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RESERVES TO PREVENT WAGE DELAYS: A 
MONTE CARLO SIMULATION 

ABSTRACT 

Wage as a source of covering the basic needs of many households largely determines 
employee productivity, work enthusiasm, and creative activity. If an employee is dissat-
isfied with the remuneration or there are wage delays, then distrust in the employer 
increases, strikes are more likely, there is the risk of losing experienced and highly 
qualified employees, and the employer’s reputation suffers, which can lead to significant 
economic losses for the enterprise. The article uses the Monte Carlo simulation method 
to determine the amount of reserves that should be formed by business entities repre-
senting different areas of economic activity to prevent possible accumulation of wage 
delays. Simulation modeling was performed for the following areas of economic activity: 
information and communication; financial and insurance activities; real estate activities; 
professional, scientific and technical activities; scientific research and development; and 
human health and social work activities. The modelling process considers simulated 
cases when wage delays are 10%, 20%, 25%, 50%, 75%, 100% of the total amount. 
The study was conducted on the example of Ukraine based on the statistical data of the 
National Bank of Ukraine. Since the war on the territory of Ukraine has significantly 
affected the functioning of all sectors of the Ukrainian economy, the research horizon 
is limited to before the full-scale invasion period: from February 2013 to February 2022. 
The analysis showed that in Ukraine, the largest delays in the payment of wages occur 
in the sectors financed from the state budget: professional, scientific and technical ac-
tivities, scientific research and development, and human health and social work activi-
ties. This problem is particularly exacerbated by the total budget deficit during the war. 
Therefore, the results of simulation modelling for different scenarios presented in this 
paper can be used in planning the state budget and building state reserves. 

Keywords: wage delays, wage, state budget, simulation, Monte Carlo, labour  
remuneration 
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INTRODUCTION 

Wages are the main source of income for many people who depend on them to cover 
their basic needs, such as food, shelter, medical care, and bills. Studies of motivational 
factors in terms of attracting and retaining a talented workforce show that salary is the 
most important extrinsic motivational factor (Brychko et al., 2023). According to the 
International Labor Organization (ILO), whose supreme governing body is the Interna-
tional Labor Conference, delayed or non-payment of wages is one of the main causes 
of labour disputes in the world (International Labor Organization, 2023). 

The interactive analytical dashboard of the State Labor Service of Ukraine allows for 
tracking the dynamics of wage delays in Ukraine and analyzing their causes by type of 
economic activity, employment sector, ownership of enterprises, etc. 

For example, the dynamics of wage delays for such economic activities as information 
and communication; financial and insurance activities; real estate activities, profes-
sional, scientific and technical activities; scientific research and development; human 
health and social work activities are shown in Figure 1. 
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Figure 1. Graph of non-payment of wages in Ukraine in the pre-war period based on historical data for 2013–2022. (Source: built by the 

authors using Microsoft Excel based on data from the National Bank of Ukraine, 2022) 

The data presented in Figure 1 is limited to February 2022, i.e., the pre-war period. As can be seen, for most of the 
analyzed types of economic activities, wage delays have grown over the years. This trend is sustainable only for companies 
operating in information and communication, and financial and insurance activities, though this does not eliminate the 
problem of delays as such. 

Since the Russian invasion of Ukraine in 2022, wage delays at Ukrainian enterprises have increased, due to business cuts, 
reduced orders and late fulfilment of obligations by contractors, and reduced state capacity to provide guarantees and 
timely financing of state-owned enterprises (Table 1). Most of these factors are due, among other things, to the martial 
law imposed on the territory of Ukraine (Kuzior et al., 2022b). 

Table 1. Causes of wage delays for active enterprises in Ukraine as of January 2, 2023. (Source: State Labor Service of Ukraine) 

Cause of wage delays Total amount of delays (UAH thousand) 

Reduction of production volumes 13,101,000.00 

No information provided 11,309,000.00 

Decrease in orders for goods and services 10,600,000.00 

Insufficient funding under the medical guarantee program from the Na-
tional Health Service of Ukraine 5,616,000.00 

Late (incomplete) payment by the customer for the work performed 878,000.00 

There is no state order 521,000.00  

To maintain the financial stability of enterprises during a difficult period of war, avoid social explosions and mass labour 
migration, and prevent a wave of massive bankruptcies that would be disastrous for a country at war, it is necessary to 
clearly understand the amount of reserves that should be formed in companies of various economic activity types to ensure 
timely payment of wages. 
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LITERATURE REVIEW 

Threats of late wage payments need to be considered in different contexts: both at the macro level, taking into account 
the cumulative social and economic consequences, and at the micro level, through the impact on the functioning of an 
individual company. 

The macroeconomic risks of wage delays in economic entities, especially when they are massive or accumulate in a cas-
cading manner, pose threats both to the financial stability of households (Didenko et al., 2020; Hara 2023), and also to 
the country’s economic growth (Mursalov et al, 2023; Youcef 2023a; Zolkover et al., 2022). They can become catalysts 
for social stratification and inequality (Kuzior et al., 2022d; Court et al, 2023), and may also exacerbate the problem of 
social justice in society (Vasylieva et al., 2023; Tiutiunyk et al., 2022; Lyeonov et al., 2022). 

At the micro level, wage delays pose a threat to motivation and productivity, as well as to employee turnover (Kuzior et 
al., 2023a; Prokopenko et al., 2023). If employees are dissatisfied with the remuneration level or there are wage delays, 
their productivity, work enthusiasm and creativity decrease (Rajan 2023; Youcef 2023b). At the same time, distrust in the 
employer increases, strikes are more likely, there is a risk of losing experienced and highly skilled workers, and the em-
ployer’s reputation suffers, which can lead to significant economic losses for the enterprise (Fowler 2023; Zhuchenko et 
al. 2023; Wansi et al. 2023). 

During unstable periods for the economy, staff losses due to dissatisfaction with the remuneration level or payment delays 
can become central (AL-Hashimi et al., 2023; Bekhouche et al., 2023; Bilan et al., 2023; Brychko et al., 2023; Kaya, 2023; 
Kuzior et al., 2022c). Oe et al., 2023, came to an interesting conclusion that manufacturing companies are more flexible 
in responding to labour demand fluctuations than non-manufacturing companies. This conclusion is based on a comparison 
of approaches to HR policies in manufacturing and non-manufacturing companies. The research is based on the HR Anal-
ysis in Companies 2023 survey conducted by Gi Group/Grafton Recruitment at the end of 2022. The survey covers 478 
companies of various types in all regions of the Czech Republic. 

The absence of wage delays is the key to building a favourable working environment (Mullens et al., 2023; Skrynnyk, 
2023), ensuring a company’s financial stability, and maintaining good relations between employers and employees, which 
is a crucial aspect of a stable and successful business (Benghebrid et al., 2023). 

Employee attitudes toward employee evaluation systems are studied by Kuzior et al. (2022a) and Alieksieiev et al. (2023) 
based on various criteria: fairness, transparency, usefulness, and impact on motivation using a sociological survey. The 
results revealed ambiguous attitudes of employees towards evaluation systems: employees who believe that the evaluation 
system is fair are more motivated and productive; employees who believe that the evaluation system is transparent trust 
their management more; employees who receive constructive feedback are more satisfied with their work. 

The relationship between wages and productivity was studied by Kuznyetsova et al., (2017) using 14 developed European 
countries as an example. The author’s conclusions showed that higher wages increase productivity regardless of aggregate 
demand, wages have a constant and direct positive impact on productivity both at the country level and at the level of 
individual industries. Even with slow wage growth, this effect remains stable over time. In addition, it has been proven 
that higher wages stimulate innovation more effectively. 

Wolf (2023) confirms the leading role played by salaries, bonuses, and other financial rewards in increasing employee 
motivation, engagement, business efficiency, and maintaining work-life balance. 

The size of wages also impact greatly the formation of employee’s financial behavior and self-efficacy, which Pozovna et 
al. (2023) consider through the prism of cognitive biases, Didenko et al. (2023) – through financial inclusion and financial 
literacy. 

Malyarets et al., (2021) conducted a study to identify the determinants of wage delays among migrants, identify possible 
impacts on economic well-being, and develop subjective indicators of well-being. 

AIMS AND OBJECTIVES 

The purpose of the study is to determine (using the Monte Carlo simulation) the amount of reserves that should be formed 
by Ukrainian business entities in various areas of economic activity in order to prevent the possible accumulation of wage 
delays. 
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METHODS 

In the modelling process, we will use macroeconomic indicators by type of economic activity for wage delays in Ukraine 
as of the first day of the month (UAH million) by the Ukrainian Classification of Economic Activities 2010 (NBU, 2022), that 
is aligned with the Statistical Classification of Economic Activities in the European Community (NACE). 

The study uses historical wage delay data for the period from February 2013 to February 2022 for 6 economic activity 
types: 

1. Information and Communication (K1); 

2. Financial and Insurance Activities (K2); 

3. Real Estate Activities (K3); 

4. Professional, Scientific and Technical Activities (K4); 

5. Scientific Research and Development (K5); 

6. Human Health and Social Work Activities (K6). 

To calculate the risk of wage non-payment, the Monte Carlo method was used, which, using statistical simulation modelling, 
allows obtaining high accuracy of the risk probable values. Its main advantages are: 

 flexibility (can be used to evaluate various risk types based on modelling numerous uncertainties and variations in 
input parameters); 

 versatility (can be used for risk assessment in various industries – finance, engineering, medicine, economics); 
 inclusion of the heterogeneity of risks and their interconnectedness; 
 easy modification of input indicators and their distributions to evaluate the impact of changes in conditions or risk 

factors, i.e., conducting a “what-if” analysis and identifying critical factors affecting risks. 

Monte Carlo simulation is a computational method that uses a representative random sample to produce numerical results. 
The basic idea is to use randomness to solve problems that may be non-deterministic. The Monte Carlo method is mainly 
used in three classes of problems: optimization, numerical integration, and generating results based on a probability 
density function. Thus, the concept of the method is to generate large arrays of random numbers, which are then used to 
evaluate or simulate probabilistic phenomena (Kuzior et al., 2023b). The more random numbers used, the more accurate 
the results will be. This statement is based on the law of large numbers. It has been established that the arithmetic means 
of a random variable X, observed in a sufficiently large number of experiments, practically stops being a random variable 
and is a certain value that is considered to be the mathematical expectation M(X) of a random variable (e.g., average 
salary, average income). This property is called the stability of the mean. 

The general scheme of the Monte Carlo method is based on the central limit theorem, which explains the normal distribu-
tion of most random phenomena (Tirnakly et al., 2021). Its meaning is as follows: if independent random variables 

X1, X2, …, Xn - have finite mathematical expectations M(X) and variances D(X), which are respectively equal to 𝑚𝑚1, 𝑚𝑚2, …, 
𝑚𝑚𝛾𝛾 and 𝜎𝜎12, 𝜎𝜎22, …, 𝜎𝜎𝛾𝛾2, and their number is large enough, with unlimited growth of n  

𝑆𝑆𝑖𝑖𝑚𝑚
𝛾𝛾→∞

𝜇𝜇1+𝜇𝜇2+⋯+𝜇𝜇𝑛𝑛
�(𝜎𝜎12+𝜎𝜎22+⋯+𝜎𝜎𝑛𝑛2)3

= 0, (1) 

where 𝜇𝜇1, 𝜇𝜇2, …, 𝜇𝜇𝛾𝛾 is the third central moment, then the sum of random variables X1, X2, …, Xn is distributed with a 
sufficient degree of accuracy according to a normal distribution law with parameters 𝑚𝑚 = 𝑚𝑚1 + 𝑚𝑚2 + ⋯+ 𝑚𝑚𝛾𝛾, 𝜎𝜎 = 𝜎𝜎12 +
𝜎𝜎22 + ⋯+ 𝜎𝜎𝛾𝛾2. 

The meaning of Theorem (1) is that the effect of any random variable term is small compared to the total effect of all 
these terms.  

The risk of non-payment of wages was assessed using MS Excel software. 

First, the input values are converted to the natural logarithm 𝐿𝐿𝐸𝐸 and the average value (𝐴𝐴𝑃𝑃𝐺𝐺) and standard deviation (σ) 
are determined. This value is used to search for random variables of wage delays within the relevant type of economic 
activity by using the built-in function LOGNORM.INV. This function returns the inverse function of the integral lognormal 
distribution 𝐹𝐹, where 𝑆𝑆𝑛𝑛(𝐹𝐹) has a normal distribution with parameters “mean” and “standard deviation”. 
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The lognormal distribution characterizes a random variable X, whose logarithm is distributed according to the normal 
distribution law with parameters 𝑚𝑚 and 𝜎𝜎. The density of the distribution of the variable Z = ln (X) is as follows: 

𝑓𝑓(𝑧𝑧) = 1
𝜎𝜎√2𝜋𝜋

∙ 𝑒𝑒− (𝑍𝑍−𝑚𝑚)2

2𝜎𝜎2  (2) 

where 𝑚𝑚 is the mathematical expectation of Z, and 𝜎𝜎2 is the variance of Z. 

Then the random variable X =eZ is distributed according to a lognormal distribution: 

𝑓𝑓(𝐹𝐹) = 1
𝑒𝑒𝜎𝜎√2𝜋𝜋

∙ 𝑒𝑒−
1
2
�𝑙𝑙𝑛𝑛 (𝑥𝑥) −𝑚𝑚∗

𝜎𝜎∗
�
2

, 0 < 𝐹𝐹 < +∞ (3) 

where 

𝑚𝑚∗ = 𝑒𝑒𝑚𝑚+𝜎𝜎
2

2  (4) 

𝜎𝜎2∗ = 𝑒𝑒2𝑚𝑚+𝜎𝜎2(𝑒𝑒𝜎𝜎2 − 1) (5) 

Next, a random number generator is created based on the data of the significance level, p-value (calculated by dividing 
the frequency of the delay occasions by the number of occasions) and the number of required generated values (value is 
user-defined) using the built-in MS Excel function BINOM.INV. This function returns the smallest value for which the 
integral binomial distribution is greater than or equal to the specified criterion value. 

𝑓𝑓𝑏𝑏𝑖𝑖𝛾𝛾(𝑘𝑘|𝑛𝑛, 𝑝𝑝) = �𝛾𝛾
𝛥𝛥
� 𝑝𝑝𝛥𝛥(1 − 𝑝𝑝)𝛾𝛾−𝛥𝛥, (6) 

where �𝛾𝛾
𝛥𝛥
� is the number of combinations for n choose k (combinations of n objects taken k at a time), the binominal 

coefficient, 𝑛𝑛 is the number of trials, and 𝑝𝑝 is the probability of success for each trial. 

The binomial coefficient is calculated using the formula: 

�𝛾𝛾
𝛥𝛥
� = 𝐶𝐶𝛾𝛾𝛥𝛥 = 𝛾𝛾!

𝛥𝛥!(𝛾𝛾−𝛥𝛥)!
 (7) 

This is how it is determined if there was a failure to pay wages in the respective month or not. A fragment of a random 
event generator is shown in Table 2. Cells with a «-» symbol indicate a situation where the random event characterizing 
wage delay does not occur. 

Table 2. A fragment of a random event generator. Note: K1 – Information and Communication; K2 – Financial and Insurance Activities; K3 – Real 
Estate Activities; K4 – Professional, Scientific and Technical Activities; K5 – Scientific Research and Development; K6 – Human Health and Social Work 
Activities. (Source: built by the authors using a lognormal distribution of input data (6, 7)) 

K1 K2 K3 K4 K5 K6 

- 1 - - - 1 

- 1 - - - 1 

- - 1 - - 1 

1 1 - 1 - 1 

- 1 - - - 1 

The next step is to determine the average losses (non-payment of wages) for all six types of activities. This is done by 
multiplying the data sets generated by the BINOM.INV and LOGNORM.INV functions and determining the maximum value 
of losses. In order to determine the reserves needed to cover possible wage delays in case of a risk situation, one need to 
use the built-in Percentile function. It flexibly allows changing the percentage of situations where there is a risk of wage 
non-payment. For example, the syntax “Percentile (Losses; 99,9%)” defines how much money you need to cover the debt 
in 99.9% of situations; “Losses” is the name of a range of 10000 average losses (wage non-payments). 
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RESULTS 

A fragment of the input sample of historical data on wage delays is presented in Table 3. 

Table 3. The amount of wage delays within the relevant type of economic activity in Ukraine, UAH million. Note: K1 – Information and Com-
munication; K2 – Financial and Insurance Activities; K3 – Real Estate Activities; K4 – Professional, Scientific and Technical Activities; K5 – Scientific Re-
search and Development; K6 – Human Health and Social Work Activities; AVG – average value of debt for the relevant type of economic activity, UAH 
million; Sum – total amount of debt for the relevant type of economic activity, UAH million. (Source: built by the authors using NBU data, 2022) 

Month, year K1 K2 K3 K4 K5 K6 

February 2013 0.8 5.2 38.3 85.8 50.9 10.6 

March 2013 0.8 4.4 44.1 95.0 57.3 10.1 

April 2013 0.7 4.5 45.1 91.0 54.3 8.9 

May 2013 1.1 4.3 46.2 85.1 52.5 7.9 

June 2013 1.0 4.2 41.8 88.5 56.1 4.1 

July 2013 1.4 4.0 40.0 89.8 56.2 4.2 

August 2013 1.1 4.0 39.6 89.1 55.4 3.4 

September 2013 1.2 4.0 40.7 93.9 59.4 3.5 

October 2013 1.2 4.0 40.3 95.8 59.2 4.1 

November 2013 0.9 4.1 38.8 101.0 61.9 3.1 

December 2013 1.4 4.1 35.6 98.2 58.3 5.9 

… … … … … … … 

January 2021 9.0 16.0 54.0 267.0 193.0 32.0 

February 2021 10.6 0.4 36.5 272.1 188.1 53.1 

March 2021 13.5 0.2 36.0 259.2 206.6 61.3 

April 2021 13.0 0.2 36.0 251.0 202.0 51.0 

May 2021 15.3 0.2 36.5 256.4 203.9 72.4 

June 2021 15.9 0.2 41.0 274.3 215.5 69.7 

July 2021 15.7 0.7 39.0 305.6 240.5 84.1 

August 2021 15.6 2.3 38.5 329.8 261.8 108.5 

September 2021 15,9 4.1 39.4 310.2 245.1 131.3 

October 2021 15.7 6.5 37.1 290.4 219.6 124.9 

November 2021 16.5 7.5 37.4 286.9 217.6 152.9 

December 2021 16.3 9.2 37.5 308.5 231.0 126.6 

January 2022 18.0 9.5 35.2 274.3 205.9 50.8 

February 2022 8.2 0.3 148.8 157.5 112.3 97.6 

Sum 704.6 1301.5 4380.3 16,400.4 9371.2 3392.8 

AVG 6.5 11.9 40.2 150.5 86.0 31.1 

The calculation for each type of economic activity was performed for model cases with wage delays of 100%, 75%, 50%, 
25%, 20%, and 10% of the total amount. 

The parameters of the built Monte Carlo simulation model are presented in Table 4. 
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Table 4. The parameters of the Monte Carlo simulation model. Note: trials binomial – the number of modelling iterations; p-value binomial – the 
level of significance (calculated by dividing the probability of delay occurrence by the number of iterations); input lognormal mean – the average values of 
logarithmic input historical indicators, UAH million; input lognormal st. dev – the calculated standard deviations of the lognormal distribution, UAH million. 
(Calculated by the authors using MS Excel software based on NBU data, 2022. 

Risk: K1 K2 K3 K4 K5 K6 

Trials binomial 10,000 10,000 10,000 10,000 10,000 10,000 

p value binomial 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Input lognormal mean 1.59 2.18 3.55 4.94 4.27 2.9321 

Input lognormal st. dev. 0.80 1.07 0.58 0.37 0.58 0.9667 

The results of the simulation for the model case when wage delays are 25% of the total amount are shown in Table 5. 

Table 5. The results of the Monte Carlo simulation for the model case when wage delays are 25% of the total amount. Note: Count 
“Losses” – the number of cases; Maximum “Losses” – the maximum debt of wage non-payments, UAH million; Percentile 99.9 determines the amount of 
funds (UAH million) that will be enough to pay wages for 9990 cases out of 10,000. (Calculated by the authors using MS Excel software based on NBU 
data, 2022) 

Monte Carlo Simulation Results of 25% 

Count “Losses” 10,000 

Maximum “Losses”,  1197.16 

Percentile 99.9 736.67 

Monte Carlo simulations for economic activities K1, K2, K3, K4, K5, and K6 showed that the maximum wage debt for the 
model case, when wage delay is 25% of the total amount, could reach UAH 1197.16 million. This is the cumulative debt 
for all six types of economic activity. The percentile value of 99.9 shows that with a probability of 0.999, the debt will not 
exceed UAH 736.67 million. That is, in 9990 cases out of 10,000, UAH 736.67 million will be enough to pay wages. 

The simulation data for each indicator K1–K6 for the model case when wage delays are 25% of the total amount are 
shown in Table 6. 

Table 6. Simulation data for economic activities K1–K6 for the model case when wage delays are 25% of the total amount. Note: K1 – 
Information and Communication; K2 – Financial and Insurance Activities; K3 – Real Estate Activities; K4 – Professional, Scientific and Technical Activities; 
K5 – Scientific Research and Development; K6 – Human Health and Social Work Activities. Percentile 99.9 determines the amount of funds (UAH million) 
that will be enough to pay wages for 9990 cases out of 10,000; Max – the maximum value of the debt, UAH million; AVG – the average value of debt, 
UAH million. (Calculated by the authors using MS Excel software based on NBU data, 2022) 

  K1 K2 K3 K4 K5 K6 

Percentile 99.9 60.5156 192.7078 167.1382 683.0222 530.5932 245.8756 

Max 68.9895 442.6760 190.2175 834.2423 551.2362 258.1213 

AVG 1.7182 4.0099 11.3936 40.64381 20.39361 7.391894 

So, the 99.9th percentile determines how much money you need to have to cover your debts for 9990 situations. 

The “Maximum Value” indicator defines the largest value of potential delays in the dataset, and the “Average Value” 
indicator shows the average value of delays for the relevant economic activity. 

The difference between the 99.9th percentile and the maximum value can be used to identify outliers and potential problem 
areas. If the 99th percentile is higher than the maximum value, then there are outliers that have a significant impact on 
the mean, which in turn can lead to incorrect modelling results. In such circumstances, anomalous cases should be taken 
into account and the indicators that caused these outliers should be thoroughly examined. 

For all six types of economic activity, the value of the 99.9th percentile is below the maximum, which indicates that the 
modelling was correct.  

Similar calculations were made for model cases where wage delays are 10%, 20%, 50%, 75%, and 100% of the total 
amount (Tables 7–8). 
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Table 7. Simulation data for economic activities K1–K6 for model cases when wage delays are 10%, 20%, 50%, 75%, 100% of the 
total amount. Note: K1 – Information and Communication; K2 – Financial and Insurance Activities; K3 – Real Estate Activities; K4 – Professional, Scien-
tific and Technical Activities; K5 – Scientific Research and Development; K6 – Human Health and Social Work Activities. Percentile 99.9 determines the 
amount of funds (UAH million) that will be enough to pay wages for 9990 cases out of 10,000; AVG_ model – average value of debt calculated by the 
model, UAH million; AVG_real – average value of debt as to statistical data for the February 2013 – February 2022 time period. (Calculated by the authors 
using MS Excel software based on NBU data, 2022)  

10% K1 K2 K3 K4 K5 K6 

Percentile 99.9 15.7811 102.1495 131.6212 415.6810 272.0955 229.3258 

Max 30.8164 234.7421 134.6531 518.9005 336.5755 249.3407 

AVG 0.5312 1.43072 4.32628 15.01130 9.635096 3.499756 

20% K1 K2 K3 K4 K5 K6 

Percentile 99.9 42.0504 176.2946 174.9519 453.8290 283.4725 295.9194 

Max 76.6548 693.9817 226.1302 696.4128 354.0441 307.2431 

AVG 1.5284 4.0184 8.5267 32.1552 14.8837 6.5038 

50% K1 K2 K3 K4 K5 K6 

Percentile 99.9 66.8766 190.0480 318.5469 1037.5070 531.7454 215.0649 

Max 110.7419 262.4425 525.0633 1151.3608 799.0092 275.3753 

AVG 3.4090 7.9557 21.5010 78.6734 42.0227 13.7065 

75% K1 K2 K3 K4 K5 K6 

Percentile 99.9 75.7885 366.7116 343.6763 928.2078 938.0118 298.3338 

Max 97.5229 501.6813 348.0593 1313.7366 2064.2536 467.4844 

AVG 5.1810 12.6946 30.5506 106.2799 70.2258 20.4894 

100% K1 K2 K3 K4 K5 K6 

Percentile 99.9 76.9139 421.8532 473.1466 973.6442 956.3400 455.4009 

Max 114.4238 562.0637 512.1492 1453.4064 1204.7092 487.2504 

AVG_model 6.4901 15.6180 44.0566 150.4307 92.2794 28.8924 

AVG_real 6.5 11.9 40.2 150.5 86.0 31.1 

Table 8. Results of Monte Carlo simulation for the model cases when wage delays are 10%, 20%, 50%, 75%, 100% of the total 
amount. Note: Count “Losses” – the number of cases; Maximum “Losses” – the maximum debt of wage non-payments, UAH million; Percentile 99.9 
determines the amount of funds (UAH million) that will be enough to pay wages for 9990 cases out of 10,000. (Calculated by the authors using MS Excel 
software based on NBU data, 2022) 

Monte Carlo Simulation Results of 10% 

Count “Losses” 10,000 

Maximum “Losses” 709.62 

Percentile 99.9 479.52 

Monte Carlo Simulation Results of 20% 

Count “Losses” 10,000 

Maximum “Losses” 1108.94 

Percentile 99.9 617.08 

Monte Carlo Simulation Results of 50% 

Count “Losses” 10,000 

Maximum “Losses” 2048.79 

Percentile 99.9 1165.98 

Monte Carlo Simulation Results of 75% 

Count “Losses” 10,000 

Maximum “Losses” 2100.58 

Percentile 99.9 1259.45 

Monte Carlo Simulation Results of 100% 

Count “Losses”  10,000 

Maximum “Losses” 2126.81 

Percentile 99.9 1670.48 
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The developed Monte Carlo simulation models (Tables 7 and 8) determine the optimal amount of funds that should be 
reserved to prevent wage delays in the considered economic activities. 

Thus, the obtained results allowed us to determine with a high probability the optimal amount of funds that enterprises of 
specific economic activity types should hold in the reserve in order to avoid wage delays. The types of economic activity 
under consideration are information and communication; financial and insurance activities; real estate activities; profes-
sional, scientific and technical activities; scientific research and development; and human health and social work activities. 
This, in turn, will catalyze increasing labour productivity and efficiency. 

DISCUSSION 

The research methodology proposed in this paper differs from the considered and widely used methods of studying wage 
delays in that it uses the Monte Carlo approach to find the values of delays. Its uniqueness and peculiarity is the high 
accuracy of the results obtained since a large simulation sample (10,000 months in size, forecast for 833 years) is used in 
the process of risk assessment, which is based on the lognormal distribution of the input historical statistical data on wage 
non-payments in specific economic activities. The use of the Monte Carlo method allows for a more realistic and compre-
hensive analysis of the delay processes. 

In addition, the approach outlined in this paper has a number of additional advantages: 

1. Firstly, it is more accurate, as it is based on the statistical distribution of the generated sample and allows determining 
the probability of risk occurrence than other approaches to risk assessment (SWOT analysis, expert evaluation, 
scenario analysis, hierarchical risk assessment by degree of importance, ranking and comparison). 

2. Secondly, it is more flexible, as it can be used to study different processes of risk situations (Djalilov et al. 2015; 
Zatonatskiy & Lieonov, 2024). 

3. Thirdly, it is more efficient because it can be used to study a large array of possible outcomes in a short period of 
time.  

CONCLUSIONS 

Based on the results of the developed simulation model, which is based on the application of the Monte Carlo method, the 
maximum values of wage delays are obtained for model cases when the delays are 10%, 20%, 50%, 75%, 100% of the 
total amount. Simulation modelling was carried out for six types of economic activity: financial and insurance activities; 
professional, scientific and technical activities; information and communication; scientific research and development; real 
estate activities; and human health and social work activities. Calculations were made both for these types of economic 
activities together and separately for each type. 

With the worst-case scenario of 100% wage delays, the generated model determines the maximum possible costs for all 
types of economic activity – UAH 2126.81 million, with UAH 1670.48 million to be reserved for 9990 cases of wage pay-
ments. 

Monte Carlo simulation modelling at 100% probability of monthly delays showed that the average delays are quite close 
to the actual historical values during the considered period. Thus, the indicator (K1) has a real average value of UAH 6.5 
million, while the modelled value was UAH 6.49 million. For the indicator (K2), the historical value is UAH 11.9 million, and 
the modelled value is UAH 15.61 million. The historical value of K3 is UAH 40.2 million, while the simulated value is UAH 
44.05 million. The historical value of wage arrears for K4 is UAH 150.5 million, while the modelled value is UAH 150.43 
million. The actual value of K5 is UAH 86.0 million, while the modelled value is UAH 92.27 million. The real value for K6 is 
UAH 31.1 million, and the simulated value is UAH 28.89 million. Therefore, the results of the simulation modelling are 
highly accurate and allow us to determine the probability of wage non-payments. 

When considering each of the six types of economic activity separately, two stand out (K4 – professional, scientific and 
technical activities; and K5 – scientific research and development), as the average rate of wage delays in these types of 
economic activity is much higher than in the others. 

The Percentile 99.9% indicators for K4 (973.6442) and K5 (956.3400) are relatively close to each other. The 99.9% 
Percentile indicators for K2 – financial and insurance activities (421.8532), K3 – real estate activities (473.1466), and K6 
– human health and social work activities (455.4009) are relatively similar according to the results of the calculations. It 
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was also found that the maximum values in all six types of economic activity are significantly higher than the average 
values. This means that in each industry there are several extreme values of wage non-payments according to historical 
data in which the budget consolidation falls on October–December. 

It is important to note that these are only projections, and the actual impact of a wage delay on spending may vary 
depending on a number of factors, such as the specific industries involved and the overall economic climate, public financ-
ing, and private investment. The model is based on a specific dataset and does not cover all economic activities. 

Having indicators of possible delays for the whole group of activities and for the specific types, top managers and analysts 
can better prepare for the prevention of such situations and develop strategies and policies aimed at their avoidance. 
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Койбічук В., Кравчик Д., Дрозд С., Кхан Б., Костишина Т., Кубащикова З. 

РЕЗЕРВИ ДЛЯ ЗАПОБІГАННЯ ЗАТРИМОК ЗАРОБІТНОЇ ПЛАТИ: ІМІТАЦІЙНЕ МОДЕЛЮВАННЯ 
ЗА ДОПОМОГОЮ МЕТОДУ МОНТЕ-КАРЛО 
Зарплата як джерело покриття базових потреб багатьох домогосподарств у значній мірі визначає продуктивність 
роботи працівника, робочий ентузіазм і творчу активність. Якщо працівник не задоволений рівнем оплати праці або 
мають місце затримки виплати заробітної плати, то зростає недовіра до роботодавця, імовірність страйків, ризик 
втрати досвідчених та висококваліфікованих працівників, страждає репутація роботодавця, що може призвести до 
значних економічних втрат для підприємства. У дослідженні за допомогою методу імітаційного моделювання Монте-
Карло визначено, у яких обсягах мають бути сформовані резерви суб’єктів господарювання, що представляють різні 
напрями економічної діяльності, для того щоб запобігти можливому накопиченню заборгованості на оплату праці 
працівників. Імітаційне моделювання здійснене для таких напрямів економічної діяльності як: інформація та теле-
комунікації; фінансова й страхова діяльність; операції з нерухомим майном, професійна, наукова й технічна діяль-
ність; наукові дослідження та розробки; охорона здоров’я та надання соціальної допомоги. У процесі моделювання 
розглядаються модельні випадки, коли заборгованість із виплати зарплати становитиме 10%, 20%, 25%, 50%, 
75%, 100% від загальної суми. Дослідження проведене на прикладі України на основі статистичних даних Націона-
льного банку України. Оскільки воєнні дії на території України суттєво вплинули на функціонування всіх галузей 
української економіки, горизонт дослідження обмежений довоєнним періодом: із лютого 2013 р. по лютий 2022 р. 
Аналіз засвідчив, що в Україні найбільші затримки виплат заробітної плати мають місце в галузях, що фінансуються 
з державного бюджету: професійна, наукова й технічна діяльність; наукові дослідження та розробки; охорона здо-
ров’я та надання соціальної допомоги. Ця проблема особливо загострюється й унаслідок тотального дефіциту бю-
джету під час війни. Виходячи з цього, представлені в цій статті результати імітаційного моделювання для різних 
сценаріїв можуть бути використані при плануванні державного бюджету та формуванні державних резервів. 

Ключові слова: заборгованість, заробітна плата, державний бюджет, імітаційна модель, Монте-Карло, оплата 
праці. 
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