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Modelling economic productivity of Ukraine in the context of military challenges...

Abstract. Military challenges have transformed the economy of Ukraine, stipulating the necessity of revaluating the
sources of its productivity. An attempt was made to model the impact of these factors on Ukraine’s GDP using the
Cobb-Douglas production function and the Solow residual. Statistical data for 2014-2024 were analysed, regression
analysis was performed to determine the relationship between the main economic variables and the elasticity of capital
and labour was estimated. The Solow residual was used to estimate the technological level of the economy and identify
exogenous factors affecting productivity. The results of the study suggest that spending on scientific and technical
activities had a negative impact in the short term due to insufficient funding and macroeconomic instability. Military
expenditures failed to provide a significant increase in productivity due to their unproductive focus. In contrast,
international aid contributed to macroeconomic stability, although failed to stimulate long-term growth. The partial
contribution of factors to the formation of the Solow residual made up 27.92% for innovation, 25.95% for military
spending and 20.99% for international aid. The model indicated a high R? value (0.96), suggesting its validity in
explaining changes in TFP. Recommendations were developed to improve economic productivity of Ukraine, which
include improving scientific and technical activity through improved funding for scientific research, rationalising
defence spending by integrating military investments into the overall economic strategy, as well as effectively
attracting international aid for structural reforms and human capital development. The obtained results can serve as
the foundation for shaping economic policies aimed at the country’s post-war recovery

Keywords: Cobb-Douglas production function; employment; international aid; expenditures on scientific and technical

activities; Solow residual

Introduction

Economic growth and productivity remain central issues in
economics, as they determine the nation’s well-being and
its place in the global economy. The study of productivi-
ty and key factors of its growth is particularly relevant for
Ukraine, being in the process of profound economic trans-
formation. In the context of modern challenges, such as a
full-scale Russian invasion, post-war recovery and integra-
tion into the European market, the analysis of economic
productivity is becoming an important tool for developing
effective economic strategies.

The signing of the Association Agreement with the Eu-
ropean Union has created new opportunities for Ukrain-
ian companies to expand access to EU markets, while at
the same time emphasising the need to assess resource
efficiency and the contribution of technological innova-
tion to increasing economic productivity. According to
the State Statistics Service of Ukraine, foreign investment
in the technology sector grew steadily until 2021 and de-
creased by 28% in 2022 due to the full-scale Russian inva-
sion (Minfin, n.d.a; n.d.b). These data emphasise the ur-
gency of adaptation of the economy to the crisis and the
need to innovate. Infrastructure destruction and instability
have had a significant impact on the level of employment
and domestic demand. Thus, the level of employment has
fallen from an average of 91.64 million people in 2014-2021
to 84.65 million in 2022-2023 (OECD, 2023). At the same
time, Ukraine’s level of innovation, as recorded in the Glob-
al Innovation Index (GII), continues to grow even in the
face of military challenges, suggesting the country’s tech-
nological potential. According to this index, Ukraine main-
tains positive trends and ranks 60" in the world (Global
Innovation Index 2024, 2024).

In response to the challenges, caused by the full-scale
Russian invasion, as well as the tasks of post-war recov-
ery and integration into the European market, scholars
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are increasingly focusing on exploring ways to improve
economic productivity of Ukraine in the globalised
world. Authors M. Bril & I. Pyvavar (2022), L. Deineko et
al. (2022) studied the impact of economic factors on the
country’s innovation level, using the instrumental ap-
proach to assess the influence of investments, scientific re-
search and technological projects. Their findings empha-
sised the role of innovation as a key element of the overall
factor productivity. L. Bielousova et al. (2022) drew atten-
tion to the need of integrating international standards and
technologies to ensure economic growth in the post-war
period. The authors emphasised that strategic planning is
a key factor for restoring infrastructure and reintegration
of production processes.

O. Mykolenko (2025) studied the importance of sup-
porting high-value-added industries in the post-war re-
covery. A special emphasis was placed on stimulating the
export of technological products as one of the directions of
economic growth and directing international aid to strate-
gic projects, such as the modernisation of energy systems
and the development of transport. V. Zakharchenko et
al. (2021) pointed out in their paper that the overall eco-
nomic growth of the country cannot be offset solely by the
increase in labour and total capital, whereas modern scien-
tific and technological progress is of particular importance.
P. Makarenko et al. (2023) and 1. Babets (2023) examined
the dependence of gross domestic product (GDP) on the
volume of capital, labour, and financing of the scientific and
technical sphere. Their findings confirmed the idea of in-
sufficient financing of science and technology hampering
long-term economic growth.

Summarising the findings of scientific research, it can
be argued that the recovery of the Ukrainian economy
provides for the introduction of innovations, attracting
investments in high-tech industries and adaptation to




Shtal et al.

global economic conditions. A special emphasis is placed
on the use of economic analysis tools to assess the role
of production factors and technological progress. In this
respect, the Cobb-Douglas function, combined with the
Solow residual, provides a powerful analytical approach
for modelling economic productivity. This methodology
provides for both assessing the impact of major factors of
production, such as labour and capital and identifying the
contribution of technological progress and other external
factors, such as scientific and technical activity, military
spending or international aid. This is extremely important
for Ukraine, since its economy is concurrently experienc-
ing the influence of destructive military actions and stim-
ulating technological changes.

Given the complexity of the problem, for modelling
the economic productivity of the Ukrainian economy in
the context of military challenges, it is advisable to use
the Cobb-Douglas function, as a well-known mathemat-
ical model for determining economic productivity, which
makes it possible to estimate the contribution of capital and
labour to the GDP dynamics. The aim of the present paper
is to model the economic productivity of Ukraine using the
Cobb-Douglas production function and the Solow residu-
al to determine the impact of major factors of production,
estimate the role of technological innovations and external
factors in the context of military challenges.

Materials and Methods

Assessing  Ukraine’s economic productivity —using
Cobb-Douglas and Solow residual modelling is an impor-
tant stage in the analysis of structural changes in the econ-
omy, as these methods allow for a deeper understanding
of the main factors determining the current state of the
economy and its growth, which in turn contributes to the
development of recommendations for increasing Ukraine’s
economic productivity. The methodology for analysing
technological shifts and structural changes in the Ukraini-
an economy in the context of military challenges included
such stages as data collection, estimation of the parameters
of the Cobb-Douglas production function and Solow re-
sidual, comparative analysis and interpretation of the re-
sults for 2014-2023. The analysis was conducted based on
official statistical indicators of the Ministry of Finance of
Ukraine (Minfin, n.d.a; n.d.b), the Ministry of Economy
of Ukraine (Ministry of Economy of Ukraine, 2024), the
National Bank of Ukraine (2023) and scientific and ana-
lytical reports of UkrISTEI (Pysarenko et al., 2021; 2024).
The Excel spreadsheet was used to determine the unknown
parameters of the model and to check its adequacy.

At the first stage, a comparison of structural changes
in the economy of Ukraine before and after the start of
full-scale military operations was made. The main data for
comparison include the following indicators: Gross domes-
tic product (n.d.); the volume of capital investments in the
economy of Ukraine (Minfin, n.d.a); data on the number of
people employed in the national economy of Ukraine (Ukr-
stat, n.d.; State Employment Service, 2023); the indicator of
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the technological level of Ukraine - the GII index for the
period of 2014-2024 (Global Innovation Index 2024, 2024);
the volume of spending on scientific and technical activi-
ties to the GDP (Pysarenko et al., 2021; 2024); the volume
of funds from foreign countries and international organisa-
tions, the share of military spending in the defence budget
of Ukraine (Minfin, n.d.b). The given set of data allowed for
an accurate assessment of structural changes in the econo-
my of Ukraine, taking into account the impact of military
challenges on investment, employment and the shift in
production to innovative industries and sectors with high
added value, as well as identifying key aspects for further
modelling of economic productivity using the Cobb-Doug-
las function and the Solow residual.

A comparative analysis method was used to assess
changes in the structure of the Ukrainian economy before
and during martial law. Thus, major structural changes,
resulting from military actions, were presented, in particu-
lar, the shift towards strategic and innovative sectors of the
economy, and employment decline trends and investment
activity under martial law were identified. This approach
contributed towards identifying consequences of the full-
scale Russian invasion for the Ukrainian economy, as well
as made it possible to assess the opportunities for its recov-
ery and development through adaptation to new conditions.

At the second stage, the Cobb-Douglas production
function modelling was used to analyse Ukraine’s eco-
nomic productivity. This function allowed for assessing
the relationship between capital, labour and technological
progress, and determining the elasticity of capital and la-
bour. The calculations were performed using the follow-
ing formula (1):

Y = a®Ku L%, (1)

where Y is the volume of production (GDP); L is the
amount of labour; K is the amount of capital; a° is the tech-
nological level (efficiency parameter); «, and «, are labour
and capital elasticity. At the third stage, the Cobb-Douglas
function was linearised using logarithmic transformation
and calculation of the corresponding differentials. As a re-
sult, the following linear function was obtained (2):

InY=Y%na"=a’; InL=LY'=a +a K'+a,L" (2)

where Y"is the volume of nominal GDP of Ukraine; K'is the
volume of capital investments in the economy of Ukraine;
L’ is the number of those employed in the national econo-
my of Ukraine; «, is capital elasticity, a parameter that char-
acterises the quantitative impact of the volume of capital
investments in the economy of Ukraine on the dynamics of
its economic growth; a, is labour elasticity, a parameter that
characterises the quantitative impact of the number of em-
ployees in the national economy of Ukraine on the dynam-
ics of its economic growth; a_ is a free term of the equation.

The methodology for estimating capital and labour
elasticity is based on regression analysis of logarithmic
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values, which allowed for a more accurate assessment of
the impact of each factor on the GDP. The calculations
were performed using the regression analysis tools of the
Excel 2020 software package (“Service” - “Data Analysis” -
“Regression”), as well as using other software tools, such
as Stata. Logarithmic transformation of data and the use
of regression analysis made it possible to calculate capital
and labour elasticity, which is an indicator of their rela-
tive importance in production. This approach allowed for
discovering that under martial law, the role of labour and
capital is changing, while the importance of technological
development is concurrently increasing.

At the fourth stage, the Solow residual (TFP) was ap-
plied to gain a deeper understanding of the impact of ex-
ogenous factors, which traditional indicators of capital and
labour fail to explain. This residual represents the part of
economic growth resulting from external changes, such as
innovations, support from international partners and ad-
aptation to external shocks. The calculation was carried out
according to the following formula (3):

Y
TFP = W) (3)
where N is the indicator of the technological level of the
Global Innovation Index (GII)

At the fifth stage, a regression analysis was applied, in
which the Solow residual was the dependent variable, and
the actual data for the specified factors were independent.
It made it possible to estimate the share of influence of each
factor on the total Solow residual. The calculations were
performed according to the following formula (4):

TFR=[3’0+ﬁ1X1+ﬁ2X2+ﬁ3X3+s, (4)

where o is the Solow residual; f,is a free term (constant),
determining the initial value of the Solow residual when
all independent variables are equal to zero; 8, B, f3, are
regression coefficients, showing the influence of each

independent variable on the Solow residual; X is expendi-
tures on scientific and technical activities to the GDP; X,
is military expenditures; X, is funds from foreign countries
and international organisations; ¢ is the residual error.

At the sixth stage, the shares of influence of each factor
on the dependent variable were identified, using the coef-
ficients of the regression model, expressed in percentages,
according to the corresponding formulas (5; 6):

Sak=/B/+IB]+IB,+1B/, (5)
Share , = 2L %100, (6)
Sa.k

where Sa.k is the sum of absolute values of the coeflicients;
B, is the coefficient for each variable in the regression model.

Data normalisation for calculations was performed us-
ing the minimum-maximum method, reducing all varia-
bles to a scale from 0 to 1. For each value of the variable x,
the following formula was used (7):

_ X Xmin
Ynorm = Xmax—*min (7)
where is the normalised value; x is the original value; x
is the minimum value of the variable; x _is the maximum
value of the variable.

Based on the results of the research, recommendations
were made regarding Ukraine’s current economic policy,
with the focus on such key priorities as stimulating inno-
vation, optimising defence spending and strategic planning
of international aid.

Results

The study began with a quantitative assessment of the im-
pact of main factors of production on the economic pro-
ductivity of Ukraine under martial law. A comparison of
structural changes in the Ukrainian economy before and
after the start of the full-scale Russian invasion, presented
in Figure 1, revealed differences in the economic dynamics
of both periods in terms of the GDP and human capital.

200
150
100

50

91.64

Comparison of structural changes in the Ukrainian economy
400 374.2
350

300
250 220.69

84.65

]
- - Average value employment
(2022-2023), people min.

= Average value of GDP (2014-2021), UAH
min.

™ Average value GDP (2022-2023), UAH min.

- Average value employment
(2014-2021), people min.

Figure 1. A comparison of structural changes in the Ukrainian economy (average GDP and employment)
for the periods (2014-2021) and during full-scale military operations (2022-2024)
Source: calculated by the authors, based on Minfin (n.d.a; n.d.b)

As Figure 1 suggests, the average GDP value increased,
indicating a certain revival of economic activity, despite
the challenges of wartime. This suggests the ability of the
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economy to adapt to crisis, as well as a possible realloca-
tion of resources to more productive sectors, in particular,
the defence and innovation industries. At the same time,
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the average employment level decreased during this pe-
riod, which may indicate a reduction in the labour force
caused by both the direct impact of hostilities and gener-
al economic instability. The decrease in the employment
level may also result from structural changes, when sig-
nificant spending on the defence sector and other prior-
ity areas requires significant human resources, causing a
redistribution of labour. The analysis of these structural
changes contributes to better understanding of key trends
in the national economy, in particular, the piculiarities of

the redistribution of labour resources and the dynamics of
economic activity in certain sectors. This lays the founda-
tion for a deeper study of the factors of economic growth,
clarification of reasons for the increase in the GDP and as-
sessment of the impact of various factors on its dynamics.
Based on statistical data on the GDP, capital investment
and employment level in the economy, the parameters of
the Cobb-Douglas production function were calculated.
The obtained data are summarised, logarithmised and
presented in Table 1.

Table 1. Calculation of parameters of the Cobb-Douglas production function based on statistical data
on the GDP, capital investment and employment level in the Ukrainian economy

Volume of capital

Number of those employed

Years l{k.raine's GDP’. Ln . LTSRS t!" v in the national economy of Ln
million UAH. (Yi) () economy of Ukraine, Ukraine, million people (L) ()
million UAH (K) !
2014 1566728 14.3 219419.9 12.3 18.1 2.89
2015 1979548 14.5 273116.4 12.5 16.44 2.799
2016 2383182 14.7 359216.1 12.8 16.28 2.78
2017 2982920 14.9 448461.5 13.0 16.16 2.78
2018 3558706 15.0 578726.4 13.3 16.36 2.79
2019 3974564 15.2 623978.9 13.3 16.58 2.80
2020 4194102 15.2 508217 13.1 15.92 2.76
2021 5459574 15.5 673899.3 13.4 15.61 274
2022 5191028 15.5 409660 12.9 15.36 2.73
2023 6537825 15.7 425060 12.9 15.23 2.72
Note: Ln ., Ln , Ln - natural logarithms of the GDP, capital investment and those employed. The data does not include

the temporarily occupied territory of the Autonomous Republic of Crimea, the city of Sevastopol and part of the tempo-

rarily occupied territories in Donetsk and Luhansk regions

Source: calculated by the authors on the basis of statistical Minfin (n.d.a; n.d.b)

Further, the calculation of capital and labour elas-
ticity was carried out by constructing a linear regres-
sion on logarithmic data. The obtained coeflicients had
the following values: capital elasticity (a,) was 0.511;
labour elasticity (@,) was -6.145. These parameters were
non-standard, since (a,) is a positive value as a rule.
Negative labour elasticity may indicate certain econom-
ic or methodological peculiarities, in particular, that an
increase in the volume of labour may have a decreasing
effect on total production due to oversaturation of the

labour force or ineflicient use of labour resources. This
result indicated the need for further analysis or revision
of the economic model to clarify the impact of labour on
economic productivity, in particular, under conditions of
an unstable economic situation. The obtained calculated
parameters made it possible to compare the real and es-
timated values of Ukraine’s GDP (Table 2). A graphical
interpretation of the dynamics comparison of GDP de-
pendence on capital and labour, both before and during
hostilities, is presented in Figure 2.

Table 2. Calculated data for comparing the actual and estimated GDP of Ukraine

Ukraine’s GDP, million UAH (Yi) Estimated GDP volume (Y’)

2014 1566728 1245553.3
2015 1979548 2492748.4
2016 2383182 3045010.2
2017 2982920 3569234.7
2018 3558706 3769967.2
2019 3974564 3609072.8
2020 4194102 4171243.9
2021 5459574 5437044.2
2022 5191028 4655784

2023 6537825 4998795.6

Source: calculated by the authors on the basis of Minfin (n.d.a; n.d.b), Ukrstat (n.d.)
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Comparison of actual and estimated GDP
of Ukraine (2014-2023)
15.8
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Figure 2. Comparison of actual and estimated GDP of Ukraine (2014-2023)

Source: calculated by the authors

The graph shows the dynamics of the actual and esti-
mated GDP of Ukraine for the period of 2014-2023. Both
lines demonstrate the growth of the GDP from 2014 to 2023,
which indicates the overall positive dynamics of the coun-
try’s economic development during this period, despite eco-
nomic difficulties. The period of 2014-2019 is characterised
by a stable Cobb-Douglas model, which almost completely
corresponds to the actual GDP indicators and already in the
period of 2019-2020 a certain lag of the actual GDP from the
calculated by the model can be traced. This can be explained
by the effect of COVID-19 pandemic, which disrupted eco-
nomic cycles. In the period of 2021-2023, the Cobb-Doug-
las model demonstrates greater volatility. In particular, in
2022, the actual indicators are significantly lower than the
estimated ones. This situation reflects the impact of mar-
tial law on the economy of Ukraine. Reduced investment,
infrastructure destruction and unstable employment have
significantly affected the country’s economic performance.
The actual GDP shows growth, unlike estimated values,
which may indicate the impact of factors not depending
on the values of capital and employment of the population,
as well as unforeseen adjustment factors or external assis-
tance that supported the economy more than expected.

Since 2022, there has been an increase in the negative
impact of employment in the national economy, as well as a
deterioration in the investment climate. However, it should

be mentioned that significant deviations of the model in
recent years indicate that the standard Cobb-Douglas pro-
duction function fails to take into account the impact of
external shocks, such as military challenges and global cri-
ses. Economic reality is becoming much more complex and
traditional models can generate significant errors. There-
fore, it can be concluded that the Cobb-Douglas Produc-
tion Function model operates well in more stable periods,
whereas its accuracy is significantly reduced during peri-
ods of military operations, significant economic changes
and other possible stressful conditions.

Based on the obtained results, the Solow residual
(TFP) was calculated using expression (3). According to
the characterisation provided by W. Kenton (2023), the
Solow residual is the growth of output, taking place be-
yond the simple growth of costs. Thus, the Solow residual
is described as an indicator of productivity growth due to
technological innovation. It is proposed to adopt the Glob-
al Innovation Index (GII) as the TFP indicator, which is
a comprehensive indicator, according to the methodology
of the World Intellectual Property Organisation (WIPO)
(Global Innovation Index 2024, 2024). The GII is based on
more than 80 indicators of innovation potential, including
investment in research and development, education spend-
ing and high-tech products (see Table 3). The calculation
results are graphically presented in Figure 3.

Table 3. Statistical values for determining the Solow residual

Volume of capital

Number of those employed

Ukraine’s GDP, investments in the . . Technological level
million UAH (Yi) economy of Ukraine, B:;einr;at:i“?;::‘g;ﬁ?(g indicator of Gll (N)
million UAH (K) !

2014 1566728 219419.9 18.1 63
2015 1979548 273116.4 16.44 64
2016 2383182 359216.1 16.28 56
2017 2982920 448461.5 16.16 50
2018 3558706 578726.4 16.36 43
2019 3974564 623978.9 16.58 47
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Volume of capital

Table 3, Continued

Number of those employed

Ukraine's GDP, investments in the in the national economy of Technological level
million UAH (Yi) economy of Ukraine, Ukraine. million peo Iey(L) indicator of Gll (N)
million UAH (K) g peop
2020 4194102 508217 15.92 45
2021 5459574 673899.3 15.61 49
2022 5191028 409660 15.36 57
2023 6537825 425060 15.23 55

Source: developed by the authors based on statistical data from the Ministry of Finance (n.d.a; n.d.b), Scientific, scientific-
technical and innovative activity in Ukraine in 2023 (Pysarenko et al. 2021; 2024), Ministry of Finance (Financing of the

state budget of Ukraine, 2025)

2000
1800
1600

TFP dynamics for 2014-2023

0
2014 2015 2016 2017 2018 2019 2020 2021
= o= TFP

2022 2023

Figure 3. TFP dynamics (technological factor or productivity that cannot be attributed to labour and capital indicators)

Source: calculated by the authors

As it can be seen from Figure 3, TFP changes over time
and in recent years the indicators have been gradually in-
creasing, which indicates an increase in indicators that do not
depend on the magnitude of the values of capital (K) and la-
bour (L). Observations suggest that the technological level or
productivity, which do not depend on changes in labour and
capital indicators, are of great importance for explaining eco-
nomic shifts in Ukraine. Since standard capital and labour fac-
tors fail to explain the GDP growth, the Solow residual indi-
cates a significant impact of technology and other factors and
the authors suggest that this may be innovative development,
military spending or international aid. Therefore, it is proposed

to consider the Solow residual as a set of components such
as innovation, military spending and international aid.

Further, a regression analysis is carried out, where the
Solow residual is the dependent variable and the actual data
for the specified factors are independent. This will allow for
assessing the share of impact of each factor on the total
Solow residual. The data representing innovation, military
spending and international aid over the years are summa-
rised in Table 4. The data is indexed in order to clearly see
how spending on scientific and technical activities, mili-
tary spending and international aid have changed over the
years, comparing them in relative values.

Table 4. Statistical values for determining the components of the Solow residual (TFP)

Expenditures on scientific
and technical activities

GDP, million UAH

Funds from foreign
countries and international

Ukraine Military Spending/

to GDP e organisations, UAH million

GDP (i) (X1) (X1i) (X2) (X2i) (X3i)
2014 1566728 0 0.60 1 0.023 0 5383.0 0.009
2015 1979548 0.083 0.55 0.815 0.033 0.025 1800.3 0.002
2016 2383182 0.164 0.48 0.556 0.032 0.022 4109.4 0.006
2017 2982920 0.285 0.45 0.444 0.029 0.015 1607.4 0.001
2018 3558706 0.401 0.47 0.519 0.032 0.022 1464.8 0.001
2019 3974564 0.484 0.43 0.37 0.035 0.029 1139.9 0
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Table 3, Continued

Funds from foreign
countries and international

Expenditures on scientific
and technical activities

Ukraine Military Spending/
Defence Budget

GDP, million UAH

to GDP organisations, UAH million
GDP (vi) (X1) (X1i) (x2) (x2i) (X3i)
2020 4194102 0.529 0.41 0.296 0.038 0.037 1029.7 0
2021 5459574 0.783 0.38 0.185 0.032 0.022 1289.9 0.001
2022 5191028 0.729 0.33 0 0.33 0.754 481090.7 1
2023 6537825 1 0.33 0 0.43 1 433404.5 0.901

Source: developed by the authors based on statistical data from the Ministry of Finance (n.d.a; n.d.b), Scientific,
scientific-technical and innovative activity in Ukraine in 2023 (Pysarenko et al. 2021; 2024), Ukraine military

spending/defence budget 1992-2025 (n.d.)

The dynamics of the components (X1, X2, X3) ac-
cording to the data presented in Table 4 reflects the main
trends in the specified indicators. There is a gradual de-
crease in spending on scientific and technical activities,
which indicates their significant reduction. Defence spend-
ing (X2) demonstrates a sharp increase, especially in 2022
(33% of GDP) and 2023 (43% of GDP). The volumes of

funds provided by foreign countries and international or-
ganisations have changed significantly, in particular, in re-
cent years their significant growth has been observed. This
suggests the increased international support for Ukraine, as
well as an increase in dependence on foreign aid. After cal-
culations, the following main parameters of the TFP func-
tion (4) were obtained, which are summarised in Table 5.

Table 5. Main parameters of the TFP function

TFP function parameters TFP function parameter value

R-squared 0.962212405
Multiple coefficient 0.925852713
Normalised R-squared 0.888779069

Standard error of approximation of 1

0.108183523

Source: created by the authors

Main parameters of the TFP function demonstrated
a high R-squared value, which suggests that the model
explains accurately the dependence of the Solow residual
(TFP) on the variables X1, X2, X3. Approximation of 1
means a high correspondence of the actual and estimat-
ed values. The multiple coefficient revealed a strong cor-
relation between the dependent variable (TFP) and the

independent variables. The obtained value of the normal-
ised R-squared proved that the model retains high accu-
racy even after correction. The standard error of approxi-
mation testified a low level of dispersion of the residuals,
which highlighted the reliability of the model. The esti-
mated values of the basic level of TFP and the coefficients
are summarised in Table 5.

Table 6. Results of values of the Solow residual components with coeflicients

Coefficient Standard Error

Indicators

t-Statistic

P-Value

Confidence Interval (95%)

Y-intercept 0.777 0.090 8.592 0.00014 [0.556, 0.999]
B, -0.864 0.153 -5.664 0.0013 [-1.237,-0.491]
B, 0.803 0.458 1.754 0.1300 [-0.317,1.923]
B, -0.649 0.413 -1.572 0.1671 [-1.660, 0.362]

Source: created by the authors

The coefficient characterising the impact of ex-
penditures on scientific and technical activity is statis-
tically significant, despite having a negative value. This
suggests that contrary to expectations, this component
has a negative impact on economic productivity in the
model. At the same time, the coefficient reflecting the
impact of military spending is not statistically signifi-
cant, which indicates the absence of a considerable im-
pact of this factor on economic activity. Similarly, the
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coefficient characterising international aid is also statis-
tically insignificant, which indicates the minimal impact
of this indicator within the analyzed model. Then, the
share of impact of each factor on the dependent variable
was found using the coefficients of the regression model.
The share of impact of each factor is determined by the
ratio of its coefficient to the sum of the absolute values
of all coefficients (including the constant) according to

equation (5) (see Table 6).
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Table 7. Results of the analysis of the share of impact of factors on the dependent variable (Solow residual)

TFP function parameter name TFP parameter value, %

Share of basic productivity level of Yp 25.13
Share of X1 27.92
Share of X2 25.95
Share of X3 20.99

Source: created by the authors

The sum of the absolute values of the coefficients is as
follows:

Sa.k=0.777 +0.864 +0.803 + 0.649=3.093476

The obtained results of the shares of impact of factors
on the Solow residual demonstated a balanced distribution
between components. The basic productivity level provides
a quarter of the impact on the total Solow residual. This lev-
el reflects the basic productivity, which does not depend on
changes in factors and indicates a significant contribution to
internal stability due to factors ignored by the variables. For
example, adaptive capacity, infrastructure reforms or other
non-economic factors that are of a significant impact. Ex-
penditures on scientific and technical activities (variable X1)
play a considerable role in the model, although this impact
is negative, which suggests that insufficient funding for sci-
entific and technical activities complicates their positive

effect. The value of variable X2 indicates its significant, al-
though balanced impact on the economy productivity. At
the same time, the results suggest that high spending is
not compensated by productivity growth in other sectors,
which may negatively affect the overall economic dynamics.

The value of variable X3 reflects a significant impact
of international aid, which highlights its important role in
maintaining economic stability. However, the aid is main-
ly directed towards humanitarian purposes, its impact on
economic productivity is significant due to its support
of infrastructure projects and satisfaction of basic needs,
which indirectly contributes to economic stability. Thus,
the obtained values indicate a relative uniformity of the im-
pact of factors on the Solow residual. Expenditures on sci-
entific and technological activities (X1) remain a key driver
of productivity, validating its importance for long-term de-
velopment. A visual representation of the impact of factors
on overall productivity is given in Figure 4.

Shares and direction of impact of factors
on the dependent variable (TFP) (%)

25.13

= Yp - basic productivity level, positive impact

~ X1 -the share of impact of expenditures on scientific and technical activities
(negative impact)
B X2 - the share of impact of Ukraine Military Spending

#.X3 - the share of impact of funds from foreign countries and international
organisations, negative impact

Figure 4. Shares of impact of each factor on the dependent variable (TFP)

Source: calculated by the authors

Reduction in spending on scientific and technical
activities decreases the positive potential of innovation,
which explains the negative impact of X1. Increased mili-
tary spending and international aid do not lead to a signif-
icant increase in the basic level of productivity, since these
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funds are aimed at ensuring stability and security, rather
than supporting economic growth. Thus, it can be con-
cluded that under conditions of military challenges and
crises, innovative investments can have an unexpected
negative impact and military spending and international

&
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aid do not have a significant impact on economic produc-
tivity in the short term.

Based on the conducted analysis and considering the
current conditions of economic instability in Ukraine, a
number of recommendations are proposed aimed at in-
creasing innovative activity, optimising defence spending,
effectively using international aid and solving the problem
of returning the working population:

1. It is necessary to develop a long-term strategy for in-
tegrating defence spending into general economic policy,
in particular, in the field of developing the latest defence
technologies that can become competitive export goods.
An important task is to create a system for assessing the
effectiveness of defence spending, which will ensure their
maximum economic return. Moreover, it is worth attract-
ing private investment in the defence industry through
public-private partnership mechanisms.

2. International aid should be directed to the resto-
ration of critical infrastructure, in particular, energy and
transport, as well as to support the population affected by
the war. It is also advisable to use international aid for the
development of innovation and production infrastructure,
including the creation of new industrial zones and tech-
nological clusters. It is important to ensure transparent re-
porting to donors on the targeted use of funds and demon-
strate the effectiveness of implemented projects, which will
help strengthen the trust of international partners.

3. To encourage the return of migrant workers, it is nec-
essary to implement programs that provide decent working
conditions, competitive wages and new jobs. A special at-
tention should be paid to investing in programs to improve
the skills of workers, particularly in technological and stra-
tegic sectors. Moreover, ensuring access to quality medical,
social and educational infrastructure will contribute to the
reduction of the outflow of skilled personnel abroad.

4. To stimulate investment in the Ukrainian economy,
it is necessary to guarantee transparency, efficiency and ac-
countability of economic policy. Important steps include
strengthening the protection of investors’ rights, reducing
administrative barriers and minimising corruption risks,
which will create favorable conditions for attracting do-
mestic and foreign investments.

This study analyzes Ukraine’s economic productivity
using the Cobb-Douglas model and the Solow residual.
The main attention is paid to the impact of scientific and
technological activity, military spending and international
aid on economic growth under martial law. The conducted
analysis demonstrates both consistency with previous stud-
ies and certain specifics related to technological and struc-
tural changes in the Ukrainian economy. The level of GDP
growth is defined as one of the key factors of economic de-
velopment. This is consistent K. Redko’s et al. (2024), also
T. Stahl et al. (2019) findings, suggesting that the real GDP
is a critical indicator for assessing economic growth. Sim-
ilar results were obtained by T. Cherkashyna (2019), esti-
mating the dynamics of Ukraine’s economic development.
The results of the current research prove that the GDP is
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an important factor, although its growth does not always
correlate with productivity in other sectors.

The results of the calculations suggest that, contrary to
expectations, scientific and technical activity has a nega-
tive impact on the economic productivity of Ukraine in the
model. This can be explained by the deferred effect of in-
novations that require a long-term payback period, subop-
timal financing of innovative projects under conditions of
economic instability and the outflow of qualified personnel
due to the war. This is consistent with W. Kenton’s asser-
tion (2023) that the Solow residual reflects both technolog-
ical changes and resource efficiency, which may be reduced
under unstable conditions. As W. Kenton (2023) points out,
the Solow residual is a key indicator of the overall factor
productivity, which provides for assessing the contribution
of technological progress regardless of changes in capital
and labour. The results of the current study suggest that ex-
penditures on scientific and technical activities, which in a
stable economy usually contribute to increasing productivi-
ty, may not have an immediate positive effect during a crisis.

The results of the study also support J. Brusuelas &
T. Nguyen’s findings (Solow residual..., n.d.), suggesting
that in the economies of developed countries, the Solow
residual remains stable even under crisis conditions, since
significant investments in technology and efficient resource
management support productivity. However, in the case of
Ukraine, the results of the current study demonstrate that
the impact of innovative investments is negative, which
may result from their insufficiency, inappropriate distribu-
tion or lack of proper institutional support. The analysis of
military spending revealed their statistical insignificance in
the model. This implies that they do not have a direct im-
pact on economic productivity. At the same time, military
spending can contribute to the development of the defence
industry, although under war conditions, the main funds
are directed to current operational needs, rather than to
technological developments.

Despite significant external support, international aid
failed to demonstrate a statistically significant impact on
economic productivity. This may result from insufficient
integration of external financial resources into strategic
sectors, the use of aid mainly for social benefits rather than
development programs, as well as the lack of an effective
resource allocation mechanism.

The above findings partially overlap with the recom-
mendations of the OECD (2023) on the need to restore
Ukraine’s innovation ecosystem and develop digital infra-
structure. At the same time, the CSIS (2023) emphasises
that international assistance should be accompanied by
structural reforms to maximise its impact.

The results of the current analysis correlate with
O. Sokolova’ (2022), V. Momot & O. Lytvynenko’s find-
ings (2023), V. Ivanchenkov et al. (2024) studying the mod-
elling of macrosystem economic stability, emphasising the
importance of the stable functioning of main economic
sectors. They emphasised that under instability conditions,
the adaptive potential of the economy depends on the
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efficiency of resource management and investment allo-
cation. Similar conclusion was made by A. Ostapenko &
D. Zalevska (2024), claiming that short-term innovative
investments do not always have a positive effect due to
unpredictable changes in the economic environment. The
results of the current study, giving evidence for the limited
effectiveness of innovative investments during martial law,
are consistent with the findings of the above-mentioned au-
thors about the need for a comprehensive approach to eco-
nomic development, particularly under crisis conditions.

O. Suntcova’s (2022) and I. Pidoricheva’s (2022) studies
focused on the impact of financial technologies and virtual
assets on economic growth. The authors studied the ability
of new financial instruments to contribute to increasing the
overall productivity, despite the fact that their impact large-
ly depends on the effectiveness of regulation and the level
of integration into the financial system. The current results
suggest that ineffective management of innovation costs
can reduce their positive role in the model of economic
productivity. It is consistent with O. Suntcova’s (2022) and
I. Pidoricheva’s (2022) findings, suggesting that the role of
technological changes in economic development is deter-
mined both by their availability and the ability of the sys-
tem to adapt them to current conditions, therefore Ukraine
should insist on a post-war development scenario aimed
at creating an innovative industrial economy, having devel-
oped a comprehensive plan for the post-war reconstruction
of the country based on new technological foundations.

The use of the Cobb-Douglas function and the Solow
residual in this study proves their effectiveness in modelling
economic productivity, which is consistent with S. Shum-
ska’s (2007), V. Volkova’s et al. (2024) findings. V. Kapus-
tian et al. (2022) and S. Turlakova (2022) also emphasise
the need to adapt classical economic models to the realities
of Ukraine and O. Hirina et al. (2024) emphasised the role
of technological innovations in adjusting traditional ap-
proaches to economic analysis.

Thus, the results of the study are consistent with
Ukrainian scientists’ findings on the complexity of the
impact of scientific and technical activities and econom-
ic factors on economic productivity under conditions of
military challenges. They emphasise the need to improve
innovation management mechanisms, optimise resource
allocation and increase the effectiveness of state policy on
economic stability

Conclusions

The use of the Cobb-Douglas production function revealed
a change in the role of capital, labour, and innovation in
the formation of Ukraine’s GDP, especially under martial
law. It has been discovered that traditional factors, such as
labour, in some cases have a negative impact, which can be
explained by a decrease in the efliciency of their use. The
Solow residual indicates the significant role of technolog-
ical progress, which, although not immediately affecting
productivity, is a key to long-term development. Innova-
tion remains a significant factor, although in the short term
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its impact may be negative due to insufficient funding and
economic instability. Defence spending and international
aid have a minimal impact on productivity in the short
term, which highlights the need for strategic planning of
their use. Based on the results of the research, a number of
recommendations are proposed to increase Ukraine’s eco-
nomic productivity. First of all, it is necessary to increase
the share of investments in scientific developments, as
well as actively stimulate international cooperation in the
field of innovation. An important step is the integration of
defence spending into the economic strategy in order to
promote the development of a high-tech defence complex,
which provides for the introduction of a mechanism for
monitoring the effectiveness of defence investments, as well
as directing part of the costs to the development of dual
technologies that can be used in civilian industries.

Moreover, international aid should be focused on
strategic projects, in particular, the modernisation of en-
ergy systems, the development of transport infrastructure
and ensuring the livelihoods of the affected territories.
Another important aspect is increasing the transparency
of the use of international aid, which will help strengthen
the trust of donors. Taking into account the problem of
inefficient use of labour resources, it is advisable to create
favourable conditions for returning labour migrants. It is
also worth implementing state programs aimed at attract-
ing young people to scientific and technical specialties,
which will become the basis for long-term strengthening
of the country’s human capital. The results of the study
suggest that innovation remains a key factor in produc-
tivity, even despite the negative impact in the short term,
which proves the need to stimulate innovative develop-
ment for economic recovery. The introduction of inno-
vative technologies and the implementation of structural
reforms will ensure sustainable economic growth. In the
context of military challenges, the Ukrainian economy is
undergoing significant changes in the structure of produc-
tion, which can be traced in changes in capital and labour
elacticity. The identified increase in the technological lev-
el, which is not connected with the growth of traditional
factors, indicates the significant role of innovation pro-
cesses and adaptation to external challenges.

As far as the impact of defence spending on produc-
tivity is concerned, based on the reasearch results the need
is emphasised to implement a system for monitoring the
effectiveness of these expenditures. The reasearch results
indicate the need to integrate military investments into the
overall economic strategy, particularly in the field of de-
fence technologies, as well as the need for strategic planning
of aid use, focusing it on long-term investments in infra-
structure, technology, and human capital. Further research
should include adapting models to unstable conditions by
integrating additional factors, such as global shocks and so-
cio-economic changes.
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AHoTauifi. BoenHi BUKIMKY TpaHCHOPMYBaIM eKOHOMIKY YKpaiHuy, 110 aKTyasisyBajo noTpedy y mepeolinni pxepern
ii mpopgykTuBHOCTI. MeToX0 OyI0 3MopenoBary BIUIMB LyxX ¢akropis Ha BBII Ykpaium 3a gonomMorow BUpOOHMYOI
¢byukuii Ko66a-Iyrmaca ta sammmky Comoy. ITpoaHanizoBaHo crarucTudHi gami 3a 2014-2024 poku, BUKOHAaHO
perpeciitHuil aHali3 JyIs BU3HAYeHHS B3a€MO3B 3Ky MK OCHOBHUMY €KOHOMIYHMMU 3MiHHUMMY, @ TaKOX OL[iHEHO
eIaCTUYHICTD KamiTanay Ta mpani. 3annmox Comoy BUKOPMCTOBYBABCA IJIA OLIHKYM TeXHOJIOTIYHOTO PiBHA €KOHOMIKM
Ta ifenTndikanii ek3oreHHNX GaKTOPiB, 1[0 BIVIMBAIOTb HAa IPORYKTUBHICTD. Pe3ynbratu oC/ipkeHHA ToKasany, o
BUTPATU Ha HAYKOBO-TEXHIYHY Jis/IbHICTD Ma/Iy HeTaTUBHMUI BIUIMB Y KOPOTKOCTPOKOBIII IIepCIIeKTUBI, 1110 II0B’I3aHO
3 HeloCTaTHIM piBHeM (piHaHCYBaHHSA Ta MaKpOeKOHOMI4HOI0 HecTabinbHicTIO. BilicbkoBi BuTparu He 3abe3nednim
3HAYHOTO IPUPOCTY NPOJYKTUBHOCTI Yepe3 iXHI0 HENPOAYKTUBHY CIpsAMOBaHicTh. HaTomicTh Mi>kHapogHa flooMora
CIIpYs/Ia MAaKPOEKOHOMIYHI CTabiIbHOCTI, OGHAK He CTUMYIIIOBaJIa JIOBIOCTPOKOBE 3pOCTaHHA. JacTKOBUII BHECOK
¢dakropis y popmysanHa 3amuumKy Conoy ckitas 27,92 % md iHHoBauii, 25,95 % i BiiicbKoBuX BUTpaT Ta 20,99 %
I MDKHapomHOI jomomoru. Mogenb mokasana BUCOKe 3HaueHHS R? (0,96), mo cBiguuth mpo ii HapiliHicTh y
nosicHeHHi 3MiH TFP. Byno po3po6neHo pexoMeHpaLiil s MiiBUIEHHA eKOHOMIYHOI IPOAYKTUBHOCTI YKpaiHu, fAKi
nepep6avaloTh IIOKpalleHHA HAYKOBO-TeXHIYHOI AiA/IbHOCTI Yepe3 oKpalljeHH:A GiHaHCYBaHHA HAYKOBUX JOC/Ii/KeHb,
pauioHaisanio 060pOHHMX BUTPAT 3aBIAKM IHTerpalii BilficbKOBUX IHBeCTUIIIN Y 3ara/IbHy €eKOHOMIYHY CTpaTerilo, a
TaKOX eeKTMBHE 3a/Ty9eHH: MDKHAPOJIHOI JOIIOMOTH /IS IPOBEJeHHA CTPYKTYPHUX peOpM i pO3BUTKY JTIOfCHKOTO
KamiTany. OTpuMaHi pe3y/IbTaTi MOKYTb CIIyTYBaTU OCHOBOIO /1 GOPMYBaHHA €KOHOMIYHOI ITOJIITUKY, CIIPAMOBAHO]
Ha IIiC/IABOEHHE BiJHOBJIEHHA KpalHN

Kniouosi cnoBa: BupoOHmya ¢ynkuis Ko66a-Iyrmaca; sammmox Conoy; 3aifHATICTD HaceleHHA; BUTPATH Ha
HAyKOBO-TEXHIYHY Jis/IbHICTh; MKHapOJHA JOIIOMOTa
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