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The relevance of this study stems from increasing international interdependence, the transmission of geopolitical and financial shocks, and the need to
analyze the multi-level macroeconomic synchronization between Ukraine and the European Union against the backdrop of the ongoing war, an energy cri-
sis and the structural transformation of the global economy. The aim of this article is to develop an extended conceptual spectral SVECM model. The main
hypotheses of the study concern the existence of long-term cointegration between Ukraine and the EU, the strengthening of international synchronization
under the influence of geo-economic integration, the multidimensional nature of international adjustment, and frequency-dependent causality. The research
questions relate to the analysis of the mechanisms of international adjustment, spectral synchronization, phase adaptation and the oscillatory dynamics
of international economic cycles. The research methodology is based on a combination of structural vector error correction models (SVECM), spectral analy-
sis, Fourier approaches, Breitung—Candelon causality, Johansen cointegration analysis, and Fourier-KPSS and Fourier-ADL tests. The model utilizes indicators
of trade, financial, institutional, energy and geopolitical integration, combined into a geo-economic integration index. The results of the study show that
international integration is a multi-scale process, and that cointegration can be interpreted as a mechanism for international macroeconomic adjustment and
phase synchronization of linked macroeconomic oscillators. The scientific novelty of the article lies in the development of a conceptual spectral SVECM model
explaining structural cointegration, spectral synchronization, oscillatory correction and frequency-dependent integration. The practical value of this research
lies in the model’s potential for forecasting international economic cycles, analyzing the stability of macroeconomic trends, and developing economic policy
instruments for Ukraine and the EU.
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Opyoxces E. I, Anizade A. P. [eononimuyHa ma 2e0eKOHOMIYHA iHMe2payia ma MixHapoOHa KopeKyia eKOHOMIYHUX YuKAie:
poswupeHa KoHyenmyansHa SVECM-modens 0na YkpaiHu ma Esponelicekozo Coto3y

AKmyansHicme 00CAiOMeHH 3yMo8AeHa MOCUEHHAM MiXCHAPOOHOI 830EMO3ANEHHOCM, MOWUPEHHAM 2e0MOAIMUYHUX i (PIHAHCOBUX WOKIE, 0 MAKOM He-
00XiOHicMI0 aHanizy baeamomacwmabHOI MaKpPOeKoHOMIYHOI CUHXPOHI3auii Ykpaiu ma €sponelicbkozo Coto3y 8 yMosax 8iliHu, eHepaemuyHoi Kpusu ma
cmpykmypHoi mpaHcgopmayii ceimosoi ekoHomiku. Memoto cmammi € po3pobka po3wupeHoi KoHyenmyansHoi cnekmpansHoi SVECM-modeni. OcHoeHi ei-
nome3u 00Cn1iOxEeHHA NoAA2ame y icHys8aHHi 00820CMPOKOBOI KoiHmezpayii mix YkpaiHow ma €C, nocuneHHi MixHapoOHoi CUHXpOHI3ayii nid enaugom
2e0eKOHOMIYHOT iHme2payii, 6azamosumipHocmi MixHapoOHOI Kopekyii ma yacmomHo-3anexHoi npuduHHocmi. JocaiOHUYbKi MUMAHHS N068’A3aHi 3 aHaNi3oM
MexaHi3mie MixHapoOHoI Kopekyii, cnekmpanbHoi cuHXpoHi3ayii, hazosoi adanmauii ma ocyunayiliHoi QUHAMIKU MIXCHAPOOHUX eKOHOMIYHUX YuKsie. Me-
modosnoeis 0ocnioxeHHa 6a3yeMbCA Ha MOEOHAHHI CMpPyKmMypHUX modeneli eekmopHoi Kopekuii momusnok (SVECM), cnekmpasneHozo aHanisy, nioxodie dyp’e,
npuyuHHOCMi Bpelimynea-KanennoHa, KoiHmezpayiiiHozo aHanisy Moxarcera, mecmie ®yp’e-KPSS ma dyp’e-ADL. Y Modeni 8UKopUCMOBYIOMbCA MOKA3HUKU
Mop208esbHoi, (iHaHCo80I, iHCMumyyiliHoi, eHepaemuyHoi ma 2eononimu4Hoi iHmezpayii, wo 06’edHaHi 8 2eoekoHoMiYHuU iHOeKc iHmezpayii. Pesynemamu
00CA1i0HEHHA MOKA3YIMb, W0 MiXHAPOOHA iHMezpayis € 6aeamomacumabHUM MPOUECOM, G KoiHmMe2pauyis Moxe mpaxkmyeamucs AK MeXaHi3m mixHapooHoi
MaKpoeKoHoMi4HoI adanmayii ma (ha3o80i CUHXPOHI3AYIT M08’A3AHUX MAKPOEKOHOMIYHUX OCYUAAMOpIB. HayKosa HOBU3HA cmammi NoAA2a€E Y oPMyBaHHI
KoHyenmyanbHoi cnekmpansHoi SVECM-modeni, wo noAcHIE CMpyKmypHy KoiHmezpauyito, CrekmpansHy CUHXPOHI3ayto, ocyuaayiliHy Kopekyito, YacmomHo-
3anexHy iHmeapayito. MpakMuYHa yiHHICMb 00CNIOHEHHA NONA2AE Y MOXAUBOCMI 30CMOCY8AHHA MO0 044 NPO2HO3YBAHHSA MiHHAPOOHUX eKOHOMIYHUX
YuKnig, aHanizy cmitikocmi MaKkpoeKoHoMiYHOT QUHAaMIKU ma po3pobKU iHCMpymMeHMie depxcasHoi eKoHOMIYHOI noaimuku YkpaiHu ma €EC.
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Introduction. The modern international economy is
characterized by increasing interdependence of national mac-
roeconomic systems, the intensification of the transmission of
international shocks, and the gradual formation of transnational
economic regimes. In the context of geopolitical instability, the
energy crisis, sanction-related fragmentations, and the struc-
tural transformation of the global economy, traditional models
of international integration prove insufficient to describe the
processes of international macroeconomic synchronization.
This problem becomes especially relevant for Ukraine, since
integration with the EU is not only a political and institutional
process but also a profound transformation of macroeconomic
dynamics. As a result, Ukraine’s economy is gradually enter-
ing a single geo-economic space with the EU, which leads to
increased synchronization of economic cycles, the transmis-
sion of European macroeconomic shocks, the formation of in-
ternational correction mechanisms, and the growth of spectral
coherent economic fluctuations. The available literature pays
significant attention to trade integration, financial interdepen-
dence, and standard cointegration. However, spectral integra-
tion mechanisms, frequency-dependent causality, international
phase synchronization, and nonlinear dynamics of internation-
al correction are far less studied.

This article aims to form an expanded conceptual mod-
el of international geo-economic synchronization between
Ukraine and the EU based on the spectral dynamics of SVECM.
Within the framework of the proposed conceptual model, the
following research hypotheses can be formulated:

1. The existence of long-term cointegration between

Ukraine and the EU.

2. Geopolitical integration strengthens international

synchronization.

3. International correction is multidimensional.

4. International causality is causal-frequency based.

5. Ukraine and the EU form a system of interconnected

macroeconomic oscillators.

Analysis of recent studies and publications. Contem-
porary research on international integration and the synchro-
nization of economic cycles can be divided into several main
directions.

The first group of studies is based on the application of
VAR/VECM and cointegration analysis. In the works [1-3] and
other researchers, Johansen cointegration, impulse response
functions, and variance decomposition are used to analyze in-
ternational trade-economic relations. These studies show the

presence of long-term equilibria between countries and the po-
tential existence of several cointegration relationships.

The second group is related to the analysis of macro-
economic synchronization and convergence. In particular, in
the study [4], Ukraine’s integration into the EU is considered
through the lens of harmonizing inflation, interest rates, and
other macroeconomic parameters. However, synchronization
is mainly interpreted as static convergence without the use of
dynamic correction models.

The third direction encompasses modern research in
the wavelet and frequency domains. The further articles [5; 6]
demonstrate that the synchronization of economic cycles is a
multi-scale and frequency-dependent process. These studies
significantly deepen the understanding of international mac-
roeconomic dynamics, but they show a number of limitations:
the absence of SVECM structural models, the lack of interpre-
tation of cointegration as a mechanism of international adapta-
tion, the absence of frequency causality, and a geo-economic
integration index.

Unlike existing approaches, this article combines
SVECM, spectral synchronization, Breitung-Candelon fre-
quency causality [7], and oscillatory properties of economic
cycles, forming a conceptual extended nonlinear model of cycle
alignment.

Moreover, the proposed approach significantly expands
the results of study [8], in which the cyclicality of the Ukrainian
economy is analyzed mainly in the context of politico-legal
transformation, wavelet analysis, and spectral decomposition.
Unlike the above mentioned work, in the present study the syn-
chronization of economic cycles is considered as an integrated
cyclical system. This allows moving from the analysis of the
internal cyclicality of the Ukrainian economy to the study of
multi-scale international macroeconomic synchronization.

The article [9] along with the present work share a com-
mon research basis, as both analyze the cyclical dynamics of
the Ukrainian economy and apply a modern approach. How-
ever, there are fundamental differences between them in terms
of the level of theoretical exposition, the scale of the model,
the economic-mathematical apparatus, and the interpretation
of cyclical processes. In this article, cointegration is practically
not a central element of the model. Another study [10] is sig-
nificantly closer to this work in terms of methodological depth
than the previous article on the Ukrainian Financial Cycle In-
dex. Still, even in this case, there are fundamental differences
between this work and the current article — primarily in the
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theoretical architecture of the model, the level of dynamic anal-
ysis, and the understanding of the nature of economic cycles.
Yet another article [11] appears to be the closest to this
approach among all previously considered studies, as it directly
links political proximity, international integration, and busi-
ness cycle synchronization. Despite the thematic closeness,
there are fundamental differences between this work and the
present article in theoretical depth, the mathematization of the
economy, and analytical dynamic analysis. The main hypoth-
esis of the aforementioned article is that political proximity
strengthens the synchronization of business cycles, and here
geo-economic integration is considered as a dynamic synchro-
nization system [12]. This article develops the Fourier-VECM,
previously applied in the same article for the analysis of nonlin-
ear banking dynamics, and transfers it to the level of interna-
tional macroeconomic integration. The most important meth-
odological extension here is that while sinusoidal and cosinu-
soidal components are used there to analyze smooth structural
changes and nonlinear income cycles, in the considered work
they are structural international oscillators. Furthermore, in
the aforementioned article, the cointegration rank equals one,
whereas here the presence of two cointegration vectors is al-
lowed, which makes it possible to have multiple equilibrium
states, two system adjustment mechanisms, as well as simul-
taneous institutional and financial integration between the EU
and Ukraine. This approach in the discussed work is extended
to a spectral SVECM model of international geo-economic
integration, within which Ukraine and the EU are considered
as coupled oscillators with multiscale phase synchronization
and frequency-dependent geo-economic integration aspects.
Resonant amplification of oscillation through harmonic com-
ponents has been unidimensionally analyzed in work [13] using
real data, and this idea is conceptually extended here to a multi-
dimensional frequency-dependent correction mechanism.
Main factors of cointegration analysis. A key element
of the proposed model is a system of macroeconomic variables
reflecting the main mechanisms of international integration
between Ukraine and the EU: Ukraine’s real GDP (CDP, ),
reflecting the domestic economic cycle and the degree of ad-
aptation of Ukraine’s economy to the European area), the EU’s
real GDP (CDP,), an indicator of the European economic
cycle) (one can also use the GDP growth rates of Ukraine and

the EU); trade integration ( TradeEU, ), which includes ex-
ports, imports, and the EU’s share in Ukraine’s foreign trade
(shows how economically connected Ukraine and the EU
are through trade), which can be determined using the for-

X, +M,

mula of Trade TradeEU=—+t—":—
GDP, +CDP,

t=1,2,.,T,
where X, and M, are exports and imports between the EU and
Ukraine); financial integration ( Finance,), which includes
foreign direct investment from the EU, cross-border banking

flows, and European lending (this variable measures the vol-
ume of portfolio investments, financial flows, for which the

Portfolio,

———*t t=1,2..,T) can be
GDP, +GDB,

formula (Finance, =

used; Ukraine’s credit cycle (Cr.editUr ), which reflects domes-

tic financial dynamics and credit expansion cycles; inflation
Infolationut , which characterizes macroeconomic stabil-
ity and the degree of monetary synchronization; interest rates
(Interestt) for analyzing international monetary transmission;
exchange rate ( Exchange, y reflecting external stability and
financial volatility; energy factor (Energy,), which includes
energy prices. Another important factor is the geo-economic
integration index:

G =wT, +w,FE+w]I +w,E +w.P,

1)

where T, is trade integration, F, is financial integration, and

I, is institutional harmonization.
For the quantitative assessment of the institutional factor,
we can use the implementation index of the Association Agree-

ment (AA, ) and the quality of governance index (GOV, ), the

first of which includes indicators of trade, regulatory, energy,
and institutional harmonization, and the second — components
of the rule of law, government effectiveness, corruption con-
trol, and regulatory quality, sources of which can be reports of
the EU, the European Commission, Ukraine Reform Index, and
indicators of the transitional economy from the European Bank
for Reconstruction and Development.

Where E, is energy integration, P, is political-geopoliti-
cal integration. A possible structure of this component can be
expressed as

P, =military support index — geopolitical risk index.

P, = military support index — geopolitical risk index.

The structure of the first component on the right-hand
side of the difference includes the volumes of military assis-
tance, arms supplies, defense cooperation programs, techno-
logical support, grants, the sources of which can be NATO re-
ports [14], the Ukraine Support Tracker of the Kiel Institute for
the World Economy [15], European Union aid reports, and the
Ukraine Recovery and Reconstruction Program [16].

The weighting coefficients in (1) can be estimated by the
principal component (PCA) method of time series [17], gen-
erated using a VAR model to synthesize multidimensional in-
formation into a single indicator reflecting the economic cycle.
PCA in SVECM allows the identification of hidden regimes,
dominant cycles, and common trends, which is especially use-
ful for spectral SVECM. High interdependence of variables
may lead to the problem of multicollinearity. The use of PCA
allows reducing the correlation of all explanatory variables and
increasing the robustness of spectral SVECM estimates. This
index can be normalized by bringing all components to the
e 12T,

t,

[0,1] scale using the formula G, =
fmax min
with the final index being 0<G, <1.

Among all the factors described above, macroeconomic
factors of Ukraine can be considered exogenous. Geo-econom-
ic indices are partially endogenous since they affect the econ-
omy but at the same time change under the influence of inte-
gration. The EU indicators are exogenous. Geopolitical shocks

are better treated as exogenous: GR, (geopolitical risk), WAR,
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(wartime shock), SAN, (sanctions). Exogenous variables par-
ticipate in the correction mechanism and adapt to changes in
geo-economic integration. Exogenous variables are interpreted
as external influence mechanisms that determine frequency-
dependent shock transmission and spectral structure, as well
as the dominant oscillator, while the economy of Ukraine is
characterized as an adaptive oscillatory subsystem.

Research Methodology. The proposed methodology in-

cludes several consecutive stages.

1. Stationarity check. A rigorous empirical analysis
is conducted using the Hodrick-Prescott and
Christiano-Fitzgerald filters to determine the phases
of growth and decline of the economies of Ukraine
and the EU [18; 19] and to analyze the degree of
integration of time series using the ADF test, Phillips
Perron test, KPSS test [20], Fourier-KPSS test, Bai
Perron test [21]. The main aim is to determine the
presence of unit roots and to check the integration
of series I(1), the Fourier ADL cointegration analysis
conducted in [22], as well as the analysis of causal
relationships in [23].

2. Selection of the optimal lag structure. The Akaike,
Schwarz, and Hannan-Quinn information criteria
are used to adjust the choice of lags necessary for an
adequate assessment of cointegration and dynamic
causality.

3. Johansen cointegration analysis [24]. Johansen test
check for the matrix

IT=0f’,

where B are cointegration vectors, and o — are adjustment
speeds.

If the rank (IT)=r=0, then long-term integration is
absent; if r = 1, there exists a single mechanism of international
equilibrium. If r = 2, a multidimensional structure of inter-
national synchronization arises. In the case of r = 2 the first
cointegration vector may reflect trade-production integration
and long-term GDP synchronization. The second cointegration
vector may be associated with financial cycles, credit dynamics,
and geopolitical factors. Considering that the EU and Ukraine
are unequal in size, have different adaptation speeds, and

|0(U| Z|OLE| , an asymmetric dynamic and rapid adjustment of

Ukraine to the EU is created.

4. Construction of the basic SVECM. This study develops
the classical SVECM methodology presented in
[25] and extends it to a spectral SVECM model of
international macroeconomic integration, oriented
toward the frequency-dependent adaptation
mechanism. To build the model, it is first necessary
to conduct the Fourier—Shin cointegration test [26]
and the cointegration test with Fourier elements for
SVECM [27-28]. The structural model is written as
follows:

AAY, =0 (BY, +yGt)+2:FiAYt_i +Be,, @
t=12,.,T.

Where Y, is column vector of the variables (GDPUt ,
GDP, , TradeEU,, Finance, .Credit, , Infolation; ,

Interest, , Exchange, , Energy ),

B’Y, , - matrix of long-term international equilibrium,

o - matrix of international correction speed, which
shows which variable adjusts after the equilibrium is dis-
turbed,

Y - column matrix whose elements are coefficients,
when GR,, for the matrix Y,

I', — matrix of short-term dynamics,

G, - geopolitical integration index,

A - unidentified matrix of structural relationships be-
tween system variables,

B — unidentified matrix of structural shocks,

€, - structural shocks.

For our analysis, the matrix f characterizes the structure
of long-term international equilibria, the matrix o reflects the
speed of the adaptation process and the intensity of geo-eco-

nomic interdependence, and the matrix I"; shows short-term
cyclical changes. The matrix A is economically interpreted as
variables that affect each other within a period, that is, not
through lags, but through instantaneous transmission, and al-
lows the identification of the direct transmission of structural

shocks within the international system. SVECM separates
shocks, for example, U, = B€, representing the observed re-

siduals. For the identification of the spectral model, SVECM

can use economically interpretable restrictions based on the
assumption of different speeds of transmission of trade, finan-
cial, and monetary shocks between the EU and Ukraine. For ex-
ample, to identify structural shocks, short-term and long-term
as well as sign restrictions can be used, allowing the separation
of integration shocks from short-term financial and geopoliti-
cal fluctuations. In the model (2), when y > 0, the correction
accelerates, the cycle synchronization increases, and when y <
0, the divergence of cycles strengthens decreases.

5. Structural impulse responses and variance
decomposition. At this stage, the response function
is used to analyze the transmission of point European
shocks in one of the structural equations of Ukraine’s
economy and the duration of the adaptation process.
Variance decomposition allows determining the
contribution of European factors and geopolitical
integration to Ukraine’s macroeconomic fluctuations.
Here, these functions play not just a technical role, as
is usually the case in VAR/VECM, but become a tool
for analyzing spectral adaptation over different time
horizons, phase synchronization, and geo-economic
shock transmission. The impulse response acquires
an oscillatory character, meaning that after a shock,
the elements of the system oscillate, change phases,
and spectral coherence. When using sinusoidal and
cosinusoidal components, the impulse responses
acquire an oscillatory character and provide
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such dynamics of attenuation or amplification of
macroeconomic fluctuations. The decomposition
of variance in the spectral SVECM will show which
integration mechanisms become dominant at
different frequencies, thereby reflecting the degree
of Ukraine’s dependence on the EU, allowing the
separation of short-term financial-geopolitical shocks
and long-term mechanisms of structural integration
between them.

6. Breitung-Candelon frequency causality. Causality at

different frequencies of economic cycles is analyzed.
In this case, low frequencies may reflect institutional
integration, structural convergence, and stable
cointegration. High frequencies may characterize
financial volatility, crisis impulses, and geopolitical
shocks.

Unlike standard Granger causality, which in the time do-
main does not take into account possible changes in causality
dynamics because it is based on the strict assumption of VAR
system linearity, the Breitung-Candelon approach allows not
only to determine the presence of causal relationships but also
to identify the spectral frequencies at which structural adap-
tation and shock transmission are most statistically significant
according to certain critical F-statistic values.

For identical frequencies, such causality will be under-
stood as a phase synchronization causal mechanism, with its
economic interpretation being that the EU sets the overall cy-
cle, and Ukraine adjusts with a phase lag. Strengthening geo-
political integration contributes to a reduction in the phase lag
of economic cycles between them. And for different frequen-
cies, different integration mechanisms, different adaptation
speeds, partial synchronizations, and spectral heterogeneity
will arise.

7.Spectralanalysis. Ananalysis of spectral cointegration s

conducted, and a Fourier SVECM model is built with a
spectral interpretation of the adjustment mechanism.
This allows researching multiscale synchronization,
phase alignment of cycles, and the situation with
temporal variability. Within the framework of the
spectral SVECM model, international adjustment is
considered as a frequency-dependent process, the
adaptation rate of which changes depending on the
time scale of economic fluctuations. International
adjustment will mean phase tuning, frequency
alignment. By adding sinusoidal and cosinusoidal
components with the same (or different) frequencies
to the SVECM, the system will begin to describe
cyclical adaptation, creating oscillatory adjustment.
In the case of identical frequencies, the system will
have a common cycle with different phases and
amplitudes and different transmission mechanisms.
At this, the SVECM can be as follows:

AAY, =a(BY,_, +7YG,)+ Zf:llriAYt—i +

+Z?:181ki sin(w,t)+39,,, cos(w,t)+ Be,, (3)

t=12,..,T.

Where §,,,, 8,,, - is the intensity of cyclic influence,

w, i= ﬂ] are frequencies, k is the number of the elements of

the matrix Y.

Sine and cosine of one frequency are equivalent to

c.sin(wt+@,), where ¢ =,/8.. +8,

2
1ki

8
Ukraine and the EU can have the same frequency of cycles, but
different phases of movement; for example, the EU is already
entering a growth phase, while Ukraine lags behind, adapting
later not monotonously, but in an oscillating manner. Here the
EU acts as the leading oscillator, and Ukraine as the adapting
oscillator.
As for the SVECM models with different frequencies:

— is amplitude,

and @, = ﬂl is the phase shift. This may mean that

AAY,=a(B'Y,, +YG)+ Y. TAY, +

+Z;51ki sin(w,t)+90,,,cos(w,t)+..+Be,, (4)
t=1,2,.,T.
where w,, #w,,, the component sin(w,t),i=1,q is one

type of cycle, and cos(w,,t),i=1,q is another type, which in-

dicates different types of fluctuations, different speeds of move-
ment, different moments of integration.

In the formulas (3)-(4), dummy variables can be intro-
duced to reflect dates of structural breaks, geopolitical shocks,
institutional changes, energy crises, military events, as well as
various changes in the integration regime of Ukraine and the
EU. The most important dates would be: 2014 — annexation of
Crimea and the beginning of the ongoing war, 2016 — the free
trade area between Ukraine and the EU came into force (insti-
tutional shift), 2020 — the COVID pandemic, 2021-2022 — the
energy crisis, 2022 — full-scale war and Ukraine becoming a can-
didate for the EU. It is even possible to use spectral dummy vari-

ables with the Fourier components of D D

2022sin(wt)? 2022cos(wt)
as a factor in changing the spectral structure.

In the models (3)-(4), the case of a linear trend entering
the long-term equilibrium is possible. In this case, the equilib-
rium on the right-hand side will shift over time. After a shock,
the system will return not to a constant, but to a moving func-
tion with a linear component and two others — as sinus and
cosine. After a shock, the system does not return to the past
but oscillatory adapts to the current oscillatory function with
a transition to a linear trend. The impulse response function
will oscillate, but the amplitude will decrease over time, and the
system will gradually stabilize.

Necessary identification restrictions for the structural
matrices A and B in the formula (4) are the conditions:

det(A)#0, det(B)#0

that is, they must be non-singular. Otherwise, shocks cannot be
separated, the system becomes singular, and structural inter-
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pretations are lost. A restriction on the main matrix TT=0f’
is also required. The restriction on the real eigenvalues will be

|7\,1. | <1. If they are complex ones, such as A =a+bi , then cy-

clic oscillations arise. It is necessary that v'a” +b* <1. From
the economic point of view, this inequality means a damped

oscillatory correction. If an eigenvalue of A is multiple, the
polynomial with respect to ¢ of the factor of sinwt begins to
accelerate the dynamics. When eigenvalues of A are inside the
unit circle, the system is stable, and the term of tA' ultimately
decays, since A" decreases faster than ¢ increases. If A =1,

this is the most dangerous case. If the value A =1 (unit root)
is significantly higher than the number of different cointegra-
tion vectors, the system moves from the I(1) category to I(2)

or higher, random shocks begin to accumulate not just into a
«ramblingy, but into a quadratic trend, the error correlation of

(0t) stops coping with the imbalance, and the system begins

to deviate from equilibrium at an accelerated pace. Multiplicity
often reflects the synchrony of expectations or the identity of
regulatory mechanisms.

For the identical frequencies w, =w, in the formula

(4), the spectral matrix S(w), whose elements are the Fourier
transform of lagged covariances, must be positive definite. This
condition ensures the spectral invertibility of the system and

guarantees the correctness of the frequency decomposition of
the dynamics. If w, # w, , then it is important to avoid spectral
singularity, which can lead to unstable synchronization. In both
frequency restrictions, to ensure the stability of the dynamics,
it is necessary to avoid resonant amplification of oscillations

(A =1, By

)

Sl,d| ) (too large, growth of the elements of

the matrix S(w), in which shocks begin to reinforce existing
cyclical fluctuations of the system due to the coincidence or
closeness of the dominant frequencies of economic dynamics

(for example, wy; =wy, ). In this case, the spectral SVECM

coefficients start to amplify rather than suppress the oscillatory
dynamics, and the correction mechanism destabilizes the joint
dynamics.

For the models (3)-(4), the impulse response becomes
oscillatory: after shocks, the system elements oscillate, change
phases and spectral coherence, meaning that after European
shocks, the Ukrainian variables may initially intensify the down-
turn, then move towards recovery, after which they oscillate
again. In a standard SVECM with identification restrictions, as
shown in work [29], this function can monotonically decay. For

the models (3)-(4), phase lag will occur at the same frequencies

Wy =Wy, , while for different frequencies the response will
be non-uniform, depending on the specific frequencies.

The statistical stability of the model is also checked using
the analysis of the eigenvalues of the main system matrix, tests
of parametric stability, and spectral stability of international
dynamics. To verify the correctness of the model, conditions of

eigenvalue stability, CUSUM and CUSUM SQ tests for param-
eter stability, recursive model estimation, cointegration space
stability, and spectral coherence stability can be used. In the
end, it is necessary to check both the statistical and spectral
stability of the model.

Ultimately, it is necessary to verify both the statistical
and spectral stability of the model. The verification of the sta-
tistical correctness of the predicted spectral SVECM model re-
quires an extended set of diagnostic procedures, which include
not only standard and Fourier-extended component tests of
stationarity and cointegration, based on spectral components
and the stability of the SVECM, but also the analysis of spectral
stability of international macroeconomic dynamics. In particu-
lar, the stability of cointegration relationships, the stability of
the adjustment matrix, the presence of structural shifts, spec-
tral coherence, phase synchronization, the stability of oscilla-
tory dynamics, and frequency-dependent Breitung-Candelon
causality are examined. Special attention is paid to the statisti-
cal significance of the sinusoidal and cosinusoidal components,
reflecting the multi-scale cyclical structure of international in-
tegration between Ukraine and the European Union.

In the developed spectral SVECM model, forecasting be-
comes significantly deeper than in conventional VAR/VECM.
The model begins to forecast not only the level of variables but
also the spectral structure of international economic cycles,
phase dynamics, synchronization, frequency-dependent cor-
rection, and international structural shifts of macroeconomic
regimes. At this, low frequencies (long-term integration), me-
dium frequencies (economic cycles, trade dynamics, invest-
ment cycles), and high frequencies (financial shocks, currency
volatility, geopolitical crises) are forecasted separately. It is also
possible to forecast potential synchronization of Ukraine or an
increase in divergence.

For identical frequencies, the amplitudes of cycles, phase,
periodicity, and oscillatory regimes are forecasted using sine
and cosine components, which will show how quickly Ukraine
is catching up with the EU, as well as the speed of phase syn-
chronization. In the case of different frequencies, it is possible
to forecast the frequencies of strengthening or weakening in-
tegration.

Main theoretical results. The developed conceptual
model allows us to formulate the following main conclusions:

1. International integration is a multi-scale process.

2. Cointegration is interpreted as a mechanism of inter-

national adaptation.

3. Ukraine and the EU form a system of interconnected

macroeconomic oscillators.

Practical value of the research. The practical value of
this conceptual spectral SVECM model lies in forming an ex-
tended analytical instrumentarium for studying geo-economic
integration, macroeconomic synchronization, and forecasting
the dynamics of relations between Ukraine and the EU. The
model can be used to solve a wide range of applied tasks in the
field of macroeconomic analysis, state economic policy of the
National Bank of Ukraine, the Ministry of Economy, the Min-
istry of Environment and Agriculture of Ukraine, the Ministry
of Finance of Ukraine, as well as analytical and international
organizations dealing with issues of macroeconomic integra-
tion and financial stability.
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Conclusion. The article develops an extended concep-
tual model of the international geopolitical and geo-economic
integration of Ukraine and the EU, which combines SVECM,
spectral SVECM, Breitung-Candelon frequency causality,
spectral synchronization interpreted as a process of synchroni-
zation of related oscillators, allowing a transition from simple
correlation to spectral causality, from statistical convergence to
dynamic adaptation, from standard cointegration to geo-eco-
nomic synchronization.

Further empirical analysis. The developed concep-
tion forms a methodological basis for further empirical analy-
sis of international macroeconomic synchronization between
Ukraine and the European Union and does not include a full
methodological assessment of the model parameters. In par-
ticular, the following require further analysis: the assessment of
the SVECM spectrum on real macroeconomic data, quantita-
tive identification of cointegration relationships, estimation of
spectral correction parameters, and empirical testing of phase
synchronization between Ukraine and the EU. These analyses
under conditions of wartime, geopolitical instability, structural
breaks, and the transformation of international economic re-
gimes represent prospects for further empirical research.

The Ukrainian economy after 2022 is characterized by
significant structural breaks, wartime shocks, and changes in
international trade and financial regimes. To account for such
changes, besides the Bai-Perron test and spectral SVECM
methods, the model can also be re-evaluated over different time
intervals to analyze the change in parameters. It is planned to
present them in the next separate article under the conditions
of the war between Russia and Ukraine, geopolitical instabil-
ity, structural breaks, and the transformation of international
economic regimes.
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