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Abstract. The relevance of the study is due to both the high degree of importance of energy for the
economic development of Russia and the insufficient use of econometric models in modern energy
research. The purpose of the study is to develop and propose an econometric model of the country’s
fuel and energy resources. In line with this objective, the research provides a detailed examination
of the methodological framework and key stages involved in developing an econometric model
using autoregressive analysis for the purpose of studying the Russian energy sector. This is both
the scientific and applied, as well as the scientific and methodological significance of the presented
publication. To achieve this goal, statistical materials from Rostat “Consumption of fuel and energy
resources per person employed in the country’s economy” have been used since 2012. Econometric
analysis and statistics are used as a methodology, in particular, an autoregressive analysis model
is used. The methodological advantage of the autoregressive model is its flexibility when working
with a wide range of different time series patterns. Data Science methods were used to develop the
model in particular, cMLE (conditional maximum likelihood method). The autoregressive model
itself is written in the high-level Python language. Pandas, Numpy, Statsmodels, Sklearn.metrics,
and Matplotlib libraries and modules were used. The study describes in detail the main stages
of building an autoregressive model: data selection, visualization and verification for stationarity,
data separation into test and training samples, training of an autoregressive model, RMSE analysis.
The data obtained are characterized by the absence of an obvious trend: there have been periods
of a decrease in the consumption of fuel and energy resources per person employed in the country’s
economy since 2012, as well as periods of an increase in the corresponding consumption in tons
of conventional fuel. The study concludes that the autoregressive model is applicable to the analysis
of the Russian energy sector. Although the time series of data is limited, the autoregressive model
has high predictive characteristics. The “conservatism” of the autoregressive model towards
underestimating the forecast values is emphasized. It is indicated that as new energy statistics
accumulate, the autoregressive qualities of the model will improve.
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OKOHOMEeTpUu4YecKasa Moaesib SHEepPreTUKun:
oTBeT Poccuu Ha BbI3OBbI M100asibHOM 9KOHOMMUKU

A.E. Boponun ® <, M.B. UepHsieB

Poccuiickuil ynusepcumem opyoicovl hapooos, Mockea, Poccuiickas @edepayus
B 1142220442 @pfur.ru

AHHOTanMsl. AKTyaJqbHOCTh HCCIICIOBAaHUs OOYCIIOBIEHA KaK BBHICOKOH CTEIICHBIO 3HAYMMOCTHU
OHCPIE€THUKHN IJIs1 SKOHOMUYECKOTO Pa3BUTUA POCCI/II/I, TakK U HEJOCTATOYHBIM HCII0JIb30BAHUEM 3KO-
HOMETPHUYECKUX MOJIENICH B COBPEMEHHBIX SHEPreTHUSCKUX HCCIEAOBAHNX. B COOTBETCTBHY C TT0-
CTaBJICHHOH 1[€JIbI0, B UCCJICOBAHHUH JIETAILHO PACCMOTPEHBI METOAOJOINYECKHE OCHOBBI M 3Ta-
B Pa3paOOTKH SKOHOMETPHICCKON MOJIENN Ha 6a3e aBTOPETPECCHOHHOTO aHAIH3a ISl H3yUCHHUS
pOCCHIICKOrO SHEepreTHUeckoro cexkropa. Mcrnonb3oBaHsl crarucTHyeckue marepuansl Poccrara
«IloTpebnenre TOTUTMBHO-3HEPTeTHYECKIX PECYPCOB HA OJHOTO 3aHATOTO B SKOHOMHKE CTPaHBI)
¢ 2012 1. [ToagpoOHO paccMOTpPEHBI OCHOBHBIE METOAUYECKUE U METOJOIOIMYECKUE aCTIEKThI, MO0-
Ka3aHbl KITIOYEBBIC 3TAIbl pa3paOdOTKH SKOHOMETPUIECKOH MOIEIH B BHIE aBTOPETPECCHOHHOTO
aHayM3a. ABTOpPErpeccuoHHble Moen (AM) omIn4arTCs METOJMYECKO THOKOCTBIO B 00paboT-
K€ BPEMEHHBIX JaHHBIX C Pa3HBIMHU Xapakrepuctukamu. AM ms aHanmm3a sHeprocgepsr Poccnn
pa3paborana metonamu Data Science, B yactHocTH, cMLE (yClOBHBI METOA MakCHMMajIbHOTO
MIPABJIONIOIO0MS) M HaIMCaHa Ha BBICOKOYPOBHEBOM si3bike Python. Mcmons3oBanucs Oubimore-
ku u mopynau Pandas, Numpy, Statsmodels, Sklearn.metrics, Matplotlib. IIpeacraBnens! ocHOB-
HBIE ATalbl MOCTpoeHNsT AM: 0TOOp JaHHBIX, X BU3yaJIH3allUs M IIPOBEPKa Ha CTAIIHOHAPHOCTD,
pasaeneHne NaHHBIX Ha TECTOBYIO M OOYYaIOIIyl0 BBIOOPKM, OOyuCHHE aBTOPETPECCHOHHOM MO-
neny, ananmn3 RMSE. TlomydeHHbIe qaHHBIE XapaKTepuU3yIOTCS OTCYTCTBHEM OUYEBHIHOTO TPEH-
na: ¢ 2012 r. HabmonarTesl Kak MepUobl CHIKEHUS TIOTPEOIEeHHs TOTTUBHO-DHEPTETHUECKUX
pPEeCypCcoB Ha OJHOTO 3aHITOTO B SKOHOMHKE CTPaHBI, TaK U MEPUOIBI POCTa COOTBETCTBYIOUIETO
HOTpe6J'IeHI/I$[ B TOHHaX YCJIOBHOI'O TOILIMBA. C[LeﬂaH BbIBOJ] O IPUMEHUMOCTHU AM JUISL aHaJIu3a
sHepreTuku Poccun. XOoTs BpeMEHHOM psiJl JJAHHBIX SBIISICTCSI OTpaHUYCHHBIM, AM 001a/1aeT BbI-
COKHUMHU MPOTHOCTHYECKUMHU XapakTepucThkaMu. [loguepkHyTa «KOHCEpBAaTUBHOCTEY AM B CTO-
POHY 3aHM)KEHHS TPOTHO3HBIX 3HAYCHMH. YKa3aHO, UTO [0 Mepe HAKOIUICHHSI HOBOM SHEpreTHue-
CKOI CTaTUCTUKHU aBTOPErPECCUOHHBIC KAUeCTBA MOAIEIHU OYIyT YIydIIaThCs.

KuoueBble cjioBa: snekTposHepreTuka Poccuu, S5KOHOMETPUYECKH aHaJI3, aBTOPErpecCHOH-
HBIW aHanu3, 3HepreTuka Poccuu, TOMIIMBHO-YHEPTETUUECKHUE PECYPCHI

Bkaan aBropoB. boponun A.E. — koHIenmus W Iu3ailH MCCiIe0BaHus, cOOp JIaHHBIX, aHAIIU3
JIaHHBIX, HancaHue crarbu; YepHsieB M.B. — KoHLeNIMs MCCIENOBaHUSA, PYKOBOJICTBO, KOPPEK-
IIUs pe3yJIbTaToB. Bee aBTOphI 0100pMIIi OKOHYATEIIOHYEO BEPCHIO PYKOIIHCH.
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3agBienne 0 KOHQIUKTE HHTEPECOB. ABTOPHI 3asBISIIOT 00 OTCYTCTBUH KOH(IMKTA HHTEPECOB.

Hcropus craThu: ocTynuia B penakuuio 15 dpespans 2025 r., gopabotaHa Mmocie perneH3upoBa-
Hus 26 mapra 2025 r., npunsaTa k nedaru 10 anpenst 2025 .

Jdas umrupoBanms: Borodin A.E., Chernyaev M.V. Econometric model of energy:
Russia’s response to the challenges of the global economy // BectHuk Poccuiickoro
yHHUBepcUTeTa JpykObl HapomoB. Cepus: Oxonomuka. 2025. T. 33. Ne 3. C. 495-504.
https://doi.org/10.22363/2313-2329-2025-33-3-495-504

Introduction

In recent years, Russia’s energy sector has faced a number of different challenges
caused by the unprecedented pressure of foreign sanctions. These have necessitated
changes in logistics routes, the development of a new customer base and changes in the
sales system. The relevance of the article is due to both the importance of the energy
sector and energy efficiency for the economic development of Russia and the need
to apply econometric models in the current conditions of development of the energy
sector (Stankevich, 2024; Chernyaev, Gavryusev, 2019a). To date, various approaches
are used to model the energy industry: software and hardware complexes (perform
calculations considering every microsecond of time), integrated (analyses and considers
the operation of several systems at once). Along with rather popular simulation and
agent-based models, such purely econometric models as autoregressive analysis are
actively used for the purposes of applied analysis; this article is devoted to its application
by means of creating an appropriate model (Barbashin, 2017; Perifanis, Dagoumas, 2017;
Paleev, Chernyaev, Nezhnikova, 2018). Previously, in practice, when analysing the
energy sector, such classical econometric models were applied, which allowed only
to simulate the relationship between different indicators. It did not include regression
analysis, which allows assessing how a change in one variable affects another.

The aim of the study is to develop and propose an econometric model of the fuel
energy system of Russia as an integral part of the energy complex. In accordance with
the set goal, the article details the main methodological and methodological aspects
of developing an econometric model in the form of autoregressive analysis for the
purposes of analysing the energy sphere of Russia, and shows the key stages of such
development. This is the scientific and methodological significance of the presented
publication.

Materials and methods

To achieve this goal, the statistical materials of Rosstat ‘Consumption of fuel
and energy resources per person employed in the economy’ from 2012! and the data
presented on the website of the State Information System of Fuel and Energy Complex

! Rosstat. Retrieved 7 February 2025 from https://rosstat.gov.ru/folder/11189
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(GIS FEC)* are used. Data omissions (e.g. for the period 2020-2022 due to crisis
events) were handled using simple algorithms based on simple arithmetic operations
as well as regression modelling (Table 1). A decrease in this absolute indicator
of energy resources consumption means a reduction in the consumption of these
resources, as well as in employment in the real sector of the economy.

Table 1
Consumption of fuel and energy resources in the national economy
per 1 employed person (t.o.t.), 2000-2023

Years 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Consumption 6 6 6.1 6.1 6.2 6.2 6.4 6.6 6.8 6.9 7.3

Years 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Consumption 8.2 9.9 9.8 9.9 9.3 9.5 9.8 101 10 9.6 9.8
Years 2022 2023
Consumption 9.6 9

Source: compiled by A.E. Borodin, M.V. Chernyev.

Econometric analysis and statistics are used as a methodology, in particular,
the autoregressive analysis model is applied. The methodological advantage of the
autoregressive model (compared, for example, with structural models, Gaussian
multimodal models and MIDAS models with Markov switching) is its high flexibility
in dealing with a wide range of different time series patterns (Hansen, 2005; Kosova,
Potanin, 2022; Svetunkov, 2011).

Data Science and Machine Learning methods (In particular, cMLE) are used
to develop the model (Heckman, 2008). The autoregressive model is written in the
high-level language Python with the help of libraries and modules Pandas, Numpy,
Statsmodels, Sklearn.metrics, Matplotlib. Another main difference with other models,
such as SARIMA and LSTM, is that it uses a huge number of different methods and
approach for analysis. Despite the popularity of LSTM in forecasting, it requires
more data and deeper analysis of indicators. It can also be noted about the SARIMA
model, which is suitable for analysing seasonal indicators and requires deep analysis
of indicators in contrast to the AR system used in the study.

The Breusch-Godfrey test was applied to evaluate the sensitivity and estimate
the residuals. This test allows us to assess the adequacy of the autoregressive analysis.

Results

The first stage of construction for any model is data selection (Mitsek,
Mitsek, 2021). The following data were selected for the development of the
econometric model: ‘Consumption of fuel and energy resources per person employed
in the country’s economy’ from 2012 to 2022. At the time of the econometric model
development. The indicator ‘Consumption of fuel and energy resources per person

% State Information System of the Fuel and Energy Sector. Retrieved 1 February 2025 from
https://gis-tek.ru/documents
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employed in the country’s economy’ is calculated by Rosstat on 31 December based
on the analysis of available fuel and energy balance (FEB) data and labour balance
data on an annual basis. It represents the ratio of final consumption of fuel and energy
resources to the output expressed in tonnes of fuel equivalent.

Figure 1. shows that there is no obvious trend, cyclicality or clear directionality.
The absence of seasonality is indicated by irregular patterns of peaks and dips in the
data, which is understandable since the time periods are taken over several years
and such data are not seasonal. The analysed data are stationary, i.e., their statistical
characteristics are preserved regardless of the selected time period. Thus, the use
of autoregressive model is methodologically justified.

12

10,1

9,9 9,9 10

10 9,8 o3 95 9,8 96 98 96
’ 9

8,2
8 697,3
64666,8,

6 6 61 61 62 62

6

4

2

0

S D & P F P QD PO O DNDDLE L LA DO DS N D

S & & FPF LS & DYDY IIDFPSSFSD QY

S S S S G SR SR S SO RO S S S S S S SN S R R

Figure 1. Dynamics of energy intensity change by years, 2000-2023
Source: compiled A.E. Borodin, M.V. Chernyev.

After visualisation and checking for stationarity, it is necessary to formulate
the formula of the time series forecasting model (Low, Meghir, 2017). The AR-model
of order p is written as follows:

Yi=c+OY +O,Y1,+ ...+ OpYt, + ¢, (1)

where ¢ = constant; ©, Op— parameters (autoregressive coefficients) of the model.
Their change leads to changes in time series patterns; & = normally distributed white
noise with mean 0 and variance 1.

The next step in model development is to divide the temporal data into test and
training samples.

To train the Autoreg model, the required number of lags is set on the training
sample. The lag variables create a sliding window, which is updated as a new
forecast is obtained. At the next iteration, the forecast becomes the last observation
of the window, and the model is shifted one step forward. For example, the first
forecast is obtained by adding the product of the observation values and coefficients
to a constant. The second prediction is obtained when the first prediction takes the
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place of the last observation, and the observation that was second in the last iteration
is used as the first. As new data become available, the model is updated by re-training.
Then we set parameters for the beginning and end of forecasting and make
forecasts for the next several time periods. Application of this model in practice
shows the efficiency of its calculations for the indicator of fuel and energy resources

consumption in the national economy per 1 employed person (Table 2).
Table 2

Forecasts of the autoregressive model according to the indicator “Consumption of fuel and
energy resources in the national economy per 1 employed person” for 2018-2023

Years Prognosis Actual
2018 9.682331 10.1
2019 9.601342 10
2020 9.638107 9.6
2021 9.659775 9.8
2022 9.648431 9.6
2023 9.111111 9.1

Source: compiled by A.E. Borodin, M.V. Chernyev.

These models capture the relationship between observations and several lagged
observations (previous time steps). The basic idea is that the value of a time series
can be expressed as lines calculating its previous results with some random ‘noise’.
The last important step in developing an autoregressive model is to determine the
root mean square error (RMSE), which characterises the average distance between
the model predicted values and the actual data that were provided for the model. The
p-value of Breusch-Godfrey test showed a level of 0.05, which means rejecting the
independence of the residuals, which in turn indicates the presence of autocorrelation.

Discussions

Econometric studies have been experiencing an obvious upsurge in recent years
(Ayvazyan, Bereznyatsky, Brodsky, 2018; Mullainathan, Spiess, 2017; Phillips, 2009).
They are used to analyse both general socio-economic phenomena and economic issues
(In particular, general equilibrium) and to analyse the main trends in the development
of the Russian economy, individual sectors (industry, innovative developments and
goods, oil sector, etc.) (Polbin, Sinelnikov-Murylev, 2024; Benedictow, Fjaertoft,
Lofsnaes, 2013; Chernyaev, Gavryusev, 2019b; Dmitriev, Dubanevich, 2021;
Kulebyakina, 2019; Jorgenson, Bernt, 2003).

The popularity of using econometric models for the purposes of applied
economic analysis is due to both high mathematical technique and developed statistical
apparatus of quality assessment underlying such models and good methodological
elaboration of separate procedures (In particular, assessment of causality), which
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facilitates their application for applied economic purposes (Buraeva, Bobkova, 2016;
Kotyrlo, 2024; Rosenzweig, 2018; Faritova, Fakhrutdinova, 2016; Basdevant, 2000).

From a large number of developed econometric models, the autoregressive
model was chosen for the study, which allows taking into account the autocorrelation
of errors. Autoregressive models are characterised by methodological flexibility
in processing time data with different statistical characteristics (Athey, Imbens, 2017).

The Rosstat data were selected for the construction of the model, which are
of high econometric quality, as they do not contain omissions and outliers, incorrect
values and other noise. Rosstat statistics are collected according to a unified
methodology and technique, which facilitates the construction of the econometric
model, as it allows to skip such an important part of statistical work with data
as cleaning.

However, most of the energy data are not characterised by the qualities required
for regression analysis, as the time series is limited: for most statistical indicators
Rosstat collects data from 2012, for some indicators — even from 2017. In addition,
statistical data are given in an unnecessarily aggregated form: on an annualised
basis, which does not allow for the creation of a data lake of sufficient volume. For the
purposes of autoregressive analysis, it would be more useful if Rosstat provided data
in monthly terms. Nevertheless, the model itself can be used even with existing data,
although it is obvious that, as new statistics are accumulated, its autoregressive quality
will improve.

The essence of the autoregressive model (AR-model) methodology is to use
a linear combination of predictors (retrospective values) to predict the variable
of interest to the researcher (Fig. 2).

The applicability of the developed model is evidenced by the high convergence
between predicted and actual values. In addition, this is evidenced by the RMSE
on the test sample, which is equal to 0.267. The low level of RMSE shows that the
model methodologically fits the data set.
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Figure 2. Graph of forecast values with confidence interval, 2026-2035
Source: compiled by A.E. Borodin, M.V. Chernyev.
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Errors in long-term econometric forecasts in the energy sector are possible
due to a number of factors. Such factors include: geopolitical factors (e.g., military
conflicts and instability, trade restrictions and sanctions), economic factors (inflation
growth, fluctuations in the global economy, technological shifts, etc.).

The data obtained are characterised by the absence of an obvious trend: since
2012, there have been both periods of decline in the consumption of fuel and energy
resources per person employed in the country’s economy and periods of growth
in the corresponding consumption in tonnes of fuel equivalent. However, a significant
decrease in the consumption of fuel and energy resources per person employed in the
economy is observed in 2023.

The main objective of the model is to assess the natural trends of the Russian
energy market, as well as to track changes and consequences for the industry. For this
purpose, it is necessary to develop: 1) a baseline scenario — mainly using already
available indicators; 2) forecasts of Russia’s energy sector development, taking into
account all trends affecting this market, as well as assessing the consequences of this
impact.

Conclusion

Based on the analysed data, we can conclude that the autoregressive model
is applicable to the analysis of the Russian energy sector. Although the time series
of data is limited, the autoregressive model has high predictive characteristics.
The developed model is ‘conservative’, as the convergence between predicted and
actual data shows) works towards underestimation of forecast values. Further
application of autoregressive models for the purposes of econometric analysis
of the energy sphere is constrained by the lack of statistical valid data. As new
energy statistics are accumulated, the autoregressive qualities of the models
will improve. Improvement of the completeness of statistical data that contain
information on fuel and energy production, consumption and prices is required.
As new energy statistics are accumulated, the autoregressive qualities of the
models will improve. It is necessary to include in the autoregressive model such
additional functions as sensitivity to changes in various components and indicators,
the possibility of developing various scenarios and forecasts of the energy sector
development.
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