arabia: Building on MERS Experience. Journal of Infection and Public Health (2020).
[4] Aljazeera. 2020. Nigeria announces lockdown of major cities to curb coronavirus. https://www.aljazeera.com/news/2020/03/nigeria-

announces-lockdown-major-cities-curb-coronavirus-200330095100706.html. Last Accessed on August 27, 2020.
[5] Aljazeera. 2020. Qatar vows to protect all residents amid Industrial Area breakout. https://www.aljazeera.com/news/2020/03/qatar-

vows-protect-residents-industrial-area-breakout-200321175754138.html. Last Accessed on September 6, 2020.
[6] Amnesty International. 2020. COVID-19 makes Gulf countries’ abuse of migrant workers impossible to ignore. https://www.amnesty.

org/en/latest/campaigns/2020/04/covid19-makes-gulf-countries-abuse-of-migrant-workers-impossible-to-ignore/. Last Accessed on
September 3, 2020.

[7] Arab News. 2020. Gatherings blamed for hike in COVID-19 cases in Saudi Arabia. https://www.arabnews.com/node/1673311/saudi-
arabia. Last Accessed on September 10, 2020.

[8] AS. 2020. Coronavirus lock down in USA: which states and what measures have been applied? https://en.as.com/en/2020/04/07/other_
sports/1586293073_218312.html. Last Accessed on August 16, 2020.

[9] Asia Times. 2020. A lockdown too late for virus-hit Indonesia. https://asiatimes.com/2020/04/indonesias-virus-lockdown-may-have-
come-too-late/. Last Accessed on August 28, 2020.

[10] Bahrain Lock Down. 2020. Coronavirus: Bahrain one of first nations to ease lockdown as malls reopen. https://english.alarabiya.net/
en/News/gulf/2020/04/09/Coronavirus-Bahrain-malls-reopen-one-of-the-first-countries-to-loosen-restrictions. Last Accessed on
August 23, 2020.

[11] BBC NEWS. 2020. Coronavirus: Brazil reports over 1,000 deaths. https://www.bbc.com/news/world-latin-america-52251342. Last
Accessed on August 23, 2020.

[12] BBC News. 2020. More US states begin lifting virus lockdown orders. https://www.bbc.com/news/world-us-canada-52435648. Last
Accessed on August 16, 2020.

[13] Bill of Health. 2020. Germany Response to the COVID-19 Pandemic. https://blog.petrieflom.law.harvard.edu/2020/05/18/germany-
global-responses-covid19/. Last Accessed on August 16, 2020.

[14] Bloomberg. 2020. China to Lift Lockdown Over Virus Epicenter Wuhan on April 8. https://www.bloomberg.com/news/articles/2020-
03-24/china-to-lift-lockdown-over-virus-epicenter-wuhan-on-april-8. Last Accessed on September 5, 2020.

[15] Bloomberg. 2020. Ecuador Test Results Are In and Confirmed Cases Have Doubled. https://www.bloomberg.com/news/articles/2020-
04-24/ecuador-test-results-are-in-and-confirmed-cases-have-doubled. Last Accessed on September 1, 2020.

[16] Bloomberg. 2020. France’s Virus Cases Climb by 17,164 to More Than 165,000. https://www.bloomberg.com/news/articles/2020-04-
16/france-s-virus-cases-climb-by-17-164-to-more-than-165-000. Last Accessed on August 16, 2020.

[17] Business Insider. 2020. Our ongoing list of how countries are reopening, and which ones remain under lock-
down. https://www.businessinsider.com/countries-on-lockdown-coronavirus-italy-2020-3#many-countries-have-also-closed-borders-
to-prevent-international-travelers-from-spreading-the-virus-38. Last Accessed on September 5, 2020.

[18] Business Insider. 2020. The US’s failed coronavirus response continues to snowball — even as federal officials insist they’re ’winning
the fight’. https://www.businessinsider.com/us-failed-coronavirus-response-reopening-exacerbated-first-wave-2020-6. Last Accessed
on August 16, 2020.

[19] Camiz, S and Pillar, V. 2007. Comparison of single and complete linkage clustering with the hierarchical factor classification of variables.
Community Ecology 8, 1 (2007), 25–30.

[20] Castorina, P and Iorio, A and Lanteri, D. 2020. Data analysis on Coronavirus spreading by macroscopic growth laws. International
Journal of Modern Physics C (2020), 2050103.

[21] CBS News. 2020. Coronavirus spreads "exponentially" in Qatar’s labor camps. https://www.cbsnews.com/news/coronavirus-in-qatar-
spreads-exponentially-in-migrant-worker-labor-camps/. Last Accessed on September 6, 2020.

[22] CBS News. 2020. Dutch gamble on limited "intelligent lockdown" to control coronavirus. https://www.cbsnews.com/news/coronavirus-
netherlands-gamble-on-limited-intelligent-lockdown-to-control-covid-19/. Last Accessed on August 12, 2020.

[23] CBS News. 2020. Saudi Arabia is battling a 2nd wave of coronavirus infections, making hajj unlikely. https://www.cbsnews.com/
news/coronavirus-in-saudi-arabia-2nd-wave-covid-cases-hajj-muslim-pilgrimage-unlikely-today-2020-06-18/. Last Accessed on
September 10, 2020.

[24] CGTN. 2020. Graphics: Why there was a sudden spike in Russia’s coronavirus cases. https://news.cgtn.com/news/2020-04-27/Graphics-
Why-there-was-a-sudden-spike-in-Russia-s-coronavirus-cases--Q1y5CXZ1gk/index.html. Last Accessed on August 27, 2020.

https://www.aljazeera.com/news/2020/03/coronavirus-deaths-rising-quickly-spain-200327181759832.html
https://www.aljazeera.com/news/2020/03/coronavirus-deaths-rising-quickly-spain-200327181759832.html
https://www.aljazeera.com/indepth/features/belarus-life-normal-ravaging-coronavirus-epidemic-200507104734893.html
https://www.aljazeera.com/indepth/features/belarus-life-normal-ravaging-coronavirus-epidemic-200507104734893.html
https://www.aljazeera.com/news/2020/03/nigeria-announces-lockdown-major-cities-curb-coronavirus-200330095100706.html
https://www.aljazeera.com/news/2020/03/nigeria-announces-lockdown-major-cities-curb-coronavirus-200330095100706.html
https://www.aljazeera.com/news/2020/03/qatar-vows-protect-residents-industrial-area-breakout-200321175754138.html
https://www.aljazeera.com/news/2020/03/qatar-vows-protect-residents-industrial-area-breakout-200321175754138.html
https://www.amnesty.org/en/latest/campaigns/2020/04/covid19-makes-gulf-countries-abuse-of-migrant-workers-impossible-to-ignore/
https://www.amnesty.org/en/latest/campaigns/2020/04/covid19-makes-gulf-countries-abuse-of-migrant-workers-impossible-to-ignore/
https://www.arabnews.com/node/1673311/saudi-arabia
https://www.arabnews.com/node/1673311/saudi-arabia
https://en.as.com/en/2020/04/07/other_sports/1586293073_218312.html
https://en.as.com/en/2020/04/07/other_sports/1586293073_218312.html
https://asiatimes.com/2020/04/indonesias-virus-lockdown-may-have-come-too-late/
https://asiatimes.com/2020/04/indonesias-virus-lockdown-may-have-come-too-late/
https://english.alarabiya.net/en/News/gulf/2020/04/09/Coronavirus-Bahrain-malls-reopen-one-of-the-first-countries-to-loosen-restrictions
https://english.alarabiya.net/en/News/gulf/2020/04/09/Coronavirus-Bahrain-malls-reopen-one-of-the-first-countries-to-loosen-restrictions
https://www.bbc.com/news/world-latin-america-52251342
https://www.bbc.com/news/world-us-canada-52435648
https://blog.petrieflom.law.harvard.edu/2020/05/18/germany-global-responses-covid19/
https://blog.petrieflom.law.harvard.edu/2020/05/18/germany-global-responses-covid19/
https://www.bloomberg.com/news/articles/2020-03-24/china-to-lift-lockdown-over-virus-epicenter-wuhan-on-april-8
https://www.bloomberg.com/news/articles/2020-03-24/china-to-lift-lockdown-over-virus-epicenter-wuhan-on-april-8
https://www.bloomberg.com/news/articles/2020-04-24/ecuador-test-results-are-in-and-confirmed-cases-have-doubled
https://www.bloomberg.com/news/articles/2020-04-24/ecuador-test-results-are-in-and-confirmed-cases-have-doubled
https://www.bloomberg.com/news/articles/2020-04-16/france-s-virus-cases-climb-by-17-164-to-more-than-165-000
https://www.bloomberg.com/news/articles/2020-04-16/france-s-virus-cases-climb-by-17-164-to-more-than-165-000
https://www.businessinsider.com/countries-on-lockdown-coronavirus-italy-2020-3#many-countries-have-also-closed-borders-to-prevent-international-travelers-from-spreading-the-virus-38
https://www.businessinsider.com/countries-on-lockdown-coronavirus-italy-2020-3#many-countries-have-also-closed-borders-to-prevent-international-travelers-from-spreading-the-virus-38
https://www.businessinsider.com/us-failed-coronavirus-response-reopening-exacerbated-first-wave-2020-6
https://www.cbsnews.com/news/coronavirus-in-qatar-spreads-exponentially-in-migrant-worker-labor-camps/
https://www.cbsnews.com/news/coronavirus-in-qatar-spreads-exponentially-in-migrant-worker-labor-camps/
https://www.cbsnews.com/news/coronavirus-netherlands-gamble-on-limited-intelligent-lockdown-to-control-covid-19/
https://www.cbsnews.com/news/coronavirus-netherlands-gamble-on-limited-intelligent-lockdown-to-control-covid-19/
https://www.cbsnews.com/news/coronavirus-in-saudi-arabia-2nd-wave-covid-cases-hajj-muslim-pilgrimage-unlikely-today-2020-06-18/
https://www.cbsnews.com/news/coronavirus-in-saudi-arabia-2nd-wave-covid-cases-hajj-muslim-pilgrimage-unlikely-today-2020-06-18/
https://news.cgtn.com/news/2020-04-27/Graphics-Why-there-was-a-sudden-spike-in-Russia-s-coronavirus-cases--Q1y5CXZ1gk/index.html
https://news.cgtn.com/news/2020-04-27/Graphics-Why-there-was-a-sudden-spike-in-Russia-s-coronavirus-cases--Q1y5CXZ1gk/index.html


26 • Hassan, et al.

[25] Chinazzi, Matteo and Davis, Jessica T and Ajelli, Marco and Gioannini, Corrado and Litvinova, Maria and Merler, Stefano and y Piontti,
Ana Pastore and Mu, Kunpeng and Rossi, Luca and Sun, Kaiyuan and others. 2020. The effect of travel restrictions on the spread of the
2019 novel coronavirus (COVID-19) outbreak. Science 368, 6489 (2020), 395–400.

[26] Hierarchical clustering package in Scipy. 2015. https://docs.scipy.org/doc/scipy/reference/generated/scipy.cluster.hierarchy.linkage.html.
Last Accessed on June 25, 2020.

[27] CNBC. 2020. Dubai gives the green light to reopen gyms, movie theaters and other non-essential businesses as lockdown lifting
continues. https://www.cnbc.com/2020/05/28/coronavirus-dubai-reopen-gyms-movie-theaters-retail-as-lockdown-eases.html. Last
Accessed on August 17, 2020.

[28] CNBC. 2020. Germany set to lift lockdown cautiously, while calls for UK exit strategy get louder. https://www.cnbc.com/2020/04/16/
germany-set-to-lift-lockdown-cautiously-while-uk-exit-strategy-remains-unknown.html. Last Accessed on August 16, 2020.

[29] Courtemanche, Charles and Garuccio, Joseph and Le, Anh and Pinkston, Joshua and Yelowitz, Aaron. 2020. Strong Social Distancing
Measures In The United States Reduced The COVID-19 Growth Rate: Study evaluates the impact of social distancing measures on the
growth rate of confirmed COVID-19 cases across the United States. Health Affairs (2020), 10–1377.

[30] CSIS. 2020. RESOLVED: Japan’s Response to Covid-19 is Prudent. https://www.csis.org/analysis/resolved-japans-response-covid-19-
prudent. Last Accessed on September 2, 2020.

[31] Dascalu, Stefan. 2020. The Successes and Failures of the Initial COVID-19 Pandemic Response in Romania. Frontiers in Public Health 8
(2020), 344.

[32] de Haas, Mathijs and Faber, Roel and Hamersma, Marije. 2020. How COVID-19 and the Dutch ‘intelligent lockdown’change activities,
work and travel behaviour: Evidence from longitudinal data in the Netherlands. Transportation Research Interdisciplinary Perspectives
(2020), 100150.

[33] Deb, Soudeep and Majumdar, Manidipa. 2020. A time series method to analyze incidence pattern and estimate reproduction number of
COVID-19. arXiv preprint arXiv:2003.10655 (2020).

[34] Dey, Samrat K and Rahman, Md Mahbubur and Siddiqi, Umme R and Howlader, Arpita. 2020. Analyzing the epidemiological outbreak
of COVID-19: A visual exploratory data analysis approach. Journal of medical virology 92, 6 (2020), 632–638.

[35] Elmousalami, Haytham H and Hassanien, Aboul Ella. 2020. Day level forecasting for Coronavirus Disease (COVID-19) spread: analysis,
modeling and recommendations. arXiv preprint arXiv:2003.07778 (2020).

[36] Euractive. 2020. Belgian government to relax lockdown measures in three phases, starting 4 May. https://www.euractiv.com/section/
coronavirus/news/belgian-government-to-relax-lockdown-measures-in-three-phases-starting-4-may/. Last Accessed on August 13,
2020.

[37] Euro News. 2020. Coronavirus in Europe: Why has Portugal not been as badly hit by COVID-19 as neighbour Spain? https://www.
euronews.com/2020/04/14/coronavirus-in-europe-why-has-portugal-not-been-as-badly-hit-by-covid-19-as-neighbour-spai. Last
Accessed on August 20, 2020.

[38] Euro News. 2020. How Portugal became Europe’s coronavirus exception. https://www.politico.eu/article/how-portugal-became-
europes-coronavirus-exception/. Last Accessed on August 20, 2020.

[39] Express. 2020. China lockdown: How long was China on lockdown? https://www.express.co.uk/travel/articles/1257717/china-lockdown-
how-long-was-china-lockdown-timeframe-wuhan. Last Accessed on September 5, 2020.

[40] Fanelli, Duccio and Piazza, Francesco. 2020. Analysis and forecast of COVID-19 spreading in China, Italy and France. Chaos, Solitons &
Fractals 134 (2020), 109761.

[41] Fang, Yaqing and Nie, Yiting and Penny, Marshare. 2020. Transmission dynamics of the COVID-19 outbreak and effectiveness of
government interventions: A data-driven analysis. Journal of medical virology 92, 6 (2020), 645–659.

[42] Financial Express. 2020. Lockdown 5.0 Guidelines in India (state-wise): New Lockdown Extension rules announced; night curfew
relaxed. https://www.financialexpress.com/lifestyle/health/lockdown-5-0-guidelines-state-wise-lockdown-extension-5-0-rules-latest-
updates/1975135/. Last Accessed on September 9, 2020.

[43] Financial Times. 2020. How Germany got coronavirus right. https://www.ft.com/content/cc1f650a-91c0-4e1f-b990-ee8ceb5339ea. Last
Accessed on August 16, 2020.

[44] Fong, Simon. 2012. Using hierarchical time series clustering algorithm and wavelet classifier for biometric voice classification. Journal
of Biomedicine and Biotechnology 2012 (2012).

[45] Forbes. 2020. Portugal Begins To Reopen After Its Coronavirus Lockdown. https://www.forbes.com/sites/annabel/2020/05/04/portugal-
begins-to-reopen-after-its-coronavirus-lockdown/. Last Accessed on August 20, 2020.

[46] Foreign Policy. 2020. In Afghanistan, the Coronavirus Could Be Deadlier Than War. https://www.dw.com/en/coronavirus-tough-
times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173. Last Accessed on August 11, 2020.

[47] Foreign Policy. 2020. Why Hassan Rouhani Ended Iran’s Lockdown. https://foreignpolicy.com/2020/05/05/why-hassan-rouhani-ended-
irans-lockdown/. Last Accessed on August 22, 2020.

[48] Gandhara. 2020. Afghanistan Locks Down Capital To Avoid Coronavirus Tide. https://gandhara.rferl.org/a/afghanistan-locks-down-
capital-to-avoid-coronavirus-tide/30513293.html. Last Accessed on August 11, 2020.

https://docs.scipy.org/doc/scipy/reference/generated/scipy.cluster.hierarchy.linkage.html
https://www.cnbc.com/2020/05/28/coronavirus-dubai-reopen-gyms-movie-theaters-retail-as-lockdown-eases.html
https://www.cnbc.com/2020/04/16/germany-set-to-lift-lockdown-cautiously-while-uk-exit-strategy-remains-unknown.html
https://www.cnbc.com/2020/04/16/germany-set-to-lift-lockdown-cautiously-while-uk-exit-strategy-remains-unknown.html
https://www.csis.org/analysis/resolved-japans-response-covid-19-prudent
https://www.csis.org/analysis/resolved-japans-response-covid-19-prudent
https://www.euractiv.com/section/coronavirus/news/belgian-government-to-relax-lockdown-measures-in-three-phases-starting-4-may/
https://www.euractiv.com/section/coronavirus/news/belgian-government-to-relax-lockdown-measures-in-three-phases-starting-4-may/
https://www.euronews.com/2020/04/14/coronavirus-in-europe-why-has-portugal-not-been-as-badly-hit-by-covid-19-as-neighbour-spai
https://www.euronews.com/2020/04/14/coronavirus-in-europe-why-has-portugal-not-been-as-badly-hit-by-covid-19-as-neighbour-spai
https://www.politico.eu/article/how-portugal-became-europes-coronavirus-exception/
https://www.politico.eu/article/how-portugal-became-europes-coronavirus-exception/
https://www.express.co.uk/travel/articles/1257717/china-lockdown-how-long-was-china-lockdown-timeframe-wuhan
https://www.express.co.uk/travel/articles/1257717/china-lockdown-how-long-was-china-lockdown-timeframe-wuhan
https://www.financialexpress.com/lifestyle/health/lockdown-5-0-guidelines-state-wise-lockdown-extension-5-0-rules-latest-updates/1975135/
https://www.financialexpress.com/lifestyle/health/lockdown-5-0-guidelines-state-wise-lockdown-extension-5-0-rules-latest-updates/1975135/
https://www.ft.com/content/cc1f650a-91c0-4e1f-b990-ee8ceb5339ea
https://www.forbes.com/sites/annabel/2020/05/04/portugal-begins-to-reopen-after-its-coronavirus-lockdown/
https://www.forbes.com/sites/annabel/2020/05/04/portugal-begins-to-reopen-after-its-coronavirus-lockdown/
https://www.dw.com/en/coronavirus-tough-times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173
https://www.dw.com/en/coronavirus-tough-times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173
https://foreignpolicy.com/2020/05/05/why-hassan-rouhani-ended-irans-lockdown/
https://foreignpolicy.com/2020/05/05/why-hassan-rouhani-ended-irans-lockdown/
https://gandhara.rferl.org/a/afghanistan-locks-down-capital-to-avoid-coronavirus-tide/30513293.html
https://gandhara.rferl.org/a/afghanistan-locks-down-capital-to-avoid-coronavirus-tide/30513293.html


Efficacy of the Confinement Policies on the COVID-19 Spread Dynamics in the Early Period of the Pandemic • 27

[49] Garda World. 2020. Iran: Natiowide lockdown implemented as over 11,300 COVID-19 cases confirmed March 13 /update
12. https://www.garda.com/crisis24/news-alerts/322811/iran-natiowide-lockdown-implemented-as-over-11300-covid-19-cases-
confirmed-march-13-update-12. Last Accessed on August 22, 2020.

[50] Garda World. 2020. Romania: Authorities announce 30-day state of alert from May 15 /update 8. https://www.garda.com/crisis24/news-
alerts/342716/romania-authorities-announce-30-day-state-of-alert-from-may-15-update-8. Last Accessed on August 26, 2020.

[51] Gatto, Marino and Bertuzzo, Enrico and Mari, Lorenzo and Miccoli, Stefano and Carraro, Luca and Casagrandi, Renato and Rinaldo,
Andrea. 2020. Spread and dynamics of the COVID-19 epidemic in Italy: Effects of emergency containment measures. Proceedings of the
National Academy of Sciences 117, 19 (2020), 10484–10491.

[52] GMS News Network. 2020. Code Red Sub-Level 2: Duterte announces ‘community quarantine’ vs. COVID-19. https://www.gmanetwork.
com/news/news/nation/729459/code-red-sub-level-2-duterte-announces-tougher-measures-vs-covid-19-threat/story/. Last Accessed
on August 31, 2020.

[53] Google. 2020. Google COVID-19 Community Mobility Reports. https://www.google.com/covid19/mobility/. Last Accessed on August
5, 2020.

[54] Gulf News. 2020. Coronavirus: Kuwait imposes nationwide curfew. https://gulfnews.com/world/gulf/kuwait/coronavirus-kuwait-
imposes-nationwide-curfew-1.70552290. Last Accessed on August 19, 2020.

[55] Hamzah, FA Binti and Lau, C and Nazri, H and Ligot, DV and Lee, G and Tan, CL and Shaib, MKBM and Zaidon, UHB and Abdullah,
AB and Chung, MH and others. 2020. CoronaTracker: worldwide COVID-19 outbreak data analysis and prediction. Bull World Health
Organ 1 (2020), 32.

[56] John Hopkins. 2020. 2019 novel coronavirus covid-19 (2019-ncov) data repository by Johns Hopkins CSSE. https://github.com/
CSSEGISandData/COVID-19. Last Accessed on May 31, 2020.

[57] Dynamic Time Warping in Python. 2015. https://zenodo.org/record/3276100. Last Accessed on Last Accessed on June 25, 2020.
[58] India Today. 2020. Coronavirus in India: 277 Indians from Iran reach Jodhpur. https://www.indiatoday.in/india/story/novel-coronavirus-

covid19-latest-news-update-india-lockdown-confirmed-positive-cases-deaths-uk-usa-italy-iran-china-1658922-2020-03-24. Last
Accessed on September 9, 2020.

[59] Ireland Locked Down. 2020. https://www.irishtimes.com/news/health/coronavirus-schools-colleges-and-childcare-facilities-in-ireland-
to-shut-1.4200977. Last Accessed on August 14, 2020.

[60] Irish Central. 2020. Irish COVID-19 response among most innovative in the world. https://www.irishcentral.com/news/irish-covid19-
response-innovative. Last Accessed on August 14, 2020.

[61] Al Jazeera. 2020. Indonesia’s coronavirus response revealed: Too little, too late. https://www.aljazeera.com/news/2020/04/indonesia-
coronavirus-response-revealed-late-200422032842045.html. Last Accessed on August 28, 2020.

[62] Jewell, Nicholas P and Lewnard, Joseph A and Jewell, Britta L. 2020. Predictive mathematical models of the COVID-19 pandemic:
underlying principles and value of projections. Jama 323, 19 (2020), 1893–1894.

[63] Kaufman, Leonard and Rousseeuw, Peter J. 2009. Finding groups in data: an introduction to cluster analysis. Vol. 344. John Wiley & Sons.
[64] Kucharski, Adam J and Russell, Timothy W and Diamond, Charlie and Liu, Yang and Edmunds, John and Funk, Sebastian and Eggo,

Rosalind M and Sun, Fiona and Jit, Mark and Munday, James D and others. 2020. Early dynamics of transmission and control of
COVID-19: a mathematical modelling study. The lancet infectious diseases (2020).

[65] Kumar, Sanjay. 2020. Monitoring Novel Corona Virus (COVID-19) Infections in India by Cluster Analysis. Annals of Data Science
(2020).

[66] Kyodo News. 2020. Singapore to ease lockdown, let businesses reopen from May 12. https://english.kyodonews.net/news/2020/05/
bf158de5d991-singapore-to-ease-lockdown-let-businesses-reopen-from-may-12.html. Last Accessed on September 12, 2020.

[67] Lemaitre, Joseph Chadi and Perez-Saez, Javier and Azman, Andrew and Rinaldo, Andrea and Fellay, Jacques. 2020. Assessing the impact
of non-pharmaceutical interventions on SARS-CoV-2 transmission in Switzerland. medRxiv (2020).

[68] Li, Yingmin and Wu, Zheqian and Chen, Huiguo. 2012. A grid-based method to represent the covariance structure for earthquake
ground motion. Mathematical Problems in Engineering 2012 (2012).

[69] Linka, Kevin and Peirlinck, Mathias and Sahli Costabal, Francisco and Kuhl, Ellen. 2020. Outbreak dynamics of COVID-19 in Europe
and the effect of travel restrictions. Computer Methods in Biomechanics and Biomedical Engineering (2020), 1–8.

[70] Liu, Dianbo and Clemente, Leonardo and Poirier, Canelle and Ding, Xiyu and Chinazzi, Matteo and Davis, Jessica T and Vespignani,
Alessandro and Santillana, Mauricio. 2020. A machine learning methodology for real-time forecasting of the 2019-2020 COVID-19
outbreak using Internet searches, news alerts, and estimates from mechanistic models. arXiv preprint arXiv:2004.04019 (2020).

[71] Livemint. 2020. Why India’s covid count remains high despite lockdown. https://www.livemint.com/news/india/why-india-s-covid-
count-remains-high-despite-lockdown-11589300259404.html. Last Accessed on September 9, 2020.

[72] Los Angeles Times. 2020. These two countries are tiny, rich and have the world’s highest coronavirus infection rates. https:
//www.latimes.com/world-nation/story/2020-07-23/2-mideast-countries-worlds-top-virus-rates-per-population. Last Accessed on
September 6, 2020.

https://www.garda.com/crisis24/news-alerts/322811/iran-natiowide-lockdown-implemented-as-over-11300-covid-19-cases-confirmed-march-13-update-12
https://www.garda.com/crisis24/news-alerts/322811/iran-natiowide-lockdown-implemented-as-over-11300-covid-19-cases-confirmed-march-13-update-12
https://www.garda.com/crisis24/news-alerts/342716/romania-authorities-announce-30-day-state-of-alert-from-may-15-update-8
https://www.garda.com/crisis24/news-alerts/342716/romania-authorities-announce-30-day-state-of-alert-from-may-15-update-8
https://www.gmanetwork.com/news/news/nation/729459/code-red-sub-level-2-duterte-announces-tougher-measures-vs-covid-19-threat/story/
https://www.gmanetwork.com/news/news/nation/729459/code-red-sub-level-2-duterte-announces-tougher-measures-vs-covid-19-threat/story/
https://www.google.com/covid19/mobility/
https://gulfnews.com/world/gulf/kuwait/coronavirus-kuwait-imposes-nationwide-curfew-1.70552290
https://gulfnews.com/world/gulf/kuwait/coronavirus-kuwait-imposes-nationwide-curfew-1.70552290
https://github.com/CSSEGISandData/COVID-19
https://github.com/CSSEGISandData/COVID-19
https://zenodo.org/record/3276100
https://www.indiatoday.in/india/story/novel-coronavirus-covid19-latest-news-update-india-lockdown-confirmed-positive-cases-deaths-uk-usa-italy-iran-china-1658922-2020-03-24
https://www.indiatoday.in/india/story/novel-coronavirus-covid19-latest-news-update-india-lockdown-confirmed-positive-cases-deaths-uk-usa-italy-iran-china-1658922-2020-03-24
https://www.irishtimes.com/news/health/coronavirus-schools-colleges-and-childcare-facilities-in-ireland-to-shut-1.4200977
https://www.irishtimes.com/news/health/coronavirus-schools-colleges-and-childcare-facilities-in-ireland-to-shut-1.4200977
https://www.irishcentral.com/news/irish-covid19-response-innovative
https://www.irishcentral.com/news/irish-covid19-response-innovative
https://www.aljazeera.com/news/2020/04/indonesia-coronavirus-response-revealed-late-200422032842045.html
https://www.aljazeera.com/news/2020/04/indonesia-coronavirus-response-revealed-late-200422032842045.html
https://english.kyodonews.net/news/2020/05/bf158de5d991-singapore-to-ease-lockdown-let-businesses-reopen-from-may-12.html
https://english.kyodonews.net/news/2020/05/bf158de5d991-singapore-to-ease-lockdown-let-businesses-reopen-from-may-12.html
https://www.livemint.com/news/india/why-india-s-covid-count-remains-high-despite-lockdown-11589300259404.html
https://www.livemint.com/news/india/why-india-s-covid-count-remains-high-despite-lockdown-11589300259404.html
https://www.latimes.com/world-nation/story/2020-07-23/2-mideast-countries-worlds-top-virus-rates-per-population
https://www.latimes.com/world-nation/story/2020-07-23/2-mideast-countries-worlds-top-virus-rates-per-population


28 • Hassan, et al.

[73] Made for Minds. 2020. Coronavirus: Tough times ahead as Afghanistan struggles to manage pandemic. https://www.dw.com/en/
coronavirus-tough-times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173. Last Accessed on August 11, 2020.

[74] Manitoulin Expositor. 2020. Canada goes on COVID-19 lockdown. https://www.manitoulin.ca/canada-goes-on-covid-19-lockdown/.
Last Accessed on September 5, 2020.

[75] Middle East Eye. 2020. Why Egypt’s coronavirus response failed. https://www.middleeasteye.net/opinion/coronavirus-egypt-sisi-
response-failed-why. Last Accessed on September 11, 2020.

[76] Mohamed, NAJI. 2020. Exploring the spread dynamics of COVID-19 in Morocco. medRxiv (2020).
[77] Morissette, Laurence and Chartier, Sylvain. 2013. The k-means clustering technique: General considerations and implementation in

Mathematica. Tutorials in Quantitative Methods for Psychology 9, 1 (2013), 15–24.
[78] National Review. 2020. Fauci: Italy ’Hit Very Badly’ By Coronavirus Due to Prevalence of Chinese Tourists. https://www.nationalreview.

com/news/fauci-italy-hit-very-badly-by-coronavirus-due-to-prevalence-of-chinese-tourists/. Last Accessed on August 7, 2020.
[79] Tolo News. 2020. Kabul Lockdown Eases Amid Warnings on Crisis. https://tolonews.com/afghanistan/kabul-lockdown-eases-amid-

warnings-crisis. Last Accessed on August 11, 2020.
[80] Oh, Juhwan and Lee, Jong-Koo and Schwarz, Dan and Ratcliffe, Hannah L and Markuns, Jeffrey F and Hirschhorn, Lisa R. 2020. National

response to COVID-19 in the Republic of Korea and lessons learned for other countries. Health Systems & Reform 6, 1 (2020), e–1753464.
[81] Olagnier, David and Mogensen, Trine H. 2020. The Covid-19 pandemic in Denmark: Big lessons from a small country. Cytokine &

Growth Factor Reviews (2020).
[82] Oman Locked Down. 2020. Muscat lockdown from Friday, schools suspended until further notice. https://www.omanobserver.om/

muscat-supreme-commitee/. Last Accessed on September 3, 2020.
[83] Esma Ergüner Özkoç. 2020. Clustering of time-series data. In Data Mining-Methods, Applications and Systems. IntechOpen.
[84] Paules, Catharine I and Marston, Hilary D and Fauci, Anthony S. 2020. Coronavirus infections—more than just the common cold.

Jama 323, 8 (2020), 707–708.
[85] Pedregosa, F. and Varoquaux, G. and Gramfort, A. and Michel, V. and Thirion, B. and Grisel, O. and Blondel, M. and Prettenhofer, P. and

Weiss, R. and Dubourg, V. and Vanderplas, J. and Passos, A. and Cournapeau, D. and Brucher, M. and Perrot, M. and Duchesnay, E. 2011.
Scikit-learn: Machine Learning in Python. Journal of Machine Learning Research 12 (2011), 2825–2830.

[86] Pharmaceutical technology. 2020. COVID-19 in Iran: Coronavirus outbreak, measures and impact. https://www.pharmaceutical-
technology.com/features/iran-coronavirus-covid-19-death-toll-cases-ncov-measures-impact/. Last Accessed on August 22, 2020.

[87] Politico. 2020. How Russia’s coronavirus crisis got so bad. https://www.politico.eu/article/how-russias-coronavirus-crisis-got-so-bad-
vladimir-putin-covid19/. Last Accessed on August 27, 2020.

[88] Politico. 2020. Inside Macron’s coronavirus war. https://www.politico.eu/interactive/inside-emmanuel-macron-coronavirus-war/.
Last Accessed on August 16, 2020.

[89] National Public Radio. 2020. Indonesia NowHas The Most Confirmed COVID-19 Cases In Southeast Asia. https://www.npr.org/sections/
coronavirus-live-updates/2020/04/17/836783432/indonesia-now-has-the-most-confirmed-covid-19-cases-in-southeast-asia. Last
Accessed on August 28, 2020.

[90] Radio Pakistan. 2020. GB Govt decides to observe lockdown for indefinite period. http://www.radio.gov.pk/22-03-2020/gb-govt-
decides-to-observe-lockdown-for-indefinite-period. Last Accessed on August 18, 2020.

[91] Rakthanmanon, Thanawin and Campana, Bilson and Mueen, Abdullah and Batista, Gustavo and Westover, Brandon and Zhu, Qiang
and Zakaria, Jesin and Keogh, Eamonn. 2012. Searching and mining trillions of time series subsequences under dynamic time warping.
In Proceedings of the 18th ACM SIGKDD international conference on Knowledge discovery and data mining. 262–270.

[92] Rath, Toni M and Manmatha, Raghavan. 2003. Word image matching using dynamic time warping. In 2003 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition, 2003. Proceedings., Vol. 2. IEEE, II–II.

[93] Reuters. 2020. Bahrain eases coronavirus restrictions, Saudis announce hefty fines. https://www.reuters.com/article/us-health-
coronavirus-bahrain/bahrain-eases-coronavirus-restrictions-saudis-announce-hefty-fines-idUSKBN22I1WO. Last Accessed on
August 23, 2020.

[94] Reuters. 2020. Philippines sees largest daily rise in coronavirus deaths, cases. https://www.reuters.com/article/us-health-coronavirus-
philippines-cases/philippines-sees-largest-daily-rise-in-coronavirus-deaths-cases-idUSKBN21I12V. Last Accessed on August 31, 2020.

[95] Reuters. 2020. Romania to enforce strict lockdown to slow coronavirus. https://www.reuters.com/article/health-coronavirus-romania/
romania-to-enforce-strict-lockdown-to-slow-coronavirus-idUSL8N2BH4LL. Last Accessed on August 26, 2020.

[96] Reuters. 2020. Shunning virus lockdown, defiant Belarus stages Victory Day parade. https://www.reuters.com/article/us-ww2-
anniversary-belarus-victory-day/shunning-virus-lockdown-defiant-belarus-stages-victory-day-parade-idUSKBN22L0H5. Last Ac-
cessed on August 13, 2020.

[97] Rocklöv, Joacim and Sjödin, Henrik and Wilder-Smith, Annelies. 2020. COVID-19 outbreak on the Diamond Princess cruise ship:
estimating the epidemic potential and effectiveness of public health countermeasures. Journal of travel medicine 27, 3 (2020), taaa030.

[98] RTE. 2020. Outdoor time for over 70s and exercise limit extended to 5km. https://www.rte.ie/news/2020/0501/1135923-cabinet/. Last
Accessed on August 14, 2020.

https://www.dw.com/en/coronavirus-tough-times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173
https://www.dw.com/en/coronavirus-tough-times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173
https://www.manitoulin.ca/canada-goes-on-covid-19-lockdown/
https://www.middleeasteye.net/opinion/coronavirus-egypt-sisi-response-failed-why
https://www.middleeasteye.net/opinion/coronavirus-egypt-sisi-response-failed-why
https://www.nationalreview.com/news/fauci-italy-hit-very-badly-by-coronavirus-due-to-prevalence-of-chinese-tourists/
https://www.nationalreview.com/news/fauci-italy-hit-very-badly-by-coronavirus-due-to-prevalence-of-chinese-tourists/
https://tolonews.com/afghanistan/kabul-lockdown-eases-amid-warnings-crisis
https://tolonews.com/afghanistan/kabul-lockdown-eases-amid-warnings-crisis
https://www.omanobserver.om/muscat-supreme-commitee/
https://www.omanobserver.om/muscat-supreme-commitee/
https://www.pharmaceutical-technology.com/features/iran-coronavirus-covid-19-death-toll-cases-ncov-measures-impact/
https://www.pharmaceutical-technology.com/features/iran-coronavirus-covid-19-death-toll-cases-ncov-measures-impact/
https://www.politico.eu/article/how-russias-coronavirus-crisis-got-so-bad-vladimir-putin-covid19/
https://www.politico.eu/article/how-russias-coronavirus-crisis-got-so-bad-vladimir-putin-covid19/
https://www.politico.eu/interactive/inside-emmanuel-macron-coronavirus-war/
https://www.npr.org/sections/coronavirus-live-updates/2020/04/17/836783432/indonesia-now-has-the-most-confirmed-covid-19-cases-in-southeast-asia
https://www.npr.org/sections/coronavirus-live-updates/2020/04/17/836783432/indonesia-now-has-the-most-confirmed-covid-19-cases-in-southeast-asia
http://www.radio.gov.pk/22-03-2020/gb-govt-decides-to-observe-lockdown-for-indefinite-period
http://www.radio.gov.pk/22-03-2020/gb-govt-decides-to-observe-lockdown-for-indefinite-period
https://www.reuters.com/article/us-health-coronavirus-bahrain/bahrain-eases-coronavirus-restrictions-saudis-announce-hefty-fines-idUSKBN22I1WO
https://www.reuters.com/article/us-health-coronavirus-bahrain/bahrain-eases-coronavirus-restrictions-saudis-announce-hefty-fines-idUSKBN22I1WO
https://www.reuters.com/article/us-health-coronavirus-philippines-cases/philippines-sees-largest-daily-rise-in-coronavirus-deaths-cases-idUSKBN21I12V
https://www.reuters.com/article/us-health-coronavirus-philippines-cases/philippines-sees-largest-daily-rise-in-coronavirus-deaths-cases-idUSKBN21I12V
https://www.reuters.com/article/health-coronavirus-romania/romania-to-enforce-strict-lockdown-to-slow-coronavirus-idUSL8N2BH4LL
https://www.reuters.com/article/health-coronavirus-romania/romania-to-enforce-strict-lockdown-to-slow-coronavirus-idUSL8N2BH4LL
https://www.reuters.com/article/us-ww2-anniversary-belarus-victory-day/shunning-virus-lockdown-defiant-belarus-stages-victory-day-parade-idUSKBN22L0H5
https://www.reuters.com/article/us-ww2-anniversary-belarus-victory-day/shunning-virus-lockdown-defiant-belarus-stages-victory-day-parade-idUSKBN22L0H5
https://www.rte.ie/news/2020/0501/1135923-cabinet/


Efficacy of the Confinement Policies on the COVID-19 Spread Dynamics in the Early Period of the Pandemic • 29

[99] Ruiz-Roso, María Belén and de Carvalho Padilha, Patricia and Mantilla-Escalante, Diana C and Ulloa, Natalia and Brun, Paola and
Acevedo-Correa, Diofanor and Arantes Ferreira Peres, Wilza and Martorell, Miquel and Aires, Mariana Tschoepke and de Oliveira
Cardoso, Letícia and others. 2020. Covid-19 confinement and changes of adolescent’s dietary trends in Italy, Spain, Chile, Colombia
and Brazil. Nutrients 12, 6 (2020), 1807.

[100] Sakoe, Hiroaki and Chiba, Seibi. 1978. Dynamic programming algorithm optimization for spoken word recognition. IEEE transactions
on acoustics, speech, and signal processing 26, 1 (1978), 43–49.

[101] Salvador, Stan and Chan, Philip. 2007. Toward accurate dynamic time warping in linear time and space. Intelligent Data Analysis 11, 5
(2007), 561–580.

[102] Schmill, Matthew D and Oates, Tim and Cohen, Paul R. 1999. Learned models for continuous planning.. In AISTATS.
[103] Schneider, Eric C. 2020. Failing the Test—The Tragic Data Gap Undermining the US Pandemic Response. New England Journal of

Medicine (2020).
[104] Tapia, Leandro. 2020. COVID-19 and Fake News in the Dominican Republic. The American Journal of Tropical Medicine and Hygiene

102, 6 (2020), 1172–1174.
[105] Ten Holt, Gineke A and Reinders, Marcel JT and Hendriks, EA. 2007. Multi-dimensional dynamic time warping for gesture recognition.

In Thirteenth annual conference of the Advanced School for Computing and Imaging, Vol. 300. 1.
[106] The Arabian Stories. 2020. Covid-19: Checkpoints in Wilayat Muttrah to continue, says ROP. https://www.thearabianstories.com/2020/

05/27/covid-19-checkpoints-in-wilayat-muttrah-to-continue-says-rop/. Last Accessed on September 3, 2020.
[107] The Brookings. 2020. How well has Nigeria responded to COVID-19? https://www.brookings.edu/blog/future-development/2020/07/

02/how-well-has-nigeria-responded-to-covid-19/. Last Accessed on August 27, 2020.
[108] The Conversation. 2020. 5 reasons the coronavirus hit Italy so hard. https://theconversation.com/5-reasons-the-coronavirus-hit-italy-

so-hard-134636. Last Accessed on August 7, 2020.
[109] The Coronavirus Pandemic. 2020. Coronavirus: Singapore’s Covid-19 cases to rise as not all migrant workers are being tested.

https://www.scmp.com/week-asia/health-environment/article/3081969/coronavirus-singapores-covid-19-cases-rise-not-all. Last
Accessed on September 12, 2020.

[110] The Diplomat. 2020. How Afghanistan Failed to Contain COVID-19. https://www.dw.com/en/coronavirus-tough-times-ahead-as-
afghanistan-struggles-to-manage-pandemic/a-53207173. Last Accessed on August 11, 2020.

[111] The Express Tribune. 2020. Countrywide lockdown stretched till May 9. https://tribune.com.pk/story/2206167/1-countrywide-
lockdown-stretched-till-may-9/. Last Accessed on August 18, 2020.

[112] The Globe and The Mail. 2020. How Mexico said no to COVID-19 testing, and is paying a steep price. https://www.theglobeandmail.
com/world/article-how-mexico-said-no-to-covid-19-testing-and-is-paying-a-steep-price/. Last Accessed on August 25, 2020.

[113] The Guardian. 2020. As Europe emerges from lockdown, the question hangs: was Sweden right? https://www.theguardian.com/
commentisfree/2020/may/15/europe-emerges-lockdown-question-hangs-was-sweden-right. Last Accessed on September 4, 2020.

[114] The Guardian. 2020. Belgium enters lockdown over coronavirus crisis – in pictures. https://www.theguardian.com/world/gallery/2020/
mar/18/belgium-enters-lockdown-over-coronavirus-crisis-in-pictures. Last Accessed on August 13, 2020.

[115] The Guardian. 2020. China reports possible new wave of Covid-19 cases; Greece extends migrant camp lockdown – as it hap-
pened. https://www.theguardian.com/world/live/2020/may/10/coronavirus-live-news-obama-trumps-covid-19--chaotic-as-global-
cases-pass-4-million-mexico-russia-germany-south-korea-deaths-. Last Accessed on August 16, 2020.

[116] The Guardian. 2020. Global report: Russia to end national lockdown as French shops reopen. https://www.theguardian.com/world/
2020/may/11/russia-to-end-national-covid-19-lockdown-as-cases-hit-record-high. Last Accessed on August 27, 2020.

[117] The Guardian. 2020. Italy begins reopening bars and cafes as rate of deaths and new infections falls again – as it happened. https://www.
theguardian.com/world/live/2020/may/18/coronavirus-live-news-record-daily-cases-in-south-africa-as-india-extends-lockdown. Last
Accessed on August 7, 2020.

[118] The Guardian. 2020. UK coronavirus: Boris Johnson announces strict lockdown across country – as it happened.
https://www.theguardian.com/politics/live/2020/mar/23/uk-coronavirus-live-news-latest-boris-johnson-minister-condemns-
people-ignoring-two-metre-distance-rule-in-parks-as-very-selfish. Last Accessed on August 16, 2020.

[119] The Independent. 2020. Coronavirus: France extends lockdown until 11 May. https://www.independent.co.uk/news/world/europe/
coronavirus-france-lockdown-macron-a9458386.html. Last Accessed on August 16, 2020.

[120] The Independent. 2020. Coronavirus: France imposes 15-day lockdown and mobilises 100,000 police to enforce restrictions. https:
//www.independent.co.uk/news/world/europe/coronavirus-france-lockdown-cases-update-covid-19-macron-a9405136.html. Last
Accessed on August 16, 2020.

[121] The Independent. 2020. Early lockdown and mobile testing units: How Austria managed to flatten the curve. https://www.independent.
co.uk/news/world/europe/coronavirus-austria-cases-covid-19-hospital-lockdown-latest-a9466281.html. Last Accessed on August 19,
2020.

[122] The Local. 2020. Switzerland announces most lockdown restrictions will be dropped in June. https://www.thelocal.ch/20200527/what-
you-need-to-know-about-switzerlands-latest-lockdown-relaxations. Last Accessed on September 4, 2020.

https://www.thearabianstories.com/2020/05/27/covid-19-checkpoints-in-wilayat-muttrah-to-continue-says-rop/
https://www.thearabianstories.com/2020/05/27/covid-19-checkpoints-in-wilayat-muttrah-to-continue-says-rop/
https://www.brookings.edu/blog/future-development/2020/07/02/how-well-has-nigeria-responded-to-covid-19/
https://www.brookings.edu/blog/future-development/2020/07/02/how-well-has-nigeria-responded-to-covid-19/
https://theconversation.com/5-reasons-the-coronavirus-hit-italy-so-hard-134636
https://theconversation.com/5-reasons-the-coronavirus-hit-italy-so-hard-134636
https://www.scmp.com/week-asia/health-environment/article/3081969/coronavirus-singapores-covid-19-cases-rise-not-all
https://www.dw.com/en/coronavirus-tough-times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173
https://www.dw.com/en/coronavirus-tough-times-ahead-as-afghanistan-struggles-to-manage-pandemic/a-53207173
https://tribune.com.pk/story/2206167/1-countrywide-lockdown-stretched-till-may-9/
https://tribune.com.pk/story/2206167/1-countrywide-lockdown-stretched-till-may-9/
https://www.theglobeandmail.com/world/article-how-mexico-said-no-to-covid-19-testing-and-is-paying-a-steep-price/
https://www.theglobeandmail.com/world/article-how-mexico-said-no-to-covid-19-testing-and-is-paying-a-steep-price/
https://www.theguardian.com/commentisfree/2020/may/15/europe-emerges-lockdown-question-hangs-was-sweden-right
https://www.theguardian.com/commentisfree/2020/may/15/europe-emerges-lockdown-question-hangs-was-sweden-right
https://www.theguardian.com/world/gallery/2020/mar/18/belgium-enters-lockdown-over-coronavirus-crisis-in-pictures
https://www.theguardian.com/world/gallery/2020/mar/18/belgium-enters-lockdown-over-coronavirus-crisis-in-pictures
https://www.theguardian.com/world/live/2020/may/10/coronavirus-live-news-obama-trumps-covid-19--chaotic-as-global-cases-pass-4-million-mexico-russia-germany-south-korea-deaths-
https://www.theguardian.com/world/live/2020/may/10/coronavirus-live-news-obama-trumps-covid-19--chaotic-as-global-cases-pass-4-million-mexico-russia-germany-south-korea-deaths-
https://www.theguardian.com/world/2020/may/11/russia-to-end-national-covid-19-lockdown-as-cases-hit-record-high
https://www.theguardian.com/world/2020/may/11/russia-to-end-national-covid-19-lockdown-as-cases-hit-record-high
https://www.theguardian.com/world/live/2020/may/18/coronavirus-live-news-record-daily-cases-in-south-africa-as-india-extends-lockdown
https://www.theguardian.com/world/live/2020/may/18/coronavirus-live-news-record-daily-cases-in-south-africa-as-india-extends-lockdown
https://www.theguardian.com/politics/live/2020/mar/23/uk-coronavirus-live-news-latest-boris-johnson-minister-condemns-people-ignoring-two-metre-distance-rule-in-parks-as-very-selfish
https://www.theguardian.com/politics/live/2020/mar/23/uk-coronavirus-live-news-latest-boris-johnson-minister-condemns-people-ignoring-two-metre-distance-rule-in-parks-as-very-selfish
https://www.independent.co.uk/news/world/europe/coronavirus-france-lockdown-macron-a9458386.html
https://www.independent.co.uk/news/world/europe/coronavirus-france-lockdown-macron-a9458386.html
https://www.independent.co.uk/news/world/europe/coronavirus-france-lockdown-cases-update-covid-19-macron-a9405136.html
https://www.independent.co.uk/news/world/europe/coronavirus-france-lockdown-cases-update-covid-19-macron-a9405136.html
https://www.independent.co.uk/news/world/europe/coronavirus-austria-cases-covid-19-hospital-lockdown-latest-a9466281.html
https://www.independent.co.uk/news/world/europe/coronavirus-austria-cases-covid-19-hospital-lockdown-latest-a9466281.html
https://www.thelocal.ch/20200527/what-you-need-to-know-about-switzerlands-latest-lockdown-relaxations
https://www.thelocal.ch/20200527/what-you-need-to-know-about-switzerlands-latest-lockdown-relaxations


30 • Hassan, et al.

[123] The National. 2020. Coronavirus: secret weddings and parties to blame for Oman’s spike in cases. https://www.thenational.ae/world/
mena/coronavirus-secret-weddings-and-parties-to-blame-for-oman-s-spike-in-cases-1.1046803. Last Accessed on September 3, 2020.

[124] The New Humanitarian. 2020. COVID-19 brings fear and discrimination to Venezuelans in Ecuador. https://www.thenewhumanitarian.
org/feature/2020/05/18/coronavirus-ecuador-venezuelans. Last Accessed on September 1, 2020.

[125] The New York Times. 2020. Coronavirus Travel Restrictions, Across the Globe. https://www.nytimes.com/article/coronavirus-travel-
restrictions.html. Last Accessed on August 24, 2020.

[126] The New York Times. 2020. Covid-19 Outbreak in Nigeria Is Just One of Africa’s Alarming Hot Spots. https://www.nytimes.com/2020/
05/17/world/africa/coronavirus-kano-nigeria-hotspot.html. Last Accessed on August 27, 2020.

[127] The New York Times. 2020. Ecuador’s Death Toll During Outbreak Is Among the Worst in the World. https://www.nytimes.com/2020/
04/23/world/americas/ecuador-deaths-coronavirus.html. Last Accessed on September 1, 2020.

[128] The New York Times. 2020. Hidden Toll: Mexico Ignores Wave of Coronavirus Deaths in Capital. https://www.nytimes.com/2020/05/
08/world/americas/mexico-coronavirus-count.html. Last Accessed on August 25, 2020.

[129] The New York Times. 2020. Iran Sees New Surge in Virus Cases After Reopening Country. https://www.nytimes.com/2020/05/18/
world/middleeast/iran-coronavirus-surge.html. Last Accessed on August 22, 2020.

[130] The New york Times. 2020. Italy’s Virus Shutdown Came Too Late. What Happens Now? https://www.nytimes.com/interactive/2020/
04/05/world/europe/italy-coronavirus-lockdown-reopen.html. Last Accessed on August 7, 2020.

[131] The New York Times. 2020. Spain Imposes Nationwide Lockdown to Fight Coronavirus. https://www.nytimes.com/2020/03/14/world/
europe/spain-coronavirus.html. Last Accessed on August 10, 2020.

[132] The Portugal News. 2020. State of emergency explained. https://www.theportugalnews.com/news/state-of-emergency-explained/53448.
Last Accessed on August 20, 2020.

[133] The Print. 2020. After nearly 15,000 deaths, this is how Italy managed to bring its daily Covid-19 toll down. https://theprint.in/world/this-
is-how-italy-managed-to-bring-its-daily-coronavirus-toll-down-to-lowest-in-2-weeks/396481/. Last Accessed on August 7, 2020.

[134] The Straits Times. 2020. UAE imposes first lockdown on historic district to slow coronavirus. https://www.straitstimes.com/world/
middle-east/uae-imposes-first-lockdown-on-historic-district-to-slow-coronavirus. Last Accessed on August 17, 2020.

[135] The Washington Post. 2020. Austria and Denmark are first in Europe to announce easing of coronavirus lock-
downs. https://www.washingtonpost.com/world/europe/austria-coronavirus-lockdown-end/2020/04/06/b4dedd8e-7805-11ea-a311-
adb1344719a9_story.html. Last Accessed on August 19, 2020.

[136] The Washington Post. 2020. Mexico begins to lift coronavirus lockdown, but officials say the country is still "in dan-
ger". https://www.washingtonpost.com/world/the_americas/mexico-coronavirus-lockdown-quarantine-lopez-obrador/2020/06/01/
76240584-a37e-11ea-898e-b21b9a83f792_story.html. Last Accessed on August 25, 2020.

[137] Think Global Health. 2020. Five Problems With the Swedish Approach to COVID-19. https://www.thinkglobalhealth.org/article/five-
problems-swedish-approach-covid-19. Last Accessed on September 4, 2020.

[138] Time. 2020. How Russia’s Coronavirus Outbreak Became One of the World’s Worst. https://time.com/5836890/russia-coronavirus/.
Last Accessed on August 27, 2020.

[139] Time. 2020. Japan May Have Beaten Coronavirus Without Lockdowns or Mass Testing. But How? https://time.com/5842139/japan-
beat-coronavirus-testing-lockdowns/. Last Accessed on September 2, 2020.

[140] Time. 2020. South Korea’s Health Minister on How His Country Is Beating Coronavirus Without a Lockdown. https://time.com/
5830594/south-korea-covid19-coronavirus/. Last Accessed on September 10, 2020.

[141] The New York Times. 2020. "It’s Too Late": In Sprawling Indonesia, Coronavirus Surges. https://www.nytimes.com/2020/05/28/world/
asia/indonesia-coronavirus-surge.html. Last Accessed on August 28, 2020.

[142] Times of Oman. 2020. Coronavirus: Oman’s Health Minister discusses increase in cases. https://timesofoman.com/article/3015383/
oman/government/coronavirus-omans-health-minister-discusses-increase-in-cases. Last Accessed on September 3, 2020.

[143] Vox. 2020. Why France has 4 times as many coronavirus deaths as Germany. https://www.vox.com/2020/4/17/21223915/coronavirus-
germany-france-cases-death-rate. Last Accessed on August 16, 2020.

[144] Waitzberg, Ruth and Davidovitch, Nadav and Leibner, Gideon and Penn, Nadav and Brammli-Greenberg, Shuli. 2020. Israel’s response
to the COVID-19 pandemic: tailoring measures for vulnerable cultural minority populations. International Journal for Equity in Health
19, 1 (2020), 1–5.

[145] Wang, Chen and Horby, Peter W and Hayden, Frederick G and Gao, George F. 2020. A novel coronavirus outbreak of global health
concern. The Lancet 395, 10223 (2020), 470–473.

[146] Wang, Youfa and Chen, Hsin-Jen. 2012. Use of percentiles and z-scores in anthropometry. In Handbook of anthropometry. Springer,
29–48.

[147] Wells, Chad R and Sah, Pratha and Moghadas, Seyed M and Pandey, Abhishek and Shoukat, Affan and Wang, Yaning and Wang, Zheng
and Meyers, Lauren A and Singer, Burton H and Galvani, Alison P. 2020. Impact of international travel and border control measures on
the global spread of the novel 2019 coronavirus outbreak. Proceedings of the National Academy of Sciences 117, 13 (2020), 7504–7509.

https://www.thenational.ae/world/mena/coronavirus-secret-weddings-and-parties-to-blame-for-oman-s-spike-in-cases-1.1046803
https://www.thenational.ae/world/mena/coronavirus-secret-weddings-and-parties-to-blame-for-oman-s-spike-in-cases-1.1046803
https://www.thenewhumanitarian.org/feature/2020/05/18/coronavirus-ecuador-venezuelans
https://www.thenewhumanitarian.org/feature/2020/05/18/coronavirus-ecuador-venezuelans
https://www.nytimes.com/article/coronavirus-travel-restrictions.html
https://www.nytimes.com/article/coronavirus-travel-restrictions.html
https://www.nytimes.com/2020/05/17/world/africa/coronavirus-kano-nigeria-hotspot.html
https://www.nytimes.com/2020/05/17/world/africa/coronavirus-kano-nigeria-hotspot.html
https://www.nytimes.com/2020/04/23/world/americas/ecuador-deaths-coronavirus.html
https://www.nytimes.com/2020/04/23/world/americas/ecuador-deaths-coronavirus.html
https://www.nytimes.com/2020/05/08/world/americas/mexico-coronavirus-count.html
https://www.nytimes.com/2020/05/08/world/americas/mexico-coronavirus-count.html
https://www.nytimes.com/2020/05/18/world/middleeast/iran-coronavirus-surge.html
https://www.nytimes.com/2020/05/18/world/middleeast/iran-coronavirus-surge.html
https://www.nytimes.com/interactive/2020/04/05/world/europe/italy-coronavirus-lockdown-reopen.html
https://www.nytimes.com/interactive/2020/04/05/world/europe/italy-coronavirus-lockdown-reopen.html
https://www.nytimes.com/2020/03/14/world/europe/spain-coronavirus.html
https://www.nytimes.com/2020/03/14/world/europe/spain-coronavirus.html
https://www.theportugalnews.com/news/state-of-emergency-explained/53448
https://theprint.in/world/this-is-how-italy-managed-to-bring-its-daily-coronavirus-toll-down-to-lowest-in-2-weeks/396481/
https://theprint.in/world/this-is-how-italy-managed-to-bring-its-daily-coronavirus-toll-down-to-lowest-in-2-weeks/396481/
https://www.straitstimes.com/world/middle-east/uae-imposes-first-lockdown-on-historic-district-to-slow-coronavirus
https://www.straitstimes.com/world/middle-east/uae-imposes-first-lockdown-on-historic-district-to-slow-coronavirus
https://www.washingtonpost.com/world/europe/austria-coronavirus-lockdown-end/2020/04/06/b4dedd8e-7805-11ea-a311-adb1344719a9_story.html
https://www.washingtonpost.com/world/europe/austria-coronavirus-lockdown-end/2020/04/06/b4dedd8e-7805-11ea-a311-adb1344719a9_story.html
https://www.washingtonpost.com/world/the_americas/mexico-coronavirus-lockdown-quarantine-lopez-obrador/2020/06/01/76240584-a37e-11ea-898e-b21b9a83f792_story.html
https://www.washingtonpost.com/world/the_americas/mexico-coronavirus-lockdown-quarantine-lopez-obrador/2020/06/01/76240584-a37e-11ea-898e-b21b9a83f792_story.html
https://www.thinkglobalhealth.org/article/five-problems-swedish-approach-covid-19
https://www.thinkglobalhealth.org/article/five-problems-swedish-approach-covid-19
https://time.com/5836890/russia-coronavirus/
https://time.com/5842139/japan-beat-coronavirus-testing-lockdowns/
https://time.com/5842139/japan-beat-coronavirus-testing-lockdowns/
https://time.com/5830594/south-korea-covid19-coronavirus/
https://time.com/5830594/south-korea-covid19-coronavirus/
https://www.nytimes.com/2020/05/28/world/asia/indonesia-coronavirus-surge.html
https://www.nytimes.com/2020/05/28/world/asia/indonesia-coronavirus-surge.html
https://timesofoman.com/article/3015383/oman/government/coronavirus-omans-health-minister-discusses-increase-in-cases
https://timesofoman.com/article/3015383/oman/government/coronavirus-omans-health-minister-discusses-increase-in-cases
https://www.vox.com/2020/4/17/21223915/coronavirus-germany-france-cases-death-rate
https://www.vox.com/2020/4/17/21223915/coronavirus-germany-france-cases-death-rate


Efficacy of the Confinement Policies on the COVID-19 Spread Dynamics in the Early Period of the Pandemic • 31

[148] WHO. 2020. WHO declared COVID-19 as pandemic. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-
they-happen. Last Accessed on August 2, 2020.

[149] World Economic Forum. 2020. Dinner with friends: how Switzerland is relaxing its coronavirus lockdown. https://www.weforum.org/
agenda/2020/05/switzerland-relaxing-its-coronavirus-lockdown-measures/. Last Accessed on September 4, 2020.

[150] XINHUANET. 2020. Egypt takes tougher measures as COVID-19 death toll rises. www.xinhuanet.com/english/2020-03/17/c_138887616.
htm. Last Accessed on September 11, 2020.

[151] Yim, Odilia and Ramdeen, Kylee T. 2015. Hierarchical cluster analysis: comparison of three linkage measures and application to
psychological data. The quantitative methods for psychology 11, 1 (2015), 8–21.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.weforum.org/agenda/2020/05/switzerland-relaxing-its-coronavirus-lockdown-measures/
https://www.weforum.org/agenda/2020/05/switzerland-relaxing-its-coronavirus-lockdown-measures/
www.xinhuanet.com/english/2020-03/17/c_138887616.htm
www.xinhuanet.com/english/2020-03/17/c_138887616.htm

	Abstract
	1 Introduction
	2 Related Work
	3 Methods
	3.1 Hierarchical Cluster Analysis (HCA)
	3.2 Dynamic Time Warping (DTW)
	3.3 Linkage Method: Complete
	3.4 Data Preparation

	4 Results
	5 Discussion
	5.1 Early-Stage: Cluster-1
	5.2 Early-Stage: Cluster-2
	5.3 Early-Stage: Cluster-3
	5.4 Early-Stage: Cluster-4
	5.5 Early-Stage: Clusters 5-8
	5.6 Early-Stage: Cluster-9

	6 Conclusions
	A Cluster
	B Cluster Labels
	References

