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ABSTRACT 

We applied New-comb Benford’s Law to validate the reliability of 
Covid -19 figures in Pakistan. Official data were taken from March 
2020 till November 2020 and the first digit test is applied for the 
national aggregate dataset of total cases. There are shreds of 
evidence that the dataset of Pakistan does not conform to the New-
comb Benford’s Law theoretical expectations. The results are robust 
to the goodness of fit by applying the chi-square test. Although it is 
appreciating to concern over evidence-based policymaking, we found 
that the Pakistani epidemiological surveillance system fails to provide 
trustful data as per New-comb Benford’s Law assumption. 
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INTRODUCTION 

In December 2019 the city of Wuhan (China) suffered from corona virus epidemic and gradually it becomes 
a global pandemic of serious concern in January 2020 (World Health Organization, 2020a, 2020b).World 
Health Organization (WHO) declared this outbreak as public health emergency of  international concern 
(PHEIC) and in March it was stated as global pandemic. Since from that time there were 38964805 cases 
reported and 1095978 death were observed worldwide till October 17, 2020  due to novel corona 
virus(http://covid.gov.pk/). The situation created a socioeconomic anarchy across whole world as various 
political, religious, sports and cultural activities postponed (The New York Times, 2020). Such anarchy 
become more worst due to panic purchase resulted in shortage of goods(Jade Scipioni, 2019).It causes 
national or local closure of academic institution worldwide (UNESCO 2020). 

Our study focuses on applying Benford’s law also called the Newcomb–Benford Law,on investigating the 
trend and the authenticity of COVID-19 data. It was firstly observed by Newcomb and popularized  by Benford 
(Newcomb S.1881, Benford F.1938).The law usually applied to find the authenticity of data in the area of 
financial matter, investigating accounting fraud and political issues(Beber B, Scacco A :2012,Brady HE:2005, 
Cho W, Gaines B:2007, Deckert J,etal:2011, Durtschi C,etal:2004, Mebane Jr WR:2006, Winter C, Schneider 
M, Yannikos Y:2011). 

Mainly it based on the principle that first digit of decimal number is likely to be equal to 1 and its possibility to 
be equal to subsequent numbers i.e. 2 ~ 9 decrease progressively. It is strongly evident that Benford’s 
distribution followed by common disease numbers(Sambridge M,etal:2010) .On this ground basis studies 
attempted to analyze COVID-19 Benfordness to check how well the data fits Benford’s law. Here we 
mentioned data of published studies related to COVID-19 as number of cases may change over time. The 
data collected by Sambridge and Jackson till 9th April 2020 and found that data from USA, Japan, Indonesia 
and other European countries follows  benford distribution but with certain variances. The study also 
mentioned that total death data of Czech Republic showed high peak at “9” that is contrary to law indicating 
that it does not fulfilled Benford’s law. However  it has been confirmed that the time line for evaluation of data 
set was very critical. Further  that if cases become in thousands ,first digit eventually become constant due 
to flattening of daily confirmed cases when virus growth is reduced. Lee,Han reflected similar thoughts in the 
paper submitted on 28 April 2020.In a study demonstrated by Koch and Okamura on 28 April 2020, the 
number of confirmed COVID cases at USA, Italy and China match the law with high Benfordness with no any 
data manipulation.A study having data up to 15 March 2020 by Idrovo and Manrique-Hernández didn’t found 
data manipulation in number of cases of China. At the same time Raul checked the confirmed COVID cases 
up to 30 April 2020 among data of 23 countries and found discrepancy  in the data of Italy, Portugal, 
Netherlands, the United Kingdom, Denmark, Belgium and Chile. Hence it is proved from these studies that 
Benford’s law can apply to analyze COVID but with contradictory conclusion concerning possible data 
manipulation in any country. In this study we apply Benford’s law  to view COVID-19 cases data in Pakistan. 

 

METHODOLOGY  

I. Data collection: 

Data were collected from March 2020 till 11th November 2020 from http://covid.gov.pk/ and it mentioned that 
there were 348,184 total confirmed cases in Pakistan to date with  320,065 (98%) total recovery cases/ 
discharged and 7,021 (2%) total deaths. Also find out daily confirmed cases and daily deaths. Data of country 
is divided into regions(Provinces) and summed the country data per day. 

http://covid.gov.pk/
http://covid.gov.pk/
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II. Law of Benford and d factor: 

In our study we apply Benford’s law which is based on the fact that mantissa of 53 logarithms of exponentially 
growing numbers tends to be uniformly distributed. A decimal number x can be written in the logarithmic form 
as: 

              log10 𝑥 = log10(10𝑎 55 ∙ 𝑏) = 𝑎 + log10 𝑏 , (1 ≤ 𝑏 < 10) 

Where   

Where 𝑎 = integer part  

log10 𝑏 = mantissa of the logarithm of 𝑥. 

The first digit of 𝑥 is obvious by the log-mantissa log10 b. First digit with numbers equal to  

𝑑 = 1, -----, 9,respective log-mantissa will be at the domain of  [log10 𝑑 , log10 59 (𝑑 + 1) ). 

Therefore the probability of first digit to be equal to d is shown by equation: 

               (𝑑) = log10(𝑑 + 1) − log10 𝑑 = log10 (1 + 1 𝑑 61 ) , for (𝑑 = 1, … ,9) 

In this we mention probability distribution for numbers ranges from 1-9 as the first number as per Benford’s 
law.(Table 1) 

 
Table 1. First digit distribution according to the Benford’s Law 

 d 1 2 3 4 5 6 7 8 9 

P(d) 30.1% 17.6% 12.5% 9.7% 7.9% 6.7% 5.8% 5.1% 4.6% 

 

Here we quantified the deviation from Benford’s curve by d* factor i.e. it is measurement of Euclidian distance 
between country numbers and Benford’s distribution  by normalizing it by maximum possible distance. The 
value of d* is 0.0 if data exactly matches the Benford’s distribution. According to study proposed by Goodman 
,2016 a value of d* higher than 0.25 is evident for data manipulation.  

RESULT AND DISCUSSON 

Result is addressed in graphical form after application of Benford’s Law.Figure 1 and 2 illustrate the result 
and data comparison of Pakistan to the Benford’s Law distribution (line in Black). 
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Figure 1: Total confirmed cases of Country.The black curve refers to Benford's Law Probability 
 
 
 

 

 Figure 2: Chi-square distribution 
  

The figure includes daily confirmed cases. Pakistani data showed high Benfordness in the data (Figure 1 
and 2) with a d* of  0.48 which cannot be explained.The data is partially in agreement with Benford with an 
odd peak at 2’3 and 4(Figure 1 & 2). 
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CONCLUSION                                                                                                                                              
The application of the Benford’s Law  for assessment of Covid-19 data was confirmed.It is one of the valid 
method  to find pitfalls and variations in the data sets of countries and to suggest and identify possible 
chances of data manipulations.Our analysis suggested a possibility of  manipulation on Pakistan’s Covid-19 
numbers of total deaths till November 11th 2020, but it is not a proof of manipulation and illegality but we 
found a constant departure of Pakistani Covid 19 reports from Benford’s law. In our findings we performed 
different epidemiological test and data source and it is being evident that local epidemiological surveillance 
system did not trustful data on  SARS-Covid 19  epidemic in Pakistan.For effective evidence based policy 
making much reliable and valid data is needed which is in relation to transparency of institutional workouts. 
In order to evaluate interventions of Government affecting the outcomes they designed, an open data is a 
pre-requisite. Although it is evident that there are several technical issues in quantifying  Covid-19 but 
effective strategies and policies rely on data quality  and accessibility.In conclusion it is promising that all 
stake holders and policy makers of Health and medicine follow more sophisticated guidelines and practices 
in data collection for more careful and comprehensive analysis of these critical data. 
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