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Abstract. A method for analysis of the dynamics of macroeconomic indicators based
on the model of a piecewise trend for economies of unstable growth is
proposed. The relevance of the article is supported by the absence of adequate
mathematical models and the inadequacy of traditional continuous models to
describe the features of economic dynamics of this type. Its application is
demonstrated on the examples of Ukraine, Greece and Italy in comparison with
stable developing countries of Eastern Europe - the Czech Republic, Slovakia
and Poland. In the process of approbation new indices of instability based on
this model have been developed. A higher degree of conformity of the
proposed model is proved in comparison with traditional continuous models
not only for countries with signs of unstable economic dynamics, but also for
some countries with stable economies. During approbation, a new index of
instability of growth was developed based on this piecewise linear trend model.
The indices of instability of growth were calculated for 43 European countries
for the period from 1989 to 2019 and their rating was built.
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1. INTRODUCTION







Mathematical modeling of the dynamics of macroeconomic indicators belongs to the number of the
most important tools for analysis of economic development trends. Its purpose is, in particular, to help
work out proposals for management solutions. The IMF research department heads Andrew J. Berg. and
Jonathan Ostrey noticed that “... a key feature of the growth process in developing countries - lack of
stability ... periods of rapid growth are interchanged with periods of decline and stagnation - ups, downs
and stable periods of growth” (Berg & Оstry, 2011).
The unstable growth is characterized by the time trend of the economic indicator which is
experiencing gaps caused by sharp economic changes. Capabilities of the small squares method, usually
used for analysis, are limited to the choice of functions of regression (trend). The latter is conditioned by
the necessity of reducing the problem of finding the estimates of parameters to the solution of a system of
linear equations. That is why the popular computer applications use linear, exponential, polynomial,
power-degree or logarithmic trends. Their common properties are smoothness and continuity.
For countries with unstable growth traditional regression analysis is not effective. Real data indicates
that periods of stable growth are replaced by gaps in continuous trend. Thus, the problem of simulation of
the dynamics of unstable economies acquires relevance. This purpose is stated by the authors in this
article.
One of the features of continuous models is that the parameters of the trend equation (coefficients
of polinome, exponent parameters, etc.) do not, as a rule, have an economic content. The authors propose
a model of piecewise dynamics and the technology of its implementation using the example of the
indicator of GDP per capita. It is not only more accurate in describing specific features of unstable
growth dynamics, but it has one more advantage: its parameters have natural economic content that
makes accessible and transparent their interpretation. These parameters are the moments of drastic change
in dynamics (gaps) and coefficients of linear components characterizing the rates of growth in the
intervals of stability. As the review has showed, the proposed model is used for the first time in the form
ready for practical implementation of the method.
For the demonstration of the method and comparative analysis the Czech Republic, Slovakia, Poland,
Greece, Italy and Ukraine have been chosen. In the proposed model not only the result of the estimate of
the dynamics of the indicator is provided but also its derivative, which illustrates the pace of the
performance of the indicator which also undergoes a break.
The goal of the authors was also to develop a generalized indicator, a quantitative characteristic of
the features of the degree of instability of growth, called by the authors the “growth instability index”, and
to construct a rating of European countries on the basis of this indicator.
The hypotheses laid as the basis of the study include:
unstable growth is characterized by a gap in the trend that prevents the implementation of a continuous
and smooth model from being applied;
for an integrated display of unstable growth experiencing breaks, it is possible to apply piece-continuous
functions, in particular, piecewise function;
instability of growth can be estimated quantitatively using the index that takes into account amplitudes of
vibrations; growth stability will be characterized by low index values, instability – by high ones;
piecewise trend will be able to reveal the presence or absence of cyclicity in the manifestations of
instability of growth;
analysis conducted with the use of the model for different countries will allow to detect exogenic and
endogenic factors of unstable growth.
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The hypotheses should include the expected prospects of this model in a multidimensional design,
that is, using not a single one, but a set of indicators characterizing the instability factors identified at the
stage of analyzing the dynamics gaps when using a one-dimensional piecewise linear model.

2. LITERATURE REVIEW
The GDP indicators are regularly published by statistical departments of various countries and
international organizations (UNdata, 2021; Еurostat, 2021; World Bank, 2021).
Based on the analyses of the dynamics of GDP and its components, the patterns of development and
economy growth, cycles and resistance of different economies to them become apparent. Thus, (Baburin,
2019) researched the resilience of the economies of the Greater Baltic Region to the cycles` conditions,
calculated the cycle duration of 5-7 years and indicated that the main factor of stability of a country is its
specialization. In their works (Korotayev et al., 2020) studied Kondratiev's long waves based on growth
rates of global GDP and concluded that it is the developing countries that are generating such waves
during the given period.
(Göbel & Araújo, 2020) went further. Their article is dedicated to identifying macroeconomic
indicators - early warning signs of economic crises. And on this basis the clusterization method for
changing policies and creating a more stable economy is proposed. This provides an opportunity to state
that there are certain classes of countries resistant to external vibrations, while some others remain
vulnerable. Their dynamics is not continuous, that is, it experiences the gaps.
The method of the small squares and its modifications is often applied for macroeconomic modelling
of GDP dynamics, with the help of which the coefficients of the regression function reflecting the
dynamics of the indicator are estimated. The group of researchers (Karaçuha et al., 2020) used the small
squares method to forecast GDP per capita for the population of Brazil, China, India, Italy, Japan, the
UK, the USA, Spain and Turkey. It has been shown that their proposed method is superior to the
polinomial and fractional models.
Regressions are frequently used in analysis of relationship between main macro-indicators, in
particular for estimating the factors of influence on economic growth for individual countries as well as
regions: impact of human capital on the development of EU countries (Laskowska & Dańska-Borsiak,
2017); public debt management of Italy and Greece (Zahariev et al., 2020); relationship between energy
consumption and economic growth for 30 European countries (Stjepanović, 2018); assessment of the
short-term impact of COVID-19 on economic activity (Fezzi & Fanghella, 2020) and others.
Characteristic of the degree of conformity of the applied growth model with the retrospective data,
on the basis of which it is obtained, is the multiple coefficient of correlation (correlation ratio), values of
which are in the range [0..1]. Values correlation ratio of up to 0.5 is estimated as a low level of conformity,
from 0.5 to 0.9 - low to medium, 0.9 to 0.99 - medium to high.
Traditional continuous models often provide high performance. In their article the authors (Xiaobo
Zhu et al., 2017) used linear, square, polynomial and power-degree functions for analysis of connection
between Gross Domestic Product (GDP) of Сhina and Temporal Coverage Nighttime Light Data (TNL)
at the national level and for separate provinces. They provided a fully acceptable result (R2 = 0.95 and
above). Possible trend gaps were not considered, for they were not there.
The article (Karnitis & Karnitis, 2017) is devoted to modeling the stable growth of the economies of
the EU and the Baltic states (Estonia, Latvia, Lithuania) using multidimensional linear regression, i.e. a
continuous function. The reliability of the simulation result (R2 = 0.9736) is high precisely due to the
stable growth of the studied economies.
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In the article (Kasianova et al., 2020) the experience of analysis of economic dynamics is
demonstrated on the basis of using the fourth degree polynome for description of the derivative - GDP
growth rate of Ukraine. However, the polynomial model, being smooth, does not take into account the
gaps of the dynamic’s indicator, allowing to assess only the general direction of the trend. From the
graphics in the article, it is quite evident. Critical periods of 2008-2009 and 2013-2014 are specified in the
article as such when the function reaches the extreme and undergoes the trajectory changes.
The fact does not require the proof that the modelling problem is becoming much more complicated
if the economy gets signs of unstable growth, to the specific features of which the article is dedicated
(Berg & Оstry, 2011).
The protracted crisis in the Greek economy has been widely discussed. The causes are studied
(Chletsos & Roupakias, 2020), economic growth is modeled by taking into account internal and external
imbalances (Soukiazis et al., 2018). The factors of financial instability (Reyes Escobar & Rozo Bernal,
2020) and the impact of the Greek crisis on Eurozone and non-Eurozone countries (Bird et al., 2017) are
studied. The authors (Vlasova & Govorova, 2018) analyze the dynamics of socio-economic development
of Greece from 2008 to 2018 and the causes of the long-term crisis in institutional and economic aspects.
From the above data, there is a significant increase in public debt (1.63 times) and a decline in GDP per
capita by 44% over the period.
(Cicceri et al., 2020) provide data on the dynamics of inflation and unemployment in Italy for the
period 1995 - 2019. The presented trends demonstrate that the dynamics have experienced sharp changes
within short periods of time - from noticeable growth to the clearly expressed downfall, which is also one
of the manifestations of unstable growth.
So, the application of continuous models for economies displaying signs of unstable growth is
inefficient, which is obvious enough. The review of the literature has shown that the piecewise model has
wide areas of application as a tool of applied research in physics, astronomy, computer sciences, materials
science and engineering. Economic research is no exception. Such models are widely used in assessing the
profitability of financial instruments and risk reduction (Tak KuenSiu, 2016; Coleman et al., 2007; Gawon
Yoon, 2013). Applications in logistics (Basciftci et al., 2021) also show high efficiency. Macroeconomic
issues, in which there are manifestations of sharp changes and gaps, are also solved through the use of
piecewise linear functions. The article (Yi-Chein Chiang et al., 2008) demonstrates the possibilities of
applying such models for assessing the effectiveness of foreign investment, (Matsuyama et al., 2018) as
well as for the characterization and modeling of credit cycles.
The conducted literature review defined the choice of countries of unstable growth for the
approbation of the piecewise linear function method, namely: Ukraine, Greece, Italy. For comparison, the
data for Poland, the Czech Republic and Slovakia as the stable developing European countries was used.
Ukraine, in terms of the nature of its development, has become a striking antipode to successful
European countries. According to the UN Human Development Index (HDI) global rating for 2018, no
other European country ranks lower than Ukraine (UNdata, 2018).
At the same time, in 1989, per capita gross domestic product (GDP) value in Poland and Ukraine
was at a comparable level (World Bank, 2019). In 26 years, their economies are widely apart. Foreign
direct investment led to contrasting, in essence, results in relation to stability of growth and institutional
changes (Kowalski & Shachmurov, 2018). Similar studies have been conducted for the Greek economy
(Baltas et al., 2018).
The Czech Republic, Slovakia and Poland as well as Ukraine, are rich in natural resources and
minerals, which are similar in composition. Like Ukraine, they can also be considered as post-Soviet states,
for the Czech Republic and Slovakia used to constitute a single state. The starting positions of all four
states at the beginning of the 90s were almost identical: a significant share in the economic structure
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belonged to the machine building, coal industry, ferrous metallurgy, the chemical industry, military
industry, developed nuclear energy (the Czech Republic, Slovakia, Ukraine) and agriculture (Poland and
Ukraine).
Researches of Legatum Prosperity Index, BDO International Business Compass from 2008 to 2017
in Poland, Romania, Slovakia, in comparison with Ukraine, the above conclusions are also confirmed
(Sobolieva-Tereshchenko, 2018). So, according to the BDO IBC, in 2017 such EU member states as
Poland - 24th, Slovakia - 33rd and Romania - 36th, received the highest marks for their economic
position. At the same time, Ukraine has the lowest indicator - the 80s. According to the Legatum
Prosperity (LP) Index, in the period from 2008 to 2017, Ukraine had the lowest economic LP Index
among countries; Poland had the highest LP Index. Also, research on stress testing of banks in Ukraine
showed that banks with foreign capital from Eastern Europe and Central Asia, especially Hungary and
Poland, are the most stress-resistant (Sobolieva-Tereshchenko & Zhukova, 2020).

3. METHODOLOGY
The peculiar qualities of the economic dynamics of Ukraine are not limited to periods of deep but
continuous decline. They are combined with sharp violations of continuity, which have not been observed
on such a massive scale in the countries of stable development. It is this feature that creates the greatest
difficulty in forecasting, since the applied analytical apparatus is designed to use continuous models. It
prompted the authors to find the method for describing the dynamics of an indicator in a piecewisecontinuous, namely piecewise-linear model, for the time being in a one-dimensional version. As the first
results have shown, the method appears to have promising prospects in the multidimensional version.
In Figure 1a the dots (Value) show the dynamics of per capita GDP at the PPPs (in permanent
International dollars in 2011) for the period from 1990 to 2017 in Ukraine. The data is obtained from the
(World Bank, 2019).

Figure 1a. Ukraine. The GDP performance per capita at the PPP (in permanent international
dollars of 2011) for 1988 to 2018. The linear and exponential models
Source: own evaluation.
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It demonstrates the trend assessment for the linear, polynomial and exponential models and
untenable character. The GDP performance per capita in 2017 is 75.5% of the 1990 value (decline of
24.5%).
Figure 1a and 1b show the values of the indicator, referred to in Excel as "the value of the reliability
of approximation R2 and representing the square of the correlation ratio. For a linear approximation R2 =
0.068 (R = 0.26); exponential - R2 = 0.1024 (R = 0.26); polynomial of the 2nd order - R2 = 0.3257 (R =
0.57). Even polynomial of the 6th order, redundant for a relatively small base, shows unsatisfactory
compliance in the area of manifestation of unstable development (starting with 2006) (Figure1b).

Figure 1b. Ukraine. The GDP performance per capita at the PPP (in permanent international
dollars of 2011) for 1988 to 2018. The polynomial model of the 2nd and 6th order
Source: own evaluation.
The failare of continuous models for forecasting dynamics of this nature, which has been observed in
Ukraine since the `90s, is illustrated in Figure 2a and 2b.

Figure 2a. Ukraine. The GDP performance per c apita at the PPP (in permanent international dollars of
2011) for 1988 to 2018. The forecast for 2010 using the data of 1990-2008 under the linear regression.
Illustration of the failure of continuous forecasting models

Source: own evaluation.

133

Journal of International Studies

Vol.14, No.2, 2021

On the basis of 1990-2008 data the forecast for 2010 was carried out. According to the linear
regression equation, the GDP for 2010 is Y = - 23.281 * 2010+53180=6385, while real GDP was 7824;
deviation of -1438 or 18.3% of the predicted value (Figure 2a). It is illustration of the failure of continuous
forecasting models.
The polynomial regression of the 2nd order seemed to describe the basic observations better, but the
prognosis differs from the real result by 60% (Figure 2b).

Figure 2b. Ukraine. The GDP performance per capita at the PPP (in permanent international
dollars of 2011) for 1988 to 2018. The forecast for 2010 using the data of 1990-2008 under the
polynomial regression.
Source: own evaluation.
For comparison, Figure 3 shows the results of a similar experiment for the Czech Republic.

Figure 3. The Czech Republic. The GDP performance per capita at the PPP (in permanent
international dollars of 2011) for the period from 1990 to 2018.
Source: own evaluation
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As is evident from Figure 3, the linear, polynomial and exponential models (for the Czech Republic)
are observationally equivalent. At the same time, they describe the trend much more accurately than
similar data for Ukraine. The GDP performance in 2018 amounted to 192% of the 1992 value with the
growth of +92%.
The same experiment was conducted for Poland and for Slovakia with the similar outcome. The
correlation coefficient amounted to 0.992 (Poland), once again proving high efficiency of the conventional
continuous model for the steadily developing economies. The Poland GDP performance in 2018
amounted to 279% of the 1990 value with the growth of +179 %.
Figure 4 shows the result of the experiment on the use of continuous trends for forecasting on the
example of a stable economy (the Czech Republic). The base is the same period: 1990 - 2008. Even the
simplest linear trend has been successful, making polynomial regression redundant. Linear regression
equation: Y = 426.82X – 837951. The estimated value of GDP for 2010 is 19957 (in Figure 4 it is marked
with a triangle). The real value is 19808. The deviation is +149 or +0.7% of the predicted value.

Figure 4. The Czech Republic. The GDP performance per capita at the PPP (in permanent
international dollars of 2011) for 2010, according to the equation of linear regression, calculated
using the baseline of 1988 - 2008.
Source: own evaluation
The following describes the proposed algorithm for estimating the parameters of the proposed
model using a piecewise linear function based on the results of observations. The equation describing the
dependence of the indicator on time t has the form:
𝑦𝑖 = 𝑓(𝑥𝑖 , 𝑎1 , 𝑎2 , … , 𝑎𝑘 ) + ∆𝑖
(1)
where a1, a2, …, ak are the regression parameters; Δ - random deviation from the regression (trend); i
– number of observations.
The task is to estimate the parameters of the regression (trend) from observations (ti, yi). If
parameters are included in the expression of regression linearly or it can be transformed to such form, it is
reduced to solving the so-called system of normal equations of the method of small squares. Minimization
of the quadratic form leads to it:
𝑛

𝑆 = ∑( 𝑦𝑖 − 𝑓(𝑥𝑖 , 𝑎1 , 𝑎2 , … , 𝑎𝑘 ))2
𝑖=1

The trend, in the expression of which the parameters enter linearly, should have the form:
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𝑘

𝑓(𝑥, 𝑎1 , 𝑎2 , … , 𝑎𝑘 ) = ∑ 𝑎𝑗 𝜑𝑗 (𝑥).

(3)

𝑗=1

The discussed model, however, does not allow reducing the problem to solving a system of normal
equations. The reason is the presence of the breakpoints of the regression function among the parameters.
We had to develop a computer program that would solve this problem. It was achieved, and this gives
reason to claim our involvement in the development of a new method for analyzing the dynamics of
economic indicators applicable to the countries where the economic dynamics is of unstable nature. The
program was developed in the PTC Mathcad 15.01 environment (developer: PTC, Windows OS).
The idea of algorithm implies minimization of the quadratic form (2) of the method of statistical
testing (also known as the Monte Carlo method). It has received growing popularity with the researchers.
Since the piecewise linear model was used, the list of parameters is limited to the discontinuity points in
the regression function, describing the timing series under study. Then regression between them is a linear
function, assessment of coefficients of which is described in any mathematical statistic handbook, and the
software implementation is provided by popular software products - such as Excel or Statistica.
The local portion of the regression between the discontinuity points Gi, Gi+1 is described by the
equation:
𝐹𝑖 (𝑥, 𝐺𝑖 ) = 𝐴𝑖 𝑥 + 𝐵𝑖 ,
(4)
where Аi, Bi are the regression coefficients, calculated as:
∑{𝑗|𝐺 ≤ 𝑋 < 𝐺 }(𝑋𝑗 − 𝑋̅𝑖 ) (𝑌𝑗 − 𝑌̅𝑖 )
𝑖
𝑖
𝑖+1
𝐴𝑖 =
, 𝐵𝑖 = 𝑌̅𝑖 − 𝐴𝑖 ∗ 𝑋̅𝑖 ,
2
∑{𝑗|𝐺 ≤ 𝑋 < 𝐺 }(𝑋𝑗 − 𝑋̅𝑖 )
𝑖
𝑖
𝑖+1
∑{𝑗|𝐺 ≤ 𝑋 < 𝐺 } 𝑌𝑗
∑{𝑗|𝐺 ≤ 𝑋 < 𝐺 } 𝑋𝑗
𝑖
𝑖
𝑖+1
𝑖
𝑖
𝑖+1
𝑌̅𝑖 =
, 𝑋̅𝑖 =
(5)
𝑛𝑖
𝑛𝑖
Yj - the index value at point Xj, ni - the number of Xi values within the range of Gi, Gi+1.
The m-dimensional parallelepiped is formed Р = (Qk, Tk, k=1..m), {Q, T} – the opposite apexes, m –
the number of the boundaries assumed between the areas of continuity. Before the beginning of iteration
process the initial value of the form (2) is fixed in the variable S, which may be taken from one of the
apexes P, while the vector D reflects the very initial approximation. Thereafter, the program shifts to the
execution of the generation cycle of random vectors Tk in P (k = 1..N), where N is a number of random
test cycles. Upon every execution of the cycle, the calculated value of the quadratic form (2) is assigned to
variable S, if such value is less of the previous value, and the vector D changes its value to the current
vector Tk.
After the cycle is completed, the returned information is generated and a graph of the indicator
dynamics is displayed against the background of the starting points of observations (tj, yj).
A sample output of the graph is shown in Figure 5.
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Figure 5. Example of the return results. Ukraine. The number of the areas of continuity
(NAC=3); YYi – observation; Ft(x, …) – the regression function; U(x), U1(x) – gap amplitudes;
U5(x) – showing the gap of the regression's derived function (up – positive, down – negative;
height (deepness) of the «peaks» is proportional to the derivative gap amplitude).
Source: own evaluation











Initial data:
the xls-file with a table of the indicator observations by year; data gaps are allowed, since the program
automatically excludes such observations from processing;
the set number of random test generation cycles N;
the number of areas of continuity (NAC) for the subsequent assessment of their optimal number;
the parameters defining program execution modes, the purpose of which is clear from its
explanations.
For a comparative analysis, the following indices are provided:
the index VS of the discrepancy between the data and the model, calculated as the ratio of the
estimate of the mean square deviation of the observations (RMS) of the indicator to the RMS of the
observations themselves throughout the sample; the range of values it takes is [0; 1];
correlation relation ρ, characterizing the degree of observational compliance with the obtained
estimate of the regression function;
GII growth instability index (the average of the modules of deviations of the indicator from linear
regression over the entire area at break points to the magnitude of the mentioned regression on the
observation area).
The latter is calculated in the form of (Figure 6):
𝐺𝐼𝐼 =

∑𝐾
𝑖=1 𝐷𝑖
𝐾∙𝐷

(6)

where Di - the module of deviation between the piecewise continuous regression and the linear
regression at i-th discontinuity point, K - the discontinuity point number, D - the range of linear regression
over the entire observation area. The interpretation of this index is obvious: for the unsustainable
economies it increases, while for the stable ones it decreases.
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Figure 6. Determination of the growth instability index.
Source: own evaluation
The indices VS and ρ take values in the range of 0 .. 1. The higher is ρ, the higher is the degree of
conformity; the decrease of VS speaks for the same. In the event of ideal conformity, ρ = 1, VS = 0. With
a complete discrepancy - when the regression is a constant equal to the average value - ρ = 0, VS = 1.
There is an option of the interactive mode; the interpretation causes no difficulties.
After obtaining the results with successive NAC values, preliminary results are evaluated. If it is
necessary to clarify the obtained evaluations or making sure their sustainability thereof, processing is
repeated with the increased values of N. At the same time, the number of tests is estimated, which ensures
the stability of the estimates. In the course of the research, the values of N ranged from 2000 to 10000.
Upon completion of processing with successive values of NAC, using the standard tools of MS
Office, the chart of VS and ρ dependence on NAC is formed. The optimal assessment for the number of
the areas of continuity, along with the dynamics, optimal modes are determined using the stabilization
feature of this connection, with the ρ lever being 0.99 or higher, or the VS at the level of 0.1 or lower.

4. EMPIRICAL RESULTS AND DISCUSSION
The prospects of the method are demonstrated by the following results of its application in Ukraine,
where instability phenomena are manifested with a textbook persuasiveness. For comparison, a similar
study was conducted for the Czech Republic, Slovakia and Poland.
Below the experiment description is given.
Three Excel documents contain summary of the actual data for the period from 1989 to 2018 in
terms of the GDP dynamics per capita at the PPP for Ukraine, the Czech Republic, Poland and Slovakia.
The data was obtained from the (World Bank, 2019). At NAC=1 the chart of Ukraine's GDP dynamics
per capita at the PPP for 1990 to 2017, as built by the program, repeated the chart earlier shown on Figure
1а, i.e., the common linear regression. The obtained estimation of the model data conformity is
disappointing: ρ=0,261, VS= 0,965. The model is unacceptable for Ukraine. At the very first step of the
suggested method application (at NAC=2) for Ukraine related data the advantage of the piecewise linear
model over the continuous model became evident (Figure 7).
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Figure 7. Ukraine, the GDP dynamics per capita at the PPP for 1990 to 2017, NAC=2.
Correlation ratio ρ = 0,899, VS = 0,437.
Source: own evaluation
The ρ value raised from the extremely low to rather reliable one, equaling 0.899. Respectively, the VS
decreased from 0.97 to 0.437. The established boundary between the areas of continuity falls on 1994,
which is logically well explained by economic reasons. The radical reforms and transformations were
launched in Ukraine much later after it acquired independence in 1991. As late as in 1994 the catastrophic
decline of economy was halted. The same goes for the GDP stable decline up to 1994: so were the
aftereffects of the disintegration of the Soviet Union, establishment of the independent state, the market
transformations and ill-conceived reforms.
At NAC=3 the correlation ratio increased up to 0.981, and the VS decreased to 0.194, which is truly
amazing looking back to the ρ start point (0.26). The program identified the abrupt gap on the dynamics
of the indicator in 1994, 2008 and 2014, as well as significant amplitude of the derivative in 2000. In 1997
Ukraine faced strengthening of the presidential authority and reinforced influence on the key financial and
industrial groups, in this case resulting in the shift to growth. The brisk decline in 2008 was caused as in
other countries by the global financial crisis. The highest correlation ratio ρ=0.993 was found at NAC=5
(Figure 8).

Figure 8. Ukraine. The GDP dynamics per capita at the PPP for 1990 to 2017, NAC=5,
GII=0,889. Correlation ratio ρ = 0,993, VS = 0,12.
Source: own evaluation
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There are 5 periods distinguished in Ukraine's dynamics:
 1990 - 1998 - the fall of the economy,
 1996-1998 - a turning point, minimum values of GDP per capita.
 The reforms carried out at that period began to produce results.
 1998 - 2008 - positive dynamics, stable growth, interrupted by the global economic crisis;
 2008 - 2014 - uneven growth at a slow pace caused by the consequences of the global crisis. In 2014,
the gap in the derivative and, accordingly, a sharp drop in well-being of the population is associated
with a period of a change of power in Ukraine, the events on Maidan, the loss of territories and a part
of the economic potential;
 2014 - 2017 - a sharp drop in GDP, the economy was “thrown back”, but partially stabilized. Due to
external loans, growth was observed.
For Slovakia, the Czech Republic and Poland, developing in a much more stable way, the method,
nevertheless, proved to be useful as well, since it managed to clarify the specifics of dynamics (Figure 9,
10, 11, respectively).
For instance, for Slovakia there were three areas outlined being ideally described by the trend, split up in
2003 and the aforementioned 2008, featuring material decline in 2008 (Figure 9).

Figure 9. Slovakia. The GDP dynamics per capita at the PPP for 1990 to 2017, NAC=3, GII=0,073.
Correlation ratio ρ = 0,999, VS = 0,053.
Source: own evaluation
In general, the nature of trend remained the same, only its velocity changed:
 1990 - mid 2003 - moderate stable growth;
 2003 - 2008 - accelerated growth, evidently induced by preparation for joining the EU;
 2008 - 2018 - moderate growth, but the rate is higher than during the first period. The
discontinuity of 2008 is also caused by the global crisis, although its impact being much weaker
than that on Ukraine's economy.
The dynamics of the Czech Republic is also well described by the suggested model (Figure 10).
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Figure 10. The Czech Republic. The GDP dynamics per capita at the PPP for 1990 to 2017,
NAC=5, GII=0,106. Correlation ratio ρ = 0,998, VS = 0,064.
Source: own evaluation
The 1992, 2003 and the aforementioned 2008 do stand out. During this period the trend is changing,
like that in Slovakia:
 before 1991 - decline;
 1992 - 2003 - generally moderate, not completely uniform growth;
 2003 - 2008 - accelerated growth;
 since 2008 - 2014 moderate, unstable growth, the rate is higher than in 1991 – 2001, but lower
than during the preceding period;
 since 2014 - accelerated growth.
The GDP dynamics in Poland constitutes practically an ideal uniform trend. Even for the continuous
model at NAC=1 the correlation ratio ρ was 0.992, and the VS index of the data discrepancy with the
model VS was low (0.126). Nevertheless, the dynamics description using this model at NAC=4 seems to
be more detailed (Figure 11).
The years of 1991, 2006 and 2015 stand out in the chart of Poland. The derivative gaps fall on the
following years (Figure 11):
 before 1991 - decline;
 1991 - 2006 - stable growth triggered by the vigorous economic reforms launched in 1989 (the “shock
therapy”), although unpopular among people. No doubt, half of the foreign debt written off in 1991
became an additional impulse;
 2006 - 2012 - the brisk positive change in the dynamics, retaining the growth rate at the previous level
(Figure 11). It is worth mentioning that the 2008 crisis, although having largely affected not only
Ukraine but also the Czech Republic and Slovakia, which are much more stable, in no way influenced
the economic dynamics of Poland. Perhaps it is connected with the preparation of UEFA Euro 2012
and the privatization of state shares in almost 300 Polish companies;
 since 2012 - accelerated growth, its rate being somewhat higher than that of the preceding period. No
continuous model is able to show it.
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Figure 11. Poland, the GDP dynamics per capita at the PPP for 1990 to 2017, NAC=4, GII=0,03.
Correlation ratio ρ = 0,9993, VS = 0,038.
Source: own evaluation
The positive economic dynamics of Poland over such a long period seems to be connected, firstly,
with the consistency and continuity of reforms and low levels of corruption, and, secondly, Poland’s
participation in many EU financial programs. Moreover, according to experts from the World Bank, the
IMF and European institutions themselves, Poland turned out to be one of the most conscientious
recipients of loans and financial assistance.
This seems to be the main reason for the effectiveness of Polish reforms. For example, despite
significant financial support from the EU since 2010, Greece defaulted in 2015. Ukraine also cooperated
with the IMF in 1994 - 2002 and from 2008 to the present time. Of course, loans are a saving and
stimulating factor for the Ukrainian economy. However, it is impossible to overcome the instability of the
economy only at their expense, without pursuing an appropriate domestic policy (Teichmann et al., 2020).
Important note. The program establishes the optimal position of the points of discontinuity, even if
the amplitude of the dynamics in them is microscopic. And when at such a point a sudden change in the
nature of continuous development occurred without breaking the dynamics itself, for example, weakening
or strengthening of growth rates, as was observed in the Czech Republic and Slovakia in 2008 (Figure 9,
10), or in Poland in the second half of 2012 (Figure 11), the derivative is subjected to discontinuity, and
the program reacts thereto. No conventional method is able to identify this peculiarity. To estimate the
optimal number of NAC uniform areas, it is offered to build a dependence of the regression data
conformity on the assumed number of areas. Figure 12 shows such charts for Ukraine. Both indicate that
upon first approximation, growth of both indices stabilized at NAC=3 (ρ =0,981, VS=0,194), and the
peculiarities in further details were modeled at NAC=5.
The left part of Figure 12 shows the correlation ratio ρ, and the right one – the VS index of the
model data inconformity. The NAC is estimated using the natural criterion of the conformity index
stabilization at certain NAC value. The following estimations are pointed out in Figure 12 - NAC=2,
NAC=3 and NAC=5. The differences between this and the previous value automatically range these
values. Thus, at NAC =2 1996 conforms to the most significant discontinuity (it would be appropriate to
use the “turbulent 90s” term). That was the long period of the economy decline in Ukraine being halted.
The second ranking goes for NAC =3 with noticeable hike of ρ from 0,899 to 0,981. The ρ level from
0,99 and higher for every experimentalist, either a physician, medical doctor or economist means an
absolute success in selecting a model. In this case, the growth of ρ is terminated at NAС =5. The same
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conclusions are supported by the VS (Figure 12), which dropped twice when shifting from NAC =2 to
NAС =3 and got stable at NAС =5.

Figure 12. Ukraine chart of the correlation ratio ρ dependence and the VS index on the number of
the areas of continuity NAC.
Source: own evaluation
As the above results show, the proposed method provides new opportunities for analysis of the
manifestations of the instability of the dynamics of macroeconomic indicators. Its high efficiency is
confirmed by uniquely high values of the correlation ratio – by the level of 0.99 and even higher. Model
adequacy based on data from sustainable developing countries proves its versatility.
To test the conclusion about the universality of the model, we used the data of the World Bank on
the dynamics of GDP per capita (World Bank, 2019) of several countries considered in the literature as
experiencing macroeconomic fluctuations: Italy and Greece. As seen from Figure 13 (Italy) and Figure 14
(Greece), the proposed model shows a high level of compliance and, in general, confirms the conclusion
about its effectiveness.

Figure 13. Italy. Dynamics of GDP per capita in PPP for the period 1989 - 2019, NAC = 5,
GII=0,624. Correlation ratio ρ = 0,9864, VS = 0,164.
Source: own evaluation
Figure 13 shows the simulation results from Italy data. Changes in periods of growth and decline are
clearly established:
 1989 - 1999 - moderate economic growth rates, which slowed down in 2000 - 2008.
 After the global crisis of 2008, in 2009 there is a local decline in GDP per capita, but the trend of
insignificant growth persists for the next 2 years.
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From 2012 to 2014, there is a decline, which is subsequently replaced by growth. The
Italian economy's vulnerability and volatility is associated with high public debt, low productivity and
competitiveness.

Figure 14 shows data on the dynamics of GDP per capita in Greece.

Figure 14. Greece. Dynamics of GDP per capita in PPP for the period 1989 - 2019, NAC = 5,
GII=0,693. Correlation ratio ρ = 0,9959, VS = 0,09.
Source: own evaluation
The intervals of continuity are clearly traced:
 1989 - 1995 - practically zero rates of economic growth caused by the current and previous irrational
economic policies and deformations: a significant share of the public sector, a high role of the state in
the economy, historically accumulated debt and its further growth, irrational social policy, a high share
of loans, low exports, monopolization and low competitiveness of the economy.
 1996 - 2002 - economic growth, the pace of which is increasing in 2003 - 2008, which is associated
with the entry of Greece into the European Monetary Union and the receipt of appropriate assistance
from European funds. However, the economic policy actually opposes foreign investment, the budget
deficit and the deficit of the foreign trade balance are growing.
 2008 - 2012 - decline caused by the global financial crisis, debt crisis, significant trade deficit, low
labor productivity, low investment activity; increasing unemployment, inflation and poverty. This has
become an international problem (Bird at al., 2017).
 2012 - 2019 - overcoming the crisis and growing at a moderate pace.
The authors built a rating of 43 European countries according to the growth instability index (GII)
(Figure 15). Liechtenstein, Monaco and Andorra are excluded due to lack of data.
The rating is topped by Ukraine with an extremely high GII = 0.889
The group of countries with high GII values (0.624 - 0.693) are Italy, San Marino, Greece. The
presence of Italy and Greece is explained by the instability of growth during the period under review, and
San Marino is due to the direct dependence of the economy on the surrounding Italy. The distance
between Ukraine and European countries is very impressive. This is explained by the fact that there is an
important destabilizing factor in Ukraine, which is absent in Europe - a permanent military conflict. It
seems that this is not the only reason (Teichmann at al., 2020).
Countries with a GII value below the average - from 0.2 to 0.3, which is 2.5-3 times less than the
previous group. The group includes Portugal, Croatia, Finland, Spain, Belarus, the Russian Federation.
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A significant part of European countries (22) belong to the group with a low growth volatility index:
from 0.1 to 0.2. This includes almost all the countries of northern Europe, Great Britain, small and large
EU countries and Kazakhstan.
Countries of stable growth: the index is less than 0.1 - Bosnia, Germany, Serbia, Macedonia,
Moldova, Lithuania, Kosovo, Malta, Slovakia, Albania and Poland.

Figure 15. Rating of European countries in terms of GII
Source: own evaluation
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The authors conducted a statistical analysis, during which they estimated the correlation coefficients
between the GII value and indices and individual indicators that could indicate factors of growth
instability:
 the group of indicators of the quality of public administration (Worldwide Govermance Indicators,
2019), includes 6 indices: Voice and Accountability; Political Stability and Absence of Violence;
Government Effectiveness; Regulatory Quality, Rule of Law; Control of Corruption.
 Social Progress Index (The Social Progress Imperative, 2019), which takes into account over 50
indicators;
 the index of the effectiveness of national education systems (Global Index of Cognitive Skills and
Educational Attainment, 2016);
 Global Innovation Index (Global Innovation Index, 2019);
 Global Competitiveness Index (The Global Competitiveness Report, 2019).
 unemployment rate, % of labor force (World Bank, 2019).
 share of exports in GDP, % (World Bank, 2019);
 share of imports in GDP, % (World Bank, 2019);
 the share of public debt in GDP, % (World Bank, 2019);
 the share of foreign direct investment in GDP, % (World Bank, 2019).
The correlation coefficients turned out to be statistically insignificant, in the range of -0.3 ... 0.4. The
absence of statistically significant relationships means that the proposed indicator GII has its own
independent meaning. It does not have already known indices as its origin.

5. CONCLUSION
The results presented in the article showed a high degree of adequacy of the proposed model of the
piecewise-linear trend to the statistical data on the dynamics of GDP per capita in European countries
(the correlation ratio is within 0.9864 .. 0.999). The constructed rating of European countries according to
the value of the GII index proposed by the authors is consistent with the conclusions of the IMF
regarding countries with the most pronounced manifestations of instability (Ukraine, Greece, Italy). The
proposed model opens up new opportunities for analyzing economic growth in stably growing economies,
establishing the moments of change in the rate of economic growth and its nature, the duration of growth
periods. The parameters of the model, in contrast to those previously used, have a natural economic
content. The authors see the prospects for the development of the method primarily in the direction of a
similar multidimensional model.
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