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Newcomb (1881) and Benford (1938)

* signaled that, counterintuitive, first digit of numbers in various
datasets are not uniform (11.1% each) distributed

* the occurrence probabilities can be computed as
log,,(1 + 1/d) where d=1,2,...,9
Hence, the expected probabilities for first digit are:

1 2 3 4 5 6 7 3 9
0.301 0.176 0.125 0.097 0.079 0.067 0.058 0.051 0.046

The expected probabilities can be generalized for any digit. For second
digit we will have:

0 1 2 3 4 5 6 7 8 9
0.120 0.114 0.109 0.104 0.100 0.097 0.093 0.090 0.088 0.085



Nigrini (1999)

e suggests that Benford law can be used “to uncover fraud and other

irregularities”

Exhibit 4: First Two Digits of Accounts Payable Data

§ Actual
== Benford’s law

Source: Nigrl?i
(1999), p. 83



The current paper’s aim:

* Context:
* fiscal evasion proven to be high in Romania
e gambling industry could be per se a non-conformist distribution

 The main hypothesis which is tested basically claims that the
gambling data in Romania should not obey Benford law.



Data and methods (1)

* Fiscal records for all 574 221 registered enterprises in Romania in
2013 are used

* Public information is available for:
e turnover (in local currency — lei)
e gross outcome (lei) (profit or loss)
* number of employees
* the main activity domain is available (4 digit NACE classification)



Data and methods (2)

 Sleeping enterprises are signaled by three flags:
* If turnover is zero
* If number of employees is zero
* If outcome is zero

* An enterprise is considered to be in sleeping mode if all three flags
are simultaneously raised.



Data and methods (3)

* The gambling sector is identified through NACE classification

e Section R - Arts, Entertainment and Recreation, #92 division, #920
group (Gambling and betting activities)

* The analyses variable is gross outcome (both profit or loss are
considered)



Data and methods: Zipf law (4)

* |s derived from power law type distributions family
* The general form of the Zipf’s model is:
V(F)=por™
* where y(r) is the size of y variable written as a function of its rank (r)
 After using logarithm in both parts the linear version is obtained:

log(y(r)) =p,-alog,y



Data and methods: Yule-Simon model (5)

* |s derived from Zipf's law
* The general form of the Yule-Simon model is:
y(r)=Bor “(N-r+1)"
 where N is the sample size.
e After using logarithm in both parts the linear version is obtained:

log(y(r)) =p,-alog, s +ylog,(N-r+)



Gambling & Betting (NACE = 9200) — Benford law 1%t digit fit
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Gambling & Betting (NACE = 9200) — Benford law 2" digit fit
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Gambling & Betting — Benford law: first two digits combined
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Brief information about Chi Square testing () for
checking (non)conformity within Benford’s law —
gambling industry

First digit Second digit First two combined
digits

Visual localization Figure 1. Figure 2. Figure 3.

Computed x? 7.26 7.03 81.1

Critical value (x?) for a 15.51 16.92 112.02

significance level of a=0.05

Degrees of freedom 8
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Zipf’s model outcomes
'summaryoutPuT | | | | |

Regression Statistics
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The Zipf model — theoretical versus empirical values

log rank

Empirical Predicted



Yule-Simon model outcomes
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Yule-Simon model— actual versus theoretical data points
(universal rank-size law: Ausloos &Cerqueti, 2016)

CCCCC

Empirical Predicted



Conclusions

* financial reports (more precisely the gross result obtained) of the
companies operating in Romania in the gambling industry are folded
on a distribution derived from the power function

e contrary to expectations, however, the distribution was not a Zipf
type but one specific to the Yule-Simon law

* very likely the fact that in the gambling industry we are dealing with a
player having a dominant position (Romanian National Lottery
Company) has led to this state of affairs (law of distribution)
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