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ABSTRACT
The purpose of the study is to determine the most relevant method of a time series ana-
lysis to identify the cyclicality in the development of regional economies. In pursuit of
the goal, a comparative approach was employed, focusing on the utilization of Gross
Regional Product (GRP) indicators from the regions within the Central Federal District of
the Russian Federation. Statistical and econometric methods were also employed to
analyze the changes in these indicators over time (from 1998 to 2019). The relevance of
this study manifests in its capacity to elucidate the cyclic processes within the develop-
ment of regional economies, thereby enabling the identification of strategies to influ-
ence them toward the attainment of sustainable and balanced development goals. The
study revealed that the majority of the examined regions remain in the lowest quartile
of Gross Regional Product (GRP), while two regions consistently feature in the highest
GRP quartile. The research findings hold practical implications for policy decisions and
regional development strategies, aiding in understanding economic dynamics and sup-
porting the implementation of effective management measures to bolster regional
development. Based on the research findings, it is recommended to intensify support
for regions with low GDP by providing additional investments and infrastructural devel-
opment, as well as adapting successful development strategies. Political decisions
should be grounded in cyclical trends, taking into account the needs and opportunities
of each region. Future research efforts may focus on refining the spectral analysis
method for a more precise and reliable analysis of GRP dynamics at the regional level.

IMPACT STATEMENT
This research has shown that the distribution of growth in the gross regional product
is not statistically normal and therefore it is necessary to complement traditional nar-
rative statistics with other methods. The results of our spectral analysis confirmed our
hypothesis about the usefulness of this method. An introduced model for spectral
analysis of GRP treats it as a specific case of the regression model using discrete
Fourier transformation. Considering the persistent trend of low levels of regional prod-
uct in certain regions juxtaposed with consistently high levels in others, we recom-
mend the development of a national strategy encompassing specialized programs to
support and foster the regions in the lowest quartile of regional product.
Policymakers should actively incentivize investments in regions with low levels of
regional product, directing financial and other resources to bolster economic growth
and infrastructural development.
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1. Introduction

The specific objective of this study was to perform a spectral analysis of the Gross Domestic Product of the
regions of the Central Federal District of Russia to detect the similarity or disparities in the regional devel-
opment. We suppose this method to be a useful addition to traditional statistics analytic instruments to
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determine the existence or absence of cyclical dynamics in economic activity in the named District. We
also intended to define the limitations of the study. The implementation of the method proposed can solve
the problem of designing an “evidence-based” macroeconomic policy for regional development.

In the global context of economic and social sciences, the issue revolves around the instability and
unpredictability of cyclical processes at various levels of administrative and territorial organization. The
primary challenge lies in the lack of clarity in understanding the interaction between national and
regional levels of these cycles. Thus far, there has been inadequate comprehension of how events and
processes at the national level influence regional economic and social dynamics, and vice versa.

National and regional governments, as well as business structures, often base decisions on economic
and social forecasts. Inaccurate forecasts can lead to failures and stress for citizens and households.
Therefore, the importance of understanding these cyclical processes for the development and implemen-
tation of policies in the realms of economics, social development, and regional planning is essential for
stability and effective governance. Hence, the problem that this research seeks to address involves
unraveling the nature and interplay of cyclical regularities at the national and regional levels, utilizing
the "Prism" methodology for the meso-level. The study of regional dynamics is an important task for the
formulation of state macroeconomic policies aimed at minimizing the possible negative impact of the
cyclical development of the economy. The uneven development of federal entities is well known
(Economist, 2018), but most of the work on this topic is limited to citing statistical data, comparing
growth/decline rates, etc.

The objective is to use a proven statistical tool, which, as we say below, provides an incomplete infor-
mation base for further analysis. The main challenge faced by many states is the differences in regional
development. Strategic spatial planning should be based on an analysis of the dynamics of regional
dynamics and the identification of the causes of differences. This issue has been studied by many
researchers analyzing trends of gross regional product and similar indexes (Sturn & Epstein, 2021).

Hence, it is essential to examine developmental imbalances within the framework of economic
growth theory, such as the Robert Solow theory developed by Mankiw et al. (1992), as was done in the
work of Burakov et al. (2019); their paper also ‘takes Robert Solow seriously’. This approach has many
proponents and opponents. For instance, Nelson and Winter (1990) contend that Solow’s theory offers
limited explanatory power for the observed productivity growth. We did not (and do not) aim to criticize
theories of economic growth, especially as our study showed the relative closeness of these rates in the
regions studied during the period under investigation. The regions analyzed have a similar infrastructure
for economic growth in terms of Robert Solow’s theory: every region has higher and secondary voca-
tional education institutions, occupied by what is called the ‘production of knowledge’.

These educational institutions (primarily higher education institutions) are concentrated in regional
centers, which corresponds to the signs of an effective geographical concentration of intellectual resour-
ces. The research states that ‘cognitive centers’ (Rossi-Hansberg et al., 2019) have formed, but there is
no productive return from them. Some regions of the Central Federal District managed to overcome a
peculiar ‘middle-income trap’ and show a higher rate of growth of gross regional product than others at
the same time. The specific objective of this study was to complement traditional macroeconomic
research methods with a spectral time series analysis of the gross regional product. This is even more
important, as the COVID-19 pandemic not only has confirmed regional differences in development but
has also added differences in the impact of the pandemic and the resulting restrictive measures
observed in individual regions.

Considering a theory, we can state an existing conceptual issue. Correia et al. (2020) state that ‘non-
pharmaceutical interventions’ (NPI) minimized the ‘Spanish flu’ consequences of the epidemic of
‘Spanish flu’ in 1918 in cities of the United States; Lilley et al. (2020) argue that NPI did not have a posi-
tive impact on post-pandemic recovery in US cities. It is assumed that the implementation of a spectral
time series analysis of the gross regional product can become a conceptual and empirical response to
the actual call for ‘evidence-based policymaking’ that is currently increasing (Bukharbayeva et al., 2020;
Umirzakov et al., 2019). According to Weible et al. (2020), ‘evidence-based policymaking’ replaces norma-
tive orientations and political expediency.

Considering the provided information, the research gap lies in the insufficient analysis of the inter-
action between national and regional cycles, complicating evidence-based policy formulation in the
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realms of economics, social development, and regional planning. The motivation of the study rests in
the necessity to unveil the nature of cyclic processes within the development of regional economies,
aiming to enhance the effectiveness of regional development strategies and facilitate informed decision-
making in economic and social development spheres. The identified issue stems from an inadequate
understanding of the interaction between national and regional levels of these cycles, thereby compli-
cating the development of effective development strategies and evidence-based decision-making.

The relevance and significance of this study lie in addressing the critical issue of inadequate under-
standing of cyclic processes in the development of regional economies. Unveiling these cycles enables
the development of more effective regional development strategies and the formulation of informed
decisions in the realms of economics, social development, and regional planning. The application of
spectral analysis in this research represents an innovative approach that aids in the identification and
analysis of these cyclic processes with greater precision. Consequently, the outcomes of this study will
have a considerable impact on the formulation of regional development policies and will contribute to
stable and balanced economic growth.

The contribution of this article lies in the application of spectral analysis to investigate cyclic processes
in the development of regional economies, particularly within the framework of the Central Federal
District of Russia. This method enables the identification of similarities or disparities in the dynamics of
regional economic development. Thus, the article proposes a novel approach to analyzing these processes,
which is significant in the context of developing effective strategies for regional development and policy
formulation.

Hence, this study will contribute to an enhanced comprehension of cyclical regularities and their
interplay between the national and regional levels of the economy. This will aid in better understanding
how events at the national level impact regional dynamics and vice versa.

Additionally, this research has the potential to address some of the existing gaps through:

1. Expanding the volume of data: Increasing access to regional-level data and conducting more
detailed analyses can help unravel complex dependencies.

2. Employing new methods of analysis: Implementing state-of-the-art statistical and econometric ana-
lysis methods may lead to better modeling and understanding of cyclical regularities.

3. Comparing different regions: By comparing diverse regions and scrutinizing their interconnections, a
more comprehensive understanding of how cyclical regularities impact various parts of the country
can be achieved.

The research findings can have practical significance for policymakers, economists, and decisions
related to regional development and national strategy. They can be utilized for making management
decisions that contribute to the effective development of regions.

The limitations of previous research in this area include insufficient data and methodological chal-
lenges. However, this study aims to overcome these limitations by employing new analytical methods
and expanding the scope of available data. Through the comparative analysis of diverse regions and the
examination of their interrelations, our objective is to advance comprehension of cyclical phenomena at
both national and regional scales. This endeavor seeks to provide a noteworthy contribution to the
exploration of this pivotal facet of socio-economic dynamics.

The primary aim of this research is to determine the most effective method for time series analysis in
detecting cyclical variations within the development of regional economies. Additionally, the principal
objective involves comprehending the interdependencies between national and regional levels of eco-
nomic and social processes using the "Prism" methodology for meso-level analysis. The research objec-
tives are as follows:

1. Analysis of cyclical phenomena at the national level.
2. Analysis of cyclical phenomena at the regional level.
3. Determination of the interrelation between national and regional levels.
4. Utilization of the "Prism" methodology for meso-level analysis.

COGENT ECONOMICS & FINANCE 3



Research hypotheses:

Hypothesis 1: There is a cyclical dynamics at the national level that influences regional dynamics and vice versa.

Hypothesis 2: The “Prism” methodology for the meso-level enables better detection and analysis of cyclical
patterns than traditional analysis methods.

Hypothesis 3: Regional peculiarities and characteristics impact the degree of coincidence of cyclical patterns
between regions and the national level.

The Section 2 contains an overview of the recent studies published in 2019–2021. In the Section 3 we
describe the data on the gross regional product of the regions of the Central Federal District of Russia
collected by the Russian Federation Federal State Statistics Service. The Section 4 contains exploratory
results of the data analysis and the spectral analysis including fast Fourier transformation of the time ser-
ies of the Central Federal District’s gross regional product for the period 1998–2019 obtained by us. The
research findings and limitations are compared with similar studies in the Section 5. Our policy implica-
tion and recommendation of the proposed method can be found under Section 6.

2. Literature review

The first applications of spectral analysis to economic research date back to the mid-1960s, most notably
works by Nerlove (1964) and Granger (1966, 1969) and Granger and Hatanak (1964) who won the 2003
Nobel Prize in Economics for developing time series analysis techniques. The Clive Granger approach
found its continuation in a considerable amount of literature, including Mao Takongmo and Lebihan
(2021), dedicated to the so-called ‘Granger causality’ in the correlation between government spending
and Gross External Product (the GDP) of the United States, as well as in Ye and Zhang (2018) on the
‘Granger causality’ between health care spending and economic growth in OECD countries.

Atesoglu and Vilasuso (1999) used spectral analysis to study exports and economic growth in the US.
Harvey and Jaeger (1993) showed that the application of statistical filters (such as the Hodrick-Prescott
filter) to time series can lead to artificial cycles. Extensive research has shown cyclical patterns of eco-
nomic development (Owens & Sarte, 2005; Pollock, 2008). Hughes-Hallett and Richter (2004, 2007) in
their studies used a spectral analysis for European business cycle dynamics. Batorova (2012), Kapounek
and Pomenkova (2010), and Mar�s�alek and Pom�enkov�a (2010a, 2010b, 2011) conducted research on
Eastern European economies as part of a spectral analysis. Croux et al. (1999, 2005, 2008) used spectral
analysis to test the hypothesis that the European Union can be considered as a single market. We did
not find papers by Russian researchers on the GDP dynamics and GRP in spectral analysis except for
papers by Korotayev and Tsirel (2010), and Monakhov and Chechurin (2012).

In the last few years, the application of spectral analysis outside physics and chemistry has gained
popularity in such sciences as epidemiology, demography, and economics. In addition, the widespread
use of computer languages for statistical data analysis has also contributed to the wider use of the
named method in data analysis. Leaving aside the strictly econometric literature and resorting to a
broader point of view, we can name the following works as introductory to the methodology:
Harrington and Rubold (2018), Jones (2018), and Amazonaws (2023).

Part of the work used in the preparation of the present research is indirectly related to the applica-
tion of spectral analysis to the study of the evolution of gross regional product and gross domestic
product. This is a business cycle study on a variety of country data (Altman et al., 2019; Hara et al.,
2012). The relevance of this approach to our study lies in the fact that recurring cyclic patterns in
regional development can be identified through spectral analysis.

There is a growing body of literature that recognizes the cyclical development. Fern�andez-Villaverde
and Guerr�on-Quintana (2020) contain an extensive review of the literature on studies of uncertainty
shocks and business cycles. We can mention a few papers beginning with a study of dynamic correlation
between monetary policy cycles, the financial cycle, and the business cycle in China (Li et al., 2021; Liu
et al., 2020), in India (Saini et al., 2021); a research on decomposition of stochastic trends in business cycles

4 M. DUBOVIK ET AL.



(Yang, 2020); a study of American business cycles in 1889–1913 (Jiang & Weder, 2021); a Bayesian analysis
of Taiwanese business cycle fluctuations as part of the dynamic stochastic general equilibrium model
(DSGE model) (Lin, 2021), as well as for the business cycles of developing countries (Notz & Rosenkranz,
2021). Adarov (2021) applied the Bayesian approach with more data from 24 countries for the 1998–2012
period. Another example of the application of Bayesian statistics revealed both a global business cycle
and four regional ones. European, Asian, North American, and Latin American (Berger et al., 2021).

An interesting development of the DSGE model in countercyclicality studies is the model, the key
element of which is the ‘home information bias’ (HIB) as opposed to the ‘full information rational expect-
ations’ (FIRE) (Iliopulos et al., 2021). The attempt to revise the business cycle model based on the topo-
logical entropy approach and the ‘cubic nonlinear investment function’ undertaken by Mu~noz-Guillermo
(2021) deserves close attention. Research on cyclical development has gained prominence in the last
two years since the outbreak of the COVID-19 pandemic. Considering the hypothesis of the downward
trend of the actual economic cycle, it is appropriate to review the consequences of the coronavirus pan-
demic and the resulting cyclical constraints. Empirical research into the health effects of economic cycles
has been carried out by Chai et al. (2021), Liu and Huang (2020), and Pu et al. (2021); Cavicchioli and
Pistoresi (2020) have investigated the correlation between economic fluctuations and mortality in Italy.

Previously we tested the hypothesis of the presence of cyclical development (Kitchin cycles, Juglar cycles)
in the regional economy of the Bryansk region (Dubovik & Dmitriev, 2022). For this purpose, we conducted
a spectral analysis of the gross regional product and the output of the regional economy branches, as well
as a trend analysis of the regional economy branches that have a statistically significant correlation with the
gross regional product. Promising and worthy of further development is the methodology used by Rostan
and Rostan (2019), who applied the capabilities of spectral analysis to forecast the dynamics of nominal and
real gross domestic product of Spain and the Eurozone countries until 2026, which allowed the named
authors to present a less optimistic vision compared to the official point of view.

The hypothesis is that the use of spectral analysis to study gross regional product is more effective than
conventional statistical methods. This will allow identifying periodic fluctuations of this indicator, and there-
fore the underlying stable patterns of development of regional economies, to conduct a more meaningful
counter-cyclical policy and synchronize business cycles inherent in regional, and federal development. In
addition, the planned study is the first attempt to apply spectral analysis to study the dynamics of indica-
tors characterizing the economic development of Russia at the meso-level. Spectral analysis of the likely
cyclical development of regions is useful since it can make it possible to synchronize business cycles of
regions, and, therefore, to develop a more effective economic policy, for example, in price and tax aspects.

3. Methods and materials

3.1. Data

Data for this study were collected using the Russian Federation Federal State Statistics Service (FSSS)
website (Federal State Statistics Service of Russian Federation, 2021). We used a comparison method
(indicators of the gross regional product of the constituent entities of the Russian Federation that are
part of the Central Federal District) over time annually (from 1998 to 2019), statistics methods, and
econometrics. GRP, as opposed to the GDP, is calculated in basic prices, i.e., it includes subsidies for
products and does not include taxes on products; does not take into account the activities of financial
intermediaries; partially takes into account the added value created by the public administration.

The Central Federal District of Russia is an administrative entity established in 2000 on the territory of
the historical center of the country. Its area is 650,205 km2 (3.8% of the territory of Russia), and the
population of the district is 40,334,532 (27.4% of the total population of Russia). The CFD has the high-
est population density in the country (62.03 inhabitants/km2) and the urban population is 80.46 per cent
(Kim, 2021). The district consists of small but densely populated regions. These indicators, the absence
in the district of significant quasi-private latifundia and enterprises that parasitize the seeking of natural
resource rent from hydrocarbon extraction, as well as the homogeneity of the development of its con-
stituent regions, excluding significant statistical outliers, make the district a suitable subject for analysis
of regional development of Russia.
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3.2. Method of data analysis

We calculated and interpreted four central standardized moments, as well as other indicators (SE
(Standard Error), Median (median is a measure of central tendency), MAD (Mean Absolute Deviation).
GRP graphs, diagrams, and histograms have been constructed to show the indicators distribution of the
analyzed indicators among the subjects (CFD regions) from 1998 to 2019. The model of spectral analysis
of gross regional product proposed by the authors is applied to the dynamics of the above-mentioned
indicator in 14 regions of the Central Federal District of Russia for 1998–2019.

Spectral analysis can be presented as a multiple regression problem, where the dependent variable
observed in the series is the gross regional product, and the independent variables are the discrete fre-
quency cosine function. The analysis of spectral density was conducted using Global Radiation
Perturbation (GRP) data, with a particular focus on spectral graphs. These graphs visually represent the
distribution of spectral power across different frequency components in the GRP data. The GRP data
used in this analysis is sourced from the Center for Hydrometeorology (CFD) in Russia.

The spectral power density of each frequency component in the GRP data is displayed on the vertical
axis (Y-axis) in the spectral graphs, while the corresponding frequencies are represented on the horizontal
axis (X-axis). These graphs are generated using the Fast Fourier Transform (FFT) method, which decom-
poses the GRP data into its constituent frequency components. Higher values on the vertical axis (Y-axis)
indicate greater spectral power at the corresponding frequencies. This spectral analysis provides valuable
information about the distribution of energy across different frequency components in the GRP data.

The frequency (f) of a sine or cosine function is the number of cycles per unit of time (T) that is
defined as the duration of the time interval required for a single complete cycle.

Suppose that we have a time series of GRP xt of length n (let n be an even number). We can repre-
sent a time series as a regression model xt, where n – 1 is the predicted variable (Eq. 1).

cos
2pt
n

� �
, sin

2pt
n

� �
, . . . , cos

2 n=2 − 1ð Þpt
n

� �
, sin

2 n=2 − 1ð Þ
n

� �
, cos ptð Þ: (1)

� p (pi) is a mathematical constant, equal to 3.14,
� t is the time variable.

We represent the coefficients of the regression that are determined a1, b1, … an/2-1, bn/2-1, an/2,
respectively, we can write xt as (Eq. 2).

xt ¼ a0 þ
Xn=2−1
k¼1

½akcosð2pkt=nÞ þ bksinð2pkt=nÞ� þ an=2cosðptÞ: (2)

The variable "k" represents an integer index used in summation to incorporate terms with various fre-
quencies and their corresponding coefficients into the model for x_t.

The values of cosine (ak) and sine (bk) represent the level at which the corresponding functions are
correlated with the data of the time series, in our case the gross regional product. The represented
regression model is a discrete Fourier transform (‘Discrete Fourier transform’) for time series. The Fourier
transformation for time series yt for cycle frequency p in observations of n can be represented as (Eq. 3).

zp ¼
Xn−1
t¼0

ytexpð−2pipt=nÞ, (3)

where p¼ 0, … n – 1, expexp ihð Þ ¼ coshþ sinh, zp is the Fourier coefficient associated with the fre-
quency p.

We tested the time series for stationarity using the Augmented Dickey-Fuller test, checking the value
of coefficient a in the first-order autoregressive equation (4):

yt ¼ a� yt−1 þ et , (4)
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where yt is a time series, a et is an error term. If a¼ 1, then the process has a unit root, so yt is not sta-
tionary. If jaj < 1, then yt is stationary.

Since the process can be a higher-order autoregression add lags of the first differences and obtain
the following test model equation (5):

Dyt ¼ a1 þ a2 − 1ð Þyt−1 − a2Dyt−1 þ et (5)

If the resulting time series has a one-unit root, then the first differences are stationary by definition.
Table 1 demonstrates the refinement of equations and the inclusion of citations to justify the selec-

tion of variables.
These variables and analysis methods were chosen to study the time series of Gross Regional Product

(GRP) in the Central Federal District of Russia to assess the variability, central tendency, and periodic fluc-
tuations in GRP data. The selection of these variables and methods is based on statistical and econometric
approaches, as well as an analysis of long-term changes in economic activity. Before performing the
Augmented Dickey-Fuller test, we condense our data by removing the trend from it and then re-center
the time series by giving it a mean of zero. The test outputs a p-value: if p< 0.05, the time series probably
returns to the mean (i.e., it is stationary), whereas p> 0.05 provides no such evidence because we cannot
reject the null hypothesis. When a time series returns to the mean, it tends to return to its long-run mean.
If the time series is not returning to the mean, it may shift without ever returning to the mean.

In addition, a correlation analysis was conducted among the annual GDP means.
Analyzes were conducted using the R Statistical language (version 4.2.2; R Core Team, 2022) on

Windows 10 x64 (build 18363) (Appendix 1).

4. Results

It was not our intention to provide a detailed analysis of the differences in the gross regional product of
the CFD, so they are omitted from our study. The results of the exploratory data analysis of the gross
regional product of 14 regions of the Central Federal District are shown in Tables 2 and 3.

All values of a symmetrical distribution are positive, showing that the mean is shifted to the right com-
pared to the median. The angle of inclination of the GRP supports this conclusion. However, in 2009, the
skewness coefficient took a negative value (−0.05), indicating a slight leftward skew, but it is not a strong
deviation. After 2009, the skewness coefficient values remained negative, also suggesting a leftward skew
in the distribution of the annual GDP. This means that the mean GDP is typically less than the median
value. It implies that the average annual GDP becomes less than the median value after 2009.

All kurtosis values are negative, which means the ‘flat’ distribution of the GRP values of the selected
regions in the analyzed period (thin tails and lower peak).

According to the data in Table 2, the CFD regions can be divided as

� 4 quartile (25% with the highest GRP): Tula, Yaroslavl (1998–2019), Tver (1998–2009), and Lipetsk
(1999–2019).

� 2–3 quartiles: Vladimir (1998–2009, 2014, 2017–2019), Kursk (1998–2011, 2014–2019).
� 1 quartile (25% with the lowest GRP): Ivanovo, Kostroma, Orel, Bryansk (1998–2019), Kaluga (1998–

2001, 2003–2007), Ryazan (1999–2000, 2008–2011, 2015–2019), Smolensk (1998, 2001–2005), 2008,
2010–2011, 2013), Tambov (1999, 2001–2004, 2006–2007, 2009, 2021–2013, 2015–2017, 2019).

Table 1. Justifications for variable selection.
Variable Justification for selection

GRP Used as the dependent variable as it reflects economic activity.
Year Temporal index for analyzing changes over time.
Coefficients (a_k, b_k) Reflect the level of correlation of cosine and sine functions with the GRP time series data.
Frequencies Enable the analysis of periodic fluctuations in GRP data.
Standard Error (SE) A measure of data variability is used in assessing the accuracy of the analysis.
Median A measure of the central tendency of data that helps understand the distribution’s central value.
Mean Absolute Deviation (MAD) A measure of data dispersion that takes into account the absolute differences between data points

and the mean value.
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Throughout the observed period, the gross regional product of the Bryansk region is below the
median value.

We deliberately did not calculate the growth rate of the GRP of these areas, since the visual analysis
of the graphs shown in Figures 1–3 indicates fairly close values of this indicator.

We have analyzed the dynamics of the gross regional product of the constituent entities of the
Russian Federation comprising the Central Federal District (Figure 1).

Figure 1 illustrates significant differences in the rates of GDP growth among the subjects of the
Central Federal District. Particularly, Moscow and the Moscow region exhibit substantially higher growth

Table 2. The descriptive statistics of the gross domestic product of the Central Federal District, current prices, mln
$ USA.
Year Mean SD Median Trim Mad Min Max Range Skew Kutosis SE

1998 185.97 53.61 174.64 183.70 63.23 117.66 281.57 163.91 0.26 –1.49 14.33
1999 300.82 94.74 289.03 297.56 93.38 166.91 473.81 306.90 0.37 –1.23 25.32
2000 420.46 35.03 398.64 413.88 114.39 236.81 683.17 446.35 0.43 –1.04 36.09
2001 536.25 66.04 514.61 526.93 154.68 315.18 869.10 553.92 0.44 –1.00 44.38
2002 662.75 17.19 621.63 653.27 154.90 368.86 1070.40 701.54 0.50 –1.03 58.05
2003 812.78 81.94 749.49 799.09 208.03 422.00 1367.85 945.85 0.59 –0.75 75.35
2004 1012.14 13.85 909.54 968.16 326.02 537.06 2015.04 1477.98 0.96 0.05 110.61
2005 1174.13 40.00 1103.87 1145.25 350.66 631.26 2063.59 1432.33 0.60 –0.86 117.60
2006 1447.24 35.92 1351.52 1412.00 506.14 772.47 2544.87 1772.40 0.52 –0.95 143.23
2007 1783.87 24.24 1657.01 1754.86 732.49 933.77 2982.11 2048.34 0.40 –1.13 166.83
2008 2208.30 79.00 2135.77 2172.98 752.75 1151.80 3688.63 2536.83 0.35 –1.15 208.20
2009 2185.38 98.94 2192.87 2187.69 789.46 1121.67 3221.46 2099.79 –0.05 –1.44 186.80
2010 2528.61 41.65 2613.20 2539.44 851.89 1394.69 3532.47 2137.78 –0.15 –1.55 198.21
2011 2998.60 58.88 3148.05 3019.35 1006.16 1657.62 4090.63 2433.02 –0.19 –1.55 229.55
2012 3348.96 31.74 3568.04 3364.53 962.61 1859.58 4651.50 2791.92 –0.32 –1.40 249.02
2013 3674.30 97.83 3914.36 3692.26 946.10 1975.78 5157.22 3181.44 –0.28 –1.27 266.68
2014 4067.45 1230.1 4220.43 4084.65 1227.07 2085.44 5843.13 3757.69 –0.21 –1.24 328.77
2015 4530.40 1384.7 4638.63 4529.69 1309.16 2282.26 6787.06 4504.80 0.00 –1.15 370.10
2016 5138.46 1634.2 5295.78 5139.11 1557.45 2419.34 7849.75 5430.41 –0.05 –1.21 436.77
2017 5457.92 1778.1 5685.31 5452.17 1747.35 2536.75 8448.09 5911.34 –0.07 –1.21 475.22
2018 5996.21 2041.4 6162.48 5978.69 1895.62 2726.16 9476.45 6750.29 0.01 –1.23 545.59
2019 6271.52 2045.8 6546.40 6269.14 2276.56 2884.11 9687.50 6803.39 –0.11 –1.30 546.78

Table 3. The results of an exploratory data analysis of the gross regional product of the Central Federal District (cur-
rent prices, million dollars USA).
Indicator 1998 1999 2000 2001 2002 2003

Min. 117.7 166.9 236.8 315.2 368.9 422.0
1st Qu. 141.1 230.2 334.2 431.4 530.2 632.4
Median 174.6 289.0 398.6 514.6 621.6 749.5
Mean 186.0 300.8 420.5 536.2 662.7 812.8
3rd Qu. 229.9 361.0 494.0 650.4 773.0 953.1
Max. 281.6 473.8 683.2 869.1 1070.4 1367.8

Indicator 2004 2005 2006 2007 2008 2009

Min. 537.1 631.3 772.5 933.8 1152.0 1122.0
1st Qu. 743.1 910.9 1126.0 1385.1 1720.0 1786.0
Median 909.5 1103.9 1351.5 1657.0 2136.0 2193.0
Mean 1012.1 1174.1 1447.2 1783.9 2208.0 2185.0
3rd Qu. 1210.7 1341.7 1758.6 2184.4 2673.0 2768.0
Max. 2015.0 2063.6 2544.9 2982.1 3689.0 3221.0

Indicator 2010 2011 2012 2013 2014 2015

Min. 1395.0 1658.0 1860.0 1976.0 2085.0 2282.0
1st Qu. 2056.0 2466.0 2874.0 3142.0 3364.0 3702.0
Median 2613.0 3148.0 3568.0 3914.0 4220.0 4639.0
Mean 2529.0 2999.0 3349.0 3674.0 4067.0 4530.0
3rd Qu. 3174.0 3691.0 4062.0 4330.0 4657.0 5135.0
Max. 3532.0 4091.0 4652.0 5157.0 5843.0 6787.0

Indicator 2016 2017 2018 2019

Min. 2419.0 2537.0 2726.0 2884.0
1st Qu. 4149.0 4482.0 4823.0 4969.0
Median 5296.0 5685.0 6162.0 6546.0
Mean 5138.0 5458.0 5996.0 6272.0
3rd Qu. 6055.0 6470.0 7117.0 7720.0
Max. 7850.0 8448.0 9476.0 9687.0
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rates compared to other regions within the district. This disparity signifies distinct economic dynamics
and performance between these subjects and other regions of the Central Federal District. This trend
also underscores the economic significance and resilience of Moscow and its surrounding region com-
pared to their counterparts.

Considering the pronounced disparity in growth rates and the potential distorting impact of Moscow
and the Moscow region on the overall analysis of the Central Federal District (CFD), it is recommended
to exclude these entities from further investigation. This would allow focus on a more detailed examin-
ation of the dynamics of the remaining regions within the district and provide a clearer understanding
of the overall trends in regional development in the CFD.

After excluding Moscow and the Moscow region from the analysis, Figure 2 presents the adjusted
dynamics of GDP in the CFD. This corrected depiction offers insights into the economic activities of the

Figure 1. Gross regional product of the regions of the Central Federal District, current prices, mln $ USA.
Source: Own representation based on data from the Federal State Statistics Service of the Russian Federation (2021).

Figure 2. Gross regional product of the Central Federal District without Moscow and the Moscow region, current prices,
mln $ USA.
Source: Own representation based on data from the Federal State Statistics Service of the Russian Federation (2021).

COGENT ECONOMICS & FINANCE 9



remaining regions within the district, offering a more balanced perspective on the general trends in
regional development in the CFD.

By the next iteration, we will exclude two other federated entities that are members of the CFD,
whose growth rate differs significantly from the others, the Voronezh and Belgorod regions. It should be
noted that differences in the growth rates of these regions and the rest of the CFD areas began immedi-
ately after the Great Recession of 2008–2009. Increasing over the following periods (Figure 3).

Further analysis was performed for the 14 regions of the Central Federal District, although the box
plot (Figure 4) provides an idea of the existence of some variation in the gross regional product of the
study areas.

Despite the generally positive trend in GRP, most regions remain within the same quartile (with minor
variations). Considering that this period (1998–2019) covers almost the entire period of the establish-
ment of the market economy of Russia, we consider it possible to establish both the existence of the
‘path dependence’ and the ‘middle-income trap’. In the latter case, it is more the ‘low-income trap’ that
should be mentioned. Analysis of the difference between ‘path dependence’ and ‘path determinacy’
(North, 1990; Tool, 1994) is beyond the scope of this research. We have referred to this problem in our
earlier studies.

We represented the frequency of the gross regional product as a histogram (Figure 5).
The data in the histogram, the preliminary descriptive analysis, as well as the Shapiro-Wilk test, lead

us to the conclusion that the distribution of growth in the gross regional product of the regions of the
Central Federal District cannot be regarded with the necessary degree of confidence as normal; the
usual statistical methods do not fit efficiently enough.

In this regard, we believe that a study of the evolution of the gross regional product should be car-
ried out as part of a spectral analysis that reveals the existence/absence of cyclical trends in this indica-
tor. This requires a decomposition of the time series characterizing changes in GRP on the functions of
sine and cosine of different frequencies to determine this frequency as well as its influence on the
dynamics of GRP.

Graphs (‘periodograms’) representing the preliminary results of the spectral analysis of the GRP of 14
regions of the Central Federal District are shown in Figure 6.

Figures 7 and 8 provide the results of a spectral analysis of the GRP of 14 regions of the Central
Federal District and the GDP of Russia over the year: there is a certain cyclicality present but not suffi-
ciently expressed.

Figure 3. Gross regional product of the Central Federal District without the Voronezh and Belgorod regions, current pri-
ces, mln $ USA.
Source: Own representation based on data from the Federal State Statistics Service of the Russian Federation (2021).
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The obtained results for the 14 regions of the Central Federal District indicate a certain degree of
similarity in the dynamics of gross regional product across the investigated territories. Specifically, there
is a tendency towards an increase in GDP, which may indicate a generally positive trend in economic
development across the regions of the Central Federal District.

Figure 9 presents the results of the spectral analysis of the GDP of Russia for 1998–2019, according to
quarter data. Cyclical dynamics are more visible. These graphs illustrate the utilization of spectral analysis
for studying the cyclical dynamics of economic indicators. They enable the identification of cycles and
their frequencies, which aids in understanding the nature of economic processes and in developing cor-
responding management strategies.

Spectrum plots (“Periodograms”, Figures 6–9) refer to a graphical representation of the frequency
spectrum of a gross regional product of regions of the Central Federal District, Russia. They visualize the
distribution of frequencies present in data.

Spectrum plots (Figures 6–9) display the power spectral density of each frequency component of the
GRP on the y-axis, while the corresponding frequencies are shown on the x-axis. The plots are generated

Figure 4. A box plot of the GRP of regions of the Central Federal District.
Source: Own representation based on data from the Federal State Statistics Service of the Russian Federation (2021).

Figure 5. Histogram of the gross regional product of the CFD regions.
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Figure 6. Periodograms of the GRP of the CFD regions.
Source: Own representation.

Figure 7. Periodogram of the GRP of the CFD in 1998–2019 according to annual data.
Source: Own representation.

Figure 8. Periodogram of the GDP of Russia in 1998–2019 according to annual data.
Source: Own representation.
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using Fast Fourier Transform (FFT), which decomposes the GRP in the CFD, Russia into its constituent
frequency components. Higher values on the y-axis indicate stronger spectral power at corresponding
frequencies. The spectrum plots help in identifying the dominant frequencies and their relative strengths
in the GRP in the CFD, Russia. It can provide insights into the periodicity, harmonics, and overall fre-
quency content of the GRP, which can be useful in the detection of the cyclical patterns of the gross
regional product.

The conducted correlation analysis of GRP over the years is presented in Figure 10.
Therefore, the Pearson correlation coefficient is approximately 0.9982, indicating a positive linear rela-

tionship, meaning that the Gross Regional Product (GRP) increases over the years.
In the present study, we found that the analyzed time series, reflecting the dynamics of the gross

regional product of the Central Federal District of Russia are non-stationary.
We suggest that it is appropriate to use data for shorter periods, such as quarters.
The results of this study can be utilized in the following aspects:

1. Formulation of an effective national strategy: Understanding and analyzing the cyclical patterns
in regional development at micro and macro levels can aid in the formulation of national develop-
ment strategies. Policymakers can use this data to design programs aimed at enhancing the stability
and growth of regional economies.

2. Optimization of investment decisions: The research findings can be employed by economists and
financial analysts for the rational allocation of investment resources. They can determine the optimal
timing and regions for investment to maximize returns and minimize risks.

3. Development of regional growth strategies: Local authorities and regional governments can util-
ize this data to formulate specific development strategies for their regions. This may involve meas-
ures to stimulate entrepreneurship, and infrastructure development, and ensure sustainable growth.

Figure 9. Periodogram of Russian GDP in 1998–2019 according to quarter data.
Source: Own representation.

Figure 10. Correlation analysis of mean gross regional product by years.
Source: Own representation.
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4. Risk management: Understanding the cyclical processes in regional development allows for the
development of risk management strategies. Policymakers and business leaders can make informed
decisions, preempting potential downturns in regional economies.

5. Modeling future scenarios: Analysis of cyclical patterns can be employed to develop models for
future development scenarios.

The findings of the study make a significant novel contribution to the field of regional economic
development, particularly in the application of spectral analysis to identify cyclical patterns in the Gross
Regional Product (GRP) within the Central Federal District of Russia. These results offer new opportuni-
ties for understanding the periodicity, coherence, and overall frequency content of GRP, which can be
valuable in identifying cyclical regularities in regional economies.

Compared to previous studies, which typically confine themselves to the analysis of statistical data
alone, this work employs spectral analysis for a deeper exploration of cyclical processes. The utilization
of spectral analysis in this context represents an innovative approach, allowing for additional insights
into the structure and dynamics of GRP in the regions.

The conclusions drawn carry significant implications for various policy and practical aspects, particu-
larly for the development of national development strategies, optimization of investment decisions, for-
mulation of regional growth strategies, risk management, and forecasting of future development
scenarios. These results may prove beneficial for economists, policymakers, and governmental bodies in
addressing issues of regional development and formulating national strategies.

Hence, this study can be considered a valuable instrument for policymakers, economists, and govern-
mental bodies when dealing with matters about regional development and the formulation of national
strategies. Jawadi et al. (2022) used quarter data for two indicators measuring financial and business
cycles; Iyetomi et al. (2020) also used quarter data from the USA. We have encountered a limitation in
the present research in the statistical base for analysis. However, we believe that the proposed model of
spectral time series analysis of the gross regional product could be further developed and refined in our
next work. Further research is needed to compare the GDP and GRP of the Russian regions according to
quarter data. Due to the lack of the quarter data provided by the Federal State Statistics Service of the
Russian Federation (2021), this study cannot provide a comprehensive review of such a comparison,
which is a limitation of the study.

5. Discussions

In complex social systems, macro-level structures and patterns are stable; but they are not explicit at the
micro level. Accordingly, the micro-macro dichotomy “skips” the meso level, which connects the activ-
ities and interactions of various actors. Such structures and patterns include, for example, the cyclical
development of the economy, which finds itself at the level of the country’s economy, but the presence
of cycles at the meso level is a debatable phenomenon, and, therefore, its diagnosis is among the top-
ical and promising research tasks. Our view is that it is necessary to supplement the traditional methods
of studying economic dynamics with other, inter alia, spectral analysis of the gross regional product, i.e.,
meso-level analysis. The graphs in Figures 6–8 do not provide an exhaustive representation of the spec-
tral variations within our model.

Our previous study did not find a significant correlation between innovation activity in one region
and growth in the corresponding GRP (Chomen, 2022), while in OECD countries cyclical dynamics in
RandD activity, innovation, and patent activity correlation with the GDP dynamics (Ahmad, 2021; Zhang
& Ye, 2022). Attempts to find a correlation between global GDP growth and patent activity through
spectral analysis (Monakhov & Chechurin, 2012; Zhang & Ye, 2022) have not been successful; on the
other hand, Korotayev and Tsirel (2010) have been able to detect ‘Kondratieff waves’ using spectral ana-
lysis of the world GDP (Leal & Marques, 2022).

Spectral analysis of the likely cyclical development of the regions is useful because it may make pos-
sible the synchronization of business cycles (and the graphs above indicate their discontinuity) of the
regions, and hence the formulation of more efficient economic policies, for example, in price and tax
terms (Angeletos et al., 2020). Price mechanisms have limited potential for stabilizing economies through
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countercyclical policies; the interaction between price and investment mechanisms for adjusting to cycli-
cality can generate fluctuations and cycles (Gao & Gong, 2020). A similar problem is faced by the eco-
nomic authorities of a united Europe (Belke et al., 2017), especially as monetary policy instruments
increase cyclicality but have asymmetric effects that are more visible in developing countries (Hang &
Xue, 2020). By contrast, cyclical side effects are distributed symmetrically, and business cycles in
European countries have become more synchronized since the Great Recession (Ar�cabi�c & �Skrinjari�c,
2021).

Equally important in the pursuit of present research is the construction of a predictive model of the
time series of the gross regional product. Typical forecasting methods (ARIMA models as an example)
are built on assumptions such as the stationarity of time series and the normality of their residuals. As
we mentioned above distributional assumptions of the GRP are beyond normality. Spectral analysis that
does not depend on stationary and non-linear assumptions could be very useful for modeling and fore-
casting economic data.

For Keynes-based economic theory, it is traditional to use macro- and micro-levels as the basic cate-
gories of the hierarchical structure of economics, reflecting the hierarchical nature of the evolutionary
process. The designation of the meso-level as a stand-alone study remains controversial in economic sci-
ence. We believe that the difference between the cyclical development of the state and the individual
region is a convincing argument in favor of the need to abandon the binary structure of the economy
and the transition to the trinary logic of research: macro–meso–micro levels. The discrepancy between
economic dynamics (gross domestic product and gross regional product) allows us to assert that the
meso-level is the key epistemic construct linking macro- and micro-level research; for the Russian econ-
omy, it is the level of the region.

The discontinuity we have observed in the cyclical development of the analyzed regions is also inter-
esting in that the establishment of the common European currency has led to a significant increase in
the synchronization of European countries, even in countries where the euro was not immediately intro-
duced (Campos et al., 2019), and Russian regions, even in the single economic space, do not display
such synchrony. Blinova et al. (2021) revealed a cyclical reaction in unemployment rates in the Russian
regions. Almeida et al. (2020) performed a similar study on regional unemployment and the sensitivity
of the economy to cyclic dynamics in Spain; Hutter (2021) identified cyclical seasonal patterns in seeking
employment in Germany. Thus, the identification of cyclic dynamics in Russian data is an important sci-
entific task.

Unfortunately, we are not aware of other studies of the dynamics of the gross regional product of
the Central Federal District using the spectral analysis and Fast Fourier transformation method. In this
connection, we were obliged to make a comparison with other studies performed on other data, which
makes it impossible to draw conclusions about the adequacy of the method chosen and the correctness
of the results obtained. We posit that the discrepancy in the cyclical dynamics of the Russian economy
as a whole and the regions of the Central Federal District, in particular, can be attributed to the peculiar-
ities of Russia’s development in the early pre-industrial era compared to Europe in the same period.

The authors argue that the spread of agriculture in Russia is explained by diffusion theory, within
which it was not the idea of agriculture that was spread, but rather the farmers themselves. Considering
the relatively homogeneous farming environment, as well as the limited variety of crops and significant
distances between settlements, the economic space of the country was sufficiently disjointed. This
resulted in weak specialization of regions and, consequently, slow development of craft and
domestic trade, as well as delayed urban growth compared to Europe. The significant distances between
settlements in the country also had a negative effect. These factors are what is referred to as “path-
dependence” in the framework of the new institutional economic theory, which determined the topo-
logical disjointedness of the country’s territory, confirmed by the “Global Connectedness Index” (Altman
et al., 2019). In these conditions, the “spatial competition” for consumers, which led to the Industrial
Revolution and economic growth in Britain but not in China (Desmet et al., 2017, pp. 7–16), as well as
the “market for ideas”, which enables the emergence and implementation of innovations (Mokyr, 2007),
the spread of knowledge and trade (Tisdell & Svizzero, 2015, pp. 18–19), the formation of human capital,
and subsequently, endogenous economic development (Romer, 1990, 2015), are extremely challenging.
Modern satellite images of nighttime illumination of the surface of Russia (Garner, 2017) compared to
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similar images of other countries (Adhikari & Dhital, 2021; Mendez & Santos-Marquez, 2021; Qiao-Li
et al., 2021).

In general, the vast majority of the regions studied did not change their development trajectory dur-
ing the entire period under review. We assume that there is clear evidence of the existence of a ‘track
effect’ resulting from the previous historical experience of the regions. This confirms our original hypoth-
esis about ‘the low-income trap. According to Taymaz (2022) a region in “Convergence Club 1” had, on
average, 8 times higher GDP per capita than a region in “Convergence Club 4” in 2017. Income differen-
ces across Russian regions are quite persistent, and low-income regions are not able to improve their
relative positions (Taymaz, 2022, p. 481; Windle et al., 2023).

We found that among all the industries only the hotel and restaurant business have the same trend
break point with GRP in 2013. In the named industry there is one more breakpoint of the trend in 2015;
the trend of the gross regional product in the mentioned period does not have a breakpoint. We believe
that the results of the analysis do not confirm the initial hypothesis about the existence of Kitchin cycles,
and Juglar cycles in the economy of the Bryansk region in the observed period.

A high correlation of business cycles is usually seen as a key criterion for an optimal currency area,
for example, the European Union. The results of the spectral analysis obtained by the authors do not
give a clear answer about the existence of sustainable cycles in meso-level development; nevertheless,
they (results) can serve as a basis for further in-depth study of the subject of the study, and improve the
proposed model of spectral analysis of the gross regional product. We find it promising to apply the
theory of the economic cycle of meso-level in the interpretation of the causes of the disproportional
regional development in Russia.

6. Conclusions

It has been established that the vast majority (10 out of 14) of these regions remain in the lowest quar-
tile of GRP throughout the analysis period; 2 regions are invariably in the quartile with the highest GRP.
It is possible to state with confidence the existence of a ‘path dependence’ predetermined by the histor-
ically established positions (and specialization) of regions in the Russian value chain, as well as the exist-
ence of a ‘low-income trap’ that the regions of the first quartile have not been able to overcome,
despite the constant upward trend in their gross regional product.

Our analysis has shown that the distribution of growth in the gross regional product is not statistic-
ally normal and therefore it is necessary to complement traditional narrative statistics with other meth-
ods. The results of our spectral analysis confirmed our hypothesis about the usefulness of this method.
An introduced model for spectral analysis of GRP treats it as a specific case of the regression model
using discrete Fourier transformation.

Based on the conducted research, recommendations for policymakers can be delineated. Considering
the persistent trend of low levels of regional product in certain regions juxtaposed with consistently
high levels in others, we recommend the development of a national strategy encompassing specialized
programs to support and foster the regions in the lowest quartile of regional product. Policymakers
should actively incentivize investments in regions with low levels of regional product, directing financial
and other resources to bolster economic growth and infrastructural development. It is crucial to consider
measures supporting entrepreneurship and creating favorable business conditions in regions with low
levels of regional product, which will aid in stimulating economic development. There is a necessity to
develop programs and projects aimed at modernizing and diversifying the economies of regions,
thereby reducing their dependence on specific sectors and markets. Policymakers should actively
develop and implement risk management strategies to prevent potential downturns in regional econo-
mies and ensure stable development.

One of the primary constraints of this study is the absence of quarterly data for comparing the GDP
and GRP of Russian regions. Having access to these data is crucial, as they can provide a more detailed
and dynamic representation of economic processes at the regional level. The prospect for future
research lies in refining the spectral analysis method for a more precise and reliable analysis of GRP
dynamics at the regional level.
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