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Abstract. The COVID-19 infection started in Wuhan, China, spreading all over the 

world, creating global healthcare and economic crisis. Countries all over the world are 

fighting hard against this pandemic; however, there are doubts on the reported number 

of cases. In this paper Newcomb-Benford Law is used for the detection of possible false 

number of reported COVID-19 cases. The analysis, when all countries have been 

observed together, showed that there is a doubt that countries potentially falsify their 

data of new COVID-19 cases of infection intentionally. When the analysis was lowered 

on the individual country level, it was shown that most countries do not diminish their 

numbers of new COVID-19 cases deliberately. It was found that distributions of 

COVID-19 data for 15% to 19% of countries for the first digit analysis and 30% to 

39% of countries for the last digit analysis do not conform with the Newcomb-Benford 

Law distribution. Further investigation should be made in this field in order to validate 

the results of this research. The results obtained from this paper can be important for 

economic and health policy makers in order to guide COVID-19 surveillance and 

implement public health policy measures. 
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1. INTRODUCTION 

The COVID-19 has been initially identified in Wuhan, China, spreading all over the world 

causing global healthcare and economic crisis. There has been a slowdown in all economic 

 
Received March 26, 2021 / Revised April 15, 2021 / Accepted May 14, 2021 

Corresponding author: Hrvoje Jošić 

University of Zagreb, Faculty of Economics and Business Administration, Trg J. F. Kennedyja 6, HR-10000 
Zagreb, Croatia 

E-mail: hjosic@efzg.hr 



136  H. JOŠIĆ, B. ŽMUK 

sectors worldwide, namely tourism, oil industry, aviation, financial and healthcare sector, 

Shohini (2020). The spread of the virus benefited from the underlying interconnectedness due 

to globalization, catapulting a global health crisis into a global economic shock, hitting the 

most vulnerable the hardest, United Nations (2020:6). World Health Organization declared the 

outbreak of the COVID-19 infection to be a public health emergency of international concern, 

Zhang (2020). Countries reported their first cases of infection transparently; however, there 

were doubts about the reported number of cases. There also appears to be a doubt regarding 

the reported number of cases in the early stages of the epidemic. There were ongoing concerns 

about the level of transparency around the data from China. The manipulation of pandemic 

numbers by underreporting for the interest of politics risks lives, Cambell and Gunia (2020). 

Accurate pandemic numbers are essential for shaping an ongoing response and in making 

informed decisions on easing restrictions. Reporting accurate numbers is hard because many 

countries have struggled with adequate testing, which skews the official numbers of those 

infected, Alwine and Goodrum Sterling (2020). The politics continue to obfuscate the 

inconvenient truths about the true numbers of COVID-19 cases and deaths. This was 

encouraged in order to create a false sense of security but the COVID-19 data must be 

collected and released independently of politics, Alwine and Goodrum Sterling (2020).  

In this paper the interaction between new daily cases of COVID-19 disease and the 

conformance with the Newcomb-Benford Law (NBL) or Benford's Law, Newcomb 

(1881) and Benford (1938) was investigated. The aim of the analysis is primarily not to 

report whether a particular country misreports or manipulates the COVID-19 data. The 

purpose is to assess the quality of COVID-19 data by using Newcomb-Benford Law as a 

tool. Newcomb-Benford Law is a natural occurrence of digits which are not uniformly 

distributed. The property of the Newcomb-Benford Law is that the fraudulent or 

misreported data deviate significantly from the NBL distribution, Balashov et al. (2020). 

The analysis was made for the early stages of the epidemic for which the numbers of new 

cases rose exponentially and the Benford's Law should hold, Kennedy and Yam (2020). 

Benford's Law (BL), or Newcomb-Benford Law (NBL), has many applications in economics. 

The most important one is as a forensic accounting tool in auditing and fraud detection, 

Nigrini (2012). This paper follows on previous investigation in this field (Balashov et al. 

(2020), Kennedy and Yam (2020), Kilani and Georgiou (2020), Zhang (2020)) by analysing 

the conformance of COVID-19 data with the NBL distribution. In order to detect possible 

misreported numbers of infection, the distribution of first and last digits of the new cases of 

COVID-19 infection for 206 countries and self-government territories worldwide will be 

analysed. The compliance with the Newcomb-Benford Law will be inspected by using chi-

square and Kolmogorov-Smirnov Z tests. The expected result is that the distribution of first 

digits of new COVID-19 cases of infection would follow the Newcomb-Benford Law 

distribution, meaning that countries do not falsify or diminish their COVID-19 data 

intentionally. It is also expected that the distribution of last digits in new cases of infection 

would follow the uniform distribution or equal probability of occurrence. Main contribution of 

this paper is comprehensive analysis of conformity between new cases of infection and NBL 

distribution for almost all countries and self-government dependencies in the world in the 

beginning period of the COVID-19 epidemic, from December 31st, 2019 to April 23rd, 2020. 

Paper is organised in six sections. After the introduction, in literature review the history 

of Newcomb-Benford Law is explained with main applications in the field of economics 

and epidemiology. In the methodology and data section the Newcomb-Benford Law 

distribution is derived, the methodology for conducting the chi-square and Kolmogorov-
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Smirnov Z tests explained as well as descriptive statistics of data. In the results and 

discussion section the main results of the analysis are displayed, both for the first and last 

digits of COVID-19 cases by using Newcomb-Benford Law and uniform distribution as a 

tool. Final chapter presents concluding remarks. 

2. LITERATURE REVIEW  

Benford’s Law or Newcomb-Benford Law is a natural observation in many occurring 

selections of numbers for which the first digit is not uniformly distributed. The history of 

Newcomb-Benford Law originates in 1881 when Simon Newcomb (Newcomb, 1881) noticed 

that the first pages of logarithmic tables were more worn out than the rest. That implies there 

are more digits starting with the digit one than that is expected under the uniform distribution. 

Newcomb described this phenomenon in his paper “Note on the Frequency of Use of the 

Different Digits in Natural Numbers”. Unaware of Newcomb’s findings, Frank Benford came 

to the similar conclusion almost 60 years later in his paper “The law of anomalous numbers“, 

Benford (1938). Therefore, Newcomb-Benford Law was named according to both deserving 

economists. Newcomb-Benford Law has applications in various fields of economics but the 

most important one is as a tool for forensic accounting and fraud detection, Nigrini (1996). 

Other applications of Newcomb-Benford Law are for campaign fraud detection, Cho and 

Gaines (2007), governmental statistics inspection, Hindls and Hronová (2015), fraudulent 

scientific data, Diekmann (2007) and for inspection whether countries falsify their economic 

data strategically, Michalski and Stoltz (2013).  

Jošić and Žmuk (2018) used Benford's Law for psychological pricing detection. Seminal 

paper in this field was published by El Sehity et al. (2005) which analyses consumer price 

digits before and after the euro introduction. Another piece of empirical evidence on 

psychological pricing was related to Austrian retailers, Wagner and Jamsawang (2012). Zhang 

(2020) proposed a test for checking the reported number of COVID-19 cases in China using 

the Newcomb-Benford Law. The obtained p-value of 92.8% indicated that the distribution of 

COVID-19 cumulative cases abide by the Newcomb-Benford Law. The author stated that the 

reported number of cases could be lower than the real number of infected people due to the 

lack of medical equipment and resources. Balashov et al. (2020) used Newcomb-Benford Law 

to test whether countries manipulate their COVID-19 data during the pandemics. The most 

important finding of the paper was that democratic countries with higher values of gross 

domestic product per capita, higher healthcare expenditures and universal healthcare coverage 

are the ones  less likely to deviate from the Newcomb-Benford Law. It was found that roughly 

one third out of the 185 countries in the world affected by the pandemics seem to misreport 

their data. Kennedy and Yam (2020) studied the applicability of Benford’s Law to national 

COVID-19 case figures. The aim was to establish guidelines for methods of fraud detection in 

epidemiology. Benford’s Law largely held across countries in the early stages of the epidemic 

for which the number of infected people is relatively small in regards to the population. This 

argument also held for the second digit analysis.  

Kilani and Georgiou (2020) collected a database of potential data misreports by 171 

countries regarding their COVID-19 daily reported cases. They employ three different 

tests (chi-square, Kuiper and Mean Absolute Deviation (MAD)) in order to determine if 

data for each observed country fit the Benford’s Law. For most of the countries the 

results showed the conformity of COVID-19 data with the Benford’s Law. Koch and 
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Okamura (2020) emphasized the importance of veracity of reported contagious diseases 

data in real time. The authors found that the Chinese, United States and Italian data 

matched the distribution expected by Benford’s Law. If the numbers were taken from the 

exponential distribution, it could be demonstrated that they automatically follow the Benford’s 

Law distribution, Lee et al. (2020). The number of cases of infections and/or deaths will not 

obey the Benford’s Law if the current control interventions are successful in flattening the 

epidemic curve. It is the case when the epidemic growth rate is below the exponential growth 

rate. Investigating whether countries misreport or diminish their numbers of COVID-19 cases 

in the early stages of infection can be therefore considered as valid.  

Moreno-Montoya (2020) propose a new test in evaluating compliance with the Benford’s 

Law distribution in the case of small data samples because conventional statistical methods for 

evaluation of small data samples are controversial. According to Peng and Nagata (2020), 

China’s empirical distribution of new cases of infection appears to be particularly different 

from other countries. Despite being the first country affected by the disease, there was a linear 

trend present in the early stages of infection. Silva and Figueiredo Filho (2020) employed 

Newcomb–Benford Law to evaluate the reliability of COVID-19 figures in Brazil in the 

period from February 25th  to September 15th . They found strong evidence that Brazilian 

reports do not conform with the Newcomb-Benford Law theoretical predictions showing 

that the Brazilian epidemiological surveillance system failed to provide trustful data on 

the COVID-19 epidemic. 

3. DATA AND METHODOLOGY 

Newcomb-Benford Law (NBL) is empirical wellknown pattern for frequency of first 

digit occurrence in various datasets. The first digit is not uniformly distributed: the 

number one appears as a leading digit in 30.1% of cases, the number two appears as a 

leading digit in 17.6% of cases while the number nine occurs as the first digit in 4.5% of 

the time. Checking for conformance with the NBL would be the best approach in a 

forensic analysis looking at potential manipulations of the number of cases since the 

distribution of first digits that deviates from the expected distribution may indicate frauds, Lee 

et al. (2020:4). In this paper it is analysed whether distribution of new cases of COVID-19 

disease conform with the Newcomb-Benford Law distribution for the first leading digit and 

whether distribution of new cases of the COVID-19 conform with the uniform distribution for 

the last digit. A reasonable assumption will be that COVID-19 new case numbers should 

follow the Newcomb-Benford Law distribution. It seems the infection grows exponentially, 

particularly at the beginning in the early stage, Zhang (2020). It is hard to fabricate data 

closely following the Newcomb-Benford Law distribution. That implies if the distribution of 

first digits for new daily cases of COVID-19 follows the NBL distribution then there is no 

misreporting or possible diminishing of the number of new daily cases. Also, it is expected 

that the distribution of last digits of new daily cases would follow the uniform distribution, 

meaning the same frequency of number occurrence, leading again to the conclusion that there 

are no frauds or misreports of data detected. 

The probabilities of first digit occurrence in the Newcomb-Benford Law are derived 

using the following Equation 1: 
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,where  0,1,2,...,9.kd =  (3) 

The calculated probabilities of occurrence for the first digit, second digit, higher-order 

and the last digit are presented in Table 1. 

Table 1 Expected frequencies of digit occurrence in NBL distribution 

Number 1st digit 2nd digit 3rd digit 4th digit 5th digit 

0 - 0.11968 0.10178 0.10018 0.10 

1 0.30103 0.11389 0.10138 0.10014 0.10 

2 0.17609 0.10882 0.10097 0.10010 0.10 

3 0.12494 0.10433 0.10057 0.10006 0.10 

4 0.09691 0.10031 0.10018 0.10002 0.10 

5 0.07918 0.09668 0.09979 0.09998 0.10 

6 0.06695 0.09337 0.09940 0.09994 0.10 

7 0.05799 0.09035 0.09902 0.09990 0.10 

8 0.05115 0.08757 0.09864 0.09986 0.10 

9 0.04576 0.08500 0.09827 0.09982 0.10 

Source: Nigrini (1996), Jošić and Žmuk (2018) 

Epidemics such as COVID-19, which we are experiencing at the moment, are classic 

examples of exponential growth function. The number of infected people tomorrow, I1 , is 

equal to constant  times the amount of infected people today, I0, that is I1 =   I0. This 

expression could be generalized for t days as I1 =  t  I0 . This exponential growth could obey 

Newcomb-Benford Law, Peng and Nagata (2020). Kennedy and Yam (2020) provided a 

justification for the emergence of Benford’s Law during the early stages of epidemic. Let S(t) 

denote the number of susceptible individuals. In the early stages of the epidemic the upper 

constraint of population size is negligible. Under the assumptions of fixed infectiousness 

  > 0, fixed recovery rate   > 0 and   <  , the evolution of I(t) can be described by: 

 

 I(t + 1) = I(t) + ( +  It + 1)I(t) − (  +  R
t + 1)I(t)           (4) 
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for t = 1,...,T − 1,  It are independent and identically distributed (i.i.d.) random noise 

terms, as are  R
t . The evolution of S(t) is analogously defined as: 

  S(t + 1) = S(t) − (  +  It + 1)I(t) + (  +  R
t + 1)I(t) (5) 

The epidemic growth of I(t) can be further expressed as: 

 I(t + 1) = At + 1  At  ...  A1 (6) 

where 

 𝐴𝑡 ≜ 1 +  𝜃 − 𝛿 + 휀𝑡
𝐼 − 휀𝑡

𝑅  (7) 

The Equation 6 suggests that Newcomb-Benford Law should emerge naturally during the 

early stages of an epidemic.  

Data about new cases of COVID-19 infection are taken from the EU Open Data 

Portal database, EU Open Data Portal (2020). The number of new cases is observed from 

the start of the infection, from December 31st, 2019 up to April 23rd, 2020. The days in 

which there were no new cases of COVID-19 infection were omitted from the analysis. 

The data for overall 206 countries and self-government dependencies in the world were 

collected. Firstly, the analysis will be conducted by taking into account all observed 

countries together. After that the analysis will be conducted for each country separately. 

In order to inspect whether the distributions of the first and the last digits follow NBL or 

uniform distribution, chi-square and Kolmogorov-Smirnov Z tests will be used. The chi-

square test values will be calculated by using the following Equation 8: 
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where  are the actual values for the i-th first digit or the i-th last digit,  are actual 

values of the i-the first digit or the i-th last digit under the assumption that the distribution 

of the first digits is distributed according to the NBL distribution and the distribution of 

the last digits is distributed according to the uniform distribution. Similarly, the values for 

Kolmogorov-Smirnov Z test will be calculated as follows: 
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where  is statistical significance level (here 0.05) and  is the total number of new daily 

values. For both statistical tests the null hypothesis contains an assumption that the 

observed daily new cases of COVID-19 will follow the certain distribution (here NBL or 

uniform distribution). On the other hand, the alternative hypothesis assumes that the 

observed data will not follow the certain data distribution. Before conducting the chi-

square and Kolmogorov-Smirnov Z tests, basic descriptive statistics analysis was done. 

In Table 2 basic descriptive statistics results for the new cases of COVID-19 infection, 

first digit and the last digit of the new cases by taking into account all countries together 

are presented. 



 Assessing the Quality of  COVID-19 Data: Evidence from Newcomb-Benford Law 141 

Table 2 Descriptive statistics for the new cases, first and last digit, all countries together, 

daily values from December 31st, 2019 to April 23rd, 2020 

Statistics New cases First digit Last digit 

Sample size 6,787 6,787 6,787 

Mean 381.36 3.17 3.95 

Standard deviation 1,998.73 2.34 2.76 

Coeff. of variation 524% 74% 70% 

Skewness 12 0.98 0.35 

Kurtosis 176 -0.09 -1.11 

Mode 1 1 1 

Minimum 1 1 0 

1st quartile 4 1 1 

Median 19 2 4 

3rd quartile 106 5 6 

Maximum 37,289 9 9 

Range 37,288 8 9 

Interquartile range 102 4 5 

Source: EU Open Data Portal (2020), authors. 

According to the results from Table 2 there were overall 6,787 daily data about new 

cases of COVID-19 infection. The total number of days in the observed period was 

12,596, but there were 5,809 days without new cases of infection which were excluded 

from the analysis. On average there were 381 new cases of infection daily with an 

average deviation of 1,999 new cases or 524%. The very high variability level is obvious 

if just minimum and maximum values are compared. From the new cases values their 

first and last digits are taken and basic descriptive statistics analysis is conducted as well. 

The results are shown in the last two columns and they are quite similar. 

4. RESULTS AND DISCUSSION 

In addition to the numeric analysis for the first digits, their distributions and comparison 

with the Newcomb-Benford Law distribution are graphically shown in Figure 1. According to 

the Figure 1, the most common first digit is one. It appeared in 2,279 cases or 33.58% of total 

cases. On the other hand, the number eight the lowest appearance had; it appeared in 244 

cases or 3.60% of total cases. From the graphical analysis it can be seen that the daily 

distribution of new cases of infection and Newcomb-Benford Law distribution are close to 

each other indicating that the distribution of the first digits for new cases of COVID-19 

infection is conforming with the Newcomb-Benford Law distribution. However, in order to be 

sure, statistical tests (chi-square and Kolmogorov-Smirnov Z test) are going to be applied. The 

results of the chi-square and the Kolmogorov-Smirnov Z tests for the first digit of new cases 

of COVID-19 infection on the overall sample of countries are presented in Tables 2 and 3. 
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Fig. 1 Distribution of first digits of the new cases and comparison with the NBL distribution 

It is examined whether distribution of first digits in the sample follows the distribution 

defined by the Newcomb-Benford Law. The hypotheses are as follows: 

H0... The distribution of first digits for the number of new cases of COVID-19 follows the 

distribution defined by the Newcomb-Benford Law. 

H1... The distribution of first digits for the number of new cases of COVID-19 does not 

follow the distribution defined by the Newcomb-Benford Law. 

Table 3 Chi-square test for the first digit of new cases of COVID-19 infection 

First digit Number of 

days 

Percentage of 

days 

Benford rate fi   ei     (fi-ei)2/ei 

1 2,279 33.58% 30.10%  2,279    2,043    27 

2 1,250 18.42% 17.61%  1,250    1,195    3 

3    882 13.00% 12.49%  882 848 1 

4   657   9.68%  9.69% 657 658 0 

5   486   7.16%  7.92% 486 537 5 

6   400   5.89%  6.69% 400 454 7 

7   324   4.77%  5.80% 324 394 12 

8   244   3.60%  5.12% 244 347 31 

9   265   3.90%  4.58% 265 311 7 

Total obs. 6,787   100.00%     100.00%    6,787   6,787    92 

Source: Authors’ calculations. 

According to the chi-square test results presented in Table 3 (empirical chi-square value 

equal to 92.196, theoretical chi-square of 15.51 ( =0,05), p-value < 0.0001 and with 8 degrees 

of freedom) the null hypothesis of the chi-square test can be rejected at any commonly used 

statistical significance level. It can be concluded that the first digit distribution of new cases, 

when all countries are observed together, is not following the Newcomb-Benford Law 

distribution, meaning that countries are possibly misreporting the number of new COVID-19 

cases of infection. Comparison of the first digit cumulative density distribution of COVID-19 
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new cases and the cumulative density of Newcomb-Benford Law distribution is presented in 

Figure A1 in Appendix. 

Table 4 Kolmogorov-Smirnov Z test for the first digit of new cases of COVID-19 infection 

First digit Number 

of days 

Percentage 

of days 

Benford 

rate 

Cum. density 

new cases 

distribution 

Cum. density 

Benford's law 

distribution 

Absolute 

difference 

1 2,279 33.58% 30.10% 0.3358 0.3010 0.0348 

2 1,250 18.42% 17.61% 0.5200 0.4771 0.0428 

3    882 13.00% 12.49% 0.6499 0.6021 0.0479 

4   657 9.68% 9.69% 0.7467 0.6990 0.0478 

5   486 7.16% 7.92% 0.8183 0.7782 0.0402 

6   400 5.89% 6.69% 0.8773 0.8451 0.0322 

7   324 4.77% 5.80% 0.9250 0.9031 0.0219 

8   244 3.60% 5.12% 0.9610 0.9542 0.0067 

9   265 3.90% 4.58% 1.0000 1.0000 0.0000 

Total 6,787 100.00%    100.00%     - - - 

Source: Authors’ calculations. 

Again, at first, it could be said that the first digit distribution of new cases follows the 

Newcomb Benford Law distribution. However, the conducted Kolmogorov-Smirnov Z 

test (empirical test value equal to 0.0479, theoretical K-S value of 0.0015) indicates that 

the null hypothesis can be rejected at any commonly used statistically significant level. 

So, the conclusion is that the first digit distribution of new cases does not follow the 

Newcomb-Benford Law distribution. In Figure 2 distribution of last digits of the new 

cases of COVID-19 and comparison with the uniform distribution is presented. 

 

Fig. 2 Distribution of last digits of the cases and comparison with the uniform distribution 

According to the Figure 2 the most common last digit is one (1,242 cases or 18.30% 

of total cases) and the least common last digit is zero (478 cases or 7.04% of total cases). 
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From the graphical representation it is obvious that the last digit distribution of new cases 

does not follow the uniform distribution. In the following hypotheses it is examined whether 

distribution of the last digits in the sample conforms with the uniform distribution. 

H0... The distribution of the last digits for the new cases of COVID-19 infection follows 

the uniform distribution.  

H1... The distribution of the last digits for the new cases of COVID-19 infection does not 

follow the uniform distribution. 

Table 5 Chi-square test for the last digit of new cases of COVID-19 infection 

Last digit Number 

of days 

Percentage of 

units 

Uniform 

distribution 

fi ei (fi-ei)2/ei 

0 478 7.04% 10.00% 478 679  59 

1 1,242    18.30% 10.00% 1,242    679 468 

2 928 13.67% 10.00% 928 679   92 

3 731 10.77% 10.00% 731 679     4 

4 658 9.70% 10.00% 658 679     1 

5 614 9.05% 10.00% 614 679     6 

6 620 9.14% 10.00% 620 679     5 

7 513 7.56% 10.00% 513 679   40 

8 502 7.40% 10.00% 502 679   46 

9 501 7.38% 10.00% 501 679   47 

Total 6,787    100.00% 100.00% 6,787    6,787    767 

Source: Authors’ calculations. 

The conducted chi-square test (empirical chi-square value equal to 767.33, theoretical 

chi square 16.92, p-value < 0.0001 with 9 degrees of freedom) confirmed that the null 

hypothesis of the test can be rejected at any usually used statistically significance level. 

In Figure A2 in Appendix the comparison between the last digit cumulative density 

distribution of new cases and the cumulative density uniform distribution is presented. 

Table 6 Kolmogorov-Smirnov Z test for the last digit of new cases of COVID-19 infection 

Last digit 
Number 

of days 

Percentage  

of units 

Uniform 

distribution 

Cumulative density 

new cases 

distribution 

Cumulative 

density uniform 

distribution 

0 478 7.04% 10.00% 0.0704 0.1000 

1 1,242   18.30% 10.00% 0.2534 0.2000 

2 928 13.67% 10.00% 0.3902 0.3000 

3 731 10.77% 10.00% 0.4979 0.4000 

4 658 9.70% 10.00% 0.5948 0.5000 

5 614 9.05% 10.00% 0.6853 0.6000 

6 620 9.14% 10.00% 0.7766 0.7000 

7 513 7.56% 10.00% 0.8522 0.8000 

8 502 7.40% 10.00% 0.9262 0.9000 

9 501 7.38% 10.00% 1.0000 1.0000 

Total 6,787    100.00% 100.00% - - 

Source: Authors’ calculations. 
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The Kolmogorov-Smirnov Z test (empirical test value equal to 0.0979 and theoretical 

Kolmogorov-Smirnov Z value of 0.0015) led to the same conclusion as the corresponding 

chi-square test. The conclusion is that the last digit distribution of new cases does not 

follow the uniform distribution. It can be concluded that when all countries in the world 

are observed together, there is a potential doubt that countries misreport their data of new 

cases of infection. The same analysis, as explained here for all countries together, is 

conducted for each country separately. The aggregated results are shown in Table 7. 

Table 7 Summary results for individual countries, 206 countries, data are daily values of 

new cases in the period from December 31st, 2019 to April 23rd, 2020 

Continent 
Test conclusion at 

significance level 0.05 

Null hypothesis: the 

distribution of the first digits 

of new cases is following the 

NBL distribution 

Null hypothesis: the 

distribution of the last digits 

of new cases is following the 

uniform distribution 

Chi-square 

test 

Kolmogorov-

Smirnov Z test 

Chi-square 

test 

Kolmogorov-

Smirnov Z test 

Overall 
Do not reject null hypothesis 167 175 127 146 

Reject null hypothesis 39 31 79 60 

Africa 
Do not reject null hypothesis 50 47 28 32 

Reject null hypothesis 2 5 24 20 

America 
Do not reject null hypothesis 40 43 22 34 

Reject null hypothesis 9 6 27 15 

Asia 
Do not reject null hypothesis 32 34 27 27 

Reject null hypothesis 10 8 15 15 

Europe 
Do not reject null hypothesis 36 43 46 48 

Reject null hypothesis 18 11 8 6 

Oceania 
Do not reject null hypothesis 8 7 3 4 

Reject null hypothesis 0 1 5 4 

Other 
Do not reject null hypothesis 1 1 1 1 

Reject null hypothesis 0 0 0 0 

Source: EU Open Data Portal (2020), authors. 

When the analysis is lowered on the individual country level, different conclusions 

could bereached. Detailed results of conducted chi-square and Kolmogorov-Smirnov Z 

tests for the first and last digit for 206 countries and self-government dependencies are 

presented in Table A1 in Appendix. The chi-square tests have shown that for 167 countries 

(out of 206) the distribution of the first digits for new cases follows the Newcomb Benford’s 

distribution meaning that countries do not misreport or diminish data of new cases of COVID-

19. The distribution of the last digits of new cases is following the uniform distribution for 127 

countries, leading to the similar conclusion. The Kolmogorov-Smirnov Z tests results are 

going even more in favour of not rejecting the null hypothesis. The difference between the 

results achieved in the analysis for all countries together and on the individual country level 

can be explained with heterogeneity in data or unique characteristics of each individual 

country.  

The obtained results are in the line with previous investigation in this field of research, 

however, there is no general theory that the epidemics like COVID-19 should obey the 

Newcomb-Benford Law. Balashov et al. (2020) came to the conclusion that roughly one 

third out of 185 countries misreport their data intentionally, which are results similar to our 
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findings. We found that 39 out of 206 countries for the chi-square test and 31 out of 206 

countries for the Kolmogorov-Smirnov Z test for the first digit analysis which is result in 

the range of 15%-19% of countries, potentially misreport their data. On the other hand, we 

found that 79 out of 206 countries for the chi-square test and 60 out of 206 countries for the 

Kolmogorov-Smirnov Z test for the last digit analysis, which is in the range of 29%-38% of 

countries, potentially misreport their data. Lee at al. (2020) found that 9 out of 10 countries 

satisfy the Newcomb-Benford Law, indicating that the growth rates of COVID-19 in these 

9 countries were close to an exponential trend. Kilani and Georgiou (2020) made ranges of 

tests (chi-square, Kuiper and MAD) for 171 countries regarding their COVID-19 daily 

reported cases. The results of chi-square and Kuiper tests mostly confirmed the conformity 

with the Benford’s Law, in 78.4% and 65.50% respectively. On the other hand, the MAD 

test pointed out to different conclusion; 111 out of 171 countries or 64.91% showed the non-

conformity with the Newcomb-Benford Law. The authors devised the conformity ranges with 

the NBL distributions dividing them into close conformity, acceptable conformity, marginable 

acceptable conformity and nonconformity. 

Kennedy and Yam (2020) found empirical evidence that Benford’s Law largely hold 

across countries while deviations could be easily explained, including constrained testing, 

poorly defined start dates or government intervention through social distancing measures 

in slowing down transmission of the disease. Zhang (2020) showed that Newcomb-Benford 

Law held for the cumulative case numbers of COVID-19 on data for 31 province-level 

divisions in China in the period from January 15th 2020 to February 10th 2020. There were 

overall 628 data points in the analysis which was not a big dataset compared to ours (6,787 

data points). Miranda (2020) conducted test of frauds by examining the cumulative 

distribution of the Philipinnian COVID-19 data and the Newcomb-Benford Law distribution 

by employing the Kolmogorov-Smirnov test in order to analyse the differences between the 

distributions. The data were used for three months after the first case of COVID-19 in the 

country, that is in the beginning of the epidemic, similar as in this paper. There was no 

significant difference between the COVID-19 data’s first digit distribution and the distribution 

set by NBL suggesting no evidence for data manipulation. Wong et al. (2020) focused the 

study on two Southeast Asian countries: Indonesia and Malaysia during the period between 

March and November 2020. A chi-square test was recruited to quantify the closeness of the 

data and Newcomb-Benford Law distribution. Distribution of daily infection and death cases 

in Indonesia followed the Newcomb-Benford Law while the opposite result was obtained for 

Malaysia.   

Contribution of this paper to the existing theory and knowledge in this field of 

research is twofold. Firstly, in line with conducting the first digit analysis for the new 

cases of COVID-19 infection, the analysis was broadened to the last digit analysis using 

uniform distribution as a reference distribution. Secondly, the dataset included almost all 

countries in the world with consequent cases of infection at the beginning of the 

epidemics. According to the Kennedy and Yam (2020) there are some ambiguities in how 

the timeline of the epidemic should be defined; the beginning of the epidemic should be 

set on date when sustained community transmission firstly occur, as opposed to the 

emergence of the first case of infection. 

This study has important implications for the government health care systems and 

overall community. Similar tests can be applied to epidemics other than COVID-19. Countries 

should report their numbers of COVID-19 cases correctly. However, the motivation for 

possible data misreporting or diminishing could be to avoid travel bans and decline in tourism. 
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That could lead to taking the disease not seriously so there is clear need to verify the data 

throughout rigorous statistical techniques, help detect fraudulent behavior and verify the 

authenticity of published figures. Without valid data it is almost impossible to correctly 

evaluate the government intervention measures. It can be concluded that falsifying epidemic 

data is a short-lived strategy for governments and is not sustainable over the long run, 

Balashov et al. (2020).  

5. CONCLUSIONS 

Main findings of the paper can be summarized as: (1) the results of the Kolmogorov-

Smirnov Z test and chi-square test, when all countries in the world were observed 

together, pointed out to the conclusion that the distribution of the first digits of new 

COVID-19 cases was not following the NBL distribution meaning that countries are 

potentially misreporting their COVID-19 data, (2) the aforementioned tests confirmed 

that the distribution of the last digits of new cases did not follow the uniform distribution, 

(3) when the analysis was lowered on an individual country level, both tests, chi-square and 

Kolmogorov-Smirnov Z test, pointed out to the conclusion that the distribution of first digits 

in most cases (167 out of 206 and 175 out of 206) obey the NBL, indicating that most of the 

countries do not diminish their numbers of new COVID-19 cases deliberately, (4) when the 

distribution of the last digits of new cases of infection was observed, the similar conclusion 

could be reached.  

It can be concluded that the quality of COVID-19 data in most of countries in the 

world at the beginning of the epidemic is on the satisfactory level of trust. The 

divergences from the expected distributions should not be attributed to the deliberate 

falsification of data from governments but possibly from the low quality or structural 

breaks in data. In addition, government measures intended to flatten the epidemic curve 

could influence the results even at the early stages of the epidemic, in its exponential 

phase of growth. When the main findings of this paper are compared with the previous 

research it can be said that they are in the line with the state of the art of economic theory. 

The COVID-19 data show exponential growth at the beginning of the epidemic with 

distribution conforming with the Newcomb-Benford Law distribution.  

Limitations of the research are related to the uneven number of observed days of infection 

duration for the each observed country, meaning that the reported number of cases is actually 

lower than the real number of infected people. The data are incomplete due to the lack of 

medical equipment and resources with many suspected cases remaining to be confirmed. 

There is also a cyclic component of data reports on weekends, especially Sundays, for 

which the data of new cases of infection are usually lower due to less testing on these 

days.  

There are several areas of future research that could be built upon this paper such as 

detailed analysis of individual countries, second and/or higher order digit analysis, observation 

of cumulative number of cases or the number of reported deaths. The spread of the disease 

come in waves, so similar analysis could be made for the start of the second and third wave 

of infection or any other successive wave. The methodology displayed in this paper could 

be additionally improved in order to include government measures for preventing the 

disease through limitation of social contacts and lockdowns, in testing the compliance of 

COVID-19 data distribution with the Newcomb-Benford Law distribution. The results 
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obtained in this paper can be important for economic and health policy makers in order to 

guide the COVID-19 surveillance by evaluating the effectiveness and performance of 

COVID-19 control interventions and public health surveillance systems. 
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PROCENA KVALITETA COVID-19 PODATAKA:  

PRIMENA NEWCOMB-BENFORDOVOG ZAKONA 

Infekcija COVID-19 započela je u kineskom grad Wuhanu, šireći se celim svetom stvarajući 

globalnu zdravstveno-zaštitnu i ekonomsku krizu. Zemlje širomsveta se žestoko bore protiv ove 

pandemije, međutim, postoje sumnje u prijavljeni broj zaraženih ljudi. U ovom se radu Newcomb-

Benfordov zakon koristi za otkrivanje lažnog broja prijavljenih slučajeva COVID-19. Analiza, kada 

su sve zemlje posmatrane zajedno, je pokazala da postoji potencijalna sumnja da zemlje prijavljuju 

lažne podatke o novim slučajevima zaraze. Kada je analiza spuštena na nivopojedinih zemalja, 

pokazala je da većina zemalja ne umanjuje broj novih slučajeva COVID-19 namerno. U analizi 

prvih cifara je utvrđeno da u 15-19 odsto slučajeva kao i u analizi zadnjihcifara u 30-39 odsto 

slučajeva da distribucija COVID-19 brojki ne odgovara distribuciji Newcomb-Benfordovog 

zakona. Međutim, na ovom polju je potrebno činiti daljnja istraživanja kako bi se potvrdili rezultati 

ovog rada. Rezultati dobijeni u ovom istraživanju mogu biti važni za kreatore ekonomskih i javno-

zdravstvenih politika kako bi usmeravali nadzor nad COVID-19 sprovođenjem mera politike 

javnog zdravstva. 

Ključne reči: COVID-19, pogrešno prijavljivanje, Newcomb-Benfordov zakon,  

Kolmogorov-Smirnov Z test, hi-kvadrat test 
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APPENDIX 

 

Fig. 1A Comparison of the first digit cumulative density distribution of COVID-19 new 

cases and the cumulative density Benford’s Law distribution 

 

Fig. 2A Comparison of the last digit cumulative density distribution of COVID-19 new 

cases and the uniform distribution 
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