
 

 

 

 

 

EXTENDING THE REGIONAL HERMIN 
MODELS BY ADDING COMPONENTS OF 

TERRITORIAL COHESION 

 

 

Z B I G N I E W  M O G I Ł A  

J A N U S Z  Z A L E S K I  

 

 

 

I n s t i t u t e  f o r  D e v e l o p m e n t  

W o r k i n g  P a p e r s  n o .  0 1 4 / 2 0 1 5  



 

 

Instytut Rozwoju 

Institute for Development Working Papers 

Working Paper no. 014/2015 (033) ver. 2 

 

 

 

Editorial Committee: 

Krystyna Gawlikowska-Hueckel 

Jacek Szlachta 

 

 

Publisher: 

 

Instytut Rozwoju 

ul. A. Mickiewicza 10 

81-832 Sopot, Poland 

e-mail: office@instytut-rozwoju.org 

 

 

Working Papers are written by the Staff of the Institute for Development or by experts 
working in association with them. The views expressed in the Working Paper are the 
author’s alone and do not necessarily correspond to those of the Institute for Development. 
Comments and enquiries should be addressed to: 

 

Instytut Rozwoju 

ul. A. Mickiewicza 10  

81-832 Sopot, Poland 

e-mail: office@instytut-rozwoju.org 

 

 

This paper exists in English and Polish and can be downloaded from the website 

www.instytut-rozwoju.org 

 

 

© Instytut Rozwoju, 2015

http://www.instytut-rozwoju.org/


  

3 

 

Rozszerzenie regionalnych modeli HERMIN o 
elementy przestrzenne spójności terytorialnej 

 

Sierpień 2015 

 

Zbigniew Mogiła* 

Janusz Zaleski** 

 

Abstrakt 

 

Spójność terytorialna w obrębie danego województwa  kształtuje się  w określonym przestrzennym 
otoczeniu makroekonomicznym mającym niepowtarzalny i specyficzny charakter. Międzyregionalny układ 
zależności  o charakterze komplementarnym (m.in. w zakresie struktury sektorowo-gałęziowej, przewag 
komparatywnych, kosztów pracy) oraz konkurencyjnym (m.in.  w zakresie wspólnych rynków zbytu, 
przepływów czynników produkcji) jest ze swej istoty niereplikowany terytorialnie. W celu pełnego 
uchwycenia  i ukazania znaczenia tego układu należy zastosować metodę, która pozwoli na uwzględnienie 
głównych współzależności i mechanizmów makroekonomicznych. Na potrzeby niniejszego opracowania 
posłużono się po raz pierwszy systemem zintegrowanych modeli HERMIN gospodarek polskich województw. 
Badanie miało charakter analizy wrażliwości. Jego celem było określenie, jak wariantowe zmiany w układzie 
międzyregionalnym oddziałują na realną dynamikę PKB poszczególnych województw. Skoncentrowano się 
na zmianach w dostępności czasowej między województwami oraz w strukturze ich gospodarek. Analizie 
zostały poddane także efekty polityki spójności w kontekście międzyregionalnych przepływów handlowych.  

 

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). 

 

Kody JEL : R15  

Słowa kluczowe: Spójność terytorialna, polityka spójności, HERMIN, modelowanie 
makroekonomiczne, handel międzyregionalny, optimum terytorialne.  

 

 

 

 

*Zbigniew Mogiła, dr, Wrocławska Agencja Rozwoju Regionalnego, mogila@poczta.onet.pl.  

**Janusz Zaleski, profesor, Wrocławska Agencja Rozwoju Regionanego; Instytut Meteorologii i Gospodarki 
Wodnej, zal@warr.pl.   



  

4 

 

 

Extending the regional HERMIN models by adding 
components of territorial cohesion 

 

August 2015 

 

Zbigniew Mogiła* 

Janusz Zaleski** 

 

Abstract 

 

Every region functions in its specific interregional environment. Through the structure of socio-economic 
connections, regions affect each other. Hence, territorial cohesion of an individual voivodship – viewed as a 
territorial optimum- is determined by what is going on in other regions (e.g. their economic structure, 
technological progress, changes in aggregated demand and supply, crisis resilience, etc.). The scale of this 
determination depends upon interregional connections. Due to lack of data we concentrate only on 
interregional trade flows and take into account two variations of determination of the trade structure: 
based on a “potential” criterion and on an “accessibility” criterion.  
In this paper we analyse how structural changes as well as Cohesion Policy interventions affect the 
development of Polish NUTS-2 regions through the network of interregional trade flows. With the novel 
system of interrelated HERMIN regional models we try to face that challenge by taking into account 
economic specifics of all the 16 voivodships. This, in turn, allows us to draw several conclusions concerning 
territorialisation of development policies which might be carried over to the real policy making process.  
 

The paper draws on the findings of the project of the Polish agency, National Science Centre, entitled 
“Territorial cohesion category in cohesion policy. Implications for economic growth (no. 
2012/05/B/HS4/04212). 
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1 Introductory remarks 

Territorial cohesion emphasises spatial, economic, and social relations within a given region and 

their influence on growth within that area (e.g., a specific NUTS 2 region or voivodship). It also 

facilitates the possibility of formulating value judgements regarding the effectiveness and benefits 

of these interrelations. However, based on insights arising from modelling the territorial optimum 

(Mogiła 2015), we must also examine the influence of the system of interregional relations 

between regions (e.g., between all other NUTS 2 regions).1 Such regional interrelations can be 

both complementary and competitive in character and by their nature they are both highly 

specific and territorially non-replicable. The importance of their impact on the expected regional 

optimum cannot be overstated and has high significance, where the system of interregional 

relations is made up of two main components:   

a) Economic characteristics of the individual regions, including their economic potential; dynamics of 

the main macroeconomic aggregates (GNP, gross fixed capital formation, disposable income of the 

household sector, compensation of employees, private consumption, etc.); economic structure; 

the growth rate of technological development, etc.; 

b) Socio-economic relations, related to the flow of goods and services as well as production factors 

(e.g., labour, physical capital and knowledge) and dependent on the nature of accessibility 

between the different regions. 

As a consequence, the territorial optimum of a given region is formed within a specific spatial 

environment which has a unique and distinctive character. The system of interrelations which is 

complementary (e.g., in the sphere of branch and sector structure and of comparative advantages) 

and competitive (e.g., in the area of common sales markets and of the flow of production factors) 

can effectively boost or constrain the value of an expected optimum.  Research measures which 

allow for the quantitative analysis of such relations require the development and use of formal 

                                                 

1 The territorial optimum is defined as maximizing the synergistic use of territorial potentials of all subareas of the 
region at a given level of expected territorial utility which is determined by social consensus, being reflected by 
regional authorities. Social territorial utility is firstly determined by assets with which each sub-area  of the region is 
endowed. These include –among others -: natural resources (taking into account the quality of the environment); the 
labour market; services (including public services such as education, health, culture, public investments) as well as 
specific territorial characteristics such as spatial order and landscape beauty which are not directly associated with 
production process, however, they affect well-being. Secondly, territorial utility is determined by time accessibility of 
each subarea from the perspective of other subareas which belong to the region (Mogiła 2015). 
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macroeconomic models. In this study, the HERMIN models of the sixteen economies of the Polish 

NUTS 2 regions (or voivodeships) were applied as tools of investigation.  

In the next section we give a brief introduction to the Polish regional HERMIN system of models.  

The following section describes the nature of Polish inter-regional trade flows, since these provide 

crucial measures of the economic interrelationships between regional economies.  We then 

describe a series of simulation experiments using the system of sixteen regional models, where 

the different regions are interlinked through their trade flows.  These explore how alterations in 

regional structures create consequences for other regions through spillover effects and how the 

application of regional cohesion policies also create spillovers.  The paper concludes with a 

summary of our findings and contains one Annex. 

 

2 A generic regional HERMIN modelling framework 

 

Since the model is being constructed in order to analyse medium and long-term impacts of 

sectoral changes as well as Cohesion Policy on regional economies, there are three general and 

systemic requirements which it should satisfy:  

 The model must be disaggregated into a small number of crucial branches or sectors which allows 

one at least to identify and treat the key sectoral shifts in the economy over the years of 

development; 

 The model must specify the mechanisms through which a “cohesion-type” economy is connected 

to its external world.  The external (rest-of-national as well as the world) economy is a very 

important direct and indirect factor influencing the economic growth and convergence of the 

lagging EU regional economies, through trade of goods and services, inflation transmission, 

population emigration and inward foreign direct investment;  

 The construction of the model must recognise that a possible conflict may exist between actual 

situation in the region, as captured in a HERMIN model calibrated with the use of historical data, 

and the desired situation towards which the economy is evolving (or desires to evolve) in an 

economic environment dominated by wider forces of globalisation.  In other words, design and 
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calibration purely on the basis of econometrics using past data (even where feasible) are unlikely 

to be always appropriate. 

The original framework design of a HERMIN regional model focuses on key structural features of 

the economy, of which the following are important:  

a) The degree of economic openness, exposure to trade with its external world, and response to 

external and internal shocks; 

b) The relative sizes and features of the externally traded and non-externally traded sectors and their 

development, production technology and structural change; 

c) The mechanisms of wage and price determination; 

d) The functioning and flexibility of labour markets with the possible role of international and inter-

regional labour migration; 

e) The role of the public sector as well as the interactions between the public and private sector 

trade-offs in public policies; 

f) In a national HERMIN model, one would have to include monetary aspects, but these can be taken 

as exogenous at the regional level (i.e., they are determined at the national level).   

In order to satisfy these requirements, the HERMIN regional framework has five sectors: 

manufacturing (a mainly (externally) traded sector); market services (a mainly non-externally 

traded sector; building and construction; agriculture; and government (or non-market) services.   

Given the severe data and other restrictions that face modellers in the Polish regional economies, 

this is as close to an empirical representation of the traded/non-traded disaggregation as we are 

likely to be able to implement in practice.  Although agriculture also has important traded 

elements, its underlying characteristics (e.g., traditional structure, price support and other aspects 

of the CAP) imply that it requires separate treatment.  Similarly, the government (or non-market) 

sector is non-traded, but is best formulated in a way that recognises that it is mainly driven by 

policy instruments that are available – to some extent, at least – to policy makers. 

The internal structure of the HERMIN modelling framework can be best thought as being 

composed of three main blocks: a supply block, an absorption block and an income distribution 

block.  Obviously, the model functions as an integrated system of equations, with 
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interrelationships between all their sub-components.  However, for expositional purposes we 

describe the HERMIN modelling framework in terms of the above three sub-components. 

Conventional Keynesian mechanisms are only relevant for the short-term behaviour of a HERMIN 

model. For example, the implementational phase of Cohesion Policy has a demand component, as 

public expenditure is increased, but where the longer-term supply side benefits have not yet 

appeared.   

But the HERMIN model also has many neoclassical features in the longer term.  Thus, output in 

manufacturing is not simply driven by demand.  It is also influenced by price and cost 

competitiveness, where firms seek out minimum cost locations for production (Bradley and 

FitzGerald 1988).  In addition, factor demands in manufacturing and market services are derived 

on the assumption of cost minimization, using a two-factor CES production function constraint, 

where the capital/labour ratio is sensitive to relative factor prices.  The incorporation of a 

structural Phillips curve mechanism in the wage bargaining mechanism introduces further relative 

price effects.  Also, the Cohesion Policy mechanisms operate through the supply side of the model, 

at least in the medium to long term. 

Finally, the model handles the three complementary ways of measuring GDP in the national 

accounts, on the basis of output, expenditure and income (see Figure 1).   
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Figure 1. The HERMIN Regional Model Schema 

  Supply aspects 

 Manufacturing Sector (mainly tradable goods) 
 Output  = f1( World Demand, Domestic Demand, Competitiveness, t) 
 Employment = f2( Output, Relative Factor Price Ratio, t) 
 Investment = f3( Output, Relative Factor Price Ratio, t) 

 Capital Stock = Investment + (1-) Capital Stockt-1 
 Output Price = f4(World Price * Exchange Rate, Unit Labour Costs) 
 Wage Rate = f5( Output Price, Tax Wedge, Unemployment, Productivity ) 
 Competitiveness = National/World Output Prices 

  Building and Construction Sector (mainly non-tradable) 
 Output = f6( Total Investment in Construction) 
 Employment = f7( Output, Relative Factor Price Ratio, t) 
 Investment = f8( Output, Relative Factor Price Ratio, t) 

 Capital Stock = Investment + (1-)Capital Stockt-1 
 Output Price = Mark-Up On Unit Labour Costs 
 Wage Inflation = Manufacturing Sector Wage Inflation  

 Market Service Sector (mainly non-tradable) 
 Output = f6( Domestic Demand, World Demand) 
 Employment = f7( Output, Relative Factor Price Ratio, t) 
 Investment = f8( Output, Relative Factor Price Ratio, t) 

 Capital Stock = Investment + (1-)Capital Stockt-1 
 Output Price = Mark-Up On Unit Labour Costs 
 Wage Inflation = Manufacturing Sector Wage Inflation  
 
      Agriculture and Non-Market Services: mainly exogenous and/or instrumental 

 Demographics and Labour Supply  
 Population Growth = f9( Natural Growth, Migration) 
 Labour Force = f10( Population, Labour Force Participation Rate) 
 Unemployment = Labour Force – Total Employment  
 Migration = f11( Relative expected wage) 

Demand (absorption) aspects 
 Consumption = f12( Personal Disposable Income) 
 Domestic Demand = Private and Public Consumption + Investment + Stock changes 
 Net Trade Surplus = Total Output - Domestic Demand 

Income distribution aspects 
 Expenditure prices = f13(Output prices, Import prices, Indirect tax rates)) 
 Income = Total Output  
 Personal Disposable Income = Income + Transfers - Direct Taxes  
 Current Account  = Net Trade Surplus + Net Factor Income From Abroad 
 Regional Public Sector Deficit= Public Expenditure - Tax Rate * Tax Base 

Key Exogenous Variables 
        External: World output and prices; exchange rates; interest rates;  
        Domestic: Public expenditure; tax rates. 

 Source: Bradley and Untiedt (2010) 

 

The theory underlying the macroeconomic modelling of a small open regional economy requires 

that the equation for output in a mainly traded sector reflects both purely supply side factors 

(such as the real unit labour costs and international price competitiveness), as well as the extent of 

dependence of output on a general level of external demand.  By contrast, domestic demand 

should play only a limited role in a mainly traded sector, mostly in terms of its impact on the rate 
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of capacity utilisation.  However, manufacturing in any but extreme cases will include a number of 

partially sheltered sub-sectors producing items that are partially non-traded.  Hence, we would 

expect domestic demand to play some role in this sector, possibly also influencing capacity output 

decisions of firms.  HERMIN posits a hybrid supply-demand equation of the form: 

 

(1) )/log()log()log( 321 POTULCTaOWaaOT   

          a FDOT a POT PWORLD a t4 5 6log( ) log( / )  

 

where OW represents the important external (or world) demand, and FDOT represents the 

influence of domestic (i.e., regional) absorption.  We further expect OT to be negatively influenced 

by real unit labour costs (ULCT/POT) and by the relative price of domestic versus world goods 

(POT/PWORLD). 

Fairly simple forms of the more Keynesian market service sector output equation (OM) and the 

building and construction output equation (OB) are specified in HERMIN: 

 

(2a) log(OM) = a1 + a2 log(FDOM) + a3 log(OW) + a4 log(ULCM/POM) + a5 t 

(2b) log(OB) = b1 + b2 log(IBCTOT) + b3 log(ULCB/POB) + b4 t 

where FDOM is a measure of domestic demand and OW is a measure of “world” demand (in the 

OM equation) and IBCTOT is total investment in building and construction by all the other four 

sectors. The inclusion of the external demand term (OW) in the market services OM equation is to 

take account of regions that have large tourism, international transport services and other services 

that are internationally traded.  The variables ULCM and ULCB are unit labour costs in market 

services and building and construction, respectively, and are deflated using the sectoral GDP 

deflators (POM and POB).   

Output in agriculture is modelled very simply as an inverted labour productivity equation.  We 

take the view that progress in reforming and modernising agriculture will depend on very specific 

conditions in each country.  Basically, we summarise these complex processes in terms of the rate 

of productivity growth and the associated process of labour release from the sector. 
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(3a)    log(OA/LA) = a0 + a1 t 

Output in the public sector (OGV) is determined mainly by public sector employment (LG), which is 

a policy instrument.  The identity reads as follows: 

 

(3b)    OGV = LG*WG + OGNWV 

where OGV is non-market services output (in current prices), LG is employment numbers, WG is 

average annual earnings and OGNWV is non wage output. 

Macro models usually feature production functions of the general form: 

 

 (4)     Q f K L ( , ) 

where Q represents output, K capital stock and L employment.  However, output is not necessarily 

determined by this relationship.  We have seen above that manufacturing output is determined in 

HERMIN by a mixture of external and domestic demand, together with price and cost 

competitiveness terms.  Having determined output in this way, the role of the production function 

is to constrain the determination of factor demands in the process of cost minimisation that is 

assumed.  This is in contrast to the case of profit maximisation, where output and factor demands 

are all determined simultaneously, constrained by the production function. 

Hence, given Q (determined as in equations 1 and 2(a) and 2(b) in a hybrid supply-demand 

relationship), and given (exogenous) relative factor prices, the factor inputs, L and K, are 

determined via optimisation behaviour of firms by the production function constraint.  Hence, the 

production function operates in the model as a technology constraint and is only indirectly 

involved in the determination of output.  It is partially through these interrelated factor demands 

that the longer run efficiency enhancing effects of policy and other shocks like the EU Cohesion 

Policy are believed to operate. 

Ideally, a macro policy model should allow for a production function with a fairly flexible functional 

form that permits a variable elasticity of substitution.  As the experience of several SOEs, 

especially Ireland, suggests (Bradley et al. 1995), this issue is important.  When an economy opens 

and becomes progressively more influenced by activities of foreign-owned multinational 

companies, the traditional substitution of capital for labour following an increase in the relative 

price of labour need no longer happen to the same extent.  The internationally mobile capital may 
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choose to move to a different location than seek to replace costly domestic labour.  In terms of 

the neoclassical theory of firm, the isoquants get more curved as the technology moves away from 

a Cobb-Douglas towards a Leontief type.  

Since the Cobb-Douglas production function is very restrictive (with its assumed unit elasticity of 

substitution), we use the more general CES form of the added value production function and 

impose it on the manufacturing (T), the market service (M) and the building and construction (B) 

sectors.  Thus, in the case of manufacturing: 

 

(5)           
1

1exp


 KTLTtAOT ,  

In this equation, OT, LT and KT are added value, employment and the capital stock, respectively, A 

is a scale parameter,  is related to the constant elasticity of substitution,  is a factor intensity 

parameter, and  is the rate of Hicks neutral technical progress. 

In both the manufacturing and market service sectors, factor demands are derived on the basis of 

cost minimisation subject to given output, yielding a joint factor demand equation system of the 

schematic form: 

(6a)     









w

r
QgK ,1  

(6b)     









w

r
QgL ,2  

 

where w and r are the cost of labour and capital, respectively. 

Although the central factor demand systems in the manufacturing (T), market services (M) and 

building and construction (B) sectors are functionally identical, they will have different estimated 

parameter values and two further crucial differences.   

 First, output in the traded sector (OT) is driven by external demand (OW) and possibly by domestic 

demand (FDOT), and is influenced by international price competitiveness (PCOMPT) and real unit 

labour costs (RULCT).  In the non-traded sectors, on the other hand, we tend to find that output 

(OM and OB) is driven mainly by domestic demand (FDOMS and IBCTOT, respectively), with only a 

very limited possible role for world demand (OW) in driving OM.  This captures the essential 
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difference between the neoclassical-like tradable sector and the sheltered Keynesian non-traded 

sector;2   

 Second, the output price in the manufacturing (T) sector is partially externally determined by the 

world price.  In the market services and building sectors (M and B), the producer prices are 

determined as a mark-up on costs.  This puts another difference between the partially price taking 

tradable sector and the mainly price making non-tradable sector. 

The modelling of factor demands in the agriculture sector is treated very simply in HERMIN, but 

can always be extended in later versions as satellite models where the institutional aspects of 

agriculture are fully included.  We saw above that GDP in agriculture is modelled as an inverted 

productivity relationship.  Labour input into agriculture is modelled as a (declining) time trend, and 

not as part of a neo-classical optimising system, as in manufacturing, market services and building 

and construction.  The capital stock in agriculture is modelled as a trended capital/output ratio.   

Finally, in the non-market service sector, factor demands (i.e., numbers employed and fixed capital 

formation) are exogenous instruments and are under the control of policy makers, subject of 

course to fiscal solvency and other policy criteria. 

HERMIN models of the Polish NUTS 2 regional economies were initially developed and used as 

separate models, i.e., including no inter-regional linkages (Bradley et al. 2006).  However, in 

analyses concerning the impacts of Cohesion Policy on regional economic growth, interregional 

interactions need to be included.  This poses some serious difficulties because of the lack of data 

concerning the inter-regional flows of goods, services and factors of production. The difficulty in 

obtaining such data constitutes the main obstacle in defining the likely inter-regional influences.  

For the present analysis inter-regional trade flows were estimated on the basis of the gravity 

model, to be described below. We first describe how these inter-regional trade flow data were 

constructed.  Then, we explain how the necessary inter-regional trade flow mechanisms were 

incorporated into an augmented inter-linked system of sixteen NUTS 2 regional models.  Using the 

new system of interlinked regional models, we then proceed to carry out  series of simulation 

experiments that explore the role of the interregional links and their policy consequences. 

                                                 

2 When we refer to a sector as being “non-traded”, we mean that its output is only sold locally and is not exported, 
nor is it subject to direct competition from imported substitutes. Many service sector activities fall into this category.  
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3. Constructing interregional trade flows 

In HERMIN models the simplifying assumption is made that the only internationally traded sector 

(i.e., the only sector whose output is subject to exchange with its external environment) is 

manufacturing.  Of course, in the context of the continual development of information and 

telecommunications technologies, services of various kinds have begun to be traded 

internationally and between regions.  In addition, an element of manufacturing activity can be, 

effectively, non traded either internationally or between regions.  But at the present stage of 

Polish regional development, these simplifications  concerning the HERMIN sectors appear to be 

acceptable.   

Only at the NUTS 2 (or voivodship) level is it possible to find, or construct, statistical data on inter-

regional trade processes.3 Trade flows between voivodeships can be estimated on the basis of 

data concerning industrial production for the period of 2000-2012 (Polish Central Statistical Office 

–Local Data Bank). Assuming that the entire production is exported, and drawing on data of the 

Customs Chamber in Warsaw concerning the flow of international exports in the regional structure 

(2000-2012), a portion out of the industrial production of each voivodeship can be separated 

which related to interregional exchange.  

The challenge now is to allocate the total of the interregional component of trade carried out by 

any specific region to the other fifteen NUTS 2 regions.  This process of regional trade allocation 

was carried out using two plausible criteria: regional GDP (or economic potential, henceforth 

"potential") and inter-regional time accessibility (henceforth "accessibility").4 The approach used 

was that employed in gravity models (Lewandowska-Gwarda and Antczak 2010, 226-236) as well 

as in indicators of potential accessibility (Rosik 2012, 24). The geographical structure of regional 

                                                 

3 On the NUTS 2 (or  voivodship) level in Poland, regional policy in its territorial dimension can be most fully explored. 
The NUTS 2 level was chosen as the main sphere of intervention within the framework of regional policy conducted 
both by central authorities and self-governments at this regional level (Ministerstwo Rozwoju Regionalnego 2010a). In 
addition, for the years of 2014-2020 the instruments of EU Cohesion Policy generally refer to either the national or the 
NUTS 2 level.   

4 In the analysis, data were applied concerning the commute times using private cars between different capitals of 
every voivodship. In the case of the Lubuskie and Kujawsko-Pomorskie voivodships, an arithmetic average of temporal 
accessibility was chosen for Zielona Góra and Gorzów Wielkopolski as well as Bydgoszcz and Toruń, respectively. The 
data used were made available by the team of T. Komornicki of the Institute of Geography and Spatial Organisation, 
Polish Academy of Sciences (PAN). The elaboration of the data was carried out by Marcin Stępniak. 
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exports is presented in Tables 1 and 2, based on two separate systems of weights derived from 

inter-regional accessibility and regional potential. 

Table 1. Geographical structure of regional exports using economic potential weights (percentage) 
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Dolnośląskie 0.41 0.00 0.02 0.02 0.01 0.03 0.03 0.10 0.01 0.02 0.01 0.03 0.06 0.01 0.01 0.04 0.02 

Kujawsko-Pomorskie 0.68 0.06 0.00 0.03 0.02 0.04 0.05 0.16 0.01 0.03 0.02 0.04 0.09 0.02 0.02 0.07 0.03 

Lubelskie 0.72 0.06 0.03 0.00 0.02 0.05 0.06 0.17 0.02 0.03 0.02 0.04 0.10 0.02 0.02 0.07 0.03 

Lubuskie 0.41 0.04 0.02 0.02 0.00 0.03 0.03 0.09 0.01 0.02 0.01 0.02 0.05 0.01 0.01 0.04 0.02 

Łódzkie 0.75 0.07 0.04 0.03 0.02 0.00 0.06 0.18 0.02 0.03 0.02 0.05 0.10 0.02 0.02 0.07 0.03 

Małopolskie 0.67 0.06 0.03 0.03 0.02 0.04 0.00 0.16 0.02 0.03 0.02 0.04 0.09 0.02 0.02 0.07 0.03 

Mazowieckie 0.66 0.07 0.04 0.03 0.02 0.05 0.06 0.00 0.02 0.03 0.02 0.05 0.11 0.02 0.02 0.08 0.03 

Opolskie 0.71 0.06 0.03 0.03 0.02 0.04 0.05 0.16 0.00 0.03 0.02 0.04 0.09 0.02 0.02 0.07 0.03 

Podkarpackie 0.60 0.05 0.03 0.02 0.01 0.04 0.05 0.14 0.01 0.00 0.01 0.03 0.08 0.02 0.02 0.06 0.02 

Podlaskie 0.73 0.06 0.03 0.03 0.02 0.05 0.06 0.17 0.02 0.03 0.00 0.04 0.10 0.02 0.02 0.07 0.03 

Pomorskie 0.47 0.04 0.02 0.02 0.01 0.03 0.04 0.11 0.01 0.02 0.01 0.00 0.06 0.01 0.01 0.05 0.02 

 Śląskie 0.61 0.06 0.03 0.03 0.02 0.04 0.05 0.16 0.01 0.03 0.02 0.04 0.00 0.02 0.02 0.07 0.03 

Świętokrzyskie 0.78 0.07 0.04 0.03 0.02 0.05 0.06 0.18 0.02 0.03 0.02 0.05 0.10 0.00 0.02 0.07 0.03 

Warmińsko-Mazurskie 0.63 0.06 0.03 0.02 0.01 0.04 0.05 0.15 0.01 0.02 0.01 0.04 0.08 0.02 0.00 0.06 0.02 

Wielkopolskie 0.58 0.05 0.03 0.02 0.01 0.04 0.05 0.14 0.01 0.02 0.01 0.04 0.08 0.02 0.02 0.00 0.02 

Zachodniopomorskie 0.50 0.04 0.02 0.02 0.01 0.03 0.04 0.12 0.01 0.02 0.01 0.03 0.07 0.01 0.01 0.05 0.00 

Source: own elaboration on the basis of data provided by the Ministry of Finance, GUS and data made available by the 
team of T. Komornicki (The Institute of Geography and Spatial Organisation, Polish Academy of Sciences (PAN). 
Elaboration of data due to M. Stępniak) 

Table 2 Geographical structure of regional exports using inter-regional time accessibility  weights (percentage) 
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Dolnośląskie 0.41 0.00 0.02 0.01 0.03 0.03 0.03 0.02 0.08 0.02 0.01 0.02 0.05 0.02 0.01 0.04 0.02 

Kujawsko-Pomorskie 0.68 0.04 0.00 0.03 0.05 0.06 0.03 0.05 0.03 0.02 0.03 0.09 0.03 0.03 0.06 0.07 0.04 

Lubelskie 0.72 0.03 0.04 0.00 0.03 0.05 0.05 0.09 0.04 0.08 0.06 0.03 0.04 0.08 0.04 0.04 0.03 

Lubuskie 0.41 0.04 0.03 0.02 0.00 0.03 0.02 0.02             0.03 0.01 0.01 0.02 0.03 0.02 0.02 0.06 0.06 



  

16 

 

Łódzkie 0.75 0.05 0.05 0.04 0.04 0.00 0.05 0.08 0.05 0.03 0.03 0.04 0.06 0.07 0.04 0.08 0.03 

Małopolskie 0.67 0.05 0.02 0.03 0.03 0.04 0.00 0.03 0.07 0.05 0.02 0.02 0.17 0.07 0.02 0.03 0.02 

Mazowieckie 0.66 0.03 0.05 0.06 0.03 0.08 0.04 0.00 0.03 0.03 0.06 0.03 0.04 0.06 0.05 0.04 0.02 

Opolskie 0.71 0.12 0.03 0.02 0.04 0.05 0.08 0.03 0.00 0.03 0.02 0.02 0.12 0.04 0.02 0.04 0.03 

Podkarpackie 0.60 0.04 0.02 0.07 0.02 0.04 0.07 0.04 0.04 0.00 0.03 0.02 0.06 0.07 0.03 0.03 0.02 

Podlaskie 0.73 0.03 0.05 0.07 0.03 0.06 0.04 0.10 0.04 0.04 0.00 0.04 0.04 0.05 0.07 0.04 0.03 

Pomorskie 0.47 0.03 0.07 0.02 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.00 0.02 0.02 0.06 0.04 0.03 

Śląskie 0.61 0.06 0.02 0.02 0.03 0.04 0.14 0.03 0.09 0.04 0.02 0.02 0.00 0.05 0.02 0.03 0.02 

Świętokrzyskie 0.78 0.04 0.04 0.07 0.03 0.08 0.10 0.07 0.05 0.07 0.04 0.03 0.08 0.00 0.03 0.04 0.03 

Warmińsko-Mazurskie 0.63 0.03 0.07 0.04 0.03 0.05 0.03 0.07 0.03 0.03 0.06 0.08 0.03 0.04 0.00 0.04 0.03 

Wielkopolskie 0.58 0.05 0.06 0.02 0.07 0.06 0.03 0.04 0.04 0.02 0.02 0.03 0.03 0.03 0.03 0.00 0.04 

Zachodniopomorskie 0.50 0.03 0.04 0.02 0.08 0.03 0.02 0.03 0.03 0.02 0.02 0.03 0.03 0.02 0.02 0.06 0.00 

Source: own elaboration on the basis of data provided by the Ministry of Finance, GUS and data made available by the 

team of T. Komornicki (The Institute of Geography and Spatial Organisation, Polish Academy of Sciences (PAN). 

Elaboration of data due to M. Stępniak) 

 

The switch between using "accessibility" criteria and economic "potential" criteria has a clear 

impact on the intensity of the derived trade flows in the interregional system. For the purpose of 

illustrating these differences, we present below the significance of other regions as trade partners 

of a selected single region, i.e., the Dolnoslaskie voivodeship, using both variations:  

1) Geographical structure of exports of Dolnośląskie determined exclusively on the basis of GDP of 

other regions ("potential", Figure 2a);  

2) Geographical structure of exports of Dolnośląskie determined exclusively by accessibility of other 

voivodeships ("accessibility", Figure 2b). 
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a)        b) 

  

Figure 2. Geographical structure of interregional exports of Dolnośląskie in 2012 using two approaches: (a) Based on 

"potential", and (b) Based on "accessibility" 

Source: own elaboration on the basis of data provided by the Ministry of Finance, GUS and data made available by the 

team of T. Komornicki (The Institute of Geography and Spatial Organisation, Polish Academy of Sciences (PAN). 

Elaboration of data due to   M. Stępniak)5 

Assuming that the spatial distribution of the exports of any specific region is determined 

exclusively by the "potential" of regions (Figure 2a), one notices the dominance of the 

economically strongest voivodeships (as measured by their GDP): above all, Mazowieckie (24.5%) 

and Śląskie (14.2%). Representing the other extreme are the neighbouring regions of Dolnośląskie 

that have low GDP: with trade shares of Opolskie (2.3%) and Lubuskie (2.4%).  

However, in the situation where the interregional (or geographical) structure of trade flows was 

determined exclusively by the "accessibility" of respective regions (Figure 2b), exports of 

Dolnośląskie are predominantly directed at voivodeships through which the A4 highway runs: i.e., 

Opolskie (18.7%) and Śląskie (11.8%). It should be noted that the trade position of regions which 

are direct neighbours of Dolnośląskie (i.e., Lubuskie and Wielkopolskie) is relatively weaker 

because of their poor transport infrastructure network communication links. The trade share of 

the Lubuskie voivodeship (7.5%) is lower than that of the Małopolskie voivodeship, which is 

connected to Dolnośląskie by the A4 highway (8.4%).  

 
                                                 

5 Technical assistance during the map-making process was provided by Monika Szwed, Wrocław Regional 
Development Agency. 
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4 Interregional territorial cohesion: preparing the simulation experiments 

4.1 Changes made to the regional models 

For the purpose of incorporating inter-regional trade links in the system of separate regional 

models, the following changes were implemented within behavioural equations of  each of the 

HERMIN regional models: 

In the equation representing the influence of world demand on a given region (OW) and the 

economic processes taking place in its neighbouring regions, variables were introduced which use 

Gross Value Added (GVA) in the manufacturing sector (OT) in other  regions. The various 

voivodeship trading partners were assigned significance on the basis of the intensity of 

interregional trade.  

 

(7) OWj =exp(XWW1*log(OT1) + XWW2*log(OT2) + … + XWW15*log(OT15) + XWZ1*log(IP1) + 

XWZ2*log(IP2) + … + XWZk*log(IPk)), 

 

where: 

OWj – world demand of the j region,  

XWWi – i region’s share (i=1,2,…15) in the export of j region, 

XWZl – l country’s share (l=1,2,…,k) in the export of j region, 

OTi – Gross Value Added (GVA) of i region, 

IPl – industrial production of l country. 

Combining external demand (OW) with regional Gross Value Added (OT) forms the first channel of 

interregional links in the system. It allows for the evaluation of the impact of EU Cohesion Policy 

actions on any specific region, but taking into account the spillovers associated with inter-regional 

trade.  In accordance with equation 7, external demand in a given region is a function both of 

world demand (i.e., demand originating outside Poland) and of Gross Value Added (OT) of other 

voivodeships. Gross Value Added (GVA), on the other hand, remains under the influence of 

demand and supply effects of financial interventions introduced within the framework of the 

Cohesion Policy; 
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The equation illustrating Gross Value Added (OT) in the manufacturing  sector in any specific 

region was augmented by a variable approximating imports  (IMP), which are endogenous. 

Imports were modelled as a function of gross disposable income (YPERD) and public funds 

allocated within the framework of the EU Cohesion Policy (FUND) which flow to other regions, for 

instance, as a result of purchasing investment goods.6 

 

(8)                      IMP=b1 + b2*YRPERD + c*FUND  

(9)               log(OT) = (a1 + a2*log(OW) +a3 *log(FDOT) + a4*log(ULCT/POT) + 

a5*log(POT/PWORLD) + a6*log(IMP) + a7*TOT),                                

 

where:  

IMP – import value of a given region7, 

YRPERD – gross disposable income of the household sector of a given region, 

FUND –  public funds allocated within the framework of the Cohesion Policy – assigned 

to a given region, 

a1, …, a7, b1, b2 – structural parameters, 

c – percentage of funds flowing to other regions. 

Introducing the variable of import (IMP) creates a channel which allows us to observe a negative 

impact on the economy of any outflow of public funds to other regions. Simultaneously, it allows 

for an appropriate correction of the scale of demand effects generated by financial transfers in an 

analysed region.  Another channel enabling the consideration of interregional relations was 

created by introducing into the equation for the price index in the industrial sector in the external 

                                                 

6 FUND variable is applied exclusively in counterfactual analyses which are carried out to specify the impact of 
financial intervention (e.g. EU resources) on socio-economic processes. For the purpose of this study, an assumption 
has been made that the percentage of funds flowing to other regions (c) equals the ratio of total EU funds allocated in 
a given region and total gross fixed capital formation in a given region. When one takes a look at the values of c 
coefficient across regions it seems that the assumption is in line with structural underpinnings of regional economies 
in Poland. It turns out that poorer and more agriculture-oriented voivodeships are characterized by greater values of 
the c coefficient. This, in turn, implies that they are forced to spend a greater part of their financial support (e.g. EU 
funding) on imports of investment goods produced in richer and more industrialised Polish regions. On the other 
hand, more affluent and economically stronger voivodeships with the developed manufacturing sector are much more 
self-sufficient and less dependent upon importation of machinery and equipment from the poorer ones. 

7 Imports refer to both domestic and foreign flows. 
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environment of a given voivodeship (PWORLD) variables presenting deflator of Gross Value Added 

in this sector (POT) in remaining fifteen regions. 

 

(10)         PWORLDj =exp(XWW1*log(POT1) + XWW2*log(POT2) + … + XWW15*log(POT15) + 

XWZ1*log(P1) + XWZ2*log(P2) + … + XWZk*log(Pk)), 

where: 
PWORLDj – the price index within the industrial sector in the external environment of j 
region, 
XWWi – i region’s share (i=1,2,…,15) in export of j region, 
XWZl – l country’s share (l=1,2,…,k) in export of j region,  
POTi – deflator  of Gross Value Added in the industrial sector of i region, 
Pl – the price index of the l country’s industrial production. 

The above modification not only allowed for endogenization of the influence of interregional 

relations on the price-generating processes in a given voivodeship, but also provided an 

opportunity to specify how those interrelations influence its cost competitiveness in the context of 

implementing EU Cohesion Policy. 

The changes presented above concerning the structure of HERMIN models of the economies of 

Polish voivodeships made it possible to create a coherent analytical system which reflects the 

main interregional economic relations.  

The results of simulations are now presented which were conducted using the system of 

interlinked regional HERMIN models as described above. The main purpose of the study was to 

establish how the unique structure of the interregional economic environment might influence 

individual voivodeships as well as Cohesion Policy impacts on their economies. Exogenous 

treatment of economic tendencies taking place on the territories of foreign trade partners 

(Germany, France, etc.) allowed us to focus on the territorial feedbacks and relations between 

voivodeships.   

The study has a character of sensitivity analysis. Two areas were taken into account: 

a) The impact of changes in the interregional environment on the average annual growth rate of regional GDP 

(2005 prices) in the period of 2013-2025; 

b) The impact of the interregional environment on the effects of the European Union’s Cohesion Policy (EU 

funds and national public co-funding within the National Development Plan for 2004-2006 as well as the 

National Strategic Reference Framework for 2007-2013). 
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While the first approach allows for the direct examination of the interregional environment 

impacts on economic processes taking place in specific voivodeships, the second approach focuses 

on the effectiveness of Cohesion Policy within a specific external context.  

4.2 Simulating the impact of the interregional environment on economic growth 

The system of interrelated regional HERMIN models of the NUTS 2 (or voivodeship) economies 

was used for the purpose of deriving the likely impact of the nature of the interregional 

environment on regional economic growth.  A series of five "scenarios" was simulated, as set out 

in Table 3:   

 

Table 3. Regional growth simulation scenarios 

Scenario Structural characteristics of voivodeship economies  
Measure of interregional 

trade  

Scenario 1 (reference) 
No changes, i.e., no policy or other interference in GDP 
baseline projections of voivodships generated by the 
system of HERMIN models.  

Assumption made that key 
determinant of regional 
exports is exclusively the 
economic "potential". 

Assumption made that the key 
determinant of interregional 
trade structure is the 
"accessibility" of export 
destination. 

Scenario 2 

An increase in the importance of industrial sector in 
Zachodniopomorskie.  Through a modification of the time 
trend (TOT) in the equation for manufacturing GVA (OT) 
the share of manufacturing sector in GVA of the region 
was gradually increased so that in 2025 it was 5 percent 
higher in relation to scenario 1 (reference). 

Regional "potential". 

Regional "accessibility". 

Scenario 3 

Slowing down of the technical progress dynamics and of 
the growth rate of GVA in the sector of market services 
(OM) and the manufacturing sector (OT) in Mazowieckie.  
Technical progress was decreased fourfold through the 
parameter values reflecting Hicks-neutral technical 
progress in the manufacturing sector and market services 
sector (TT and TM variables). The average GVA dynamics in 
the manufacturing sector and market services sector in the 
period of  2013-2025 was reduced by 2 percentage points 
through making temporary changes of TOT and TOM 
respectively in GVA equations in the industrial sector (OT) 
and market services sector (OM). 

Regional "potential". 

Regional "accessibility". 

Scenario 4a 

Enhancement of technical progress  in Podlaskie 
voivodeship.  Technical progress was enhanced by a 
fourfold increase of the parameter values reflecting Hicks-
neutral technical progress  in the industrial sector and 
market services sector (TT and TM variables). 

Regional "potential". 

Regional "accessibility". 

Scenario 4b 

Enhancement in relation to the growth rates of GDP in the 
industrial sector in Podlaskie voivodeship .  The average 
GVA dynamics in the industrial sector in the period of  
2013-2025 was increased by 2 percentage points while 
applying time trend of TOT in GVA equations in the 
industrial sector (OT). 

Regional "potential". 

Regional "accessibility". 
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Scenario 5 

Limitation of dynamics of technical progress and growth 
rate of GVA in the sector of market services and the 
industrial sector in Mazowieckie, Dolnośląskie, Pomorskie, 
Wielkopolskie, Małopolskie and Śląskie voivodeships.  
Technical progress was slowed down by a fourfold 
decrease of the parameter values reflecting Hicks-neutral 
technical progress  in the industrial sector and market 
services sector (TT and TM variables). The average GVA 
dynamics in the industrial sector and market services 
sector in the period of  2013-2025 was reduced by 2 
percentage points while applying temporal changes of TOT 
and TOM respectively in GVA equations in the industrial 
sector (OT) and market services sector (OM). 

Regional "potential". 

 

Regional "accessibility". 

Source: own elaboration 

The following is a brief explanation of the purpose of these five scenarios.  Scenario 1 is designed 

to explore the impact of opening up interregional channels of trade.  In other words, we compare 

the case where the region operated as a closed economy relative to all other Polish regions to the 

case where the region can trade with other Polish regions as well as with the global economy.  The 

latter, i.e., the world economy, is treated as exogenous to all Polish regions and, indeed, to the 

Polish national economy.  But the performance of the other Polish regions is endogenous. The two 

alternative interregional measures are examined separately (i.e., "potential" and "accessibility").  

This scenario has a reference character for the remaining four scenarios.  

In the case of Scenario 2, we select a specific Polish NUTS 2 region (Zachodniopomorskie) and 

analyse the possible influence of faster industrial development in this region  and how it might 

spill over into the economies of other Polish regions.  We do this for the two different trade 

pattern assumptions, i.e., interregional trade driven by "potential" and "accessibility". 

Zachodniopomorskie is a region where the economic transition from the former regime of central 

planning contributed to a serious decrease in the industrial sector’s significance.  Compounded by 

the limited national accessibility of the region, this led to a deterioration in its competitiveness. 

Consequently, it appeared interesting to study how the future development of the manufacturing 

base in Zachodniopomorskie might spill over into economic growth in other regions. Conducting 

such a simulation can also explore the evaluation of the role of industrial policy in shaping 

territorial cohesion on an interregional level.  

In Scenario 3, an attempt was made to identify the consequences of reducing economic growth of 

the Mazowieckie NUTS 2 region (or voivodship) as the economically strongest region in Poland. 

The NUTS 2 region of Mazowieckie includes the Warsaw urban agglomeration, where Warsaw is 

by far the largest and most central city in Poland.  Such a scenario is, of course, purely 

https://en.wikipedia.org/wiki/Mazowieckie
https://en.wikipedia.org/wiki/Mazowieckie
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hypothetical. But it permits exploration of the role of the Mazowieckie voivodeship (or, strictly 

speaking, the Warsaw urban agglomeration) for the territorial cohesion of the other Polish 

regions.    

The main purpose of Scenario 4 is to explore how greater and more effective support for the NUTS 

2 regions (or voivodeships) in eastern Poland might affect other regions. However, there is a 

distinction made here relating to changes concerning the technological level of voivodeship’s 

economy (Scenario 4a) and of its economic structure (Scenario 4b).   

In the final Scenario 5, we explore the possible consequences of a deterioration of economic 

situation in the economically strongest regions of Poland. These are as follows:  Mazowieckie, 

Dolnośląskie, Pomorskie, Wielkopolskie, Małopolskie and Śląskie.  As in the previous scenarios, we 

study how the measure of interregional trade (i.e., "potential" driven versus "accessibility" driven) 

can affect the outcome.   

4.3   Scenario 1:  Opening up interregional channels of trade 

Allowing for interregional trade connections is seen to have significant effects on economic 

performance of Polish regions (see Figures 3; 4a and 4b) which confirms the importance of such 

relations for economic and policy-making processes. No simple pattern arises from the analysis, 

however, although some interesting outcomes might be emphasised. Firstly, the most 

industrialized and economically strong region in Poland – Dolnoślaskie is expected to be worse-off 

due to growing expansion and competitiveness of other voivodeships. This region specializes in 

relatively high value added and export-oriented sectors such as automotive and production of 

household appliances as well as copper mining which are highly dependent on global economic 

processes. As interregional channels of trade are opened up this voivodeship tends to import more 

from the rest of Poland (e.g. less value added products such as processed food, etc.) than it 

exports to other Polish regions. The overwhelming majority of its external sales go outside the 

country. Secondly, allowing for interregional trade flows enables us to take into account 

competitive advantages of poorer voivodeships which are more agriculture-oriented and 

characterised by lower-labour costs or specialize in more traditional manufacturing production. As 

it is shown on Figures 4a and 4b, all the least affluent Polish regions (Lubelskie, Świętokrzyskie, 

Podkarpackie, Podlaskie, Warmińsko-Mazurskie) reap benefits from interregional trade 

https://en.wikipedia.org/wiki/Mazowieckie
https://en.wikipedia.org/wiki/Mazowieckie
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connections. Finally, the outcome of opening up interregional channels of trade for Mazowieckie 

with the capital city of Warsaw seems to be insignificant. It indicates that the economically 

strongest region exports to the rest of Poland, however, it is at the same time one of the main 

export destinations for other voivodeships which attempt to make use of their competitive 

advantages and sell their products on the largest market in Poland.  

Scenario 1 – presented in the two variations of how interregional trade is distributed– is of the 

nature of a reference outcome, based upon historical characteristics. It has not been subject to 

any additional modifications (for example, based on expectations concerning specific growth 

tendencies). Changes in the geographical structure of interregional trade do not – by themselves – 

play a decisive role in affecting economic growth (see Figures 4a and 4b). It is only after being 

combined with growth tendencies and other changes taking place in respective regions that it 

gains significance. To illustrate it further, one could use the example of the Opolskie voivodeship.8 

In a situation in which this region gained an easier access to the dynamically developing Pomorskie 

and Wielkopolskie voivodeships (Figure 4a), it would provide a boost towards a higher dynamics of 

its GDP. If,  in contrast to scenarios presented in Figures 3 and 4a, the real production rate in the 

two regions referred to above was significantly lower, it would result in a decrease in economic 

growth of the Opolskie voivodeship despite the lack of barriers in terms of access to more distant 

export destinations. Furthermore, this kind of spatial economic system leads to a situation in 

which the Opolskie voivodeship functions less effectively when "accessibility" of other regions 

constitutes the key factor determining the structure of export (Figure 4b). The significance of 

changes of structural character for the macroeconomic environment that take place in respective 

regions is illustrated in the subsequent scenarios.  

                                                 

8 Obviously, for the purpose of illustrating the influence of interregional environment on GDP, one can also use 
examples of other voivodships. 
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Scenario 1 

 

Figure 3 The real growth rate of regions (average for the period 2013-2025: per cent) 

Baseline scenario (no interregional trade connections) 

Source: own elaboration 

a)   b) 

  

 

Figure 4 The differences in  average real growth rate of regions (2013-2025) caused by opening up interregional 

trade channels. (a) Scenario using regional “potential” minus the baseline scenario (b) Scenario using “accessibility” 

minus the baseline scenario (percentage points) 

Source: own elaboration 

4.4   Scenario 2:  Regional spillover of faster development in one region 

The boost in the role of the industrial sector in the NUTS 2 region of Zachodniopomorskie is 

reflected in the dynamics of its GDP presented below (Figures 5; 6a and 6b) in comparison to the 

reference scenario (Figures 3; 4a and 4b).  The effect on the economic growth of 
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Zachodniopomorskie is greater when no interregional trade connections are assumed (compare 

Figures 5; 6a and 6b).  This is mainly due to relatively high orientation of this voivodeship to the 

markets outside of Poland the growth of which is set exogenously.   

At the same time higher disposable income of households in Zachodniopomorskie is partly spent 

on goods from other Polish regions. In the case of the scenario variation in which the geographical 

structure of interregional trade is exclusively dependent on the economic “potential” of the 

regional export destinations (Figure 6a), faster development of Zachodniopomorskie most strongly 

affects the regions of Łódzkie, Opolskie, Świętokrzyskie and Śląskie (in both direct and indirect 

fashion9) which are characterised by a relatively high exposure to interregional exports10 as well as 

a high rate of industrialisation11 (compare Figures 6a and 4.a). Hence, the results of the stimulation 

of an industry sector in Zachodnipomorskie indicate that among main beneficiaries are poorer and 

middle-income industry-oriented voivodeships rather than high-income Polish regions with large 

and competitive production capacity as one could have expected. This might imply that when 

there are no transport barriers a stimulus to industry in one individual voivideship is more likely to 

spur utilisation of endogenous assets of economically weaker regions with the industrial potential. 

Economic performance of more affluent voivodeships (e.g. Dolnoślaskie, Mazowieckie, Pomorskie) 

seems to be determined largely by what is going on outside Poland. An exception is Ślaskie – the 

third richest voivodeship in Poland (in terms of GDP per capita in 2012) - in the case of which 

industrialisation of Zachodnipomorskie has a relatively significant effect. In other words, an 

impulse in the economy of Zachodnipomorskie along with elimination of transport barriers are 

expected to stimulate those branches of Śląskie industry which are not exclusively oriented to 

exports outside Poland. As one can see this scenario provides us with thought-provoking results on 

how rich regions are sensitive to improvements in infrastructure combined with supply-side 

shocks in the rest of Poland (e.g. resulting from industrial policies). However, it seems to be of 

greater importance to analyse the opposite relation, namely, how economically strong voivodships 

highly dependent upon global markets might affect other Polish regions. We touch upon that issue 

in the next scenario.  

                                                 

9 Indirect effects consist in taking advantage of faster growth in other regions that is induced by higher growth in the 
economy of Zachodniopomorskie.  
10 Exports of Łódzkie, Opolskie, Świętokrzyskie and Śląskie to the rest of Poland amount to: 75%; 71%; 78%; 61% of 
their total exports respectively (see: Tables 1 and 2.). 
11 The shares of industry in total GVA (2012) in Łódzkie, Opolskie, Świętokrzyskie and Śląskie amount to: 30.0%; 
30.0%;26.4%; 35.7% respectively. The analogous share for Poland is 26.5%. 
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In the variation which assumes the use of “accessibility” for interregional trade structure, the 

regions that are most affected by spillovers from Zachodniopomorskie are Lubuskie, 

Wielkopolskie, Łódzkie, Opolskie and Świętokrzyskie (Figure 6b). This is obviously a consequence 

of links to regions that are easily accessible from Zachodnipomorskie (Lubuskie and 

Wielkopolskie)12 as well as an enhanced industrial sector combined with a strong involvement in 

interregional exports (Łódzkie, Opolskie and Świętokrzyskie). The cases of the Łódzkie, Opolskie 

and Świętokrzyskie regions indicate that even when there are transport barriers for interregional 

exchange, the main beneficiaries of enhancement of Zachodnipomorskie industrial economy are 

not only the regions with which it has the best transport links.  A high percentage of industrial 

goods sent to other regions as a share of total exports of Łódzkie, Opolskie and Świętokrzyskie, 

creates a situation where these regions take advantage of an impulse provided by the economy of 

Zachodniopomorskie.           

Scenario 2 

 

Figure 5 The real growth rate of regions (average for the period 2013-2025: per cent) 

Baseline scenario (no interregional trade connections) 

Source: own elaboration 

 

                                                 

12 Even though Pomorskie is a naighbouring region of Zachodniopomorskie their transport interlinks do not provide 
good time accessibility between those two voivodeships (see: Tables 1 and 2). 
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a)      b) 

 

Figure  6 The differences in  average real growth rate of regions (2013-2025) caused by opening up interregional 

trade channels. (a) Scenario using regional “potential” minus the baseline scenario (b) Scenario using “accessibility” 

minus the baseline scenario (percentage points) 

Source: own elaboration 

4.5   Scenario 3: Reduction in development dynamics of the Mazowieckie region 

As was noted above, Mazowieckie is not expected  to be strongly affected by an introduction of 

interregional trade flows (see Figures 7; 8a and 8b). However, a fall in the rate of growth of the 

Mazowieckie region (which includes Warsaw, the capital city of Poland) negatively affects other 

regions (Figures 8a and 8b) in relation to the reference scenario (Figures 4a and 4b). 

In the case where interregional trade structures are determined by the criterion of economic 

“potential” (Figure 8a), a reduction in growth in the Mazowieckie region affects most significantly 

the regions for which it constitutes an important export destination (e.g., Łódzkie, Opolskie, 

Świętokrzyskie and Śląskie). However, exceptions in this respect are Lubelskie, Podlaskie and 

Warmińsko-Mazurskie, which are characterised by a lower significance of the industrial sector in 

the economy, the products of which are predominantly subject to interregional exchange.  

In the variation that uses “accessibility” to define the structure of interregional trade (Figure 8b), 

the regions most affected are the neighbouring economies of Łódzkie, Kujawsko-Pomorskie, 

Lubelskie, Podlaskie, Świętokrzyskie and Warmińsko-mazurskie. However, a significant influence is 

https://en.wikipedia.org/wiki/Mazowieckie
https://en.wikipedia.org/wiki/Mazowieckie
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noticeable also in more remote regions (e.g., Opolskie and Śląskie), which is a consequence of the 

relatively high involvement of those regions in goods exchange on the domestic market. 

Comparing and contrasting the results presented in Figures 8a and 8b one might state that 

development of  trade connections among regions due to improvements in transportation system 

increases significantly impacts of the economy of Mazowieckie on other Polish regions. That 

conclusion becomes of great importance when development policy is intended to support spill-

overs from growth poles (such as Warsaw) to economically weaker cities (e.g. Kielce – the capital 

city of Świętokrzyskie or Białystok – the capital city of Podlaskie).  Under such circumstances 

Mazowieckie with the city of Warsaw closely interrelated with foreign metropolitan centres 

become an important gateway for impulses (e.g. demand-and supply-side shocks) from the global 

economy which are then transmitted to other parts of Poland. In Scenario 3 we presented the 

consequences of negative shocks. The significance of the negative impulses generated in the 

Polish growth centres and passed over to the rest of Poland is discussed in Scenario 5. Before 

doing that we  try to answer the question of how economic shocks in poorer and agriculture-

oriented voivodeships affect other regions through the structure of interregional connections. 

Scenario 3 

 

Figure 7 The real growth rate of regions (average for the period 2013-2025: per cent) 

Baseline scenario (no interregional trade connections) 

Source: own elaboration 
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a)   b) 

 

Figure  8 The differences in  average real growth rate of regions (2013-2025) caused by opening up 

interregional trade channels. (a) Scenario using regional “potential” minus the baseline scenario (b) Scenario 

using “accessibility” minus the baseline scenario (percentage points) 

Source: own elaboration 

 

4.6    Scenario 4:  Increased support for the regions in eastern Poland 

The main purpose of Scenario 4 is to explore how increased and more effective support for the 

NUTS 2 regions (or voivodeships) in eastern Poland might affect other regions. Due to the nature 

of the development challenges facing the eastern Polish regions, we carry out this scenario in two 

different ways: a distinction is made relating to changes concerning the technological level of the 

eastern region economy (Scenario 4a) and relating to how it might be restructured (Scenario 4b).  

We select the eastern region of Podlaskie as a typical underdeveloped region. In both scenarios 

(4a and 4b) opening up interregional channels of trade benefits Podlaskie due to its relatively high 

involvement in exports to the rest of Poland (73% of total exports). 

First, it was assumed that the region experiences a fourfold increase in the growth rate of 

technological progress (Figures 9; 10a and 10b). While comparing the results obtained with the 

reference scenario (Figures 4a and 4b), it is noticed that a possibility of a more effective and 

innovative application of production generates a relatively insignificant effects within the given 

region. This is due to the relatively low sensitivity of the sector structure of GVA created within 

Podlaskie, where the share of industry in the regional economy is one of the lowest in the whole 
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country and a high percentage of agricultural sector is highly characteristic when compared to 

other regions.13  

          

 

    Scenario 4a 

 

Figure 9 The real growth rate of regions (average for the period 2013-2025: per cent) 

Baseline scenario (no interregional trade connections) 

Source: own elaboration 

                                                 

13 The shares of agriculture in total GVA (2012) in Poland and Podlaskie amount to 2.9% and 7.6% respectively. The 
analogous shares of industry are 26.5% and 20.6% respectively. 
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a)      b) 

 

 

Figure 10 The differences in  average real growth rate of regions (2013-2025) caused by opening up 
interregional trade channels. (a) Scenario using regional “potential” minus the baseline scenario (b) Scenario 

using “accessibility” minus the baseline scenario (percentage points) 

Source: own elaboration 

 

Scenario 4b 

 

 

Figure 11 The real growth rate of regions (average for the period 2013-2025: per cent) 

Baseline scenario (no interregional trade connections) 
Source: own elaboration 
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a)                                                              b) 

 

Figure 12 The differences in  average real growth rate of regions (2013-2025) caused by opening up 

interregional trade channels. (a) Scenario using regional “potential” minus the baseline scenario (b) Scenario 

using “accessibility” minus the baseline scenario (percentage points) 

  Source: own elaboration 

Industry, owing to its characteristics, is the sector characterised by a relatively high capability of 

absorbing new technology, where a higher growth of labour and capital productivity (total factor 

productivity) translates into a higher economic growth. The significance of industry for regional 

development suggested a variation of the first version of Scenario 4 where we impose an increase 

of the share of industry in the GVA of Podlaskie (Figures 11; 12a and 12b). This suggests that a pre-

condition for enhancement of development of economically weaker regions is a combination of 

innovation (both novel and imitative) and changes of a structural character directed at the 

increase in the degree of industrialization.14 Focusing exclusively on pro-innovation activities, 

conducted separately from industrial policies, is likely to be counterproductive. Enhancing the 

growth of GDP of Podlaskie by approximately an annual average of 1 percentage point in relation 

to the reference scenario only translates to a small degree into economic growth of other regions. 

This is a consequence not only of a relatively insignificant economic potential of Podlaskie. Of 

more significance is the spatial scale of the changes. A stronger impact of the regional 

environment on the economy of a given region would come about as a result of complex 

transformations taking place in more regions, as would arise as a consequence of an  

                                                 

14 This increase would include traditional branches such as the food processing industry, which have a crucial 
developmental potential in Podlaskie. Simulations (not reported here) which assumed an increase of significance of 
market services confirmed the more important role of the industrial sector in stimulating economic growth based on 
innovation. 
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implementation of an effective regional policy embracing, e.g., all of the currently underdeveloped 

eastern regions. 

Greater impacts of structural changes in Podlaskie on other regions are seen in the “accessibility” 

variation. Unlike in the “potential” case Podlaskie is here one of the main export destinations for 

such regions as Mazowieckie, Lubelskie and Warmińsko-Mazurskie. This, in turn, allows the 

positive effects generated in Podlaskie to be transmitted more strongly in an indirect fashion to 

other voivodeships (compare Figures 12a and 12b with 4a and 4b). 

 

4.7   Scenario 5:  Spillovers from strong to weak regions 

In the final Scenario 5, we explore the possible consequences of a deterioration of the economic 

situation in the economically strongest regions of Poland:  Mazowieckie, Dolnośląskie, Pomorskie, 

Wielkopolskie, Małopolskie and Śląskie.  As in the previous scenarios, we study how the measure 

of interregional trade (i.e., "potential" driven versus "accessibility" driven) can affect the outcome. 

The results of simulations carried out within this scenario confirm that the wider the spatial scale 

of any changes, the stronger their impact will be on other regions. Any weakening of the country’s 

main economic centres, which are strongly connected with other Polish regions through the city 

network, spills over into poorer voivodeships. The most affected regions are Łódzkie, Opolskie and 

Świętokrzyskie which have a relatively high involvement in interregional trade (75%; 71% and 78% 

of their total exports) as well as relatively high industry’s share in total GVA.15 High interregional 

accessibility  causes an intensification of negative effects through the increase in the number of 

links with the strongest economies  (see Figure 14a  in comparison with the Figure 14b).  

 

 

 

 

 

                                                 

15 The shares of industry in total GVA (2012) in Łodzkie, Opolskie and Świętokrzyskie amount to 30.0 %; 30.0% and 
26.4% respectively. In the case of Poland, the analogous share of industry is 26.5%. 

https://en.wikipedia.org/wiki/Mazowieckie
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Scenario 5 

 

 

Figure 13 The real growth rate of regions (average for the period 2013-2025: per cent) 

Baseline scenario (no interregional trade connections) 

Source: own elaboration 

 

a)                                                           b) 

 

Figure 14 The differences in  average real growth rate of regions (2013-2025) caused by opening up interregional 
trade channels. (a) Scenario using regional “potential” minus the baseline scenario (b) Scenario using “accessibility” 

minus the baseline scenario (percentage points) 

Source: own elaboration 

5 Exploring the role of the interregional environment on the impacts of EU Cohesion Policy 

The system of regional HERMIN models permits us to evaluate the effects of EU Cohesion Policy as 

it is implemented under National Development Programme (NDP 2004-2006) and National 

Strategic Reference Framework (NSRF 2007-2013) for all of the sixteen Polish NUTS 2 regions (or 
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voivodships). EU financial resources constitute an important policy instrument influencing 

territorial cohesion and the individual regional HERMIN models can be used to evaluate the likely 

direct impacts on each region considered in isolation from interactions with other regions.   

An important issue then arises, i.e., evaluating the effects of the “leakage” of the impacts of the 

use of EU funds on a specific region through interregional trade with other Polish regions. The 

impact of a cohesion policy on economic processes is estimated through creating a series of four 

scenarios. The first scenario is a projection of a given region’s growth where EU financing of 

Cohesion Policy is available to each region but where there are no interregional trade links.  In 

other words, the trading environment external to the given region is assumed to be exogenous.  

We refer to this scenario as "CP-no links".  The second scenario assumes the absence of the EU 

financing to the given region, but continues the assumption of no interregional trade links. We 

refer to this scenario as "no CP-no links".  Comparing the two scenarios, we are able to quantify 

the likely impact of the NDP/NSRF on the economy of the specific region in the "no-links" case. 

These two scenarios are now repeated, but this time we use the inter-linked version of the 16 

regional models.  So, the third scenario is a projection of a given region’s growth where CP finance 

is available to each region and there are interregional trade links present.  We refer to this as "CP-

with links".  Finally, we assume the absence of the EU financing to the given region, but use the 

inter-linked system of regional models.  We refer to this scenario as "no CP-with links".  Comparing 

the two scenarios, we are able to quantify the likely impact of the CP on the economy of the 

specific region in the "with-links" case.  

 

5.1 CP impacts for a specific region: "no-links" case 

Comparing and contrasting "CP-no links" and "no CP-no links" scenarios (Figures 15a and 15b) 

positive impacts of the EU funding in all 16 Polish regions are seen. This is the result of demand-

and supply-side effects. The former (demand effects) are associated with the Keynesian multiplier 

mechanism and last for a short period of time (e.g. several quarters). The latter (supply effects) 

develop gradually with the expansion and modernization of the technical infrastructure, an 

increase in knowledge and skills as well as with the expansion and upgrade of machinery and 

equipment in enterprises. They manifest over the long run and are relatively sustainable. The 

differences in the scale of CP impacts among the Polish NUTS 2 regions are determined by the 
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varied magnitude of the above mentioned effects. An important factor which is likely to influence 

the scale of CP impacts is obviously the EU funding expressed, however, as a share of GDP. The 

Polish regions which reap the greatest benefits from CP are Warmińsko-Mazurskie and 

Podkarpackie (see Figure 15c).  These are the voivodeships characterized by the highest ratios of 

the EU funding to GDP – 38.5% and 36.1%, respectively. If CP effectiveness, however, were 

exclusively determined by the real scale of the EU financial injections policy-making would be an 

easy and mechanical activity which is not the case.  

a)  b) 

 

c) 

 

 

Figure 15  GDP level at constant prices (PLN bln) in 2015 in: (a) “CP- no links” case and (b) “no CP- no 
links” case and (c) CP impact on GDP level (%)16 

Source: own elaboration 

                                                 

16 The percentage impact is the difference between the GDP values in “CP – no links” scenario and “no CP- no links” 
scenario divided by the value of GDP level in “no CP-no links” scenario. Taking CP impact on GDP of Dolnośląskie as an 
example one can state that GDP level in this region is expected to be higher by 9.8% in comparison to the hypothetical 
situation when CP were not implemented. 
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Taking a closer look at Podlaskie and Lubelskie – two regions with relatively high EU support 

(30.0% and 30.2% of GDP respectively) one notices that they are not among the main beneficiaries 

of CP, at least expressed in terms of the percentage increase in the level of their GDP. The sources 

of that modest CP effectiveness may lie in their economic structures which are characterized by 

relatively low industrial shares in total GVA as well as relatively high contribution of agriculture to 

total product.17 The industry sector is most likely to become a main vehicle to convey the EU 

funding into supply-side effects (e.g. innovations and significant increases in total factor 

productivity) – especially in lagging behind regions such as Podlaskie and Lubelskie which lose 

competition with economically stronger metropolitan centres such as Warsaw, Wrocław, Kraków, 

Gdańsk or Poznań in terms of attracting providers of high technology services such as IT or R&D 

services. Other factors that are expected to differentiate the magnitude of the CP impacts among 

regions are also: the scale of the temporary Keynesian multiplier effect; initial stocks of 

infrastructure, human capital and R&D; the economic structure of the EU funding; the rate of 

technical progress and other economic structural characteristics. 

 

5.2 CP impacts for a specific region: "with-links" case 

The interrelated system of regional economies gives rise to transmission of the CP effects among 

voivodeships. Fund flows between regions take place through export stimulated by demand for 

investment and supplying goods. It contributes to the enhancement of economic growth in a 

voivodeship to which transfers from other regions arrive. In this case, we deal with a growth effect 

of a demand-side character further reinforced by Keynesian multiplier effect.  Simultaneously, in a 

region from which funds flow out through the import of goods, there is a limitation of the scale of 

short term demand-side effects – and thus, the Cohesion Policy’s influence on economic growth is 

also reduced.  Interregional relations also concern the supply-side effects generated by the EU 

funds.  An additional increase in the GDP in the long run after the employment of funds generates 

an increase of disposable income which might be partially used for purchasing goods and services 

coming from other voivodeships. 

                                                 

17 The shares of agriculture in total GVA (2012) in Poldlaskie and Lubelskie amount to 7.6% and 5.7% respectively 
(Poland 2.9%). The analogous shares of industry are: 20.6% and 20.9% respectively (Poland 26.5%). 
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When endogenously modelled interregional trade connections are implemented, the CP outcomes 

change across regions. Some regions are made worse-off as interregional trade flows are present 

(Dolnoslaskie, Lubuskie, Mazoweickie, Małopolskie Podkarpackie, Pomorskie, Warmińsko-

Mazurskie and Zachodniopomorskie). The remainder reap benefits (compare Figures 16c with 

15c). A general explanation for that differentiation is fairly straightforward. The winning regions 

are able to use the EU fund-driven external demand to boost their economies whereas in the case 

of the other voivodships, their imports stimulated by CP are not offset by the positive effects of 

greater sales to the rest of Poland. In other words, benefits resulting from increased exports owing 

to EU funds do not compensate losses resulting from the import of goods from other 

voivodeships. There are various explanations of this finding. Firstly, it is worthwhile to mention a 

relatively lower involvement of certain voivodeships in interregional exports (Dolnośląskie: 41% of 

the entire export; Lubuskie: 41%; Pomorskie: 47%; Zachodniopomorskie: 50%), which limits the 

possibility to take advantage of demand and supply-side effects of Cohesion Policy. 

Secondly, the outcome of the EU financial injection might be decreased by greater imports – not 

only in the CP implementation when machinery and equipment expenditures take place but also in 

the long run when the CP driven income might be spent on goods and services from the rest of 

Poland. More intense imports determine negatively GDP level through the Keynesian multiplier 

mechanism. Comparing and contrasting values of the investment multipliers between “no-links” 

case and “with-links” case one can see that Dolnosląskie, Lubuskie, Mazoweickie, Małopolskie, 

Podkarpackie, Pomorskie, Warmińsko-Mazurskie and Zachodniopomorskie are characterized by a 

relatively significant decline in the demand-side effects when interregional trade flows are taken 

into account (see Table 4 in Annex 1). 18   

Thirdly, the other type of multiplier seems to play a role in differentiating the scale of CP impacts 

between “no-links” case and “with-links” case. This is a foreign trade multiplier showing the 

amount by which GDP of a region will be raised by a unit increase in external demand (see Table 5 

in Annex 1). In the case of: Lubuskie, Małopolskie, Podkarpackie, Warmińsko-Mazurskie and 

Zachodniopomorskie this multiplier reaches relatively lower values which implies that external 

demand shocks do not have big effects on those regions when opening up interregional channels 

                                                 

18 Investment multiplier shows how much GDP (at constant process) changes in response to a change in some 
exogenous variable (in this case investment at constant prices). 
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of trade - e.g. due to relatively small share of the industrial sector (mainly tradable) in total GVA 

(Małopolskie, Warmińsko-Mazurskie and Zachodniopomorskie) or a weak transmission of the 

shocks from the industry to other less tradable sectors (Lubuskie and Podkarpackie). 19 There is a 

wide range of factors that might determine the magnitude of both Keynesian and foreign trade 

multipliers: e.g., marginal propensity to consume and import; economic structure and 

interdependences between sectors; labour/capital intensity of individual sectors; relative price of 

labour and capital, etc. An in-depth analysis of those multiplier determinants ought to be carried 

out for each voivodeship. For the purpose of our research, however, it is sufficient to stress that 

the scale of CP impacts in the “with-links” case is largely dependent upon a combination of: 1) 

involvement in interregional exports; 2) the magnitude of the Keynesian multiplier and 3) the 

magnitude of the foreign trade multiplier.  

Taking as an example Opolskie – the voivodeship characterized by the highest positive change of 

CP impact in comparison to the “no-links” case (compare Figures 16c and 17c with 15c) – one can 

state that this region is relatively open to interregional trade flows (71% of its total exports goes to 

other Polish voivodeships); with a significant role of the industry sector (30% of total GVA);  with 

relatively high values of the Keynesian multiplier as well as the second highest value of the foreign 

trade multiplier (see Tables 4 and 5 in Annex 1). The values of multipliers might suggest a relatively 

lower propensity to import which is conceivable when we take into account the fact that Opolskie 

is characterized by large labour migration to Germany. This, in turn, decreases imports as well as 

raises bargaining position of labour force in Opolskie. The stronger position of employees and their 

pressure on higher wage rates may intensify the effects of external demand shocks taking place 

through the foreign multiplier mechanism.   

Comparing the “potential” and “accessibility” variations (Figures 16c and 17c) one can see that for  

the vast majority of regions CP impacts are expected to be higher in the latter scenario. It results 

from the fact that in the accessibility case the bulk of regional exports is not largely directed to 

more affluent regions (such as Mazowieckie, Śląskie, Dolnośląskie) which are characterized by 

relatively lower CP impacts (e.g. due to greater initial endowment in material and human capital 

stocks). Thus, in the “accessibility” variations numerous voivodeships benefit more from  greater 

                                                 

19 The shares of industry in total GVA (2012) in Małopolskie, Warmińsko-Mazurskie and Zachodniopomorskie amount 
to 22.8%; 25.1% and 20.7% respectively (Poland 26.5%). 
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CP effects – both demand and supply-side- in economically weaker regions.  Some exceptions are 

Łódzkie, Śląskie and Świętokrzyszkie where CP impacts on their GDP are lower in the “accessibility” 

case than in the “potential” one. It might imply that economic environment with time accessibility 

playing a significant role in determining trade flows makes their economies more vulnerable to 

imported goods.  Different geographic structure of interregional trade flows might determine, e.g.,  

different relative prices of labour and capital and, in turn, the response of manufacturing and 

market services sectors to external CP shocks. It is shown in the values of the foreign trade 

multipliers for the three regions in question (see Table 5 in Annex 1) where Łódzkie, Śląskie and 

Świętokrzyskie are characterized by a great deal lower values of foreign trade multipliers in the 

“accessibility” case in comparison to the “potential” one. It should be remembered that any 

changes in the economic characteristics of regions and their trading partners might alter the 

magnitude of CP impacts. For simplicity, in our research we assume continuation of historical 

tendencies in the Polish regions since our main aim is to show how interregional environment (in 

the “potential” and “accessibility” variation) affects CP effectiveness in individual voivodeships. 

However, any changes in economic specifics caused by other factors than the EU funding (e.g. 

other policies; changes in global demand and supply, etc.) may also considerably influence CP 

effectiveness. 

  

a)                                                                        b) 
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c) 

 

 

Figure 16  GDP level at constant prices (PLN bln) in 2015 in: (a) “CP- with links” case and (b) “no CP- with links” 
case and (c) CP impact on GDP level (%) – “POTENTIAL” VARIATION 

Source: own elaboration 

 

 

 

 

 

 

a) b) 
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c) 

 

Figure 17  GDP level at constant prices (PLN bln) in 2015 in: (a) “CP- with links” case and (b) “no CP- with links” 

case and (c) CP impact on GDP level (%) – “ACESSIBILITY” VARIATION 

Source: own elaboration 

 

6. Conclusions 

Every region functions in its specific interregional environment. But through the structure of socio-

economic connections, regions affect each other. Hence, territorial cohesion of an individual 

voivodship – viewed as a territorial optimum - is  determined by what is going on in other regions 

(e.g. their economic structure, technological progress, changes in aggregated demand and supply, 

crisis resilience, etc.). The scale of this determination depends upon interregional connections. 

Due to lack of data we concentrate only on interregional trade flows and take into account two 

variations of determination of the trade structure: based on a “potential” criterion and on an 

“accessibility” criterion. Furthermore, we assume that industry is a main tradable sector in the 

Polish NUTS 2 regions. This assumption seems not to be oversimplified since high-tech services in 

Poland which are subject to external trade are provided in the main metropolitan centres (e.g. 

Warsaw, Wroclaw, Poznan, Krakow, Gdansk) and do  not account for a great proportion of total 

regional production. As an example of the Irish economy shows, however, it is expected that high-

tech services will grow in importance over time. This, in turn, will entail necessary modifications of 

the sectoral structure of the HERMIN modelling framework – especially in the case of more 

affluent regions. Another assumption which we make concerns the fixed structure of interregional 

trade flows. If there are no unexpected occurrences (e.g. global crisis, war, etc.), the spatial 

structure of trade flows seems to be stable in the medium term on which we focus in our research.  
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This can be explained by the difficulty in expanding to new markets; firms’ willingness to stay in 

markets with which they are familiar and whose specifics they know; long-term contracts, etc.  

Taking into account the above mentioned assumptions, we analyse how structural changes as well 

as CP interventions affect the development of Polish NUTS 2 regions through the network of 

interregional trade flows. Research models in general and economic models in particular are only 

simplifications of real economic processes. The great challenge is not to oversimplify what is 

happening within and between regions. With the novel system of interrelated HERMIN models we 

try to face that challenge by taking into account economic specifics of all the 16 voivodships. This, 

in turn, allows us to draw several conclusions concerning territorialisation of development policies 

which might be carried over to the real policy making process. They are as follows: 

 The spatial system of interregional dependencies constitutes – along with national 

macroeconomic policy – an important factor affecting resilience of Poland and its voivodeships to 

economic turmoil. Weakening of major economic centres of the country that are strongly linked 

with global markets through metropolitan networks spills over onto poorer regions. It, in turn, 

leads the whole country – through the system of interregional connections – onto the path of 

sluggish growth or recession.  Hence, it is increasingly important to strengthen the 

competitiveness of metropolitan centres as a safety measure against negative global tendencies. 

This postulate is particularly vital in the pursuit of interconnected polycentric networks of cities 

(including second-order & third-order cities) which is strongly promoted in documents concerning 

the territorialisation of development policies (e.g. Territorial Agenda 2011); 

 The structural changes in individual voivodeships translate in a relatively insignificant fashion into 

other regions. The role of interregional environment increases when demand or supply-side 

shocks appear in numerous voivodeships at the same time. Joint appearance of structural changes 

in Polish regions (e.g. as a result of industrial policy) is likely to constitute a crucial factor affecting 

economic development of a given voivodeship. It has an important  implication for development 

policies which combines an approach oriented at specifics and internal diversification of regions 

(place-based approach) with a complex structural intervention in all voivodeships (top-down 

approach). Even an optimal place-based policy might produce unsatisfactory effects when it is 

pursued in an unfavourable interregional environment (e.g. due to no complementarity of regional 

infrastructure systems; lack of collaboration between regional authorities; insufficient pace of 
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structural changes in some regions due to the weak quality of governance or high indebtedness; 

public support negatively affecting market competition, etc.). Hence, taking into consideration 

both intra and interregional territorial systems will always maximize effects of development 

policies led by central and regional authorities;  

 The development of infrastructural links increasing time accessibility between regions (postulated, 

for instance, in CEC (2012b)) does not guarantee their stronger interactions – although it increases 

chances of those interactions taking place. Of vital significance here are characteristics of 

respective regional economies and their specifics. As HERMIN-based simulations show 

counterintuitively, it is conceivable that the main beneficiaries of structural changes in one region 

might be voivodships that are located far away, however, with competitive production capacity 

and high exposure to interregional trade. It implies that infrastructure investment must be 

accompanied by corresponding structural policies. Otherwise, expenditure on development of 

transportation systems will improve people’s standard of living but its impact on economic growth 

will not be satisfactory;   

  The pro-innovation support of economically weaker regions carried out in separation from 

spatially oriented industrial policy is likely to be counterproductive. This conclusion is particularly 

important in relation to territorialisation of development policy in Poland. In numerous high-level 

documents (e.g. Ministerstwo Rozwoju Regionalnego 2010a; Ministerstwo Infrastruktury i 

Rozwoju 2014), support was approved for poorer voivodeships of Poland mostly characterized by 

an insignificant role of industrial sector and relatively low level of technological and organizational 

advancement. A prerequisite of effective R&D investments is spatial coordination of public 

intervention within the framework of two spheres: industrial and innovation policy.  Treating the 

above elements separately might lead to a low effectiveness of public support or even to no 

effects; 

 Interregional trade clearly influences the effectiveness of public intervention in the form of 

Cohesion Policy. The HERMIN-based analysis does not confirm that the trade connections benefit 

richer voivodeships at the cost of economically weaker regions. The net effect of benefits resulting 

from the CP-driven exports and losses associated with additional imports (leakage) is mostly 

determined by: the degree of region’s openness to interregional trade; its economic structure as 

well as fiscal and foreign trade multiplier mechanisms. The impact of the above factors on 
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interregional transfer of CP effects should be taken into consideration in the process of designing 

financial interventions by public authorities. It would enable a correct selection of resources for 

regional economies and, at the same time,  limit the likelihood of overestimation or 

underestimation of the value of their financial support. Furthermore, taking into account 

interregional trade connections would significantly increase the quality of analyses conducted 

within the framework of territorial impact assessment – in particular those of counterfactual 

character; 

 Our modelling approach, however, failed to provide an answer to the question of the impact of 

interregional interaction on the territorial utility. In this area, additional research is necessary. 

What is more, further dimensions of interregional relations such as capital flows and migrations 

ought to be taken into account in the future. 



 

 

 

Annex 1: 

Table 4 Keynesian investment multipliers - 16 Polish NUTS 2 regions20 

 

Keynesian investment multipliers "no-links" case 

 DL KP LB LD LL ML MZ OP PD PK PM SL SW WL WM ZP 

2013 0.84 0.81 0.62 0.78 0.67 1.18 1.74 0.75 0.66 0.63 1.11 0.99 0.78 1.03 0.71 1.08 

2014 0.92 0.86 0.65 0.83 0.70 1.31 2.17 0.79 0.70 0.66 1.25 1.07 0.83 1.12 0.76 1.17 

2015 0.95 0.88 0.65 0.85 0.70 1.37 2.34 0.80 0.71 0.67 1.30 1.10 0.85 1.15 0.78 1.17 

2016 0.95 0.88 0.64 0.85 0.69 1.39 2.39 0.80 0.71 0.67 1.31 1.10 0.85 1.15 0.77 1.14 

2017 0.96 0.89 0.63 0.85 0.68 1.39 2.42 0.80 0.71 0.67 1.32 1.11 0.86 1.16 0.77 1.11 

2018 0.96 0.89 0.62 0.85 0.67 1.39 2.45 0.80 0.71 0.67 1.34 1.12 0.87 1.18 0.76 1.08 

2019 0.97 0.89 0.62 0.86 0.66 1.39 2.47 0.81 0.71 0.67 1.35 1.14 0.88 1.20 0.75 1.06 

2020 0.98 0.90 0.61 0.86 0.66 1.39 2.50 0.81 0.71 0.67 1.37 1.17 0.89 1.22 0.74 1.03 

2021 0.98 0.90 0.60 0.87 0.65 1.39 2.53 0.81 0.71 0.67 1.38 1.19 0.90 1.24 0.73 1.01 

2022 0.99 0.90 0.59 0.87 0.64 1.39 2.55 0.81 0.71 0.67 1.40 1.22 0.91 1.26 0.72 0.99 

2023 1.00 0.90 0.58 0.88 0.64 1.39 2.57 0.80 0.71 0.66 1.41 1.25 0.92 1.29 0.71 0.96 

2024 1.00 0.90 0.58 0.88 0.63 1.39 2.59 0.80 0.71 0.66 1.42 1.28 0.93 1.31 0.70 0.94 

2025 1.01 0.90 0.57 0.89 0.63 1.39 2.61 0.80 0.71 0.66 1.43 1.32 0.94 1.35 0.70 0.92 

Average 0.96 0.89 0.61 0.86 0.66 1.37 2.41 0.80 0.71 0.66 1.34 1.16 0.88 1.20 0.74 1.05 

Keynesian investment multipliers "potential" case 

  DL KP LB LD LL ML MZ OP PD PK PM SL SW WL WM ZP 

2013 0.55 0.76 0.40 0.72 0.66 0.91 1.30 0.71 0.60 0.49 0.91 0.78 0.70 0.91 0.56 0.80 

2014 0.53 0.79 0.37 0.75 0.69 0.95 1.49 0.74 0.62 0.49 0.97 0.79 0.73 0.95 0.56 0.79 

2015 0.53 0.81 0.36 0.76 0.69 0.97 1.56 0.75 0.63 0.49 0.99 0.79 0.74 0.97 0.57 0.78 

2016 0.52 0.81 0.34 0.76 0.67 0.98 1.58 0.75 0.62 0.49 0.99 0.79 0.74 0.97 0.56 0.75 

2017 0.51 0.81 0.33 0.76 0.67 0.98 1.61 0.75 0.62 0.48 1.00 0.79 0.74 0.98 0.55 0.74 

2018 0.51 0.82 0.33 0.76 0.66 0.99 1.65 0.75 0.62 0.48 1.01 0.79 0.75 0.99 0.54 0.73 

2019 0.51 0.82 0.32 0.76 0.65 0.99 1.68 0.75 0.62 0.48 1.02 0.80 0.75 1.00 0.53 0.71 

2020 0.51 0.82 0.31 0.77 0.64 0.99 1.71 0.75 0.62 0.47 1.03 0.81 0.76 1.02 0.52 0.70 

2021 0.50 0.82 0.30 0.77 0.63 0.99 1.74 0.74 0.62 0.47 1.04 0.83 0.76 1.03 0.51 0.69 

2022 0.50 0.83 0.29 0.77 0.62 1.00 1.77 0.74 0.62 0.46 1.05 0.84 0.77 1.05 0.50 0.69 

2023 0.50 0.83 0.28 0.78 0.62 1.00 1.80 0.74 0.62 0.46 1.06 0.86 0.78 1.07 0.49 0.68 

2024 0.49 0.83 0.27 0.78 0.61 1.01 1.83 0.74 0.62 0.46 1.07 0.87 0.78 1.09 0.48 0.67 

2025 0.49 0.83 0.26 0.79 0.61 1.02 1.86 0.74 0.62 0.45 1.08 0.89 0.79 1.12 0.47 0.67 

Average 0.51 0.81 0.32 0.76 0.65 0.98 1.66 0.74 0.62 0.47 1.01 0.82 0.75 1.01 0.53 0.72 

Keynesian investment multipliers "accessibility" case 

  DL KP LB LD LL ML MZ OP PD PK PM SL SW WL WM ZP 

2013 0.56 0.73 0.42 0.68 0.67 0.88 1.43 0.72 0.61 0.49 0.92 0.72 0.64 0.90 0.55 0.78 

2014 0.54 0.76 0.39 0.70 0.69 0.91 1.68 0.74 0.63 0.48 0.99 0.71 0.65 0.95 0.55 0.77 

                                                 

20 DL- Dolnośląskie; KP - Kujwasko-Pomorskie; LB - Lubuskie; LD - Łódzkie; LL - Lubelskie; 
ML - Małopolskie; MZ - Mazowieckie; OP - Opolskie; PD - Podlaskie; PK - Podkarpackie; PM 
- Pomorskie; SL - Śląśkie; SW - Świętokrzyskie; WL- Wielkopolskie; WM - Warmińsko-
Mazurskie; ZP - Zachodniopomorskie. 
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2015 0.54 0.77 0.37 0.71 0.69 0.93 1.77 0.75 0.64 0.48 1.01 0.71 0.66 0.97 0.56 0.76 

2016 0.53 0.77 0.36 0.70 0.68 0.94 1.80 0.75 0.64 0.48 1.01 0.70 0.66 0.97 0.55 0.74 

2017 0.52 0.77 0.35 0.70 0.67 0.94 1.83 0.75 0.64 0.48 1.02 0.70 0.66 0.97 0.54 0.72 

2018 0.52 0.78 0.34 0.70 0.66 0.94 1.86 0.75 0.64 0.47 1.03 0.70 0.66 0.99 0.53 0.71 

2019 0.52 0.78 0.33 0.70 0.65 0.94 1.89 0.75 0.64 0.47 1.04 0.71 0.66 1.00 0.52 0.70 

2020 0.52 0.78 0.32 0.70 0.65 0.94 1.93 0.75 0.64 0.46 1.05 0.72 0.66 1.01 0.51 0.69 

2021 0.51 0.78 0.31 0.71 0.64 0.95 1.96 0.75 0.64 0.46 1.06 0.73 0.66 1.03 0.50 0.68 

2022 0.51 0.79 0.30 0.71 0.63 0.95 1.99 0.75 0.64 0.46 1.07 0.74 0.67 1.05 0.49 0.67 

2023 0.51 0.79 0.29 0.71 0.62 0.95 2.02 0.74 0.64 0.45 1.09 0.75 0.67 1.07 0.48 0.66 

2024 0.51 0.79 0.28 0.72 0.62 0.96 2.05 0.74 0.64 0.45 1.10 0.76 0.67 1.09 0.47 0.66 

2025 0.50 0.79 0.27 0.72 0.61 0.96 2.08 0.74 0.64 0.44 1.11 0.78 0.68 1.11 0.47 0.65 

Average 0.52 0.77 0.33 0.70 0.65 0.94 1.87 0.74 0.64 0.47 1.04 0.73 0.66 1.01 0.52 0.71 

Source: own elaboration 

 

Table 5 Foreign trade multipliers – 16 Polish NUTS 2 regions21 

 

Foreign trade multipliers "no-links" case 

 DL KP LB LD LL ML MZ OP PD PK PM SL SW WL WM ZP 

2013 5.6 3.9 4.3 4.2 2.8 3.9 3.3 4.5 2.8 3.9 4.3 5.3 3.8 4.6 3.5 3.3 

2014 6.0 4.2 4.6 4.6 3.0 4.4 4.2 4.7 3.0 4.2 4.9 5.8 4.1 5.1 3.7 3.7 

2015 6.3 4.3 4.9 4.8 3.1 4.6 4.6 4.9 3.1 4.4 5.1 6.0 4.3 5.3 3.9 3.8 

2016 6.3 4.4 5.0 4.8 3.2 4.6 4.7 5.0 3.2 4.5 5.2 6.0 4.4 5.3 4.0 3.8 

2017 6.4 4.4 5.1 4.9 3.3 4.7 4.7 5.1 3.3 4.6 5.3 6.1 4.5 5.4 4.1 3.8 

2018 6.5 4.5 5.2 5.0 3.3 4.7 4.7 5.2 3.3 4.7 5.3 6.2 4.6 5.4 4.2 3.8 

2019 6.5 4.5 5.3 5.0 3.4 4.8 4.7 5.3 3.4 4.7 5.4 6.3 4.7 5.5 4.2 3.8 

2020 6.6 4.6 5.4 5.1 3.4 4.8 4.7 5.3 3.4 4.8 5.4 6.4 4.8 5.5 4.3 3.7 

2021 6.6 4.6 5.4 5.1 3.4 4.7 4.6 5.4 3.5 4.9 5.5 6.4 4.8 5.6 4.3 3.7 

2022 6.7 4.6 5.5 5.1 3.5 4.7 4.6 5.4 3.5 5.0 5.5 6.5 4.9 5.6 4.4 3.6 

2023 6.7 4.6 5.6 5.2 3.5 4.7 4.5 5.5 3.5 5.0 5.5 6.6 4.9 5.6 4.4 3.6 

2024 6.7 4.7 5.7 5.2 3.5 4.7 4.5 5.5 3.6 5.1 5.5 6.7 5.0 5.7 4.4 3.5 

2025 6.8 4.7 5.7 5.2 3.6 4.6 4.4 5.6 3.6 5.1 5.6 6.7 5.1 5.7 4.5 3.4 

Average 6.4 4.5 5.2 4.9 3.3 4.6 4.5 5.2 3.3 4.7 5.3 6.2 4.6 5.4 4.2 3.7 

Foreign trade multipliers "potential" case 

  DL KP LB LD LL ML MZ OP PD PK PM SL SW WL WM ZP 

2013 4.12 3.83 2.99 4.23 2.95 3.28 2.96 4.41 2.71 3.40 3.66 4.69 3.64 4.32 2.93 2.44 

2014 4.05 4.01 2.93 4.42 3.10 3.42 3.33 4.60 2.81 3.44 3.88 4.74 3.78 4.57 2.95 2.47 

2015 4.15 4.13 3.03 4.55 3.19 3.55 3.48 4.74 2.90 3.58 4.02 4.86 3.91 4.72 3.04 2.50 

2016 4.19 4.16 3.12 4.58 3.22 3.61 3.51 4.80 2.94 3.68 4.06 4.90 3.97 4.76 3.09 2.48 

                                                 

21 DL- Dolnośląskie; KP - Kujwasko-Pomorskie; LB - Lubuskie; LD - Łódzkie; LL - Lubelskie; 
ML - Małopolskie; MZ - Mazowieckie; OP - Opolskie; PD - Podlaskie; PK - Podkarpackie; PM 
- Pomorskie; SL - Śląśkie; SW - Świętokrzyskie; WL- Wielkopolskie; WM - Warmińsko-
Mazurskie; ZP - Zachodniopomorskie. 
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2017 4.26 4.21 3.20 4.63 3.27 3.69 3.53 4.87 2.99 3.78 4.12 4.97 4.04 4.82 3.15 2.48 

2018 4.33 4.26 3.28 4.69 3.32 3.76 3.55 4.95 3.04 3.89 4.19 5.07 4.13 4.89 3.22 2.48 

2019 4.40 4.32 3.36 4.74 3.37 3.83 3.57 5.03 3.09 3.99 4.25 5.17 4.21 4.96 3.28 2.47 

2020 4.46 4.37 3.43 4.80 3.42 3.90 3.59 5.11 3.14 4.09 4.31 5.26 4.30 5.03 3.34 2.46 

2021 4.52 4.42 3.51 4.85 3.47 3.96 3.61 5.19 3.19 4.18 4.37 5.35 4.38 5.09 3.39 2.45 

2022 4.57 4.47 3.58 4.89 3.51 4.02 3.62 5.26 3.24 4.27 4.42 5.44 4.46 5.16 3.44 2.43 

2023 4.63 4.51 3.65 4.94 3.55 4.07 3.62 5.33 3.28 4.36 4.48 5.53 4.53 5.22 3.49 2.40 

2024 4.67 4.56 3.73 4.98 3.60 4.12 3.63 5.40 3.33 4.45 4.52 5.62 4.61 5.28 3.53 2.36 

2025 4.72 4.60 3.80 5.02 3.64 4.16 3.63 5.47 3.37 4.53 4.56 5.71 4.68 5.33 3.57 2.32 

Average 4.39 4.30 3.35 4.72 3.35 3.80 3.51 5.01 3.08 3.97 4.22 5.18 4.20 4.94 3.26 2.44 

Foreign trade multipliers "accessibility" case 

  DL KP LB LD LL ML MZ OP PD PK PM SL SW WL WM ZP 

2013 4.14 3.74 3.13 4.06 3.04 3.22 3.00 4.59 2.83 3.42 3.74 4.31 3.52 4.25 2.97 2.40 

2014 4.08 3.87 3.07 4.17 3.19 3.33 3.50 4.76 2.93 3.45 3.97 4.29 3.57 4.50 2.97 2.41 

2015 4.18 3.99 3.18 4.29 3.29 3.45 3.70 4.90 3.03 3.58 4.12 4.39 3.68 4.65 3.07 2.43 

2016 4.23 4.03 3.26 4.33 3.32 3.51 3.72 4.95 3.07 3.68 4.17 4.43 3.75 4.69 3.13 2.42 

2017 4.29 4.09 3.35 4.38 3.37 3.58 3.73 5.02 3.12 3.78 4.23 4.51 3.83 4.76 3.19 2.42 

2018 4.36 4.16 3.42 4.44 3.43 3.66 3.75 5.10 3.18 3.89 4.30 4.61 3.92 4.82 3.26 2.42 

2019 4.43 4.22 3.50 4.49 3.48 3.73 3.75 5.18 3.23 3.99 4.36 4.71 4.01 4.89 3.33 2.42 

2020 4.49 4.28 3.57 4.55 3.53 3.79 3.76 5.25 3.29 4.08 4.43 4.80 4.09 4.95 3.39 2.41 

2021 4.55 4.33 3.65 4.60 3.58 3.85 3.77 5.32 3.34 4.18 4.49 4.89 4.17 5.02 3.45 2.39 

2022 4.61 4.39 3.72 4.64 3.63 3.91 3.77 5.39 3.39 4.27 4.54 4.98 4.25 5.08 3.51 2.37 

2023 4.66 4.44 3.79 4.69 3.67 3.95 3.77 5.46 3.43 4.36 4.59 5.07 4.33 5.13 3.56 2.35 

2024 4.70 4.49 3.86 4.73 3.72 4.00 3.76 5.52 3.48 4.44 4.64 5.15 4.41 5.19 3.60 2.31 

2025 4.75 4.53 3.93 4.76 3.76 4.03 3.75 5.58 3.53 4.52 4.68 5.24 4.48 5.24 3.64 2.27 

Average 4.42 4.20 3.49 4.47 3.46 3.69 3.67 5.15 3.22 3.97 4.33 4.72 4.00 4.86 3.31 2.39 

Source: own elaboration 
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