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Abstract
Institutions managing European Funds are obliged by the European Commission to evaluate them. In the 
article, a micro-macroeconomic model of the regional value-creation system with the impact of structural 
funds is proposed. Besides the traditional variables of supply and demand in the economy, the model 
also embraces variables refl ecting natural environment protection as well as research and development 
and innovation. The model may be used as a theoretical framework for evaluation with the usage of 
quantitative and qualitative methods. The model is based on a systems approach that emphasizes inter-
dependencies and causal loops rather than unidirectional causal relationships. An application of the 
model for the evaluation of the impact of European Funds on Polish counties is presented, showing 
the positive impact of the funds of the 2014-2020 programming period on an income proxy and knowl-
edge-based entrepreneurship.
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Introduction

Since joining the European Union in 2004, Poland has been one of the main recipients of the Euro-
pean Union funds related to the cohesion policy, the so-called Structural Funds (SFs). For the years 
2021–2027, it will be EUR 76 billion, or about EUR 2,000 per capita. Hence, the proper usage of 
these funds in Poland is particularly important. The authorities in charge of the Structural Funds 
programs are required to implement the European evaluation standards at both the regional and 
national levels (Baslé 2006).

The primary objective of the evaluation is to gather data that may be utilized to enhance public 
European action (Baslé 2006). The evaluation involves collecting evidence to assess individual im-
plementations and to analyze them for any unintended consequences. It also results in the decision 
to adjust or stop the programs using EU funds (Chłoń-Domińczak et al. 2022). 1

Resource dependence theory (RDT) explains the need for evaluations imposed by the Europe-
an Commission (EC) on member states. According to RDT, actors engage in wealth-maximizing 
strategies within an interorganizational context to ensure the long-term survival of their organi-
zations. Interorganizational coordination is the only way to create common wealth. Moreover, only 
eff ective distribution of common wealth will guarantee political support to ensure the survival of 

1. See also: “Better Regulation Guidelines.” Commission Staff  Working Document, Brussels, 3.11.2021, SWD
(2021) 305 fi nal, available at https://commission.europa.eu/document/download/d0bbd77f-bee5-4ee5-b5c4-6110c76
05476_en?fi lename=swd2021_305_en.pdf&prefLang=pl.
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an organization. Poor implementation of EU policies constitutes a threat to the commission. To min-
imize this threat, the EC creates mechanisms to control the domestic usage of European Funds. 
As an organization, the European Commission wants other actors to implement commonly agreed 
programs, but it faces the problem of moral hazard. In order for the principal to deal with the moral 
hazard of asymmetric information about the agent, it is important to enlarge the informational 
basis. Hence, the EC invests its resources in monitoring and evaluating activities (Bauer 2006).

The process of evaluating the European Structural Funds results in reports on outcomes, pro-
cesses, or quality, as well as information regarding the effectiveness, efficiency, and impact of the 
funds. Such monitoring provides information for ongoing outputs and results. A less frequently 
conducted evaluation consists of assessing policy characteristics according to a specific objective 
or perspective. Evaluation is usually carried out by entities external to the authorities responsible 
for the policy (Ostašius and Laukaitis 2015). Evaluation takes the forms of ex-ante, mid-term and 
ex-post assessments. Ex-ante evaluation assesses whether the indicated priorities will bring the 
effects assumed in the EU and the national policies of member states (Barca 2006). Mid-term as-
sessments include a critical analysis of the data collected through monitoring activities and allow for 
corrective actions to the program (Bachtler and Michie 1997). Ex-post evaluation checks whether 
the assumed indicators have been achieved. 

Many objections to the excessive bureaucracy of the EU procedures and excessive evaluations, 
as well as an unclear division of the funds, have been raised for years (Barca 2006; Dellmuth 2011). 
However, since it is impossible to manage something that cannot be measured, monitoring and eval-
uation are the basis for responsible public management. The understanding of the causes of good 
or bad performance can be ensured through evaluation (Gancarczyk, Ujwary-Gil, and González 
López 2021). Only when decision-makers are aware of how assessment might affect their actions 
will the evaluation be effective (Barca 2006). 

Since the beginning of the 21st century, the EU strategy has emphasized research and devel-
opment and innovation (R&D&I), as well as green and inclusive growth (Bongardt and Torres 
2010). Hence, EU funds have supported transitions to higher innovation, employment (Bondonio 
and Greenbaum 2014), or pollution reduction (Włodarski and Martyniuk-Pęczek 2017). Entrepre-
neurship development is a path both to higher innovation and lower unemployment (Crudu 2019). 
Corporate innovation is crucial for regional and local development, and it is affected by regional 
and local conditions (Reidolf and Graffenberger 2019). Accordingly, the SFs supporting corporate 
innovation also affect the economic cohesion of European countries and regions, which can be 
measured by the impact on incomes in less developed EU countries, such as Poland. 

The structural funds are part of the financial ecosystem of companies in Poland, as they can 
use these funds to support their innovation, technology transfer and employee training. Grants for 
start-ups are also present. 2 The differences in the absorption of SFs between local economies also 
reflect the strength of local financial ecosystems — i.e., the financial services present there and their 
interconnections with organizations in other sectors eligible to apply for funding (Gancarczyk and 
Rodil-Marzábal 2022).

Regional socio-economic development is usually well-documented in evaluation reports, although 
these are often not impact evaluations or program effectiveness studies (Baslé 2006). The evaluation 
of the impact of the Structural Funds at the micro level is often based on standard cost-benefit and 
other techniques. Assessing the macroeconomic impact of public spending has been an area of re-
search since the development of quantitative macro models in the 1930s. Since assessing the impact 
of SFs is difficult due to their structural transformational objective, the models have had to consider 
measures on the supply side in addition to those on the demand side. It is necessary to examine 
the impact of SFs taking into account economy-wide feedbacks and interactions, along with spill-
overs and externalities. This requires formal national or regional economic models (Bradley 2006). 

Econometric modeling is used in the Structural Funds evaluations in the form of HERMIN-type 
multivariate macroeconomic models (Mogiła 2019), but this type of research is expensive and 

2. See: European Funds in Poland. Information published by Ministry of Development Funds and Regional 
Policy on October 15, 2015, available at https://www.funduszeeuropejskie.gov.pl/en/site/learn-more-about-european 
-funds/discover-how-the-funds-work/european-funds-in-poland/, accessed 2023-04-29.
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usually requires a separate contract. However, most of the evaluations are comprehensive procure-
ments in which the contractor is expected to conduct a quantitative study using a survey of the 
beneficiaries and a control sample, as well as in-depth interviews with the beneficiaries and officials, 
an analysis of project documentation, and statistical and econometric analyses (Spanache 2018). 3 
Evaluation based on micro-level data uses methods such as propensity score matching (Mróz et al. 
2023), conditional difference-in-difference models (Bondonio and Greenbaum 2014), and logit re-
gressions (Wojnicka-Sycz and Sycz 2016). One multi-equation evaluation model other than HERMIN 
is, for example, the regional econometric labor market model for Lombardy (Baussola 2007). 

Di Caro and Fratesi (2022) use a two-stage method to estimate the impact of the cohesion policy 
over the 1990–2015 period for regions in the old EU-15 and the 2000–2015 period for regions in 
the 10 new member states. They use an autoregressive distributed lag panel model and a dynamic 
mean group model to estimate the impact of cohesion policy on regional economic performance, 
which allows them to identify region-specific coefficients of the policy’s impact. They find that 
a 1% increase in EU cohesion policy spending was associated with a significant positive variation 
in regional GDP of around 0.07% in the old EU-15 regions, while it was around 0.05% in the new 
member states. In the second stage, they use logit regression to analyze the impact of different re-
gional factors on the effectiveness of the policy. They find that the level of SF expenditure matters 
for policy effectiveness with decreasing returns. Furthermore, the quality of regional institutions 
and human capital are the drivers of higher cohesion policy effectiveness.

Another model describing the regional system, which can also be used for evaluation as it in-
cludes an SF component, is the regional multi-equation model for MASST (Macroeconomic, Sectoral, 
Social, Territorial) growth forecasting. The advanced version of MASST consists of a regional and 
a national component. The national component reflects macroeconomic and international economic 
variables. The regional component takes into account the territorial capital stock (sectoral employ-
ment and cross-sectoral productivity components, demography, spatial interdependence, growth 
spillovers, and agglomeration economics), employment growth, population growth, and migration 
flows (Capello and Fratesi 2012). To forecast the regional structure of economic employment, Masou-
man and Harvie (2018) use an embedded model that integrates an input-output (IO) framework with 
regional econometric modeling. The IO analysis reflects the cross-sectoral structure of the economy, 
while the regional econometric modeling captures dynamic technological change and price effects.

The Spanish experience shows that the future EU cohesion policy should focus on coordination 
failures that undermine the transformation towards a high-skill-high productivity growth equilib-
rium (Faiña, Lopez-Rodriguez, and Montes-Solla 2020), which can be achieved through better 
cooperation in regional innovation systems between different actors of the sextuple helix (firms, 
science, bridging institutions, administration, societies, and environment). The problems related to 
evaluation stem from the complexity of policies, as well as the lack of consideration of cause-and-
effect loops rather than linear cause-and-effect relationships. The impact of these relationships is 
often overemphasized, and there are many other interdependent factors (Spanache 2018) that need 
to be taken into account (Baslé 2006). Huber (2006) states that in order to improve evaluation 
methods, it is important to use creative trial and error as well as benchmarking.

This paper proposes a model of the regional value creation system under the influence of the 
Structural Funds for evaluation purposes. The model reflects the challenges of the paradigm of 
sustainable innovative development based on the integration of social and economic spheres and 
environmental and spatial dimensions. It also addresses the challenges of the evaluation process 
of the impact of European Funds on the regional economy and proposes a framework of com-
plex systemic linkages that could be explored during the evaluation using both quantitative and 
qualitative methods. An exemplary application of the model for the evaluation of the impact of 
the SFs of the 2014–2020 programming period at the level of Polish counties has been presented. 

3. See also: “Ocena wpływu Programu Operacyjnego Innowacyjna Gospodarka na zwiększenie innowacyjności 
przedsiębiorstw” [Assessment of the impact of the Innovative Economy Operational Program on increasing the 
innovativeness of enterprises]. Report by Tomasz Klimczak et al. (WYG PSDB Sp. z o. o.), Departament Konku-
rencyjności i Innowacyjności. Ministerstwo Infrastruktury i Rozwoju, Warszawa, 2015, available at https://www.poir 
.gov.pl/media/11383/Raport_Koncowy_inowacyjnosc_POIG_grudzien_2014.zip.
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1 The proposition of a micro-macroeconomic model of the regional system

The micro-macroeconomic model of the regional value creation system is the proposed theoretical 
framework for evaluating the impact of the Structural Funds (Figure 1). From an economic point 
of view, a region is a defined area with its own economy, formed on the basis of available internal 
and external economic resources and factors influencing its development, such as capital, labor, 
technologies, information, etc. (Ginevičius and Podvezko 2009). This concept is the theoretical ba-
sis for relationships that can be estimated through econometric modeling and qualitative research. 
The model is based on a systems approach, which means that dependencies are interdependencies 
and not cause-and-effect relationships. Cause-and-effect relationships can only occur in time, such 
as earlier changes in the factors included in the model and later outcomes. Baslé (2006) raised 
the objection that the traditional causal logic diagram of interventions does not take into account 
complex relationships. However, it can be stated that co-financing projects from the Structural 
Funds, as an exogenous factor, can be a determinant that changes the parameters reflecting the 
economic processes included in the proposed model.

The model of the regional value creation system is based on the bottom-up approach. It re-
flects the philosophy of value creation in organizations according to Porter’s Diamond (1990) — i.e., 
competitiveness resulting from the environment (clusters), the model of the territorial growth pole 
(Wojnicka-Sycz 2013), and the macroeconomic theory of J.M. Keynes (1936), based on the cal-
culation of Gross Domestic Product (GDP) and multiplier effects. It also takes into account the 
evidence from spatial economics on the importance of agglomerations and externalities for economic 
growth (de Groot, Poot, and Smit 2008), the key importance of innovation and productivity for 
economic growth — neoclassical and new growth theory as represented by Solow (1988), Romer 
(1990), and Freeman (1994) — theories of regional development (the importance of sectoral and 
territorial growth poles), theories based on innovation and knowledge diffusion, and the concept 
of eco-development (Capello and Nijkamp 2009; Hirschman 1958; Perroux 1950). This model also 
considers the importance of political, economic, social, technological, environmental and legal con-
ditions originating from the domains included in the PESTEL analysis (Çitilci and Akbalık 2020). 
Therefore, this model takes into account the indications of theories that deal with the micro and 
meso levels: region/territory and industries, as well as macro and international dimensions, such 
as the theory of European integration and international economics.

The following supply-side subsystems were distinguished in the model: 1. the subsystem for pro-
duction factors and development conditions; 2. the subsystem for processing and delivering goods 
and services (supply); 3. the subsystem of effects, which reflects the demand side of the economy 
and is influenced by national and international conditions. The regional value creation system 
operates within value-added cycles. Between individual subsystems there are flows and feedbacks 
(i.e., interdependencies).

The effectiveness of the regional system of value creation is reflected in such result variables 
as GDP growth, employment, the state of public finances, social, spatial and economic regional 
cohesion (the coefficient of the variation between territories in terms of labor market variables, the 
incomes of communes and citizens, transport infrastructure, etc.), and sustainable development, 
which will manifest itself, for example, in increased life expectancy in a region.

The Structural Funds measured by the total value of projects supported by them, that is, to-
gether with additional national funds (Bradley 2006), affect the development factors and conditions 
used by the regional subsystem for processing and delivering goods and services from the regional, 
national and international environment. The Structural Funds also affect the organization of the 
processing and delivering subsystem that produces effects for the environment — i.e., value added, 
which in turn determines the demand and distribution of income, as well as value creation in the 
next cycle. It also affects outcome variables such as unemployment, coherence/diversity, life ex-
pectancy, and the state of the natural environment. The structure of support from the Structural 
Funds will determine the strength of their impact on individual elements of the system, and thus 
their effects will be different.
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This model shows the process of value creation in a regional system with feedback. The Struc-
tural Funds influence the factors of regional development, such as production factors and other 
conditions that determine the creation of value added through transformative processes carried out 
in the production and service sectors under given regional, national, European and international 
conditions.

In the resource part of the regional value creation system it is possible to distinguish capitals 
reflecting groups of development factors indicated in the macro-, meso- and microeconomic geo-
graphical, social and management theories (Wojnicka-Sycz 2013). They determine qualitative de-
velopment, measured, for example, by life expectancy, and quantitative income growth, measured 
by GDP. Economic growth, in turn, affects, for example, the situation on the labor market and 
the creation of better infrastructure, which is conducive to qualitative development. The proposed 
development capitals are human, financial, physical, intellectual, social, natural, and administrative.

Human capital includes skilled and unskilled labor, the labor market, the education system, do-
mestic and foreign migration, education in the field of sustainable development, and public health. 
Financial capital consists of financial institutions, financial resources of people and companies, 
and foreign funds: foreign investments, funds from exports and the Structural Funds that can be 
used by regional actors. Physical capital includes transportation and communication infrastruc-
ture, environmental protection devices, machinery and technology, as well as housing and general 
construction. Intellectual capital refers to technology, knowledge infrastructure, pro-innovation in-
frastructure, diffusion of knowledge, creative entrepreneurship, R&D activity, cooperation in the in-
novation process, innovation systems, and technological awareness. Natural capital reflects the state 
of the natural environment, natural resources, geographical location, demographic structure, and 
population growth. Administrative capital refers to the quality and transparency of the work of 
public institutions as well as administrative cooperation. Social capital consists of resources such 
as the willingness to cooperate, cooperation networks, and social organizations.

From the point of view of the processing and delivering subsystem, what is important is the 
availability and prices of production factors, as well as their quality, which increases the innovative-
ness of enterprises. Equally important are the external effects generated in a region by territorial 
and industrial growth centers. External benefits may result from the agglomeration of people and 
economic entities in a territorial growth pole, which may be a metropolitan area, and the diffusion 
of growth from this area to the rest of the region. External effects can also be negative, the most 
common one being pollution (Petrakos 1992). The Structural Funds can help to internalize these 
costs, for example by expanding the use of renewable energy and energy-saving methods or tech-
nologies that reduce air pollution. 

The external determinants of the resource subsystem of a given region include national or 
European policies or external migration into the region. The negative effects of leakage from the 
region should also be considered. They can sometimes be a side effect of strengthening the region’s 
transportation links (de Blasio, Poy, and Ciani 2020; Persyn et al. 2023). The sensitivity of the 
region to changes in the global economy will depend, among other things, on the level of interna-
tional linkages of regional actors. 

The Structural Funds affect individual elements of the resource part of the economy, and their 
impact on various outcome variables will depend on the structure of the support. They will also 
have a direct impact on the processing and delivering subsystem represented by a specific regional 
industrial structure. These funds often stimulate the development of high technology industries or 
areas strongly related to science, such as regional smart specializations. SFs also aim to restructure 
agriculture and fisheries or to support small and medium-sized enterprise sectors, thereby ensur-
ing competition. They thus support the structural transformation of the regional processing and 
supply subsystem. Their aim should be to increase the productivity, innovation, and international 
competitiveness of regional actors, which in turn will determine economic growth and improve 
the quality of life. In addition, the indirect impact of the funds on the processing and delivering 
subsystem will result from their impact on the quality of the resource side of the economy through 
activities such as training. The processing and delivering subsystem will also depend on the prices 
and quality of semi-finished products from abroad and from other regions of the country.
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The Structural Funds also support networking in the form of industrial clusters (Žižka and 
Pelloneová 2019) or intersectoral connections between business, science, administration and society 
that stimulate knowledge diffusion. The structure of the subsystem for processing and delivering 
goods and services based on clusters and smart specialization should promote higher productivity 
and regional GDP growth, and, based on the assumption of innovation, satisfy new or hitherto 
unsatisfied needs of the residents, thus improving the quality of life. At the same time, innovation 
allows us to overcome the barrier of lack of resources, because it means an additional resource of 
knowledge and technology. It also makes it possible to shift the production possibilities frontier 
of the economy outwards, even with a limited amount of land, natural resources or labor. Innova-
tions also shift the aggregate supply curve to the right (Goodwin, Harris, and Nelson 2019). Tech-
nology and knowledge, along with the innovations that result from them, develop this potential 
and constitute factors of production that tend to grow as they are shared and thus increase thanks 
to their diffusion in the innovation system. Innovations also make it possible to achieve the same 
level of production with less input from classical factors of production. A large part of the Struc-
tural Funds is allocated to the development of innovation potential through research infrastructure, 
research and innovation grants or technology transfer embodied in machines and equipment.

The regional processing and supply subsystem consists of both domestic and foreign companies. 
They purchase semi-finished products and raw materials, partly from other regions and partly from 
abroad, and receive income from sales to external entities. In addition, they may acquire financial 
capital and workers from abroad. The international interdependence of business cycles and the 
impact of national macroeconomic policies will take place through the macroeconomic environ-
ment. In addition, the subsystem for processing and delivering goods and services is influenced 
by the legal and political environment as well as demographic, socio-cultural and technological 
trends in the country and the world. These trends determine both the resource and demand sides 
of the model. For example, the demand for a particular type of product or service may be driven 
by fashion or demographics.

In the analysis of the subsystem for processing and delivering goods and services in a voivodship 
5 sectors can be distinguished, such as industry, construction, market services, non-market services, 
and agriculture and fisheries. The level of their internationalization can be assessed through the 
prism of the intensity of foreign investments or export-import relations, which also influences the 
sensitivity of the region to international shocks. The analysis of the changes in the GDP of the 
region in comparison with the national trends will also make it possible to capture the region’s 
sensitivity to disturbances in the previous period, which can be extrapolated to future crisis risks.

The economic effect resulting from the processing of production factors by regional enterprises 
is the value added generated by the sale of the products and services provided by them. The prod-
ucts distributed in the regional system may come from the country and from abroad. At the same 
time, they can be used for the development of regional resource potential for the next cycle of value 
creation. The activity of regional agents will also result in income: the profits of capital owners 
and enterprises, including those from outside the region, employees’ salaries, and taxes, such as the 
income of local government units and the central budget. There will also be new knowledge and 
technology along with growth spillovers from their diffusion. An additional effect of SFs will be the 
internalization of external costs by regional agents due to the implementation of environmentally 
friendly technologies.

These effects are also transferred to the extra-regional system in the form of profits, wages of 
migrants and extra-regional suppliers, the diffusion of new knowledge in the form of innovative 
products, or taxes paid to the central budget. 

At the same time, these effects determine demand and capital accumulation as well as demand 
itself: its size and structure determine the directions of business investment as well as prices and 
demand for resources and other development factors in the region. This demand will also be the 
demand from outside the regional system, and its size and structure will depend on international 
and national conditions. 

Macroeconomic conditions depend on taxes, public debt, interest rates, exchange rates, cost 
inflation or deflation, the growth rate of major trading partners and the EU as a whole, etc. 
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The socio-cultural trends that determine the direction of regional/local development include the 
aging population, McDonaldization, the healthy food trend, the promotion of the circular economy, 
responsible innovation, the trend towards a better work-life balance, and anti-consumerism. Re-
gional development is also affected by political and regulatory factors. These include issues such 
as changes in legislation that stimulate the development of specific industries, for example those 
related to ecology, labor law, the threat of international conflict, etc. The environmental conditions 
relate to sustainable consumption patterns, circular economy, eco-innovation, etc. As for the exter-
nal technological determinants for regional and local actors, these are digital innovations and the 
dematerialization of consumption, for example through the purchase of virtual products, including 
those affecting the relative competitiveness of regional industries, etc.

Demand is also corporate and public investment in the next value-added cycle, which is de-
termined, among other things, by the interest rate as well as the level of savings available in the 
regional system. Demand is also consumption, which results from the utility of consumption of 
certain goods by a society with given preferences and budget constraints. Demand is also external 
demand for regional goods and services. The analysis should also consider the multiplier effects 
of investment, conditioned by the marginal propensity to consume, the tax rate, and the marginal 
propensity to import. This demand will determine the structure and intensity of value added in 
the next cycle, the necessary factors of production, and other general and specific conditions. As for 
the positive effects in terms of value creation in the regional system, they include economic growth, 
an increase in employment, and a good state of public finances. With well-functioning channels of 
diffusion of knowledge and growth, these effects should lead to a higher economic, social and spatial 
cohesion of a region. It should be noted, however, that the relationship between economic growth 
and cohesion is not linear. To some extent, inequalities can stimulate economic growth in the region 
as a whole by concentrating economic activity and increasing competition and by reaching a crit-
ical mass for development. Beyond a certain level, however, inequalities become an obstacle and 
are associated with pathologies, so their elimination will accelerate economic growth (Barro 1999).

In addition, more effective value creation should also shift the economy of a region towards 
value creation based more on innovation and R&D. Thus, in the next period, the effects of the 
R&D and innovation process, such as patents obtained or new products, are expected to increase. 
Innovations will reflect better resources and transformative capacity of the regional system. Among 
the positive effects of a well-functioning regional system for value creation will also be a cleaner 
natural environment, with less energy consumption and less environmental pollution.

2 Application of the model

The data on the Structural Funds in Poland in a given territorial unit, specified by means of axes, 
measures and sub-measures of operational programs and categories of assistance (such as research, 
development and innovation, road infrastructure, etc.) was sourced from reports prepared by the 
institution managing operational programs on the basis of IT systems collecting data on individual 
projects. For the 2014–2020 Structural Funds programming period, this was the SL 2014 system. 

When modeling the impact of the funds on individual variables, any of the relationships indi-
cated in the regional value-creating model could be used, assuming a time lag of supply effects in 
relation to the implementation of projects supported by the Structural Funds, but with a faster 
emergence of income effects on the side of entities from the subsystems of production and processing 
factors associated with the implementation of the projects in question. The model could be used to 
complement the existing multi-equation models, for example by taking into account the importance 
of innovation for development, a multifaceted approach to development factors, or the inclusion of 
environmental issues and an economy based on business and innovation ecosystems, exemplified 
by clusters and smart specialization. At the same time, it would require the work of a larger team 
of researchers to develop a multi-equation model based on the proposed model. Thus, due to its 
theoretical nature, it can also provide a rationale for single-equation models aimed at testing the im-
portance of Structural Funds of a given type for specific effects (e.g., on innovation) or the influence 
of total funds on income or GDP with control variables reflecting factor and processing subsystems.
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Data on variables reflecting the various elements of the model can be obtained from central 
statistical offices, Eurostat, or other available sources. In the case of statistical data, the level 
of detail will depend on the level of the analysis — most data will concern states and provinces 
rather than counties. The individual variables included in development capitals can be considered 
separately or in the form of synthetic indices. For example, to reflect intellectual capital at the 
level of provinces, one can use data from the Regional Innovation Scoreboard 4 referring to the re-
source part, such as outlays on R&D&I, employment in knowledge-intensive services, employment 
in innovative enterprises, and cooperation in innovation processes. At the level of counties these 
can be notifications of inventions at the Patent Office of the Republic of Poland or the share of 
the creative sector in new entities.

The subsystem for processing and delivering goods and services can be reflected through the 
structure of enterprises, such as the number of entities registered per persons of working age (en-
trepreneurship), the number of entities employing more than 49 people compared to the number 
of residents, the number of active clusters or the rate of employment in industries related to re-
gional smart specializations or their LQ (location quotient), regional imports in high-tech products, 
and the percentage of innovative enterprises. In terms of the impact on the environment, one can 
analyze the share of high-tech exports, the share of innovations located in foreign markets, sales 
of innovative products, the level of environmental pollution, local government tax revenues, and 
wage dynamics in relation to the national average. In the case of panel models, national conditions 
changing from year to year can be included, such as the exchange rate, interest rate, etc. Inflation 
should be considered by expressing the variables in constant prices analyzed in the model.

In addition, the model can be used as a basis for seeking new data, for example, in webscraping 
or surveys, in which one can ask about the impact of, for example, the Structural Funds on the 
introduction of environmentally friendly technologies by companies or the increase in employees’ 
skills or wages. In survey questionnaires, such issues would be addressed separately, that is, by 
asking questions about the use of new environmental technologies and, at the same time, about the 
implementation (or its lack) of projects supported by the EU. Then, with the help of logit regressions, 
it is possible to check whether there were greater chances of implementing new technologies in the 
case of receiving support (Wojnicka-Sycz et al. 2020).

In the case of econometric modeling using panel models for the level of provinces in a country 
or subregions/counties in these provinces, it will be necessary to estimate the value of projects 
from the Structural Funds in each year. In order to do this, it is necessary to divide the amounts 
attributable to projects lasting more than a year by the number of years so as to estimate the an-
nual allocations. Such estimates will be particularly useful for mid-term evaluations when a shorter 
data series is available. The problem, however, is the smaller number of available statistical data 
for units of increasingly lower territorial levels.

Below, an application of the model for assessing the impact of the 2014–2020 structural funds 
in Poland is discussed, based on data for counties. The value of projects co-financed from the 
Structural Funds has been calculated based on the place of project implementation indicated for 
a given county. Thus, national or provincial projects are not taken into account. The data on the 
Structural Funds in Poland was sourced from reports prepared by the institution managing opera-
tional programs based on IT systems collecting data on individual projects. 5 The analysis is based 
on the report of November 30, 2021.

The econometric methods used to assess the impact of the Structural Funds are spatial linear 
regressions based on cross-sectional data for counties. Such analyses, especially in the case of ex-
post evaluation, allow for a comparison of the situation in territorial units before and after the 

4. See: Regional innovation scoreboard, Directorate-General for Research and Innovation, available at https://resear-
ch-and-innovation.ec.europa.eu/statistics/performance-indicators/regional-innovation-scoreboard_en, accessed 2023- 
12-10.

5. See: Stan wdrażania Funduszy Europejskich w Polsce w latach 2014–2020: lista umów z miejscami realizacji 
[Status of implementation of European Funds in Poland in 2014–2020: list of contracts with places of implementa-
tion]. Information published by Ministry of Funds and Regional Policy, available at https://www.funduszeeuropej-
skie.gov.pl/, accessed 2023-12-10.
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financing as a function of the level of absorption of the Structural Funds. Spatial dependence means 
that an observation in a given territory may depend on another observation elsewhere. The spatial 
error model (SEM) assumes a spatially lagged random error. The spatial lag model (SLM) includes 
a spatially lagged explained variable (Kossowski 2010). Such modeling also makes it possible to 
assess the impact of the Structural Funds on neighboring areas by estimating spatial regressions 
using a spatially lagged variable reflecting the Structural Funds (SLX model).

Cross-sectional spatial models for counties were estimated in Gretl using robust standard errors. 
The models were then tested for spatial dependence and the validity of the use of spatial regression 
in the GeoDa package. Robust LM tests for spatial dependence indicated the validity of the spatial 
lag models. The first order queen-type contiguity matrix was used. In addition, SLX models were 
estimated with a lagged independent variable reflecting the value of projects co-financed from the 
Structural Funds. To avoid the problem of endogeneity, all control variables reflect the situation in 
2014, that is, before the inflow of the Structural Funds associated with the 2014–2020 program-
ming period. As a dependent variable, I used the absolute increase in the value of the variable in 
2021 compared to 2014. Two sets of models were estimated. The first one reflects the impact of the 
value of all projects co-financed from the Structural Funds on the increase in communes’ income 
from personal income tax (PIT) and rural tax per capita. This was calculated after subtracting 
the additional county share of cities with county rights from communes’ and cities’ PIT revenues 
in order to make it comparable with the share of taxes from communes. In addition, the data is 
for up to 2021, so it does not concern the changes introduced by the reform of the tax system in 
Poland in 2022. As farmers do not pay PIT, rural tax revenue has also been included. This indicator 
reflects the share of the income of employees, pensioners, and entrepreneurs in the form of individual 
business activity. In fact, it is a good indicator of GDP at the local level (Ciołek 2017). The second 
group of models examines whether the projects co-financed from the Smart Growth Operational 
Program, aimed at stimulating research, development and innovation (R&D&I), had an impact on 
the increase in the value of the indicator of knowledge-based entities registered per 1,000 residents. 
These are units operating in the following sections of the Polish Classification of Economic Activ-
ities (PKD): J — information and communication; K — financial and insurance activities; L — real 
estate activities; M — professional, scientific and technical activities; N — administrative and sup-
port service activities. This is one of the scarce variables that may resemble R&D&I activity at 
the level of counties.

The first group of models assesses the impact of SFs on the subsystem of effects of the regional 
value creation model — i.e., income, which later determines demand and GDP. The control variables 
in these models reflect the initial state of the element of the subsystem of production factors: phys-
ical capital (the gross value of fixed assets per resident of productive age, with the Polish average 
being 100, and the 3-year average of the number of new dwellings per 1,000 residents) and the ini-
tial state of the processing subsystem (the number of registered companies per 10,000 residents and 
the number of employees per 1,000 people of productive age). The variable reflecting the value of 
projects co-financed from the Structural Funds covers the impact of the funds on both the produc-
tion factor subsystem and the processing subsystem throughout the period 2014–2020. The second 
set of models examines the impact of the projects co-financed from the Smart Growth Operational 
Program on the processing subsystem in terms of the increase in the number of knowledge-based 
firms per 1,000 residents. The control variables reflect the initial state of financial capital (foreign 
capital in PLN million), physical capital (the gross value of fixed assets per resident of productive 
age and the 3-year average of the number of new dwellings per 1,000 residents, as well as municipal 
and county paved roads per 100 km2), and the initial state of the processing subsystem in the form 
of the number of enterprises registered in sections J-N of the Polish Classification of Economic 
Activities (PKD) per 1,000 residents.

The spatial lag model is characterized by the highest coefficient of determination and the low-
est Akaike criterion in the case of the two independent variables. The 1% increase in the value of 
projects co-financed from SFs per capita in Polish counties in 2014–2021 coexisted with the 0.037% 
increase in the growth of real municipal tax revenues from PIT and rural tax (table 1). Thus, dou-
bling the value of projects co-financed from SFs per capita would lead to an increase of 3.7% in the 
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proxy for the growth of income in counties. This is not high, but it reflects the overall share of the 
Structural Funds in Polish GDP, which in the years 2014–2020 ranged from 1.15% in 2017 to 2.6% 
in 2020. It was also below 2% in 2016 and 2018, while in 2014, 2015 and 2019 it was around 2.3% 
(Wpływ polityki… 2022). However, these figures for 2014–2016 include projects co-financed from 
SFs from the 2007–2013 programming period. Moreover, these indicators include the SFs linked 
to national and voivodship projects in the 2014–2020 programming period. Therefore, the impact 
of SFs at the county level in the years 2014–2020 of the 2014–2020 programming period on the 
increase in income growth is higher than the value of these SFs in GDP. It is also consistent with 
the estimated impact of SFs on GDP growth in the years 2015–2020. In the years 2015–2017, it was 
slightly negative (−0.2% to −0.9% of GDP) due to the low number of completed projects. This 
weakened the increase in demand directly caused by the funds, which require a constant inflow 
of financial resources. The impact of SFs in the years 2018–2020 was also positive due to the ac-
tivation of the supply side changes by the projects co-financed from these funds, and it amounted 
to 0.2%–0.3% of GDP (Wpływ polityki… 2022). In 2018–2019, 6 it accounted for around 4% of GDP 
growth, which is similar to the results of the spatial lag model estimates. However, the estimated 
spatial lag model also showed the clustering of income growth in counties in Poland, as the bigger 
increase in municipal PIT and rural tax revenues per capita in neighboring counties caused a stron-
ger increase in the indicator in a given county. The initial state of the processing sub-system of 
the regional value creation model, measured by the number of registered enterprises per resident 

6. In 2020, GDP growth was negative and SFs reduced the rate of the decline.

Table 1. Model of the regional value-creation system with the influence of the Structural Funds

Independent variables

Dependent variable: Logarithm of absolute incre-
ase in communes’ incomes from PIT and rural 

tax per capita in 2014–2021 in 2014 prices
Linear regression a SLX SLM

Constant 1.124 (0.48)** 1.159 (0.39)*** −0.480 (0.38)
Logarithm of value of projects co-financed  
from the Structural Funds  
in PLN per capita 2014–2021

0.031 (0.01)*** 0.033 (0.01)*** 0.037 (0.01)*** 

Spatial lag b of logarithm of value of projects  
co-financed from the Structural Funds  
in PLN per capita 2014–2021

– −0.011 (0.02) –

Logarithm of employed per 1,000 residents of 
productive age in 2014

0.131 (0.05)*** 0.133 (0.04)*** 0.132 (0.03)*** 

Logarithm of registered entities per 10,000 
residents in 2014

0.487 (0.05)*** 0.493 (0.05)*** 0.352 (0.04)*** 

Logarithm of 3-year average of new dwellings  
per 1,000 residents in 2014

0.130 (0.02)*** 0.130 (0.02)*** 0.103 (0.02)*** 

Logarithm of gross value of fixed assets  
per resident of productive age,  
with the 100 Polish average in 2014

0.036 (0.02)** 0.035 (0.02)** 0.026 (0.02)* 

Rho (lag of dependent variable) – – 0.440 (0.05)***

R-squared 0.600 0.600 0.690
Akaike criterion −254.3 −262.0 −343.2
N 380 380 380
Source: Own calculation based on SL2014 and data published by Statistics Poland.
Note: Standard errors are given in brackets; logarithm denotes natural logarithm.
a Linear regression with robust standard errors.
b Spatial lag  — in neighboring counties.
* p < 0.1, ** p < 0.05, *** p < 0.01
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of working age, was also very important for the increase in income. The Structural Funds projects 
implemented in neighboring counties were not important for the increase in the income proxy in 
a given county. These projects were implemented in each county and their lowest value as a sum 
of the years 2014–2021 was PLN 1,542 per capita, with a median of PLN 7,222 and a 99th centile 
of PLN 101,112. The real increase in the PIT and rural tax revenues of the communes per capita 
ranged from PLN 171 per capita, with a median of PLN 318, to a 99th centile of PLN 708.

The projects co-financed from the Smart Growth Operational Program (SGOP) were not imple-
mented in 6 counties, and they varied greatly between counties. The 5th centile was PLN 15.5 per 
capita, the median was PLN 713 per capita, and the 99th centile was PLN 25,919 per capita. The 
increase in the value of the indicator of the number of knowledge-based companies per 1 thousand 
residents in 2014–2020 was 2.3 at the 1st centile, 4.4 at the median, and 21.8 at the 99th centile. 
The highest value of R2 (0.83–0.84) and the lowest value of the Akaike criterion were found in 
the spatial models. The estimated models (table 2) showed that the increase in the value of the 
projects co-financed from OP SG by PLN 1,000 per capita caused an increase of 0.17 in the growth 
of the indicator of the number of companies registered in J-N sections, so, again, it was not large. 
However, in the case of knowledge-based entrepreneurship, SG OP co-financed projects in neigh-
boring counties were also crucial. They increased the indicator of the increase in knowledge-based 
entrepreneurship even more. This reflects the strong concentration of these projects in metropolitan 
areas, which are the strongest knowledge-based growth poles and in which the SG OP projects 

Table 2. Results of estimating the impact of OP SG co-financed projects on knowledge-based entrepreneurship

Independent variables

Dependent variable: increase in the value of  
the indicator of J-N PKD sections’  

registered entities per 1,000 residents
Linear regression a SLX SLM

Constant 0.557 (0.34) 0.614 (0.192)*** −0.482 (0.037)**

Logarithm of value of projects co-financed 
from SG OP in PLN per capita 2014-
2021

0.00017 
(3.1·10−5)***

0.00017 
(2.3·10−5)*** 

0.00018 
(2.18·10−5)*** 

Spatial lag a of logarithm of value of 
projects co-financed from SG OP  
in PLN per capita 2014–2021

– 0.00046 
(4.8·10−5)*** 

–

Logarithm of foreign capital  
in million PLN in 2014

0.00014 
(1.6·10−5)***

0.00015 
(1.98·10−5)*** 

0.00014 
(1.9·10−5)*** 

Logarithm of registered entities of J-N 
Sections per 1,000. residents in 2014

0.164 (0.031)*** 0.149 (0.01)*** 0.1172 (0.01)***

Commune and county paved roads  
per 100 km2 in 2014

0.004 (0.001)*** 0.003 (0.001)*** 0.0035 (0.001)*** 

3-year average of new dwellings  
per 1,000 residents in 2014

0.456 (0.065)*** 0.3(0.051)*** 0.321 (0.047)*** 

Gross value of fixed assets per resident of 
productive age in 2014

−7.3·10−6 
(3.7·10−6)**

−4.95·10−6 
(3.2·10−6)*** 

−4.89·10−6 
(3.03·10−6) 

Rho (lag of dependent variable) – – 0.42***

R-squared 0.79 0.84 0.85
Akaike criterion 1,454.4 1,372.2 1,353
N 377 377 377
Source: Own calculation based on SL2014 and data published by Statistics Poland.
Note: Standard errors are given in brackets; logarithm denotes natural logarithm.
a Linear regression with robust standard errors.
b Spatial lag  — in neighboring counties.
* p < 0.1, ** p < 0.05, *** p < 0.01
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were mainly implemented. 7 However, enterprises are often established in places where people live, 
which in the case of metropolises are often neighboring counties (Martyniuk-Pęczek, Martyniuk, 
and Parteka 2020). The spatial lag model also showed a clustering of increases in the indicator of 
knowledge-based entrepreneurship. A bigger increase in the value of this indicator in neighboring 
counties meant a bigger increase in knowledge-based entrepreneurship in a given county. In ad-
dition, the initial state of the processing subsystem of the regional value creation model was also 
important in terms of knowledge-based entrepreneurship intensity. Also important for the growth 
of knowledge-based entrepreneurship was financial capital in the form of foreign capital invested in 
a given county, as well as initial physical capital in the form of municipal and county paved roads 
per 100 km2 and the 3-year average of new dwellings per 1 thousand residents in 2014.

Conclusion

The developed regional value creation system model offers a scheme for analyzing the impact of 
the Structural Funds on various outcome variables, including R&D&I and environmental perfor-
mance in addition to standard macroeconomic variables. The model thus describes the impact 
of the Structural Funds on regional systems taking into account the paradigm of innovation-based 
sustainable development, which reflects the main goals of the European Union’s long-term strategy. 
It can be used as a theoretical background for analyses using econometric modeling, as well as for 
adjusting the existing macroeconomic models. It assumes systemic interdependencies and causal 
loops since the elements of the regional system are interrelated and an exogenous injection of funds 
will directly or indirectly affect various elements of the system. However, the relationships described 
in the model can also be used in non-quantitative research methods, such as document analysis 
or interviews with beneficiaries. 

The application of the model showed a weak but positive overall impact of the SF co-financed 
projects on the increase in income and knowledge-based entrepreneurship in Polish counties in the 
period 2014–2021.

Future research could attempt to operationalize the regional value creation system model in 
the form of a multivariate micro-macroeconomic model, considering the challenges of the inno-
vation-based sustainable development paradigm. This could include other data sources, such as 
information from websites reflecting changes in consumption patterns or attitudes, which may be 
relevant from the perspective of the circular economy promoted by EU policy during the 2021–2027 
programming period.
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