Statistical analysis of the presidential elections in Belarus in 2020.

SL Cherkas

Institute for Nuclear Problems, Belarusian State University, 220050 Minsk, Belarus

ARTICLE INFO ABSTRACT

Keywords: Usually, one wants to have a simple picture of the trustworthiness of the main elections result.
Belarus elections 2020 However, in some situations only partial information about the elections is available. Here we
statistics suggest some criterion of comparing of the available information with the official results. One
precinct level data analysis of the criterions consists in comparison of the mean value over available sample with the official

mean value. A Monte Carlo simulation is performed to calculate a probability of the difference
between the average value in some random sample and the average over the total set. Another
method is an analysis of the nature of the peculiarities in the probability distribution functions
consisting in comparison of the probability distribution functions for the percentage and the
number of voters for Mr. Lukashenko in each polling station. The last criterion is rather esthetic
than exposing. It could be applied to arbitrary elections systems such as United Kingdom or
United States if one wants to extract the main result in a few pictures.

1. Introduction

In any election process, as a rule, complaints to the election procedure arise from the losing party. The election of
the president in Belarus is not an exception and has led to a serious split in society due to different opinions on this
issue.

Belarus has direct one level presidential election system. At the same time, some peculiarities exist. One of such
features is that the election result over every polling station must be posted up on the wall of the station after the
elections in Belarus. So, in principle, everybody could catch this result. However, duration of the result exposition is
not specified by the Belarus law. That duration could be even a few minutes. This explains why not all the precinct
level data were available after the Belarus elections. Consequently, one falls into the situation were an analysis of the
incomplete information is needed. Although the unofficial data exist accumulated by Golos organization and analyzed
by Gongalsky (2020) in addition to sociological polls (Zahorski, 2020; Charter97, 2020), here we use only official
data: from the one hand, officially posted on the wall of polling stations precinct protocols (ZUBR, 2020), and, from
the other hand, officially declared result of the elections for every region of Belarus and city of Minsk.

2. Results for Belarus as a whole.

Statistical analysis is an additional tool for analyzing the reliability of elections, although it cannot provide a com-
pletely definite answer about fairness of the election result, because statistical methods operate only with the prob-
abilities of various statements. Currently, 1527 of the 5767 protocols of precinct election commissions (PECs) are
available in the open access (ZUBR, 2020). It seems interesting, how reliable the election result declared as the vic-
tory of Mr. Lukashenko with a result about 80% is. Below we will focus an attention on two arrays of numbers: the
number N; of voters at some polling station and the number of voters for Mr. Lukashenko M; at the same polling
station Cherkas (2020). These numbers could be considered as the random variables giving possibility to calculate the
following average values

1527 1527

— N;, — M;,
1527 < 1527 &

where the first value is the average number of voters in some polling station and the second value is the average number
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Figure 1: The probability density function p(A) of the percentage of the voters for Mr. Lukashenko. The probability density
function f(v) of the number of the voters for Mr. Lukashenko normalized by the mean number of voters according to (4).
A random polling station is implied.

of voters for Mr. Lukashenko. The percentage of those who voted for Mr. Lukashenko is defined as

1527 1527
A=M/N=Y) M,/ N,~063, )
i i

i.e. it turns out to be at a 63% level. According to official result from the analysis of the total number of 5767
PEC protocols, the percentage of voters for Mr. Lukashenko is about 80%. Thus, the result obtained from a random
sample of approximately !/4 of all PEC protocols differs more than 15% from the official value. We have estimated
the probability of such event by the Monte Carlo method. For this purpose, we randomly select 1/4 protocols from
the existing sample of 1527 protocols and calculate the average. This procedure has been repeated k times to obtain
p results that differs from 1 more than +0.15. A probability of such event could be estimated as P = p/k. However,
if this probability is very small a large number of simulations k and computer time could be needed. In such a case
one could obtain estimation by taking, for instance, a million random samples. If such a result does not appear, this
indicates that the probability P of such an event is less thanP < 1076, Such estimation has been performed for the set
of data available. In fact, real probability is even less, because a fourth part of the 5767 protocols has to been chosen,
rather than that from available 1527. This tiny probability simply indicates the fact, that a sufficiently large random
sample must reflect the full picture accurately.

Let us now perform a more detailed analysis of the sets N; and M;. One could introduce the following random
variable

A= M;/N;, (3)

representing the percentage of those, who voted for Mr.

Lukashenko at each polling station and consider the distribution of the probability density Feller (1966) of this value.

The distribution smoothed with the Gaussian kernel is shown in Fig. 1. As it is known, the probability density Feller

(1966); Mathews and Walker (1964) characterizes the probability of obtaining a in a certain interval A € [a, b] as
b

P = f p(A)d A. For example, the probability of obtaining a value at some polling station 0.6 < A < 0.8 equals the area
a

1
under the graph curve from 0.6 to 0.8 and takes the numerical value P = 0.43. Consequently [ p(A)dA = 1.
0

As one could see from Fig.1 (left panel), the probability density differs considerably from the normal (Gaussian)
distribution which is usually observed in the elections. Of course, this fact itself does not tell anything, since there are
elections with strong deviations from the normal distribution. However, it is interesting that an additional maximum
80% has been appeared besides to the expected maximum near 60%. To analyze this phenomenon, let us to construct
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Figure 2: The probability density functions p(4) and f(v) for city of Minsk.
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Figure 3: The probability density functions p(4) and f(v) for Brest region.

a distribution of another quantity, namely, the number of voters who voted for Mr. Lukashenko at each polling station,
by considering the normalized random quantity

v, = M,/N. @)

Since the number of voters is different in the different polling stations, the distribution f(v) should be broader than
p(A), but still retains its key points. The distribution f(v) is shown in right panel of Fig.1. In principle, v given by
Eq. (4) could be greater than unity, because for large polling station a number of voters for Mr. Lukashenko could be
greater than the total mean number N of the voters coming to the polling station. That is why a plot of the function
f(v) ranges further that unity. However, we do not interest in the borders of the distribution but in the position of the
peaks.

As one could see from Fig. 1, the peak at 0.6 remains, although somewhat shifted, while the peak at 0.8 has been
disappeared traceless in the plot of the function f(v). One the possible hypothesis is that the correlation in distribution
p(A) arose due to artificial trimming of the percentage of those who voted for Lukashenko to 80% in some polling
stations. An argumentation is as follow. Percentage A; given by Eq.(3) is evaluated quantity, whereas M; and N;are
primary (base) quantities. If some structures (in a sense of maximums and minimums) exist in M; and N, than one
could expect that the analogous structures (possibly smeared and shifted) would be in 4;. However, if some corrections
were performed in data by humans, some new structure in 4; could appear, because humans usually think namely in
terms of percentages. Of course, it is only one of the possible explanations why the peak at 80% is in the distribution
p(A) of the probability density of percentage, but not in the probability density f(v) of the number of voters who voted
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Figure 5: The probability density functions p(4) and f(v) for Gomel region.

for Mr. Lukashenko. It seems, that comparison of the system of the peaks of distribution functions p(1) and f(v) could
be applied also for other elections systems such as United Kingdom or United States.

3. Analysis for Minsk and every of 6 regions of Belarus.

Belarus has six regions and capital in the city of Minsk. It is interesting to perform the previous analysis for every
region and Minsk separately. Here we again will analyze the quantities N; and M, but they are ascribed to city of
Minsk and every of the six Belarus regions.

3.1. City of Minsk
For Minsk more than half of the total amount of 731 protocols are available, namely, 454 protocols. Officially de-
clared value over Minsk is 4, 7 ficiat = 0.645. Calculated mean value is A = 0.58. Again, using Monte-Carlo simulation

a probability was estimated to obtain deviation A4 = 4,/ ;.;a — 4 = 0.065 over a set of 273 protocols from 454. The

number 273 was taken following the proportion % ~ %. An estimation for the probability of such deflection was

obtained at a level of Py < 107, where we denote Minsk city by the zero index and the regions will be denoted as
1,2....

The result of calculations of the probability distributions are shown in Fig. 2.

One could see rather well picture, because the peak in p(4) resembles a Gaussian one. Usually, when physicists
measure some quantity they expect that it will have Gaussian distribution Mathews and Walker (1964). For elections

SL Cherkas: Preprint submitted to Elsevier Page 4 of 8



Statistics of the presidential elections in Belarus in 2020

!
h
fiv)

Figure 6: The probability density functions p(4) and f(v) for Grodno region.

20

= ~. 0.8

TS = 06

0.5 0.4

0.0 0.2
0.0 0.2 0.4 0.6 0.8 0 0.0 0.2 0 0.6 0.8 1.0

Figure 7: The probability density functions p(4) and f(v) for Minsk region.

result one could refer to an ideal elector which with the probability p vote for Mr. Lukashenko and votes against with
the probability 1 — p. The probability distribution of the mean value over polling station consisting over voters n will
have binomial distribution which for large » has to be close to Gaussian one Mathews and Walker (1964); Feller (1966).
Certainly in reality there is no an ideal elector and one could not hope for this idealized picture Katz and King (1999).
A generalization was considered by Rosenman and Viswanathan (2018) that there exist m groups having their own
probability p,, to vote for some candidate and 1 — p,,, against, but in this case distribution has also to be Gaussian if the
number of groups m is large.

The distribution f(v) has broadened peak with the approximately the same maximum position. It seems a reason-
able, and if the official result had been closed to A = 0.58 one could hardly said something against the Minsk elections
using official data. Nevertheless, it was noted that the Minsk results N; and M; have a number of suspicion peculiari-
ties Gongalsky (2020); Zipunnikov (2020), but here we do not discuss them, because consider smothered distributions
by the Gaussian kernel Cherkas (2020).

3.2. Brest region

For Brest region 196 protocols from the total 910 are available, i.e. approximately one fifth. Deflection from the
official result is AA = 4, f ficial — A = 0.8-0.63=0.19. We have calculated probability to have such a deflection
taking 42 protocols from 196. Samples of 42 protocols where used according to the proportion % ~ ;?—g. Estimated
probability to obtain such a result turns out to be at P; < 1077 level.

Form of the distribution function is shown in Fig. 3. One could see a peak at 0.75 in p(4), which has disappeared
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Figure 8: The probability density functions p(4) and f(v) for Mogilev region.

in f(v) distribution. Thus, it is artificial probably.

3.3. Vitebsk region

For this region, 145 protocols from 750 are available. Deflection of the official value from the calculated one is
AL = Ayf ficiat — A = 0.83 - 0.72 = 0.11 An estimation performed in the same manner as in the previous sections gives
probability of this event as P, ~ 3 x 107°.

Probability distribution pictures look rather good. Although the distribution p(4) has additional peak, its main peak
looks nice. These peaks are conserved also at the function p(v).

3.4. Gomel region

For this region 133 of 997 protocols are available. Deflection of the official mean value from the calculated one
is AL = Ayfficiat — 4 = 0.85-0.7 = 0.15. Probability to obtain such a deflection is P; ~ 8 x 10~*. Although the
deflection A4 = 0.15 is considerable, the probability P; =~ 8 X 10~* is not very small. It is because only few protocols
available: approximately 1/7 of the total amount.

Probability distribution functions are shown in Fig.5. Very large smearing of the peak 4 ~ 0.8 occurs when one
transit from p(4) to f(v).

3.5. Grodno region

For Grodno region we have 193 protocols from 656, i.e. approximately one third. The difference of the calculated
and official mean values is A4 = Zofficial — 24 =0.79 - 0.59 = 0.2. Estimation of a probability to have such value is
P, <1076,

Form of the distribution function shown in Fig. 6 is relatively good, namely, the main peak of p(A) is smeared and
shifted in f(v). Second peak of p(4) at A =~ 0.9 is absent in f(v) and, probably, is of the artificial character.

3.6. Minsk region (excluding city of Minsk)

For Minsk region 294 protocols are available from the total amount of 992, that is, near 1/3. The difference between
official and calculated mean values is AL = 1, 7 ficial = A =0.79 - 0.58 = 0.21.An estimate of the probability of such
deflection gives P5 < 107°.

Probability distribution function p(1) shown in Fig. 7 has two peaks. One peak is at A =~ 0.7. Possibly, this peak
is artificial, because it has disappeared in function f(v) shown in the right panel of Fig. 7.

3.7. Mogilev region

Only 112 protocols from 731 is available for Mogilev region, which is native land for Mr. Lukashenko. As an
official result, so calculated value are high, but the difference still exists A4 = /Toffl-cia, -1 =0.88-0.765=0.115.
An estimation of the probability to obtain such as difference is Py ~ 5 x 1074,
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The peak at A ~ 0.9 of the distribution function p(4) shown in Fig. 8 is conserved when one transits to function

fW).

4. Conclusion

As a result, we note the following features of the statistical analysis:

For Belarus generally

1) the average percentage of those who voted for Mr. Lukashenko in the available sample of 1527 protocols is about
63%, which is very different from the official 80% percentage. The probability of such an event is about P < 107°,
Despite of the this small value this event could, in principle, take place. For instance, population of Belarus is 9.4
millions. If to give a lottery ticket with the probability of wining 1076 to every Belarusian people, then there will be
nine of lucky men.

2) The distribution of the percentage of those who voted for Mr. Lukashenko in some polling station is very
different from the normal (Gaussian distribution). It has a maximum of about 60% and an additional peak of about
80%.

3) The additional peak at 80% disappears completely if one considers a distribution not of the percentage, but of the
number of people who voted for Mr. Lukashenko at each polling station. One of the hypotheses of this phenomenon
may be the artificial equalization of the percentage of those who voted for Mr. Lukashenko to 80% in some polling
stations, which, however, turned out to be insufficient to bring the average from 60% to the official value 80%.

For Belarus regions.

4) The data for the Belarus regions gives more restrictive picture. For obtaining a possibility that the official results
for the regions took a place one must multiply the probabilities for every region and city of Minsk. This gives a tiny
value

P = PyP,P,PyP,PsP; < 1073°, o)

In the Belarus elections one has in fact two stages i) picking and counting of the votes at the precinct stations
ii) transferring them to the central electoral commission and declaring the result. Form of the distribution functions
characterizes the first stage, whereas probability of the final result (5) refers to the second stage.

Form of the probability distribution functions looks good for Minsk city and relatively good for Vitebsk and
Mogilev regions. Strange and suspicious look the curves for Brest, Gomel, Grodno and Minsk regions. This im-
plies serious anomalies of these data indicating that they could not be used even for the statement that Mr. Lukashenko
has received 60% of the votes. However, it is rather aesthetic than objecting criterium. As it has been mentioned,
qualitative analysis of the voters level data has been performed by Gongalsky (2020); Zahorski (2020); Zipunnikov
(2020).

As for juridical side, one could not say about a falsification of the elections, because in Belarus a falsification is
a crime, whereas there are no criminal cases concerning the elections to the present time. Nevertheless, everybody
has a rule to formulate his own opinion about these elections. Above numerical estimates and form of the distribution
functions could be useful from this point of view.

Conflict of interests: Although INP of Belarus State University has laboratory of analytic research, this research belongs,
namely, to the author and his point of view could be not shared by the institute direction.
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