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ABSTRACT

The Coronavirus had disrupted our day-to-day lives when it was first reported back in 31
December 2019. Lifestyle to economy, everything tumbled for most countries. It has been
a long time since then and countries have taken measures to combat it and now almost all
countries are restoring their economy and people’s lifestyles that were hampered due to the
lockdowns. Developed countries with their better medical facilities did struggle to control
the outbreak of the virus. In South Asia, where countries, being mostly under-developed or
developing, took some massive hits from the pandemic that lasted for more than 2 years.
In this study, we do a comparative study on the South Asian countries to find out what
were their pandemic conditions in terms of confirmed cases, recovered cases and death
cases. Also analyze which countries took appropriate measures to do comparatively better
to handle the pandemic from the rest. Time series and prediction model will be used to do
the comparative analysis. We used a 4-months phase analysis along with other plots and
graphs to analyze the COVID-19 spread for the countries and for predicting the curve we
used TensorFlow. The timeframe we chose to analyze is between 23-01-2020 to 08-03-
2021. Developing countries can get the idea from this article how to tackle a pandemic or

epidemic in the future.
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CHAPTER 1
Introduction

1.1 Introduction

The Coronavirus first affected us in December 2019. The spread of the virus started from
the Wuhan city of China. From there point it started to spread rapidly all over the world. A
lot of lives were lost within a few months. The rate of contagion and spread of infection is
quite fast compared to other viral infections encountered until today. Due to its rapid
progress and covering the world in a short period of time, it is necessary to carry out
intensive studies on it to understand it properly. The data used includes 8 countries of South
Asia (Afghanistan, Bangladesh, Bhutan, India, Nepal, Pakistan and Sri Lanka) where the
disease progresses differently. We have visualized the confirmed, death and recovered
cases of these countries for a comparative study along with a prediction model to

understand the future possibilities of the virus spread.

1.2 Motivation

We all had been suffering from the miseries of Covid-19 for more than 2 years now. This
pandemic has definitely taught us the necessity to study and research on relevant topics
like Covid-19 and similar potential pandemics that might arise in the future. It also
motivated us to look into the data of Covid-19, analyze it deeply and get some insights for
knowing the risk factors and spread of it in a developing country like Bangladesh and so
on in South Asia. The adverse effects of it and the critical situations that nobody was
prepared for made us also concerned to have a proper analysis of such pandemic so that we
can tackle similar ones better in the future. This is our core motivation to work on such

research-based project as we find it relevant and appropriate for the time being.

1.3 Rationale of the Study

Everyone is trying to understand COVID-19 and why it caused so much damage to
humanity in this century. There are researches going around the globe on it right now. Our
motive is to do a proper research and analysis of the South Asian countries so that we can

© Daffodil International University 1



get a better understanding of the situation in our regions. As developing countries, we need

to be prepared for the future if such a pandemic ever repeats itself, we are better prepared

to tackle the situation. We can learn from our mistakes and what our neighbors did right to

reduce the damage caused by the virus in their respective countries.

1.4 Research Questions

Could the situation be handled better when the virus started spreading?

Were the countries prepared to face such a pandemic?

Was the medical infrastructure well-built for providing treatment to people?

What other countries did comparatively better and reduced their damage caused
due to the pandemic?

How can we be better prepared for such a pandemic in the future?

1.5 Research Objectives

Non-misleading information and provide clarity on the situation.

Provide accurate context and depth of collected data.

Prediction of future curve of death/infection/healed from present and past data.
Visualization of a pandemic like COVID-19 will help to understand how the
pandemic spread, rate of spreading and how different countries handled the
situation might help in future to take proper precaution to reduce potential

pandemic damage in the future.

1.6 Expected Outcome

Visual representation of rate of death, rate of infected people and recovery rate.

Comparative analysis on the basis of these figures will enable us to monitor and understand

the outbreak of any similar pandemic in the future, with appropriate precautions and steps

to reduce loss of lives as well as financial downfall.

© Daffodil International University 2



1.7 Report Layout Chapter
The paper is organized as follows:
I.  Background
Il.  Research Methodology
I1l.  Experimental Results and Discussion

IV.  Summary, conclusion, Recommendation and implication for future Research

V. Reference.
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CHAPTER 2
Background Study

2.1 Terminologies

Our main goal of this paper is to understand the COVID-19 for South Asian countries by
using data visualization tools like scatter plot, bar plot, line plot, choropleth map, tree map
and so on. Later, we used ARIMA model and Facebook Prophet to do prediction for
upcoming days how the pandemic will affect in terms of confirmed cases, death cases and
recovered cases. Another thing we implemented here is a 4-month phase plot that will
visualize the scene on a quarterly basis for the countries. We also did per 100 cases studies
to get a better understanding. On the later part, we did some comparative study based on
decisions taken by some countries which gave advantages and disadvantages over other
countries for minimizing the pandemic effect on them or failed to do that. We took
inspiration from some notable researchers who are doing tremendous work to understand
COVID-19 from their respective countries. Our vision is the same to tackle such pandemic

better in the future.

2.2 Related Works

Machine learning and Artificial Intelligence (Al) models are essentially used to improve
the prediction accuracy of diagnosis and the screening of non-infectious diseases.
Moreover, machine learning approaches are also widely used in the evaluation and
prediction of COVID-19 survival rate, and the release time of patients based on clinical
data.

Malki, Z., Atlam, ES., Ewis have advanced their studies on a decision tree algorithm on
the COVID-19 global actual-time data. The core idea is to utilize supervised machine
learning algorithms for time-series forecasting. The algorithms proposed in this work,
namely: the decision tree algorithm and linear regression, are powerful models for
predicting sequence and time-series data-related problems. [1]

Sahai, A.K.Rath, N.Sood, V., and Singh used the ARIMA model where specifications had
been envisioned using the Hannan and Rissanen algorithm. The sample forecast for the

following 77 days was computed using the ARIMA models. [2]
© Daffodil International University 4



Gopi Battineni, Nalini Chintalapudi, Francesco Amenta applied Facebook Prophet for
predicting Covid-19 data since this model perfectly fits for historical data of several
seasons data and strong seasonal effects and it is fully automatic with limited manual
involvement. A well-derived Prophet model not only helps to future predictions but also to
detect anomalies and fill gaps in missing values. [27]

Sun, J., Chen, X., Zhang, Z., Lai, S., Zhao, B., Liu, H., Wang, S., Huan, W., Zhao, R., Ng,
M.T.A. and Zheng, Y proposed a new model named Dynamic Susceptible Exposed
Infective Quarantined (D-SEIQ), by making appropriate modifications of the Susceptible-
Exposed-Infected Recovered (SEIR) model and integrating machine learning-based
parameter optimization under epidemiological rational constraints to predict the long-term
reported cumulative numbers of COVID-19 cases in China. [3]

Shaito, M. and Elmasri, R. focus on spatial data visualization in their research. They used
six techniques to visualize spatial data namely: Choropleth maps, Heat maps, Hexagonal
binning, Dot maps, Bubble maps, and Cartogram maps. [5]

Ogundokun, R.O. and Awotunde, J.B. projected a simple average aggregated scheme, and
the aggregated system has been established by aggregating three regression methods which
include Support Vector Regression, and Linear Regression as well as Artificial Neural
Network. The variables utilized for the formulation of an aggregated method are the figures
of COVID-19 cases. [6]

After everything considered, we proposed that the best way to understand the spread of
COVID-19 is by using ARIMA & Facebook Prophet models to predict the spread of the

virus. [7]

2.3 Research Summary

Pandemic can cause massive damage to any country. And if the country is a developing or
underdeveloped country, then the damage done will be more adverse compared to a
developed country.

Our paper focuses on the South Asian countries, where mostly we see developing nations
with limited resources in medical sectors. So pandemics can cause some severe damage to

them. And for the case of COVID-19 it was not different, we saw reported deaths almost
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daily from these countries when it started to spread rapidly. Bangladesh, India and Pakistan
suffered considerably more compared to other South Asian countries when we see the death
cases per 100 cases.

The lockdown calls from South Asian countries helped them initially to reduce the spread
of the virus. But still a lot of damage was done to the economy and there was a significant
loss of lives. People couldn’t get proper health facilities due to infrastructural limitations
in countries like Bangladesh, Pakistan and India due to dense population. Other South
Asian countries comparatively faced lower numbers of deaths and economic downfall due
to proper measures from their respective governments in time. Bhutan and Maldives did
significantly better in this regard. When we saw the cases for Sri Lanka, Nepal and
Afghanistan they had lower deaths than Bangladesh, India and Pakistan as their population
was not that densely populated and their medical sector could somewhat cope up with the
situation. We definitely saw reports on lack of ICUs and Oxygen cylinders along with
medical supplies across the countries.

Therefore, we can say there is a need for proper infrastructural developments in the medical
sector for South Asian countries to face such pandemic in the future. Doctors per capita is
also something we saw adequate deficiency for most countries. [10]

Apart from these, our comparative study shows policymakers could further work on their
current medical sector policies to ensure proper facilities for their citizens. If proper
measures are taken and changes are done by the countries, then in future they can tackle

such pandemics much better with minimum loss of lives and economic downfalls.

2.4 Scope and Challenges

A lot of research has been done and are ongoing on COVID-19. This is our attempt to
understand the effects of it on South Asian countries on the basis of a comparative study.
We analyzed the data that we could source from 23-01-2020 to 08-03-2021, along with
relevant papers that focused on the study of the virus in terms of spread and damage to
these countries.

Recently we have seen that COVID-19 is mutating itself and variants are coming out,

Omicron and Delta are the two notable ones among them. Our study couldn’t take the
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variants under consideration. And these variants caused change in death rates and affection
rates. The mortality rate has been going down recently with increased confirmed cases.
There is also a significant number of people who are recovering from COVID-19 faster
due to vaccination and antivirals being readily available to people, which wasn’t the case
when the virus first started its spread. This is also reflected in our prediction model where
we see an increased number of confirmed cases but death cases along with steady recovered

cases.

© Daffodil International University 7



CHAPTER 3
Research Methodology

3.1 Introduction

Our goal of the paper was to do a comparative study based on time series and prediction
model to understand the spread of COVID-19 in South Asian countries. For this we used
various plots and graphs that are available in python including Plotly, Matplotlib, Folium
and Seaborn. All these were open-source, so we could use them without any problem.

We used a bar diagram model to do a per 100 cases study for the countries to understand
the spread of the virus based on 4 months’ time intervals. Choropleth map was used to see
the change visually over time. Other visualizations were also done to understand the
changes among the countries.

For the prediction model, we used the ARIMA & Facebook Prophet to do a prediction for
confirmed, death and recovered cases of total South Asian countries.

From these studies, we were able to come to an understanding about the spread of the virus

over time.

3.2 Data source

The data used in this study were preprocessed and collected from open GitHub repository,
and it is sourced from this upstream repository maintained by the team at Johns Hopkins
University Center for Systems Science and Engineering. The upstream dataset currently
lists the following upstream data sources: World Health Organization (WHO), BNO News,
etc. This data shows the daily total COVID-19 confirmed positive cases, daily and total

deaths, and the total and daily recoveries.

3.3 Data Collection Procedure

Data we used were collected from Johns Hopkins University Center for Systems Science
and Engineering GitHub repository. They compiled their data from various sources and

pre-processed for research purposes. So, we directly collected it from there.
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3.4 Data Preparation

The data that we have collected was containing data for all countries in the world. Since
we are working in only eight countries of South Asia, we just kept those 8 countries for our
working purpose. Then this data was divided into four phases (by 4 months approximately)
respectively for showing the change of COVID-19 situation of the total population of South

Asian countries.
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Figure 3.3: Building Facebook Prophet model

3.5 Research Subject and Instrumentation

Our research topic is Data Visualization of Covid-19 and Comparative Study on South
Asian Countries, which is mainly focused on data visualization from the data of COVID-
19 of South Asian countries. In the world of Big Data, data visualization tools and
technologies are essential to analyze massive amounts of information and make data-driven
decisions. Python is a very popular language for data manipulation related stuffs. With its
vast library that’s open-source, mostly helps researchers to get access to them & use them
for research related purposes. Also, we get flexibility using python because it can handle a
lot of things by itself. Thus, we have used python for doing the visualization for our
research.
We have also predicted from those data using python with the help ARIMA model. An
ARIMA model is a class of statistical models for analyzing and forecasting time series
data. It is an acronym which stands for Autoregressive Integrated Moving Average. It is
the generalization of the simpler autoregressive moving average, and that’s the notion of
integration. An ARIMA model is characterized by three parameters: p, d, q where,
e pisthe order of AR, which forecast a series based on the past values in the series.
Simply it is the number of lag observations in the model which is also known as the

lag order.

© Daffodil International University 10



e (s the order of MA, which forecast a series based on the past errors in the series.
Simply it is the size of the moving average window which is also known as the
order of the moving average.

e d is the number of differencing required to make the time series stationary, which
is also known as the degree of differencing.

Mathematical formula for the AR and MA models:

Auto Regressive (AR only) model is one where Yt depends only on its lags. That is, Yt is

a function of the ‘lags of Yt’.
Yt = a+p1lYt-1+B2Yt-2+..+BpYt-p+el _ (1)

where, Yt—1 is the lag 1 of the series, B1 is the coefficient of lag 1 that the model estimates,

and a is the intercept term, also estimated by the model.
Yt = a+et+@let-1+@2et-2+..+@qet-q_ __ (2)

where the error terms are the errors of the auto-regressive models of the respective lags.

The errors et and et—1 are the errors from the following equations:
Yt = B1Yt-1+B2Yt-2--+BOYO+etYt-1=f1Yt-2+B2Yt-3..+BOYO+et-1_ (3)

Predicted Yt = Constant + Linear combination Lags of Y (up to p lags) + Linear

Combination of Lagged forecast errors (up to q lags).

The frameworks need to be harmonized concerning the appropriate quandary since the
models don’t run as intended. An intensive perception of how the fundamental statistic
models operate is required to harmonize these systems. The primary input variables to the
ARIMA model are the moving average elements, the auto-regressive elements including
the utmost degrees of difference. A standard interpreter does not apprehend how to monitor
these systems to evade this operation and this sort of system is too laborious to accumulate
and estimate. [27].

The Prophet Forecasting Model:

A perishable model comprising of three principal elements, namely trend, seasonality, and
holidays is practised in the prophet forecasting model [14]. They’re consolidated within
the subsequent equation:

© Daffodil International University 11



y(O=g(t)yts(t)y+h(t)+et(6) _ ______ _ (4)
g(t): section-wise linear or logistic growth curve used to model non-periodic fluctuations
in the statistics.
s(t): periodical variations, which can be weekly or yearly seasonality.
h(t): impacts of holidays provided by the user with variable schedules.
et : error term approximations for any significant changes not implemented by the model
[18].
FB prophet attempts to readjust numerous linear and nonlinear functions of time by
utilizing it as an independent variable. Exponential smoothing, as well as a prophet,
practice the same strategy of modelling seasonality as a supplement component. In
exponential smoothing, the prevailing observations are given more weight in forecasting
compared to the earlier observations, since exponentially decreasing weights are ascribed

due to the emergence of the observations [26].
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Figure 3.4: Flowchart of ARIMA model and Facebook Prophet

And for the execution of python code, we have used Google Colab.

Evaluation Parameters:

1) Root Mean Square Error (RMSE):

RMSE is the variance or the root of the residuals, where residuals tell how distant the
regression curve is from the precise data points [21]. It’s the measure of how the residuals
disperse around the line of best fit. It will easily be deciphered because its units match the
output units. Again, this is usually negatively-oriented and an inferior RMSE value
improves the model performance [22].

RMSE = {1/nX(yi-yi)}________ (5)

© Daffodil International University 13



1) R-Squared Score (R?):

R-squared (Rz) score is a metric of confidence that is easy to compute and intuitive to
interpret [23]. It is the degree of how imminent a data point fits the linear regression; hence
it tells us how good the regression line predicts the real values. It is the coefficient of
determination that provides the measure of variation that has been demonstrated by the
self-standing variables in the model. Furthermore, it gives us goodness-of-fit of the model,
plus has a score that always prevails between 0 and 1 (0 and 100%). Due to inappropriate
fit accompanied by the choice of an erroneous model, the values tend to lie outside the
scope of the data. If R2 = 0.92, for instance, a 92% increase in the expense of fuel is due
to the increase in the distance traversed. An R2 score of 1 symbolizes that the regression
predictions fit the data faultlessly about its mean. A score of 0 indicates that none of the
predictions fit the data about its mean. Higher the R2 score, better the model performance.
R2 monotonously improves with the increase in the number of variables, but never

diminishes. The formula to find the R-squared (R2) is given by [24]:

R?= Variance Explained by Model /Total Variance_ _ __ __ __ (6)

© Daffodil International University 14



CHAPTER 4

Experimental Results and Discussion

4.1 Data Visualization

Visualization is the graphic representation of data through the use of pictorial design. The

goal is to make a visual easy to comprehend and presentable. [5] The main purpose of

Coronavirus data-visualization is to observe information clearly and effectively using

different graphical presentations. It is a useful medium for examining, understanding, and

transmitting information because it has several possible uses in the domain.

411

1.

Data Visualization libraries in python

Matplotlib: Matplotlib is a Python library used for plotting the beautiful and
attractive Graphs. In data science visualization is the important step. By using
visualization, we can easily understand than how data is split. It is a cross-platform
library for making 2D plots from data in arrays. It provides an object-oriented API
that helps in embedding plots in applications using Python GUI toolkits. Likewise,
it can be used in Python and IPython shells, Jupyter notebook and web application
servers also. [11]

Seaborn: Seaborn is a Python visualization library built on top of matplotlib to plot
graphs. For drawing attractive statistical graphics, it provides a high-level interface.
Seaborn is more integrated for working with Pandas DataFrames. [4]

Plotly: Plotly is built on d3.js and stack.gl. It is a high-level, declarative charting
library. It ships with 20 chart types, including 3D charts, statistical graphs, and SVG
maps. It supports a wide range of statistical, scientific, financial, geographic, and
3-dimensional visualizations.

Folium: Folium is a powerful Python library that helps with mapping geospatial
data to create several types of Leaflet maps from scratch with Python. builds on the
data wrangling strengths of the Python ecosystem and the mapping strengths of the

Leaflet.js library and creates a map in a separate HTML file. [12]
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4.1.2 Data Visualization Result

In this research, we have imported many data visualization libraries such as
Matplotlib.pyplot, Seaborn, Plotly.express, Folium, Plotly.graph_objects. Through those
libraries, we were able to analyze and produce some meaningful graphical data
representation from COVID-19 datasets. Researchers identified the following finding
based COVID-19 datasets:

The following figure 4.1 shows COVID-19 situation of South Asian countries over time

according to confirmed cases, death cases and recovered cases.

Cases Over Time

Count

1ar 2020 May 2020 Jul 2020 Sep 2020 Nov 2020 Jan 2021 Mar 2021 May 2021 Jul 2021

Date

Figure 4.1: COVID-19 cases over time in South Asian countries

Here it is observed that the line gradually increased, but it was going straight comparatively
during the winter (up to early March) and again rises high when summer (from late March)
came.

The following figure 4.2 shows choropleth map of COVID-19 situation of South Asian

countries over time according to confirmed cases.
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Figure 4.2: Choropleth map visualizing the COVID-19 cases over time in South Asian countries

In this choropleth map, the color of the countries will be changed overtime as shown in the
color bar in the right portion of the figure, according to the confirmed cases. In the end it
can be observed that India got the highest number of confirmed cases and then Bangladesh,
Pakistan, Nepal, Sri Lanka, Afghanistan, Maldives and Bhutan. Here the confirmed cases
were more depending on the number of populations.

The following figure 4.3 shows COVID-19 situation of South Asian countries into four
phases (divided by 4 months approximately) according to confirmed cases, death cases and

recovered cases visualized using scatter plots.

Figure 4.3: Four phases of COVID-19 in South Asian countries
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The following figure 4.4 shows COVID-19 situation of South Asian countries into four
phases (divided by 4 months approximately) according to confirmed cases and visualized

using bar graphs.

Figure 4.4: Four phases of Confirmed cases of COVID-19 in South Asian countries

From the above visualization, we can see that the bar of India is always high among the
rest of the countries. Situation of Afghanistan, Bangladesh and Pakistan was high in the
first phase, but later it seems to be low compared to India’s situation and other countries'
situation is almost negligible compared to mentioned countries.

The following figure 4.5 shows COVID-19 situation of South Asian countries into four
phases (divided by 4 months approximately) according to recovered cases and visualized

using bar graphs.
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Figure 4.5: Four phases of Recovered cases of COVID-19 in South Asian countries

The following figure 4.6 shows COVID-19 situation of South Asian countries into four
phases (divided by 4 months approximately) according to confirmed cases and visualized

using bar graphs.

Figure 4.6: Four phases of Death cases of COVID-19 in South Asian countries
According to the Ministry of Public Health, on August 5, 2020, around a third of the
population was affected by COVID-19, that’s roughly 10 million. Cases have gone
significantly down from there, and we can see a recovery in the economy as well. Kabul

Province had the highest number of COVID-19 cases for Afghanistan. From our
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visualization we also saw that for per 100 cases they were leading the chart for death cases
among the South Asian countries. [11]

Bangladesh being a densely populated country did suffer a lot from COVID-19 and there
were significant number of loss of lives in this country. The government was quick enough
to declare multiple lockdowns to reduce the spread of the virus. But still they peaked at one
time to be the highest new cases in Asia. The outbreak was severe and even crossed the
number of cases in China. Death were reported daily. Bangladesh needed to ready itself,
by establishing a demand forecasting model for Medical-grade Oxygen at the earliest when
the spread was widespread for the virus with the coordinated efforts of Department of
Public Health Engineering (DPHE); and Institute of Epidemiology, Disease Control and
Research (IEDCR). With these combined efforts, the rates for confirmed cases have gone
down, with some late death cases being confirmed on recent variants of COVID-19. [8][9]
Bhutan did a great work for reducing the spread of COVID-19 in their country compared
to other South Asian countries. Their government was fast to implement appropriate
measures to stop the spread of the virus. On recent variants, their citizens were affected,
but the mortality rate remained low. And that is visible in our visualization. [19]

India is another densely populated country from South Asia and for that, their people had
to suffer from lack of medical facilities as the country doesn’t have adequate infrastructure
to support every affected citizen. Government was quick to take appropriate measures to
tackle the situation but when the spread was uncontrollable people were getting affected
daily and death rates kept increasing in India. With vaccination done on a mass level, the
situation was brought back to normal and from there we are seeing a declined number of
cases in terms of deaths and confirmed cases. India was leading the daily confirmed cases
and active cases for a while in comparison to global stats. Oxygen shortage was a big issue
for them. Vaccines were given to elderly people to reduce the deaths. And from there things
started to slow down. [8][9]

Although the death rates were comparatively lower for the Maldives, at one point they were
the fastest growing country in terms of infection for COVID-19. Things have slowed down

from there after the government took appropriate measures to handle the situation.
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Their tourism sector was hampered heavily due to the lockdowns, which caused massive
economic losses. Mass vaccination played a vital role to minimize the death cases. [13]
COVID-19 caused serious economic damage to Nepal as they are dependent on tourism
heavily and for the lockdowns that were necessary to control the spread of the virus, they
had to take losses on the economy. Bagmati Province and Kathmandu were hit the most.
[14]

Pakistan is another densely populated country of South Asia where the effects of COVID-
19 were clearly visible. Karachi, Lahore, Islamabad and Peshawar were hit the hardest by
the virus with most cases. After the government took strict measures, the number started
to decline along with the vaccination programs. [8][9]

Sri Lanka is another country that is dependent on tourism for their national economy, so
the pandemic caused the downfall of their economy when it started to hit the country. The
government took measures to control the situation with measures like lockdown, but they
couldn’t do a proper rebound like other countries of South Asia after the adverse effects of
COVID-19 started to deteriorate with mass vaccination. They are currently facing national
bankruptcy. The government in power is already trying to flee the country as global leaders
try to help stabilize the national economy. COVID-19, maybe one of the root causes of
downfall of Sri Lanka. [15]

The following figure 4.7 shows COVID-19 situation of South Asian countries according
to confirmed cases, death cases and recovered cases separately and visualized using line

plots.

Deaths / Per 100 Cases Recovered / Per 100 Cases Deaths / Per 100 Recovered

Jul 2020 Jan 2021 Jul 2021 Jul 2020 Jan 2021 Jul 2021 Jul 2020 Jan 2021 Jul 2021

Figure 4.7: Visualization on per 100 cases in all South Asian countries
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From the above plots, we can see that the line of Deaths/Per 100 cases was high during the
early stage of COVID-19, but in the later stage the line went downward. Again, in
Recovered/Per 100 cases the line was in the downside but in the later stage it went high.
Thus, it can be seen that COVID-19 was much deadlier in the earlier stage than the later
stage. Since there were lots of variants of COVID, thus we can say that the variants in the
later stages aren’t deadlier as the early variants.

The following figure 4.8 shows COVID-19 situation of each country of South Asia
according to recovered/per 100 cases, deaths/per 100 cases, deaths/per 100 recovered cases

and cases/million population separately and visualized using bar diagrams.

Figure 4.8: Visualization on per 100 cases country wise

From the above bar plots, we can see that the bar in Recovered/Per 100 cases of
Afghanistan is lower than the other countries again the bar in Deaths/Per 100 cases is the
highest than the other countries, and thus we can say that among all other South Asian

countries, Afghanistan couldn’t tackle the situation like other countries. [16]

4.2 Prediction Model

The ARIMA & Facebook Prophet models have been used on our collected dataset for

predicting the result of confirmed, recovered and death cases for 30 days. The data which
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we have used is provided by Johns Hopkins which gives the cumulative case count for each
country of South Asia on each day from 22-01-2020 to 08-05-2021, total 473 days.
Before training an ARIMA model on the data, the data needs to be checked for stationarity,
meaning that the data has stable statistics, such as constant means and variances, over time.
This is because, otherwise, the timeseries is essentially equivalent to a white noise, carrying
little information. Stationarity helps to ensure that behavior observed in a particular
window of the data is likely to happen again, which is why many statistical models depend
on it. To assist in finding p and g, ACF and PACF plots were created. The autocorrelation
function gives the effect that all previous points in time together have on the current point.
Hence, the moving average term g can be derived. [20][21]

The partial autocorrelation function gives the direct effect that each of the previous points
have on the current observation. After that, a stepwise search is run to iterate over p, d and
g values and select the best parameter pair based off of the AIC score, which estimates out-
of-sample prediction error. A low AIC score is generally considered better and indicates
how well a model fits the data without overfitting. Datasets with seasonality in them can
be forecasted accurately using prophet. It's an open source software that was released by
Facebook's core Data Science Team. It can deal pretty well with yearly, weekly, & daily

seasonality along with holiday effects by removing these trends. [22][23]

TABLE 1: ARIMA & Facebook Prophet models for South Asian countries with evaluation parameters

Country Model Case Type RMSE R?
ARIMA (4,2,2) 859.53 0.722
Confirmed
Facebook 364.73 0.92
Prophet
ARIMA (3,1,2) 615.93 0.684
Afghanistan Recovered
Facebook 301.87 0.93
Prophet
ARIMA (2,2,4) 19.27 0.852
Deaths
Facebook 13.86 0.91
Prophet
Bangladesh ARIMA (5,2,4) Confirmed 100113.42 0.651
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Facebook

Prophet 15638.63 0.90
ARIMA (0,2,1) 40305.70 0.723
Recovered
Facebook 13420.05 0.92
Prophet
ARIMA (1,2,2) 362.99 0.751
Deaths
Facebook 238.01 0.1
Prophet
ARIMA (2,2,1) 112.86 0.771
Confirmed
Facebook 32.56 0.88
Prophet
ARIMA (1,2,2) 66.33 0.725
Bhutan Recovered
Facebook 17.58 0.89
Prophet
ARIMA (0,1,0) 0 1
Deaths
Facebook 0.17 0.848
Prophet
ARIMA (5,2,5) 1732463.99 0.712
Confirmed
Facebook 824821.07 0.90
Prophet
ARIMA (2,2,2) 1736055.72 0.722
India Recovered
Facebook 523802.26 0.93
Prophet
ARIMA (2,2,2) 22244.70 0.752
Deaths
Facebook 638.66 0.1
Prophet
ARIMA (1,2,1) 1938.62 0.753
Confirmed
Maldives Facebook 423.44 0.94
Prophet
ARIMA (1,2,2) Recovered 186.06 0.90
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Facebook

Prophet 72.41 0.95
ARIMA (0,2,2) 3.65 0.855
Deaths
Facebook
Prophet 1.11 0.90
ARIMA (5,2,1) 39536.44 0.822
Confirmed
Facebook 843554 0.88
Prophet
ARIMA (2,2,1) 7741.32 0.812
Nepal Recovered
Facebook 1757.18 0.89
Prophet
ARIMA (0,2,1) 88.90 0.721
Deaths
Facebook 99.88 0.87
Prophet
ARIMA (4,2,0) 6647.14 0.981
Confirmed
Facebook 12717.199 0.97
Prophet
ARIMA (1,2,2) 6647.14 0.981
Pakistan Recovered
Facebook 780755 0.94
Prophet
ARIMA (2,2,1) 525.27 0.783
Deaths
Facebook 241.37 0.94
Prophet
ARIMA (3,2,4) 8886.25 0.741
Confirmed
Facebook 1709.09 0.93
Prophet
SriLanka | ARIMA (0,2,1) 2133.78 0.764
Recovered
Facebook 1599.28 0.90
Prophet
ARIMA (3,2,5) Deaths 37.11 0.842
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Facebook

Prophet 10.16 0.89

Sample Size: 473 days
Time Frame: 22-01-2020 to 08-05-2021

Confirmed Cases Forecasting (Facebook Prophet):

The following figure 4.9 shows a slow inclination for the coming months, meaning
confirmed cases were going down. However, the cases reached three folds higher than it
was in the beginning. The country has faced a slight peak at the end, but it came to lower

position compared to most countries.
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Figure 4.9: Confirmed cases forecasting of Afghanistan

The following figure 4.10 shows a similar trend, with confirmed cases going down.
However, the path followed a very uniform increase in the number of cases. Similar pattern
is observed in death & recovered case. Although the country is pretty densely populated,

the government did a good job of handling the situation well with early lockdowns.
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Figure 4.10: Confirmed cases forecasting of Bangladesh

The following figure 4.11 shows very low increase for the confirmed cases here. The
increase in the cases was gradual, but a sudden increase has been observed twice within
the given time span. Confirmed cases stayed pretty low compared to the situation of
COVID-19 in the world. We see a similar pattern when we look at the death & recovered

graphs for the timeframe, we are running our studies on.
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Figure 4.11: Confirmed cases forecasting of Bhutan

The following figure 4.12 shows a comparatively higher number of confirmed cases for
the coming months. The country has faced a fast-paced increase in the number of cases,
which grew over the time. One of the major reasons for this is the population being high &

densely populated in many areas of the country.
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Figure 4.12: Confirmed cases forecasting of India

The following figure 4.13 shows a low increased number of confirmed cases. There is no
sign of sudden increase of cases and the cases follow a very slow increase in number
compared with the given time. It followed this steady trend line for a while before coming

down significantly.
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Figure 4.13: Confirmed cases forecasting of Maldives
The following figure 4.14 shows significant jump in confirmed cases for the following
months. The rise of confirmed cases was very low as shown in the figure which took a
steep turn upwards and maintained an increased number of cases which was stable for a

while but faced with another sudden rise within a short span of time.
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Figure 4.14: Confirmed cases forecasting of Nepal

The following figure 4.15 shows a comparatively higher number in terms of confirmed

cases. The increase in number of cases in very clear as the fast-growing cases goes

upwards.
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Figure 4.15: Confirmed cases forecasting of Pakistan

The following figure 4.16 shows a slow increase in confirmed cases. Though the figure
shows very slow confirmed cases from 2020-02 to 2020-10, a sharp increase in the number

of cases has been observed, which demonstrates a high increase within a short span of time.
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Figure 4.16: Confirmed cases forecasting of Sri Lanka

Recovered Cases Forecasting:
The following figure 4.17 shows a low number of recovered cases. The recovered cases
are low compared to the time span and the number of cases. This is mainly due to the

population being not so high. The initial lockdowns might have helped.
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Figure 4.17: Recovered cases forecasting of Afghanistan

The following figure 4.18 shows also a low number of recovered cases. Due to the gradual
increase number of confirmed cases, conversely the steady number of recoveries is

observed here.
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Figure 4.18: Recovered cases forecasting of Bangladesh

The following figure 4.19 shows a low number of recovered cases due to less confirmed
cases previously seen. Since the number of confirmed was low, it maintained an
equilibrium given a low number of recovered cases. With a low number of confirmed cases,
the country had a steady increase in the number of recovered cases, but it’s definitely low

when compared to most countries. Also, the population is not that large for them.
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The following figure 4.2.20 shows a significantly higher number of recovered cases.
Compared to the number of confirmed cases, the recovered cases are higher. Due to proper

medical facilities, the number of recovered cases increased over the time for the country.

Foreign aids definitely played a role in here.
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Figure 4.20: Recovered cases forecasting of India

The following figure 4.21 shows a low number of recovered cases as well. The low number
of cases recovered has been observed here within 2021-06 confirmed cases rose so high

that the recovered cases were very low.
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Figure 4.21: Recovered cases forecasting of Maldives

The following figure 4.22 shows low number of recovered cases compared to confirmed
cases. The gradual increase of confirmed cases reciprocated in a lower number of recovered

cases, which was seen in the case of Nepal.
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Figure 4.22: Recovered cases forecasting of Nepal

The following figure 4.23 shows a higher number of recovered cases compared to
confirmed cases. Despite the increase of confirmed rates by three-fold, the recovered cases

aren’t low either.
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Figure 4.23: Recovered cases forecasting of Pakistan

The following figure 4.24 shows a significantly higher number of recovered cases
compared to confirmed cases. Due to the significantly low number of confirmed cases till

2020-10, it significantly resulted in a higher number of recovered cases.
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Figure 4.24: Recovered cases forecasting of Sri Lanka
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Death Cases Forecasting:

The following figure 4.25 shows a significantly low number of death cases. The death rate
stayed within a range that’s not very high over the period of time. Again, we can say this
is due to the fact that the population is not that large for the country & lockdowns helped

immensely to keep the deaths low during the peak periods.
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Figure 4.25: Death cases forecasting of Afghanistan
The following figure 4.26 shows similar low number of death cases. We see a slight
increase of death in the end of the time frame we are running our charts on. After that, the

deaths have gone lower as the country becomes more aware of the virus & overall situation.
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Figure 4.26: Death cases forecasting of Bangladesh

The following figure 4.27 shows an extremely low number of death cases. The country has
the lowest number of deaths. This is due to strict decisions taken by the government to
enforce lockdown when the virus first appeared in the country. This helped to keep the

death rate extremely low.
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Figure 4.27: Death cases forecasting of Bhutan
The following figure 4.28 shows comparatively higher number of death cases. Being a
densely populated, the number of deaths stayed pretty high for them throughout the waves
of the virus. Although we see a major peak for the at the end of the time frame when we
look at the population to death ratio, it’s actually within a good threshold for them. With

proper medical facilities, the number came down eventually.
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Figure 4.28: Death cases forecasting of India

The following figure 4.29 shows a low number of death cases. We see a similar case like
Bhutan for the country where the deaths stayed pretty low throughout the time frame. This
is again due to not so high population & enough medical facilities available for the people
in the country. Initial lockdowns also help immensely for keeping the number of deaths

low.
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Figure 4.29: Death cases forecasting of Maldives

The following figure 4.30 shows a low number of death cases as well. With low population,
the country faced significantly low number of deaths. Public awareness & initial lockdowns
definitely played a major role to keep this death cases low throughout the time frame we
are studying on.
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Figure 4.30: Death cases forecasting of Nepal

The following figure 4.31 shows a slightly increased number of death cases compared to
other countries here. With dense population, we can see a comparatively high number of
deaths for them. At the end of the time frame the number has definitely dropped with more

medical facilities being available to people & overall public awareness.
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Figure 4.31: Death cases forecasting of Pakistan

The following figure 4.32 shows significantly higher number of death cases in the
following months with a flat curve initially. We see a low number in the initial phase, but
at the later phase we see pretty good peaks for the deaths. It came out eventually with

proper steps taken by the government along with medical support & public awareness.
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Figure 4.32: Death cases forecasting of Sri Lanka
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CHAPTER 5

Impact on Society, Environment and Sustainability
5.1 Impact on Society
Understanding COVID-19 is really important for everyone, not only South Asia. But being
developing nations with mostly dense population, pandemics like COVID-19 can do
substantial damage to the economy & lives of people. Starting from lack of proper medical
facilities to having not enough hospital beds for affected people, COVID-19 really taught
the whole world why we need to put more time & energy in research, especially in our
medical sector. As viruses mutate themselves, we need to better prepare for the future that
holds before us. This paper is centered on that. We focused on the COVID-19 situation in
South Asia, how the virus shaped out throughout different phases. While most countries in
South Asia got crushed by COVID-19 & took a massive hit on the economy, most of them
didn’t have enough medical facilities in the first place to support the affected people,
especially the elderly ones who needed ICUs. Even in Bhutan where they had minimal loss
of lives at first, they got hit at the end phase & a similar situation was seen there. We need
more papers on COVID-19 so that the governments become more aware & people start
demanding their security especially in the medical sector.
Statistical data & understanding the trends of the virus can give us the edge that we need
to prepare ourselves for the next wave of the virus or any similar virus. Doing more
research on such topics can really help us minimize the risk of losing more lives of people
in the future. Data science have progressed so much in past few decades & it is really

important to use it to our advantage right now.

5.2 Impact on Environment

While COVID-19 is a virus that has been affecting mostly humans. The impact on
environment can also be seen as well. Due to lockdowns millions of people were bound to
stay at home & work from home. These reduced the carbon emissions from vehicles as
fewer vehicles were in the streets. Thus, improving the air quality of the environment.

Water pollution also decreased in many places as mills & factories were shut down due to
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the pandemic. So, we can definitely say that the environment got the better side of the
COVID-19 & healed itself.

5.3 Ethical Aspects

COVID-19 brought up serious health awareness discussion on the table. Governments from
around the globe were bound to go back to the drawing board to reevaluate their medical
sectors & health facilities that they hold for their citizen. Population health maximization,
justice for everyone, no harm principle, trustworthiness & solidarity were most discussed
topics for them. New hospitals were also set up in many countries due to the pandemic. So

definitely some significant discussions & changes were made.

5.4 Sustainability Plan

Post COVID-19 situation made the governments around the globe take some policy
changes in their medical & health sectors. South Asia already falls under the SDG policy,
so, for them COVID-19 was a good reminder why those goals are necessary for them to
achieve. If we take a look into other countries, they also made significant changes to their
policies that include health & medical sector because everyone saw the adversity of
COVID-19 & how such pandemic can disrupt the national economy immensely. Work
from home also got popular for many professionals after the pandemic & companies are
encouraging their employees to take that option if they opt for it. More or less everyone

implemented some changes to tackle with any future pandemic.
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CHAPTER 6
Conclusions and Future work

6.1 Conclusions

In this research paper, we have presented a data visualization of COVID-19 dataset in a
multidimensional and multi-faceted way. The research paper aimed at providing insights,
new directions and opportunities for research in the field of COVID-19 Data visualization
and analytics especially for the South Asian countries. We have also predicted the spread
of COVID-19 for 30 days of each country of South Asia to understand the curve/pattern
they might follow in the upcoming days outside our sample data.

Our comparative study definitely showed us that countries which were densely populated
didn’t have adequate health and medical facilities to face this pandemic. Things could have
been tackled better if infrastructure was built over time and not rushed during pandemic.
Countries with smaller populations did face less severity of the virus this time, but they
shouldn’t neglect their infrastructures as well. COVID-19 was an awakening message for
everyone, not only South Asian countries. As developing countries, we need to be prepared
for the next pandemic in terms of infrastructural developments as our economy is
dependent on the human resource or people of our countries. The governments and
policymakers should be more aware of this and work accordingly. Public awareness can

be raised as well in order to tackle such situations in the future.

6.2 Future Work

In the future, we will look at how to improve the performance of prediction, and we will
try to improve the prediction time too. We are also planning to update this study with more
analyses and cases continuously by fine-tuning the prediction on other countries of the
world. We will also try to study on detailed data as per different variants of COVID and

add features on data like sex, age and symptoms.
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