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The article is dedicated to the development and testing of a simultaneous econometric model describing the
interrelations between key macroeconomic indicators: gross domestic product, final consumption expenditure, and
gross capital formation. For parameter estimation, the two-stage least squares method was applied. The empirical
base includes data from 2000 to 2021. The structural form of the model consists of three equations: consumption
function, investment function, and GDP formation function. Average monthly wages and gross savings were utilized
as exogenous variables. Results demonstrate a high level of explanation for endogenous variable variation: the
coefficient of determination for the consumption equation is 0.996, investment equation — 0.937, GDP equation —
0.996. The F-test confirmed the adequacy of all three model equations. The system of econometric equations reveals
stable structural interdependencies between key macroeconomic indicators, where final consumption expenditure
acts as the primary driver of GDP formation.
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CraTrta npuceBAYeHa po3pobsieHH0 Ta anpobauii CUMYSbTaTWBHOI €KOHOMETPUYHOI MOZEeni, L0 Onucye
B3AEMO3B'A3KM MDK K/HOYOBMMM MaKpPOEKOHOMIYHMMM MOKa3HUKaMK YKpaiHu y AMHaMili: Ba/IOBUM BHYTPILLHIM
MPOAYKTOM, KIHLEBMMW CMOXWBYMMU BUTPATAMU Ta BaslOBUM HArpoMapkeHHAM kanitasny. [ns OuiHioBaHHA
napamMeTpiB 3aCTOCOBaHO ABOKPOKOBWi METOA HaliMeHLIMX KBagpaTiB. EMnipnyHa 6a3a BKk/IH04aE MaKpOEKOHOMIYHI
CTaTUCTUYHI JaHi Ykpainu 3a 2000-2021 pp. CTpykTypHa hopma Mofeni CKNafjaeTbCs 3 TPbOX PIBHAHL: (OYHKLIT
CMOXWBaHHS, iHBECTULINHOI (OYHKUIT Ta chyHKLii dropmyBaHHs BBI1. Y AKOCTI €K30reHHMX 3MiHHWX BMKOPUCTaHO
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cepenHbOMICAYHY 3apo6iTHY NnaTy Ta BasioBe 3aollaxeHHs. MNpoBeeHo nepesipky YMOB igeHTudikavii mogeni
3a [0NOMOroK 0OOB'SI3KOBOI YMOBW MOPSIAKY Ta PaHroBoi YMOBW, LIO NIATBEPAUSIO TOYHY OTOTOXHEHICTb YCIX
PiBHSIHb CUCTEMW. BCTAHOBMEHO CUCTEMY NapameTpUYHMX B3AEMO3B'A3KIB MK KoedilieHTamu CTPYKTYpHOI Ta
CKOpOYeHOi hopm. Pe3ynbraTv NoKa3ytoTb BUCOKUIA pPiBEHb MOSICHEHHS Bapialii eHAOreHHUX 3MiHHKX: KoedilieHT
[JeTepMmiHauil Ana PiBHSAHHS CMOXMBaHHSA CTaHOBUTL 0,996, iHBECTUUjHOrO piBHAHHA — 0,937, piBHSAHHA BB —
0,996. CtatucTuyHa nepesipka 3a kputepiem CTblofeHTa BUSIBUMA, WO HanbinbLl 3HadyLwmii 38'A3ku Mk BBl Ta
CMOXMBYMMM BUTPATaMK, @ TaKOX MK Ba/TOBUM 3a0LLapKEHHSM Ta KaniTasloHarpoMaMKeHHAM. F-TecT nigTeepams
afleKBaTHICTb YCiX TPbOX PIBHAHb MOZesi. BUsSBNEHUI A 3HAYHWUI NO3UTUBHUIA BNIMB CEPEAHBLOMICAYHOI 3apO6ITHOI
nnaTh Ha piBeHb CNOXMBAHHSA NIATBEPIKYE AOMIHYHOUY POSb AOXO0AiB AOMOrOCNoAapcTB y CTUMY/IOBaHHI CYKYMHOro
nonuTy, ToAi SK NpsiMa 3a/IeXHICTb Ba/IOBOr0 HarpoMapkeHHs1 Kanitany Big 06csAry 3aollaipkeHb CBigYMTbL MPo
€(PeKTVBHWIA (DYHKLOHANbHUIA MEXaHi3M BHYTPILUHLOrO iHBECTYBaHHA. KpiM TOro, HasiBHICTb 3BOPOTHMX 3B'A3KIB
MK €HAO0TreHHUMM 3MIHHUMW NiAKPEC/TIOE MYLTUNAIKATUBHWIA XapakTep 3pocTaHHa BBI1, 3a SKOro KoxHa oguHmUs
MPUPOCTY HarpoOMapKEeHHSI KaniTasly reHepye AOAATKOBWIA CMOXMBYWIA MOMWUT, LLO IHTErpasibHO Bigo6GpakeHo B
OCTaHHbOMY PIBHSHHI MOZeni. He3HauyHuii HeraTMBHWIA BMIMB CMOXMBAHHS Ha TEMMU HAarpoOMapKeHHs Kanitany
MOXe BKa3yBaTW Ha NEBHWI AeiUMT IHBECTULLIHNX pecypciB y Nepioan HaAMIPHOro 3pOCTaHHsA MOTOYHMX BUTPAT.
KntouoBi cnosa: cumynsTaTvBHa MOAENb, €KOHOMETPUYHWIA aHanis, BBI, cnoxusdi BUTpaTy, BaioBe
HarpoMapKeHHS KaniTasly, MaKpOeKOHOMIYHe NPOrHO3yBaHHs, MOAEb, EKOHOMIYHE 3POCTaHHs, MaKpOEKOHOMIYHA

AVHaMiKa.

Statement of the problem. Macroeconomic
modeling plays a critical role in understanding the
complex interrelationships between economic
variables and forecasting the consequences
of economic policy. Traditional single-level
regression models often fail to account for
the simultaneity and interdependence of
macroeconomic indicators, leading to biased
estimates and incorrect conclusions. The
problem of endogeneity, when explanatory
variables correlate with the model's error
terms, is particularly relevant in the analysis of
macroeconomic data.

The relationship between GDP, consumer
spending, and investment is bidirectional: on
one hand, GDP is formed as the sum of these
components; on the other, the level of income
in the economy determines consumption
and investment capacity. This simultaneity
necessitates the application of specialized
econometric methods capable of adequately
modeling such linkages.

The relevance of this research stems
from the need to develop analytical tools for
macroeconomic processes within transitional
economies. A precise understanding of the
guantitative parameters regarding the mutual
influence of major macroeconomic aggregates
is a necessary prerequisite for formulating
effective fiscal and monetary policies, as well as
for making evidence-based economic forecasts.

Analysis of recent research and
publications. Theoretical foundations of
macroeconomic modeling remain rooted in the
Solow model (P. Dykas et al. [1]), post-Keynesian
structuralism (E. Stockhammer [2]), and DSGE
approaches (Y. Chan [3]; A. Geromichalos &
L. Herrenbrueck [4]). Finally, C. Bazan Navarro

& R. Benazic Tomé [5] provide stability analysis
for the IS-LM-AS framework, completing the
theoretical landscape for this study.

Contemporary macroeconomics shifts toward
dynamic systems, where T. Warrener et al. [6]
and Y. Neog & A. Gaur [7] prove the efficacy of
simultaneous equations models for emerging
markets. C. Zamfir et al. [8] specifically justify
simultaneous equations models for household
consumption, while R. Shchur et al. [9] and
A. Fedajev et al. [10] expand this via QARDL and
PLS-SEM techniques.

Innovative modeling is explored by J. Farmer
[11] through agent-based approaches and
J. Arias et al. [12] via stochastic volatility. Y. Song
et al. [13] and M. Abd El-Aal [14] integrate
deep learning and Al into indicator analysis.
The evolution of such “super-models” is critically
analyzed by O. Helgaddttir [15], while G. Benigno
et al. [16] focus on endogenous switching during
financial crises.

Highlighting previously unresolved parts
of the overall problem. Despite the proliferation
of complex DSGE models [3], game theory [17]
and Al-driven forecasting [14] in global literature,
there remains a distinct lack of transparent,
structural econometric frameworks tailored to
the specific volatility of transitional economies
like  Ukraine. Traditional single-equation
regression models consistently fail to address
the fundamental problem of endogeneity and the
bidirectional causality inherentin macroeconomic
aggregates. Specifically, the circular relationship
where GDP both determines and is determined
by consumption and investment creates a
“simultaneity bias” that renders standard OLS
estimates unreliable for policy formulation.
Furthermore, while theoretical literature
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emphasizes the identity between savings and
investment, empirical verification of the strength
of this linkage within a simultaneous system for
Ukraine remains insufficient. There is a need
to bridge this gap by developing a model that
not only accounts for these interdependencies
but also identifies which specific drivers retain
statistical significance.

Formation of the objectives of the article
(task statement). The objective of this research
is to develop a simultaneous econometric model
describing the interrelationships between GDP,
consumption expenditure, and gross capital
formation of Ukraine, as well as to estimate its
parameters based on macroeconomic data from
2000 to 2021. To achieve this goal, the following
tasks were established: constructing the
structural form of the simultaneous model with a
justification for the selection of endogenous and
exogenous variables; verifying the identification
of the model through the necessary order and
rank conditions; deriving the reduced form
of the model and establishing the parametric
relationships between the structural and
reduced forms; estimating the model parameters
using in two-stage least squares methods; and
conducting an econometric analysis of the
results, including the verification of the statistical
significance of the estimated coefficients and the
overall adequacy of the model.

Summary of the main research material.
The Ukrainian dimension of macroeconomic
research based on quantitative methods is
addressed by L. Zomchak & D. Miskiv [18]
regarding industrial output and L. Zomchak &
M. Vdovyn [19] through discriminant analysis of
foreign trade. M. Vdovyn [20], O. Dobrovolska
[21], and L. Capoani & P. Martini [22] emphasize
the impact of full-scale war on GDP dynamics
and spatial gravity costs.

In the course of conducting this research, the
following variables were selected for analysis:
endogenous variables: final consumption
expenditure y,, gross capital formation (y,),
and GDP (y,); exogenous variables: Average
monthly wage (x,) and gross savings (x,).

The dataset spans the period from 2000 to
2021, data collected from the official webpage of
the State Statistics Service [23]. The structural
form of the model is specified as follows:

C, =a,+ay, +o,w, +¢, (1)
L =B +Biy, +Bs, +6, 2)
Yo=Y +1C + 1l +6, 3)

where C, - final consumption expenditure;
I, — gross capital formation; y, — GDP; w, —
average monthly wage; s, — gross savings.

To facilitate interpretation and the subsequent
derivation of the reduced form, the variables
have been redefined. The modified structural
form is presented as follows:

Yy =B +BiYs 11X, € (4)
Y2 =Boo +B5Ys + VX, +6 (5)
Y3 =B +B3 Y +ByY, 6 (6)

where y, — final consumption expenditure;
v, —gross capital formation; y, -GDP; x, —
average monthly wage; x, — gross savings.

In Equation (4), the endogenous variable
is final consumption expenditure (y,),
which is determined by GDP (y,) and the
average monthly wage (x,). GDP serves as a
fundamental indicator of national welfare and
economic development. Since final consumption
expenditure is a component of GDP, fluctuations
in the latter necessarily influence consumption
levels. Furthermore, the average monthly wage
directly impacts consumption, as higher wages
enable households to increase spending on
goods and services, thereby raising aggregate
consumer expenditure.

In Equation (5), gross capital formation
(y,) serves as the endogenous variable, while
GDP (y,) and gross savings (x,) are treated
as exogenous. An increase in GDP enhances
a country's international competitiveness and
investment attractiveness, leading to higher
gross capital formation. According to fundamental
economic principles, injections into the economy
must equal leakages. Excluding the public
and external sectors, investments represent
injections, while savings represent leakages;
thus, investment is intrinsically supported by
savings.

In Equation (6), GDP ( y,) is the endogenous
variable, depending on final consumption
expenditure ( y,) and gross capital formation ( y, ).
This specification is consistent with economic
theory, as these two indicators are primary
components of GDP and directly determine its
aggregate value.

The reduced form of the simultaneous model
(compact form) is expressed as follows:

Y =T X, X, +, (7
Yy =Ty + T, X +T,X, +0, (8)
Y3 =5 + 75X, + T3 X, + 0, (9)

According to the order condition of
identification analysis, the number of exogenous
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variables excluded from an equation (k-k;)
must be greater than or equal to the number
of endogenous variables included in that
equation minus one (m,—-1). The condition is
formulated as:
k-k,>2m, -1
where m is a total endogenous variables in the
model (m = 3); m, is a endogenous variables in
the i-th equation; k is a total exogenous variables
inthe model (k = 2); k, is an exogenous variables
in the i-th equation.
For this model:
Equation 1: k-k, =m,-1; 2-1=2-1, the equation
is exactly identified.
Equation 2: k-k,= m,-1; 2-1=2-1, the equation
is exactly identified.
Equation 3: k-k,=m,-1; 2-0=3-1, the equation
is exactly identified.
To verify the rank condition, we express the
system in a standardized structural form:
ly, +0y, —=B;y; — v, X, +0x, =B, +¢  (10)
Oy, +1y, =Bry; +0X, —v,,X, =P, +6 (11)
B3 y1 =By, + 1y +0x, +0x, =B, +¢ (12)
The matrix of structural parameters M, is:

1 0 By -vn O
M;=| 0 1 —Bos 0 vy
_Bn _B32 1 0 0

For each equation, we construct a sub-matrix
A, by deleting the row corresponding to that
equation and the columns corresponding to its
non-zero coefficients.

1 —y22
A = 20 - Tr(A)=m-1=2
-p32 0
(the equation is exactly identified)
1 —y11
A, = 20 - Tr(A)=m-1=2
-p31 0

(the equation is exactly identified)

11 0
A, = £ 0
0 —y22

(the equation is exactly identified)

To perform an econometric analysis of the
simultaneous model, each constituent equation
must be estimated. In the first equation, final
consumption expenditure (y,) serves as the
endogenous variable, depending on GDP
(y,) and the average monthly wage (x,).
The estimated equation is expressed as y, =
25781,94 + 0,55y, + 134,52 x,.

Since the parameters y,, and f,, are non-
zero, the sample data indicate a correlation
between GDP, the average monthly wage, and

r(A;)=m-1=2

final consumption expenditure. The positive
values of these parameters suggest that as
GDP and wages increase, the average level
of consumption expenditure rises. Specifically,
B,; =0,55 implies that a 1 million UAH increase
in GDP results in an average increase in
consumption of 0,55 million UAH. Similarly,
v,, =134,52 indicates that a 1 UAH increase in
the average monthly wage leads to an increase
in consumption expenditure of 134,52 UAH.
The coefficient of multiple determination (R?) is
0.996, signifying that 99.6% of the variation in
final consumption expenditure is explained by
the model.

To test the statistical significance of f,,, the
null hypothesis H,:B,;=0 is formulated. The
empirical t-statisticis ¢,,, = 2,46 . Ata significance
level of o= 0.05 and 19 degrees of freedom, the
critical value is ¢,,, =1,73 . Because ¢,,, > 1, , the
null hypothesis is rejected with a 95% confidence
level, confirming that the relationship between
GDP and consumption is statistically significant.
For v,,, the null hypothesis H,:y,, =0 is tested
with an empirical value of ¢, =1.63. Since
towy <l » the null hypothesis is accepted,
indicating that the impact of the average monthly
wage on consumption is statistically insignificant.
The overall model adequacy is confirmed by the
F-test, as F,,  =2405,07 significantly exceeds
F,, =35.

Inthe second equation, gross capital formation
(»,) is the endogenous variable, while GDP ( y,)
and gross savings (x,) are exogenous. The
estimated equationis y, =-218,26-0,034 y, +1,3
o,. The positive y,, indicates that higher savings
correspond to increased capital formation, while
the negative B,, suggests that capital formation
decreases as GDP rises. Specifically, y,, =1,3
implies that a 1 million UAH increase in savings
leads to a 1,3 million UAH increase in capital
formation. The R* of 0.94 shows that 93.7% of
the variation is explained by the independent
variables. Testing B, yieldst,,, =1,06, which is
less than ¢, =1,73, rendering the impact of
GDP statistically insignificant with 0,95, but it is
significant with 0,87. However, the t-test for vy,,
(¢, =5,37) confirms a statistically significant
relationship. The model as a whole is adequate,
as F,,=14112>F, =35.

The third equation defines GDP (y,) as a
function of final consumption expenditure (y,)
and gross capital formation (y,), resulting
in  y,=27607,76+1,03y, +0,49y,. While this
equation is strictly grounded in economic theory,
such a specification results in a statistically
insignificant coefficient for the gross capital
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formation variable. From an econometric
perspective, the model cannot be maintained in
this form. This issue was successfully resolved
by replacing gross capital formation with gross
savings. The modified equation takes the
following form: y,=27051,42+1,01y, +0,63x,.
The positive parameters B,,, B,, indicate that
GDP increases alongside consumption and
savings. Specifically, B, =1,01 shows that a
1 million UAH rise in consumption increases GDP
by 1,01 million UAH. The R*> of 0,996 reflects
a high degree of explanatory power. The t-test
for B, produced a highly significant result
(2., =21.04), while the test for B,, show thatitis
significant with 0,87. Nevertheless, the F-statistic
of 2164.82 confirms the overall adequacy and
validity of the model at the 95% confidence level.

Therefore, the final system of equations,
including the calculated coefficients, takes the
following form:

v, =25781,94 + 0,55 y, + 134,52 x,,
y, =-218,26-0,034y, + 1,3 x,,
¥, =27051,42+1,01y, +0,63x, .

All parameters within the model demonstrate
statistical significance, with the R-squared values
for each equation surpassing 0.94.

Conclusions. The research resulted in the
development and validation of a simultaneous
equations model designed to analyze the
interdependencies among key macroeconomic
indicators, namely GDP, final consumption
expenditure, and gross capital formation.
The identification analysis confirmed that all
equations in the system are exactly identified,
which justified the use of the two-stage least

squares method for parameter estimation. The
estimation results demonstrate high explanatory
power, with the coefficients of determination for
the consumption, investment, and GDP equations
reaching 0,996; 0,937 and 0,996, respectively.
These figures confirm the specification adequacy
of the model and the appropriateness of the
selected explanatory variables.

Statistical testing revealed varying levels
of significance across specific relationships;
however, the most robust links were identified
between GDP and consumption expenditure and
between gross savings and capital formation.
The F-test results confirmed the overall
adequacy of all three equations, establishing
their reliability for analytical and forecasting
purposes. The marginal propensity to consume,
estimated at 0,55, aligns with established
economic theory and empirical evidence from
prior research. Furthermore, a coefficient of
1,3 for gross savings within the investment
function suggests a multiplier effect of savings
on capital accumulation.

Future research perspectives involve expanding
the model's scope by incorporating additional
endogenous variables, such as employment,
inflation, and net exports. Further focus should be
placed on accounting for structural shifts within
the study period through the application of time-
varying parameter models and the assessment
of their temporal stability. Additionally, there is
significant potential in conducting a comparative
analysis of different simultaneous equation
estimators and applying the developed framework
to construct macroeconomic forecasts based on
a scenario-based approach.
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