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Econometric assessment of determinants of industrial
structural transformation in the Carpathian region in wartime

1. H. Babets

Purpose. The purpose of the article is to identify and econometrically evaluate the determinants of structural
transformation in the industrial complex of the Carpathian region in wartime.

Methodology. The study is based on the estimation of panel regression models, where the dependent variable
is a vector of shares of individual industries in total industrial output, and the independent variables include
indicators of foreign trade, capital investments, FDI, innovation activity, the labor market, and domestic
consumption.

Findings. Foreign trade factors were established as key drivers of growth in the shares of transport equipment
manufacturing and electrical equipment manufacturing, confirming the significant integration of regional
enterprises into European value chains. For electricity, gas, and steam supply, a substantial stimulating
effect of high-tech imports was revealed, meeting the critical need of the sector for modern equipment to
modernize power generating capacity and restore infrastructure. The statistical insignificance of investments
and innovations for most medium- and high-tech industries (except the food industry) was identified, indicating
that enterprises operate under contract assembly conditions relying on imported technologies amidst a capital
deficit. The validity of the efficiency wage theory was confirmed: an increase in labor costs stimulates output
in the food industry, furniture manufacturing, and equipment repair due to enhanced labor productivity. The
impact of domestic consumption aligns with Engel s law, highlighting the export orientation of most industrial
branches in the Carpathian region.

Originality. The study deepens the theoretical and methodological framework and provides empirical
Justification for the determinants of regional industrial structural transformation. It proves that analyzing the
shares of individual industries is more informative than using an aggregated index, as it reveals not only the scale
of inter-industry redistribution but also the qualitative direction of development for specific industrial sectors.
Practical value. The strategic priorities for industrial policy were identified: transitioning from tolling
operations to in-house R&D and dual-use technologies, developing industrial parks; implementing war risk
insurance,; adopting an efficiency wage model; and engaging local enterprises in reconstruction programs.
Keywords: industrial structural transformation, Carpathian region, panel regression, determinants of structural
shifts, exports, imports, investments, innovations, domestic consumption, employment.

Introduction

Prolonged armed conflicts are among the most critical factors disrupting
the functioning of regional economies. Their consequences encompass not only
the destruction of production and transport infrastructure, but also changes in
sectoral economic structures, capital flows, labor markets, and vectors of economic
cooperation. Under these conditions, structural transformation processes unfold
that are both forced — driven by the imperative for enterprises to adapt to new
environments — and adaptive, linked to seeking new sources of growth and enhancing
regional economic resilience.

The Carpathian region, encompassing the western regions of Ukraine, plays a
distinct role in the ongoing war. Due to its relative safety compared to territories
directly affected by military actions, it has become a hub for business relocation,
population inflows, and the concentration of new investments. Simultaneously,
the region confronts numerous challenges arising from supply chain disruptions,
constrained labor resources, shifting demand patterns, escalating operational costs,
and the need for swift realignment of production capacities toward the requirements
of the wartime economy and future national reconstruction. These processes drive
structural shifts in the industry of the Carpathian region, the scale and direction
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of which are shaped by interconnected economic, social, demographic, institutional,
and geopolitical factors.

In this regard, identifying the key determinants of industrial structural shifts is
of paramount importance. It provides a foundation for highlighting sectors that are
most sensitive to changing conditions in domestic and international markets, while
also serving to refine mechanisms for economic adaptation during a prolonged war.

Literature Review

Structural transformations are a subject of research at both macroeconomic and
regional levels. Foreign scientists pay significant attention not only to examining
the theoretical foundations of structural economic shifts, but also to the empirical
analysis of key determinants driving these transformations. Economic complexity
theory indicates that industrial structure and the interconnection of productive
capabilities create the foundation for technological modernization and economic
growth (Hausmann and Hidalgo, 2011). A study conducted by A. van Dam and
K. Frenken (2020) confirms the importance of industrial diversification and product
complexity for a country’s economic development.

Among the primary determinants of structural shifts, scholars highlight foreign
direct investment, which affects industrial structure through mechanisms such as
knowledge transfer, modernization of local technological and innovation capabilities,
productivity growth, competitiveness, and export upgrading (Fu et al., 2021).
Under globalization, technological progress—specifically digital transformation and
knowledge-intensive manufacturing—has become a major driving force of industrial
modernization, enhancing the efficiency of traditional industries and facilitating
the transition to higher value-added segments (Chen, 2025). Based on panel data
analysis for 142 countries, A. Teixeira and A. Pinto (2026) identified scientific
diversification as an important driver of economic growth, expanding the knowledge
base for industrial recombination.

The degree of a country’s integration into global value chains, its modernization
trajectories, and its capacity to capture an increasing share of value added within
the national economy determine the growth benefits of specialization. Considering
this, Timmer et al. (2019) justified the need to analyze countries’ occupational
activities within global production networks and proposed an index based on
comparing occupational labor incomes, accounting for the occupational structure
of the labor force as a factor in generating export value added. Another essential
component of the driving mechanism behind structural transformation includes
shifts in consumption patterns, income elasticity of demand, and the impact of
foreign trade on industrial structure (Liu J., 2020).

The issue of structural shifts in the Ukrainian economy is extensively examined
by domestic scholars. Experts from the National Institute for Strategic Studies,
based on an evaluation of industrial structural imbalances, identified state policy
priorities to drive structural transformations aimed at post-war economic recovery
and modernization (Sobkevych et al., 2026). Nazarkevych (2019) analyzed how
various factors influence the national economic structure, generating multiplier and
accelerator effects. Shevchenko (2023) examined structural changes in Ukrainian
industry during wartime and justified the necessity of state support for strategic
industrial branches to drive economic transformations under resource constraints.

Aksyonova (2024) analyzed the sectoral structure of industry and assessed
disparities in the industrial development of Ukrainian regions using the coefficient
of variation for per capita industrial sales volume. Scholars from the Institute of
Regional Research analyzed industrial transformations across Ukrainian regions,
identifying the highest concentration of industrial production in industrial regions
characterized by top levels of product innovativeness and returns on innovation
investment (Ishchuk et al., 2023). Based on a regional diagnostics of industrial
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sector structural transformations, Ishchuk (2023) concluded that «new industrial
centers» have been forming in western and central Ukraine since 2014, with these
transformational processes accelerating under full-scale war. Shults and Lutskiv
(2024) constructed a multifactor regression model and revealed a significant direct
impact of the unemployment rate, net migration rate, share of sales by small
enterprises, share of innovative product sales, regional R&D intensity, and business
density on the index of structural shift intensity in regional economies.

An analysis of scientific literature reveals that the issue of industrial structural
transformation at the regional level remains insufficiently explored regarding
the econometric evaluation of economic factors affecting industrial structure.
Therefore, a pressing scientific task is to identify the determinants of regional
industrial structural changes using econometric models that not only determine the
factors driving the intensity of proportional changes, but also allow for evaluating
the direction and qualitative nature of such transformations.

Purpose of the Study

The objective of the article is an econometric evaluation of factors influencing
the structural transformation of industry in the Carpathian region in wartime. To
achieve this goal, the following tasks were set: justifying the key components of the
econometric model and specifying variables; conducting a regression analysis using
panel data to identify the key determinants of shifts in the sectoral structure of industry
in the Carpathian region; formulating conclusions and recommendations regarding the
strategic development vectors for the Carpathian region under war conditions.

Methodology

An econometric assessment of the determinants of industrial structural
transformation in the Carpathian region is conducted based on a methodological
approach involving the modeling of individual industry shares in total industrial
sales as dependent on changes in domestic consumption, investment, innovation,
foreign trade, and employment indicators. Instead of an abstract index of structural
shift intensity, the share of a specific industry is utilized as the dependent variable.
This approach enables the identification of factors that drive the expansion of
high-tech industries versus those that reinforce a raw-material orientation of the
economy.

The established system of determinants incorporates indicators that capture
structural transformations driven by both supply-side and demand-side shifts:

1) domestic consumption — reflects the capacity of regional markets and their
ability to absorb manufacturing output;

2) foreign trade — characterizes the integration level of industries into global
value chains, their international competitiveness, and import substitution potential;

3) investment — determines the dynamics of technological renewal, capital
intensity, and the potential for modernizing the material and technical base of
industries;

4) innovation activity — reflects the knowledge intensity of production,
technological adaptability, and the capacity of industries to generate high value
added;

5) employment and wages — reflect inter-industry human capital flows and
qualitative changes in the labor force structure.

The methodology for analyzing sectoral structural shifts in industry involves
specifying and estimating a series of panel regression models, where a separate
panel model is constructed for each k-th industrial sector (k=1, ..., K). Accordingly,
for period t and industry k in the Carpathian region (comprising Zakarpattia, Ivano-
Frankivsk, Lviv and Chernivtsi oblasts) the specification of the panel regression
model is expressed as follows:
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where: Y, ™~ is the share of the k-th industrial sector in the total volume of
industrial products sold in region i in year t (dependent variable); Cons, Trade1 "
Inv, ,, Innov, , Labor — are vectors of explanatory variables for the 5 respectlve
factor blocks, M t(k) - represents unobserved individual (regional) effects that are
time-invariant; 7\ . — represents time effects (macroeconomic shocks common to all
regions in year t) g (k’ is the idiosyncratic error term.

The use of a panel data structure (N-T, where N is the number of regions andT
is the time period) offers substantial advantages over conventional cross-sectional
or time-series data, as it controls for unobserved heterogeneity (y). Furthermore,
combining spatial and time dimensions significantly reduces multicollinearity
among regressors and enhances the efficiency of t-statistics.

Each of the five vectors of independent wvariables reflects fundamental
mechanisms of resource reallocation within the process of structural transformation,
as graphically detailed in the structural-logical framework of the evaluation
(Figure 1). The architecture of the framework includes:

FACTOR BLOCKS
(REGRESSORS)
v v v v v
Domestic Foreign Investment Innovation Employment
consumption trade and wages

| | | | |
v

Sectoral shares (Y;{)

Fig. 1. Structural-logical framework for assessing the impact of factors on sectoral industrial transformation
based on panel data
Source: developed by the author.

1) independent variables — five factor blocks (consumption, trade, investment,
innovation, employment) that capture the key drivers of industrial sector
development;

2) dependent variables — sectoral shares of individual industries (Y, ),
reflecting proportional shifts in industry under the influence of these factors.

The vector of dependent variables includes the shares of major industrial sectors
in the total volume of industrial products sold: Y, — mining and quarrying; Y, —
manufacture of food products, beverages, and tobacco products; Y, - manufacture
of textiles, wearing apparel, leather, and related products; Y, — manufacture of
wood and paper products, and printing; Y, — manufacture of chemicals and chemical
products; Y, — manufacture of machinery and equipment; Y, — manufacture of
computer, electronic, and optical products; Y, — manufacture of electrical equipment;
Y, — manufacture of machinery and equipment n.e.c.; Y, — manufacture of motor
vehicles, trailers, semi-trailers, and other transport equipment; Y , — manufacture
of furniture, other manufacturing, and repair and installation of machinery and
equipment; Y,, — electricity, gas, steam, and air conditioning supply; Y,, — water
supply, sewerage, waste management, and remediation activities.

The vector of variables characterizing domestic consumption and market capacity
(Cons) encompasses the following indicators: share of sales of goods produced in
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Ukraine in wholesale trade turnover (Cons,); share of food products in wholesale
trade turnover (Cons,); share of non-food products in wholesale trade turnover
(Cons,); physical volume index of retail trade turnover of retail trade enterprises
(in constant prices) relative to the previous year (Cons,). These variables reflect the
absorptive capacity of the domestic market and the degree of import substitution:
growth in retail trade turnover primarily stimulates consumer goods industries
(food and light industry), whereas shifts in the proportions of food and non-food
products in wholesale turnover illustrate structural changes governed by Engel’s law
(an increasing share of non-food products in wholesale turnover signals a shift in
consumer demand toward durables, construction, and household appliances, thereby
driving the development of manufacturing and high-tech industrial sectors).

The vector of foreign trade indicators (Trade) includes the following variables:
export (Trade,) and import (Trade,) growth rates relative to the previous year;
share of high-tech products in merchandise exports (Trade,) and imports (Trade,);
export-to-import ratio (Trade,). This component of the econometric model reflects
international competitiveness and the degree of regional integration into global value
chains. The share of high-tech products serves as an indicator of trade «quality»
and structural shifts resulting from the expanding shares of manufacturing and
knowledge-intensive industries alongside a declining role of raw-material sectors.

Investment capital (Inv) is characterized by the following indicators: index of
capital investments relative to the previous year (Inv,); share of industry in total
capital investments (Inv,); FDI growth rate relative to the previous year (Inv,);
share of industry in total FDI (Inv,). The rationale for including these variables
in the model lies in capital accumulation being the material basis for structural
realignment (according to neoclassical growth models). Domestic and foreign direct
investment (FDI) serve as the primary drivers for commissioning new production
capacities and modernizing the technological process.

Innovation activity (Innov) comprises two variables: share of innovation-active
industrial enterprises in the total number of industrial enterprises (Innov,); growth
rate of innovation expenditure (Innov,). The importance of this determinant stems
from the fact that innovation-active enterprises generate higher value added,
reallocating market shares and resources toward progressive, high-tech sectors.

The labor market and labor costs (Labor) are characterized by indicators such
as: share of industrial employment (Labor,); share of labor costs in total industrial
production costs (Labor,). Rising labor costs indicate high labor intensity or
increasing production costs. Under such conditions, an industry can maintain its
market share only through gains in labor productivity; otherwise, it will lose its
market standing.

The regression analysis utilizes statistical data for 2014—2024, published in
statistical compendiums (Regions of Ukraine (2016), Regions of Ukraine (2021)),
on the official websites of the Main Departments of Statistics in Zakarpattia
(Main Department of Statistics in the Transcarpathian region, URL: https://
www.uz.ukrstat.gov.ua/), Ivano-Frankivsk (Main Department of Statistics in
Ivano-Frankivsk Region, URL: https://www.ifstat.gov.ua/INDEX.HTM), Lviv
(Main Department of Statistics in Lviv Region, URL: http://database.ukrcensus.
gov.ua/statbank lviv/Dialog/statfile n.asp?lang=1) and Chernivtsi oblasts (Main
Department of Statistics in Chernivtsi region, URL: http://www.cv.ukrstat.gov.
ua/), as well as the National Bank of Ukraine (National Bank of Ukraine, URL:
https://bank.gov.ua/ua/statistic/sector-external#5).

Results and Discussion

According to the panel regression results, the strongest relationship was
identified between the share of transport equipment manufacturing in the total
volume of industrial products sold (Y,,) and the share of high-tech products in
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merchandise exports of the analyzed regions (Trade,), as evidenced by the highest
correlation coefficient (R=0.944) among all statistically significant relationships
obtained (Table 1). The coefficient of determination indicates that during 2014-
2024, the share of transport equipment manufacturing in the structure of industrial
sales was 89.1% dependent on changes in the proportion of high-tech exports, and
10.9% on factors not accounted for in the panel regression model. A 1 percentage
point (p. p.) increase in the share of high-tech exports led to a 0.414 p.p. growth
in the share of transport equipment manufacturing, proving the high sensitivity of
the industry to EU market conditions. This dependence stems from the presence of
major enterprises operating in the Carpathian region (e.g., Leoni, Bader, Fujikura),
which import components and export automotive parts to the EU.

At the same time, no statistically significant relationship was found between the
share of transport equipment manufacturing in total industrial sales and indicators
reflecting investment, innovation, domestic consumer demand, employment, or
labor costs in industry. The lack of impact from these factors is explained by the
strong export orientation of the sector’s enterprises: sales volumes depend on order
schedules from European automotive corporations, R&D solutions are imported
from parent companies within global value chains, and production facilities operate
under long-term contracts, rendering the industry independent of the intra-regional

Table 1
Results of the assessment of the impact of factors on the industrial structure of the Carpathian
region in 2014-2024

Factor Dependent variable
features Yz Yg YIO Y] 1 Y] 1 Y|2 Y12
Model Model 2 Model 8 | Model 10 | Model 11.1 | Model 11.2| Model 12.1 | Model 12.2
Number of 33 40 38 38 38 41 41
observations
Intercept 41,52%%* | 5 3pkkk |3 FGukk 5,96%** 5,03%** 12,03%%** 49,47%%*
(8,609) (1,086) (0,804) (0,680) (0,744) (4,429) (6,946)
Cons; - - - -0,078%** - - -
(0,011)
Cons, - - - -0,027%** - 0,732%%*%* -
(0,012) (0,106)
Trade; - 0,086*** | 0,414%** | (,054%** 0,04%** -0,77%** -
(0,011) (0,024) (0,007) (0,012) (0,197)
Trade, - - - - - 0,91 %** -
(0,276)
Trades - 3,21%%* - - - - 30,52%%**
(0,757) (4,643)
Inv, - 0,083%%** - - - - -
(0,025)
Invy -0,26** - - - - - -
(0,096)
Innov, 1,05%** - - - - - -
(0,338)
Labor; -1,30%** - - - -0, 19%** - -
(0,261) (0,024)
Labor, 0,34%* - - - 0,064*** - -0,97%**
(0,151) (0,021) (0,136)
R 0,797 0,870 0,944 0,909 0,906 0,851 0,816
R® 0,637 0,758 0,891 0,826 0,820 0,725 0,667

* — statistical error rate (p-level) <10%; ** — statistical error rate (p-level) <5%;
**% _ statistical error rate (p-level) <1%.
Source: calculated by the author.
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economic environment. Consequently, shifts in local consumption do not affect
sales in this sector, capital investment or FDI do not directly alter production line
capacity, and output volume is independent of workforce numbers or wage levels, as
labor serves as an adaptive resource aligned with set production targets.

A direct relationship was found between the share of furniture, other products,

repair of machinery and equipment (Y ) in total sales and the share of high-tech
products in exports of goods (Trade,). During 2014-2024, a downward trend was
observed in both the dependent and independent variables. Therefore, the results
obtained can be interpreted as follows: a decrease in the share of high-tech products
in exports of goods by 1 p.p. led to a decrease in the share of furniture, other
products, repair of machinery and equipment by 0.054 p.p. (according to model
11.1) or by 0.04 p.p. (according to model 11.2). At the same time, both models are
characterized by high statistical significance, which is confirmed by the corresponding
values of the correlation coefficients for the first (R=0.909) and the second models
(R=0.906). This dependence can be explained by the fact that in the conditions of an
unfavorable investment climate and military risks, business entities limited capital
expenditures for technical re-equipment and maintenance of equipment, which led to
a simultaneous decrease in the share of both sectors in product sales.

Conversely, an inverse relationship was observed between the share of
electricity, gas, and steam supply in the total volume of products sold (Y12) and
the share of high-tech products in exports, which reflects economic transformations
in the Carpathian region in 2014-2024. According to model 12.1, a decrease in
the independent variable by 1 p.p. led to an increase in the dependent variable
by 0.77 p.p., and the value of the correlation coefficient (R=0.851) indicates the
existence of a significant relationship between these variables. Thus, a decrease
in the share of high-tech exports in the studied period was accompanied by a
simplification of the sectoral structure of the region’s industry. The reduction in
the output of high-tech products occurred against the backdrop of repeated tariff
increases and rising cost indicators in the energy and gas supply sector. The decrease
in the share of high-tech exports led to a relative increase in the nominal share of
the infrastructure and energy sector, since the demand for its products is inelastic.
This confirms that deindustrialization and the loss of export technological potential
increase the dependence of the region’s economy on basic monopoly sectors.

A direct effect of the export-to-import ratio on the share of electrical equipment
production (Y8) and the share of electricity, gas, and steam supply in total sales
(Y12) was found. This factor had no effect on the shares of other industries.
According to model 8, the direct relationship between the export-to-import ratio
and the share of electrical equipment production (f = 3.21; p < 0.05) in combination
with the downward dynamics of both indicators in most regions of the Carpathian
region (except Ivano-Frankivsk oblast) during 2014-2024 reflects the process of
negative structural changes in both foreign trade and industry. The positive value
of the regression coefficient shows that a decrease in the export-to-import ratio
by 0.1 units led to a decrease in the share of electrical equipment production in
the structure of sales by 0.321 p.p. The correlation coefficient (R=0.87) confirms
the presence of a significant relationship between the variables. This dependence
is due to the fact that the production of electrical equipment is an export-oriented
sector of the region, which is integrated into global value chains. Accordingly, the
reduction in the output of this product due to the destruction of logistics in wartime
conditions and the increase in prices for imported materials and components led
to a deterioration in the region’s foreign trade balance. The exception of Ivano-
Frankivsk oblast only confirms the revealed pattern: the deterioration of the foreign
trade balance directly reflects the loss of technological and export potential of the
electrical engineering industry.

In model 12.2, the positive value of the regression coefficient for the independent
explanatory variable «export-to-import ratio» (B = 30.52; p < 0.05) indicates that a
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0.1-unit increase in this ratio drives a 3.052 p.p. increase in the share of electricity,
gas, and steam supply within the structure of industrial products sold in the
Carpathian region. The correlation coefficient (R = 0.816) demonstrates a substantial
relationship between these variables. It should be noted that the share of energy
supply during 2014-2024 increased across all oblasts of the region, with the exception
of Ivano-Frankivsk oblast (where it slightly decreased from 40.6% to 39.3%). At the
same time, the export-to-import ratio in Lviv and Chernivtsi oblasts significantly
decreased, despite intermittent periods of growth; in Zakarpattia oblast, it remained
virtually unchanged (consistently staying below 1); whereas in Ivano-Frankivsk oblast,
it generally saw a slight increase (from 1.04 in 2014 to 1.09 in 2024), remained
consistently above 1, and peaked at the highest levels in the Carpathian region during
certain periods (1.27 in 2015, 1.41 in 2016, and 1.19-1.17 in 2020-2023).

Under conditions where the export-to-import ratio declined in Lviv and
Chernivtsi oblasts but increased in Ivano-Frankivsk oblast, the positive relationship
between its variation and the share of the energy sector in the industrial structure
of the Carpathian region is explained by several econometric and economic factors.
First, panel regression accounts for variation both over time and across regions;
therefore, the combination of the highest values of the independent variable with
the highest values of the dependent variable in Ivano-Frankivsk oblast creates a
strong positive cross-regional correlation, driving an overall positive vector ( =
30.52) for the entire panel dataset. Second, until June 2024, when Burshtyn TPP
was completely destroyed by Russian missiles (Yalivets, 2024), the energy sector
of the Carpathian region — owing to the operation of the «Burshtyn TPP Energy
Island» prior to synchronization with ENTSO-E in 2022 and subsequent cross-border
electricity flows — served not only as supporting infrastructure but also exported
substantial volumes of electricity. Consequently, during peak electricity export
periods, the sales value of the energy sector grew rapidly, driving a corresponding
increase in the share of energy within the structure of industrial products sold,
which contributed to an improved regional trade balance and a higher export-to-
import ratio. Third, in Lviv and Chernivtsi oblasts, periods of deteriorating foreign
trade balances coincided with contractions in industrial output sold. Accordingly,
a declining export-to-import coverage ratio in these regions could be accompanied
by a relative decline in the capacity of industrial enterprises to pay for energy at
market tariffs, leading to a temporary drop in the share of electricity, gas, and
steam supply during export downturns.

The absence of a statistically significant effect of the export-to-import ratio
on the shares of mining and quarrying and other manufacturing sectors in the
Carpathian region indicates a high concentration of foreign trade activity and
segmentation within the regional industrial complex. As the findings demonstrate,
the export-to-import ratio can be considered a substantial factor driving development
for industrial sectors (Y, and Y,,) that genuinely define the region’s foreign trade
profile. Conversely, most industrial sectors are either locally oriented (where
domestic demand and consumer purchasing power are key) or operate within import-
dependent supply schemes, where export growth is accompanied by an equivalent
import of raw materials and inputs. Furthermore, the statistical insignificance of
the export-to-import ratio’s impact on traditional sectors during 2014—-2024 stems
from wartime logistical and inflationary shocks, which served as more prominent
determinants of these sectors’ shares in total industrial output. The share of high-
tech products in merchandise imports affected only the proportion of electricity,
gas, steam, and air conditioning supply in total industrial sales (Y,,): a 1 percentage
point (p.p.) increase in the independent variable contributed to a 0.91 p.p. increase
in the dependent variable (table 1, model 12.1). The substantial direct relationship
(R = 0.851) between the share of the energy supply sector in the industrial structure
and the share of high-tech imports is explained by the modernization of generating
and distribution capacities funded through imports of advanced energy equipment.
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As a result of the regression analysis, no statistically significant impact of the
share of high-tech goods in imports on the share of other industries in the total
volume of products sold was found. The lack of a relationship between the share of
high-tech imports and the share of most manufacturing industries in the Carpathian
region is explained by the consumer nature and non-commercial purpose of high-
tech imports, limited technological absorption by enterprises and the functioning
of electrical engineering enterprises within the framework of tolling contracts. A
significant part of the goods belonging to the category of <«high-tech imports»
(computer equipment, smartphones, telecommunications and medical equipment,
dual-purpose equipment, military property) is imported for the needs of households,
the IT sector, medicine or defense. Imports of industrial equipment (CNC machines,
robotics) are extremely limited, since most industrial enterprises in the region do not
have the financial resources to carry out comprehensive modernization. Machine-
building plants in the region import high-tech components within the framework of
tolling schemes, and assembled modules are immediately re-exported in accordance
with the terms of the contract, which makes it impossible to increase intra-regional
added value due to imported technologies.

The results of econometric modeling demonstrate that foreign trade factors are
key determinants of the development of electrical engineering and the energy sector
of the Carpathian region. On the other hand, the direct relationship between these
variables confirms that expanding the share of electrical equipment manufacturing
within the region’s industrial structure and leveraging the cross-border nature of the
regional power grid (integration with ENTSO-E) improves the foreign trade balance.

According to the results of panel regression, an inverse dependence of the share
of furniture production, repair and installation of machines in the total volume of
products sold (Y,,) was found on the change in the share of sales of goods produced
in Ukraine in wholesale trade (Cons,) and the share of food products in wholesale
trade (Cons,). With an increase in these variables by 1 p. p., the dependent variable
decreased by 0.078 p.p. and 0.027 p.p., respectively (table 1, model 11.1). The strong
relationship between the dependent and independent variables is confirmed by the
high value of the correlation coefficient (R=0.909). The inverse dependence of the
share of furniture production, repair and installation of machines and equipment
on the indicated indicators of wholesale trade indicates a high sensitivity of locally
oriented industries of the Carpathian region to changes in the quality of domestic
demand. The growth of the share of food in wholesale trade illustrates the effect of
Engel’s law in the context of a crisis reduction in income, when the need to optimize
costs forces households and businesses to abandon the purchase of durable goods
and equipment repair services. The inverse effect of the share of domestic products
in wholesale trade is explained by the dominance of agricultural and raw materials
in domestic trade and the dependence of furniture production, repair and assembly
of machines on imported components, materials and accessories.

According to model 12.1, a change in the share of food products in wholesale
trade (Cons,) directly affected the share of electricity, gas, steam supply in the total
volume of products sold (Y,,): an increase in the independent variable by 1 p. p.
contributed to an increase in the dependent variable by 0.732 p. p. A significant
statistical relationship between these variables is confirmed by the value of the
correlation coefficient (R=0.851). The growth of the share of food in wholesale
trade in the Carpathian region in 2014-2024 indicates the orientation of domestic
demand for essential goods, which, in the context of a reduction in the output of
technological products, leads to an increase in the share of the energy sector, which
is characterized by inelastic demand for energy from utilities and the population.
In addition, servicing food trade requires significant electricity costs to ensure a
continuous technological process of processing, freezing and storing products.

The impact of wholesale trade indicators (Cons,, Cons,) was statistically
insignificant regarding the shares of other industrial sectors in total sales, which
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is explained by their export orientation or monopolistic nature, rendering them
independent of fluctuations in the domestic consumer and wholesale markets.
Export-oriented sectors (manufacture of electrical equipment, manufacture of
transport equipment) operate within European value chains, and their sales volumes
are determined by external contracts rather than the structure of domestic wholesale
trade. The statistical insignificance of the impact of wholesale trade indicators on
the share of the food industry in total industrial sales indicates a transformation in
food distribution channels. Food industry enterprises sell their products primarily
through retail chains and direct exports. Moreover, the food industry produces
essential goods characterized by inelastic demand; thus, the high stability of physical
output volumes does not depend on domestic wholesale market conditions. The mining
and quarrying, chemical, textile, and wood processing industries are isolated from
the domestic wholesale consumer goods market, accounting for the independence
of their shares in total industrial sales from wholesale trade indicators. Textile
manufacturing operates primarily under tolling schemes with immediate re-export
of finished goods to the EU, whereas the wood processing and chemical industries
are oriented toward direct exports or direct deliveries to industrial consumers.
Output volumes in the mining sector are determined by the natural resource base
and direct supplies of products to energy and construction enterprises.

Changes in the share of industry in total capital investments (Inv,) directly
affected the proportion of electrical equipment manufacturing in total industrial
sales: a 1 percentage point (p.p.) increase in the independent variable led to a
0.083 p.p. increase in the dependent variable. The value of the correlation coefficient
(R = 0.87) indicates a substantial relationship between these variables. This result
confirms the high capital intensity of the sector and its capacity to efficiently
absorb investment resources to expand production capacity. The share of food
production in total industrial sales was inversely related to changes in the share of
industry in total FDI (Inv,): a 1 p.p. increase in the independent variable resulted
in a 0.26 p.p. decrease in the dependent variable. This relationship can be explained
by a structural crowding-out effect arising from the concentration of foreign
investments in machinery manufacturing alongside negligible inflows into other
sectors, particularly the food industry. Directing a relatively larger share of FDI
into machinery manufacturing fosters faster growth rates in this sector, thereby
increasing its proportion in total industrial sales while relatively diminishing the
share of the food industry (even under conditions of stable or growing physical
output). For instance, in Zakarpattia oblast, the share of machinery manufacturing
in industrial sales during 2014-2024 increased from 40.8% to 59.3%, whereas
the proportion of the food industry in the structure of sales declined from 10% to
4.8%.

The absence of a statistically significant effect of investment factors on the
shares of other industrial sectors may be attributed to insufficient investment
volumes to generate substantial structural shifts in total industrial sales. For most
traditional sectors, capital investments are made primarily to maintain operational
status rather than to expand production capacities. Meanwhile, electronics and
transport equipment manufacturing enterprises mostly operate under tolling
arrangements and utilize production lines provided by parent companies, which
are often not captured in official statistics as capital investments or FDI. The
supply volume of electricity, gas, and steam, as well as this sector’s share in total
industrial sales, depend on inflation, state tariff policy, demand inelasticity, and
the security situation during wartime, rather than on investment volumes. The
operation of the mining and quarrying industry is determined by the availability
of mineral deposits, the technical feasibility of their exploitation, and regulatory
licensing, while investments in this sector are characterized by long payback periods
and do not yield an increase in the share of sales in the year capital expenditures are
made. Furthermore, the impact of the investment factor on traditional industrial

ISSN 1562-0905 Pezionanvna exonomira 2026, Ne3 47



sectors during the analyzed period was offset by the predominance of logistical and
infrastructural shocks under wartime conditions.

According to the results of the study, the innovation factor proved to be
statistically significant only for the food industry: a 1 percentage point (p.p.)
increase in the share of innovation-active enterprises contributed to a 1.05 p.p.
growth in the share of food manufacturing in total industrial sales. The statistically
significant (R = 0.797) direct relationship between these variables is explained by
the short innovation cycle of the sector, where the rapid adoption of new processing,
packaging, and international quality management systems allows for an immediate
increase in output with higher value added. According to this model, the share
of the food industry in total industrial sales in the Carpathian region was 63.7%
dependent on investment, innovation, and labor market factors, while 36.3%
depended on other factors not accounted for in the regression analysis, as indicated
by the coefficient of determination (R? = 0.637).

The impact of the share of innovation-active enterprises on changes in the
shares of other industrial sectors proved to be statistically insignificant, which
overall can be attributed to the relatively low level and local scope of innovation
novelty. Specifically, in Lviv oblast in 2020, the number of market-new innovative
products introduced stood at 106 units (28.1% of the total number of implemented
innovations), whereasin 2024, this number fell to 38 units (18.8% of total implemented
innovations). In Zakarpattia oblast, the total number of implemented innovative
product types decreased from 46 units in 2022 to 12 in 2023, with no market-new
innovations being introduced. Most implemented innovations are process rather
than product innovations. Their adoption enhances individual enterprise efficiency
but is insufficient to drive structural shifts across industry or expand a specific
sector’s share in total regional sales. Furthermore, the statistical insignificance of
the innovation factor for high-tech machinery manufacturing can be attributed to
the operating specifics of this industry: R&D for new products and technologies is
conducted abroad by parent companies, while enterprises operating in the Carpathian
region perform assembly operations that are not recorded as innovation activity
in official statistical reporting. Additional weakening of the innovation factor’s
impact is also linked to the prevalence of exogenous macroeconomic and wartime
logistics shocks during 2014-2024, which significantly hampered the innovation
activity of regional enterprises.

As shown in Table 1, the share of industrial employment (Laborl) had an
inverse effect on the proportion in total industrial sales of such sectors as food
manufacturing (model 2) and manufacture of furniture, other manufacturing, and
repair and installation of machinery and equipment (model 11.2). A 1 percentage
point (p.p.) increase in the independent variable resulted in a reduction in the
respective dependent variables by 1.3 p.p. and 0.19 p.p. At the same time, changes
in the share of labor costs in industry (Labor2) positively affected the shares of
these sectors in total sales. A 1 p.p. increase in the independent variable contributed
to a growth in the dependent variables by 0.34 p.p. (model 2) and 0.064 p.p. (model
11.2), respectively. According to model 12.2, the share of labor costs in industry
(Labor2) had an inverse effect on the proportion of electricity, gas, steam, and air
conditioning supply in total industrial sales: a 1 p.p. increase in the independent
variable led to a 0.97 p.p. decrease in the dependent variable.

The inverse effect of the employment share on the food industry and the furniture
and repair service sector is explained by an intersectoral reallocation of the labor
force toward large machinery assembly plants, which absorb the primary influx of
workforce in the region. Conversely, the positive effect of the share of labor costs
on these same sectors aligns with the efficiency wage theory: higher compensation
serves as a key prerequisite for retaining skilled workers in the long term and
driving labor productivity gains (Krynska, Kopycinska, 2015). The inverse impact of
labor costs on the energy sector’s share reflects its capital-intensive nature. At the
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same time, expanding the share of the labor-intensive manufacturing sector within
the industrial structure naturally reduces the relative weight of infrastructural and
resource-intensive industries in total industrial sales.

The econometric evaluation of the factors driving the structural transformation
of industry in the Carpathian region was carried out based on a methodological
approach involving the modeling of individual sector shares in total industrial sales
as a function of changes in domestic consumption, investment, innovation, foreign
trade, and employment indicators. Unlike the abstract index of structural shift
intensity utilized by S. Shults and O. Lutskiv (2024) in constructing a multifactor
regression model for Ukraine’s regions in 2013-2021, the dependent variable in
this study is defined as the share of a specific sector. This made it possible to
identify factors that stimulate the growth of high-tech sectors as well as those that,
conversely, hinder the development of high-value-added industries.

The panel regression results for the Carpathian region in 2014-2024 align
with the findings obtained by Shults and O. Lutskiv (2024) regarding the positive
relationship between structural changes in industry and the innovation factor, as
well as the inverse relationship with the labor market factor (industrial employment).
By conducting a regression analysis using the shares of industrial sectors within
total sales as dependent variables, the study succeeded in pinpointing specific
industrial sectors dependent on these factors. Specifically, the shares of the food
industry, manufacture of furniture and equipment repair, and electricity, gas, and
steam supply were influenced, alongside other factors, by changes in the share of
industrial employment and the share of labor costs in industry.

The panel regression results obtained for the Carpathian region regarding the
impact of investment and foreign trade factors on structural shifts in industry
reveal significant differences from the findings of S. Shults and O. Lutskiv (2024).
The authors established an inverse effect on the integral index of structural shifts
for both the share of capital investments in industry (B = —0.001) and the export-to-
import ratio (B = —0.559) across Ukrainian regions during 2013-2021. In contrast,
for the industrial complex of the Carpathian region in 2014—-2024, a clear direct
relationship was identified: an increase in the share of industry in capital investments
drove an expansion in the proportion of electrical equipment manufacturing (p =
0.083), while an increase in the export-to-import ratio positively influenced both the
share of electrical equipment manufacturing (p = 3.21) and the share of electricity,
gas, steam, and air conditioning supply (p = 30.52).

This discrepancy in results can be attributed to several factors: conducting this
study specifically for the oblasts of the Carpathian region — which feature a cross-
border character of economic activity and are integrated into global value chains —
covering data over a longer time horizon, and utilizing a vector of industry shares
in total sales as dependent variables. The integral index of structural shifts applied
in the work by S. Shults and O. Lutskiv (2024) measures only the general intensity
of intersectoral reallocation without taking into account the qualitative direction
of such changes. In contrast, using a vector of specific sector shares in this study
made it possible to identify the precise directional stimulating effect of foreign
trade and investment factors on the primary industrial sectors of the Carpathian
region. Unlike the economy of Ukraine’s regions overall, where traditional
metallurgical and raw-material industries hold significant weight, the Carpathian
region is distinguished by a high degree of cross-border integration and a unique
investment attraction profile. Furthermore, the analyzed period encompasses 2022
2024, capturing the shocks of the full-scale invasion. During this timeframe, the
Carpathian region emerged as a relatively safe relocation hub and a critical energy
and logistics node. This significantly reinforced the role of the foreign trade factor
and the infrastructure sector (energy supply), transforming traditional intersectoral
proportions in favor of the region’s energy and export resilience.
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Conclusions and Directions for Further Research

The econometric evaluation conducted using panel regressions made it possible
to identify the determinants of structural transformation within the industrial
complex of the Carpathian region. Foreign trade factors exerted the strongest
influence on structural shifts during 2014-2024, positively affecting the growth
in the shares of transport equipment manufacturing and electrical equipment
manufacturing in total industrial sales. This confirms a high degree of regional
integration into European value chains. Furthermore, high-tech imports served as
an important factor driving capitalization and sales expansion in the energy sector.

The impact of the investment factor was statistically significant only for the
shares of electrical equipment manufacturing and the food industry. The statistical
insignificance of this factor for other sectors points to low capital investment
volumes and an insufficient concentration of FDI to drive structural shifts in the
region.

The innovation factor proved to be statistically significant only for the food
industry. The lack of a statistically significant effect of the share of innovation-
active enterprises on the proportion of high-tech and medium-high-tech sectors
indicates a structural deformation of the innovation process. This situation stems
from the fact that most machinery manufacturing enterprises operate under
contract assembly schemes and utilize R&D developments from parent companies;
consequently, domestic innovations in these sectors remain superficial and, due to
a lack of capital investments, fail to reach the critical mass required to expand the
sector’s share in total output.

The results of evaluating the impact of labor market factors on the structure
of industrial production align with the efficiency wage theory. A simple increase in
industrial employment is accompanied by an outflow of personnel from traditional
sectors in favor of mass assembly operations. In contrast, an increase in the share
of labor costs stimulates output growth in the food industry and the furniture and
service engineering sector, as higher compensation allows enterprises to attract
skilled personnel and boost labor productivity.

The identified impact of domestic consumption factors confirmed the export-
oriented model of most industrial sectors in the region, for which domestic demand
proved to be statistically insignificant. The impact of consumption is substantial
only for locally oriented sectors and conforms to Engel’s law: a growing share of food
products in wholesale trade turnover indicates a forced shift in consumer demand
toward basic needs, which reduces expenditures on furniture and equipment repair,
while relatively increasing the share of the energy sector due to the inelasticity of
demand for energy.

The practical significance of the econometric evaluation results lies in their
application to formulating state strategies and regional development programs.
Specifically, the key priorities for driving the structural transformation of industry
under martial law and during post-war recovery include: (1) the transition of
machine-building enterprises from contract assembly to the development of their
own technologies and new products, the creation of dual-purpose technologies,
decentralization and technical modernization of energy infrastructure; (2) the
introduction of military-political risk insurance instruments, the development
of a network of industrial parks, the introduction of benefits for investors in
order to increase capital investments in machine-building, as well as support for
innovations in the food industry; (3) the implementation of the «effective wage»
model, which involves the rejection of competition with cheap labor in favor of
proper remuneration; (4) supporting locally oriented manufacturing by involving
local enterprises in state and municipal infrastructure reconstruction programs.

Further research into structural shifts in the Carpathian region should focus
on building distinct econometric models for Zakarpattia, Ivano-Frankivsk, Lviv,
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and Chernivtsi oblasts. These models will allow for forecasting the dynamics of
structural changes in the industrial sector and devising targeted regional policy
measures to enhance the sectoral structure of industry as a catalyst for accelerated
economic growth.
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Badeus I. I. ExonoMeTpr4Ha OliHKAa YMHHHUKIB CTPYKTYPHHUX TpaHchopmaniii npomuciaosocti Kapnarcbkoro
perioHy B ymoBax BiiiHu

Mema. Memoro cmammi € i0enmughikayis ma eKOHOMempuuHe OYIHIOBAHHS OemepMIHAHM CMPYKMYPHOT
mpancgopmayii npomuciogozo komnaexcy Kapnamcvkozo peziony 6 ymosax gitinu.

Memooonozis. J[ocniodncents 6a3yemovesi Ha OYIHIOBAHHT NAHETbHUX PeZPeCilHUX MOOeNel, 0e 3ANeNHCHOI 3MIHHOK
€ BEKMOP 4ACMOK OKPeMUX 2dJly3ell Y 3a2albHOMY 6URYCKY NPOMUCIOBOCI, A HE3ANEHCHUMU ZMIHHUMU — NOKAZHUKU
308HIWNBLOI MOpeieni, kanimanvuux ineecmuyit, 111, innosayitinoi akmuenocmi, punKy npayi ma 6HYmpiuHb020
CNOJNCUBAHHS.

Pesynomamu. Ycmanoeneno, wo 308HiUHbOMOP20BENbHI YUHHUKU € KAIOYOBUMU PYULIAMU 3POCANHA YACTOK
MPAHCROPMHO20 MAWMUHOOYOYBAHHA MA GUNYCKY €NeKMPUYHO20 YCMAMKYSAHHA, WO NiOmeepodicye icmommue
3AnyUeH s Yux NIONPUEMCME Pe2iony 00 €6PONEUCLKUX NAHYI02i6 CMEopeHHs 000anoi éapmocmi. /s nocmavanns
ejleKmpoeHepeii, 2azy ma napu SUAGNEHO 3HAYHUL CIMUMYTIOBANbHUL 6NIUE 8UCOKOMEXHON02IUHO20 IMNOPMY, AKULL
3abe3neuye KpUMuyHy nompeoy 2anysi 8 cy4acHomy 0ONaOHaHHI 0I5t MOOEPHI3ayii 2eHepyBaATbHUX NOMYHCHOCHe ma
6iOHO6NIeHHA THpacmpykmypu. Buseneno cmamucmuuny nesnauywjicmo ineecmuyiii ma innogayiti 01s Oitbutocmi
CepeoHbo — Ma BUCOKOMEXHONOIUHUX 2ay3ell (OKPIM Xapyoeol), wo ceiouums npo (GYHKYIOHY8AHHS NIONPUEMCME
Ha yMO8AX KOHMPAKMHO20 CKAAOAHHSA 3 UKOPUCIIAHHAM IMIOPMOBAHUX MEXHON02I ma Oegiyum Kanimary.
1Tiomeeposiceno 0ito Konyenyii echekmueHoi 3apodImHOL nAam: 3pOCMAHHSL BUMPAM HA ONIAMY NPAYi CIUMYIIOE
BUNYCK Y XAPHO8ILl RPOMUCTIOB0CT, BUPOOHUYMEI MeONi6 | peMOHmMI 001AOHAHHS 3A80AKU NIOBULYEHHIO NPOOYKIMUBHOCII.
Bnaus énympiunbo2o cnoscusanms 6ionosioae 3axony Eneeist ma 3ac8i0uye ekcnopmmuy opieHmayito 0Lsuocmi auysei
npomucnoeocmi Kapnamcokozo peziony.

Opuczinansnicms. Iloznubnenna meopemuko-mMemoousHux 3acad ma emMnipuune 0OIpYHMY8anHs Oemepminanm
cmpykmypHoi mpancopmayii npomuciosocmi peciony. JlosedeHo, wo aHaiiz 4acmox OKpemux 2aiyseil €
IHopmamusHiwum 3a acpecoganull iHOeKc, OCKINbKU 0AE 3MO2Y SUASUMU He Juule MACUWMAad MidHc2any3e6020
nepepo3nooiny, a i AKICHUIL HAnPSM PO3GUMKY KOHKPEMHUX CEKMOPI& NPOMUCIOB0CMIL.

Ilpakmuune 3nauenns. Busnaueno cmpameziyHi HanpsamMu NPOMUCIOBOI NOTIMUKU: nepexio 8i0 MoniH208uUx
onepayiil 00 81ACHUX HAYKOBUX PO3POOOK | MEXHON02I NOOBIUHO20 NPUSHAYEHHS, PO30YA08a IHOYCMPIATbHUX NAPKIE,
CMpaxy8amms OEHHUX PUBUKIB; peanizayis Mooeni ehekmueHoi oniamu npayi ma 3a1y4eHHs 10KaTbHUX NIONPUEMCING
00 6i06y008U.

Knwouosi cnosa: cmpykmypna mpancgopmayia npomucnosocmi, Kapnamcokuil pe2ion, nanenvha pezpecis,
OemepmMiHAHMU CIMPYKMYPHUX 3PYULeHb, eKCROpm, IMROpmM, iHeecmuyii, iHHO8aYil, 6HYMPIWHE CHOMCUBAHHSL,
3QUHAMICb.
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