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Abstract

A simple calculation method is proposed based on the approximate spread model of COVID 19. A comparison of the calculation
results for NYC and Berlin with observational data on the development of the epidemic in these cities shows a good match. The
calculation method uses two empirical coefficients. One of them for a certain strain of the virus depends only on the population
size. The second coefficient is determined by the intensity of contacts between carriers of the virus. The correlation of this
coefficient with quarantine conditions and socio-demographic characteristics of cities makes it possible to use the proposed
methodology not only for calculating epidemic growth but also for operational forecasting. The analysis of the passage
of different epidemic waves in NYC and Berlin allows us to draw some preliminary conclusions about the effectiveness of
epidemic control in both cities. The proposed model can be an additional simple and reliable tool for city administrations to
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continuously monitor the development of the epidemic, especially in its early stages.

Introduction

A large number of studies have been devoted to studies
related to the intensity of the spread of the COVID -19
epidemic. Roughly speaking, in terms of their methodological
approach, either deterministic or stochastic models are the
basis for describing epidemic growth. However, both classes
of models can only be implemented by numerical methods
and, most importantly, by using a large number of empirical
coefficients. This circumstance makes it difficult to use such
models for practical use as a means of constantly controlling
the epidemic and analyzing possible results in the choice of
various strategies for combating the spread of infection, but
also to become an operative tool for predicting the possible
consequences of management decisions. This paper is
devoted to an attempt to create a rather simple and at the
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same time reliable model.

Methodology

The basis of the developed model of epidemic spreading
is the system of equations widely used, for example, in SIR
models [1]. The joint solution of these equations can only be
obtained by numerical methods. In the future, the general
trend in the development of models will be mainly reduced
to their complication and introduction of more and more
coefficients (e.g., [2]). At the same time, in conditions where
the majority of the population has not developed immunity
against a certain type of virus and the number of infected
patients is significantly lower than the potential number
of people with a real possibility of infection, a simplified
analytical model can be used. The basic equations of the
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model can be written as [3]:
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In which:

i - Number of infected persons per one inhabitant of the
settlement as a percentage,

N_- Population of the country, city or region for which the
calculation is performed,

k_ - Coefficient of virus transmission rate, which depends
on both the type of strain and size of the area for which the
calculation is performed.

A - Intensity factor of decrease in contacts of infected patients
with persons who potentially can get infected by means of
quarantine and other preventive measures.

For the strain type of the first wave of the epidemic
under consideration, similarly to that of the second wave,
we assume that this coefficient can be estimated by a simple
formula [3]:

K, :0.4—0.0351n(ﬁ*106) (2)
Nr

The coefficients in (1) were obtained by recalculating
the calculated conditions of the city of Berlin to the
conditions of other populated areas. Thus, the maximum
number of infected people for a given locality decreases with
the increase in the quarantine severity, characterized by the
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coefficient A. The value of the maximum daily increase in
the number of infected can be found by equating the second
derivative of equation (1) [4] to zero.

100

Aimax =

N,

Accordingly, the time of the maximum daily increase in

the number of infected people, counting from the beginning
of quarantine:
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Results

Comparison of Berlin and New York

These dependencies were initially used to calculate the
initial stage of the first wave of the coronavirus epidemic in
a number of cities and countries [5]. Now that the first wave
has already been fully completed, we can perform a more
complete analysis of its features. Let us consider, for example,
the passage of the first wave in Berlin (Germany) and New
York. The choice of these two cities for comparison is related
to the fact that, as it is commonly believed, Berlin turned out
to be one of the most successful large cities, which managed
to prevent active growth of the first epidemic wave, while in
New York the first epidemic wave reached very high values.

Figure 1: The passage of the first wave of the epidemic in New York City.

Figure 1 shows a comparison of statistical data [6]
with the results of calculations for the first wave of the
epidemic in New York City. The calculations were performed
for the value of coefficient A = 0.0345 1/day. The second
coefficient in the calculated dependence (1) was determined
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by formula (2) and was equal to Kr = 0.43 1/day for New
York. Despite a good formal coincidence of the calculated
and observed data (correlation coefficient above 0.95), we
should note a number of their fundamental differences. The
calculated curve runs much more gently in the initial stage
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of the epidemic, however, in the second stage of this wave,
the introduction of sufficiently strict quarantine methods
managed to sharply reduce the rate of further spread of the
epidemic of particular interest is the study of the initial stage
of the epidemic. First of all, it should be noted that quarantine
was introduced in the city with a significant delay, only 63
days from the beginning of the epidemic. At that point in
time, the number of detected infections, even in conditions
of low coverage by testing, was already reaching about 1%
of the city population. The weekly increase in infected city
residents at this point in time reached more than 37000
people, which is over 5000 people a day or Aimax = 0,065%.
Positive results from the introduction of quarantine could
only really be observed on the 77th day, when the rate of the
spread of the epidemic began to decrease.

Let us estimate both the time of the maximum rate of
epidemic growth and the value of this rate itself. By equating
Aimax = 0,065%. Into (3), we obtain, after solving this
transcendental equation, the coefficient A = 0.033 1/day.
Correspondingly, at this value of A, we find in combination
with (4) that such a high growth rate of the epidemic should
arrive approximately in 78 days after its start, which is
fully confirmed by observations. The most important thing
however, is to estimate the expected further development of
this epidemic wave if emergency measures for its localization
had not been introduced. The calculations according to
the equation (1) with the obtained coefficient A = 0.033 1/
day show that in such a situation the maximum number
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of infections in the city would have reached about 500000
people or about 6% of the city population. Of course, it
would be extremely difficult for any city health care system
to cope with such a high increase in the number of cases in
a relatively short period of time. The main conclusion that
follows from the above analysis is the need to strictly control
the possible emergence of an epidemic and to take the most
urgent measures to eliminate it at the initial stage.

As an example of such successful tactics to combat the
epidemic in its early stages, consider the passage of the
first wave in Berlin, Germany. The first restrictive measures
contributing to reducing the growth of the epidemic in Berlin
were taken by the city administration already about a month
after the beginning of the epidemic [7]. It is difficult to judge
the exact number of infected persons at this point in time
due to the small number of tests performed. However, the
relative number of those infected at this point in time, as can
be seen in Figure 2, did not exceed 0.05% [6]. The maximum
daily increase in infections in Berlin during the first wave
was about 200 people per day or Aimax= 0.0055 %. Using
ratio (3), that this rate of epidemic growth corresponds to
the coefficient A= 0.042 1/day, we find the maximum number
of infected people in the case that no more stringent further
measures were taken to limit epidemic growth, including
limiting the operation of enterprises in the city. Estimates
shows that in such a case we could expect that the number of
infected would reach 15000, while in reality it did not exceed
7000 people.

Figure 2: The passage of the first wave of the epidemic in Berlin.

Second and Third Wave’s Analysis

A new sharp increase in infections was registered in
most countries in mid- and late- September 2020, when a
new wave of the virus began to spread actively. If we assume
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that this sharp increase in the epidemic was caused by a new
strain of the virus, and then we can consider this autumn-
winter wave as a new epidemic. The analysis of the statistical
data [4] allowed us to establish that the beginning of the new
infection in New York occurred around September 20th of
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2020. Figure 3 shows statistics for the development of this
epidemic from September 18th, 2020 to January 22nd, 2021.
The same figure also shows the results of calculations using
ratio (1). The rate of spread of this strain of the virus in the
calculations was the same as in the first wave, i.e. the value
of K_=0.43 1/day was kept unchanged. As for the coefficient
that takes into account the rules of limiting social contacts, it
was taken to be A = 0.035 1/day. This value is the most typical
for large European-type cities under standard quarantine
rules.

In general, the calculated curve satisfactorily describes
the real process of epidemic spread in the city. However,
about 80 days after the beginning of this epidemic (or
approximately from December 15th) we can observe
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a noticeable deviation of the statistical curve from the
calculated one. Starting from this period of time, there is a
noticeable increase in the intensity of the epidemic growth.
Apparently, the growth of the epidemic is also related to
the increase in human contact between Christmas and New
Year’s Eve. However, since the deviation from the calculated
curve is observed long before Christmas, it can be assumed
with high probability that the emergence of a new strain of
the virus is the cause of this increase in the intensity of the
epidemic. A similar pattern was detected by us to a greater
or lesser extent (data not published, but available to the
authors of the paper) when analyzing the growth of COVID
19 infections in Great Britain, Germany and a number of its
cities (Munich, Dresden, Hamburg, Leipzig, etc.).

Figure 3: Development of the fall-winter wave of the epidemic in New York City.

Figure 4: Development of the fall-winter wave of the epidemic in Berlin.

Asaperimeter, Figure 4 shows agraph based on statistical
data for Berlin [8]. In principle, the results of calculations and
statistical data begin to deviate in the same way as for New
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York after about 90 days after the beginning of the second
wave of the epidemic. The only reasonable explanation for
this phenomenon is the assumption of the emergence of a
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third wave of the epidemic, associated with the spread of the
virus strain found in the UK [9]. In this case, the calculation
model needs some adjustment. The initial equation of the
model under conditions of simultaneous spread of both
types of virus can be written in the form:

.. 100 k. 2 k (e
=] +—* ZL(l—e )]+ *exp[—L(1—g W
=1, Nr {‘3XP[/1 (I-e)] pl 1 ( )}

(5)
In which:
k.r - is the transmission rate coefficient of the new virus
strain and the time of the epidemic wave associated with the
new coronavirus strain
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t, - time of the beginning of the epidemic wave associated
with the new coronavirus strain
o - Heaviside step function.c =1 whent2t  and o = 0 when
t<t

1

In this equation we additionally introduce a term
describing the spread of a new wave of the epidemic, starting
from the time t. In the general case, considering that the
intensity of the spread of the new strain may be different
from the previous strain, the corresponding coefficient K, is
introduced. The coefficient A according to the present model
does not depend on the virus strain and is therefore taken as
constant.

Figure 5: Epidemic spread in New York taking into account the third wave.

Figure 5 shows the comparison of results calculated by
equation (5) with statistical data, taking into consideration
that according to some data the new virus strain spreads

more intensively, the value of K coefficient was slightly
increased in calculations and we took K, = 0,44 1/day.

Figure 6: The spread of the epidemic in Berlin, taking into account the third wave.
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Similarly, we took into account that the third wave of
epidemic also took place in Berlin. The corresponding data
are presented on Figure 6. In the calculations by equation
(5), the value of the coefficient K, = 0.41 1/day was taken.
The value of the coefficient A was kept the same as in the
previous calculations. Taking into account the third wave
of the epidemic makes it possible to bring the calculated
curve considerably closer to the real curve obtained from
the analysis of statistical data. The choice of the start time
of the third wave in calculations according to (5) should be
particularly noted. Strictly speaking, the time of registration
of the first patients with the mutated virus should be taken
as the zero reference. However, in practice it is impossible
to detect it. Therefore, it was conventionally assumed that
the first manifestations of the new strain occur three weeks
after the detection of the first patients. That means, the
beginning of a new wave was taken as the time equal to 20
days before the first signs of a new increase in the intensity
of the epidemic.

Discussion

As shown by comparing the results of calculations
using the proposed model with statistical observations, the
calculation errors are extremely small for both New York
City and Berlin. We reached the same conclusion earlier for
a number of Berlin districts [4]. If we compare the epidemic
growth rate for both cities, the intensity of the spread of the
first wave of infection in New York is incomparably higher
than in Berlin, which can be explained by the fact that, when
the first wave of the epidemic began, the New York City
administration was considerably late in adopting restrictive
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measures. At the beginning of the new wave of the epidemic,
due to the untimely introduction of quarantine measures, the
epidemic was equally active in both cities. The high growth
of the epidemic was due, in particular, to the lack of effective
measures to control and limit the traffic between the cities
and between the countries.

The good correspondence between the statistical and
calculated data is sharply broken starting from December
2020, when there is a sharp increase in the epidemic in both
cities. Apparently, the increase in the epidemic during this
period of time could be explained by the increase in human
contact between Christmas and New Year’s Eve. However,
since the deviation from the calculated curve is observed
long before Christmas we can accept with high probability
that the emergence of a new strain of the virus is the cause
of this increase in the intensity of the epidemic. A similar
picture was revealed by us to a greater or lesser extent
(the data have not been published, but are available to the
authors of the work) when analyzing the growth of COVID 19
infections in Great Britain, Germany and a number of its cities
(Munich, Dresden, Hamburg, Leipzig, etc.). Adjusting the
model by introducing into it an additional term taking into
account the appearance of the third epidemic wave allows
for a fairly accurate calculation of the spread of infection for
these conditions.

If we compare the increase in the number of infected
in Berlin and New York to the initial number, then for the
second wave of the epidemic these values practically coincide
(Figure 7).

Figure 7: Changes in the number of infections compared to their numbers at the beginning of the second wave.

In order to exclude the influence of the previous wave,
the difference between the current value of the number of
infected people and their values at the time of the second wave

Below D, et al. Comparative Analysis of the Spread of the COVID 19 Epidemic in Berlin and

is used. The same graph shows the development curve of the
epidemic in one of Berlin’s districts, Charlottenburg. As can
be seen from this figure, all three curves practically coincide
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up to a certain point in time. Only about 90 days after the
beginning of this epidemic wave, the growth of the infection
in New York became significantly higher than in Berlin and
Charlottenburg. That means that the passage of the third
wave of the epidemic for New York differs significantly from
that of Berlin. At the same time, as we have already noted
when discussing the graph in Figure 4, in Berlin there is also
a slight increase in the number of infected people during this
period of time, but it is noticeably more gradual. Apparently,
the administration of New York was not fully prepared for the
possibility of a sharp increase in the epidemic in December
2020 and January 2021. However, an unequivocal conclusion
about the reasons for such an intense new growth of the
epidemic can be made after special studies are performed.

The almost complete equivalence of the epidemic
development schedules in Berlin and its separate district
Charlottenburg testifies not only to the coincidence of
their socio-demographic structure, but also to the same
quarantine measures taken by the city administration. Thus,
a detailed study of the growth patterns of the epidemic on
the example of a district would provide reliable information
applicable to larger sites. In addition, this correspondence
of the data indicates that, in general, the process of spread
of the infection is not subject to random but rather to quite
deterministic patterns. Giving an overall assessment of the
possibility of using an approximate model to calculate the
intensity of virus epidemic spread, we can assume that this
model can serve as a reliable tool for the operational analysis
of the epidemic spread patterns.

The successful use of this computational model implies
the unambiguous choice of a single coefficient A. In our
previous work [4], we analyzed the influence of some factors
on the value of this coefficient. However, since this coefficient
is determined by the intensity of virus transmission as a
result of contacts between people, the most important goal
of further improvement of this model can be considered
the establishment of a relationship between this coefficient
and the characteristic behavioral characteristics of different
population groups. Attempts are currently being made to link
the risks of viral disease and transmission to a psychological
characteristic, which has been named (BIS) [9]. In addition
to these behavioral characteristics, socio-demographic
characteristics of both cities and large urban areas are also
important.

These crucial questions have been poorly studied so far
and should be considered paramount in understanding the
mechanisms of epidemic development. A detailed study of
the patterns of epidemic development and an analysis of the
criteria on which the intensity of this process depends for
different typical conditions will make it possible to predict
more reliably the risks of repeated waves of intensive growth
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of morbidity. At the same time, taking into account that
preventing an epidemic is a much easier task than reducing
the number of infected persons at high levels, forecasting
the possible onset of an epidemic and developing specific
targeted measures to sharply reduce the spread of infection
among selected population groups will prevent the most
negative consequences. These are both related directly to
the growth of the disease, to reducing the risk of a sharp
economic decline and to a considerable decrease in the
population’s income.

Conclusions

The Conclusions for the results analyzed in the sections
above are:

e The proposed simple analytical model shows quite
satisfactory correspondence between the calculated
results and the statistical observations on the intensity
of spread of COVID 19 epidemic.

e The ease of use of the calculation methodology and
the sufficient accuracy of the calculations will allow its
use by the administrative authorities as an additional
operational tool to control the possibility of repeated
waves of epidemics in their earliest stages.

e Further improvement of the model is planned, first of
all in the direction of determining the links between
the intensity of transmission of the infection which
is the coefficient A with psychological and behavioral
characteristics of different socio- demographic groups of
the population and quarantine conditions. This will make
it possible to use the model not only for calculations of
epidemic growth, but also for operational forecasting.

e The analysis of the passage of different epidemic
waves in New York and Berlin allows us to draw some
preliminary conclusions concerning the efficiency of the
control of the epidemic in both cities.

e The coincidence of the epidemic development schedules
for Berlin and Charlottenburg allows us to conclude
about the deterministic nature of the spread of the
infection. Thus, there is an opportunity to study in detail
the growth patterns of the epidemic in large cities on the
basis of studies carried out for analogous small areas or
compact settlements.
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