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Identification of The Phases of The Spread of
Covid-19 in Maluku Province with Richards Curve

Nanang Ondi, Francis Y. Rumlawang and Yopi A. Lesnussa

Abstract—Richards Curve is an extension of the Logistics
Curve which was first discovered in 1959 and is a type of sigmoid
curve where in the sigmoid curve there are 3 growth phases,
namely the logarithmic phase, the linear phase and the aging
phase. This research aims to identify and determine the phase of
the spread of COVID-19 in Maluku province with the Richards
curve. From the calculation results obtained that the initial phase
of the spread occurred on March 23 - July 5 2020, the peak phase
of the spread occurred on July 6 - October 22 2020, the final
phase of the peak of the spread occurred on October 23, 2020 -
April 14, 2021 and began to enter the final phase of the spread
on April 15, 2021.

Index Terms—Covid-19, Richards curve, sigmoid curve.

I. INTRODUCTION

CORONAVIRUS is a group of viruses from the subfamily
Orthocronavirinae in the Coronaviridae family and the

order Nidovirales. This group of viruses can cause disease
in birds and mammals, including humans [1] In 2002, the
SARS-CoV coronavirus (SARS Coronavirus) caused Severe
Acute Respiratory Syndrome (SARS) in Guangdong, China
[2]. In 2012 the type of Coronavirus MERS-CoV (MERS
Coronavirus) caused Middle Eastern Respiratory Syndrome
(MERS) which occurred in Saudi Arabia and the Middle
East [3]. On February 11, 2020, WHO inaugurated the term
COVID-19 (Coronavirus Disease 2019) which is an infectious
disease similar to influenza caused by Severe Acute Respira-
tory Syndrome 2 (SARS-CoV-2) [4], [5]. The first COVID-
19 was reported in Indonesia on March 23, 2020, with two
cases. Data on March 31, 2020, showed that there were 1,528
confirmed cases and 136 deaths.

On March 23, 2020, the city of Ambon reported the first
case of COVID-19 and made Maluku the 20th province in
Indonesia with confirmed cases of COVID-19 and on April
27, 2020, the city of Ambon became the only area in Maluku
province designated as a red zone for COVID-19 cases namely
transmission with high risk, while Buru Island, Central Maluku
and West Seram (SBB) are designated as yellow zone areas,
namely transmission with low risk, and for Eastern Seram
(SBT), Southwest Maluku (MBD), Islands Tanimbar, Aru
Islands and Southeast Maluku (MALRA) still have the status
of a green zone namely, areas where there are no confirmed
cases and on June 22, 2020, with a total of 1212 confirmed
cases, the Ambon city government officially implemented the
PSBB phase I policy.
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In 1959, Richards in his research entitled: A Flexible
Growth Function For Empirical Use first introduced the
Richards Curve [6] or can be called the Generalized Logistics
Curve [7] where the Richards curve is a model of the pop-
ulation growth curve, under conditions where growth is not
symmetrical with the inflection point [8], [9], and is a type
of sigmoid curve [10] where the sigmoid curve or growth
curve [11] is a curve that characterizes the pattern of plant
growth [12] with a growth pattern shaped like the letter S
[13] i.e. plant growth is slow at first then gradually faster
until the maximum point is reached and in the end the growth
rate decreases or in other words there are 3 main phases in
growth on the sigmoid curve, namely the logarithmic phase,
linear phase and aging phase [14] where the linear phase can
be divided into 2 phases, namely the growth phase and the
maturing phase [15].

In May 2020, Yuri Tani Utsunomiya in a study entitled
“Growth Rate And Acceleration Analysis Of The COVID-
19 Pandemic Reveals The Effect Of Public Health Measure
In Real Time” used the Gompertz Curve which is one type of
sigmoid curve and identified the phases the spread of COVID-
19 cases in China, South Korea and Austria, namely the initial
spread phase, the phase when rapid growth occurs, the phase
where there are already applicable measures and the final
phase, which is when the spread of COVID-19 cases can be
controlled.

II. MATERIALS AND METHODS

This study uses data on cumulative cases of COVID-19 in
Maluku province from March 23 – November 4, 2020 and
estimates are made with Richards Function parameters, using
the Python 3.6 programming language namely [16]:

I(t) =

 K[
1 + ae−k(t−tm)

] 1
a

 (1)

where I(t) is the population size or the total number of cases
that occurred at the time of t, K is the carrying capacity or
total of the latest cases, k is the rate of growth of cases,
tm is the inflexion point or time of the peak of the spread
of COVID-19 cases. From the estimation results, it can be
obtained Richards Curve where the phases of the Richards
Curve can be described in Figure 1.

With the steps for the distribution of assets on the Richards
Curve, it can be described in the flow chart as in Figure 2.
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Fig. 1. Phase division on the Richards Curve [17], [18], [19].

Fig. 2. Phase division flowchart on the Richards Curve.

III. RESULTS AND DISCUSSIONS

The deployment phase is divided into 4 phases where the
first step is to find the equation of the line g that best fits
the Richards curve. From the result of curve fitting, Richards
equation is obtained, namely:

I(t) =

 9451.245[
1 + 0.085e−0.01(t−213.918)

] 1
0.085



Fig. 3. Richards Curve.

Fig. 4. t-value interval on the Richards Curve.

So that the Richards Curve can be described in Figure 3.
Where is known the inflection point or (tm, I(tm)) of the
Richards Curve in the Figure 3 is (214, I(214)). The steps to
find the equation of the line g are as follows:

1) Choose the t-value interval on the Richards Curve with
tm as the middle value for the interval. What should be
noted is that the t-value interval is chosen by looking
back at the Richards Curve in Figure 3, which is
choosing the approximate t-value when the Richards
Curve begins to increase up to the t-value when the
Richards Curve begins to decrease or can be described
in Figure 4.
Then the t-value interval is chosen, namely [209, 219].

2) Substitute all the values of the points (ti, I(ti)) and from
the selected interval t , namely [209, 219] with ti < tj
into the equation of the line [20]:

I(t)lin =

(
I(tj)− I(ti)

tj − ti

)
t+

(
tjI(ti)− tiI(tj)

tj − ti

)
(2)

3) Calculate and compare the RMSE values of all point
values (ti, I(ti)) and (tj , I(tj)) in the equation of the
line I(t) with point values on the Richards Curve for
209 ≤ t ≤ 219.

4) Selecting the points (ti, I(ti)) and (tj , I(tj)) which
produces the smallest RMSE value, which is the smallest
RMSE obtained is 0.01230385 at the point (ti, I(ti)) =
(214, I(214)) and (tj , I(tj)) = (218, I(218)). So from
Equation (2), the equation of the line g is obtained,
namely:

I(t)lin =
(
I(218)−I(214)

218−214

)
t+

(
218I(214)−214I(218)

218−214

)
=33.34992209t− 3514.228963

(3)
Where from Figure 2, the point of intersection between
the line (t2) and the line I(t1) is the limit of the
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Fig. 5. Calculation result for deployment phase classification.

Fig. 6. The phase of the spread of covid-19 in Maluku province from the
estimation results.

Fig. 7. The phase of the spread of covid-19 in Maluku province from the
daily case addition curve.

occurrence of the first phase, namely the initial spread
phase, and the point of intersection between the line (t2)
and the line I(t2) is the initial time of the occurrence
of the last phase, namely the final phase of the spread,
while the second phase occurs until the point of inflec-
tion on the curve where from calculation results can be
described in Figure 5.
So from the calculation results it can be concluded that
the first phase occurs at t = 1 to t = 105 the second
phase occurs at t = 106 until the turning point, namely
at t = 214, the third phase occurs at t = 215 to t = 388
and the last phase, namely the fourth phase, occurred at
t = 389 to t = 1159, then the next phase of the spread
of COVID-19 cases in Maluku province on the Richards
Curve can be described in Figure 6
Or it can be described as the distribution phase on the
prediction result curve for the addition of daily cases
from the Richards Curve, which is displayed in Figure
7.

A. First Phase

The initial spread phase of COVID-19 cases in Maluku
province occurred on March 23 - July 5, 2020 or for 105

Fig. 8. Comparison of cumulative cases and daily cases in the early
dissemination phase.

Fig. 9. Comparison of the daily growth rate in the early deployment phase.

Fig. 10. Comparison of cumulative cases and daily cases at the peak of the
spread.

days with an average daily addition of 8 cases and a growth
rate of 755.23%, while based on the estimation results the
initial phase occurred with an average the average daily case
addition was 6 cases and the growth rate was 620.581% with
the total cumulative cases at the end of the phase being 668
cases. Comparison of cumulative cases, daily case increase
and growth rate in this phase can be described in Figure 8
and Figure 9.

B. Peak Deployment Phase

The peak phase of the spread began after the PSBB phase
1 in Ambon city ended, namely on July 5, 2020, in this
phase the average daily addition of cases increased to 26
cases with the average growth rate increasing significantly as
much as 1864.945% from the initial spread phase, namely to
2620.183% while based on the estimation results the second
phase occurred with an average daily addition of 27 cases
and a growth rate of 2710.449%. Comparison of cumulative
cases, daily case increase and growth rate in this phase can be
described in Figure 10 and Figure 11.

C. The Final Phase of Peak Spread

After the peak of the spread, on October 23 with a total
of 3718 confirmed cases, the spread of COVID-19 in Maluku
province entered the final phase of the peak of the spread. In
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Fig. 11. Comparison daily growth rate at peak phase of spread.

Fig. 12. Progression of cumulative cases in the phase after the peak of the
spread.

Fig. 13. Daily case development in the phase after the peak of the spread.

this phase, the average daily addition of cases is predicted to be
24 cases and the average growth rate is predicted to decrease
by 252.3578% from the previous phase, which is 2367.826%
with cumulative case growth and daily cases in this phase can
be described in Figure 12 and Figure 13.

In Figure 11, it can be seen that in the time interval
between t = 215 to t = 227 or on October 23 - November
4, 2020 which is the deadline for data collection, there is
a pattern of decline in cases so that the prediction results,
namely at interval t > 227 are also predicted to be the
same thing happened, namely a pattern of decreasing cases
for the addition of daily COVID-19 cases and based on the
prediction results, this phase occurred for 173 days, namely
until April 13, 2021 with a total cumulative case at the end of
the predicted phase as many as 7927 cases and for the growth
rate in the second phase. The same pattern also occurs, with
the percentage starting to decrease until the end of the phase
or can be described in Figure 14.

D. Final Phase of Deployment

The final phase of the spread of COVID-19 cases in Maluku
province is predicted to start on April 15, 2021. In this phase
the addition of daily cases has slowed considerably, with a
daily average of 2 cases with a growth rate of only 195.7566%.
Prediction of cumulative case development, daily addition of

Fig. 14. Daily growth rate in the phase after the peak of the spread.

Fig. 15. Progress of cumulative cases and daily cases in the final phase of
the spread.

Fig. 16. Daily growth rate in late phase of deployment.

cases and growth rate in the final phase of the spread can be
described in Figure 15.

The final phase of the spread occurred with a predicted
initial case of 7955 cases or in other words only an increase
of 28 cases from the previous phase. Until June 1, 2021, the
average daily addition of cases is predicted to be 11 cases per
day, with the last cumulative total of cases being 1129.784%
and a growth rate of 1129.784% and until November 12, 2021,
it is predicted that the average daily addition of cases will
decrease to 6 cases per day with The last cumulative total
cases were 1600 cases and the growth rate fell to 619.4929%.
On April 30, 2022 total cumulative cases are predicted to be
9,415 cases with a growth rate of 386.7172% and until the end
of December 2022 the average daily addition of cases is only
2 cases per day with a growth rate of only 240.7123%. This
phase ends on May 25, 2023 with a predicted total of 9451
cases and the daily growth rate in this phase can be described
in Figure 16.

IV. CONCLUSIONS

The initial spread phase of COVID-19 cases in Maluku
Province occurred on March 23 - July 5, 2020 with a total
cumulative case of 688 cases at the end of the phase, then
the spread of COVID-19 cases in Maluku Province entered
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the peak phase on July 6 – October 22, 2020 with a total
Cumulative cases at the end of the phase were 3,623 cases and
on 23 October 2020 – 14 April 2021 the spread of COVID-19
cases in Maluku province entered the final phase of the peak
of the spread with a total predicted cumulative case of 7941
cases and on 15 April 2021, Maluku province is predicted to
enter the phase the end of the spread of COVID-19 cases,
which is until May 25, 2023 with a total cumulative case of
9.451 cases at the end of the phase.
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