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MODEL BASIS OF EARLY WARNING AND LOCALIZATION
OF CRISES IN ECONOMIC SYSTEMS OF TERRITORIES

The article offers the model basis for early warning and crises prevention based on the meth-
ods of econometric modelling, Fourier analysis, adaptive filtration, multidimensional analysis, sce-
nario and imitating modelling. The offered basis enables investigating the resonance phenomena in
their cyclic dynamics of economic indices and take strategic preventive measures directed at the
localization of crisis phenomena in economic systems of territories.
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ena; forecasting; prevention.
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MOJIEJBHUUN BA3BC PAHHBOI'O IHOOPMYBAHHA U

JIOKAJI3AIIIL KP3 B EKOHOMIYHIUX CUCTEMAX TEPUTOPIN

Y cmammi 3anpononoeano modeavhuii 6azuc pannvo2o iHMOPMYSaHHs i nonepeo’ceHHs
Kpu3, 3aCHOBAHULI HA MeMo0ax eKOHOMempu4Ho20 mooearoéanns, Dyp ‘c-anaaizy, aoanmuenoi
Qiasompauii, 6azamomipnozo anaaizy, cuenapnozo U imimauiino20 MO00eAIO6AHHA.
3anpononosanuii 6azuc nadae moxucaugicmv 00CAIONCYBAMU PE3OHAHCHI AGUWA Y WUKATYHIL
Junamiuyi eKOHOMIMHUX IHOUKAmopie, chopmyeamu KOMNACKC CHIPAMEIMHUX NPEGeHMUGHUX
3ax00i6, CNPAMOBAHUX HA A0KAAI3AUII0 KPU30GUX AGU 6 eKOHOMIMHUX CUCIEMAaX Mepumopii.
Karwwuosi caosa: mepumopii; uuxaiuHuii po3eumorx,; pe30HAHCHA OUHAMIKA eKOHOMIYHUX
iHOuKamopie; Kpu308i aeuwa; NPOCHO3YEAHHS; NONEPEONCCHHS.
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Tamapa C. K.J1e§aﬂosa, JIumusa C. I'yppsanosa, Nuna K. Illepuenko
MOJIEJbHbIN BABUC PAHHEI'O MH®OPMUPOBAHMU S

N JIOKAIU3ALINU KPU3MCOB B DKOHOMMWYECKHUX
CUCTEMAX TEPPUTOPUI

B cmamuve npeoaoxwcen modeavnolii 6azuc pannezo ungopmuposanus u npeoynpexncoenus
KpU3UC08, OCHOBAHHBLE HA Memooax 3KOHOMempu4eckoz2o mooleauposanus, Dypve-anaausa,
adanmueHoli (puabmpauyuu, MHO20MEPHO20 AHAAU3A, CUCHAPHO20 U UMUMAYUOHHO20
Mmoodeauposanus. Ilpedaoxcennvlii 6asuc 0aem 603MONCHOCHMb UCCACO06ANb DPE30OHAHCHbBLE
A6ACHUA 6 WUKAUYECKOU OUHAMUKE IKOHOMUHMECKUX UHOUKAMOPOS, Chopmupoeams KOMHACKC
cmpamez2utecKux NpeeeHmueHbIX mep, HANPAGACHHbIX HA AOKAAU3AUUIO KPUBUCHBIX AGACHUI 6
IKOHOMUHECKUX CUCIMEMAax meppumopuil.

Karuesvie caosa: meppumopuu; UUKAUMECKOe pA3GUMUE; PE30HAHCHAS OUHAMUKA
SKOHOMUHECKUX UHOUKAMOPO8; KPUSUCHbIC SA8ACHUS; NPOZHO3UPOBAHUE,; NPEOYNpPelcOeHle.

Problem statement. Under the conditions of cyclic recession which has a nega-
tive impact on the dynamics of national economies development, including Ukraine
and Russia, the increasing attention has been paid to spatial and dynamic analysis of
crisis phenomena. The increase in the level of economy openness, the formation of
market economy in the shape of a global system led to the growth of system risks
which are shown, in particular, in resonance interaction of economic indices. The
analysis of the business cycles structure and their interrelation enables predicting the
formation of crisis situations and to have a choice of instruments for state regulation
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of the economy, the negative consequences of economic crises aiming at smoothing
and forming a steady trajectory of economic growth. Thus, depending on the effi-
ciency of predicting systems and finding the point of crisis occurrence along with
adaptation potential, both positive and negative trends of economic system develop-
ment can be identified.

The localization of cyclic crises is carried out by means of using various tools of
stabilization policy to which credit and monetary and financial leverages belong. The
basic unit of stabilization policy in Ukraine and Russia is the tax and budgetary poli-
cy (fiscal policy). It should be noted that strengthening of the unevenness of territo-
ries' development, caused by various potentials to the adaptation of regional systems
to changed conditions of functioning, led to the expansion of a number of chronical-
ly depressive territories, the decrease in stability of the budgetary system. In particu-
lar, it is shown in the essential delay of economic growth rates of territories which are
the "basis” of national economy. The consequence of budget insufficiency is the
decrease in the financial potential in alignment the levels of socioeconomic develop-
ment of regions (territories), the increase of social tensions, the emergence of "fun-
nel" of an economic crisis and the increase in the cyclic recession depth.

Under these conditions the problem of the improvement of the model basis for
the warning system and the prevention of crisis phenomena in the economy is urgent
and paramount.

Recent research and publications analysis. As the research of crisis phenomena is
a difficult and complex process, for their assessment, analysis and forecasting a wide
range of formalized and unformalized methods is used. In the works (Mezentsev,
2007; Solovyov and Ganchuk, 2009) econophysics methods are applied to analyze
the crises at currency markets. In the works (Grinyaev et al., 2010; Sadovnichiy et al.,
2011) it is offered to apply computer imitating modelling to forecast crises and their
cyclic dynamics on the basis of J. Forrester's concept of system dynamics. The fore-
casting of phases in such a cycle in (Mashchenko, 2002) is carried out by means of
expert methods of forecasting based on T. Saati's method of hierarchy analysis. In
(Tsvetkov, 2010) the methods of analyzing and modelling the cyclic development of
economic dynamics are added with the approach based on the use of production
functions which proved its efficiency on substantial empirical data.

Econometric methods, casual and non-casual approaches, panel data; spatial lag
models (Ponomarenko et al., 2009); multidimensional analysis (Ponomarenko et al.,
2004) and imitating modelling are also applied to model the processes of financial
regulation under the crisis conditions in economy development (Luk'yanenko, 2004;
Lychkina, 2009).

Unresolved issues. However, in spite of the fact that the issue mentioned above
has been discussed widely, a number of aspects connected with forecasting the cycli-
cal dynamics of territories, research of crisis phenomena of various nature, the analy-
sis of consequences of resonance fluctuations, the assessment of coherence of fiscal
policy indices, their influence on the processes of convergence of regional develop-
ment, have not been studied properly yet.

The research objective is to develop a model basis of the system of early inform-
ing and crises localization in economic systems of territories using the methods of
forecasting management, the concept of cyclic dynamics of economic systems which
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allows defining the "turning points", to reveal the preconditions of crisis phenomena,
to investigate their depth and scale, to select fiscal policy tools directed at localizing
(preventing or smoothing) negative consequences of crisis phenomena in territories
economic systems.

Key research findings. The offered model basis includes the following main
modules:

M1 — forecasting of macroeconomic indicators taking into account the cycle
forming factors;

M2 — forecasting of indicators of regional development taking into account cycle
development;

M3 — forecasting of balanced development of territories on the basis of fiscal
policy tools.

The contents of the M1 module is the assessment and analysis of cyclic fluctua-
tions; forecasting of macroindicators taking into account the factors of cyclic devel-
opment. The methodical support of this module includes the technique to forecast
the cyclic dynamics, the technique to analyze cyclic dynamics and forecast cycle
phases. These techniques are based on the application of forecasting adaptive meth-
ods, methods of adaptive filtration, analytical alignment of a trend, methods of spec-
tral analysis, autoregression models — the integrated sliding average value, methods of
cluster analysis and hidden Markov models (Ponomarenko et al., 2012).

On the basis of the developed models of the module forecasting of economic
indicators is carried out, forming the hypothesis of cyclic dynamics of development.
The volume of industrial output is considered as such an indicator. The graphical
analysis allowed drawing conclusions on the existence of a trend and periodic fluctu-
ations. The assumption of trend components existence in a time row was also con-
firmed by the results of stationary check of a row using the Dickiy-Fuller's criterion.

To confirm the hypothesis on the existence in a time row of a short-term cyclic
component, the adaptive models of forecasting considering or not considering short-
term cyclic fluctuations were constructed. The analysis of the obtained data lead to a
conclusion that adaptive models considering a linear trend give a smaller error in
forecasts in comparison with other options of models. The quality criteria of a trend
— seasonal models testify the existence of short-term cyclical fluctuations.

To develop the trend model various classes of growth curves are considered. As
competing options of the trend model linear and exponential function are consid-
ered. The comparative analysis of the quality of trend models allowed choosing the
linear model.

The study of the first remainder terms of the line with the methods of spectrum
analysis showed the availability of the following periodic entries (Table 1).

Table 1. Distribution of varieties among harmonic components,
authors’ development
Cycle period, months 48 96 | 32 | 192] 24 | 16 | 96 | 1371|738 2.9 | 10.7

Harmonic component
contribution to process | 43.31 | 2290 | 6.23 | 6.03 | 2.88 | 2.01 | 1.31 | 1.02 | 1.00 | 0.96 | 0.72
dispersion, %

The calculated values of periodic components of the line as well as the values of
the €(t) second remainder terms gained with the help of trend and periodic compo-
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nent elimination allow drawing a conclusion on the availability of a downward wave
which can be explained by the availability of a long-term cycle at a time line.

The harmonic function was used to take into account the influence of the cycle
component as a trend model. Its parameters are given below:

(1) = 43468.6 - 26974 .8c0s 2Lt - 2753 .2sin-2 " 1 (1)
192 192

The values of harmonic model quality criteria of the trend as well as the com-
parative analysis of actual and calculated values of the leveled lines allowed drawing a
conclusion about quite a high accuracy of approximation. The analysis of the second
remainder term shows the availability of autocorrelation in the remainder line.
ARIMA models were used to describe the current regularities considering that the
time line length did not let examine periodic entries which have higher cycle time.
The values of the cogeneration model remainder autocorrelation function allow
drawing a conclusion that the remainders stay as white noise with the probability
point of 0.7351. It says about the appropriateness of the model chosen. The average
absolute percent error of the cogeneration model approximation is 5.0377%.

The compositional analysis of the time lines of the following national measures
was studied the same way: retail turnover (mln UAH), monthly average salary (UAH),
real salary index (%), consumer market price index (%), producer price index of
industrial products (%), product and service export (mIn USD), real fixed capital for-
mation (mln UAH), volume of building and construction work (mln UAH), money
stock (M3 aggregate), migration rate (ths people).

The conducted research allowed us draw the following conclusions.

The short-term cyclic components have a dominating impact upon intra-tem-
poral changes in such indicators as the real salary index (%), the consumer market
price index (%), the price index of industrial producers (%), goods and services
export (mln USD).

Mid-term cyclic components heavily influence the development of such indica-
tors as the industrial output volume (explaining 84.38% of the process dispersion), the
average monthly salary (explaining 87.84% of the process dispersion); M3 money
supply (explaining 83.65% of the process dispersion).

Mid-term cyclic fluctuations have an essential impact on the development of the
retail turnover, building construction volume, migration coefficient. Medium-term
periodic components of a temporal series of retail turnover explain 45.483% of the
process dispersion, 33.02% of the volume building construction works, and 17.27% of
the migration coefficient.

The long-term cyclic fluctuations produce a dominating influence upon the
inter-temporal changes in fixed investments, population shifts.

The results of the phases in business cycles forecasting which stem from the
research into the mid-term cyclic components of temporal series, are given in Table 2.

The analysis of the resonance phenomena (Table 2) in the intra-temporal
changes in macroeconomic indices shows the coincidence between the shrinking
phases in the development of the indicators like industrial production volume, retail
turnover, average monthly salary, migration coefficient and fixed investments and a
possible formation of critical situations.
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Table 2. Phases of business cycles, authors’ development

sE|®, |58 sE |®,|5E sE | ¥, |5E = E
Sz | Eo | © S|20 |3 |59 B8 59 S | £ o 5 |90 | B8
B2 EE 2E g2 2% EZ EZ Ef Ef 22 22 32 zf
RE|E=|2E 8% |RE|E%|8F %% |RE 2% 2%F &%|2:
industrial production volume
99| | | | | | | | | | 128 | |
retail commodity turnover
98 | | 103 ] | 108 | | 116 | | 121 | | 127 ] \
average monthly salary
99 | \ \ \ \ [ 120 | \ \ \ \ [ 128
building construction volume
\ 99 | 103 | 109 | [ 116 | [ 122 | 128
the M3 money supply
\ | 101 | | 114 | | 118 | \ \ \ \ | 126
migration coefficient
\ | 105 ] | 110 | \ \ \ \ \ \ \
fixed investments
\ [ 98 | \ \ \ \ \ \ \ \ \

The aim of the M2 module is to reveal and analyze the cyclical fluctuations of
the indicators of regional development, to predict the indicators of cyclical develop-
ment of regional social and economic systems. The aims of this module can be
achieved using the clustering analysis methods, "barycentre" method, the methods of
analyzing and predicting the cyclical development of economic intra-temporal
changes (Klebanova et al., 2011).

The regions grouping according to the level of socioeconomic development was
carried out by means of hierarchical and iterative methods of cluster analysis which
enabled obtaining strong clusters (Table 3).

The analysis of the regions' trends enables detecting the principles of the devel-
opment of the obtained clusters the gravity centre method was applied. The results of
the representative selection are presented in Table 4.

As it is clearly seen in Table 4, Zaporizhzhia and Khmel'nyts'kyi regions are the
representatives of the groups with high and low levels of socioeconomic development.
With the help of the models set the composition of time series of the production
index, volume of the used capital investments, the total area set in operation, retail
turnover, financial results of ordinary business, average monthly salary and migration
growth coefficient of these regions are analyzed.

The obtained results indicate that mid-term cyclical constituents have a domi-
nant impact on the dynamics of such indices as the industry production index, aver-
age monthly salary and migration growth coefficient. The dynamics of the used cap-
ital investments and the total area set in operation is influenced by short-term cycli-
cal constituents. On the basis of the research of the mid-term periodic components of
time series phases of economic cycles in regional systems were singled out.

The evaluation of resonance phenomena in the dynamics of regional develop-
ment indices allows concluding that the recession phases of a number of indices coin-
cide, the indices being the industry production index, retail turnover, average month-
ly salary, migration coefficient, the total area set in operation. This testifies to the pos-
sible formation of crisis situations.
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Table 3. Classification of Ukrainian regions by the level
of their socioeconomic development, authors' development
Spatial and dynamic
classification

~
8
7

Region

ARC

Vinnytsia
Volyn
Dnipropetrovs’k
Donets’k
Zhytomyr
Zakarpattya
Zaporizhzhia
Ivano-Frankivsk
10 | Kyyiv

11| Kirovohrad

12| Luhans’k

13| L'viv

14 | Mykolayiv

15| Odessa

16 | Poltava

17 | Rivnen

18| Sumy

19 | Ternopil

20 | Kharkiv

21| Kherson

22 | Khmel'nyts’kyi
23| Cherkasy

24 | Chernivtsi

25| Chernihiv |
* 1 — group of regions with low level of socioeconomic development (SED); h — group of regions
with high level of socioeconomic development (SED).
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Table 4. Regions — group representatives, authors’ development

Region group/Year 1 2 3 4 5
SED high level Kharkiv Zaporizhzhia | Zaporizhzhia Odessa Zaporizhzhia
Khmel'ny- Khmelny- Khmel'ny-
SED low level i5'kyi Cherkasy Zhytomyr t5kyi 5'kyi
. Spatial and
Region group/Year 6 7 8 9 dyg:m? c ?irzlata
SED high level Zaporizhzhia Poltava Zaporizhzhia | Zaporizhzhia | Zaporizhzhia
] Khmel'ny- Khmel'ny- Khmel'ny- Khmelny- Khmel'ny-
SED low level ts'kyi ts’kyi ts'’kyi ts’kyi tskyi

The aim of Module M3 is the development of the inertia scenario of changing
the characteristics of social and economic development of these territories due to the
fiscal policy. Besides, the Module is intended to analyze dynamically the unbalanced
features of regional development as well as to design and analyze alternative scenar-
ios for managing the social and economic development of these territories. To solve
the Module tasks the methods of imitation and scenario modelling are applied
(Klebanova et al., 2012, 2013)

The development of inertia scenario of changing the characteristics of the social
and economic development of territories as a result of the approved fiscal (tax-budg-
et) policy was carried out on the basis of the disproportion levelling using tax levers
and the imitation model of the region financial regulation. The disproportion level-
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ing model enables calculating the forecast values of tax revenues taking into consid-
eration the import substitution policy and attaching greater importance to the excise
tax fiscal role. It also enables analyzing the tax load dynamics and determine finan-
cial opportunities of leveling the disproportions in regional development. The model
of financial regulation of regional development provides an opportunity to carry out
polyvariant forecast calculations on economic development of the regions and the
state as a whole subject to the financial regulation policy.

While developing the scenarios, interbudgetary transfer values were treated as
management variables. Determining the investment transfer values the changes in the
Budget Code regarding the formation of the regional development fund were consid-
ered. We develop the optimistic inertia scenario (Scenario 1) and the pessimistic iner-
tia scenario (Scenario 2). Scenario 1 considers positive reactions in the economy, the
growth of tax revenues due to the growing tax database due to change tax policy
parameters. Scenario 2 assumes forming positive reactions in the economy with a
time lag and budget insufficiency which affects financial opportunities of levelling the
social and economic development of territories and eliminating the negative after-
math of cyclical fluctuations with the help of interbudgetary transfers.

The results of calculating the integral index of the level of regional socioeco-
nomic development (Ponomarenko et al., 2004) obtained on the basis average indices
of socioeconomic development of 25 Ukrainian regions within the forecasted period
and characterizing the development trend of the national economy in general are pre-
sented in Figure 1.
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Figure 1. Dynamics of the integral index of the level of the socioeconomic
development of the territories, authors’ development

As seen in Figure 1, the approved stabilization policy enables getting positive
mid-term effect in both Scenario 1 and Scenario 2. This is testified by the dynamics
of the integral index values within 2012—2014. Reducing the integral index values in
2015 provides an opportunity to conclude that there is a downward trend in the devel-
opment and a "deferred" cyclical recession. This confirms the necessity to correct the
parameters of allocating interbudgetary transfers.

To develop an efficient regional financial policy the regions were classified
according to the level and rate of their socioeconomic development. The research of
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the regions according to this classification variables enabled to identify the following
groups of regions: regions-leaders, stagnating regions, developing regions, problem
regions. The regions comprising each group are presented in Table 5.

Table 5. Grouping the regions for regional management, authors’ development

Name of the , .. . .
regions group Regions comprising the cluster Specification
Regions- Dnipropetrovs’k, Zaporizhzhia, Kyyiv, Regions with high level and rate of
leaders Luhans’'k, Mykolayiv, Odessa, Poltava, socioeconomic development
Kharkiv
Stagnating Crimea, Donets’k, L'viv Regions with high level and low rate
regions of socioeconomic development
Developing | Kirovohrad, Ternopil, Kherson, Cherkasy, | Regions with low level and high rate
regions Chernivtsi of socioeconomic development
Problem Vinnytsa, Volyn, Zhytomyr, Zakarpatye, | Regions with low level and rate of
regions Ivano-Frankivs’'k, Rivne, Sumy, socioeconomic development
Khmel'nyts'kyi, Chernihiv

The analysis of the share of investment transfers allocated to the abovementioned
groups of regions enables the conclusion that the approved policy of levelling the
regional socioeconomic development is aimed at supporting the stagnating and prob-
lem regions in the first place.

As an alternative scenario of regional financial policy the compensational sce-
nario (Scenario 3) was taken. This scenario assumes stimulation of economic growth
of not only problem and stagnating regions, but also regions-leaders which experi-
ence the economic growth deceleration. The possibility of changing the distribution
mechanisms since 2013 was also considered. As benchmark data to form the scenario
the forecast of tax revenues was taken. The forecast was carried out on the basis of the
model of levelling the disproportions of socioeconomic systems using tax leverage.
The analysis was carried out according to the pessimistic development scenario,
because this scenario enables the evaluation of whether the compensation effect is
achieved on account of changing the budget policy parameters.

The alternative anti-crisis scenario (Scenario 4) views a step-by-step financial
support of regions-recepients and regions-donors. Modelling the sums of investment
transfers in 2013 we consider the parameters of distributing the regional development
fund approved by the Budget Code. The parameters are intended to arrange priority-
oriented financial support for the problem regions. In 2014 in order to prevent the
cyclical recession in the dynamics of macroeconomic indices expected in 2015, the
parameters of distributing investment transfers were corrected to support not only the
problem regions, but also the leaders which experience the growth rate deceleration.

Regarding various scenarios, the values of the integral index of the region socio-
economic development, characterizing the tendency of the development of the
national economy as a whole are shown in Figure 2.

As it is clear from Figure 2, under Scenario 3 being implemented, the predicted
stagnation phase is formed regarding the dynamics of macroeconomic indices
throughout the 2013. This confirms the efficiency of the approved stabilization poli-
cy which enables prolonging the growth phase for 2013—2014.

The change of budget policy parameters in 2014 provides an opportunity to
reduce the gravity of the crisis compared to the basic pessimistic scenario of budget
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insufficiency. The dynamics of the integral index under Scenario 4 coincides with the
dynamics of index while implementing Scenario 1 taking into consideration the opti-
mistic forecast of the budget tax revenues.
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Figure 2. The values of the integral index of the socioeconomic
development of territories, authors’ development

Conclusion. The developed model basis of informing and localizing crises in
regional economic systems enables analyzing the resonance phenomena in the
dynamics of economic indices of regional development and forecast the likelihood of
local and global crises. Besides, the basis provides an opportunity to correct prompt-
ly the parameters of the fiscal policy aimed at the region balanced development and
the prevention of economic disasters.
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