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Abstract. Epidemiologist, Scientists, Statisticians, Historians, Data en-
gineers and Data scientists are working on finding descriptive models
and theories to explain COVID-19 expansion phenomena or on build-
ing analytics predictive models for learning the apex of COVID-19 con-
firmed cases, recovered cases, and deaths evolution time series curves.
In CRISP-DM life cycle, 75% of time is consumed only by data prepa-
ration phase causing lot of pressures and stress on scientists and data
scientists building machine learning models. This paper aims to help re-
ducing data preparation efforts by presenting detailed data preparation
repository with shell and python scripts for formatting, normalising, and
integrating Johns Hopkins University COVID-19 daily data via three
normalisation user stories applying data preparation at lexical, syntac-
tic & semantics and pragmatic levels, and four integration user stories
through geographic, demographic, climatic, and distance based similarity
dimensions, among others. This paper and related open source reposi-
tory will help data engineers and data scientists aiming to deliver results
in an agile analytics life cycle adapted to critical COVID-19 context.

Key words: Coronavirus, SARS-CoV-2, COVID-19, 2019-nCoV, Data Engineering,
Data preparation, Data normalisation, Data integration.

1 Introduction

Johns Hopkins University has provided a github repository with, among oth-
ers, daily fresh data about COVID-19 pandemic confirmed cases, recovered cases,
and deaths evolution [1]. Epidemiologist, Scientists, Statisticians, Historians,



Data engineers and Data scientists are working on finding models and theories
to explain and predict COVID-19 expansion phenomena. Our paper aims to help
reducing data engineers and data scientists data preparation efforts, by present-
ing detailed data preparation layer for formatting, normalising, and integrating
Johns Hopkins University COVID-19 daily data via three normalisation user
stories applying data nomalisation at lexical, syntactic & semantics and prag-
matic levels, and four, among others, integration user stories through geographic,
demographic, climatic, and distance based similarity. Our data integration and
analytics approach for this paper, and for handling COVID-19 crisis in general
is building Minimum Viable Model, Platform, and Data Product through agile
analytics [2].

2 COVID-19 Data Normalisation

The current data normalisation step is based on a Linux/Unix data prepa-
ration Shell script that formats Johns Hopkins University COVID-19 three files :
time__series__covidl9 confirmed global.csv, time series covidl9 deaths global.csv,
or time_series_covidl9 recovered global.csv to be ready for data analytics ac-
cording to four different user stories.

To set the data normalisation goals and to enable its broad use, requirements
will be formalised as user stories.

o Data Engineer User Story 1 : Data Format Normalisation (Lezical
level) : modify countries and dates values to enable time series dates arith-
metic, and scalable data post-processing in a notebook or a data flow lan-
guage.

o Data Engineer/Scientist User Story 2 : Data Representation Normali-
sation (Syntactic & Semantic level) : merge province/state with country/re-
gion columns and remove not null values to be compliant to unique key
database constraint, visual load (and relatively optimise storage), and repre-
sent countries evolution shapes of confirmed case, death, or recovered case on
a absolute standard real date time axis for temporal relational databases/-
multidimensional data warehouses/NoSQL data stores loading and analysis.

o Data Scientist User Story 3 : Data Temporal Normalisation (Prag-
matic level) : shift left all countries COVID-19 time series to their Dy (Date
of first not-null Value either for confirmed, deaths or recovered), and rename
all date columns names as Dy..D,, to represent countries evolution shapes of
confirmed case, death, or recovered case on a relative abstract date time
axis.



2.1 User Story 1 - Data Format Normalisation (—Lezical level)

As a Data Engineer, I would like to be able to :

1. remove or replace specific characters,
2. and format dates columns names,
3. with keeping column names line (first data row).

In order to :

1. enable time series dates arithmetic
2. and enable scalable data post-processing in a notebook or a data
flow language

Intent and Motivation The aim of this user story is to transform COVID-19
data set file by (i) removing ’"’, **’ characters, (ii) replacing non separator ’,’ by -
’ character (e.g. "Korea, South" — Korea-South, Taiwan* — Taiwan) important
for normalising country names necessary in further join queries with other coun-
try keyed data sets, (iii) normalising column dates names into "%m/%d/%Y"
date formatted columns (eg. 3/2/20 — 03/02/2020) enabling further date arith-
metic and manipulation (e.g. duration calculations, manipulate programatically
Date Dyg of first COVID-19 of a country, or Date of n** death, etc.), with (iv)
keeping first columns names line.

Applicability A Data engineer needs format normalisation "user story 1’ for :

o performing join queries between COVID-19 data set and other country keyed
data sets.

o performing date arithmetic operations like difference between two dates or
addition /subtraction of a period to a given date necessary for advanced
database time windows queries, temporal data warehouse drill-down and
roll-up, or time series value predictions.



Listing 1.1: User Story 1 - Data Format Normalisation in Bourne Shell

1 specific=$1

3 INPUT_JHU_FILE=./COVID-19/csse_covid_19 data/
csse_covid_19 time_series/time_series_covidl9_${
specific}_global.csv

Code in sh sed "s/, /-/" ${INPUT_JHU_FILE} |

sed "s/\"//g" |

sed "s/\x//" | sed -E "s/\, (.)\//,0\1\//g" |

sed -E "s/\/ (.)\//\/O0\1\//g" |

sed -E "s/\/20(["/1)/\/2020\1/g" |

10 sed -E "s/\/20$/\/2020/g"| sed -E "s/, ($)/,0\1/g" > ./
output_data/time_series_covidl9_S${specific}_global-
usl-normalisation.csv

© W N o o

Output file name The user story output file name is as follows ./output_data/
time_series_covidl9 $1 global-usl-normalisation.csv depending on script passed
parameter either confirmed, deaths or recovered.

Figure 1 shows a sample of last week before April 3rd, 2020 of time _series
covidl9 deaths global-usl-normalisation.csv file sorted alphabetically by Coun-
try /Region column (ascending order), and lexically transformed by user story
1.

2.2 User Story 2 - Data Representation Normalisation (—Syntactic &
Semantic level)

As a Data Engineer/Scientist, I would like to be able to

1. merge the two first data set key columns to create a composite pri-
mary key (—Syntactic level),

2. remove null values (—Semantic level),

3. with and without column names line (first data row).

In order to :

1. compare countries evolution shapes of confirmed case, death, or re-
covered case on a same absolute date time axis.
2. application scenarios :

(a) sub-Scenario 2.1 : enable for example to load the data set in a
spread sheet with column names line.

(b) or sub-Scenario 2.2 : enable loading databases (see [3] for
COVID-19 HBase NoSQL storage, and Hive SQL querying ap-
plication case studies) with all row except the column names
line.
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A sample of April 3rd 2020 JHU data transformed by user story 1

Fig.1



Intent and Motivation The aim of this user story is to transform COVID-19
data set file to a sparse file by (i) keeping only not null values (e.g. for better
Matrix visualisation in spreadsheets, or optimised NoSQL storage), (ii) merging
the two first columns to form a composite key separated by a ’~’ character (i.e.
concatenating province/state with country/region separated by ’~’ character.),
with (iii) keeping first columns names line.

Applicability A Data engineer/scientist needs representation normalisation
‘user story 2 for :

o providing compliance with databases unique key constraint.

o enabling date manipulation for programming languages/scripts and for tem-
poral relational databases/multidimensional data warehouses/NoSQL data
stores.

o decreasing visual load when manipulating a COVID-19 numerical matrix,
enabling clean curves tracing, and relatively optimised storage on disk and
memory.

o representing and comparing countries evolution shapes of confirmed case,
death, or recovered case on a absolute standard real date time axis.

Listing 1.2: User Story 2/sub-Scenario 2.1 - Data Representation Nor-

malisation in Bourne Shell

1 sed "s/,0,/,,/9" ./output_data/time_series_covidl9_${
specific}_global-usl-normalisation.csv |

sed -E "s/([,1+)0,/\1,/g" |

sed -E "s/,0($)/,\1/" |

sed "s/*,/~/" |

sed -E "s/([la-z A-Z]+), ([a—z A-2Z]+)/\1~\2/" > ./
output_data/time_series_covidl9_${specific}_global-
sparse-with-formatted-column-names-us2-1-
normalisation.csv

Code in sh

[S I S

Listing 1.3: User Story 2/sub-Scenario 2.2 - Data Representation Nor-

malisation in Bourne Shell

1 tail -n +2 ./output_data/time_series_covidl9_${
specific}_global-sparse-with-formatted-column—-names
—us2-l-normalisation.csv > ./output_data/
time_series_covidl9_S${specific}_global-sparse-us?2
-2-normalisation.csv




Output file name The user story output file name is as follows :

— for sub-Scenario 2.1 : ./output_data/
time _series_covidl9 $1 global-sparse-with-formatted-column-names-us2-1
-normalisation.csv depending on script passed parameter either confirmed,
deaths or recovered.

— for sub-Scenario 2.2 : ./output_data/
time_series_covidl9 $1 global-sparse-us2-2-normalisation.csv depending on
script passed parameter either confirmed, deaths or recovered.

Figure 2 shows a sample of last two weeks before April 3rd, 2020 of time_series
__covidl9 _confirmed _global-sparse-with-formatted-column-names-us2-1-
normalisation.csv file generated by user story 2/sub-Scenario2.1 syntactic and
semantic rules, and sorted on April 3rd, 2020 (last column) (descending order)
under a visual spreadsheet.

Figure 3 shows a sample of first two weeks after the detection of first COVID-
19 confirmed case in United States January 22nd, 2020 of the same time_series
__covidl9 _confirmed _global-sparse-with-formatted-column-names-us2-1-
normalisation.csv file generated by user story 2/sub-Scenario2.1 , and sorted on
last April 3rd, 2020 column (descending order). One may remark sparse repre-
sentation.

2.3 User Story 3 - Data Temporal Normalisation (—Pragmatic level)

As a Data Scientist, I would like to be able to

1. shift all countries COVID-19 time series to Dy (Date of first not-null
Value either for confirmed, deaths or recovered)
2. rename all date columns names as Dg..D,,.

In order to :

1. compare countries evolution shapes of confirmed case, death, or re-
covered case on a relative date time axis.

Intent and Motivation The aim of this user story is to transform COVID-
19 data set file to a relative time axis by shifting left all countries COVID-
19 time series (i.e. rows values) to Dy (Date of first not-null Value either for
confirmed, deaths or recovered), and and renaming all date columns names as
Dy..D,, necessary for comparing evolution shapes independently of their real
first date for confirmed cases, deaths, or recovered cases.

Two different (respectively equivalent) values v; , and v; for two countries
(i.e. row) i and j mean that at their same COVID-19 evolution k' logical day
Dy, the two countries are at different (respectively equivalent) levels for con-
firmed, number of deaths or recovered cases. However, D real Dates for the
two countries ¢ and j are physically different (a different columns indexed values



semantics/context for each country (row) dependently to their relative Dy real
date — pragmatics).

Applicability A Data scientist needs temporal normalisation ’user story & for:

o representing, comparing analytically and visually, countries evolution shapes
of confirmed case, death, or recovered case on a same relative abstract
date time axis. Especially, when one knows that there are reference COVID-
19 critical and lucky evolution shapes.

o compute distances between comparable windows of two countries evolution
time series of different Dy (see section 3.4).

Listing 1.4: User Story 3 - Data Temporal Normalisation in Bourne Shell

1 ./days.sh ‘head -n 1 ./output_data/
time_series_covidl9_S${specific}_global-sparse-with-
formatted-column—-names—-us2-1l-normalisation.csv |

2 sed "s/,/\t/g"' > ./output_data/time_series_covidl9_5${
specific}_global-sparse-shifted-to-DO-us3—
normalisation.csv

Code in sh 1

4 cat ./output_data/time_series_covidl9_S${specific}
_global-sparse-us2-2-normalisation.csv |

5 sed —E "s/ ([, 1+) ((, [0=-91+) ((, [0=91%)*)) /\2\1/" |

s sed "s/"~//" |

7 sed "s/~/-/" >> ./output_data/time_series_covidl9_${
specific}_global-sparse-shifted-to-D0O-us3—
normalisation.csv

Listing 1.5: days.sh shell script for renaming all date columns names to

Do..Di.

1 suite=""

2 limit=‘expr $# - 4°

3 for 1 in $(seq 0 $1limit) ; do
1 suite="$suite,D$i"

5 done

6 echo "$1,%$2,$3%suite"

1simple sed -E "s/([,]1+) ((, [0-91+)+))/\2\1/" regular expression trans-

lation command would be more logical than sed -E "s/ ([, 1+) ((, [0-9]+)
((, [0-91%)*))/\2\1/", however some dirty data contain null values (i.e. ","



Output file name Depending on script passed parameter either confirmed,
deaths or recovered, the user story output file name is as follows ./output data/
time_series_covidl9 $1 global-sparse-shifted-to-D0-us3-normalisation.csv.

Figure 4 shows a sample of April 3rd, 2020 time_series _covid19 deaths global-
sparse-shifted-to-D0-us3-normalisation.csv file generated by user story 3 pragmatic
rule with regards to each country Dy, and sorted on D24 column (descending
order) under a visual spreadsheet.

2.4 Normalisation Technical aspects

o Normalisation OS & Software Installation Prerequisites : (1) A Lin-
ux/Unix environment is requested for running the data Normalisation shell
script, and (2) git tools are necessary for pulling data.

o Normalisation Data Collection Prerequisites : COVID-19 Data should
be collected each day from Johns Hopkins University Center for Systems
Science and Engineering (JHU CCSE) github repository (e.g around 2.00
am GMT+1).

Listing 1.6: Pulling COVID-19 Data

1 #kbaina is my local home directory, change it to your
home directory or another directory
2 cd /home/kbaina/

4 git clone https://github.com/CSSEGISandData/COVID-19.
git COVID-19/

5
6 cd ./COVID-19/
7
s

git pull

o Normalisation Input : The unique data Normalisation script parameter
is a value among ’confirmed’, ’deaths’ or ’recovered’, used for naming pulled
gihub Johns-Hopkins University data source file :
./COVID-19/csse_covid 19 data/csse covid 19 time_series/
time_series_covid19 $1 global.csv

(either time__series__covidl9 confirmed _global.csv,
time_series covidl9 deaths global.csv,
or time_series_covidl9 recovered global.csv).

o Normalisation script Name : normalisation flow.sh
o Normalisation script Language : Bourne Shell (sh).
o Normalisation script Calls Scenarios :

sparse coding) between two not null values (e.g. Iceland, Kazakhstan death values,
or Australia-Northern territory confirmed values.



Listing 1.7: Scenario 1. Run all 3 normalisation user stories on

time series covid19 confirmed global.csv

1 chmod u+x ./normalisation_flow.sh
2
3 ./normalisation_flow.sh confirmed

Listing 1.8: Scenario 2. Run all 3 normalisation user stories on

time series covid19 deaths global.csv

1 ./normalisation_flow.sh deaths

Listing 1.9: Scenario 3. Run all 3 normalisation user stories on

time series covid19 recovered global.csv

1 ./normalisation_flow.sh recovered

3 COVID-19 Data Integration

After normalising data, Data scientists may need to explain and test eventual
correlations hypotheses between COVID-19 evolution and propagation and dif-
ferent features either geographic, demographic, climatic or only visualise COVID-
19 data on a specific region either economic, political, organisational or coop-
eration based. In the following, some integration steps are proposed in order to
enrich previously normalised COVID-19 data with with additional features.

3.1 User Story 1 - Geographic Data Integration

As a Data Engineer/Scientist, I would like to be able to :
1. add geographic features to quantitative time series,
In order to :

1. enable time series exploration, sorting, aggregation and analysis by
geographic dimension.

Intent and Motivation The aim of this user story is to position previoulsy
normalised COVID-19 data within each continent. In fact, each country row rep-
resenting related times series (either confirmed, recovered or deaths) is cobbled
with its continent using United Nations open data source [4]. ?

2 To be compliant with JHU data, we added to this list three new items : Taiwan,



Applicability A Data engineer needs geographic integration ’user story 1’ for:
o performing geographic abstraction on COVID-19 evolution.

o performing spread simulation over time between geographic regions accord-
ing to their interactions (e.g economic exchange, and international mobility,
etc.).

o performing geographic analysis about COVID-19 with additional regional
based health, social, and economic indicators.

Figures 5 and 6, and 7 show examples, among others, of visualisation based
on geographic dimension data integration, that the author published on social
networks.

3.2 User Story 2 - Demographic Data Integration

As a Data Engineer/Scientist, I would like to be able to :
1. add demographic features to quantitative time series,
In order to :

1. enable time series exploration, sorting, aggregation and analysis by
demographic dimension.

Intent and Motivation The aim of this user story is to integrate each country
time series of previoulsy normalised COVID-19 data with demographic informa-
tion among population size, density, land area, migrants, fertility rate, medium
age, urban population rate as provided by [5].

Figure 8 shows an example, among others, of visualisation showing an illus-
trative demograhic data integration, that the author published on social net-
works.

3.3 User Story 3 - Climatic Data Integration

As a Data Engineer/Scientist, I would like to be able to :
1. add climatic features to quantitative time series,
In order to :

1. enable time series exploration, sorting, aggregation and analysis by
climatic dimension.

Laos, and West Bank and Gaza



Intent and Motivation Knowing that climatic correlation hypothesis on spread
and transmission of COVID-19 is an interesting research spot [6-8], the aim of
this user story is to convert raw latitude data (as one of the most important
factors determining the climate) into useful climatic zones features.

In fact, two climatic zones classifications have been integrated to the COVID-
19 previously normalised data (1) seven zones classification according to [9] (Zone
1 - Polar, Zone 2 - Arctic, Zone 8 - Subarctic, Zone j - Midlatitude, Zone 5
- Subtropical, Zone 6 - Tropical, and Zone 7 - Equatorial), and (2) three zones
classification according to [10] (Zone 1 - Frigid, Zone 2 - Temperate, and Zone
3 - Torrid). Tables 1 and 2 show used climatic zones altitude conversion rules.

North Polar| [ 75° (N) , 90° (N)
Arctic 60° (N), 75° (N)
Subarctic |[ 55° (N) , 60° (N)
Midlatitude [[ 35° (N) , 55° (N)
Subtropical |[ 25° (N) , 35° (N)
Tropical 10° (N), 25° (N)
Equatorial [[ 10° (S), 10° (N)
Tropical 25° (S), 10° (S)
Subtropical |[ 35° (S) , 25° (S)
Midlatitude [ [ 55° (S) , 35° (S)
Subantarctic| [ 60° (S) , 55° (S)
Antarctic [[ 75° (S) , -60° (S)
South Polar [[ -90° (S) , 75° (S)

Table 1: Climatic Zones conversion rules according to [9]

Climatic Zone Latitude Interval Earth Surface
rate
North Frigid [ 66.5° (N) Arctic Circle , 90° (N) North Pole ] 4.12%
North Temperate| [ 23.5° (N) Tropic of Cancer, 66.5° (N) Arctic Circle | 25.99%
Torrid [ 23.5° (S) Tropic of Capricorn , 23.5° (N) Tropic of Cancer | 39.78%
South Temperate| [ 66.5° (S) Antarctic Circle , 23.5° (S) Tropic of Capricorn | 25.99%
South Frigid [ 90° (S) South Pole , 66.5° (S) Antarctic Circle | 4.12%

Table 2: Climatic Zones conversion rules according to [10]

Figure 9 shows an example, among others, of visualisation based on climatic
dimension data integration, that the author published on social networks.



3.4 User Story 4 - Similarity based Data Integration

As a Data Engineer, I would like to be able to :
1. compute distances between quantitative time series,

In order to :

1. enable similarity based analysis of time series sets.

Intent and Motivation The aim of this user story is to compute a distance
measure (described in algorithms 1, and 2) between time series enabling Data
scientists to analyse eventual clustering polarities in terms of times series evolu-
tion shapes focused on monitored countries.

Let ts1, and tso be two COVID-19 evolution time series either for confirmed,
recovered or deaths (i.e. two rows of output file produced by user story 1 - see
section 2.1). Figure 1 shows a simple fragment of targeted time series. The func-
tion distance(tsy,tss) (see algorithm 1) computes quantitative distance between
two countries evolution COVID-19 time series (i) shifted to the same Dy (Date
of first not-null Value - either for confirmed, deaths or recovered) (see section
2.3 for information about this temporal normalisation), and (ii) restricted to the
minimum size of both time series.

Algorithm 1 Time series distance algorithm

1: procedure distance(tScountry, s tScountrys ) > computes a distance measure
between two time series
2: day01 = min( arg min g, tScountry; (day) )
> argming, ts(d) = {z | ts(d) = ming ts(d')} retuns all day-indexes
minimising ¢s time series. > So day0; will be the first not null value day-index of a
time series tScountry; (1.€. tScountry; day0 index).
3: day0z <+ min( argmin g, tScountry, (day) )
4: window <— [tScountry, | — maz( day01, day0s )
> |ts| returns number of ts columns (size of oldest time series), which
is the same for all COVID-19 time series of the same family (confirmed, recovered
or deaths).
sum o ST O = (g, () = ot (42)°
distance[country,][countrys] < /sum
distance[countrys][country:] « distance[countryi][countrys]
end procedure

Applicability A Data scientist needs integration "user story 4’ for :

o adding countries names as rows in monitored countries.csv file, so distance
of those monitored countries is computed with all countries.



Algorithm 2 Time series distance Computing for all monitored countries

1: procedure computing _similarities _with(monitored_countries) > Computing
distance for all countries time series with monitored countries time series

2: for country; in countries do

3: for country; in monitored _countries do
4: distance(tScountry; s tScountry; )

5: end for

6: end for

7

end procedure

o tracking COVID-19 evolution in some specific countries that have neither
geographic, nor demographic, or climatic relations.

o discovering countries time series similar to those tracked countries.
Figure 10 show an example, among others, of visualisation based on similarity

data integration, that the author published on social networks.

3.5 User Story 5 - Regional, Political, Economic, or Organisational
Data Integration

As a Data Engineer/Scientist, I would like to be able to :

1. add additional (Regional, Political, Economic, or Organisational)
features to quantitative time series,

In order to :

1. enable time series exploration, sorting, aggregation and analysis by
such contextual dimensions.

Intent and Motivation The aim of this user story is to integrate the previ-
ously normalised COVID-19 data with additional file sources to supervise specific
group of coutries like : the Group of Seven [11], the League of Arab States [12],
the Euro Zone [13], the Schengen Area [14], and the Islamic World Educational,
Scientific and Cultural Organization (ICESCO) members [15]. Many oher other
organisations can be integrated EU countries, commonwealth countries, BRICS
(Brazil, Russia, India, China, South Africa), etc.

Applicability A Data scientist needs integration Regional, Political, Economic,
or Organisational ’user story 5 for :

o analysing geostrategically COVID-19 spread in some countries with specific
regional, political, economic, or organisational relations beside geographic,
demographic, and climatic or similarity based dimensions.



Figures 11 and 12 show examples, among others, of visualisation based on po-
litical, and organisational dimension data integration, that the author published
on social networks.

3.6 Integration Technical aspects

o Integration OS & Software Installation Prerequisites : (1) Normali-
sation OS & Software Installation Prerequisites, and (2) python 3 2.

o Integration Prerequisites : COVID-19 Data should be normalised accord-
ing to user story 1 producing time _series _covidl9 $1 global-usl-normalisation.csv
output file.

o Integration Input : (1) The unique data Integration script parameter is
a value among ’confirmed’, ’deaths’ or ’recovered’, used for naming prepared
Johns-Hopkins University data source file through our nomalisation user
story 1 :
time_series_covid19_$1 global-usl-normalisation.csv

(either time_series__covidl9 confirmed global-usl-normalisation.csv,
time_series covidl9 deaths global-usl-normalisation.csv,
or time_series_covidl9 recovered global-usl-normalisation.csv). Also,

(2) one may update monitored countries.csv file.
o Integration script Name : integration flow.py, and full _dataflow.sh
o Integration script Language : Bourne Shell (sh), and Python.
o Integration script Calls Scenarios :

Listing 1.10: Scenario 1. Run all 5 integration user stories on

time series covid19 confirmed global-usl-normalisation.csv

1 chmod u+x ./full_dataflow.sh
2
3 ./full_dataflow.sh confirmed

Listing 1.11: Scenario 2. Run all 5 integration user stories on

time series covidl9 deaths global-usl-normalisation.csv

1 ./full_dataflow.sh deaths

Listing 1.12: Scenario 3. Run all 5 integration user stories on

time series covid19 recovered global-usl-normalisation.csv

1 ./full_dataflow.sh recovered

o Output file name :
Operationally, the five integration user stories are run all together, and the
integration user stories output file names reflect this behaviour as follows :

3 This paper integration python code has been tested with version 3.8.2



In fact, either the five integration user stories are run (i) on top of normalisa-
tion user story 1 and produces ./output data/time_series covid19 $—specific”
_formatted-usl-normalisation-with-full-integration.csv

or (ii) on top of normalisation user story 2 (sub-scenario 2.1) and produces
./output _data/time_series_covidl9 $-specific” _formatted-sparse-us2-1-normalisation-
with-full-integration.csv

or (iil) on top of normalisation user story 3 and produces , and ./output _data/time_series covid19
‘$—specific” _formatted-sparse-shifted-to-D0-us3-normalisation-with-full-integration.csv

depending on ${specific} integration script parameter with values either con-

firmed, deaths or recovered.



Listing 1.13: full dataflow.sh shell script running end to end normalisa-

tion shell and Python integration dataflow

1 #!/bin/sh

3 if [ $# —-eq 0 ]

4 then

5 echo "syntax ./$0 recovered | confirmed | deaths"
6 exit

7 else

8 case "$1" in

9 "recovered" | "confirmed" | "deaths")

10 specific=$1

11 i

12 *)

13 echo "syntax ./$0 recovered | confirmed | deaths"
14 exit

15 Vi

16 esac

17 fi

18

19 # pre-processing : normalisation

20 ./normalisation_flow.sh ${specific}

21

22 # processing : integration

23 ./integration_flow.py ${specific} > ./output_data/
time_series_covidl9_${specific}_formatted-usl-
normalisation-with-full-integration.csv

=

Codeinsh =

25 # post-processing

26 head —-n 1 ./output_data/time_series_covidl9_S${specific
}_formatted-usl-normalisation-with-full-integration
.csv > ./output_data/time_series_covidl9_${specific
}_formatted-sparse-us2-1-normalisation-with-full-
integration.csv

27 ./days_bis.sh ‘head -n 1 ./output_data/
time_series_covidl9_S${specific}_formatted-usl-
normalisation-with-full-integration.csv' > ./
output_data/time_series_covidl9_${specific}
_formatted-sparse-shifted-to-DO-us3-normalisation-—
with-full-integration.csv

28 tail —-n +2 ./output_data/time_series_covidl9_${
specific}_formatted-usl-normalisation-with-full-
integration.csv |

20 sed "s/, 0,/,,/9" |

30 sed -E "s/([,1+) 0,/\1,/g" |

31 sed -E "s/, 0($)/,\1/" | tee ./output_data/
time_series_covidl9_S${specific}_formatted-sparse.
tmp.csv |

32 sed —E "s/ ([, ]1+) ((, [ 0=91+) ((, [ 0=91%)x))/\2\1/" >> ./
output_data/time_series_covidl9_${specific}
_formatted-sparse-shifted-to-DO-us3-normalisation-—
with-full-integration.csv

33 cat ./output_data/time_series_covidl9_S${specific}
_formatted-sparse.tmp.csv >> ./output_data/
time_series_covidl9_S${specific}_formatted-sparse-
us2-l-normalisation-with—-full-integration.csv




4 Conclusion & Discussion

Aiming to deliver in an agile analytics life cycle adapted to critical COVID-19
context, this paper presents detailed (i) three user stories applying data prepa-
ration at lexical, syntactic & semantics and pragmatic levels as data preparation
helpers for data engineers and data scientists, and (ii) four integration user sto-
ries through geographic, demographic, climatic, and distance based similarity
dimensions, among others. A normalisation and integration repository provides
open source Shell and Python code. Table 3 synthesizes the new integration
features this paper added to JHU data after normalisation phase. 4

There are some limitations to this paper : (i) using shell and standalone
python scripts instead of integrated Notebooks, (ii) executing manually and
generating manually graphs on a spread sheet instead of an automated end-to-
end devops delivery dataflow, (iii) no statistical or machine learning ideas have
been developing neither for describing data nor for predicting times series Apex,
or clustering all countries, and (iv) According to Data scientists analysis needs,
more other countries related features can be additionally integrated related to
massive testing, non-pharmaceutical public health measures, universal BCG vac-
cination policies, or countries hydroxychloroquine related protocol for treating
COVID-19.

The author is aware of all those limitations. In fact, for the two first lim-
itation, an agile analytics style with Minimum Viable Data Product approach
has been followed [2]. This approach prioritises results quality, with respecting
critical delays delivery (like those of COVID-19 crisis) with no time for rhetoric
discussions neither on technical platform versions, or distributions of standalone
versus clouded Notebooks, or automated devops delivery design, and/or cloud
object storages with different APIs and related security for data file storage, and
no time for porting from one environment to another, etc. However, one may
need advanced toolkits for advanced data post-processing using data structures,
utility packages, and execution kernels not provided by shell scripting languages
and runtime environments. With regards to the two last limitations, the author
has prepared the normalisation, and integration layer to build, as a perspective,
an analytical layers integrating machine, and deep learning capabilities.

This work aims to help scientists and data scientists shortening data prepa-
ration phase which is time consuming cording to CRISP-DM life cycle special-
ists. It is to be taken as a leveraging bootstrap for specific data preparation
phase in COVID-19 analytics Big Data projects targeting for instance to in-
tegrate COVID-19 evolution time series with medical/biology best practices,
COVID-19 mutations, scientific papers results, or to study correlations between
COVID-19 time series with humidity data, people telco mobility during countries
lockdown phases, or to analyse recurrent COVID-19 contamination causality, or
to study similarities with other historical pandemics evolution data like SARS-

4 Due to integration constraints some country names of the table’s cited sources, used
as mapping keys, have been adapted to JHU normalised data form (an example
among many others : Czech Republic becomes Czechia, or Myanmar becomes Burma)
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Table 3: Synthesis of new features resulted from Integration of normalised JHU

data with external sources



CoV, MERS-COV, or to compare evolution with spreading information from
social networks, etc. The more integration you do on the data generated by the
author scripts with other data sets (e.g. continents, median age, population, test-
ing numbers, virus contamination rates, etc.), the more features you will have
and the more this work will leverage your COVID-19 data experience. Hurry
Up, and share your experience for the world scientists.

5 Appendix : How to download open source normalisation
and integration scripts, master data files, and materials
of this paper ?

To download continuously data engineering Shell & Python scripts, master
data files and reporting graphs discussed in this paper, you can access, and clone
the author gitlab repository at [16].

Acknowledgment

Acknowledgement must go to Johns Hopkins University Center for Systems
Science and Engineering (JHU CCSE) for keeping up to date world wide COVID-
19 data available in a daily frequency.

Acknowledgement must go to The Ministry of National Education, Higher
Education, Staff Training, and Scientific Research, Morocco for accepting and
supporting my sabbatical leave to do research, and return to ENSIAS refreshed.
I also acknowledge my colleagues at ENSTAS maintaining the superb teaching
and learning and e-learning culture in the school in my absence especially during
COVID-19 crisis.

References

1. Johns-Hopkins, U.: Novel coronavirus (covid-19) cases, provided by jhu csse.
https://github.com/CSSEGISandData/COVID-19 (2020)

2. Tran, D.: What is minimum viable (data) product 7 https:
//medium.com/idealo-tech-blog/\what-is-minimum-viable-data-
product-49269e338d85 (2018)

3. Baina, K.: Leveraging Data Preparation, HBase NoSQL Storage, and HiveQL
Querying for COVID-19 Big Data Analytics Projects (2020)

4. United-Nation Statistics Division: Standard country or area codes for statistical
use (M49). https://unstats.un.org/unsd/methodology/m49/overview/
(2019)

5. Worldometers: World population, population by country. https://
www.worldometers.info/world-population/population-by-country/
(2020)

6. Wang, J., Tang, K., Feng, K., Lv, W.: High temperature and high humidity reduce
the transmission of covid-19. Available at SSRN 3551767 (2020)



10.

11.

12.

13.
14.

15.

16.

Sajadi, M.M., Habibzadeh, P., Vintzileos, A., Shokouhi, S., Miralles-Wilhelm, F.,
Amoroso, A.: Temperature and latitude analysis to predict potential spread and
seasonality for covid-19. Available at SSRN 3550308 (2020)

Araujo, M.B., Naimi, B.: Spread of sars-cov-2 coronavirus likely to be constrained
by climate. medRxiv (2020)

Wikipedia: Geographical Zones. https://en.wikipedia.org/wiki/
Geographical_zone (2020)
EarthOnlineMedia: Geographical Zones. https://

www.earthonlinemedia.com/ebooks/tpe_3e/essentials/
geographical_zones.html (2020)

Wikipedia: Group of Seven. https://enwikipedia.org/wiki/
Group_of_Seven (2020)

Arab-League: League of Arab States. https://enwikipedia.org/wiki/
Arab_League (2020)

Wikipedia: Euro Zone. https://en.wikipedia.org/wiki/Eurozone (2020)

Wikipedia: Schengen  Area. https://enwikipedia.org/wiki/
Schengen_Area (2020)

Wikipedia: Islamic  World Educational, Scientific and Cultural
Organization (ICESCO). https://en.wikipedia.org/wiki/
Islamic_Educational, _Scientific_and_Cultural_Organization
(2020)

Baina, K.: Novel coronavirus (covid-19) data engineering. https://gitlab.com/
kbaina/COVID-19 (2020)



9506
9886
¢9001
1413
€¢LS1
0L491
90961
12602
8918¢
€81ES
8EEVY
¢08.9
65116
661611
128611
9855/¢

0Z02/€0/0 0Z0Z/20/¥0 020Z/10/#0 0ZOZ/LE/E0 0TOZ/0E/E0 0Z0Z/6Z/E0 020Z/8Z/E0 _020Z/LZ/E0 0T0Z/9Z/E0 0Z0Z/SE/€0 020Z/¥Z/E0 0T0Z/EC/E0 0TOZ/ZT/E0

¥08
€06
9166
;14373
169¥1
8veSt
12881
SEL8L
81.LE€E
89705
50169
¢08.9
6.78
590211
cvestlL
E£GVEVT

9€89
1628
1886
LL201
7LOEL
796E1
891711
62951
rlv6e
€657
68699
€08.9
ClBLL
8Liv0lL
725011
CLEELT

FATA
(547
9816
0801
G65CL
GllZl
50991
LESEL
0515¢
G097y
8¢S
1089
8081/
£2656
¢61501
CL1881

6.5%
8079
1996
8196
0S.L1L
66811
¢c6SL
12801
(44344
SevLY
055vy
10849
58899
966.8
6€L101
/08191

95cy
2965
€856
88.8
99801
9€801
62871
L126
¢cs6l
60€8€E
vLLO0V
10849
56029
0Llo8
689.6
988071

06€E
041§
8.V6
1428
€916
vELE
9.0%1
[41)7
68011
80¥SE
PASTAS
10819
G69.5
GECEL
(A4
8LVLCl

LI¥E
89¢y
CEEE
169/
€098
¥8eL
8¢6Cl
8699
£rSyl
CEECE
96C¢
1089
12805
61259
86798
£G9101

5862
rSe
L¥C6
6069
LEVL
§€29
L18LL
6C9¢
85911
90¥6¢
S516¢
1089
8E6EY
981.G
68508
OEBER

7552
5662
LELB
8855
A47%°]
LE6Y
16801
EEVT
6256
L1042
£€CSC
10819
ECELE
GlS6¥
98EYV.L
81159

FA44
[As] 54
LE06
€825
0955
692V
1186
cL8l
1208
L187¢
v0ece
1089
9862€
G886E
9/169
OV.LES

ve6l
0902
1968
vivy
6v.¥
£vLE
56/8
6251
0599
670€C
95861
008.9
9506¢
9€LGe
126€9
LVBEY

a¥sl
0081
1968
285¢e
rocy
Love
| A7
9gCl
€895
8€9lc
81091
00819
€.8YC
89.8¢
8€16S
9LCEE

€526°L5-
S¥ee 8-
8CL
10S5°¥1
EL6CS
14
Glcc8
EEVT'SE
9Ev'E-
€5
LELCC
204T°CLL
6

e

cl

621 LG6"
BuoT

SET -
666€°6€
ot
cals' Ly
9geL’es
€E€8°05
c818'9%
LE96'8E
18.€°95
[43
9.2¢°9Y
95.6°0€
[5°]
0¥
5474
¢060°LE

lizeig~

lebnpog~
YInog-eal0y~
BL]SNy~
SpuepaylaN~
wnibjag~
puBlSZIMS~
Aoxyn] ~
wopBury pajun-~
uel|~

aouel{~
EUIYD~1agnH
Auewlag~
uledg~

Aey~

SN~
uolBay/Anunon~ale)g/eoulroid|

A sample of April 3rd 2020 JHU data transformed by user story 2 with

last two weeks column names line and sorted on April 3rd, 2020

Fig.2



0Z0¢/£0/20 0Z0Z/20/20 0Z0Z/L0/E0 0Z0Z/LE/LO OZOZ/0E/L0 0Z20Z/6€/L0 0Z0Z/8Z/L0 0Z0Z/LZ/LO 0Z0Z/9Z/L0 020Z/SE/L0 0Z0E/¥e/L0 0Z0Z/ET/L0 0Z0Z/CE/L0

Buo

£G626'1S- SEC VL- lIizeig~
S¥ee 8- 666€ 6€ eBnpod~
1613 1SL cl Ll |4 |4 14 |4 € 4 4 I l 8cl 9€ YINOG-e810)~
105571 2915’ Ly BuUIsny~
E£L62'S 9ZEL'ES SpUBlaLIaN~
14 £EE8°09 wnibjag~
S5.¢C'8 28189 pUB[ISZIMS~
EEVE GE /E96°8E Rayn] ~
4 4 4 4 9EV €~ 18/£°GS wopBury papun-~
€9 4 uel|~
9 9 9 S 1S S 14 € € € 4 LELTE 9/2Z 9% 2ouBl]~
(4414 L2211 €614 9089 £06¥ 7GSE GSE (44 8501 192 [14°] a4 44 2042°CL)  |9G/60€ eulyy~1agny
4} oL 8 S 14 4 14 l 6 1S Auewia~
L I 3 - [0)4 uledg~
4 4 4 4 cl £F ey~
11l 8 2 L g G G g G 4 4 | | 6¢1.'G6-  |2060°LE SN~

1e7 uoibay/Anuno)~ajelg/aouinolg

A sample of April 3rd 2020 JHU data transformed by user story 2 with

last two weeks column names line and sorted on April 3rd, 2020

Fig. 3



2% L L L L6 ] 2 y 9 < € € Z Z Z e g E Z [ S S S S S o1 e Y 4 St 1+ I of euyo-Guel(Buojisy

P T S LLoF @ 2 9 9 14 14 14 14 14 ¥ € € ¢ € ¢ ¢ & € I |EZ98CC Phzysisges uoueqsT
6L 6L 6L 9L €L €l LLoL 2 L 9 9 v € 4 4 2 g E 2 E g Z b b b |pecLl zegee BUIYD-UBUSH
(14 LE 4 LE b 02 02 0 ¥L b e L L S S < € g g 3 [ S 71 ) YeveEY QUUEN UES
9c 98¢ ¢ e 6L 8L € 8 2 9 v 14 v € € Z € & € & & b b b b b 491909 L9l ec- eunusbiny|
LE [ S S A - LS - S S S 4 SN 1 1 SN2 S L | (o [ i L ¥ ¥ 3 [ S S S S Y- A B A S it Tl o EpEUBD-BIqQINIOD Ysiug
8 €Ec 6L 6l L6 9 i 14 € 4 4 4 4 4 3 L 3 L 3 [ S S S S 1 T 9/Z2°9v 3ouel4
¢ Eev OoF 9¢ 62 42 €€ 02 L L €L EF bk OF O O 6 8 L L 9 9 ¥ € E E ¥¥ €E beJ

e v 6€ 9¢ €€ 9 ST € L9 S 14 Ld € € Z Z Z 3 [ N S S erie | 0220I0W
8c EZ¢  9F Wwoor 9 0 2 L2 02 &k ¥l 0L 8 9 9 v 2 2 2 Z b b b b b 0e 92 [EILE]
¢/ 6. @, 99 99 09 ¥ €C 06 v E¢ CE CC 82 92 ML 9L €L €L ZL 0L 8@ 9 E E L 82 ac Uinog-ealoy
6SE 00 ¥9Z€ LE€ LGL ESL @2k 02k 86 &L ¥ v 8 L2 ¥ vk €L ML ¥ ¥ € € € b b b SIEE8 o889y PUELEZIMS
vel L19 wIC 6ZF PCE L6Z JCZ W6l CS¥l VEL A0L €6 ML 99 ¥C C€F PC 92 6L 9L €L @ S ¥ & Z [€C Zc uel
2y  90L JSC Jl¥ L0E ¥PE OOZ @LL 20L €@ €9 C U OF 9 B2 2 L AL v 2L Wb 2 9 L L 6ZLLCE 2060°LE sn
6E0L ¥92 L./ 6E9 9¥S ¥EV 9CC 9JZ CLZ 641 9CL 90L 9L 8C ¢F ¥2 02 ZL 0L S S ¥ € € L b |EL6EC 9zcl Zs SpuepsyisN
Sl¢L l0LL 026 S/ SY9 EES EE¥ E¥E J92 90C ASL €L W6 ¥E M9 v 82 ¥E LL WL 6 L € € € € 6 LS Aueueg
20vL Q9ZZL 6L0L 6C4 @JC COF EZ2¥y CCC 192 E€EE AJL M€l ML 66 CC 2 L& @ @ @ 9 ¥ € g & b 9gve- Le/e°cC wopbuiy psyun
9691 96GL JC¥L OLEL 290L 8901 ¥J6 LJ2@ 08/ 669 819 6¥C 6.y ¥iv 0SC 6¥2 P02 291 CZL CZL 9L Z€ OF ¥2 LI Ll Z0JEEZLL 9CL6°0C BUIYD-12qnH
€0CZ BCLZ 6081 vkl 9921 JE2@ 422 1£9 €9y 99C CCZ J6L oFL L0 64 ES PEC 62 L€ AL EL 0L L € E L tr Arey
2866 B8ELS GOtV J¥OC 8082 LIEZ /.1 GC/EL €¥0L 0EB €29 EEC eFE 682 C6L €EL GC ¥#C CF 82 /L 0L € € 2 | 1 o uleds

SZa +vZA €20 ZZA LZd 0Za 610 210 [l1d 910 Sid +#1d €1d Z1d L1d 0O 60 90 0 90 SO +d €d 2d 1d 0d Buoq uolBay/Anuno-ajels/eauirold

Fig.4: A sample of April 3rd 2020 JHU data transformed by user story 3 and

sorted on D24



COVID19 Deaths Distribution by Continents — May 28th, 2020
Distribution du nombre de Morts du COVID19 par Continent — Mai 28, 2020
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Fig.5: An example of visualisation based on geographic dimension : COVID19

deaths distribution by continents on May 28th, 2020
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= Egypt 630 Deaths, 6.15 Deaths / 1M Inhab

e Algeria 548 Deaths, 12.40 Daaths / 1M Inhab
South Africa 264 Deaths, 4.45 Deaths / 1M Inhab
Maroceo 192 Deaths, 5.35 Deaths / 1M Irhab

= Nigeria 182 Deaths, 0.88 Deaths / 1M Irhab

= Cameroon 140 Deaths, 5.27 Deaths / 1M Inhab

= Stdan 97 Deaths, 2.21 Deaths / 1M Inhab
Congo (Kinshasa) 61 Deaths, 0.68 Deaths / 1M Inhab

= Somalia 56 Deaths, 3.52 Deaths / 1M Irhab
Niger 54 Deaths, 2.23 Deaths / 1M Inhab

= Chad 53 Deaths, 3.22 Deaths / 1M Inhab

= Maii 52 Deaths, 2.56 Deaths / 1M Inhab

= Burkina Faso 51 Deaths, 2.43 Deaths / 1M Inhab

= Kenya 50 Deaths, 0.92 Deaths / 1M Inhab
Tunisia 45 Deaths, 3.8 Deaths / 1M Inhab

e Sigma Leane 32 Deaths, 4.01 Deaths / 1M Inhab

= Ghana 29 Deaths, 0.83 Deaths / 1M Inhab
Cote dlvoire 27 Deaths, 1.02 Deaths / 1M Inhab

= Senegal 25 Deaths, 1.49 Deaths / 1M Irhab
Liberia 21 Deaths, 4.15 Deaths / 1M Inhab

= Tanzania 21 Deaths, 0.35 Deaths / 1M Inhab
(Guinea 16 Deaths, 1.21 Deaths / 1M Inhab

= Congo (Brazzaville) 15 Deaths, 2.71 Deaths / 1M Inhab

= Gabon 11 Deaths, 4.84 Deaths / 1M Inhab

= Tago 11 Deaths, 1.32 Deaths / 1M Irhab

= Mauritius 10 Deaths, 7.66 Deaths / 1M Inhab
Equatorial Guinea 7 Deaths, 4.98 Deaths / 1M Inhab

= Zambia 7 Deaths, 0.38 Deaths / 1M Inhab

= S0 Tome and Principe 7 Deaths, 31.94 Deaths / 1M Inhab
Ethiopia 5 Deaths, 0.04 Deaths / 1M Inhab

= Djibouti 4 Deaths, 4.04 Deaths / 1M Inhab
Mauritania 4 Deaths, 0.86 Deaths / 1M Inhab

= Zimhabwe 4 Deaths, 0.26 Deaths / 1M Inhab
Guinea-Bissau 4 Daaths, 2.03 Deaths / 1M Inhab

= South Sudan 0 Deaths, 0.35 Deaths / 1M Inhab

= Cabo Verde 3 Deaths, 5.39 Deaths / 1M Inhab

= Litya 3 Deaths, 0.43 Deaths / 1M Inhab

e Malawi 3 Deaths, 0.15 Deaths / 1M Inhab
Angola 2 Deaths, 0.06 Desths / 1M Inhab

= Benin 2 Deaths, 0. 16 Daaths / 1M Inhab

= Eswatini 2 Deaths, 1.72 Deaths / 1M Inhab
Gambia 1 Deaths, 0.41 Deaths / 1M Inhab

= Madagascar 0 Deaths, 0.03 Deaths / 1M Inhab
Botswana 1 Deaths, 0.42 Deaths / 1M Inhab

= Burundi 1 Deaths, 0.08 Deaths / 1M Inhab
Comoros 0 Deaths, 1.14 Deaths / 1M Inhab

Fig.6: An example of visualisation based on geographic dimension : Evolution

Shapes of COVID19 deaths of Africa continent countries on May 28th, 2020
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— ltaly 391.32 deaths / 1M Inhab.

s Spain 437 45 deaths / 1M Inhab.
France 302.08 deaths / 1M Inhab.

—— United Kingdom 236.57 deaths / 1M Inhab.

e Belgium 490.35 deaths / 1M Inhab.
Gemnany 54.73 deaths / 1M Inhab.

= Netherlands 215 deaths / 1M Inhab.
Sweden 152.48 deaths / 1M Inhab.

s Switzerdand 160.95 deaths / 1M Inhab.
Portugal 70.02 deaths / 1M Inhab.

= Ireland 123.53 deaths / 1M Inhab.

e AUSEiE 50.18 deaths / 1M Inhab.

= Romania 23.44 deaths / 1M Inhab.

Russia 2.47 deaths / 1M Inhab.

Poland 9.51 deaths / 1M Inhab.

s Denmark 61.28 deaths / 1M Inhab.

‘= Hungary 19.56 deaths / 1M Inhab.
Czechia 17.36 deaths / 1M Inhab.

e NoTWay 30.43 deaths / 1M Inhab.
Ukraine 3.22 deaths / 1M Inhab.

~—— Serbia 13.96 deaths / 1M Inhab.
Greece 10.84 deaths / 1M Inhab.

‘= Finland 16.96 deaths / 1M Inhab.

= Slovenia 35.59 deaths / 1M Inhab.

Luxembourg 116.61 deaths / 1M Inhab.

e Moldova 16.6 deaths / 1M Inhab.

North Macedonia 24.47 deaths / 1M Inhab.

Bosnia and Herzegovina 14.63 deaths / 1M

Inhab.

—— Belarus 4.97 deaths / 1M Inhab.
Croatia 11.44 deaths / 1M Inhab.

‘= Bulgaria €.04 deaths / 1M Inhab.
Estonia 30.15 deaths / 1M Inhab.

== San Marino 1149.39 deaths / 1M Inhab.
Andorra 46592 deaths / 1M Inhab.

—— Lithuania 12.85 deaths / 1M Inhab.

= Albania 8.03 deaths / 1M Inhab.

e Slov akia 2.19 deaths / 1M Inhab.

= |celand 26.37 deaths / 1M Inhab.
Latvia 2.65 deaths / 1M Inhab.

= Montenegro 7.96 deaths / 1M Inhab.

Malta 6.79 deaths / 1M Inhab.

Monaco 7644 deaths / 1M Inhab.

Liechtenstein 26.22 deaths / 1M Inhab.

Fig. 7: An example of visualisation based on geographic dimension : Evolution
Shapes of COVID19 deaths of European continent on April 19th, 2020
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Fig.8: An example of visualisation showing an illustrative demograhic data :
COVID19 confirmed cases with Morocco similar time series on April 6th, 2020
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COVID19 Deaths Distribution by Climatic zone — May 28th, 2020
Distribution du nombre de Morts du COVID19 par Zone climatique — Mai 28, 2020
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Fig.9: An example of visualisation based on climatic dimension : COVID19

deaths distribution by climatic zones on May 28th, 2020
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COVID19 Deaths in Countries with an evolution having started as South Korea - May 1st, 2020
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Fig.10: An example of visualisation based on similarity based data integration
: COVID-19 deaths in countries like Morocco and Argentina among others with
the same shape (distance based) as South Korea on May 1st, 2020
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Number of COVID19 Deaths in Schengen Area - May 19th, 2020

Evolution du Nombre de Morts du COVID19 dans l'espace Schengen
—Situation au 19 Mai 2020
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Fig. 11: An example of visualisation based on geographic dimension : COVID-19
deaths evolution in Schengen Area on May 19th, 2020
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Fig. 12: An example of visualisation based on geographic dimension : COVID-19
deaths evolution in Schengen Area on May 19th, 2020



