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Abstract. The coronavirus pandemic has spread to all pl‘(ﬂ]ccs in Indonesia within a few
months. Coronavirus has entered East Kalimantan province in early March 2020. The number
of people confirmed as COVID-19 increased dramatically after March. In this paper, we
propose a simple mathematical model to predict coronavirus cases in East Kalimantan
province. We applied the Richards growth model to the active case and probable case (PDP
case) curves. We used the initial parameter values obtained from China's Jiangsu province.
This means that the strategy for handling coronavirus in East Kalimantan province is assumed
to be the same as in China's Jiangsu province. We have presented the final prediction for the
coronavirus pandemic over a range of periods.
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1. Introduction

The spread of the Covid-19 outbreak in Indonesia occurred in early March 2020. The first province
affected by Covid-19 was DKI Jakarta. After several weeks, Covid-19 has spread to all provinces and
cities throughout Indonesia. This situation led the government to carry out several preventive
interventions to minimize the spread of Covid-19, such as large-scale social restriction, work from
home, advice on wearing mask, restrictions on the operation of public transportation, etc. In addition,
each region has different ways of preventing the transmission of Covid-19. Differences in prevention
in each region have resulted in differences in the spread of Covid-19.

The Covid-19 outbreak spread in East Kalimantan on March 19, 2019 [1]. The first positive case of
Covid-19 in East Kalimantan was 1 patient who traveled from the cities of Jakarta and Bogor. Several
policies taken by the East Kalimantan govermnment to reduce the number of Covid-19 cases are the
closing of crowded places such as markets, cafes, and airports, visitor restrictions in hospitals, etc.
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Researches on the prediction of the spread of infectious diseases using growth models have been
widely conducted. Guofa and Guiyun [2] predicted a SARS pandemic by fitting the cumulative data
on SARS cases in Hof§ Kong, Singapore and Beijing. Yin-Hen [3] performed Richards model with
multiple time periods from the 2003 §ARS outbreaks in Taiwan, Beijing, Hong Kong, Toronto, and
Singapore. Recently, Nuning, et al [4] predicted the sprefl of Covid-19 by developing Richards model
for data in Indonesia. Ke et al [5] predicted the spread of the Covid-19 pandemic in 29 provinces in
China using several types of logistic models. Giovani et al [6] modeled the data on Covid-19 deaths
usif Richards model.

To assess the effectiveness of interventions during the Covid-19 pandemic, it is necessary to
predict the time of the pandemic. In this study, we used Richards model to predict the peak dates and
the end dates of Covid-19 cases. We used the accumulation of positive and PDP (en: patient under
sepervision) cases of Covid-19 in East Kalimantan. We obtained the data from East Kalimantan Public
Health Office [1].

2. Model Formulation
The logistic growth model was first introduced by Verhulst [6] and developed by Thomas Malthus [7].

The logistic growth model:
dC(t) c(t)
—=rC(t)[1———).
a o rc® ( K

a
C(t) is the population density at time t. r is the rate of growth and K is the carrying capacity. In 1959,
a logistic model was developed by Richards by adding the asymptote effect [8]. Equation (1) shows
the Richards model.

L0 =re@(1- (@)a) (1)

dt K
Equation (2) is the analytical solutions of equation (1) [9]
K
1—e—”f(1—(c—x°)_a))é

We used equations (1) and (2) to predict the spread of Covid-19 in East Kdfnantan. Richards
model is a growth model with 3 parameters, flrameter 7 is the growth rate of Covid-19 cases
(person/day). K is the carrying capacity, and Cy is the number of Covid-19 cases initially. Furthermore,
« is the asymptote etfect.

c(t) = (2)
(

We estimated the model parameters using the least square method in equation (3)
9(&,?", K,CD):E?=1(C1—61)2. (3)

¢; and ¢; are the actual data and the prediction respectively. n is the number of the actual data. The
curve matching was performed by minimizing the value of @, then we calculated the coefficient of
determination (R-squared) using equation (4)

R?2=1-3%" (ci—&)? @

=1 (—-c)*

¢; is the mean of ¢. Furthermore, we measured the prediction accuracy by calculating the root mean

squared error (RMSE).
n (. p)2
RMSE = 7214': G (5)

We estimated the model parameters for Covid-19 cases in East Kalimantan Province using the
initial parameter values obtained from Covid-19 cases in Jiangsu Province, China. We chose Jiangsu
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Province because the ratio between the total population and the number of positive cases of Covid-19
was close to the condition in East Kalimantan, namely 80 million: 631 positive cases [5]. Parameter in
Table 1 used for estimation.

Table 1. Parameter values of Richards model for data

of COVID-19 in Jiangsu Province.

Province r o Co K R-Squared

Jiangsu 022 1 3 697 93 2%

3. Result and Discussiorff})

We exaffflhed the results of estimated parameters of Covid-19 using an analytical solution of Richards
model. Model parameters were estimated using least square method to obtain the new parameters
values. For the predictive accuracy of the Richard model, we calculated RMSE and R-squared in
equations (4) and (5). These results are summarized in Table 2.

Table 2. Parameters Estimation for Each Case

Scenario Case r a Co K R-Sqr of R-Sqr RMSE
Accumulative of New
Data Case

Positive 0.0707 3.844 6.29 25645 99 .49% 30.93% 4.4252
1 Case
PDP case 14539 0.0000215 447  1279.24 98.79% 091% 20.7090

Positive 0.0757 2.219 5.509 288.36 99.76% 2731% 4.6088
2 Case
PDPcase 331.51 0.0000443 76.23 4317.28 98.21% 7.73% 41.7151

3 Positive 2103.3 0.00001557 1.82 523.48 98.91% 10.84% 14 .46
Case

PDP Case  0.0338 11.4791 1042 9975.65 99 .06% 2421% 70.1276

We simulated the new parameters to predict the Covid-19 for the next few days. The simulation
was divided into three scenarios. We used data from March 19 until May 10, 2020 for the first
scenario, data from March 19 until May 31, 2020 for the second scenario, and data from March 19
until June 21, 2020 for the third scenario.

Tatal Positve Cases

Totadl Positive Cases
Tatal Postiive Cases

o EL) 4 =) [ 10

Day

(@) (b)

Figure 1. Accumulation of Positive Cases of Covid-19 for Scenarios 1 (a), 2 (b) and 3 (c)
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Figure 4. New PDP Cases per day for Scenarios 1 (a),2 (b) and 3 (c)

R-squared value is used to evaluate the accuracy of the model. Table 2 shows that the R-squared
values of accumulated positive cases for scenarios 1, 2 and 3 are 99.49%, 99.76% and 98.91%
respectively. The R-squared values of new positive cases per day for scenarios 1, 2 and 3 are 30.93%,
27.31% and 10.84% respectively. Meanwhile, the R-squared values of PDP cases for scenarios 1, 2
and 3 are 98.79%., 98.21% and 99.06% respectively. The R-squared values of new PDP cases for
scenarios 1, 2 and 3 are 0.91%, 7.73% and 24 219%, respectively. Table 2 shows the r—squaredmlues
of accumulative predictions are higher than the cases new p@[lay. in positive case, scenario | has the
highest r-squared value, meanwhile, in PDP case, scenario 3 has the highest r-squared value.
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igure 2 shows the prediction of the peak dates and the end dates of pandemic for positive cases. We
predict the peak date of positive cases for all scenarios is on May 2020. Meanwhile, the end dates of
positive cases for scenarios | and 2 are on June and October for scenario 3. Furthermore, Figure 4
shows the prediction of the peak dates of PDP cases for scenarios 1, 2, and 3 are on April, June, and
July 2020, respectively. Meanwhile, the end dates of pandemic for scenarios 1, 2, and 3 are on October
2020, March 2021, and September 2021. We summarized the predictions in Table 3.

Table 3. Predictions for The Covid-19 Pandemic

Case Scenario Peak of Pandemic End of Pandemic Number of Cases
Positive Covid-19 | May 4, 2020 June 16,2020 256
2 May 5,2020 June 29,2020 288
3 May 10, 2020 October 14,2020 523
PDP Covid-19 | April 26,2020 October 26, 2020 1279
2 June 21,2020 March 29, 2021 4317
3 July 25,2020 September 7, 2021 9975

4. Conclusion

In this study, we present the growth model of Covid-19 cases in East Kalimantan. We simulated and
verificated the model using the positive and PDP cases. The Richards growth model was estimated
using several scenarios over time periods of data. We found that the time span of the data influenced
the predictions of the model. This indicates that the accuracy of the model depends on the time period
of the data. In addition, this prediction model can be used as an informative reference to describe the
growth curve of Covid-19 pandemic in the future.
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