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Tackling of COVID-19 has been the prime concern for all the countries because of
the virus’ deadly tenure across the globe. But an attempt to curb the virus requires
an effective analysis of its spread. Falsified data is suspected by experts on account
of policy-making, political strategies and fear handling. Benford’s law, which is an
effective and widely used technique to detect fraud and fabrication, is employed
and applied to data made available publicly, by the authorities, in an attempt to
see if the data adheres to the Benford’s Law and if it is correctly reported or not.
Benford’s law works well on exponential data and is compared to the initial growth
data of the countries, but in case of control interventions an epidemic growth model
is applied to the data and then goodness-of-fit test is conducted to see if Benford’s
Law is satisfied for the selected three countries. Also, the level and rate of control
is calculated to determine the deceleration in growth for each country.

Keywords: Benford’s Law, COVID-19, Epidemic growth model, SEIR, Chi-Square
test.

2021. In Rahul Srivastava & Aditya Kumar Singh Pundir (eds.), New Frontiers
in Communication and Intelligent Systems, 85-91. Computing & Intelligent
Systems, SCRS, India. https://doi.org/10.52458/978-81-95502-00-4-11



Divyasha Pahuja

1 Introduction

In December 2019 the first strain of SARS-CoV-2 was found in Wuhan, Hubei province of China.
Corona virus disease or COVID-19 was declared by WHO (World Health Organization) as a global
pandemic and public health emergency on January 3oth. Since then the novel virus has been rapidly
propagating across multiple countries and threatening the lives of people globally. Research is hence
required to effectively tackle the spread of COVID-19. However, data provided by the local governments
and agencies is sometimes inconsistent for many reasons and may not be fully correct to analyze the
situation and take measures in an appropriate manner. Therefore, an effective method to analyze the
correctness of data is required. The use of Benford’s Law is suggested to detect if the data is
underreported or missing.

In case of no restrictions imposed, the virus would spread rapidly giving a steep rise in the number of
cases and deaths. The cases would grow exponentially in a natural state and hence follow Benford’s
Law (BL) as any exponential distribution is known to automatically follow BL. However, in case of a
controlled growth environment where a lockdown is imposed and social distancing practices are in
place including practicing of personal hygiene such as wearing mask and washing of hands, as well as
inoculating the people, the steep of the curve would not be of exponential degree. In such cases, if the
restrictions and interventions are successful then the confirmed cases and deaths would not follow
Benford’s Law. For this the Benford’s Law is useful for detecting if the control interventions currently
being employed have been effective.

An epidemic growth model is applied accommodating the restrictions applied by countries which is
then fitted to the data provided for the countries under analysis to see if the number of cases in a
controlled environment follow BL.

The countries chosen are India, United States and Italy to analyze our theory because their high
populations, detection of cases early on in the pandemic and rapid spread of the virus make them the
perfect specimen for detecting the application of Benford’s Law.

2 Benford’s Law

The Benford’s Law (or actually Newcomb-Benford Law, said to be first discovered by Newcomb) states
that the leading digits of a number (occurring naturally) are skewed towards smaller numbers. The
probability distribution of single digits in significant positions of a number are not uniform, they follow
a logarithmic distribution.

Benford’s Law is mainly present in all natural systems (including city populations, no. of towns in a
country, count of rivers etc.) and is less likely to be found in human made systems such as identification
numbers (e.g. Social security numbers, phone number, house number, car license plate number) or
those which include range and maximum and minimum limits (e.g. height of a human). According to
BL the probability of the first digit being 1 is 30.1%, first digit being 2 is 17.6% and so on as shown in
Table 1. Table 1 show both and first and second digit Benford’s distribution, as gathered from [1], [2]
and [16]. The probability of first digit is calculated using the formula:

P(d)=logio (1 +2) (€]

whered € (1,...,9).
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Table 1. Benford’s Distribution of first and second digit

Position/ o 1 2 3 4 5 6 7 8 9
Number
First Digit 30.1% 17.6% 12.5% 9.7% 7.9% 6.7% 58% 51% 4.6%

Second Digit 12.0% 11.4% 10.9% 104% 10.0% 9.7% 93% 9.0% 8.8% 8.5%

3 Dataset

Data plays a crucial role in any analysis. So the dataset collected is important for the analysis to run
with high accuracy. The dataset used for this paper is provided by John Hopkins University Center for
Systems Science and Engineering (JHU CSSE). The dashboard [12] provides visual representation of
the daily data for many countries from 22nd of January 2020. It includes data of confirmed cases,
deaths, recoveries and vaccinations. The CSV (comma separated values) for the same can be found at
[13]. The confirmed cases for each country (India, USA and Italy) are extracted from these and divided
into 2 sets: before lockdown and after lockdown.

4 Methods

4.1 Exponential growth

As discussed, the countries will follow an exponential growth unless control interventions are
employed. The lockdown restrictions and social distancing norms were placed at different points of
time for different countries.

For India, the first case was seen on 30th of January 2020 and on 16t of March practices for social
distancing were recommended [14]. But only on 25t of March a nation-wide lockdown was imposed on
the citizens of the country. USA saw its first case on 215t January and “stay-at-home” orders were
announced for state-wise starting from 19th of March. In Italy, the virus was detected first on 31st of
January among 2 people and a lockdown was announced from 9t of March due to the sudden
multiplication of virus hosts [18].

Frequencies of first digit among the daily confirmed cases during the period before lockdown is
computed and compared to the Benford’s first digit distribution as seen in Figure 1. The data is handled
using Pandas framework and the results are represented using matplotlib library in python.
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Fig. 1. First digit distribution of cases in countries before first lockdown
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As we can see from Figure 1, US follow a logarithmic distribution of the first digits during the initial
days without interventions, with a very high percentage for 1 as first digit. However, in case of India the
digit 3 and in case of Italy digits 2 and 3 have higher frequencies and so they do not conform to
Benford’s law, as briefly shown in [19], even during the initial growth phase of the corona virus.

4.2 Controlled growth after restrictions

The period after first lockdown is analyzed to see if the confirmed cases follow Benford’s distribution of
first digits. Figure 2 is a visual representation of the same.
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Fig. 2. First digit distribution of cases in countries after lockdown

As we can see from Figure 2, the confirmed cases in India even after lockdown do not follow Benford’s
distribution as higher frequencies of larger digits can be seen. Same can be said for Italy, where the
frequency for digit 2 is much higher than the rest. Whereas, in US the numbers can be said to conform
to the Benford’s distribution even after restrictions. This could mean that the lockdown imposed was
not effective. So an epidemic growth model capturing these control restrictions is fit to the COVID-19
data of these countries to determine the level of intervention.

4.3 Epidemic Growth Model

The Susceptible—Exposed—Infectious—Recovered (SEIR) which is a model built for effective analysis
of how a viral disease spreads and grows is used. The SEIR is a derivative of SIR model. Many
derivatives exist but SEIR is considered most appropriate for COVID-19 epidemic [20]. As can be
derived from the name, the SEIR has 4 parts — susceptible individuals (S), exposed people who are not
infectious (E), infectious individuals (I) and those who have recovered from the disease (R)

SEIR model consists of the following ordinary differential equations (ODEs):

ds _ BsI

dat N @)
= or )
w=oE—vI @
=y (5)

where f is the transmission rate,
vy is the recovery rate, o is the incubation rate i.e. rate to be infected
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N =S+ E + I + Ris the whole population.

Now lockdown restrictions and social distancing measures in place change the rate of transmission, f.
Therefore, to quantify the impact of these control interventions a variable p is included in the model. In
the ODEs 3 would become pf3. When p=1, then no lockdown restrictions have been place, if o< p <1,
then control interventions have been used to stop the virus, or “flatten the curve”. Lesser p would mean
flatter curve, p closer to 1 would mean the restrictions in place are not severe.

Initial I is taken as the number of confirmed cases from lockdown date of the country, R is the sum of
recovered people and deaths, E is calculated by multiplying 2.399 with confirmed cases 6 days from the
lockdown date as suggested in [21]. B and p are calculated using least-square curve fitting process on
the equations. It is calculated using curve_fit() function in python. The mean square error (MSE) is
then computed. Then the parameters are updated using MSE, and fed to the next iteration to update
the parameters as shown in [17]. This process is iterated 50 times. The initial values of  and p are
taken as 0. The final values computed for each country are given in Table 2.

4.4 Chi-Square test

The Chi-Square Goodness-of-fit Test is used to analyze the statistical goodness of fitting of the data i.e.
the gap between the expected (the Benford distribution) and the observed data. The chi-square for our
cause can be calculated by:

9 —e:)2
= z C ef,) 6)
i=0 1

where c is the degree of freedom, oiis the observed frequency, eiis the expected frequency.
According to [15], the objective is to test a hypothesis and see if the variable follows the theoretical
distribution i.e. the null hypothesis. In our case null hypothesis (Ho) and alternative hypothesis (Ha)
are as follows:

Ho : First significant digit follows Benfords Law
Ha : First significant digit does not follow Benfords Law

So for 5% significance level (p-value), the critical value would be 2 (8) = 15.51.
x2 value of our data less than the critical value would be accepted in null hypothesis and greater than
this would be rejected and belong to the alternative hypothesis.

The goodness of fit with the JHU COVID-19 data is discussed in the result section.

5 Result and Discussion

For before lockdown, when the countries are expected to have an exponential growth, it is seen that
only US seems to follow the Benford’s Law. The discrepancies seen in the other 2 countries, as seen in
Figure 1, could be attributed to the fact that the countries were not testing many people initially or did
not have the capacity to test the suspected people as it can be seen in India that the cases reported were
stuck at 3 for about a month (in the data provided by JHU), as is also mentioned in [18] in case of Italy,
or simply the scenario that the cases were underreported or misreported. After lockdown
announcement and social distancing measures were put in place, the epidemic growth model is used to
calculate the growth control parameter (p) for each country and see how effective the restrictions have
been and x2 calculated to see if the numbers follow the Benford’s distribution, as shown in Table 2.
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Table 2. SEIR model in presence of restrictions and x2 for Benford’s Law

Country B p X2 p-value
(Growth rate) (Control rate)
India 0.782 0.75 4.59 0.72
UsS 0.476 0.91 1.29 0.99
Italy 1.021 0.69 3.56 0.855

From Table 2 it can be concluded that US indubitably conforms to the null hypothesis that the
confirmed cases of the country follow the Benford’s distribution. Hence, the lockdown restrictions
imposed were not effective (with control parameter of 0.91). For Italy and India the null hypothesis
cannot be rejected, but have slightly better virus deceleration parameters of 0.69 and 0.75 respectively.
So they have managed to curb the virus at a much better rate.

6 Conclusion and Future Work

In this work, Benford’s law is used to analyze and detect if the the reported cases by the government or
respective authorities of the country are correct or not. It was found that discrepancies were found in
the initial phase of exponential growth for countries India and Italy. It could be attributed to no testing
kits available. An SEIR epidemic growth model is adopted to analyze the numbers and situations after
lockdown restrictions were laid, the countries are found to to somewhat conform to Benford’s
distribution. The level of control and restrictions is also computed and analyzed for each country.

This research work has a vast scope for future work. The current work only employs a static SEIR
model, it works on assumption that the population will remain constant considered. A new model that
takes in vital dynamic values and parameters is to be followed in the future work. And the research can
be expanded to more countries and also include deaths for better results. As more and more people are
vaccinated and herd immunity is achieved the dynamics of the research will change.
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