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Abstrakt 

 
Badanie interakcji między przestrzenią (lokalizacją) i procesami akumulacji (wzrostu) jest jedną 
z najciekawszych, a zarazem najtrudniejszych obszarów współczesnej teorii ekonomii. Dotychczasowe 
wyniki zarówno teoretyczne jak i empiryczne są w dużej mierze niezadowalające. W naszej analizie 
proponujemy, w jaki sposób można analizować wpływ przestrzeni na wzrost w poszerzonym 
neoklasycznym modelu wzrostu Solowa-Swana. 
Kapitał terytorialny, czyli spójność terytorialna jako stan przestrzeni, różni się znacząco od 
klasycznych czynników produkcji, jakimi są kapitał fizyczny czy nakład pracy. Przede wszystkim nie 
może być uznany za czynnik bezpośrednio wypływający na zmiany wielkości produkcji, czyli jego 
wzrost nie prowadzi wprost do powiększenia wyników procesu produkcyjnego. Jednak wartość 
kapitału terytorialnego może mieć znaczenie dla produktywności bezpośrednich czynników produkcji. 
Dlatego definiując rozszerzoną funkcję produkcji w modelu wzrostu założono, że kapitał terytorialny 
nie wpływa wprost na produkcję, ale wpływa na łączną produktywność wszystkich czynników 
wytwórczych (TFP), pośrednio przyczyniając się do wzrostu produktu. 
W opracowaniu zaprezentowano wyniki empirycznej identyfikacji wpływu kapitału terytorialnego,  
a dokładnie jego poszczególnych składników sklasyfikowanych według kluczy terytorialnych, na 
tempo rozwoju polskich regionów. Analiza przeprowadzona została na poziomie polskich powiatów  
(NUTS-4), dla których szczególnie istotne są interakcje oraz zależności przestrzenne i terytorialne. 
Wykorzystując narzędzia ekonometrii przestrzennej uwzględniono odziaływania zachodzące między 
regionami. 

 
Artykuł wykorzystuje wyniki projektu finansowanego przez Narodowe Centrum Nauki 
„Kategoria spójność terytorialna w polityce spójności. Implikacje dla wzrostu 
gospodarczego” (no. 2012/05/B/HS4/04212). 
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Abstract 
 

The interaction between space (location) and the processes of accumulation (growth) is one of the 
most interesting and at the same time the most difficult areas of modern economic theory. The 
theoretical and empirical results to date are however largely unsatisfactory. In our analysis we 
proposed the way how to implement the space into the neoclassical Solow-Swan growth model.  
Territorial capital, as a specific carrier of the concept of territorial cohesion, is significantly different 
from the classical factors of production such as physical capital or labor input. It cannot be considered 
as a factor directly responsible for changes in the volume of production. However, territorial capital 
can have an impact on the productivity of basic factors of production such as capital and labor. Thus, 
when defining the function of production, we assume that territorial capital does not affect 
production directly, but it affects total factor productivity (TFP) indirectly, contributing to an increase 
in the production. 
In this paper we present our research findings on the contribution of various elements of territorial 
capital to regional growth in Poland. The study adopts a highly spatially disaggregated NUTS-4 level, 
i.e. counties, for which interactions and relationships of a spatial and territorial nature are 
particularly relevant.  
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Key theoretical foundations of the interplay between growth and factors related to territory 

are examined in several publications summarizing and comparing different school of 

economics, different approaches and models (e.g. Capello and Nijkamp 2009). In our analysis 

we have used this knowledge extensively and our aim is to share Polish experience in this 

field. We have to note that the interaction between space (location) and the processes of 

accumulation (growth) is one of the most interesting and at the same time the most difficult 

areas of modern economic theory. The theoretical and empirical results to date are however 

largely unsatisfactory [Combes et al. 2008]. 

In this paper we present our research findings on the contribution of various elements of 

territorial capital to regional growth in Poland. Unlike most previous studies of the Polish 

economy that were conducted at the level of NUTS-2 regions (or voivodeships), the present 

study adopts a highly spatially disaggregated NUTS-4 level, i.e. counties, for which 

interactions and relationships of a spatial and territorial nature are particularly relevant1. At 

this level of aggregation the presence of diverse external effects and spillovers of 

development processes is also revealed. Consequently, this level of analysis is optimal for 

research purposes. Moreover, considering that the main object of the study is territorial 

capital, analysis at the level of regions (voivodeships) would lead to less precise 

generalizations. Each of the sixteen Polish NUTS-2 regions (or voivodeships) is so internally 

diverse that it is difficult to talk about regularities occurring simultaneously throughout any 

individual region. Therefore, an analysis of economic growth mechanisms and determinants 

of growth, should be conducted in the Polish case at a level below that of the NUTS-2 

regions (or voivodeships) if the study is to be able to explore the effect of endogenous (i.e., 

related to a given territory), characteristics of the region. Territorial capital, as a specific 

carrier of the concept of territorial cohesion, is significantly different from the classical 

factors of production such as physical capital or labor input. Territorial capital cannot be 

considered as a factor directly responsible for changes in the volume of production since 

improvements in it do not lead directly to increases in production. However, taking into 

consideration the variables defined in the other Institute for Development Working Papers 

from August 2015 (i.e., components of territorial capital), it would be expected that 

                                                 

1 For the territorial pattern of Polish authorities see Figure 1 and description of responsibilities of the different 
tiers of government added as a comment to this figure. 
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territorial capital can have an impact on the productivity of basic factors of production such 

as capital and labor. Thus, when defining the function of production, we assume that 

territorial capital does not affect production directly, but it affects total factor productivity 

(TFP) indirectly, contributing to an increase in the value of the production. 

As indicated in other papers, the individual components of territorial capital are highly 

diverse in nature and should not be combined into a single index, especially in models 

seeking to quantify economic growth. Consequently, and in line with Brodzicki’s (2012; 

2014a) investigation of the impact of infrastructure on the development of European 

countries or Polish NUTS-2 regions (or voivodeships), we decided to introduce territorial 

capital as a factor affecting the overall productivity of the economic system, and thus, as one 

of the factors accounting for the observed overall productivity. This was done using an 

econometric model in which the dependent variable was total factor productivity (or TFP) 

for Polish counties and the independent variables included elements of territorial capital. An 

attempt was also made to identify potential spatial interactions between counties. This 

required a determination of the value of the GDP of Polish counties: data that are not 

published in the public statistics of the Central Statistical Office of Poland (GUS). In addition, 

and on the basis of those values, a calculation had to be made concerning the TFP for Polish 

counties. 

1. Estimating GDP per capita and TFP at the level of counties 

Official Polish statistics concerning the GDP stream generated at the county level are not 

published, even though research suggests that it is precisely the counties that can be treated 

as complete local economic systems identified most closely with the given labor market, or 

the functional area2. For the purposes of the present study, a further disaggregation of 

available statistical data on GDP at the NUTS-2 (or voivodeship) level was performed to the 

level of counties. The Central Statistical Office of Poland (GUS) publishes data on GDP at the 

level of voivodeships (NUTS-2) and the level of subregions (NUTS-3). However, the data for 

the sub-regions were not used, due to the fact that they are the results of the 

decomposition of the voivodeships’ raw data using a simple mathematic method. Thus it 

                                                 
2 This issue was described in greater detail by Brodzicki et al. (2012) 
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was decided to use the voivodeships data in order to avoid any accumulation of errors as a 

result of further disaggregation. 

To estimate the value of GDP at the county level, information on tax revenues of 

municipalities was used. This approach is based on the assumption that taxes are associated 

with the production emerging in the region. From this point of view, it would be most fitting 

to use the corporate income tax (CIT) paid in the given county. Because of the complexity of 

the tax system, however, this turned out to be impossible. CIT data include various kinds of 

tax exemptions (e.g. special economic zones), or the possibility of offsetting any losses from 

one year with the following year’s taxes. Most likely the biggest problem in this 

consideration is the fact that in many cases the company headquarters, and hence the place 

where most taxes are actually paid, is in a different location from the place of origin of the 

product or service. Consequently, personal income tax information (PIT) was used in the 

disaggregation procedure of GDP. It should be emphasized that even in this situation, there 

is a problem of paying taxes outside of the place of work (place of the origin of production). 

It can, however, be assumed that the distortion is much smaller than in the case of CIT 

information use. 

A drawback of using PIT information in this context is the fact that it is not paid by 

agricultural farms, and therefore, it is possible to underestimate the role of counties with a 

significant share of agriculture in the creation of the GDP. For that reason additional 

information has been used concerning agricultural tax paid on agricultural activities3. 

According to the implications of older neoclassical growth theory, every economy in the long 

term aims at a state of sustainable development in which the key to supporting further 

economic growth is a positive rate of technological progress4. Technological progress in 

these early models is exogenous5. This is confirmed also by the observed phenomenon that 

an accumulation of the classical factors of production, such as physical capital and labor, 

cannot lead to the continued growth of per capita output. According to growth theory, 

production growth rate is a weighted average growth rate of production factors: technology, 

                                                 
3 There is no income tax on agricultural activity in Poland. 

4 At the steady state, all the key economic variables such as GDP per capita, capital per worker or per capita 
consumption, grow at the rate of technological progress. A zero rate of technological progress would signify 
economic stagnation. 

5 Barro and Sala-i-Martin 2003, Aghion and Howitt 2009. 
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labor, and capital. The weights are the shares of the remuneration of individual factors in 

income6. New theories of growth of the first and the second generation (Lucas, Romer, 

Aghion and Howitt, Grossman and Helpman) also recognize the key role of technological 

progress, further endogenizing it, e.g., by introducing into the model a separate research 

and development sector. 

According to Helpman (2008; p. 22) total factor productivity is the difference between the 

rate of growth of production and the growth rate of a weighted contribution of factor 

inputs. The growth rate of TFP is equated with an average growth rate of production 

efficiency and should illustrate the pace of technological progress. According to Helpman, 

TFP shows the aggregated effect of various forms of technological progress. Empirical 

studies indicate that TFP accounts for between 30 to 70 per cent of the variation in growth 

rates observed in various systems – whether international or interregional. 

Most frequently, total factor productivity is calculated as a residual value, i.e. the so-called 

Solow residual, in the framework of growth accounting procedures derived from the 

neoclassical growth theory. Therefore, it should be emphasized that due to its residual 

character, TFP incorporates all shallow and deep (e.g. geographical or cultural) factors not 

directly related to the accumulation of factors of production present in the model (Barro, 

Sala-i-Martin 2003). This means that only a part of TFP reflects theoretically postulated 

technological progress or productivity in its pure economic sense. 

While analyzing the spatial distribution of TFP, specific attention should be given to localized 

knowledge spillovers effects and especially to so-called tacit knowledge7. Knowledge 

spillovers operate primarily within economic sectors (intrasectoral spillover) as well as, to a 

more limited extent, between sectors (intersectoral spillover). Intrasectoral knowledge 

spillovers are defined in the theoretical literature as MAR spillovers (from the names of 

Marshall, Arrow and Romer), and the intersectoral type as the Jacobs spillovers (after Jane 

Jacobs). Both of these are the main driving forces determining the spatial concentration of 

sectors, leading to spatial agglomeration of economic activity and population, explaining the 

                                                 
6 Rapacki, Próchniak (2012) p. 85. 

7 These effects are localized, i.e. they decrease quickly and non-monotonically with distance. A twofold increase 
in the distance from the source of knowledge reduces the probability of absorption four times. Most of the 
knowledge spreads within approx. 50 km from its source (see e.g. Hanson, 2000). 
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phenomenon of industrial districts (Becattini 1979), clusters (Porter 2003), as well as the 

emergence and development of cities, and of metropolitan centers, or so-called global cities. 

Theoretical literature also highlights the presence of an externality associated with increased 

competition – the so-called Porter spillover (after Michael Porter).  

New Economic Growth (NEG) theories stress the existence of a spatial productivity structure, 

and thus of a spatial wages structure due to the correlation of real wages with productivity 

level (see, e.g. Combes et al. 2008). Accordingly, the level of TFP should be higher in cities 

with county rights (district rights), which are core centers, than in rural counties, i.e., in 

peripheral areas. TFP should achieve the highest level in core centers - poles of growth in 

Perroux’s (1970) meaning of the term that are the major metropolitan centers of the 

country. 

On the basis of determined time series of GDP in counties, the value of total factor 

productivity (TFP) was estimated. The assessment of the level of TFP for the Polish counties 

was carried out using growth accounting methods based on the decomposition of 

production resulting from the neoclassical Solow model8. It involves extracting the direct 

contribution to growth of factors of production such as physical capital expenditures, human 

capital and labor, as well as indicating which part of the increase is attributable to changes of 

their total productivity. 

Using the assumptions of the neoclassical Solow-Swan model, the Cobb-Douglas function9 

with constant scale effects10 is the macroeconomic function of production. On the basis of 

this function the following formula for estimating TFP can be derived: 

 

.,...,1,...,1 Ttni
k

y
TFP

it

it

it 


 

                                                 
8 This procedure was used to estimate TFP by, among others, Tokarski (2010). 

9 Another possibility is to adopt a CES function of constant elasticity of substitution. 

10 This function satisfies the so-called Inada conditions: 

- positive, decreasing productivity of each of the factors of production, 

- linear homogeneity of the function, which means constant advantages of scale, 

- marginal factor productivity tends to zero with an increasing input of this factor. 



  

8 

    

  

where ititit LYy /  is average labor productivity, while ititit LKk /  is the value of equity 

attributable to one employee, Yit is the value of GDP in county i in year t, Kit is the average 

value of physical capital in county i and in year t, Lit is the labor effort represented by the 

number of employees. The parameter α, on the other hand, is an estimate of the production 

elasticity for changes in capital obtained from estimation of the regional panel production 

function using the Generalized Method of Moments.  

In addition, due to the fact that the assumption of constant elasticity of production to the 

changes in capital for all counties in Poland seems to be overly simplistic and inconsistent 

with reality, different elasticities were estimated for different groups of counties. It turned 

out that the best criterion to reflect the diversity of the production function is a division of 

counties into the following three groups: 

a) Cities with county rights, 

b) Counties belonging to metropolitan areas identified in ESPON11 reports as MEGA of 

the III and IV order12, 

c) Other rural counties. 

The above division appears at the same time to be consistent with the idea of a polycentric 

(hierarchical core-peripheries) model proposed for the analysis of the development of 

Poland at a disaggregated level. The obtained estimates of the level of production elasticity 

with respect to capital α enabled the determination of the level of TFP in all Polish counties 

in the years 2003-2011 (see Figure 1) 

 

 

                                                 
11 ESPON (2004),“Interim Territorial Cohesion Report”, Office for Official Publications of the European 
Communities, Luxemburg, pp. 98-101. 

12 As a criterion for the classification of counties into this group, the conceptualization of functional urban areas 
of NUTS-2 (or voivodship) cities designated in the Ministry of Regional Development (MRD) approach to 
integrated territorial investments, was used. Only major metropolitan areas mentioned in the reports Polish 
ESPON as MEGA of the III and IV order were used, i.e., the following areas: Warsaw, Tri-City, Szczecin, Poznan, 
Lodz, Wroclaw, the Silesian conurbation and Kraków. The MRD spatial delimitation carried out at the municipal 

level adapted to the needs of the present study (county level) resulted in the assumption that any given 
municipality of the county qualifies the entire county as a functional urban area. 
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Figure 1. The estimated values of total factor productivity for the year 2011 (average for 

Poland=100) 

Source: own elaboration. 

Looking at the spatial distribution of the level of TFP in 2011 (Figure 1), it is clear that total 

productivity in Poland has highest values in the metropolitan centers, then spilling into their 

immediate surroundings. Warsaw metropolitan counties are characterized by the highest 

total factor productivity. In line with our expectations based on the postulates of the new 

growth theory and economic geography, local peaks in the distribution of TFP, are also found 

in towns with county rights – the local growth centers. TFP also shows a downward trend as 

you move from west to east, which is consistent with the regularities identified in the Polish 

economy. 

The obtained results for Poland point in favour of the basic model of NEG of Krugman 

(1991a, 1991b) with the core-periphery setup or its dynamic version (Baldwin i Forslid 1999, 

Baldwin et al. 2003) allowing for endogenous accumulation and growth. At the general level 

Warsaw can be considered the core and the rest playing the role of the periphery. At finer 

level of spatial disaggregation one can clearly detect multiple cores arranged in a hierarchical 

manner (major metropolitan areas, local growth poles and so on). This reflects polycentric 
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nature of development processes in Poland with the simultaneously dominant role of the 

capital region.   

Next, the rate of TFP growth in the analyzed period was determined. Spatial variations in the 

rate of growth are presented in the following map (see Figure 2). Analyzing the differences in 

TFP growth rates in Polish counties shows that the greatest increase in TFP was recorded 

mainly in the districts belonging to the Mazowieckie region (or voivodeship) and in Police 

county (location of the biggest copper and silver mine in Europe). Warsaw seems to 

generate particularly important spillover effects on the surrounding area, as we would 

expect from the major growth pole. However, many counties in the Podkarpackie region (or 

voivodeship) experienced an actual decline in total factor productivity. 

In the context of the Baldwin-Forslid (1999) dynamic NEG model one can note that the 

clearly observed spillover effect which can be associated with knowledge spillover can play a 

major destabilizing force for the existing core-periphery setup – strong knowledge spillover 

in the model with increasing openness – decreasing transport costs (higher market 

accessibility due to accelerated infrastructure development) can defuse growth. 

Agglomeration effects related to superior capital accumulation in the cores are partially 

offset or neutralized leading to emergence of a more balanced spatial structure over time.  
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Figure 2. The average growth rate of total factor productivity for the period 2003-2011 

Source: own elaboration.   

2. Empirical verification of TFP determinants in Polish counties 

New theories of growth, which endogenize technological progress as an essential driving 

force behind long-term growth, significantly expanded the list of factors that can affect the 

level of total productivity with respect to the older neoclassical theory (Aghion and Howitt, 

1998, 2009). In relation to Poland this was shown, for example, in Florczak’s study (2011). 

According to Florczak, in addition to knowledge capital that can be considered the main 

explanatory economic factor, TFP is also affected by social, demographic, and institutional 

conditions13. This is consistent with the recent trend in growth theory which is characterised 

by taking into account the deeper determinants of growth, including in particular the 

institutional conditions [eg. Acemoglu et al. 2001], and strictly exogenous geographical 

conditions [eg. Gallup and Sachs 1999]. The creator and precursor of the deep determinants 

                                                 
13 Empirical analyses by Brodzicki [2014] for the Polish regions pointed to the importance of openness and the 
quality of institutions in determining the level of economic development of Polish regions at NUTS-2 with a 
statistically insignificant impact of primary geographic conditions (physical geography). At the same time the 
second nature of geography associated with the current dislocation of population and economic potential, 
including the main industrial districts and metropolitan areas, plays a significant role. 
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approach is Rodrik [2002]. All of these potential determinants have been adopted in the 

present study as territorial capital components. 

Economic theory suggests the following as key determinants of the TFP level: knowledge 

capital and its associated research and development potential of the region as well as the 

structure of the economy. Industry is characterized by the highest level of productivity, 

resulting in higher levels of TFP in the context of industrial districts . The level of productivity 

is also higher in strong concentrations of population and in agglomerations of economic 

activity, which naturally favors large cities or metropolitan centers. Cities are also usually the 

location of major university and research centers, which, with localized knowledge spillover, 

gives them an extra edge over peripheral areas. 

Analogous to Tokarski (2010), the following were considered as potential explanatory 

variables of TFP level: economic structure quantified by the share of employment in 

different sectors of industry (processing and mining considered together), as well as in 

market and non-market services (public). The introduction of these factors to the model, 

however, interfered with the results of other relevant variables – thus it was decided to omit 

them. At the same time the separate procedure adopted for estimating the production 

function for the three types of counties indirectly takes into account the effect of varying 

economic structure. 

Variables reflecting the potential of knowledge capital or R&D of individual regions are 

either unavailable (patents, patent applications, expenditure on research and development 

as a percentage of production sold), or have a statistically insignificant impact on TFP – such 

as employment in research and development. Research and development sector is one of 

the spatially most concentrated sectors of activity (in particular in large metropolitan areas) 

and thus in most counties employment in R&D is close to zero according to official statistics. 

As an approximation of the above, employment in the high-tech sectors of the processing 

industry (High-Tech) and in knowledge-intensive high-tech market services as defined by 

EUROSTAT (Knowledge Intensive Services) (HT + KIS) was adopted. These sectors include the 

pharmaceutical industry, electronic and computer industry, and aviation industry as well as 

research and development, information technology and telecommunications. They are 

distinguished from all other sectors by having the highest ratio of expenditure on research 

and development to total sales 
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While the above point to explanatory variables that account for differences in TFP in various 

counties, localized knowledge spillovers, that is, MAR spillover, and Jacobs spillovers must 

also be taken into account, as described previously in other Working Papers. We introduce 

into the model explaining TFP intrasectoral MAR external effects (approximated by the 

variable designated as clusters - the index of cluster specialization (SQ) obtained from the 

mapping of clusters developed by Brodzicki, Ciolek and Tarkowski, (2012) as well as 

intersectoral Jacobs external effects (approximated by the variable designated as DIV – the 

diversification of economic structure index - the Herfindahl-Hirschman Index (HHI) for the 

number of entities in 222 3-digit groups PKD2004 for each entity). 

An attempt was made to introduce a variable reflecting the intensity of competition in the 

region and thus capturing Porter’s external effects. The number of companies registered in 

REGON14, per square kilometer, was used as a general approximation of the intensity of 

competition in a given county. It turned out, however, it did not explain in any statistically 

significant way diversity in the TFP of Polish counties and therefore was omitted from 

further consideration. From a theoretical perspective, the ideal measure would be an 

indicator of the rate equal to one minus the Lerner index averaged for all economic sectors 

in the county. This index indicates the market power of the entity, i.e., the ability to 

determine the price above marginal cost (Shephard, Shephard 2004; Cabral, 2000; Tirole 

1988). For obvious reasons, among which the most important was the lack of access to micro 

data, the calculation of such a variable was impossible. 

Also taken into consideration was a dummy variable representing the counties belonging to 

those previously described metropolitan areas defined on the basis of elaboration by ESPON 

and Ministry of Regional Development. 

In accordance with the aim of the present study, elements of territorial capital were 

considered in addition to the above variables as determinants of TFP variation. Other 

Working Papers presented the development of the measures reflecting the level of 

territorial capital in Polish counties. Appropriate measures have been introduced into the 

econometric model explaining differences in TFP in Polish counties. 

                                                 
14 REGON - National Official Business Register of Poland. 
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In the study, localized data are used, meaning that geographical location and mutual 

proximity may be relevant to the process being analyzed. There may be both spatial 

heterogeneity of the analyzed factors and a spatial dependence between regions, in other 

words autoregression or autocorrelation error. The values of the variable under 

consideration in a given location determine and at the same time are determined by its 

realization in other locations. This means tools such as spatial econometrics described by 

Arbia (2006) and Suchecki (2010) need to be used. A further discussion of the use of 

geographic information in economics can be found, among others, in Overman (2010). 

Spatial autocorrelation for regions that are administrative units can have two main causes: 

 

a) Data are grouped according to their administrative units, and not functional areas 

that go beyond established boundaries, 

b) There is real interaction between regions. 

The most commonly used statistical test to check whether in the analyzed relationship there 

is spatial autocorrelation is Moran's I test in which a sample statistic takes the following 

form: 
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where ix  represents the values of the variable analyzed in the i-th location, and 
ijw  the 

weight matrix elements reflecting the relative position of regions i-th and j-th. Moran's I 

statistic can also indicate the weight matrix that best reflects the nature of the spatial 

relationship between the values of the variable in the different regions. Based on the 

significance of Moran's I statistics calculated for the TFP in the counties, the matrix of the 

second neighborhood (defining neighbors as regions separated by one or two borders) was 

considered as best reflecting the nature of the spatial correlation of this variable. This is 

probably due to the fact that most of the towns with county rights are surrounded by rural 
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counties (the so-called bagels’ problem), which is why the position matrix defined on the 

basis of the common border for these regions would indicate only one neighbor potentially 

affected by this county. It seems, however, that the impact of cities on other counties is not 

limited to the counties immediately surrounding them, and can also spread to more distant 

counties. However, the impact is likely to depend on the size of the central site. 

Spatial correlations between counties were considered in the form of three types of spatial 

econometrics models: 

a) Spatial Lag Model – SLM, in which the value of the dependent variable in a given 

region depends on the value of the same variable in the regions defined as neighbours; 

b) Spatial Error Model - SEM, in which the value of the variable analysed in the region is 

affected by disturbances from neighbouring regions; 

c) Spatial Durbin Model - SDM, which assumes a simultaneous consideration of spatial 

autoregression – the impact of a spatially lagged values of the variable on its formation in 

different locations, and cross-sectional regression, which is the effect of spatially non-lagged 

and lagged exogenous variables. 

Table 1 presents the results of evaluation of the model explaining variability of TFP in Polish 

counties in the years 2003-2011. In the first stage variables considered as measures 

reflecting the territorial capital of each region were excluded from the model. These 

specifications are treated as a base specification for next specifications. The models were 

estimated by the Maximum Likelihood Estimator (MLE), as panel models, where the 

temporal dimension concerned two sub-periods (2003-2007, 2007-2011), for which the 

average levels of TFP were counted. Next to the previously defined variables in the models 

M3 and M4 (see Table 1), dummy variables were introduced corresponding to different 

NUTS-2 regions (or voivodeships), namely fixed effects for the voivodeships. The 

introduction of fixed effects for individual voivodeships is justified due to the significant 

regionalization of development policy especially after Poland’s accession to the EU 

(examples of which include the apparatus of voivodeship contracts; regional operational 

programs; the implementation of regional development strategies; and regional innovation 

strategies), and significant differences between regional innovation systems (RIS). 
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Table 1. Model accounting for the diversity ln(TFP) in Polish counties in the years 2003-

2011 

Variable / Model M1 (SLM) M2 (SEM) M3 (SLM) M4 (SEM) 

Constant 2,648 (0,849) 

*** 

2,439 (0,854) 

*** 

1,838 (0,877) 

** 

1,611 (0,762) 

*** 

Spatial autoreg. 

TFP 

0,028 (0,045)  - -0,046 (0,046) - 

Spatial autocorrel. 

Error 

- 0,3790(0,111) 

*** 

- -0,354 (0,166) 

**  

ln(HT+KIS) 0,814 (0,066) 

*** 

0,8852 (0,055) 

*** 

0,862 (0,067) 

*** 

0,858 (0,055) 

*** 

ln(DIV) 0,708 (0,147) 

*** 

0,746 (0,146) 

*** 

0,883 (0,151) 

*** 

0,858 (0,079) 

*** 

ln(clusters) 0,100 (0,046) 

*** 

0,090 (0,048) 

** 

0,067 (0,047) 0,079 (0,049) * 

Metropolitan areas 0,598 (0,065) 

*** 

0,566 (0,071) 

*** 

0,577 (0,065) 

*** 

0,549 (0,066) 

*** 

Mazowieckie - - 0,023 (0,052)  0,070 (0,047)  

Łódzkie - - -0,015 (0,052)  0,021 (0,062)  

Małopolskie - - -0,148 (0,061) 

** 

-0,195 (0,062) 

*** 

Śląskie - - 0,122 (0,085) * 0,156 (0,065) 

** 

Lubelskie - - -0,062 (0,085)  -0,054 (0,059)  

Podkarpackie - - -0,234 (0,085) 

*** 

-0,342 (0,060) 

*** 

Podlaskie - - 0,034 (0,096)  -0,008 (0,071) 
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Świętokrzyskie - - -0,221 (0,096) 

** 

-0,213 (0,080) 

*** 

Lubuskie - - 0,087 (0,077)  0,059 (0,080)  

Wielkopolskie - - 0,057 (0,056) 0,040 (0,053) 

Zachodniopomorsk

ie 

- - 0,182 (0,084) 

** 

0,240 (0,062) 

*** 

Dolnośląskie - - -0,113 (0,070) - 0,087 (0,036) 

Opolskie - - -0,067 (0,070)  -0,043 (0,084)  

Kujawsko-

pomorskie 

- - 0,222 (0,090) 

***  

0,204 (0,063) 

***  

Pomorskie - - -0,024 (0,087)  -0,026 (0,065) 

Warmińsko-

mazurskie 

- - 0,133 (6) 0,126 (6) 

R2 0,66 0,66 0,70 0,70 

J-B Test 14,082 [0,001] 13,487 [0,001] 10,429 [0,005] 10,429 [0,005] 

Breusch-Pagan 

Test  

64,282 [0,000] 42,002 [0,000] 67,691 [0,000] 70,117 [0,000] 

Moran I Test 

(error) 

 4,311 [0,000]  4,311 [0,000] 0,056 [0,955] 0,056 [0,955] 

LM (lag)  0,400 [0,527]  0,400 [0,527] 1,052 [0,305] 1,052 [0,305] 

Number of 

observations 

379 379 379 379 

Source: Own elaboration.  

Explanatory notes:  

1) Models estimated as panel (T = 2) models with spatial autocorrelation of error (SEM 

model) or spatial autoregression models (SLM) using MLE; 
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2) Neighborhood regions are represented by the matrix of neighborhood of the second 

order because of the counties surrounding the cities with county rights. Matrix constructed 

as a queen matrix. 

3) In parentheses next to the estimates of parameters, there are standard errors robust to 

nonspherical disturbances (the correction proposed by Kelejian and Pruch (2007)). 

4) *** reflects a statistical significance of the parameters at a significance level of 0.01, ** 

for the level of 0.05, * for the level of 0.1. 

5) The effects for individual voivodeships are estimated as deviations from the mean for 

Poland. 

6) The value of the parameter was calculated taking the assumption that the sum of all 

voivodeships deviations from the mean is equal zero. 

The results of tests favor the model of spatial autocorrelation of the error term (SEM) as the 

appropriate model for the considerations at hand. In the basic specification of the spatial lag 

model (SLM), a statistically significant, positive spatial autocorrelation of the TFP was 

obtained, suggesting some inter-county spillovers of total productivity, which is consistent 

with the theoretical literature on the subject. On the other hand, the importance of the 

spatial autocorrelation of the error term means that for a given county, TFP is affected by 

the values from other counties of variables not included in the model. It should also be 

emphasized that after the inclusion of dummy variables in the model for the voivodeships, 

the spatial effects (both SLM and SEM) are no longer statistically significant, which is 

reflected in the results of the Moran test (for the error) and the LM test (for the lag). 

Drawing on these results, the SEM with a constant, employment in knowledge-intensive 

industry and high-tech market services (as an indirect measure of knowledge capital), 

diversity index HHI, the clustering index and the metropolitan variable (cores and outer 

counties for major metropolitan areas) is adopted as a base model. 

When interpreting the estimation results it should be noted that the impact of employment 

in high-tech industry and market services is positive as expected and statistically significant 

at the 1 percent level. Thus it can be concluded that in counties with a greater significance of 

technologically advanced sectors, and a higher level of knowledge capital, the value of TFP is 

higher. This is consistent with basic theoretical postulates. At the same time intra-sector 
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MAR external affects (approximated by the variable on the clustering of the county 

economy) as well as cross-sector Jacobs effects (approximated by the index of differentiation 

of the economic structure HHI) are also important. The results are consistent with prior 

expectations. Knowledge, and thus productivity, is spilled over between entities located in 

space and, more broadly, in the system in the form of a triple helix, generating significant 

external benefits. This happens both within specialized clusters as well as in industrial 

districts or urban agglomerations. This confirms the presence of classic Marshallian external 

effects (Marshall 1879; 1890; Fujita et al., 1999). Within concentrations or agglomerations 

knowledge flows through direct and indirect channels between businesses, universities, and 

units of research and development (Anselin et al. 1997), and the effectiveness of the flow, as 

we know, is mainly a function of reciprocal physical distance. 

The potential impact of knowledge capital is reflected indirectly through the dummy variable 

(taking the value of 1) for metropolitan areas of cities which are the main research and 

university centers of the country. Its impact is positive and statistically significant. 

Fixed effects are statistically significant only for some NUTS-2 regions (or voivodeships), 

which distinguishes them from the overall average, and from other regions. They are 

positive for the regions of Silesia, West Pomeranian and Kuyavian-Pomeranian, which may 

be related to their stronger than average industrial base. In contrast, these effects are 

significant but negative for several south-eastern Polish NUTS-2 regions (or voivodeships): 

Malopolskie, Świętokrzyskie and Podkarpackie. In this south-eastern area the determining 

factors are probably systemic or cultural, the so-called factors of long duration or path-

dependent factors, such as the impact of the Austro-Hungarian partition (prior to 1918), 

strong cultural conservatism or underdevelopment of the transport system (outside of the 

Kraków part of Malopolskie), which significantly reduce the efficiency of the economic 

system. 

3. Territorial capital components as determinants of Total Factor Productivity of Polish 

counties  

In the next step, individual components of territorial capital are introduced into the SEM 

model. The model is then estimated separately within the framework of each of the 

following territorial keys: territorial accessibility, public utility services, territorial 

endowments/capacities networking of urban centers and functional regions. 



  

20 

    

Table 2 presents the estimation results of models that take into account different 

approximations of territorial capital. Due to the fact that the variable representing the 

potential road and rail accessibility and doctors’ accessibility are highly correlated with each 

other, they were introduced in three separate models (M5 -M7 in Table 2). In the next 

model, the variables taken into account reflect the territorial endowments/capacities of the 

region, which in this case are as follows: natural areas protected by law; social capital 

represented by the synthetic indicator of elections turnout; human capital, in this case the 

percentage of the population with higher education; and the percentage of workers 

employed in industry (M8). The next model uses the ratio of exports to production sold in 

the county and the number of foreigners staying in the region overnight to take into account 

the ability of the district to enter into economic networks (to reflect networking potential) 

(M9-M10). Long-term change in employment (5-year) and long-term net migration (10-year) 

is intended to reflect the importance of functional areas for TFP (M11-M12). 

 

Table 2. Territorial capital in the model explaining diversity of ln (TFP) in Polish counties in 

the years 2003-2011 

Variable M5 M6 M7 M8 M9 M10 M11 M12 

Constant 2,630 

*** 

(0,867)  

2,628 

*** 

(0,859)  

2,526 

*** 

(0,891)  

2,899 

*** 

(1,076)  

3,076 

*** 

(0,813)  

2,758 

*** 

(0,856)  

2,697 

*** 

(0,844)  

2,988 

*** 

(0,868)  

Spatial 

autocor. 

Error 

0,203 * 

(0,084)  

0,301 * 

(0,129)  

0,207 *  

(0,110) 

0,499 

*** 

(0,098)  

0,354 

*** 

(0,101)  

0,373 

*** 

(0,112)  

0,203 

*** 

(0,129)  

0,359 

*** 

(0,002)  

ln(HT+KIS) 0,837 

*** 

(0,066)  

0,848 

*** 

(0,057)  

0,864 

*** 

(0,067)  

0,233 * 

(0,760)  

0,797 

*** 

(0,067)  

0,786 

*** 

(0,065)  

0,821 

*** 

(0,651)  

0,885 

*** 

(0,063)  

ln(DIV) 0,716 

*** 

0,737 

*** 

0,719 

*** 

0,637 

*** 

0,681 

*** 

0,717 

*** 

0,738 

*** 

0,695 

*** 
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(0,145)  (0,147)  (0,145)  (0,133)  (0,141)  (0,148)  (0,146)  (0,149)  

ln(clusters

) 

0,137 

*** 

(0,078)  

0,116 

** 

(0,046)  

0,134 

*** 

(0,048)  

0,088 * 

(0,041)  

0,078 * 

(0,44)  

0,093 

** 

(0,044)  

0,109 

** 

(0,044)  

0,101 

** 

(0,049)  

Metropolit

an areas 

0,608 

*** 

(0,065)  

0,584 

*** 

(0,072)  

0,598 

*** 

(0,066)  

0,637 

*** 

(0,623)  

0,623 

*** 

(0,064)  

0,596 

** 

(0,185)  

0,603 

*** 

(0,603)  

0,639 

*** 

(0,077)  

ln(road 

accessibilit

y) 

0,009 * 

(0,004)  

- - - - - - - 

ln(rail 

accessibilit

y) 

- 0,029 * 

(0,011)  

- - - - - - 

ln(doctors 

accessibilit

y) 

- - 0,008 * 

(0,003)  

- - - - - 

Protected 

areas 

- - - -0,053 

** 

(0,023)  

- - - - 

ln(voters 

turnout) 

- - - 0,105  

(0,202) 

- - - - 

ln(human 

capital) 

- - - 0,298 

*** 

(0,044)  

- - - - 

ln(industry 

empl.) 

- - - 0,061  

(0,041) 

- - - - 
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ln(export/

productio

n) 

- - - - 0,048 * 

(0,028)  

- - - 

ln(foreign

ers)  

- - - - - 0,015 

** 

(0,007)  

- - 

Employme

nt changes 

- - - - - - -0,004 

*** 

(0,001)  

- 

Migrations - - - - - - - -0,010  

(0,006) 

R2 0,66 0,66 0,66 0,69 0,67 0,67 0,66 0,67 

Test J-B 11,958  

[0,003] 

13,977  

[0,000] 

10,429  

[0,005] 

10,439  

[0,005] 

11,254  

[0,004] 

12,313  

[0,002] 

14,109  

[0,001] 

12,748  

[0,002] 

Test B-P 63,891  

[0,000] 

64,155  

[0,000] 

67,691  

[0,000] 

56,660  

[0,000] 

59,578  

[0,000] 

42,253  

[0,000] 

46,710  

[0,000] 

41,336  

[0,000] 

Moran I 

Test 

(error) 

 3,981  

[0,000] 

 4,609  

[0,000] 

3,687  

[0,000] 

8,006  

[0,000] 

5,574  

[0,000] 

3,970  

[0,000] 

1,981  

[0,048] 

1,658  

[0,097] 

LM (lag)  0,762  

[0,383] 

 0,227  

[0,633] 

1,052  

[0,305] 

3,669  

[0,105] 

1,854  

[0,305] 

0,499  

[0,479] 

0,845  

[0,358] 

0,223  

[0,637] 

Number of 

observatio

ns 

758 758 758 758 723 758 758 758 

Source: Own elaboration.  
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Explanatory notes:  

1) Models estimated as panel (T = 2) models with spatial autocorrelation of error (SEM 

model) or spatial autoregression models (SLM) using MLE; 

2) Neighborhood regions are represented by the matrix of neighborhood of the second 

order because of the counties surrounding the cities with county rights. Matrix constructed 

as a queen matrix. 

3) In parentheses next to the estimates of parameters, there are standard errors robust to 

non-spherical disturbances (the correction proposed by Kelejian and Pruch (2007)). 

4) *** reflects a statistical significance of the parameters at a significance level of 0.01, ** 

for the level of 0.05, * for the level of 0.1. 

Both measures of potential accessibility are statistically significant and have a positive 

impact on the level of TFP in counties, but only at the 10 per cent level of significance. The 

impact of accessibility by the national railway, however, is stronger. This may be related to 

the network of railway lines in Poland between major urban centers that generate 

particularly important stimuli for the spillover of knowledge. Road infrastructure in this 

respect is distributed in a more egalitarian manner beyond the express roads and highways. 

Investments in road and rail infrastructure that shape both external accessibility as well as 

internal accessibility of the individual regions, appear to have a positive impact on the level 

of TFP. It should be stressed, however, that the impact of infrastructure development in the 

region is more complex and not necessarily always positive (see eg. Ottaviano 2008).15 

Within the territorial key "services of general interest", the only indicator that could be 

introduced into the model proved to be the accessibility to doctors. Its impact is positive and 

significant at the 10 percent level, but relatively weak. Other factors that make up public 

utility services have not been introduced into the model due to insufficient spatial diversity 

of the variables representing them. Thus the territorial key of "public services within the 

territorial capital" turns out to be insignificant. This is not surprising since it is hard to find 

                                                 
15 Elaborating on this subject, Ottaviano (2008) points out that the development of local infrastructure 
primarily affects the attractiveness of the region while the development of supra-regional infrastructure affects 
the region’s transportation accessibility. Both of these factors determine the market potential of the region, 
however, affecting placement decisions of entities and employees, which in turn translates into a balance of 
the centrifugal and centripetal forces and therefore affects the overall concentration or dispersion of economic 
activity. 
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arguments in favour of a key role of "services of general interest" in the development of the 

productivity of an economic system. They probably have more impact on the shaping of the 

attractiveness of settlement and the evaluation of the quality of life in individual counties. 

As for the territorial endowments/capacities key, there is a significant impact on the level of 

total productivity of counties of the synthetic index of the coverage with protected natural 

areas (with a negative impact on the level of TFP), and on the clustering index SQ (part of the 

base specification with a positive impact: intra-sector spillover). The negative impact of the 

synthetic index "coverage with protected areas" is relatively easy to explain. A higher level of 

coverage, and thus allegedly a better quality of the environment, increases the 

attractiveness of settling and placement, e.g., of tourist services, but on the other hand, it is 

a restriction on the placement of industrial activities, especially the ones that can damage 

the environment. The result obtained speaks for the domination in Poland of the second 

factor (clustering index) in terms of the effect on the productivity of the economic system. 

The measure of human capital approximated by participation of the population with higher 

education in the county has a positive and a particularly strong effect. It should be 

emphasized at this point that this variable, in addition to the clustering index and the 

knowledge capital (variable HT+KIS), has the highest impact on the level of aggregate 

productivity. 

The results obtained fit in well with the Crescenzi and Rodriguez-Pose hypothesis (2012; 

2008). The model also indicates the spatial amplification effect: the proximity of other 

regions investing significantly in the research and development sector is conducive to the 

development of neighboring counties through the diffusion of knowledge and technology. As 

a matter of fact, this supports the hypothesis of cross-regional innovative growth poles. 

Skillful, simultaneous and complementary investments in transport infrastructure and (not 

or) human capital is crucial for the development of counties. 

The impact of social capital, approximated by a synthetic indicator of voter turnout in three 

types of elections, has a statistically insignificant effect on the dependent variable. This is a 

surprising result, since social capital is considered, to be a factor of fundamental importance 

in regional economic thought, and to a lesser extent in mainstream economics. However, 

this finding can be explained. Social capital, with its very soft, heterogeneous and elusive 

nature, is very difficult to measure, and as such it cannot be introduced into the econometric 
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model. Unfortunately, for the reasons previously explained, we lack reliable, systematically 

collected measures of social capital at the level of counties. It is impossible to use the data 

from the “Social Diagnosis 2013. Objective and Subjective Quality of Life in Poland” by 

Professor Czapiński et al., for that purpose. The insignificance of the rate of voter turnout, 

otherwise often used in literature, suggests that this variable does not properly reflect the 

social capital of the region. 

Specifications M9 and M10 (Table 2) suggest that the impact of the networking territorial 

key– the networking of urban centers in international systems -- is statistically significant 

and positive for both the rate of exports (the share of exports in sold production of the 

industry of individual counties), as well as for the number of foreigners staying overnight. It 

should also be emphasized that the export potential of Polish regions is largely associated 

with the level of concentration of economic activity in the region, especially with the 

presence of industrial clusters (Brodzicki 2014c). The obtained result is in line with 

expectations present in the literature. Entering network relationships both in the domestic 

and primarily in the international system (network of cities, the city network concept) has a 

significant impact on economic development. 

In the last specifications of the model the "functional areas" key is assessed by introducing 

into the base specification of long-term changes in the number of those employed (over the 

period of 5 years) and the long-term net migration rate. Their impact on the total level of 

productivity appears to be either irrelevant (migration) or statistically significant, but 

negative as in the case of changes in the number of employees. Migrations do not 

substantially affect the total level of productivity, which is probably due to the wave of 

internal migration leading to the phenomenon of suburbanization or so-called urban sprawl. 

4. Spatial Interactions 

The impact of variables reflecting the territorial capital in neighboring counties on the level 

of TFP in a given county was also examined, leading to assessments described above (Spatial 

Durbin Model). The selection of variables reflecting territorial capital, that can affect the 

neighboring regions, was made by specialists in the field of spatial economics participating in 

a research project.  

This effect may occur for the following variables: 
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a) Participation of human capital represented by the population with higher education, 

b) Clustering coefficient (in the immediate vicinity), 

c) Employment in the industry, 

d) Sold production of industry per capita, 

e) The share of exports in industrial sales, 

f) Long-term changes in the number of employed, 

g) Long-term net migration rate 

In addition, and to a lesser extent, we might include the synthetic indicator regarding the 

presence of protected natural areas. Variables taking into account the value of sold 

production (sold production per capita and the share of exports in the production sold) 

could not be taken into account at this stage of the modeling due to a lack of statistical data 

resulting from statistical confidentiality. The accessibility of region X does not affect the 

accessibility of region Y because it is already taken into account by this indicator.  

The results of the assessment of models that reflect the impact of exogenous variables from 

neighboring locations on the value of dependent variable in a given region (Spatial Durbin 

Models) are presented in Table 3. 

Table 3. The Impact of Territorial Capital of Neighboring Regions on the Diversity of ln 

(TFP) in Polish counties in the period 2003-2011 

Variable M13 M14 M15 

Constant 2,409 *** 

(0,901)  

6,453 *** 

(0,845)  

2,400 *** 

(0,897)  

Spatial autocor. 

Error 

0,297 ** 

(0,013)  

0,324 *** 

(0,117)  

0,025  

(0,143) 

ln(HT+KIS) 0,876 *** 

(0,062)  

0,081  

(0,084)  

0,879 *** 

(0,064)  

Lag(HT+KIS) -0,807 *** 

(0,215) 

0,014  

(0,236) 

-0,447 ** 

(0,205) 
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ln(DIV) 0,771 *** 

(0,142)  

0,578 *** 

(0,122)  

0,759 *** 

(0,143)  

Lag(DIV) 0,015 

(0,065) 

-0,231 

(0,142) 

0,004 

(0,065) 

ln(clusters) 0,064  

(0,050)  

-0,003  

(0,043)  

0,083  

(0,054)  

Lag(clusters) 0,325 *** 

(0,111) 

0,259 ** 

(0,109) 

0,205 ** 

(0,100) 

Metropolitan areas 0,643 *** 

(0,076)  

0,635 *** 

(0,065)  

0,639 *** 

(0,077)  

Protected natural 

areas 

- -0,050 *** 

(0,018) 

- 

Lag (protected 

areas) 

- 0,072 

(0,059) 

- 

ln(human capital) - 1,203 *** 

(0,098) 

- 

Lag(human captial) - -0,661*** 

(0,300) 

- 

ln(industry 

employment) 

- -0,044  

(0,044) 

- 

Lag(industry 

employment) 

- 0,263 *** 

(0,098) 

- 

ln(foreigners)  - - 0,019 ** 

(0,009) 
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Lag(foreigners) - - 0,034 

(0,014) 

Change in 

Employment 

- - -0,001 

(0,002) 

Lag(employment 

change ) 

- - -0,009 *** 

(0,003) 

Migrations - - -0,009 

(0,007) 

Lag(Migrations) - - -0,004 

(0,017) 

R2 0,67 0,77 0,68 

Test J-B 7,872  

[0,019] 

9,937  

[0,011] 

10,429  

[0,005] 

Test B-P 60,194  

[0,000] 

54,477  

[0,000] 

67,691  

[0,000] 

Moran I Test (error)  3,469  

[0,000] 

 3,098  

[0,000] 

3,687  

[0,000] 

LM (lag)  2,941  

[0,186] 

 3,845  

[0,178] 

1,052  

[0,305] 

Number of 

observations 

758 758 758 

Source: Own elaboration. 

Explanatory notes:  

1) Models estimated as panel (T = 2) models with spatial autocorrelation of error (SEM 

model) or spatial autoregression models (SLM) using MLE; 
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2) Neighborhood regions are represented by the matrix of neighborhood of the second 

order because of the counties surrounding the cities with county rights. Matrix constructed 

as a queen matrix. 

3) In parentheses next to the estimates of parameters, there are standard errors robust to 

non-spherical disturbances (the correction proposed by Kelejian and Pruch (2007)). 

4) *** reflects a statistical significance of the parameters at a significance level of 0.01, ** 

for the level of 0.05, * for the level of 0.1. 

Spatial autocorrelation of the error term is statistically significant other than for the M15 

model. The essential variables of the base specification retain their statistical significance: 

this applies to knowledge capital approximated by share of employment in high-technology 

sectors, in the manufacturing industry, in knowledge-intensive market services, as well as to 

the diversity index and the variable metropolitan HHI. The clustering of a county loses its 

statistical significance, which may be related to the method of identifying clusters (on the 

basis of which the values of the variable representing clusters in the district were 

determined) used by Brodzicki, Ciołek and Tarkowski (2012). The index structure takes into 

account spatial correlation (employment in neighboring counties) already at baseline. The 

impact of the neighbors’ knowledge capital is negative, while the level of the neighbor's 

clustering has a positive impact (see above note). The importance of diversification of the 

economies of neighboring counties for total productivity turns out to be insignificant. As for 

the territorial capital measures outside the clusters, neighborhood effects are significant 

only in the case of employment in industry, where they are positive, and in the case of 

human capital and employment changes. The impact of key variables (values for each 

county) on TFP appears to be undisturbed and in line with previously obtained results (see 

Table 2). 

5. The relationship between factors constituting territorial capital in the context of 

economic growth 

As in other Institute for Development Working Papers, variables that constitute territorial 

capital were subjected to principal components analysis. However, this applied only to those 

variables that contributed to changes in the value of the total factor productivity of Polish 

counties. These were as follows:  
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a) Potential road accessibility to population, 

b) Potential rail accessibility to population, 

c) Potential accessibility to medical doctors , 

d) Synthetic measure of the share of protected areas 

e) The percentage of adults with higher education, as a measure of human capital, 

f) Specialization index clusters, 

g) The ratio of the number of overnight foreigners to the number of inhabitants, 

h) The share of exports in industrial sales 

i) Change in total employment over the period of five years. 

Three of the nine components discussed above can be considered as the main component, 

where their eigenvalues are greater than one. These three components represent almost 70 

per cent of the total variability of all variables included the analysis. Table 4. shows the 

correlations between the three main components and the nine territorial capital variables. 

Table 4. Factor loadings for the three main components of the territorial capital variables 

relevant for growth 

Component Component 1 Component 2 Component 3 

Constant Part of the total variation explained by the component  
41,70 % 16,82 % 11,22 % 

Roads Accessibility -0,952 0,103 0,058 
Railway Accessibility -0,936 0,022 -0,004 
Doctors’ Accessibility -0,960 0,057 0,054 
Protected Natural Areas 0,504 -0,260 0,297 
Human Capital -0,421 -0,589 -0,244 
Export 0,063 -0,645 -0,078 
Foreigners 0,104 -0,744 -0,184 
Employment Change -0,049 -0,268 0,897 
Clusters -0,774 -0,209 0,105 

Note: In bold were marked highest correlation coefficients between the main component 

and a variable representing territorial capital. 

Source: own elaboration. 

The first main component is the strongest measure of volatility of the three types of 

accessibility, of clusters, and of the share of protected areas (with the opposite sign). Thus it 

can still be interpreted in terms of the benefits of agglomeration. The second component 

captures the best human capital, exports and the number of foreigners, so just as before, 

knowledge and openness but perhaps also the ability to enter into relationships with the 
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other regions and foreign firms. In contrast, long-term change in employment is mainly 

represented by the third major component. It seems that it shows sensitivity to 

macroeconomic external shocks (such as a crisis). 

 

Figure 3. Territorial capital variables essential for growth in two-dimensional space of the 

first and of the second principal component 

Source: own elaboration. 

 

Figure 3 shows the original territorial capital variables on the plane described by the first two 

principal components. Again, there appears to be a high correlation between variables 

describing accessibility and exports and the number of foreigners. Spatial variability of the 

three principle components determined for significant growth variables representing 

territorial capital, are presented in Figures 4-6. 
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Fig. 4. Spatial diversity of the first principle component of territorial capital elements 

essential to the growth of Polish counties in the years 2007-2011 

Source: own elaboration. 

 

 

Fig. 5. Spatial diversity of the second principle component of territorial capital elements 
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essential to the growth of Polish counties in the years 2007-2011 

Source: own elaboration. 

 

Fig. 6. Spatial diversity of the third principle component of territorial capital elements 

essential to the growth of Polish counties in the years 2007-2011 

Source: own elaboration. 

It turns out that due to the high correlation of the first principal component with variables 

reflecting territorial accessibility of counties (more than 0.9), spatial differentiation of this 

synthetic measure is very similar to the potential accessibility to the population (see. Figure 

2). 

6. Conclusions 

Numerous empirical studies have shown that only about half of the observed variation in 

GDP per capita at different spatial scales can be explained by reference to the differences in 

factor endowments. Total productivity seems to be therefore crucial in explaining the 

phenomenon of growth and economic development. 

Most of the territorial capital component under consideration is statistically significant and 

consistent with the expectations of the impact on the level of aggregate productivity of 
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Polish counties. The impact of the territorial key of "public services" turned out to be 

statistically insignificant, except for a small influence of the accessibility to doctors. There 

was no significant importance of social capital. In this case, the outcome could have been 

determined by the difficulty in measuring and proper approximation of the differentiation of 

this characteristic of the region. Other components of territorial capital have a statistically 

significant impact on the level of TFP. 

The most important components of territorial capital seem to be the following: the potential 

of human capital and the level of clustering of the economy (both recognized by us at the 

same time as an approximation of intra-sector knowledge spill-over). Slightly less important 

is the export base, and thus the level of internationalization of the economy, and the 

domestic railway and road accessibility. The accessibility to doctors and the influx of tourists 

from abroad have the lowest importance. For some variables there was a demonstrated 

negative effect on TFP, for instance coverage with protected natural areas, or changes in 

employment in the last 5 years. 

The model’s base specification, excluding the impact of territorial capital per se, explains 

most of the observed differences. This includes variables approximating knowledge capital, 

intra - and intersectoral knowledge spillover, as well as a metropolitan variable for the 

metropolis of III and IV MEGA order according to ESPON classification. The base specification 

of the model appears to be relatively resistant to changes in model specification.  

It should also be emphasized that the introduction of additional variables approximating the 

impact of territorial capital does not bring any substantial improvement or increase in the 

explanatory power of the model. The fact that there is a significant spatial autocorrelation of 

error in the model indicates that variables from neighboring regions significantly affecting 

the TFP in the region at hand were not included. This can also mean that variables used by us 

to approximate territorial capital are subject to significant measurement errors or do not 

fully reflect the essence of the capital. Most probably at stake here are deep determinants of 

economic development that are difficult to measure, such as wider cultural or social 

characteristics. At this stage our research does not take into account the possibility of a non-

linear impact of territorial capital on the level of TFP. This will probably be addressed in 

future research projects. 
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The main problem of the concept of territorial capital turns out to be its ambiguity and lack 

of precise delimitation, the difficulty in measuring individual components and the inability to 

consider the cumulative impact due to high level of correlation of key variables. At the same 

time, non-territorial components of capital are hard to distinguish from the territorial ones. 

This will require clarification and further analysis. Notwithstanding the foregoing 

observations, the results confirm the hypothesis of a significant impact of certain territorial 

characteristics on the level of aggregate productivity of Polish counties, and thus, indirectly, 

on the pace of their development. 

In relation to previous studies, the results obtained allowed for the new positioning of 

heretofore divergent results on the impact of individual factors of territorial capital on overall 

level of productivity. These results are adequate for Poland but they seem to be reliable and 

can be applicable to other countries in a similar stage of development, i.e., on a growth path 

at the advanced stage of transition towards fully-fledged functioning market economy. The 

general conclusion is that within this group of countries traditional factors of development 

associated with territory, such as economies of agglomeration and immobile human capital 

operate to a full extent. 

 Human capital (in this case measured by the share of the population with higher education) 

is crucial in such countries as Poland. This complements the gap due to divergence of results 

of existing research, eg. Brunow and Hirte (2009) and Griliches Regev (1995).  

  The results prove that the ability for industrial clustering is of great significance for Poland. 

We have utilized a novel approach applying specialization quotient for clusters which had 

been rarely used for approximating the intrasectoral external economies of scale (MAR 

effects). In addition, the previous research approach focused mainly on the sectoral 

dimension (eg. Baldwin et al. 2007, Cingano and Shivardi 2004, Combes et al. 2008), bringing 

mixed results while we considered the impact on the entire economy. It led to a very 

important conclusion that in countries undergoing rapid economic transformation the 

benefits of agglomeration play a huge role and at this stage there is no transition to the next 

stage of development described by the NEG models as dispersion of economic activity. On 

the contrary, concentration of economic activity boosts overall productivity. 

 In analysis of spatial interactions instead of typical infrastructure endowment based 

measures we have applied more intricate accessibility measures. It proved to be very useful 
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and allowed as to abstract from problems related to the fact that quantitative infrastructure 

endowment does not always translate into its quality and thus isn’t necessarily conducive to 

productivity or it may even reduce it. Greater accessibility favours economies of 

agglomeration (increases productivity), often due to network effects and not due to 

immediate proximity and thus complements SQ measures. 

 Weak significance of the extent of internationalization at the LAD level is a rather surprising 

result. Many previous studies identified its positive impact on the level of regional 

development at NUTS 2 level (e.g. Brodzicki 2014). It turns out that in the case of EU 

Member states at an advanced stage of economic transition its impact on productivity is 

relatively insignificant.   

 The most interesting result, however, is the lack of significance of services of general interest 

and the negative impact on TFP of the landscape and wildlife preservation. This in turn points 

to the latent potential of the quality of life that does not translate into productivity at this 

stage of economic development.  This indirectly confirms the hypothesis that countries such 

as Poland are in the first phase of NEG models where pro-agglomeration forces clearly 

dominate over dispersion-forces. But the question remains to what extent this result stems 

from the adoption of TFP rather than typical income measure indicating the level of 

economic development.  

The impact of social capital is insignificant as well but this could be a direct result of 

measurement problems at the level of districts (counties). Certainly there is no link between 

the participation in elections and productivity. Civil society has no economic dimension. It 

may give rise to social exclusion, weak interregional solidarity and poor quality of public 

choice mechanisms that do not support the overall development process. 

The obtained results also have important implications for the scope of development policy, in 

countries having similar development trajectory to Poland. Such policies should concentrate  

among others on: 

a) Further expansion of transport infrastructure conditioning the overall external and 

internal accessibility, 

b) Simultaneous large-scale investment in human capital development, 



  

37 

    

c) Expansion of knowledge capital (including research and development potential) 

boosting knowledge generation capabilities and effective absorption of knowledge from 

outside, 

d) Stimulating the development of core areas which constitute particularly essential 

growth poles of Poland, 

e) Creating the potential for internationalization of the economy and networking of 

cities. 

The results also suggest further implementation of cluster-based development policies. 

We must also prepare for the second phase of development in accordance with the 

postulates of  NEG models when dispersion will occur and spatially immobile factors will gain 

importance.  

In interpreting the results of the study, it is also important to point out the domination of 

market forces in economic processes and the important role of the past, a kind of hysteresis, 

leading to the conclusion of general path-dependency in economic development. 
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