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Article history: Objective: Global society pays huge economic toll and live loss due to COVID-19 (Coronavirus Disease

Received 28 June 2021 2019) pandemic. In order to have a better management of this pandemic, many institutions develop

Accepted 30 July 2021 their own models to predict number of COVID-19 cases, hospitalizations and mortalities. These models,
however, are shown to be unreliable and need to be revised on a daily basis.

Keyworfis-' ) Methods: Here, we develop a Bose-Einstein (BE)-based statistical model to predict daily COVID-19 cases

Egizjll“;tem energy up to 14 days in advance. This fat-tailed model is chosen based on three reasons. First, it contains a

peak and decaying phase. Second, it also has both accelerated and decelerated phases which are similarly
observed in an epidemic curve. Third, the shape of both the BE energy distribution and the epidemic curve
is controlled by a set of parameters. The BE model daily predictions are then verified against simulated
data and confirmed COVID-19 daily cases from two epidemic centres, i.e. New York and DKI Jakarta.
Result: Over- predictions occur at the earlier stage of the epidemic for all data sets. Models parameters
for both simulated and New York data converge to a certain value only at the latest stage of the epidemic
progress. At this stage, model’s skill is high for both simulated and New York data, i.e. the predictability is
greater than 80% with decreasing RMSE. On the other hand, at that stage, the DKI's model’s predictability
is still fluctuating with increasing RMSE.
Conclusion: This implies that New York could leave the stay-at-home order, but DKI Jakarta should con-
tinue its large-scale social restriction order. There remains a great challenge in predicting the full course
of an epidemic using small data collected during the earlier phase of the epidemic.

© 2021 SESPAS. Published by Elsevier Espafia, S.L.U. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Social restrictions

Introduction

Covid-19 local epidemic which originated from Wuhan has
become a pandemic with severe socio- economic, health and envi-
ronmental consequences affecting countries all over the world.' -3
In order to better manage this pandemic, many institutions develop
different models for predicting: temporal evolution of Covid-19
cases, hospital capacity for treating COVID-19 patients, and case
fatality rate of the disease.*”” Recently, however, some of these
predictions are shown to be unreliable and undergone frequent
revisions.®? Inadequacy in both rigorous model testing and fore-
cast verification is considered amongst factors responsible to this
failure’®'" and the use of a fat-tailed probability distribution is
recommended for pandemic forecasting.'%13

In this work, we first developed a fat-tailed model that uses
the classic Bose-Einstein energy for predicting up to 14-days in
advance Covid-19 confirmed cases. The model prediction is then
tested and verified against three data sets: simulated data and data
from two Covid-19 epicenters: New York (USA) and DKI Jakarta
(Indonesia). There are two prediction skill metrics for verifying the
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Full-text and the content of it is under responsibility of authors of the article.
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predictions, i.e. predictability (R?) and RMSE (root-mean-squared
error). The time variation of these metrics is then used for making
inference about whether or not a social restriction order still be
implemented for Covid-19 containment at the epicenters.

Methods
Study sites

This COVID-19 modelling and prediction work is using three
data sets: simulation data, and confirmed COVID-19 cases from
New York and DKI Jakarta.

Data acquisition

All data sources are publicly available (Supplementary data:
COVID-19 data sets and model verification results. The COVID-19
New York and DKI Jakarta data sets, Tables 1 and 2, respectively).
New York had its first day of the Covid-19 epidemic on the 1st
March 2020. It started recording the cases on 13th March and the
Stay-at-Home order on were set on 22nd March, i.e. the 22nd day
of the outbreak. The last recorded data for New York in this analysis
was on the 9th June. DKI Jakarta announced its first cases on 2nd
March and applied the so-called PSBB (Large Social Social Restric-
tion) order on 10th April, i.e. day 40 of its outbreak. The last recorded
data for DKI in this analysis was on June the 13, It would be
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Fig. 1. The BE energy distribution plotted with the black circles ‘o’ with different parameters (a) B; > Bz, (b) B; <Bs. The blue horizontal line is the level to the 10% of peak
value and the intersections between these lines and the distributions are plotted with the red crosses ‘x’.
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Fig. 2. The BE energy distribution (a), the New York (c) and DKI Jakarta epidemic curves (e). The cases are depicted as blue circles. The first derivatives w.r.t (with respect to
X) of the BE distribution and the first derives w.r.t time (the rate of infection IR) of the smoothed epidemic curves (solid blue lines) for New York and DKI Jakarta are plotted
in (b), (d) and (f). The dotted red line is the location of the peak of the BE distribution, while the dashed red lines are the time when the social restriction began. The green
horizontal line is the line associated with dE/dX=0 or IR=0.

interesting to show the impact of these two different timing of the Data simulation and processing

social restriction on COVID-19 cases. The resulting forecast verifi-

cations for these simulation data, New York and DKI Jakarta cases The Covid-19 model developed here uses the following
are also presented for public uses (Supplementary data: Tables 3-5, Bose-Einstein (BE) energy distribution [14,equation 4.21] as fol-
respectively). lows:
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Fig. 3. The observed data during the training is depicted in circles while the observed data of the testing is shown as full circles. The solid and broken lines in the middle are
the predictions during the training and testing, respectively. The broken lines are the 95% confidence interval of the prediction.

8mhe
E(A) = m (1)
E(x) B 2)

~ xB2(eBs/x — 1)

Here the three parameters are: B; =8 whc, By =5, and B3 = hc/kT.
The B;/Bs ratio is proportional to the energy E.

The BE distribution in (2) is presented in Fig. 1. It describes sev-
eral important properties of the BE distribution to be related to an
epidemic curve. First, it has a single peak and decaying period after
the peak. Second, the shape of the distribution is determined by
the magnitude of the parameters. More specifically, the higher the
B1/Bj ratio the steeper the distribution is and vice versa. This is in
accordance to that shown in [14, Fig. 10]. In epidemics, any inter-
vention such as ‘Stay-at-Home’ order or PSBB is meant to flatten the

epidemic curve, i.e. changing Fig. 1a into becoming Fig. 1b. Third,
there exists accelerated and decelerated phases in the distribu-
tion. These phases are shown by the different spacing of the circles.
Acceleration occurs when crowded circles become into more sepa-
rated circles, while deceleration happens when sparse circles turn
into more dense circles. These phases are more pronounced before
the distribution peaks.

Equation (2) is used to generate simulated data and together
with COVID-19 data from New York and DKI Jakarta, their fea-
tures are drawn in Fig. 2. It is important that the COVID-19
data is smoothed using a 14-day moving average using a MAT-
LAB programming'®> before using it for making predictions. The
smoothed data is important in reducing the noise for further data
processing, i.e. calculating its derivatives. This process of differen-
tiation needed for obtaining the rate of infection add more noise to
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Fig. 4. Calculated parameters By, By, B3 the By to Bs ratio and prediction skill metrics R*> and RMSE obtained from the simulation data. The vertical red dots lines represent
the peaks.
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Fig. 5. Calculated parameters By, By, B3 the By to Bj ratio and prediction skill metrics R? and RMSE obtained from the New York cases. The vertical red dashed lines represent

the beginning of the Stay-at-Home order.

the data as can be seen in Fig. 2d and f. Fig. 2 presents important
features. First, the presence of both acceleration and deceleration
phases are clearer by inspecting the first derivatives in Fig. 2b,
d and f. Second, there is a contrast between New York and DKI
Jakarta infection rates. The New York infection rate (Fig. 2d) per-
fectly resembles the BE derivative (Fig. 2b) while that of DKI curve
is still crossing the green line in many occasions. The difference
has an important implication in the issue of epidemic containment
discussed later on.

Model prediction and skill assessment

In this work, we use different number of inputs to predict a fixed
number of outputs. Here, we choose to produce up to 14 values in
advance out-of-sample prediction. Therefore, for a daily data, the
model predicts up to 14 days ahead. The first prediction use the first
eight inputs of X, the second prediction uses nine inputs, etc. while
maintaining the same forecasting horizon of 14 days in advance for
each prediction P. This is called a rolling forecast scheme.!® To do
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Fig. 6. Calculated parameters By, B, B3 the B; to B3 ratio and prediction skill metrics R? and RMSE obtained from the DKI Jakarta. The vertical red dashed lines represent the

beginning of the Large-Scale-Social-Restriction (PSBB) order.

the prediction, we first generate two different data sets, i.e. train-
ing and testing data sets. For the training data set, we then apply
a nonlinear fitting with initial value for the parameters B; =0.001,
B, =7 and B3 =0 to map between input/output pairs for the training
data set. The X versus P mapping results in the final model param-
eters. The nonlinear fitting subroutine used is called NLINFIT from
MATLAB with its robust weight function called ‘bi-square’. The final
parameters are then fed into the model using the 14 testing inputs
data set to give the 14-day predictions. The prediction skill of the
model using simulated data, New York cases and DKI Jakarta cases
are measured using predictability - the coefficient of determination
R? and RMSE (root-mean-squared-error) of.!”

Result and discussion

Two examples of model predictions for each of the three data
sets are presented In Fig. 3. They are: Simulation (Fig. 3aand b), New
York cases (Fig. 3c and d) and DKI Jakarta cases (Fig. 3e and f). We
only want to pay attention to the out-of-sample predictions of the
three data sets. Model predictions for the simulation data set before
the peak are poor. Significant over predictions occur as can be seen
when the full circles are much lower beyond the broken lines. After
the peak, predictions improve. The broken lines start to come closer
to the full circles. Model prediction for New York is significantly
better than that of the simulation data. The observed cases (full cir-
cles) observed before and after the peak are well within the broken
lines. The model prediction for the DKI Jakarta cases has different
features. Before the peak, the 95% confidence interval predictions
represented by the broken lines are too wide. After, the peak, pre-
dictions become poorer. The majority of observed cases (full circles)
are out of bound.

Over predictions and excessively wide confidence interval of
a prediction obtained in this study have also been reported
earlier.3-1118 Over predictions occurring in the real data set could
be explained by the presence of intervention in reducing social
contact amongst infected and healthy people.'?-22 However, over
prediction and excessively wide confidence interval in the sim-
ulation data set needs to be addressed further by using other

robust fitting algorithms and exploring different fat-tail distribu-
tions related to a pandemic.'?13

Calculated parameters and prediction skill of the three data sets
are presented in Fig. 4 (simulation data), Fig. 5 (New York cases) and
Fig. 6 (DKI Jakarta cases). Fig. 4 shows that before the peak of BE
distribution, all calculated parameters wildly fluctuate. This leads
to low prediction skill. But as the X inputs pass X=0.02 onward,
the calculated parameters stabilize to the values given for simu-
lating the data set. As a consequence, the model prediction skill
metrics for the simulation data are close to 100% predictability (R?)
and RMSE equals to 0. Similar finding is obtained for the New York
cases described in Fig. 5. At prediction has low skill before the peak
due to the spurious calculated parameters B’s. After day 60, how-
ever, the skill improves with predictability is near 100% and RMSE is
very small. The DKI Jakarta cases presented in Fig. 6 are quite differ-
ent. The prediction skill metric wildly oscillate up to the end of the
series. Both metrics do not behave as expected, i.e. converge into
high predictability and low RMSE. If we recall back, this different
behaviour is also appeared in the rate of infection (Fig. 2f).

DKI Jakarta is still unable to contain the virus spread amongst
its population. If we compare Figs. 5 and 6 and focus the tim-
ing of applying the social restriction order, New York started the
order much earlier than that of DKI Jakarta. The importance of
applying earlier social restriction in reducing virus spread has been
demonstrated.?3-2°

Conclusions

A simple model is developed to predict up to 14 days in advance
Covid-19 cases. The model is obtained through a nonlinear curve
fitting of the BE distribution. The out-of-sample rolling prediction
has been validated extensively against three data sets. The skill of
the model is poor when predicting the early progress of the epi-
demic but the skill improves significantly toward the end of the
epidemic. The model is capable of providing an early warning in
deciding whether or not to continue the social restriction order for
containing an epidemic.
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Supplementary data

The supplementary data (Covid-19 data sets and model
verification results) can be found on this GitHub repository:
https://github.com/Andika9807/Data_ModelCovidHalmar
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