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Abstract: The article is devoted to an econometric analysis of the average nominal monthly salary in Russia. It uses a 

method for estimating AR - moving average processes, assuming the presence of ARCH processes in the 

model. The aim of the study is to analyse wage dynamics in the Russian Federation, as the main source of 

household income, with the goal of forecasting and evaluating its impact on living standards in Russia. Data 

on average monthly nominal salaries for employees in all sectors of the economy were used. Forecasting and 

estimation were carried out using the Durbin - Watson criterion and the average approximation error, along 

with an assessment of Q- test the Leung-Box, analysis of residual spectra, and checking for the presence of 

arch processes in the models. One of the main objectives of the study was to assess the quality of forecasting 

when modeling auto regression of moving average, and to assess conditions for the applicability of ARIMA 

for modeling wage dynamics in Russia. 

1 INTRODUCTION 

In the modern system of socio-economic relations, 

issues related to wages are the most important in the 

interaction between employees and employers, as 

well as in public administration, including the 

development of socio-economic development 

programs at the state level.  

In modern Russia, wages have become the main 

source of income for the working population. This 

state of affairs remains unchanged for most of the 

economically active population due to their way of 

life. The payment of an employee's work, which acts 

as a material incentive and depends on his 

productivity and the quality of his work, is the 

primary source of covering his expenses and forming 

savings. 

Economists and sociologists have noted a 

significant difference in wages, which affects the 

social stratification of society and is a major problem 

faced by many countries, including Russia. 
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Employers use wages to monitor the degree of work 

and its quality. Wages are the most important 

economic tool for managing the economy and 

regulating social justice. Obviously, they are one of 

the main sources of well-being for people. They 

motivate people to realize their potential, which 

determines the socio-economic development of 

society. 

The current crisis phenomena associated with the 

hostile policies of countries of the so-called "West", 

their sanctions pressure on Russia affect the country's 

economy, including the income of its population. In 

particular, this has manifested itself in a massive 

decrease in salaries relative to the cost of goods and 

services, which was not only due to inflation. Job cuts 

have occurred in certain sectors of the economy, such 

as tourism. Therefore, the importance of wage 

regulation and state reforms is crucial today. The 

government of the Russian federation is pursuing a 

sensible economic policy that, in general, ensures 

stability and improved living conditions for its 
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citizens despite external threats posed by the 

expansionist Western system hostile to our country in 

economic and political spheres (Sueva, 2014). All 

these reasons prompted the study of wage dynamics 

in the Russian Federation to find and create a high-

quality forecasting model.  

When studying the dynamics of wages in Russia 

during the period 2013 – 2023, only the economic 

aspect of the issue was taken into account. It was 

revealed that there is differentiation of wages across 

industries - this is a different aspect of the studied 

problem of the dynamics and improvement in the 

standard of living of the population. Differences in 

wages across sectors of the Russian economy are due 

to a lack of labour supply, low labour productivity, 

and increasing inequality in the distribution of 

workers in the economy. This issue is relevant today, 

as economists and sociologists are conducting a lot of 

research into the relationship between the standard of 

living and income in any country. In Russia, wages 

constitute most of the income of the population, 

which is the subject of both interdisciplinary and 

comparative research and analysis across countries. 

The importance of wages as a major component of the 

income of the Russian population has been confirmed 

not only through statistical observations by Rosstat, 

but also through the analysis of the Federal Tax 

Service in terms of comparing personal income tax 

dynamics with other taxes. In addition to issues 

related to the dynamics of wages in Russia, conditions 

for using moving average auto regression models for 

studying them, the significance of the model in 

forecasting were considered, as well as comparisons 

with other approaches to forecasting income and 

living standards dynamics. 

2 TESTING THE HYPOTHESIS 

OF THE NONLINEARITY OF 

THE DYNAMICS OF THE 

AVERAGE MONTHLY SALARY 

It has been hypothesized that attempts to solve the 
problem of improving living standards should take 
into account estimates of the standard of living of the 
population based on real per capita income, and 
measuring welfare through the amount of wages 
alone will not provide correct and comparable 
estimates. When applied in various calculations to 
assess the level and quality of life, these estimates are 
likely to be statistically insignificant. 

Further, the study attempts to verify this 
assumption by modeling ARIMAX processes. 

Assuming that the dynamics of wages are measured 
according to a linear law (a linear function increasing 
over time), then due to its linear nature and the 
additive components of the model (trend and cyclic 
component), we can assume the possibility of 
predicting wage values using an ARIMAX model. A 
similar approach was used for the average income per 
capita of the population over the same period. At the 
same time, successful modeling results can be applied 
to assess population living standards, among other 
things. 

If the models turn out to be unsatisfactory or 
contain contradictory estimates, then there is a need 
for additional research to eliminate uncertainty in 
such modeling and forecasting. It may be necessary 
to adjust the calculation of the indicator of the 
standard of living of the population to include an 
estimate of wages and per capita income, but in a 
nonlinear form. For simplicity of further presentation, 
this description will provide an assessment of wage 
dynamics using ARIMAX model. 

Similar studies, namely attempts to calculate the 
predicted values of the population's standard of living 
and income through time series modeling are found 
by various researchers. For example, Mukhametshina 
G.F., Faidrakhmanova G.F. and Tikhonov E.Yu 
proposed in 2016 a model for predicting the cost of 
living and the average per capita monetary income of 
the population based on a multiplicative time series 
model (Mukhametshina, Tikhonov, Faidrakhmanova, 
2017). Their assessment of the model and calculation 
of forecast confirms that the state pursues an active 
social policy and supports economic growth and 
social stability in society. The calculation of forecasts 
and a comprehensive assessment of ARIMAX 
models for the standard of living is given by Franz 
M.V and Ibragimov Z.F, who justify that "it is 
necessary to take into account the fact that the 
simplest time-series models give the best results in 
the short term..." (Ibragimova, 2017; Franz, 
Ibragimova, 2017). It is worth noting that the 
phenomenon under study is constantly influenced by 
a variety of different, changeable factors. This 
requires a more in-depth analysis to establish a 
functional relationship between the system and the 
selected factors (end quote). In the calculations by 
Frants M.V. and Z.F. Ibragimov, a forecast was made 
that showed a decrease in the number of people living 
in poverty, taking into account the population. 

  

2.1 ARIMAX calculation model for the 
average monthly accrued salary 

For the study, we used data on the average monthly 
nominal wages accrued by employees in the Russian 



economy in 2013-2023, as approved by Russian law. 
The ARIMA model was constructed, AR = 2 and MA 
= 2; and its indicators were evaluated (Burdinskaya, 
Puinko, 2024). 

Previously, the estimates showed that cycles were 
present in the model. The critical chi-squared value 
for the model was 33.9, and the calculated 𝜒2  was 
314.62. This value was greater than the critical value, 
combined with a zero probability, so the condition of 
normality for the residuals was not met in the found 
model. Therefore, the remnants of the model were not 
distributed according to a normal distribution. At the 
beginning of the study, we assumed that there were 
nonlinear processes in the data (Figures 1 and 2). 
Later, we also attempted to replace the ARIMA 
model with a panel model by region. 
 

 

Figure 1: The test for the normal distribution of the 

ARIMAX model balances the average monthly accrued 

nominal salary in Russia during the period from 2013 to 

2023. 

 
 

Figure 2: A graph of forecast values for the ARIMA model 

of the average monthly accrued nominal wages in Russia 

until 2024. 

The resulting time series model is expressed by 
the equation: 𝑦̂ = 0.98 ∙ 𝐿1 − 0.8 ∙ 𝑀1 − 2402.59 ∙

𝑡 + 1719.92 ∙ 𝑡1 − 1238.19 ∙ 𝑡2 + + 1933.59 ∙ 𝑡3 +
14309.53  . 

When calculating in the ARIMA model, the R-
squared value of 89.5% was obtained. This confirms 
the presence of a correlation between the series levels 
and the approximation criterion, which is 6.73%. The 
approximation coefficient indicates good curve fit, 
and the forecast was made for 4 quarters ahead, 
including until the end of 2024 (Figure 2). 

At the same time, actual values of wage dynamics 
exceed calculated ones starting from 2017-18. A 
preliminary conclusion is that in the first 4-5 years of 
studied wage dynamics, the ARIMA calculation 
model describes actual changes as well as possible. 
Similar confirmations can be found in the study by 
Ibrahimova ZF and Franz MV. 

From the next period (2019-20), the resulting 
model shows an error. These models diverge rapidly 
over time with actual changes. 

Note that the approximation value confirms the 
statistical significance of the model, which is equal to 
6.73%. Checking the normality of the residuals 
(Figure 1), p = 0.00 < 0.05  – the null hypothesis 
was not accepted, that is, the residuals were not 
distributed according to normal law. The deviations 
of errors in the model did not have the homoscedastic 
property. 

According to the Durbin-Watson statistics table, 
the critical values for the sample have been 
determined. Since 𝑑 < 𝑑1 (1,64 < 1,795), then, 
there has been an autocorrelation in the residues of 
the model. The value of the Durbin–Watson statistic 
characterizes the average accuracy of model 
selection. The estimation of the autocorrelation and 
partial autocorrelations of the series allows us to 
assess the stationarity of a series and to compare its 
current value with its past values (Franz, Ibragimova, 
2017; Makhova, Gaidukova, 2020). The analysis of 
autocorrelation functions (ACF) and partial 
autocorrelations (PACF) shows that the time series is 
not stationary, i.e., it is not stable. 

  



 

 

Figure 3: Values of the error autocorrelation function of the 

ARIMA model for the average monthly-accrued nominal 

salary in Russia for the period from 2013 to 2023. 

The analysis of the correlation diagram of the time 
series (Figure 3) allowed us to conclude that the 
studied time series is unstable. Using the selection of 
a Watson dependence graph for the ARIMA model, 
which determines the dynamics of average monthly 
accrued nominal wages in Russia in order to obtain an 
accurate approximation to actual observations and 
clarify forecast values, we obtained a graph shown in 
(Figure 4).  
 

 

Figure 4: Watson's dependence selection graph for the 

ARIMAX model that determines the dynamics of the 

average monthly accrued nominal salary in Russia over the 

period from 2013 to 2023. 

A Leung-Box test is used to check for 
autocorrelation up to the third order. Since the 
empirical LM-test level of significance is less than 
0.000001, which is the nominal level, this confirms 
the presence of autocorrelations in the residuals 
(Akhundova, 2012; Burdinskaya, Puinko, 2024 

). The Q-test on the Leung Box, as a statistical 
criterion, is designed to detect autocorrelation in time 
series and indicates the presence of such 
autocorrelation within the model up to one year. In 
the assessment of the average monthly accumulated 
nominal salary in Russia over the period 2013-2023, 
we found an autocorrelated pattern with a lag of 5-6 
years (with a preference for an upward trend of 6 
years). At the same time, there was a contradiction: 
the real values of the average nominal salary 
exceeded the forecast values. By smoothing out the 
time series, we were able to obtain a good 
representation of its shape (the curve), but the 
estimated intervals of the forecast did not match the 
actual statistical data. 

When building a panel data model, the forecast 

quality is partially improved. The values of the panel 

data model are not given in this article due to limited 

space in the publication. 

 

2.2 Assessment of the quality of the 
average monthly wage model 

Graphical analysis of the ARIMA model indicates the 
presence of heteroscedasticity in the residues of the 
model. The coefficient of determination, R=0.895, 
reflects that the average monthly nominal salary 
accrued by employees depends on 89.5% of the time 
period for which it was accrued and the remaining 
10.5% is accounted for by other factors. In other 



words, regularity (monthly payments) in wage 
accrual determines both employee income and the 
stability of their main source of income. Most 
working citizens have only their accrued wage as 
their source of income, with no other income. 

To predict future values of a time series, it is 
necessary to clarify the specifications of the model. A 
preliminary analysis of panel data models showed 
that panel data are more preferable than ARIMA 
models. Graphical analysis of forecasts in ARIMA 
(Figure 2 and 4) showed that there are observations 
beyond the forecast corridor. Therefore, smoothing 
by moving average is appropriate for short intervals 
of research, but not for long periods. It should also be 
noted that the dynamics of average monthly salary in 
Russia is not appropriate to investigate using ARIMA 
time series models.  

The ARIMA model gives biased estimates over 
long periods of time. There is heteroscedasticity of 
residuals, the forecast is not accurate (Figure 2).  

The presence of autocorrelated processes also 
worsens the model. This analysis confirms that it is 
possible to use ARIMAX models for studying the 
dynamics of wages and living standards in short time 
intervals. However, for time values with large lags, 
estimates and forecasts become distorted and 
inconsistent.  

The resulting model is dominated by the trend and 
the quality of seasonal components is low. In 
addition, there are singular roots in the estimates that 
reflect both the non-linearity of the underlying 
processes and the discrepancy between ARIMA 
models and actual behavior of monthly nominal 
wages in Russia from 2013 to 2023. 

It can be assumed that, for Russia, compared to 
2013 and 2023 (the ends of the time period under 
study), the external economic conditions have 
changed. External and internal risks may exist, and 
they affect the distortion of forecast values. These are 
errors that cannot be predicted, but such an 
assumption is typical for most socio-economic 
forecasts. Most importantly, it does not decrease the 
level of uncertainty. Therefore, a different model 
specification is appropriate. 

A simplified time series model is constructed with 
the following equation:  

 𝑦̂ = 0.98 ∙ 𝐿1 − 0.8 ∙ 𝑀1 − 2402.59 ∙ 𝑡 +
1719.92 ∙ 𝑡1 − 1238.19 ∙ 𝑡2 + + 1933.59 ∙ 𝑡3 +
14309.53 , which is suitable for evaluating the 
studied dynamics in short intervals of up to five years. 

The graph of the observed and calculated values 
reflects the discrepancy between the ARMAX model 
and the observed data. The average approximation 
error criterion of the model is 6.73, which is within 
acceptable values for the coefficient, but it is refuted 
by other estimates of time series quality. There are 
heteroscedastic balances, nonlinearity in the process 

of changes in statistical observations of average 
monthly nominal salary, and autocorrelated processes 
that distort forecasts in the time series.  

A correlation diagram constructed (Figure 3) 
shows the inapplicability of the resulting model, since 
the p-value is less than 0.05 and the null hypothesis 
of stationarity for model residuals cannot be accepted. 
Next, an analysis was performed on the spectrum of 
residuals, which refutes the stationarity of time series 
(see Figure 3). ARCH processes were also checked. 

The observed statistical value of LM = 106.257 
was achieved at a p-value of P (Pearson's criterion 
(12)) > 106,257 = 0,000,013. This is less than the 
significance level of a = 0.05, so the null hypothesis 
of no ARCH processes can be rejected. 
Autoregressive conditional heteroscedasticity is 
therefore present. This was expected, as there is 
heteroschedasticity in the model that significantly 
worsens the prognosis. 

3 THE MAIN CONCLUSIONS OF 

THE STUDY  

Based on the results of the analysis of the 
dynamics of average monthly nominal salaries, a 
model was obtained which allows us to assume that, 
in the presence of visible cyclical components (lag 
component: 5-year interval), there is an increasing 
trend, i.e., an increase in nominal wages over time. 
This assumption was verified by analyzing 
autocorrelation (ACF) and partial autocorrelations 
(PACF), which allowed us to estimate stationarity 
and compare current values with past values 
(Mukhametshina, Tikhonov, Faidrakhmanova, 2017; 
Franz, Ibragimova, 2017). The time series analysis 
allowed us to conclude that the series under study was 
non-stationary. This was confirmed by the ACF 
analysis. It is necessary to verify the model of average 
income per capita to clarify the nominal wage model. 

To investigate the lack of correlation between the 
residuals of the time series model, the residuals were 
analyzed. In the first 4-5 years of the studied 
dynamics, the computational model described the 
actual changes plausibly. Starting from the next 
period, 2017-2018, there was an error in the resulting 
model, and the data obtained from modeling the time 
series differed from the actual changes in nominal 
wages. In 2022-2023, there is a significant 
discrepancy. Analyzing the statistics value of 106.257 
with an achievable significance level of 0.00000014, 
we obtained conclusions about the non-stationarity of 
the model and variability of variance. Using the Q-Q 
residual graph analysis, which compares the 
distribution of random variables, we confirmed that 



the random variable does not follow a normal 
distribution. 

The correlation diagram of the model, indicating 
the value of the autocorrelation lag, is up to 6 years, 
while the error autocorrelation function confirms this. 
The model AR = 2, MA = 2 was compiled and 
presented in this study with a lag of 6 years. 
According to the coefficient of determination, it 
reflects a strong direct linear correlation relationship: 
R-squared = 0.895. However, the conditions for 
applying the Least Squares Method (LSM) are 
violated, as there is variability in the variance. 
Moving averages are less than auto-regression. It is 
assumed that there is a trend in the model. 
Meanwhile, the values calculated by the model and 
the actual values differ after an initial period of 5-6 
years. At the end of the study period (2023-2024), the 
distance between actual values and theoretical model 
values diverges significantly. 

The average error of approximation of the model 
was: A ≈ 6.73%, which is acceptable, but other 
quality assessments refute the found curve fit, 
claiming its inaccuracy. 

That is, the quality of the ARMAX regression 
model obtained for the dynamics of nominal wages in 
Russia can't be considered satisfactory. At the same 
time, individual forecast results can be considered 
consistent. That is, a constructed model is relatively 
reliable for short time intervals (Mukhametshina, 
Tikhonov, Faidrakhmanova, 2017; Franz, 
Ibragimova, 2017). The ARIMA model isn't desirable 
to use for predicting values like standard of living, 
poverty level and dynamics of average monthly 
accrued nominal wages, without a number of 
reservations, assumptions, and simplifications. In 
turn, these limitations in using the model distorts 
forecasts for it. It's preferable to check the panel data 
model on federal districts for dynamics of average 
nominal monthly wages under current restrictions. 
However, results obtained from the panel model need 
additional rechecking and refining, so they're not 
reflected in this article. 
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