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RSI Journal, Volume II I , Issue 2 ï Editorial  

 
Income Inequalit ies in the European Union 
 

Inequality matters because it contravenes the values of the EU citizens, the European 
Commissionôs objectives for economic and social cohesion, and the specific objectives of 

óEurope 2020ô Strategy for ósmart, sustainableô and inclusive growth. Research very 

convincingly shows that egalitarian societies are associated with higher levels of economic 

growth and political inclusion.  
 

By contrast unequal societies experience higher rates of crime, ill-health drug abuse and 

persistent poverty. Cohesion and growth objectives are therefore complementary as well as 
critical to socio-economic well being. Socio-economic inequality refers to differences in a range 

of economic and social factors that influence well-being, including income, education and 

health. Economic inequalities relate primarily to disparities in earnings, derived from paid 
employment and in household incomes, which reflect the combined effects of earnings and net 

social transfers (taxes and benefits). Social inequality refers to differences in access to social 

commodities, e.g. health care or education, or to social and institutional networks. Poverty is 

defined primarily in economic terms and relates to people whose incomes and resources 
preclude them from having a standard of living considered acceptable in the society in which 

they live (European Councilôs definition, 1975). Changes to either poverty or inequality may 

occur independently of each other but generally countries with high levels of inequality tend to 
have high rates of poverty. Social exclusion encompasses aspects of poverty and inequality and 

highlights the complex, dynamic and relational natures of disadvantage as well as the processes 

through which people become excluded. The EU uses an óat risk of povertyô measure, defined 

as óthose living below 60% national median equalised disposable incomeô, as not all those with 
low incomes are necessarily poor. The poverty threshold is the value of PPS in euros at the 60% 

median income level for any particular state. This means that those defined as poor living at or 

below the poverty threshold in one country ï for example UK (poverty threshold = PPS 17,000 
euros and 17% of the population live in poverty) are considerably richer than those in another, 

for example the Czech Republic (poverty threshold = PPS 6,000 euros and 10% live in poverty). 

Currently, nevertheless, in the UK there is a clear growing divide between the North and South 
(Leroux, 2011).  

 

A five year evaluation of the Lisbon Strategy signalled that the objectives of sustainable 

economic growth leading to more and better jobs and improved social cohesion were far from 
realized and that the Strategy needed refocusing. Consequently, in 2006, on the basis of the 

Commissionôs Communication, the European Council adopted the Social Protection and Social 

Inclusion process, whereby the fields of social inclusion, pensions, and health and long-run care 
were brought together.  

 

Financial instruments available to MS and their regions, such as the European Regional 
Development Fund, the European Social Fund and the Cohesion Fund, comprised a significant 

effort towards strengthening the economic and social cohesion of the enlarged EU. For example, 

over the period 2007-2013 the European Social Fund will distribute about 75 billion euros to 

EU MS and regions.  
 

óThe inability of labour to capture an adequate share of productivity gains constitutes a major 

problem in Europeô (ILO, 2008). European Workers, especially the lower paid, have not 
benefited from increases in productivity in recent years. Furthermore, an increasing proportion 
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of European workers have experienced a decline in total income ï wages plus social 

contributions.      

 
Earning inequalities are moderated by social transfers, taxes and benefits are generally 

measured at the household level. But income inequality remains and has been increasing in 

recent decades. Variations in inequality between MS show that inequality is not inevitable and 
that policies can redress undesirable outcomes. Inequality matters because it impacts negatively 

on social welfare and undermines social cohesion.  

Economic restructuring, innovation and highly educated and well trained workforce are critical 

to the development of a competitive, smart, knowledge economy (Europe 2020) but these 
economic, employment and educational changes are associated with wage polarization, 

primarily due to the expansion of earnings at the top of distribution relative to those lower down 

at the inability of labour (especially lower paid labour) to capture an adequate share of 
productivity gains (ILO, 2008)  

 

The inability of labour to capture an adequate share of productivity gains constitutes a major 
problem in Europe. It is important to combat low pay directly as well as finding ways of 

allowing productivity gains to be shared more equally between capital and labour and between 

high and low paid workers. To redress market imperfections, the EU and the MS should support 

labour market institutions as they play a critical role in wage negotiation and can ensure a fairer 
and ultimately more effective distribution of productivity gains.  

 

References  
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In the 2
nd

 Issue of Volume III of the RSI Journal  

 
This issue includes twelve papers and a research report, all written by academics and policy-

makers from all over the world. It is the intention of the editorial board of the Regional Science 
Inquiry Journal to present in this issue a wide range of topics, such as economics, 

environmental, politics, theoretical aspects of regional development, empirical case studies.  

Hiroyuki Shibusawa and Yuzuru Miyata develop a dynamic spatial model of general 
equilibrium to investigate the economic impacts of earthquakes on the regions of Japan, 

together with the indirect and distributional economic impacts before and after an earthquake. 

The spatial relation between development and accessibility is examined in the context of the 

NUTS3 regions of the EU by G®za T·th and Ćron Kincses.  
Stilianos Alexiadis and Christos Ladias attempt to determine the conditions for optimal 

allocation of distribution of investment in regional inequalities in the third paper of this issue.  

Yasuhiro Hirobota, Yuzuru Miyata and Hiroyuki Shibusawa evaluate the improvements in 

road networks using the San-En region of Japan as a case study while Lubor Hruska-

Tvrdy and Ivana Foldynova show the relation between social risks and sustainable 

urban development.   

Vicky Katsoni provides evidence on the role of ICTs in regional tourist development. 

Mergers and acquisitions in Mexico are examined by Jos® G. Vargas-Hern§ndez and 

Mohammad Reza Noruzi. Regional innovation in the process of regional convergence 
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in the EU is the main concern of the paper by George M. Korres and Aikaterini 

Kokkinou. 
 

 
Mariusz Sokolowicz examines the impact of foreign direct investment on regional 

development using the Ğ·dŦ Metropolitan Area in Poland as a case study while a 

behavioural approach is taken by Vicky Katsoni, Athina Papageorgiou and Maria 

Giaoutzi to examine the profile of cultural travellers.  

Contemporary issues in the mergers and acquisitions are reported by Jos® G. Vargas-

Hern§ndez and Mohammad Reza Noruzi.  
Mediha Sahin, Alina Todiras and Peter Nijkamp provide a contextual and empirical framework 

for assessing the business performance of migrant entrepreneurs in major cities in the 

Netherlands.  

Finally, a research report by B§nos Katalin and Somogyi Andrea, examines possible 

problems and perspectives in the participation of Budapest as EU capital over the period 

2004-2010.  
The present issue of the RSI Journal concludes with presenting general news and 
announcements related to regional science research undertake, academic profiles of worldwide 

distinguished academic scholars in regional science together with the presentation of selected 

books, useful to regional scientists.   

 

 

Dr. Alexiadis Stilianos  

Dr. Kokkinou Aikaterini  

RSI Journal  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10                                                                                            Regional Science Inquiry Journal, Vol. III, (2), 2011 
                                                                                                                        
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Regional Science Inquiry Journal, Vol. III, (2), 2011 

 

11 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Papers  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12                                                                                            Regional Science Inquiry Journal, Vol. III, (2), 2011 
                                                                                                                        
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Hiroyuki Shibusawa and Yuzuru Miyata, Regional Science Inquiry Journal, Vol. III, (2), 2011, pp 13-25                13 

 

EVALUATING THE DYNAMIC AND SPATIAL ECONOMIC 
IMPACTS OF AN EARTHQUAKE: A CGE APPLICATION TO 

JAPAN 

 

Hiroyuki SHIBUSAWA
*
 

Department of Architecture and Civil Engineering, Toyohashi University of Technology, Japan 

hiro-shibu@tut.jp 

Yuzuru MIYATA
 

Department of Architecture and Civil Engineering, Toyohashi University of Technology, Japan 

miyata@ace.tut.ac.jp  

 

Abstract 

We have developed a dynamic spatial computable general equilibrium model to investigate the 

regional economic impacts of an earthquake. In our spatial model, Japan is subdivided into 47 
regions. All the regions are connected by transportation networks. Our model is of a 

decentralized economy with utility-maximizing consumers and value-maximizing firms in a 

dynamic context. The model embodies both the spatial commodity flows among regions and the 
dynamics of regional investments. The model is calibrated for the regional economy using a 

multi-regional input-output table for Japan. We estimate the impacts of a hypothetical 

earthquake, which is expected to occur in the near future, on the regional economy in a case 

study of the Tokai region of Japan. The results show the indirect and distributional economic 
impacts before and after an earthquake. This study suggests that any disaster analysis should 

evaluate the economic impacts of a disaster based on both ex-ante and ex-post criteria. 

 
Keywords: Disaster Protection, Indirect Economic Impacts, Tokai Earthquake, Dynamic 

Spatial CGE Modeling 

 

1. Introduction 

In this paper, we develop a dynamic spatial computable general equilibrium (DSCGE) model to 

evaluate the economic impacts of an earthquake on the Tokai region of Japan. Our model is of a 

decentralized economy with utility-maximizing consumers and value-maximizing firms in a 
dynamic context. The model embodies both the spatial interactions among regions and the 

dynamics of regional investments.  

A numerical simulation model is developed of an inter-regional inter-sectoral economy in 
which Japan is subdivided into 47 regions. All the regions are connected by transportation 

networks. The model is calibrated for the regional economy in Japan. As a case study, the 

dynamic impacts of an earthquake in the Tokai region are analyzed by numerical simulation. In 
our hypothetical scenario, the primary physical damage caused by an earthquake is simply given 

by the reduction in the industrial capital stock. The dynamic optimizing production sector would 

make an investment before and after an earthquake to protect against economic losses or repair 

crucial damage. Regional economic growth would be more sensitive to a disaster. 
The Tokai region is located at the center of Japan and faces the northern end of the 

Philippine Sea plate. The Tokai region is a potential location for a great earthquake. An 

earthquake is expected to occur in the Tokai Region (Mogi 1970, Sato 1970, Ando 1975). In 
this region, earthquakes with a magnitude of 8 recur with an interval of about 100-150 years. 

The most recent earthquake occurred in the Tonankai region in 1944. The occurrence of great 

earthquakes is approximately periodic (Mogi 1985).  

Computable general equilibrium (CGE) analysis is a major tool in economics, regional 
science, and engineering. It is also widely recognized as a policy evaluation method (see, e.g., 

Shoven and Whalley 1992, Kehoe et al. 2005, Borglin 2004). There is a vast literature reporting 
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applications of static CGE models, but few studies have employed dynamic and spatial 

frameworks (see, e.g., Oosterhaven and Knaap 2003, Donaghy 2009). Recent trials of dynamic 

spatial or multi-regional CGE modeling have been undertaken by Ciesecke (2002,2003), 
McGregor, Swales and Yin (1995), and McKibbin and Wilcoxen (1992). Those previous studies 

mostly rely on a quasi-dynamic framework, which is characterized by an evolutionary approach 

and a sequential procedure.  

The economic impacts of disasters have been analyzed by computational modeling 
approaches, such as the input-output model, mathematical programming, CGE, and econometric 

models (see, e.g., Ellson et al. 1984, Rose et al. 1997, Shon, Kim, Hewings 2003, Lee and Jang 

2003, Okuyama and Chang 2004, Rose et al. 2005). Those studies mostly focused on assessing 
the economic impacts of damage to the public infrastructure such as transportation links, electric 

utility lifelines, water facilities, and telecommunications networks.  

The CGE model gives us an excellent framework for analyzing disaster impacts and 

policy responses both across and between industries, households, and government. To assess the 
distribution impacts of a disaster in multi-regional settings, the spatial CGE model approach, 

which disaggregates the world or a country into a number of regions or counties, has also been 

developed. The models were characterized by the optimizing behavior of individual consumers 
and firms, subject to market balances and resource constraints in a static framework. The spatial 

interactions between regions are internalized by the transportation networks and trade costs. The 

spatial CGE (or CGE) model is a powerful tool but has some disadvantages as regards disaster 
analysis. The major reason for these disadvantages is that the economy is always established in 

equilibrium.  

In Japan, several disasters have been assessed including the Tokai, Tonankai, and 

Niigata-Chuetsu earthquakes. Empirical studies have adequately estimated direct and some 
indirect economic losses based on actual data and input-output models (see e.g. Toyoda and 

Kochi 1997, Taniguchi 2007). On the other hand, the spatial CGE models have been used to 

capture spatial and distribution impacts (see, e.g., Koike and Ueda 2005, Tsuchiya, Tatano and 
Okada 2003, Tatano and Tsuchiya 2008). In such practical studies, to incorporate a 

disequilibrium phenomenon after a disaster in the SCGE models, short-run and long-run 

equilibriums were defined in a non-perfect competitive regional market condition, and the 
model was solved in a static environment. Those solutions were compared based on a 

hypothetical scenario. The distributional impacts across economic institutions and between 

regions, and caused by the direct economic loss in specific regions after an earthquake, were 

adequately estimated.  
In disaster analysis, another important issue has largely been neglected in the SCGE 

literature, namely, the indirect effects of disaster protection before an earthquake. Tsuchiya, 

Tatano and Okada (2003) presented one of the few attempts to implement an SCGE model for 
an ex-ante disaster analysis. They focused on the impacts of information provision in a potential 

disaster and the transported-related economic losses induced by an earthquake warning were 

estimated under a short-term equilibrium using an SCGE model. However, a natural disaster 

inevitably involves both indirect and distributional effects before and after its occurrence. 
Natural disasters have been recorded throughout history, and the periodic characteristics of 

disasters have been investigated and widely recognized. Economic assessments before and after 

a possible disaster are expected to be resolved simultaneously in an analytical framework.  
In this study, a dynamic spatial CGE model is developed based on dynamic 

macroeconomic theory with a multi-regional and multi-sectoral specification (ref. Abel 

Blanchard, 1983). Regional investment is endogenously determined by the behavior of value-
maximizing firms, which involve capital adjustment functions. The dynamic impact of an 

earthquake is evaluated by using our dynamic spatial CGE model. Here, we extend our earlier 

work (Shibusawa, Yamaguchi and Miyata 2009). Specifically, our model is calibrated using the 

multi-regional input-output table in Japan. A steady state solution is derived as a base case. By 
numerical simulation, we assess the economic impacts of an earthquake in the Tokai region 

using our hypothetical scenarios. Two cases, i.e. unpredicted and predicted occurrences, are 
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assumed and the two solutions, which are characterized as non-steady state, are compared with 

the base case.  

Our contributions are as follows. Firstly, since industrial investment is determined by a 
firmôs dynamic optimizing behavior, we can assess dynamic changes in investment before and 

after an earthquake. We derive the optimal investment before an earthquake from our model. 

Although we do not fully resolve the disequilibrium phenomena related to a disaster, we derive 

industrial investment responses before and after an earthquake as a non-steady state solution. A 
dynamic analytical framework highlights the estimation of indirect and distributional economic 

impacts before and after an earthquake. Secondly, since our model involves the transportation 

networks, we can also evaluate dynamic distributional impacts through the intra- and inter-
regional trade before and after an earthquake. Lastly, we describe the methodological advantage 

of DSCGE modeling for application to periodically predicted disasters. It may contribute to an 

understanding of artificial and non-natural disasters caused by human activity, such as global 

warming and other environmental issues. 
The paper is organized as follows. We first describe basic assumptions in Section 2. In 

section 3, we outline the dynamic spatial CGE model, and describe the optimization behaviors 

of firms and households. To obtain the market prices, we also define the equilibrium conditions. 
Section 4 provides simulation results. Two cases are compared to a base case, which is a steady 

state solution for a 21-year period. Section 5 summarizes the paper and offers some concluding 

remarks. 

 

2. Basic Assumptions 

The world is subdivided into regions. Throughout the world there are general industries, 

transportation industries and households. The economy is endowed with the primary factors of 
labor and capital. Labor is mobile across industries but not regions and capital is immobile 

across industries and regions. Goods and factor prices are determined in perfectly competitive 

regional markets. The commodity trade between regions in a country generates demand for 
transportation services, and unit transportation costs are endogenous. Commodities are perfect 

substitutes, i.e., trade between regions is calculated by trade coefficients. The movement of 

commodities among regions is enabled by road, rail, sea and air transportation networks. The 
modal share is also given. The model is solved for rational expectation equilibrium under the 

assumptions of perfect competition and foresight. However, we assume that firms place priority 

on the investment-savings balance. Then the level of investment is determined by the firmôs 

optimizing behavior. 

The model is finitely set up in discrete time. {1,2, , }FT t¹  denotes a planning period 

index and Ft  is the final planning period. The world is divided into a home country and a 

foreign country. These are subdivided by region. R  denotes a regional index in the home 

country. There are three kinds of industries, i.e. general, transportation and distribution 

industries. The general industry involves domestic and foreign trade between regions. I  

denotes a sector index for the general industry. M  is a sector index for the transportation 
industry. All the regions interact with each other via the transportation networks. A 

transportation network is defined by nodes and links. A transport path connecting two regions is 

fixed and the transport link distance is exogenously given.  
 

3. The Model 

The model is based on dynamic macroeconomic theory with a multi-region and multi-sector 
specification. Each region has production and household sectors. Commodity trade flows are 

determined by the trade and modal share coefficients. We characterize the problems related to 

the maximization of the production and household sectors in this economy. 
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3.1 Production Sectors 

Each sector of the general and transportation industries maximizes its present cash flow value in 

each period 
r

jtNC  and the asset value of their industrial capital in the final period ( )r

jF Ö. The 

sectors operate with constant returns to scale technology. The sectors choose the optimal 

investment and labor employment strategies. The behavior of the production sector j I MÍ Ç  

in region r RÍ  is given as 

1 , 1
{ , , , }

( )max
F Fr r r r

jt jt jt jt

r r r

jt jt t j j t
K L t T

NC Kr r+ +

Í

+ Fä
X Z

,  

subject to 
, 1 (1 ) ( )r r r r

j t j jt jt jtK K Kd+= - +DȻ , 

where ( , , ) ( )r Or r r r r r r Dr r Dr r r

jt jt j jt jt jt t jt it ijt it i ijt

i I M i I M

NC p Y K L w L p X p G Z
Í Ç Í Ç

¹ - - -ä äX . 

11/ (1 )tjt jr r-¹ +  represents the discount factor and jr  is the positive discount rate. ( )r

jY Ö is 

a production function of capital 
r

jtK , labor 
r

jtL , and a vector of intermediate input 

1{ , , }r r r

jt jt IjtX X=X . The value added production function for labor and capital has a Cobb-

Douglas form, while the intensities of intermediate goods are fixed. The asset value for the final 

period ( )r

jF Ö is a linear function of the capital stock for the final period. The capital stock 
r

jtK  

is accumulated by an investment function ( )r

jtKD Ö with constant returns to scale. It is a function 

of a vector of intermediate inputs for the investment 1{ , , }r r r

jt jt IjtZ Z=Z , and a Leontief type 

technology is assumed. jd  is the depreciation rate. It is assumed that the cost function of 

intermediate goods for investment ( )r

iG Ö has increasing returns to scale. It can be interpreted 

that the function reflects both the costs of intermediate goods and the costs of adjusting their 
capital inputs. 

In these sectors, there are two kinds of prices in each region, namely, the producerôs price 
Or

jtp  and the purchaserôs price 
Dr

jtp  in region r . If a commodity j  is tradable between regions 

o  and d, then the producerôs price in region o  is represented by 
Oo

jtp  and the purchaserôs 

price is represented by 
Dd

jp  ( )j IÍ . In the transportation sector, 
Or

jtp ( )j MÍ  means the unit 

price of the transportation services in region r . 
r

tw  is the wage rate.  

After paying wages to households, the sector has to decide how to distribute profit and 

finance investment. In this model, the net investment is financed by new bonds. Let 
r

jtB  be the 

number of bonds in period t  and 
r

jtr  be the interest rate. The bonds are traded in each region. 

The initial number of bonds is normalized by 1 1

r r

j jB K= . In this case, the profit dividend is 

calculated as 

( , , )r Or r r r r r r r r Dz z r r

jt jt j jt jt jt jt jt t jt i ij Bjt j jt

i I M

p Y K L r B w L p X p Kp d
Í Ç

= - - - -äX . 

If net investment is financed by issuing new bonds, it holds that  

( )r r Dr r r r r

Bjt jt it i ijt Bjt j jt

i I M

p B p G Z p Kd
Í Ç

D = -ä , 

where 
r

jtBD  is the number of new bonds issued by sector j  in region r  for period t . 
r

Bjtp  is 

the price of the new bond. Therefore the outstanding bond is given by , 1

r r r

j t jt jtB B B+= +D with 
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1 1

r r

j jB B= . It is assumed that the price of the new bond is given by 
r r

Bjt jtp q=  where 
r

jtq  is the 

costate variable of the current-value Hamiltonian function 

 [ ( ) ]r r r r r r

jt jt jt jt jt j jtH NC q K Kd= + D -Z . 

In this model, we assume that tradable goods are perfect substitutes. The profit of the 

distribution sector is given by ( )j MÍ  

( )r Dr or or Oo Tor or or

Djt jt jmt jt jt jmt jmt jt

o R m M o R m M

p F p p Fp m m
Í Í Í Í

= - +ää ää  where 
Tor Or or

jmt jmt mt mtp p Dk¹ . 

or

jmtm  is the given modal share. The commodity flow 
or

jtF  is calculated as  

( )or or r r r r

jt jt jit jt t ji jit

i I M i I M

F X C N G Zt
Í Ç Í Ç

å õ
= + +æ ö
ç ÷
ä ä   

where 
or

jtt  is the given trade coefficient. 
Tor

jmtp  is the transportation cost of mode m  from region 

o  to region r . 
or

mtD  is the distance between origin and destination along with a given path. jmtk  

is a given unit transportation service of mode m  for goods j . From the zero profit condition, 

the purchaserôs price is given by  

( )Dr Oo Tor or or

jt jt jmt jmt jt

o R m M

p p p m t
Í Í

= +ää . 

 

3.2 Household Sector 

A representative household maximizes the utility level subject to income constraints. The full 

income consists of wages and interest on bond holdings. The behavior of a household in region 

r RÍ  is given as 

{ }
( )max

r

r r

t t

t T

Ur
Í

ä
C

C , 

subject to 0r r r r r Dr r r r

t it it t t it it Bit it

i I M i I M i I M

w r A d FA p C p A
Í Ç Í Ç Í Ç

+ + + - - D ²ä ä ä . 

( )rU Öis a Cobb-Douglas utility function for period t , and it is a function of consumption 

1{ , , }r r r

t t ItC C=C .
r

itA  is the number of bond holdings per household. 
r

itAD  represents new 

bonds issued for industrial investments. The household can receive the interest income but must 

pay to obtain a new bond. 
r

tFA  is the income transfer that provides a balance against a surplus 

or deficit in foreign and regional trade. 
r

td  is the profit dividend that is given as 

/r r r

t it ti I M
d Np

Í Ç
¹ä  since the utility function is not identical among regions. 

 In this model, we assume that the level of investment is determined by a firmôs 
optimization behavior. Firms place priority on the investment-savings balance. Therefore, the 

level of household savings is adjusted to coincide with the level of investment. In this case, the 

new bonds and the bond holdings per household are calculated as 

/r r r

it it itA B ND =D  ( )i I MÍ Ç  and , 1 1( ) /r r r r r

i t it it t tA A A N N+ += D +  ( )i I MÍ Ç . 

 

3.3 Equilibrium Conditions  
To obtain an equilibrium solution, the following market clearing conditions should be satisfied 

in each region( )r RÍ . 

(1) Goods and Services Markets 
General Goods  

( , , ) ( )r r r r r r r r rd or r r

j jt jt jt jit jt t ji jit jt jt jt jt

i I M i I M d R o R

Y K L X C N G Z F F E M
Í Ç Í Ç Í Í

= + + + - + -ä ä ä äX ( )j IÍ  

where 
r

jtE  is a given export from region r  and 
r

jtM  is a given import to region r . 
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Transportation Services 

( , , )r r r r r or or or

m mt mt mt imt imt mt imt

i I o R

Y K L D Fk m
Í Í

=ääX  ( )m MÍ  

(2) Labor 
r r

t it

i I M

N L
Í Ç

=ä  

r

tN  is the total labor force (population ) in each region and it is exogenously given. 

(3) Capital 
r r r

it t itA N BD =D ( )i I MÍ Ç  

r r r r

it t it itA N B K= =  with 
1 1 1 1

r r r r

i i iA N B K= =  ( )i I MÍ Ç  

1

r

iA  is the initial number of bond holdings of a household. 

 

4. Numerical Application 

(1) Scenarios 
In the simulation model, the world is subdivided into 47 regions, which cover all Japanôs 

prefectures. The economy is divided into seven sectors. General industry is divided into three 

sectors ( {1,2,3}I = ), i.e. agriculture, manufacturing, and services. There are four kinds of 

transportation networks: road, railway, sea, and air. Then the transportation industry is also 

divided into four sectors ( {4,5,6}M = ). The network structure, which is defined by the 

distance between an origin and a destination, is given for each period. The simulation period is 
set at tF=21. Population growth and technological progress are also fixed over time. Utility, 

production, and investment functions are specified for the simulation analysis as shown in the 

Appendix. Our simulation model is calibrated using the multi-regional input-output table in 

Japan (ref. Hitomi and Bunditsakulchai 2008). 
Three cases are examined to evaluate the dynamic impacts of an earthquake in the Tokai 

region. The primary physical damage is simply assumed in terms of the reduction in the 

industrial capital stock in the Tokai region. In this simulation, the Tokai region covers ten 
prefectures, Chiba, Tokyo, Kanagawa, Yamanashi, Nagano, Gifu, Shizuoka, Aichi, Mie, and 

Wakayama as our target area. 

(a) Base Case 
The base case is the business as usual case where there is no earthquake. In this case, a 

steady state solution is derived where it holds that , 1

r r

j t jtK K+=  and , 1

r r

j t jtq q+= . The population 

growth rate and the technical progress growth are also both given as 0%. 

(b) Case 1 

We assume that an unpredicted earthquake occurs suddenly and hits the target area. In this 

simulation, the earthquake occurs in the 11th period. The level of physical damage is also 
assumed to comprise a reduction in capital stocks. The estimated rate of the damage is shown in 

Table 1 (ref. Central Disaster Prevention Council 2003, Taniguchi 2007). In this situation, no 

industry can make a new investment to protect itself from the disaster before the earthquake. 
 

No.  Prefecture Rate of Damage Loss 

12  Chiba 

13  Tokyo 
14  Kanagawa 
19  Yamanashi 
20  Nagano 
21  Gifu 
22  Shizuoka 
23  Aichi 
24  Mie 

30  Wakayama 

 0.016% 

 0.001% 
 0.058% 
 0.247% 
 0.147% 
 0.011% 
10.000% 
 1.421% 
 0.237% 

 0.016% 

Table 1. Rate of Damage Loss in Capital Stock in Tokai Region 
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(c) Case 2 

In this case, it is assumed that an earthquake is accurately predicted. Here, the earthquake occurs 

in the 11th period. Then the capital stocks are reduced in the 11th period as shown in Table 1. 
The amount of the reduction is the same as in Case 1. In Case 2, each industry can make an 

additional investment to protect itself before the earthquake. 

 

(2) Simulation Results  
(a) Impacts on Capital Stock 

The dynamic solutions for the capital stocks and the value of the capital stocks (i.e., the 

costate variable) of the manufacturing sector are examined. We focus on two prefectures, 
Shizuoka and Osaka, as the more influenced regions. Shizuoka is directly affected by the 

earthquake and suffers great losses. Osaka is not adjacent to the Tokai region and in our 

scenario but it is indirectly influenced by the earthquake through the transportation network. 

Figures 1 and 2 show the dynamic impacts of the earthquake on the capital stock and its value. 
In our dynamic simulation, the capital stock is accumulated by forward calculation, while the 

costate variable is solved by backward calculation.  

In Shizuoka prefecture, the capital stock suddenly decreases during the 11
th
 period and is 

gradually restored after the earthquake in Case 1. The capital stock value is unchanged before 

the earthquake, and it increases unexpectedly during the 11
th
 period due to the capital stock 

damage in Case 1. In Case 2, the capital damage seems to be more rapidly repaired after the 
earthquake by an increase in investment to protect against the earthquake. In Case 2, the capital 

stock value would increase more before the earthquake than in the Base case and Case 1. This 

implies that industrial sector would exactly estimate the value of the capital stock before the 

earthquake since it can accurately predict the occurrence of an earthquake. 
Osaka prefecture is severely influenced by the earthquake and is indirectly affected by the 

Tokai region through the inter-trade between prefectures. In Case 1, Osaka prefecture 

experiences an increase in investment since the output in the Tokai region decreases after the 
earthquake. By contrast, in Case 2, due to an increase in investment and output in the Tokai 

region before the earthquake, the capital stock and output in Osaka prefecture partly decreases 

more than in the Base case.   
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Figure 1 Capital Stock 
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Figure 2 Value of Capital Stock 
 

(b) Impacts on GRPs 

 Figure 3 shows the results of the impacts of the earthquake on the GRP (Gross Regional 

Products) in the Tokai region. The change in the GRP is defined as 

Case Base Base( ) / 100%x x x xD = - ³ . In both cases, the earthquake occurs in the Tokai region 

during the 11
th
 period. This figure shows the dynamic impacts of the earthquake in the Tokai 

region, i.e. Chiba, Tokyo, Kanagawa, Yamanashi, Nagano, Gifu, Shizuoka, Aichi, Mie, and 

Wakayama prefectures as our target area. In addition, the bold line depicts the change in the 

total GRP of Japan and it implies the average impact of the earthquake. It may be useful to 

compare a regional impact and a national impact. The industrial capital stocks in those 
prefectures are directly reduced by the earthquake. In both cases, the Tokai region suffers 

damage from the earthquake and the percentage of damage in Shizuoka and Aichi prefectures 

appears to be greater than that of the whole of Japan. In particular, Shizuoka prefecture sustains 
crucial damage. 

In Case 2, the production sectors can make an additional investment before the 

earthquake. It is assumed that the disaster hits in the 11
th
 period, and the earthquake is 

accurately predicted. Before the earthquake, the Tokai region experiences a positive impact 

owing to the increase in investment designed to protect the region from earthquake damage. In 

particular, the GRP in Shizuoka prefecture is largely influenced by the additional investment 

before the disaster and the change in the GRP would be greater than that of Japan. After the 
disaster, the Tokai region in Case 2 is more rapidly restored by the investment from other 

prefecture than Case 1. 
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Figure 3 GRPs in Tokai Region 
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Figure 4 shows the results of the changes in the GRPs in every region except for the Tokai 

region. In Case 1, most prefectures far from the Tokai region experience positive changes in 

their GRPs after the earthquake, although the change in the total impact in Japan has a negative 
value, which is depicted by the bold line. In Case 2, most prefectures except for the Tokai 

region are affected by a negative impact before the earthquake owing to increases in investment 

designed to protect the Tokai region from earthquake damage, although the change in the total 

GRP in Japan has a positive value. On the other hand, after the earthquake, most prefectures 
experience a positive impact owing to the increase in investment to repair the damage.  
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Figure 4 GRPs in Non-Tokai Region 

 
The geographical and dynamic impacts of the earthquake in Case 2 are shown in Figure 5.  

In the figure, blue and red, respectively, indicate negative and positive impacts on GRP 

compared with the Base case. The Tokai region experiences positive changes in its GRP before 
the earthquake, and sustains great damage after the earthquake. On the other hand, in other 

regions, most prefectures experience negative impacts on their GRPs before the disaster.  After 

the earthquake, the situation becomes positive.  
 

 
 
       t=5                  t=11                    t=21 

Figure 5 Distributional Effects (%) 

 
(c) Impacts on Commodity Flows 

Here, we examine the dynamic impacts of the earthquake on the commodity flows between 
regions. The changes in investment before and after the earthquake inevitably involve changes 

in the intra- and inter-trade commodity flows through the transportation networks. The intra- 

and inter-trade of manufactured goods during the 9
th
 and 11

th
 periods are shown in those figures. 
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Figure 6 shows the changes in the intra-trade commodity flows of manufactured goods for all 

the transport modes before and after the earthquake in Case 2. The change is defined as 

Case Base( )x x xD = -
.  

The intra-trade commodity flows in Chiba, Tokyo, Kanagawa, Yamanshi, 

Nagano, Gifu, Shizuoka, Aichi, Mie, and Wakayama prefectures, which are shown as red lines, 
increase both before and after the earthquake, and the change in Shizuoka before the earthquake 

is particularly noticeable. In other prefectures, the intra-trade commodity flows increase in most 

prefectures after the earthquake, while they decrease in some prefectures before the earthquake. 

In Case 1, after the earthquake, similar changes can be seen, i.e. there is an increase in intra-
trade commodity flows in the Tokai region and other prefectures. 

 

-20000 0 20000 40000 60000 80000 100000

01hokkaido
02aomori

03iwate
04miyagi

05akita
06yamagata
07fukushima

08ibaragi
09tochigi
10gunma

11saitama
12chiba
13tokyo

14kanagawa
15niigata

16toyama
17ishikawa

18fukui
19yamanashi

20nagano
21gifu

22shizuoka
23aichi
24mie

25shiga
26kyoto
27osaka
28hyogo

29nara
30wakayama

31tottori
32shimane
33okayama

34hiroshima
35yamaguchi
36tokushima

37kagawa
38ehime
39kochi

40fukuoka
41saga

42nagasaki
43kumamoto

44oita
45miyazaki

46kagoshima
47okinawa

intra-trade (millionyen)

-20000 0 20000 40000 60000 80000 100000

01hokkaido
02aomori

03iwate
04miyagi

05akita
06yamagata
07fukushima

08ibaragi
09tochigi
10gunma

11saitama
12chiba
13tokyo

14kanagawa
15niigata

16toyama
17ishikawa

18fukui
19yamanashi

20nagano
21gifu

22shizuoka
23aichi
24mie

25shiga
26kyoto
27osaka
28hyogo

29nara
30wakayama

31tottori
32shimane
33okayama

34hiroshima
35yamaguchi
36tokushima

37kagawa
38ehime
39kochi

40fukuoka
41saga

42nagasaki
43kumamoto

44oita
45miyazaki

46kagoshima
47okinawa

intra-trade (millionyen)  
(a) Before (t=9)                   (b) After (t=11) 

Figure 6 Changes in Intra-trade Commodity Flows 
 

The landscape of the commodity flows between prefectures is shown in Figure 7. The figure 

presents the changes in the inter-trade commodity flows of manufactured goods for all the 
transport modes between prefectures. We observe that the changes in the commodity flows 

before the earthquake are smaller than those after the earthquake in Case 2. Three kinds of 

major change can be seen in the figures. The first is a noticeable increase in commodity inflows 

to the Tokai region from other prefectures. The second is a noticeable increase in the inter-trade 
commodity flows between prefectures in the Chubu region, which is adjacent to the Tokai 

region. The last major change is an increase in the inter-trade commodity flows between 

prefectures in the Kanto region where the Tokyo metropolitan area is located and economic 
activity is concentrated. It shows that the commodity flows in the Chubu and the Kanto regions 

seem to be influenced by an increase in the investment in the Tokai region. 
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Figure 7 Changes in Inter-trade Commodity Flows 

 

 

5. Concluding Remarks 

In this paper, we described a dynamic spatial general equilibrium model. A decentralized 

economic system, which linked with the transportation networks, was constructed in a dynamic 

framework. The main purpose of the paper is to assess the impacts of a disaster in the Tokai 
region on the regional economy in Japan. We presented the results of three simulations: no 

earthquake, unpredicted earthquake and predicted earthquake in terms of the occurrence of an 

earthquake. We estimated dynamic and spatial impacts, i.e. industrial investments and 
commodity flows between regions before and after the earthquake. The indirect effects before 

and after a disaster were simultaneously solved. Two cases were compared with a base case. 

The results showed the importance of investment in terms of protecting the regional economy in 

the event of a disaster, i.e., an ex-ante evaluation. Our results suggest that any disaster analysis 
should evaluate the economic impacts of a disaster based on both ex-ante and ex-post criteria. 

Many aspects of this study require further investigation. We could introduce the logit model or 

the Armington assumption to determine the traffic assignments and trade patterns between 
prefectures endogenously. We could also consider the impacts of the damage to transportation 

links. As another ex-ante criterion, an insurance system should be employed to relieve the 

effects of the damage. The investment-savings balance should be endogenously determined by 
both the firmôs and consumerôs optimizing behaviors. This approach may provide fruitful results 

for comparison with deterministic and stochastic models. The basic assumptions in the 

decentralized model should be relaxed to internalize regional policies such as the tax-subsidy 

system and regulation. 
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Abstract 

The use of accessibility potential models is widespread in transport geographical studies. In this 

analysis the connections between the different accessibility models and development conditions 

are examined. In connection with the use of the models, the problem arises that, due to their 
complexity, their interpretation may meet some difficulties. In order to solve this problem, a 

method which is suitable for breaking down the accessibility potentials into factors has been 

developed. The study analyses the spatial relation between development and accessibility taking 
as example the EU NUTS3 regions, the factors of the accessibility potential models are 

presented and the relations between these factors and the components of development are 

examined. Finally, the population potential in the NUTS3 regions of EU27 is examined 
according to the nationality of the dominant region influencing it. 

Keywords: accessibility potential; regional development, European Union 

Introduction  

The methods of accessibility modelling have had a long history in scientific literature. The most 
widespread and most frequently used indicators in the topic are the accessibility potential 

models. The accessibility potential models (models based on gravitational analogy) have been 

widely used in urban and geographical studies since the 1940s, the most well-known among 
them are those in: Stewart (1947), Harris, (1954) Hansen (1959), Ingram (1971), Vickerman 

(1974), Keeble et al. (1988), Linneker and Spence (1992), Smith and Gibb (1993) Spence and 

Linneker (1994). After the disjoint, fully covered territorial division, the potential models assess 
the possibility to access the optionally encircled territories (i) separately in relation to all the 

other territories (n), within them, those of smaller mass and/or those more remote have a 

decreasing effect and vice versa (Rich, 1980), (Geertmanïvan Eck, 1995). 

The general form of the accessibility potential model is the following: 

()cFDA ij
j

ji
Öä=  

where Ai is the accessibility of territory i, Dj is the mass of territory j accessible from territory i, 
cij is the general travel cost between territories i and j, F(cij) is the impedance function. 

In accessibility studies, the authors using different accessibility potential models apply different 

impedance functions. The reason for applying an impedance function in socio-geographical 

studies is first of all that spatial separation hinders the cooperation among the different regions, 
so it is worth quantifying in some way. The simplest application of the model is naturally the 

use of distances in air kilometres.  

The main difference in the application of the accessibility potential model and the physical 
potential model is that, in contrast to physical space, social space in an everyday sense is 

typically not continuous but discrete. Socio-economic formations (e.g. settlements, towns) are 

generally concentrated at a given point of space, and their ómassô can be connected to this point. 
As these mass points do not fill the space, it would be difficult to determine the potential value 
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of any point of an encircled part of space (e.g. a country), which depends naturally on the effect 

of all the other points (Tagai, 2007). The mass pointsô spatial concentrations of different extent 

induce potential surfaces of different characteristics, the consequence of which is that the 
distance between the points and thus the impedance function can be described by different 

functions in the different analyses. That means that the formula of the impedance function used 

in analyses for different regions, territorial levels or for different numbers of mass points in the 

same territorial level is different.  
Therefore several forms of the impedance function appear in the accessibility studies. The 

models take into consideration the distance between certain ómassesô also in different ways. 

Several approaches are known when the researchers apply the reciprocal of the distance or one 
of its powers (see among others Hansen, 1959; Davidson, 1977; Fortheringham, 1982). Among 

them, the most óeverydayô solution is provided by the models applying linear impedance 

function (when determining the potential, the distance is in the first power in the denominator), 

as here we do not perform any mathematical modification on the duration and cost of access. In 
models insisting strongly on gravitational analogy, due to the physical demonstration of the 

model, the second power of distance, duration and the cost are always applied. This, however, is 

not a rule that must not be broken, so in models based on gravitational analogy there may be 
other power values as well. In this case, their role is only to quantify the probability of reaching 

the targets at different distances in the model. 

Researchers use the models applying the exponential impedance function essentially in order to 
specify this objective (Wilson, 1971; DalviïMartin, 1976; MartinïDalvi, 1976; Song, 1996; 

SimmaïVriticïAxhausen, 2001; Sch¿rmannïSpiekermannïWegener, 1997). Models applying 

the impedance function of Gauss (Ingram, 1971; Guy, 1983) or the log-logistic impedance 

function (BewleyïFiebig, 1988; HilbersïVeroen, 1993) are known as well. In similar studies, 
exponential (see among others Espon, 2007) and linear (Guti®rrez, 2001) impedance functions 

are used in numerous cases. The present study ï especially in respect of the later parts ï applied 

only the linear impedance function, as it was the most suitable for interpreting the results. It is 
noted, however, that the connection between the specific GDP and the potentials received as a 

result is by no means the strongest by applying the linear model (T·thïKincses, 2007), but, as 

the aim was first of all to present the methodological possibilities, this model was applied 
further on. 

In the present examination, the regions of France, Portugal and Spain outside the 

continent were disregarded, so the term amount or average of EU27 regions covers the regions 

on the continent in case of each variable. Furthermore, the work did not deal with models taking 
into account competition either (see among others Weibull, 1976; Knox, 1978; Van Wee et al., 

2001; JosephïBantock, 1982; Fotheringham, 1982). 

 

The accessibility model applied 

 

In the course of applying the potential model, not only the own strength, i.e. the value of the so-

called own potential of spatial units can be expressed but, with the value of the internal 
potential, also the interaction between the masses taken into account. External potential can be 

demonstrated by taking into account the masses outside the territory observed. 

Accordingly, the total potential value is the sum of these three results. 
The accessibility potential model applied is the following: 

 

 
Total potential = own potential + internal potential + external potential 

where the value of the own potential of point Ai is the quotient of Wi, the own mass of the given 

territorial unit (in this study the population value) and the distance data ordered to the territorial 

unit dii (the simplest way is the length of the radius of the circle equal to its territory).  
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When calculating the internal potential, the sum of effects of the other spatial units involved in 

the analysis of the given spatial unit must be calculated. The size of effect depends on the mass 

of the other points and on their distance from the given spatial unit. The larger the mass of the 
spatial unit at a nearer distance in space, the higher its value.  

The calculation of the external potential is practically the same as that of the internal potential, 

but here the effects of spatial units outside the territory examined are taken into account.  

In the case of internal potential, 1,288 NUTS3 regions of the European Union were taken into 
account. In the case of external potential, the known territorial units of the EFTA countries, the 

candidate countries (Croatia, Turkey) as well as further (first of all Eastern) European countries 

were taken into account. When calculating the external potential, either national data (e.g. 
Liechtenstein) or data broken down regionally (e.g. oblasts of Russia) were used. The number of 

territorial units taken into account in respect of external potential is 251.  

In connection with the external potential, it has to be noted that each point on the Earth can be 

considered to be one affecting the potentials of all other points. This naturally does not mean 
that a researcher takes into account the data of all territorial units; due to practical reasons, the 

number of points and territorial units considered has to be decreased. On the other hand, each 

decision made by the researcher when choosing the boundaries of the territory examined can be 
considered partly arbitrary and this is said to be the central problem of all macroscopic models 

(Lukermann and Porter, 1960, p 503). Despite the fact that accessibility indicators quantify the 

accessibility to points in other regions, the total territory examined must be adjusted so that 
accessibility conditions are influenced not only by the internal accessibility of the region but 

also by the external points. So, as long as it is possible, it is worth applying as broad an 

examination territory as possible, where all the target territories relevant in respect of the 

examination are taken into account. By trying to take into account effects from each country of 
Europe in a geographical sense for determining the potential of EU27, it was intended to meet 

this objective. 

 

Table 1: Dimensions of the analysis 

The analysis 

The starting point in this study, similarly to other works (GeursïWee, 2004), was that 

accessibility can be used as an economic indicator as well, since improving accessibility 
improves the productivity and competitiveness of companies. Due to accessibility improving as 

a consequence of investments, the labour market is affected by positive impulses as well, which 

results in further advantages in competitiveness (ForslundïJohansson, 1995). Thus, it was 

Dimension Notes 

Source In the analysis, accessibility is calculated and interpreted from each personôs point of view, 
and no differentiation is made between the social groups or the different travel targets of 
travellers. 

Objective The objective to be achieved is quantified by the population of the given NUTS3 region.  

Resistance The territorial impedance function means in this case the theoretical accessibility times 

between the centres of the regions on public roads, in minutes.  

Limits When using the routes between two regions, the limit is the maximum speed in the given area 
according to the type of road. 

Boundaries When determining the territory examined, the boundaries of Europe were taken into account 
in a geographical sense.   

Way of transport The analysis did not differentiate the different aspects of passenger and freight transport. 

Modality The analysis calculated unimodal accessibility in respect of public roads.  

Regional level The basic regional level of the research is NUTS3. 

Equal chances The major aims of the research are modelling the centre-periphery differences in the EU27 
regions and studying the resulting differences. 

Dynamics In the research, the population and the public road network on 1 January 2007 are taken into 

account. 
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deemed worth examining the connection between the accessibility potential and economic 

development. 

The first examination attempted to find an answer to what kind of connection can be 
demonstrated between the GDP and the population potential of the 1,288 NUTS3 regions of the 

European Union. In connection with the analysis, it has to be noted that the primary objective of 

accessibility models is to map the potential probability of movements between certain territorial 

units and thus to model the spatial fields of force. The probability of movement, however, does 
not mean movement by all means, and movement in itself is not an evidence of development (or 

its absence does not necessarily mean underdevelopment). By examining the strength of the 

connection with a simple regression function, it can be found that population potential accounts 
for 16.4% of the dispersion of GDP per capita in the NUTS3 regions of the European Union. 

The problem of breaking down accessibility potential into factors 

Several analyses report on the advantages and disadvantages of the accessibility potential model 

(Geurs-Ritsema van Eck, 2001; Geurs-Wee, 2004). We, on our part, would have liked to deal 
first of all with the disadvantages of the model. In this respect, the authors cited herewith, say 

the following: òDisadvantages of potential measures are related to more difficult interpretation 

and communicability; the measure is not easily interpreted and communicated as it combines 
land-use and transport elements, and weighs opportunities (according to the cost sensitivity 

function). ò (Geurs-Wee, 2004 p. 134) The reason for the problem is that accessibility potential 

models measure the effects of spatial structures, spatial division, the location of a certain spatial 
domain and the size distribution of masses at the same time. The location of the spatial domain 

is essentially determined by the geographical location, which is somewhat modified by the 

accessibility (depending on the way of transport). It means that in case of a certain potential 

value it cannot be determined whether it is the consequence of the (settlement, regional) 
structure or the location of the mass sizes, or of the size of the region or the effect of the own 

mass.  

Thus the gravitational space of social masses should be imagined as an optional division of the 
space (settlement, micro-regional structure, etc.) and then a mass distribution on this division 

(like masses distributed to the given spatial structure as quanta or counters). The value of the 

potential at a given point is determined by the sum of these effects (internal potential and 
external potential) and the effects of own mass and own spatial size (own potential).  

The effect of the potential deriving only from the division of the territory at an optional point of 

the space (briefly spatial structure effect) is the value which would result if the mass were the 

same in each encircled territorial unit. The mass distribution effect is the difference between the 
sum of the internal and external potential at an optional point of the space and the value of the 

spatial structure effect on this point. The value of the total potential is influenced by the size of 

the given region (in this case NUTS3 region) as well. The effect of the size of the region is the 
value which would result if the mass were the same in each territorial unit. Subtracting this from 

the own potential, we get the value of the effect of own mass (Kincses ï T·th, 2011). 

The connections described above are as follows: 
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After breaking down the potential model, the situation based on the connection between the 

factors and the GDP per capita is somewhat different. If we examine the connection between the 
potential models and the specific GDP with multivariable linear regression, as a result of the 

regression applying more than one variable, the determination coefficient is higher than in case 

of the basic model. Here, the value of R
2
 amounts to 31%. The two factors determining the 

potential to the greatest extent (i.e. those having the highest standardized beta coefficient) are 

the territory of the given region and its own mass. It is important to highlight that the effect of 

spatial structure has the lowest but not significant standardized ɓ coefficient.  

 

Model 
Standardized ɓ 
coefficients 

Adjusted R Square 0.311 

SPATIAL STRUCTURE -0.017 

MASS DISTRIBUTION -0.271 

SIZE OF TERRITORY 0.475 

OWN MASS 0.345 

Table 2: Connection between the factors of the accessibility potential model and the GDP per 
capita, R

2
 and standardized ɓ coefficients 

Characteristics of the factors of the accessibility potential 

According to our accessibility potential analyses, the region in the most advantaged situation in 
the European Union is Paris followed by Seine-Saint-Denise and Val-de-Marne. We can state in 

general that the central regions of France, South England, the Netherlands, Belgium and the 

regions of North Italy are in the most advantageous situation. The potential is continuously 
decreasing from the core area indicated to the peripheries. The lowest potential value is in 

Vªrmland (Sweden), Lappi (Finland9 and the Shetland Islands (Scotland). In some respects, our 

results confirm the Blue Banana spatial structural model (Brunet, 1989), as well as its extension 

(Kuzmann, 1992). 

The effect of the spatial structure is positive in all cases, i.e. it always contributes to the total 

potential. The effect of spatial structure was the highest in case of Oberhausen, Kreisfreie Stadt; 

Frankenthal (Pfalz), Kreisfreie Stadt and Rhein-Pfalz-Kreis regions (Germany). By contrast, the 
lowest values were found in Pohjois-Pohjanmaa, Lappi (Finland), and in Cyprus. 

The share of the effect of spatial structure in the total potential is between 71 and 176%. For the 

former value Bucureĸti (Rumania), while for the latter one the Bamberg, Landkreis region 

http://en.wikipedia.org/wiki/Rhein-Pfalz-Kreis
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(Germany) can be mentioned. The effect of spatial structure is the most important factor in the 

total potential for each region.  

The effect of the mass distribution ï in contrast to the former factor ï contributes negatively or 
positively to the total potential. In 1,224 among the 1,288 regions examined, the sign is negative 

and it is positive only in the remaining 64 regions. The situation is the worst in those (first of all 

German) regions, which, by themselves, represent a significant mass, but the masses accessible 

from them are relatively low. Such regions are: Rhein-Pfalz-Kreis, Bamberg, Landkreis, 
Frankenthal (Pfalz), Kreisfreie Stadt (Germany). On the other hand, in respect of mass 

distribution, the regions in the most advantageous situation are: West Inner London, Val-de-

Marne, and Seine-Saint-Denis (France). 

The share of the effect of mass distribution in the total potential is between -76 and 10%. For 

the former value, we can point out the regions in Germany with Bamberg, Landkreis region in 

the lead, while in respect of the latter value we can point out the regions in Southern Europe, 

especially Guadalajara being in the best situation. 

The following two factors are parts of the own potential of the accessibility potential model. 

The first factor in this part is the size of territory. As when calculating own potential, the 

territory of the given region, the size of this factor changes along with the territory of the region 
are taken into account. The sign of the size of the territory is always positive, and its value is the 

higher, the smaller the territory of the region is. The size of the factor refers first of all to 

urbanisation, since regions of smaller area are mostly great cities. Accordingly, the maximum 
value of the territory size factor can be observed in Blackpool (England), while the minimum 

value in Norrbotten county (Sweden). 

The share of the territory size factor in the total potential is between 0.4 and 14%. For the 

former value Norrbotten county (Sweden), while for the latter one Stralsund, Kreisfreie Stadt 
(Germany) is an example. It can be highlighted that the share of the territory size factor in the 

total potential does not even reach 5% in nearly 1,200 regions. 

Finally, the last factor is the own mass of the given region. Its sign may also be negative or 
positive. Due to the method, the sign of regions more populated than the average is positive, 

while that of sparsely populated ones is negative. The share of the own mass factor in the total 

potential is between -48 and 22%. Among the negative values, we can mention the Stralsund, 
Kreisfreie Stadt, Greifswald, Kreisfreie Stadt and Bad Doberan regions (Germany), while 

among the positive ones Bucureĸti, Athens and Paris. 

Comparison of the accessibility and development of regions 

In the comparison, we followed the method already used by Espon (2003) as well as 
classification. Based on this, regions can be classified into four groups.  

In the first group, those regions are classified which are above the average in respect of both 

accessibility and development. Here are the regions of South England, Benelux, South 
Germany, North Italy and North France which are considered the economic engines of the 

European Union. According to our examination, the range of these regions is somewhat more 

significant than in the Espon study in 2003. Slightly more than 30% of the regions belong to this 

category. 

The second group includes those regions whose accessibility is more advantageous than the 

EU27 average, but their state of development is below that. West Germany, some regions of 

Central European countries having joined the EU in 2004 and some regions of North France are 
placed in this group. 23% of the regions belong to this second group.  

http://en.wikipedia.org/wiki/Bamberg_(district)
http://en.wikipedia.org/wiki/Frankenthal
http://en.wikipedia.org/wiki/Val-de-Marne
http://en.wikipedia.org/wiki/Val-de-Marne
http://en.wikipedia.org/wiki/Seine-Saint-Denis
http://en.wikipedia.org/wiki/Stralsund
http://en.wikipedia.org/wiki/Stralsund
http://en.wikipedia.org/wiki/Greifswald
http://en.wikipedia.org/wiki/Bad_Doberan_(district)
http://en.wikipedia.org/wiki/Bucharest


G®za T·th and Ćron Kincses, Regional Science Inquiry Journal, Vol. III (1), 2011, pp 27-44                                    33 

 

To the third group belong those regions whose accessibility lags behind the average, but whose 

performance in respect of GDP per capita is above average. First of all, the Swedish, Finnish 

and Irish regions belong to this category, but most of the regions of North Spain and South and 
West France, as well as some English, Scottish and Italian regions can be found here. Although 

many countries are involved in this group, its size is the smallest among the four groups, as only 

12% of the regions belong here. 

Finally, in the fourth group are those regions which are below the average in respect of both 
accessibility and state of development. Most of the Central European regions having joined in 

2004, as well as many of the regions in Spain, South Italy and Greece can be found in this 

group. Among the four groups, this one is the most populous, as more than one third of the 
regions are placed here. 

In connection with the spatial image of development and accessibility, we can state that between 

the two phenomena an essential connection can be demonstrated. The group of regions of high 

development and good accessibility and that of low development and bad accessibility are the 
largest groups. These together represent nearly two thirds of all regions. 

Connection between the factors of development and accessibility potential 

Hereafter, we intended to examine how far spatial distribution of territorial development can be 
attributed to accessibility and its components. In the interest of deeper analysis, we deemed it 

practical to break down GDP into parts which can be easily interpreted in their own. 
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The GDP per capita shows the state of development of regions, which can be broken 

down into factors according to the above formula. The GDP per economically active persons 

approaches basically the productivity of the economy in the regions, the proportion of the 
economically active people in the population gives an estimate of employment, while the 

proportion of the people of active age in the population can be considered regional resources as 

a kind of indicator of age structure.  
In connection with the linear accessibility potential broken down into factors and the state 

of development, as well as with its factors, we calculated a correlation matrix (see Table 4). In 

the matrix, italics indicate the connections which are not significant at a 5% level. 

We can state that the total potential is in the closest connection with the effect of spatial 
structure, which is followed by mass distribution. So, the basic relations of the structure of the 

potential result from the relations of the spatial structure, i.e. they are ñcodedò according to 

these relations, which is somewhat modified by the mass distribution. 
On the other hand, the state of development (GDP per capita) depends first of all on 

productivity. Among the factors of the accessibility potential, the connection is the closest with 

territory size and spatial structure. The former refers to the high development of regions with 
small areas, first of all large cities. Similarly, in respect of the spatial structure, the high 

development of the European central regions and the relative underdevelopment of the 

peripheries are outlined. 

Among the factors of the accessibility potential, the state of development is in the closest 
connection with territory size and spatial structure. Consequently, we can state that in respect of 

the European spatial structure of development, accessibility can only slightly modify the 

productivity and employment conditions basically characteristic of the given region and the 
general spatial structural conditions characteristic of Europe. 
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On the basis of our examinations, we can point out that within the European Union, the 

geographical location of the regions (effect of structure), their central or peripheral character are 

in relatively close connection with productivity and employment. It is well-known that incomes 
per capita and economic growth rates are significantly higher in regions which are near the 

present centres of world economy (Gallup- Sachs-Mellinger, 1999). So we can state that 

development and economic activity within the European Union will most probably concentrate 

in the geographical centre regions in the future as well. 

Dominance of the potentials of the NUTS 3 regions 

The European population potential presented earlier can be further analyzed. Namely, an 

analysis can be also performed with the NUTS3 regions being classified according to which 
countryôs regions had the most significant effect on the establishment of the total potential 

(Tagai, 2009). The examination is somewhat influenced by the fact that in Europe, apart from 

the European Union, there is no regional system similar to NUTS. While EFTA countries and 

candidate countries established their own regional systems very similar to NUTS, this is not the 
situation in the Eastern European countries. The Eastern European regional units which were 

included in the calculation of the potential of the EU regions as external potentials are much 

larger than the limit of 800,000 persons determined for NUTS3 regions (Regulation EC No. 
1059/2003 of the European Parliament and of the Council), or in several cases even larger than 

the maximum of 7 million persons set for NUTS1 level. This fact does not influence the total 

potential in its merit, but it may affect the determination of dominance in respect of some 
(above all Eastern) regions, which fact must be taken into account in the analysis. 

One of the most important results of the examination is that in the potential of the European 

regions, the German regions have the most significant effect. In the GDP and the population of 

the EU27 (only European regions) in 2007, Germany has a share of nearly 20% and 17%, 
respectively. If we sum up those regions which are influenced the most by the potential of 

German regions, this share grows by nearly 1ï1 percentage point. Following Germany, the 

second most significant economy of the EU27 is the United Kingdom, representing nearly 17% 
of the GDP and 12% of the population in the Union. As opposed to the former, though the 

dominance of the potential extends over the country, the share of the British potential territory 

does not basically differ from that of the country. The share of France in the GDP of EU27 is 
15%, while it is 12% in its population. The share of regions with French dominance is higher by 

0.6% and 0.3%, respectively. The share of Italy is nearly 13% in the GDP and 12% in the 

population of EU27. The share of regions with Italian dominance is by 0.7ï0.7% higher.  

If we examine which is the country where the socio-economic importance of regions dominated 
by its potential differs the most from the share of the country in the Union, we can say that the 

largest difference is in respect of Denmark. The share of Denmark in the GDP of EU27 is nearly 

2%, and it is 1% in the EU27 population. On the other hand, this share is by 1.8 and nearly 1 
percentage point lower in the region dominated by the potential of the country. A similar 

difference can be seen in respect of the regions dominated by the Belgian regions. 

Conclusions 

This study presented a methodological experiment about breaking down the accessibility 
potential into factors. By examining the connection between the factors and the components of 

regional development, the structure of reasons for the state of development is outlined. Based on 

this, it can be stated that the state of development depends first of all on productivity and, 
among the factors of accessibility, on the size of territory and spatial structure. When comparing 

the spatial location of development and accessibility, it was possible to demonstrate a close 

connection in respect of the location of highly developed and easily accessible or 
underdeveloped and hardly accessible regions. The potentials of the regions according to the 
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nationality of the region having the most dominant effect on them were examined. The most 

significant result was the demonstration of the degree of German dominance. 
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Countries 

Regions dominated by the potential of regions in 
certain countries 

share in the EU27ôs GDP per capita 
compared to the 
EU27 average GDP population 

Austria 2.0 1.6 126.4 

Belgium 1.8 1.3 142.4 

Bulgaria 0.1 0.3 31.6 

Belarus 0.1 0.3 23.5 

Switzerland 0.3 0.2 116.1 

Cyprus 0.1 0.2 81.8 

Czech Republic 1.0 1.9 50.4 

Serbia 0.3 1.1 31.9 

Germany 20.6 17.6 116.8 

Denmark 0.0 0.0 135.5 

Estonia 0.1 0.1 71.3 

Spain 9.1 9.8 93.6 

Finland 0.9 0.6 152.5 

France 15.8 12.9 122.6 

Greece 1.5 1.7 88.2 

Croatia 0.0 0.0 55.0 

Hungary 0.8 1.8 41.4 

Ireland 1.6 0.9 169.9 

Italy 13.3 12.7 104.6 

Lithuania 0.2 0.4 40.1 

Luxembourg 0.0 0.0 95.4 

Latvia 0.1 0.3 45.6 

Moldova 0.0 0.3 14.9 

The Netherlands 4.7 3.5 136.3 

Poland 2.2 6.6 33.7 

Portugal 1.1 1.8 63.3 

Romania 0.7 2.7 24.9 

Russia 0.7 1.0 65.2 

Sweden 2.8 1.9 144.1 

Slovenia 0.2 0.2 90.4 

Slovakia 0.4 1.1 40.6 

Turkey 0.6 2.6 24.5 

Ukraine 0.1 0.2 23.8 

United Kingdom 16.6 12.3 134.5 

EU27 100.0 100.0 100.0 

  
 

Table 3: Characteristics of the regions dominated by the regions of certain countries, 2007 

Indicators 

Total 

potential 

Spatial 

structure 

Mass 

distribution Territory size 

Own 

mass 

State of 

development Productivity Employment 

Age 

structure 

Total potential 1.000 0.931 -0.752 0.485 
-

0.040 0.405 0.381 0.176 -0.048 

Spatial structure 0.931 1.000 -0.939 0.499 

-

0.253 0.388 0.351 0.260 -0.117 

Mass 
distribution -0.752 -0.939 1.000 -0.468 0.376 -0.348 -0.302 -0.310 0.150 

Territory size 0.485 0.499 -0.468 1.000 

-

0.435 0.444 0.420 0.159 0.003 

Own mass -0.040 -0.253 0.376 -0.435 1.000 0.040 0.052 -0.150 0.249 

State of 

development 0.405 0.388 -0.348 0.444 0.040 1.000 0.966 0.282 -0.139 

Productivity 0.381 0.351 -0.302 0.420 0.052 0.966 1.000 0.074 -0.195 

Employment 0.176 0.260 -0.310 0.159 

-

0.150 0.282 0.074 1.000 -0.174 

Age structure -0.048 -0.117 0.150 0.003 0.249 -0.139 -0.195 -0.174 1.000 

  

Table 4: Correlation matrix of the factors examined 
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Fig 1: Population potential of the European Unionôs regions 
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Fig 2: Role of spatial structure in population potential 
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Fig 3: Role of mass distribution in population potential 
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Fig 4: Role of territory size in population potential 
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Fig 5: Role of own mass in population potential 
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Fig 6: Regions having the greatest effect on the potential of NUTS 3 regions by nationality 
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Fig 7: Comparison of accessibility and state of development of NUTS 3 regions 
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Abstract   

A model of optimal allocation of investment across regions is developed. It is shown that the 

optimality conditions may lead to increasing inequalities at the spatial level. Introducing an 

element of endogenous innovation dualistic situation emerges. An empirical analysis, using 
data for the NUTS-2 regions of the European Union seems to confirm this argument.  
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1. Introduction  

The enlargement of the EU to 25 Member States, and later to 27, and the intensification of 
cooperation between the EU and Norway and Switzerland, presents an unprecedented challenge 

for the competitiveness and internal regional cohesion of the European Union. óEconomic and 

social cohesionô, is mentioned in the Preamble of the Treaty of Rome and has become one of 
the major goals of the EU (as formulated in the Single European Act, title XIV, currently title 

XVII, Articles 2 and 4). According to Article 158 of the Rome Treaty óreducing disparities 

between the levels of development of the various regions and the backwardness of the least 

favoured regions or islands, including rural areasô is one of the primary objectives of EU 
development policies, given that óimbalances do not just imply a poorer quality of life for the 

most disadvantaged regions and the lack of life-chances open to their citizens, but indicate an 

under-utilisation of human potential and the failure to take advantage of economic opportunities 
which benefit the Union as a wholeô (European Commission, 1996, p. 13). The strongest 

argument for regional policies lies in the persistence and even widening of regional disparities 

over the long-run. Indeed, market forces and social trends are increasing the geographical 
concentration of activities. Furthermore, externalities and market failures are needed to justify 

policy intervention from an economic efficiency point of view (Hurst et al., 2000). Differences 

in output, labour productivity and income across the regions of the EU are far more extreme 

than in similar economies such as the US or Japan. The richest regions on the EU are eight 
times richer than the poorest regions (European Commission, 2004). The primary dimension of 

income disparities remains East-West, with a weaker North-South dynamic and core-periphery 

at both EU and national levels. As a result, the EU has implemented a range of development 
policies and projects (and continues to do so) to achieve regional cohesion, such as the 

Mediterranean Integrated Programs the direction of funds towards less-advanced areas of 

Europe from sources, such as the European Regional Development Fund (ERDF), the European 
Social Fund (ESF) ï the two óStructural Fundsô, supplemented by the óCohesion Fundô

1
. The 

                                                
* The findings, interpretations and conclusions are those entirely of the authors and do not necessarily represent the 
official position, policies or views of the Ministry of Rural Development and Foods and/or the Greek Government.  
 
1 The Cohesion Fund was established by the Maastricht Treaty (Article 130d) for countries with: per capita GDP less 
than 90% of the community average, an agreed programme to óavoid excessive government deficitsô (i.e. in 
accordance with Article 104c of the Treaty) and to be used for environmental and Trans-European transport 
networks.  

mailto:salexiadis7@aim.com
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structural funds are now the most important financial instruments for supporting the renewed 

Lisbon strategy and in some countries were able to increase their GDP by almost 4% (European 

Commission, 2004). The concentration of the Structural Funds and the Cohesion Funds in the 
less privileged areas of the Community has meant that European development support 

throughout the 1990s has hovered between 3-3.5% of GDP in Portugal, between 2.5-3% in 

Greece and Ireland, between 2-3% in many Italian and Spanish Objective-1 regions (Cuadrado-

Roura, 2001).Cohesion policy aims to promote a more balanced territorial development and is 
broader than the óconventionalô regional policy, with the latter specifically linked to the ERDF. 

The Structural Funds cover a wide range of areas ï technological Research and Development 

(R&D), the information society, support for business, infrastructure development (transport, 
telecoms, healthcare and education), energy, risk prevention, the environment, employment, 

tourism, culture, etc. There are many potential recipients, such as business, especially Small and 

Medium Enterprises (SMEs), associations, public bodies and individuals. It is up to each 

individual country to divide the funds between the EUôs óConvergence Objectiveô and regions 
covered by the óCompetitive and Employment Objectiveô. Countries then use the funds to 

finance thematic programmes covering the whole country (for instance on environment, 

transport, etc) or programmes channelling funds to particular regions. Regional policy in the EU 
has to tackle with an óinconsistent triangleô (Mancha-Novarro and Garrido-Yserte, 2008): 

budget restrictions, the aspirations of the new member-states as the main beneficiaries of the 

European regional policy and the vindication of the cohesion countries (Ireland, Spain, Portugal 
and Greece) of maintaining their financial resources. Thus, the regional-geographical dimension 

is increasingly important for a rational allocation of the existing resources. 

Recently, the Lisbon strategy, and its successor óEurope 2020ô, aims to make Europe the 

most competitive and dynamic knowledge-based economy in the world capable of sustainable 
growth (promoting a more resource efficient, greener and more competitive economy) with 

more and better jobs and greater social and territorial cohesion (inclusive growth). The 

transformation to a knowledge and service economy is profound as the earlier changeover from 
agriculture to industry. This strategy is monitored by a set of indicators, covering the domain of 

employment, innovation, research, economic reforms, social cohesion, overall economic and 

environmental background. In 2004, the European Commission suggested a óshort listô of 14 
structural indicators, allowing for a ñconcise presentation and a better assessment of 

achievement over time vis- -̈vis the Lisbon agendaò. These indicators include for example, 

gross domestic product per-capita and per-worker, employment rate, gross domestic expenditure 

on R&D, long-run unemployment rate, etc. Of these indicators only the ódispersion of 
employment ratesô has, by definition, an explicit spatial dimension, suggesting that óEurope 

2020ô is in sharp contrast to aim of regional cohesion. There is a need, therefore, for an optimal 

allocation of resources/funds in order to achieve the aims of competitiveness and cohesion.    
This paper attempts to approach this issue empirically using a model that attributes the 

process of regional growth to the degree that the regions of the EU are able to absorb 

technology. To complete this introduction, mention must be made to the structure of this paper. 

The issue of optimal allocation of investment across regions is developed in the next section. 
The analysis is extended further by introducing the notion of technology adoption and it is 

argued that differences in the adoptive abilities of regions might lead to dualism. These 

considerations are introduced in the ambit of a single model. The model is submitted to the 
usual econometric tests yielding the main findings in section 3. Section 4 concludes the paper. 

 

2. Optimal allocation of investment   
The issue of the optimal allocation of investment across regions was introduced initially by 

Rahman (1963). Nevertheless, Intriligator (1964) demonstrated that the conclusions by Rahman 

(1963) can be derived using the framework of Optimal Control Theory. Consider an economy 

divided into two regions, denoted by 2,1=i . Total output ( N
Y ), i.e. at the national level, is the 

sum of regional outputs: 21
YYY

N
+= . In each region output is a function of capital stock (i

K ), 

available in each region. More specifically, iii
KvY = , where iii

KYv /= denotes the constant 
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output-capital ratio. National investment (
N

I ) is conceived as additions to the capital stock of 

the economy as a whole (
N

K ), i.e. the sum of the changes in the capital stock of each region. 

Thus, 
21

+= KKI
N

## . Investment is financed through the available savings in the 

economy:
NN

SI ¹ . In other words it is assumed that all savings are automatically invested
2
 

Assuming that investment is a constant proportion of output, i.e. 
iii

YsS = , then 

2211
YsYsS

N
+= . Given that 

111
KvY =  and 

222
KvY = , then 

222111
KvsKvsS

N
+= . The identity 

NN
SI ¹ is known as óSayôs Lawô. Despite its simplicity, its implications are quite deep. On the 

assumption that markets, i.e. for goods and services, and for the factors of production, respond 

instantaneously to market signals, and that income is spent immediately, Sayôs Law must hold. 

By the same assumptions, though, it must be the case that an increase in demand will create its 
own supply. In both cases, the limiting situation would be given by the condition of full 

employment, when all the labour resources are utilised to the full (Chisholm, 1990). In the 

present context Sayôs Law implies that 
222111

KvsKvsI
N

+=  and 
22211121

KvsKvsKK +=+## , 

or 
221121

KKKK gg +=+## , where
iii

vs=g  denotes the constant growth rate of each region.  

The problem, therefore, is how to allocate savings in order to achieve a certain objective, 

given the constraints outlined above. Intriligator (1964) assumes constant returns and that once 

capital is placed in one region, it cannot be shifted into the other region. The óallocation 

parameterô,d, is defined as the proportion of investment allocated to a specific region. 

Therefore, in a two-region economy:  

)(
22111

KKK ggd +=+#                      (1.1) 

))(1( 22112 KKK ggd +-=#                    (1.2) 

10 ¢¢d                       (1.3) 

Given the assumption of constant returns the optimal time path of the allocation parameter, 

)(* td , at any point in time is either 0)(* =td  or 1)(* =td , namely savings are allocated in only 

one region. Intriligator (1964) considers the problem of maximising national output at some 

terminal time (T): )()()(
2211

TKvTKvTY
N

+= by choice of )(td , subject to the constraints, 

given by equations (1.1), (1.2) and (1.3). Since 0)(* =td  or 1)(* =td , this is a typical óbang-

bangô solution and the problem is solved by the )(td that maximises the Hamiltonian function
3
:   

))(1()(
2211222111

KKpKKpH ggdggd +-++=                     (2) 

where 
1

p and 
2

p are the auxiliary variables, interpreted as the shadow price of capital.   

Equation (2) can be written equivalently as follows:  

))(())](1([
2211221221121

KKpppHKKppH ggddggdd +-+=Ý+-+=              (2.1) 

implying that  

)]()([
2211221

KKpppH ggd ++-=                   (2.2) 

The optimal path of ddepends on the sign of the difference )(
21

pp - . In particular, if 

0)(
21
>-pp , then 1* =d  while if  0)(

21
<-pp , then 0* =d . This condition simply states 

that the funds should be invested in the region where the implicit (shadow) price of capital is 
higher. According to the Maximum Principal the auxiliary variables must satisfy the following 

                                                
2 For a more detailed analysis of savings behaviour see Cesaratto (1999). 
 
3 The reader interest in these issues can refer to the contribution Pontryagin et al (1962).  
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terminal conditions: 
)(

)(
)(

1

1
TK

TY
Tp N

µ

µ
=  and 

)(

)(
)(

2

2
TK

TY
Tp N

µ

µ
= , implying that 

11
)( vTp =  and 

22
=)( vTp . Additionally, the Hamiltonian system must satisfy the conditions: 

1

1
 -

K

H
p =#  and 

2

2
-

K

H
p =# . Thus, 

12211
])([ gd pppp +-=#  and 22212 ])-([ gd pppp +=# , implying that 

2121
/=/ ɔɔpp ## . Setting 0=

ŭ

H
 yields:  

0=)+)(-(
221121

KɔKɔpp                                                                                                    (2.3) 

Adding a time dimension in equation (2.3) yields    

0=)](+)()][(-)([
221121

tKɔtKɔtptp                     (2.4) 

Differentiating equation (2.4) with respect to time yields: 

0))(())((
221121221121
=+-++- KKppKKpp #### gggg                    (2.5)  

In the steady-state 0=iK# , so 0))((
221121
=+- KKpp gg##  and given that 0=

µ

µ

d

H
, then 

2121
pppp -=-## , implying that ö

ö
÷

õ
æ
æ
ç

å -
=-

2

21

221
)(

g

gg
ppp  for Tt<¢0 . Given that 

2

1

2

1

)(

)(

n

n
=

Tp

Tp
, then ö

ö
÷

õ
æ
æ
ç

å -
=-

2

21

221
)())()((

v

vv
TpTpTp  for Tt=  . For a given planning period 

(T), the optimal time path can be described as follows. Before at the end of the planning period 

( Tt<¢0 ) invest only in the region with the higher rate of growth, i.e. 1)(* =td  if 
21
gg> or 

0)(* =td  if 
21
gg< . At the end of the planning period ( Tt= ) invest only in the region with the 

highest output/capital ratio, namely 1)(* =td  if 
21
nn> or 0)(* =td if 

21
nn< .  

In a critical appraisal Rahman (1966) argues that the theory of optimal control is applicable 

only if the switch was to occur always at Tt=  only. Thus 
2121

-)-( nn=
T

pp , implying that if 

21
nn> , then 1)(* =td . Therefore, equation (2.2) can be written as )(

22111
KKpH gg += . 

Combining the conditions 11

1

1
-- gp

K

H
p ==#  and 21

2

2
-- gp

K

H
p ==#  yields the differential 

equation 
111

- gpp =# . Given the initial condition 
11

)( n=
T

p  the following solution is obtained: 

11

11
)(

t

t
ep
gn= , with tTt -=

1
                  (2.6) 

Given the initial condition 
22

)( n=
T

p , then the differential equation 
212
gpp -=#  implies the 

following solution:  

1

21

21

1

2

2
11)(

g

gn
nn

g

g g
-+=

t

t
ep                               (2.7) 

Subtracting t
p )(

1  from both sides of equation (2.7) yields  

1

1221211

21

)()(
)(

g

gngngg -+-
=- t

t

p
pp                              (2.8) 

Differentiating equation (2.8) with respect 1
t the following expression is obtained:   
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dt

ppd
p

dt

ppd
t

t

ti
)(

)()(
)(

21

211

1

2
-

-=-=
-

gg                              (2.9) 

Rahman (1966) points out that the condition 
12
gg> does not imply that 0)(

2
<-

ti
pp  and 

0)(* =td , for any Tt< , as Intriligator (1964) argues. As tTt -=¡  increases, 

then 0)(
2
<-

ti
pp  is possible and a óswitchô in d takes place. Nevertheless, at this point, it is 

worth mentioning that the conditions 
111
gpp -=# and 

212
gpp -=# imply 

2121
// gg=pp ## . It is 

clear, therefore, that the solution is equivalent to that suggested by Intriligator (1964).  

While the analysis by Intriligator (1964) suggests a óswitchô in the allocation parameter, 

nevertheless,  the particular conditions under which this óswitchô takes place are not specified, at 
least in an explicit way. These issues constitute the departure point for a more extensive analysis 

by Takayama (1967) who attempts to show whether, and under which particular conditions, a 

óswitchô will (or will not) occur. Takayama (1967) concludes that a óswitchô takes place if 

21
nn< . Rahman (1966), however, claims that the analysis by Intriligator (1964) does not 

include an explicit ópolitical constraint on regional income disparityô (p. 159). Indeed, the 

objective function considered by Intriligator (1964) and Takayama (1967) is to increase output 

at the national level or maximising aggregate growth. The possibility that the allocation of 
investment, which is optimal at the aggregate level, might increase regional disparities is not 

considered. Stated in alternative terms, the analysis by Intriligator (1964) ensures maximising 

aggregate output or increasing competitiveness, nevertheless, regional incomes will deviate. 
Regional incomes can be equalised if the allocation parameter switches according to the initial 

conditions of regions. Introducing the question of regional income inequalities modifies the 

optimal program as follows. At the beginning of the planning period invest in the region with 

the highest output while at the end of the planning period invest in the region with the lowest 
output. In this case there will be an improvement in the distribution of income at the regional 

level but the competitiveness of the economy as a whole will be reduced. Which specific 

measure will be applied depends on the available resources, budget constraints, the time length 
or the ótolerableô level of regional inequalities and the weight that policy-makers attach to the 

issue of regional inequalities. According to Intriligator (1964), the allocation decision is based 

on the parameters ɔ and ɜ. But which factors determine the óautonomousô growth rate of a 
region and the productivity of capital?  

According to the óconventionalô neoclassical model arbitrage possibilities arising from 

competition and factor mobility were expected to induce a more than average growth 

performance in lagging regions (Hurst et al., 2000, p.9) where convergence was not swift 
enough, most likely this could be accelerated by increasing public infrastructure. An implicit 

assumption of this model is that all regions are able to absorb technology to the same degree, so 

that the higher the technological gap the higher the effect on growth, ceteris paribus. However, 
it may be argued that large gaps do not necessarily promote growth in this way. It is quite 

possible that a significant technological gap is associated with unfavourable conditions for the 

adoption of new technological innovations
4
. Assume that the ability of a region to implement 

technological innovations (x) is endogenously determined, as a decreasing function of the 

ótechnological proximityô, expressed in terms of the initial  technological gap: )(
0,ilfi

bf=x , 

with 0<¡f , or in a non-linear specification: prx -=
0,ilfi

b  with 0, >pr . Thus, the rate of 

adoption is not constant but varies across regions, according to the size of the gap
5
. For a given 

value of r, a high technological gap implies a low capacity to absorb technology. The 

                                                
4 Innovation is an iterative process, building upon the results of R&D activities and in turn inform, and being 
informed by, new research and innovations in product and processes. 
 
5 A more detailed elaboration of this model can be found in Alexiadis (2010).   
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parameter r can be interpreted as a constant underlying rate of diffusion, which would apply to 

all regions if there were no infrastructure/ resource constraints upon technological adoption. 

However, the existence of such constraints causes the actual rate to diverge from r, depending 

on the value of ́, which determines the extent to which the existing gap impacts on the rate of 

diffusion. Alternatively, the higher the technological gap, the slower the rate of technological 

adoption (
i
x). Assuming that the growth rate of output per-worker (

i
y ) is an increasing function 

of 
i
x: )(

iy
hg

i
x= with 0>¡h , then ))((

0,ii lfy
bfhg = , with 0<¡Ö¡fh . Consider a two-regionôs 

economy )2,1( =i with 0
0,20,1
>-

lflf
bb  and 0

21
<-xx , implying that 0

21
<-

yy
gg . If 

0)(
2,1
­D

t
x , then 0)(

2,1
­D

tlf
b  and 0)( ­D

tyi
g , which implies that region 2 converges with 

region 1. If, on the other hand, ¤­D
t

)(
2,1
x , then ¤­D

tlf
b )(

2,1
 and ¤­D

tyi
g )( , as ¤­t . 

From this perspective, this model implies a dualistic economy. There are several approaches to 

dualism ranging from the one-sector neoclassical transitional dynamics to models based on the 
existence of increasing returns (economies of agglomeration, for instance) and on technology 

diffusion
6
. According to this approach migration towards the modern sector may leave 

unaffected the level of output in the traditional one. Paci and Pigliaru (1999) depart from this 

approach and develop a model of dualism, based on the neoclassical two-sector model of the 
dual economy, as proposed by Dixit (1970) and Mas-Colell and Razin (1973). According to this 

approach, the value of marginal productivity in agriculture along the transitional path to the 

steady-state is neither zero nor constant, and it stays continuously below that of the other (non-
agricultural) sector. Contrary to what happens in non-dualistic models, therefore, equalisation of 

marginal productivity values across sectors takes time, with workers shifting from the low- to 

the high-wage sector, where the capital-good is produced. On the assumption that the rate at 

which workers migrate from agriculture is a decreasing function of the wage differential, poorer 
dualistic economies are generally characterised by faster expansion of their high-productivity 

sector, and by higher growth rates of per-capita output. Assume, further, that output in each 

region is produced by two sectors; a technologically advanced and a ótraditionalô sector: 

TAi
YYY += . The technological gap can be approximated in terms of a decreasing function of 

the labour employed in the technologically advanced sector: )(
,iAi

lfb = with 0<¡f . Assume 

further that productivity and wages are higher in the advanced sector relative to the ótraditionalô 

sector: 0>-
TA

ww . This framework implies that )(
, iiA

rhl = , where 
2,1,

/
iTiAi

wwr = with 0>¡h  

and )(
ii
rhfb Ö= , with 0<¡Ö¡hf . The condition 0>-

TA
ww induces labour to move from the 

ótraditionalô to the advanced sector. If 0
21
>-rr , then the advanced sector in region 1 attracts 

labour from the ótraditionalô sector in that region and labour from both sectors in region 2, 

leading to 0
21
<-bb .  

Essentially, this condition implies that the property of convergence is restricted to a selected 

group of regions. The argument runs as follows. Consider a given distribution of output per 

worker across a system of n regions: niy
i

2,1, =" . The average growth rate of each region 

over a given time period, 
0

ttT -= , is nig
Ti

2,1,
,

=" . The relation between initial output per 

worker and average growth rate is shown in Figure 1:   

                                                
6 See for example Lewis (1954), Fei and Ranis (1961), Sen (1966) inter alia. 
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Figure 1. Club convergence   

 

A negative relation between the initial level of output per worker and the growth rate, 

0/
0,,
<µµ

iTi
yg , is apparent only for the regions in the range ][

max

* yy while for regions in the 

range ][ *

min
yy  0/

0,,
>µµ

iTi
yg . This relation is also evident amongst the ópoorestô and the 

órichestô region, given that
maxmin

yy <  and 
maxmin

gg > .  If, however, this growth differential 

remains the same, the ópoorô region is not to able to close the gap 
maxmin

yy - .  This is feasible if 

( ) 0
maxmin
>-

t
gg  and ( ) 0

max
­

t
g  as ¤­t .  Consider two regions, A and B, for which 

0,0, BA
yy <  and 

TBTA
gg

,,
= . Although both regions exhibit similar rates of growth, 

(
TTBTA

ggg
max,,,

>= ) nevertheless region B is able to close the gap faster given that 

( ) 0
,,
=-

tTBTA
gg , as ¤­t .  Indeed, the gap between region B and the richest region is 

smaller compared to that of region A, i.e. ( )( )
0,0max,0,0max, BA

yyyy ->- . Region A will be able 

to catch-up with region B, if ( ) 0
,,
>-

tTBTA
gg , as ¤­t . In short, there are two groups; one 

includes regions with ][,0/
max

*

0,,
yyiyg

iTi
Í"<µµ  and another including regions for which 

][,0/ *

min0,,
yyiyg

iTi
Í">µµ .  

Nevertheless, this issue is, to a certain extent, an empirical one. The general framework, 

discussed in this section will be tested empirically in an extensive regional context, viz. the 
NUTS-2 regions of Europe

7
.  

The empirical literature on regional convergence makes extensive use of two alternative tests 

for convergence, namely absolute and conditional convergence:  

iii
Ůybag ++=

0,1                                                          (4)  

iii
Ůbybag +++=

0,1 iX
X

i
                                                       (5) 

where )-(=
0,, iTii

yyg  is the growth rate and 
i
Ů is the error-term. The rate of convergence is 

calculated as Tbɓ /)]1+[ln(-=
1 , where T is the number of years in the period. Absolute 

convergence is signalised by 0<
1

b . Conditional convergence is based upon the argument that 

different regional characteristics will lead to different steady-states. A test for conditional 
convergence, with variables representing technology, is more suitable to accommodate the 

empirical analysis.  

                                                
7 Nomenclature des Unit®s Territorial les Statistiques. 
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Technical change originates either from within the region, namely indigenous innovation 

(
i

IC ), or technological spillovers from adopting innovations created elsewhere (
i

ADP ). In the 

former case, technical change may be approximated in terms of the óHuman Resources in 
Science and Technologyô (HRST), i.e. persons who have completed a tertiary education in a 

field of science or technology and/or are employed in science and technology. The second 

source of technical growth is approximated as the percentage of total employment in 

technologically dynamic sectors (
i

ADP ), which indicates a capacity for technology adoption, 

since these are taken to apply high technology; two variables in accordance with the notion of 

ósmart growthô, i.e. attempts to strengthen knowledge and innovation, which conceived as 

drivers of future growth. Therefore, a model of ótechnologically-conditionedô convergence can 
be structured as follows:  

iiiii
ŮADPbICbybag ++++=

0,30,20,1
       (6) 

The time dimension of variables describing technology refers to the initial time. From an 

econometric point of view, this helps to avoid the problem of endogeneity. Moreover, Pigliaru 
(2003) claims that models which include measures of technology require data on total factor 

productivity. In the absence of such data, econometric estimation requires that the technological 

variables ought to be included in initial values. Broadly speaking, it is anticipated that 0>
2

b , 

since high levels of innovation are normally associated with high levels of growth and vice 

versa. However, it is not automatically the case that this condition promotes convergence.  If 

poor regions have a low level of  
0,i

IC , then no significant impacts on growth are anticipated 

and, hence, it may be difficult to converge with advanced regions. The latter case is the more 
likely.  

The 
0,i

ADP  variable reflects two distinct features, namely the initial level of ótechnological 

adoptionô and the degree to which existing conditions in a region allow further adoption of 

technology. A low level of 
0,i

ADP combined with a high rate of growth may indicate, ceteris 

paribus, that less advanced regions are able to adopt technology, which is transformed into high 

growth rates and, subsequently to converge with the advanced regions. Conversely, a low value 

for 
0,i

ADP  may indicate that although there is significant potential for technology adoption, 

infrastructure conditions are not appropriate to technology adoption and, therefore, there are no 
significant impacts on growth. If the latter effect dominates then convergence between 

technologically lagging and advanced regions is severely constrained.  

 Equation (6) treats regions as óclosedô economies. It is possible to overcome this, clearly 
unrealistic, assumption by introducing in equation (6) the effects of spatial interaction. Indeed, 

in the light of recent literature (e.g. Fingleton, 2001) it may be argued that any empirical test for 

regional convergence is misspecified if the spatial dimension is ignored the presumption being 

that the extent of regional interactions, such as technology spillovers are significantly dependent 
upon the location of regions relative to each other. Assume that any effects from spatial 

interaction are captured in the error term. Thus,  

 ( )
tttt

uɕuŮɕŮ
1

-=+= WIW                   (6.1) 

Equation (6), then, can be written as follows:  

( )
iiii,i

uɕADPbPIbybag
1

0,30,201
-++++= WI         (7) 

In equation (7) z is a scalar spatial-error coefficient to be estimated,W  is the nn×  spatial 

weights matrix and 
t

u  is the new error term. The spatial links between regions are constructed 

as to produce declining weights as distance between regions increases:  

/1

/1
=

j

ij

ij

ij

d

d
w            (8) 

Here, ij
d  denotes the distance between two regions i and j.  The denominator is the sum of 

the (inverse) distances from all regions surrounding region i, within a selected boundary. 
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Equation (8) implies that interaction effects decay as the distance from one area to another 

increases (weights decline as distance increases). From econometric point of view, estimation of 

equation (7) is carried out by the maximum likelihood (ML) method, as Ordinary Least squares 
(OLS) estimator may result in problems of bias. 

 

3. Empirical Application  

In this paper we exploit data on Gross Value Added (GVA) per-worker since this measure is 
a major component of differences in the economic performance of regions and a direct outcome 

of the various factors that determine regional competitiveness (Martin, 2001). EUROSTAT is 

the main source for data used in this paper.  
The regional groupings used in this paper are those delineated by EUROSTAT and refer to 

267 NUTS-2 regions
8
. Estimation of equation (4) suggests that the regions of the EU converge 

at a low rate (0.65% per-annum). 
 
Table 1.  Regional Convergence, GVA per-worker, EU regions: 1995-2006 

Depended Variable: 
i

g  n = 267 NUTS-2 Regions Equation (4) 

(OLS) 

Equation (6) 

(OLS) 

Equation (7) 

(ML)  
a   0.5714**  0.6144**   0.6902** 

1
b  -0.0747** -0.0825** -0.1087** 

2
b   0.0014 0.0021* 

3
b    0.0203*  0.0349** 

z    0.1451** 

Implied b 0.0065** 0.0071** 0.0086** 

LIK    137.552  148.832 152.670 

AIC   -271.104 -289.663 -295.340 

SBC  -263.922 -275.314 -277.385 

Notes: ** indicates statistical significance at 95% level of confidence, * 90% level. AIC, SBC and LIK denote the Akaike, the 

Schwartz-Bayesian information criteria and Log-Likelihood, respectively. 

 

A positive coefficient is estimated for the variable describing technology creation, which 

does not necessarily promote convergence as such, since regions with relatively high initial 

level of innovation exhibit relatively higher rates of growth. A positive value for the 

0,i
ADP variable is also estimated. This suggests that, on average, regions with low values of 

0,i
ADP  at the start of the period grow slower than regions with high values, ceteris paribus. If 

technologically backward regions were successful in adopting technology, which subsequently 

is transformed into faster growth, then the estimated coefficient 
3

b  would be negative. Since 

0>
3

b , this indicates that infrastructure conditions in lagging regions are inhibiting this process 

of technology adoption. Technology adoption, although it might be the best óvehicleô for 

lagging regions, nevertheless, this is a process which might be difficult, especially during the 

early stages of development when conditions are least supportive. Normally, conditional 
convergence implies a slower rate of convergence. Nevertheless introducing the technological 

variable increases the estimated rate of convergence. To be more precise, the non-spatial version 

of the technologically conditional model implies that the regions of the EU-27 converge at an 
average rate 0.71% per annum. An even faster rate of convergence (0.86%) is implied by the 

spatial version of the technologically conditional model, encapsulated by equation (7). 

Moreover, the estimated coefficient of the 0,i
ADP variable is highly significant.   

The superiority of the model described by equation (7) is supported by both the criteria for 
model selection applied here, namely the Akaike (AIC) and the Schwartz-Bayesian (SBC) 

                                                
8 The NUTS  regions are not the same with the so-called óEuro-regionsô, which are associations without a precise 

legal status, dating back to the period after World War II when local politicians in border regions tried to promote 
common interests on both sides of the borders. 
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information criteria
9
 and the value of the Log-likelihood (LIK), which increases with the 

introduction of the technological variables.  

The empirical analysis is extended further by estimating a model that incorporates the 
possibility of óclub-convergenceô, which implies that the property of convergence is restricted to 

a selected group of regions. Although, there are several approaches for identifying convergence-

clubs
10

 nevertheless, the empirical analysis is based upon application of Baumol and Wolffôs 

(1988) specification: 
iiii
Ůybybag +++= 2

0,20,1
. A pattern of club-convergence is established if 

0>
1

b and 0<
2

b . Members of a convergence-club are identified as those regions which exhibit 

an inverse relation between the growth rate and initial level of GVA per-worker and exceed a 

threshold value of initial GVA per-worker, calculated as: 
21

* 2/-= bby .  

Introducing the two technological variables in a club-convergence context yields the 

following regression equation: 

iiiii
ŮADPbICbybybag +ln+ln+++=

0,40,3

2

0,20,1i
        (9) 

The hypothesis of club convergence due to differences in technology in an explicit spatial 

context can be expressed in terms of a spatial version of equation (9). Thus,   

( )
iiiii

uADPbICbybybag
1

0,40,3

2

0,20,1
-lnln WI

i
z+++++=      (10) 

Estimating equation (9) and (10) yields the results in Table 2.  
 

Table 2. Club-Convergence 

Depended Variable: 
i

g  n = 267 NUTS-2 Regions Equation (9)  

(OLS) 

Equation (10)  

(ML)  
a  -0.1226  -0.0854 

 

1
b       0.4486**        0.5896** 

2
b      -0.0922**       -0.1203** 

3
b               -0.0124    -0.0839* 

4
b       0.0439**        0.0674** 

z         0.8651** 

Implied *y  2.43**  2.45** 

LIK  167.098 172.134 

AIC  -324.196 -332.268 

SBC -306.241 -310.722 

Note: ** indicates statistical significance at 95% level of confidence, * 90% level. 

 

The coefficients 
1

b  and 
2

b  have the appropriate signs suggesting the existence of two groups 

across the EU-27 regions; one which includes regions with 0>- *

0,
yy

i  and another including 

regions with 0<- *

0,
yy

i . The former group corresponds to the convergence-club while the 

latter constitutes a diverging-club. Turning to the impact of the other explanatory variables, only 

the 0,i
ADP variable yields a statistically significant coefficient at the 95% level. The 0,i

IC  

variable indicates a negative relationship with growth for the overall period, which can be 

interpreted as a source of convergence. The condition 0>
4

b , however, suggests a substantial 

barrier to the diffusion of technology across the regions of the EU-27. In the lagging, and 

remote geographically regions of the EU, the adoption process is not immediate and these 

regions generally access innovations at a later stage. If this time-lag remains then regional 

                                                
9 As a rule of thumb, the best fitting model is the one that yields the minimum values for the AIC or the SBC 

criterion. 

 
10 The reader interest in this issue can, for instance, refer to Alexiadis et al (2010). 
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disparities in the EU, and the centre-periphery pattern, will take a persisting character. As 

previously, the spatial version of the model is to be preferred, based on the AIC and the SBC 

criteria.  
Figure 5 shows the spatial distribution of the convergence-club member regions. The 

convergence club includes, almost exclusively, regions from the óadvancedô members-states of 

the European Union (EU-15). The club includes regions with large agglomerations, London, 

Paris, Milan, Munich and Hamburg, the so-called ócentral pentagonô (Figure 6), together with 
peripheral regions of the EU-15 (e.g. Dublin, Central Scotland, Lisbon, Madrid, Athens, Rome, 

Naples and Stockholm). Such an outcome is in accordance with the view put forward by 

Dunford and Smith (2000), which highlight a significant ódevelopment divideô between the EU-
15 and the East Central Europe. 

       
Figure 5. Converging and Diverging clubs                          Figure 6. The óCentral Pentagonô  

 

       Table 3. Regional Convergence and Technology, Diverging group  

Depended Variable: 
i

g  n = 49 NUTS-2 Regions Equation (3)  

(OLS) 

Equation (4)  

(ML)  
a                -0.1583 -0.1628 

1
b        0.2863**     0.2061** 

2
b                -0.0062* -0.0091* 

3
b       0.0486**     0.0643** 

z     0.3478* 

Implied b  -0.0210** -0.0156** 

LIK  140.907 142.866 

AIC  -273.814 -275.732 

SBC -266.246 -266.272 

Note: ** indicates statistical significance at 95% level of confidence, * 90% level. 

 

Conditioning upon levels of technology confirms the diverging tendencies of the regions 

excluded from the convergence-club (2.1% per-annum). Nevertheless, the rate of divergence is 
reduced when spatial interaction is explicitly introduced. The results in Table 3 imply that 

regions with a low 0,i
ADP  grow at a relatively lower rate. The condition 0<

2
b is not enough to 

cancel-out this diverging effect. There may also be increased mobility for the highly-skilled, but 

a continued lack of mobility for the lower-skilled workforce. Together with inflexible labour 
markets this situation could reinforce a very unequal distribution of unemployment. Given that 
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the scope for innovation is subject to sectoral variations, it is possible that there could be the 

polarisation of Europe into more advanced regions and poorer lagging regions in the long-run. 

In this light, regional policy should first identify which regions in a diverging-club are 
characterised by relative high adoptive levels. These regions have more possibilities to innovate 

if they are connected to central regions
11

. Improving conditions and the adoptive ability of these 

regions by investing the existing funds will, therefore, increase their growth rates, enabling 

them, in a subsequent period, to join the initial convergence-club. In terms of the model 
presented in section 2, the sequence of investment should be as follows. Before the end of the 

planning period invest in the regions of the convergence club. At the end of the planning period 

invest in the regions of the diverging club with the highest initial conditions. This will cause 
positive effects to the degree of competitiveness of the EU-27, as a whole, improving also the 

long-run process of regional convergence
12

. In this context, a critical question arises: which 

particular conditions should be the target of regional policy? Accordingly, it may be adequate, 

but with much caution, to associate the prevailing conditions in the diverging group with a 
series of structural elements that characterize the regions in this group. Although it is beyond 

the scope of this paper to go into detail, nevertheless it is worth mentioning that the list of these 

elements includes the usual suspects such as science, technology, which constitute the focus of 
the econometric specification, R&D and conditions related to the structure of the regional 

economy. In 2005 the R&D intensity, measured in terms of R&D expenditure as a percentage of 

GDP
13

 in the diverging group was less than 0.5%. Only in two regions the R&D intensity is 
about 1% (Mazowieckie in Poland and Bucuresti-Ilfov, the capital-region of Romania). Over the 

periods 1998-2000 and 2005-2007, GDP per-capita in these regions was above 75% of the EU 

average; a threshold, which is a key criterion for being eligible to support from the Structural 

Funds. In the remaining regions, GDP per-capita is still below this threshold. The patent 
applications to the European Patent Office (EPO) in this group, is less than 5 patents per million 

inhabitants. In 2006, the HRST indicator was less than 35%. An exemption is Bucuresti-Ilfov 

with a percentage above 40%
14

. An average share of high-tech sectors in total employment was 
less than 4% in the diverging group, contrary to the central regions (above 5%). A similar share 

can be found in regions Kºz®p-Dun§nt¼l, Kºz®p-Magyarorsz§g Nyugat-Dun§nt¼l (in Hungary) 

and in BratislavskĨ-Kraj (in Slovakia). The three Hungarian regions are located in close 
geographical proximity while the regions BratislavskĨ Kraj and Nyugat-Dun§nt¼l are close to 

Austria. Agriculture is of importance to the diverging regions and contributes about 3-6% in 

their GDP and in several cases over 6% (mainly in Romania and Bulgaria). The percentage of 

rural population in these regions is in the range between 20% and over 50%. Furthermore, the 
diverging group exhibits a low degree of business concentration (an exception is Bucuresti-

                                                
11 A view put forward by Rodr²guez-Pose and Crescenzi (2008). 

 
12 It should be noted, however, that there is no clear model available which shows the maturity period required in 
order to obtain results on the long-run growth of these regions 
 
13 A target set is the EU as whole to reach R&D intensity above 3%, responding to the new world-wide division of 
labour and globalisation The EU should reach a level of R&D intensity, by 2010, above 3%. This target is set by the 
Barcelona Council in 2002 and maintained in the EUROPE 2020 strategy. R&D spending in Europe, however, is 
below 2%, compared to 2.6% in the US and 3.4% in Japan, mainly due to low levels of private investment. It would 
take more than 50 years for Europe to reach the US level of innovation performance. Only 10% of the EU regions 
were able to reach this target. In 2007, only 19 out of 287 NUTS-2 regions, corresponding to only (6.6%) were able 
to meet the target of 3% . These include regions Pohjois-Suomi, Lªnsi-Suomi and Etelª-Suomi in Finland, 
Stockholm, ¥stra Mellansverige, Vªstsverige and Sydsverige in southern Sweden, seven regions in Germany 

(Dresden, Oberbayern, Darmstadt, Karlsruhe, Unterfranken, Stuttgart and Berlin), two in France (Ċle-de-France and 
Midi -Pyr®n®es) and Austria (Wien and Steiermark) and one in the Netherlands (Noord-Brabant). In some of these 
regions, capital-cities are located (e.g. Paris, Vienna, Berlin, Stockholm and Helsinki). Overall, there is a tendency for 
R&D expenditure to be higher in urban parts of Europe. 
 
14 The best educated labour force is located in the urbanised regions of Northern Europe. There is a tendency for 
HRST to concentrate in or around capital cities, particularly in countries with a low overall proportion of HRST. 
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Ilfov) due to demographic decline
15

 and to the rural nature of those regions
16

. These regions are 

characterized by high unemployment
17

, a large proportion of the labour force employed in 

declining industrial sectors and a relatively small proportion of young people, reflecting 
migration to other areas

18
 as well as by low fertility rates. Low population density

19
 and a low 

growth potential (due to a shrinking labour force) intensify income disparities in the diverging 

group. A ratio between 60 and 120 is estimated for the diverging group
20

. This puts them in a 

difficult position to finance essential public goods and services (e.g. health care, housing, 
transportation, ICT infrastructure) in a sustainable manner in order to avoid increasing social 

polarisation and poverty and, as a result, the operation of favourable externalities, which will 

put them in a path of fast growth, is constrained.  
óSpatial development is increasingly understood as a complex, multi-dimensional 

phenomenon and the illusion about the existence of simple, short-cut strategies is progressively 

abandonedô (Camagni & Capello, 2010, p. 12). While economic and social fluctuations in the 

short (or medium) run are frequent, the features of the territory are largely shaped by factors that 
change extremely slowly. These features include the settlement pattern, the infrastructure 

endowments, the basic environmental characteristics and even the cultural peculiarities of the 

population. Overall, focusing on challenges such as energy security, transportation, climate 
change and resource efficiency, health and ageing, environmentally-friendly production 

methods and land management is essential.  

Nevertheless, an important point to grasp, from a policy perspective, is the impact of 
technology adoption in the process of regional growth and convergence. Technology adoption, 

however, is not a simple and automatic process. Instead, it requires that lagging regions should 

have the appropriate infrastructure to adopt the technological innovations
21

. High-technological 

and knowledge-creating activities should be directed, if possible, at regions with unfavorable 
infrastructure conditions, as to stimulate the production structure in those regions towards 

activities that implement high technology. Regional policies should promote high-technology 

activities, and R&D, including universities, scientific and research institutions, support clusters, 
modernize the framework of copyright and trademarks, improve access of SMEs to Intellectual 

Property Protection, speed up setting of interoperable standards, and improve access to capital 

by reducing transaction costs of doing business.  
Policy makers should also identify bottlenecks and develop a strong knowledge base with 

encouragement of óknowledge partnershipsô and links between business, research, innovation 

and education. Improvements in education will help employability and increase the rate of 

employment. A greater capacity for R&D as well as innovation across all sectors, combined 
with increased efficiency will foster job creation and improve competitiveness. A reform of 

regional R&D and innovation systems, will reinforce cooperation between universities, research 

                                                
15 Only few EU-27 NUTS-2 regions (e.g. Ireland, Malta and Cyprus) appear to be in a relatively favourable position. 

An inspection, however, at the NUTS-3 level might reveal a different picture. 

 
16  Nevertheless, a rural character is not always a disadvantage. Several rural regions, for example, attract retirees, 

which provide a source of income and future growth. 
 
17 In 2008, regions with the highest unemployment rates (above 10%) are mainly located in Southern Spain, Southern 
Italy, Greece, Eastern part of Germany, Poland, Hungary and Slovakia. The lowest levels can be found in the United 
Kingdom, Belgium, and Netherlands and in capital city-regions of Eastern Europe. 
 
18  Population in several Central-Eastern European regions, which joined the EU in 2004 or 2007, has decreased due 
to migration.   
19 Population density is defined as the ratio of the population of a territory to its size (inhabitants per km2). 
 
20 The capital city-regions of the EU-27 are among the most densely populated, located in central areas of Europe 
especially around Brussels. óIt has often been noted that night-time satellite photos of Europe reveal little of political 
boundaries but clearly suggest a centre-periphery pattern whose hub is somewhere in or near Belgiumô (Krugman, 
1991, p. 484., emphasis added). 
 
21 An argument commonly attributed to Abramovitz (1986). 
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and business, and will enable to implement joint programming, which will enhance cross-border 

cooperation. Adjustments of school curricula, based on creativity, innovation and 

entrepreneurship is also an effective policy tool.  
Regional policies should oriented towards supporting internationalisation of SMEs, 

technologies and production methods that reduce natural resource use and increase investment 

in the EUôs existing natural assets. Of particular importance is the transition of manufacturing 

sectors to greater energy and resource efficiency. Research in cleaner, low carbon technologies 
will not only help the environment by contributing to fighting climate change, but also will 

create new business and employment opportunities.  

Finally, an important feature that policy-makers should take into consideration refers to the 
appropriate timing for policy intervention, given that their effects differ from region to region. 

Clearly this factor increases the need for policy coordination. Nevertheless, developing answers 

to policy issues requires a good deal of further work specific regional case studies, which will 

evaluate the efficiency of regional policies and programs and the contexts in which they are 
likely to succeed. 

 

5. Conclusion 
Regional growth is a complex phenomenon, based upon a number of factors, which shape, to 

a considerable extent, the regional policies. There is a need to rethink regional policy along the 

lines of the implementation of more innovative and region-specific development strategies. 
Hence, new analytical tools are needed. The relatively fragmented nature of the spatial patterns 

of mobility and persistence suggests that broad administrative regions are a poor basis for the 

implementation of policy. Consequently, policy may need to be targeted towards specific 

localities rather than broad areas such as those, for example, covered by the current regional 
grouping of the EU. A classification of areas based on the notions of persistence, divergence 

and the conditions identified in this paper may provide a useful framework for policy 

development at the regional level.  
 

References  

1. Abramovitz, M. (1986) óCatching Up, Forging Ahead and Falling Behindô, Journal of 
Economic History, Vol. 46, pp. 385-406. 

2. Alexiadis, S. (2010) óInterregional Differences in Adoptive Abilities: An Alternative 
Frameworkô, Regional Science Inquiry, Vol. 1 (2), pp. 41-52. 

3. Alexiadis, S. Ladias, C. and Polo, A. (2010) Converging and Diverging Regions in the 
EU: Implications for Regional Policy, Regional Science Inquire, Vol. 2 (2), pp. 55-70. 

4. Baumol, W. and Wolff E. (1988) óProductivity growth, convergence and welfare: A 
replyô, American Economic Review, 78 (5), pp. 1155-1159.  

5. Camagni, R. And Capello, R. (2010) óMacroeconomic and territorial policies for 
regional competitiveness: An EU perspectiveô, Regional Science Policy and Practise, 

Vol. 2 (1), pp. 1-19. 

6. Cesaratto, S. (1999) óSavings and Economic Growth in Neo-classical theoryô, 
Cambridge Journal of Economics, Vol. 23 (6), pp. 771-793    

7. Chisholm, M. (1991) Regions in Recession and Resurgence, London: Allen and Unwin  

8. Cuadrado-Roura, J. (2001) óRegional Convergence in the European Union: From 
Hypothesis to Actual Trendsô, Annals or Regional Science, Vol. 35 (3), pp. 365-384. 

9. Dixit (1970) óGrowth Patterns in a Dual Economyô Oxford Economic Papers, Vol. 22, 

pp. 229-234. 
10. Dunford, M. and Smith, A. (2000) óCatching-up or falling behind? Economic 

performance and regional trajectories in the New Europeô, Economic Geography, 76 

(2), pp. 169-195.   
11. European Commission (1996) First Report on Economic and social Cohesion, Office 

for Official Publications of the European Communities, Luxemburg.  
12. European Commission (2004) Third Report on Social Cohesion, Official Publication 

Office, Luxembourg.  



Alexiadis Stilianos and Christos Ladias, Regional Science Inquiry Journal, Vol. III (2), 2011, pp 45-59                           59 

 

13. Fei, J. and Ranis, G. (1961) óA Theory of Economic Developmentô, American 

Economic Review, Vol. 51, pp. 533-556. 
14. Fingelton, B. (2001) óTheoretical Economic Geography and Spatial Econometrics: 
Dynamic Perspectivesô, Journal of Economic Geography, Vol. 1 (2), pp. 201-225. 

15. Intriligator, M. (1964) óRegional Allocation of Investment: Commentô, Quarterly 
Journal of Economics, 78 (4), pp. 659-662.  

16. Hurst, C., Thisse, J. and Vanhoudt, P. (2000) óWhat diagnosis for Europeôs ailing 
regions?ô, European Investment Bank Papers, Vol. 5 (1), pp. 9-29. 

17. Krugman, P. (1991) óIncreasing returns and economic geographyô, Journal of Political 
Economy, Vol. 99, pp. 483-499.  

18. Lewis, A. (1954) óDevelopment with Unlimited Supplies of Labourô, Manchester 

School of Economic and Social Studies, Vol. 20, pp. 139-192.  

19. Mancha-Novarro, T. and Garrido-Yserte, R. (2008) óRegional policy in the European 
Union: The cohesion-competitiveness dilemmaô, Regional Science Policy and Practice, 

Vol. 1 (1), pp. 47-66. 

20. Martin, R. (2001) óEMU versus the Regions? Regional Convergence and Divergence in 
Eurolandô, Journal of Economic Geography 1 (1), pp. 51-80. 

21. Mas-Colell, A. and Razin, A. (1973) óA Model of Inter-sectoral Migration and Growthô 

Oxford Economic Papers, Vol. 25, pp. 72-79. 

22.  Paci, R. and Pigliaru, F. (1999) óIs Dualism a Source of Convergence in Europe?ô, 
Applied Economics, Vol. 31 (11), pp. 1423-1436.  

23. Pigliaru, F. (2003) Detecting Technological Catch-up in Economic Convergence. 

Metroeconomica, Vol. 54, pp. 161-178. 
24. Pontryagin, L., Boltyanski, V., Gamkrelidze, R. and Mishchenko, E. (1962) The 

Mathematical Theory of Optimal Processes, New York, Interscience Publications, 

(Translated by Trirogoff, K.) 
25. Rahman, A. (1963) ñRegional Allocation of Investmentò, Quarterly Journal of 

Economics, 77 (1), pp. 26-39 

26. Rahman, A. (1966) ñRegional Allocation of Investment: The Continuous Versionò, 
Quarterly Journal of Economics, 80 (1), 159-60. 

27. Rodr²guez-Pose, A. and Crescenzi, R. (2008) óResearch and Development, Spillovers, 

Innovation Systems and the Genesis of Regional Growth in Europeô, Regional Studies 

42, pp. 51-67.   
28. Sen, A. (1966) óPeasants and Dualism with and without Labour Surplusô, Journal of 

Political Economy, Vol. 74, pp. 425-450. 

29. Takayama, A. (1967) óRegional Allocation of Investment: A Further Analysisô, 
Quarterly Journal of Economics, 81 (1), pp. 330-333. 

 

 



60                                                                                  Regional Science Inquiry Journal, Vol. III (2), 2011, 61-75 

 

 

 



Hirobata Y., Miyata Y., Shibusawa H., Regional Science Inquiry Journal, Vol. III (2), 2011, pp 61-75                                61 

 

EVALUATING ROAD NETW ORK IMPROVEMENT:  

ECONOMIC I MPACTS ON SAN-EN REGION IN JAPAN  
 

Yasuhiro HIROBATA  

Graduate School of Architecture and Civil Engineering, Toyohashi University of Technology 
1-1, Tempaku, Toyohashi, 441-8580, Aichi, Japan. e-mail: hirobata@ace.tut.ac.jp 

Yuzuru MIYATA
*
 

Graduate School of Architecture and Civil Engineering, Toyohashi University of Technology 

1-1, Tempaku, Toyohashi, 441-8580, Aichi, Japan. e-mail: miyata@ace.tut.ac.jp 

and 

Hiroyuki SHIBUSAWA  

Graduate School of Architecture and Civil Engineering, Toyohashi University of Technology 

1-1, Tempaku, Toyohashi, 441-8580, Aichi, Japan. e-mail: hiro-shibu@tut.ac.jp 

 

Abstract:  

 Japanôs economy is entering a new phase of economic growth after the so-called ñlost 15 

yearsò since 1990. Particularly Tokyo and Aichi prefectures have been drawing attention as 
engine of new economic growth in Japan. Although the recovery of Japanôs economy has 

resulted in an increase in the demand for transportation, construction of new roads in region-

wide areas has been in a serious situation. It is attributed to a decreasing trend in Japanôs 
population and aging which will cause Japanôs national budget being reduced in the future. 

Due to this situation, stricter economic assessment of new roads development in region-wide 

areas has particularly been required than before. Taking into account these backgrounds, this 

article aims to present a model integrating the equilibrium concepts of economic and transport 
network. Moreover this model will be able to be extended into a full spatial equilibrium model. 

And then setting San-En region in Aichi and Shizuoka prefectures as a study area which 

consists of many urban and countryside areas, this study also aims to measure the economic 
impacts of construction of new roads development in this region.  

 

Key words: computable urban economic model, transportation forecasting model, location 
model      

 

1. Introduction 

  Under the limited budget for infrastructure, selective investment is required which maximizes 
the total benefit brought by the investment. The study area is the San-En region which is the 

industrial base of Japan that also includes many urban and rural areas. The improvement of road 

network including the construction of high standard roads is necessary to meet the increasing 
demand for the capacity in logistics. However, there exists a concern over the cost and benefit 

for/from the road construction. This study aims to develop a model to forecast the total benefit 

by new roads construction and network improvement in the study area. The concept of benefit is 

based on the theory of economic equilibrium. The transportation equilibrium model is 
developed to estimate the benefits which are led back into the economic equilibrium model 

focusing on the land use (location choice behavior of households and firms). The location 

choice behavior of economic sectors follows the standard maximization of householdôs utility 
function and firmôs profit captured in this region. 

  In the following sections, the authors review the concept of equilibrium and the approaches for 

the measurement of economic impact by similar existing models. Then, the model for the 
evaluation of economic impact is proposed. This model is applied to measure the economic 

impact by alternative scenarios of new roads construction and improvement in the study area.

                                                
* Corresponding author. 
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The paper concludes with the description of the issues to be improved in the model and the 

future challenges.  

2. Transport Demand Forecasting 

2.1 Review of Transport Network Equilibrium Model   

  The objective of transportation equilibrium model is to estimate the benefits generated by 

transport network development. In the model transport demand at equilibrium is equated to the 

economic equilibrium model. The total benefit generated by transport network improvement 
will be computed as transport usersô surplus, in the model travel-demand is calculated by the 

forecasted combined land-use and transport system at equilibrium. Equilibrium in transport 

system is linked to the assignment of travelers in road network considering travel cost and travel 
time to maximize their utility. The transport usersô surplus in transport system can be measured 

from their travel demand as it represents their willingness to pay, that is his or her monetary 

value of performing activities that are distributed in space (Martinez, 2000). The travel demand 

in real transportation network depends on the level of transport service between OD pairs. 
Consequently the travel demand is elastic and the transportation equilibrium model is based on 

this hypothesis. Furthermore, the equilibrium is based on the principle that no transport user will 

be able to improve his/her utility by unilaterally switching to another route. In other words, 
equilibrium is regarded to be achieved when all transport users are in their individual minimum 

cost paths, or, when travel time is equal in all used paths connecting an origin-destination pair. 

Travelersô surplus represents a measure of the road network improvement/development in 
access at zone i to travel to get opportunities in zone j. This important feature is described in 

studies of commodity transport, by Samuelson (1952) for competitive markets, Jara-D²az (1986) 

for the monopolistic case, and by Mohring (1961, 1976) and Wheaton (1977) in the context of 

urban-passengers trips. 
  The integrated transport and economic model is applied to calculate the travelersô surplus in 

this study, as this study aims to obtain the total benefit where the economic/location choice 

model and the transport model reach equilibrium simultaneously. It allows for endogenous 
transportation costs and prices, and is based on the assumptions of individualôs rational behavior 

and optimization of welfare, utility, profit or cost (de la Barra, 1989). Reviews of integrated 

transport and economic models can be found in Anas (1982), Anas and Duann (1986), 
Berechman and Gordon (1986), Henderson (1988), Berechman and Small (1988), Webster et 

al.(1988), and Rietveld (1944), and so on. 

 

2.2 Procedure of Transport Demand Forecasting 
  The forecasting of transport demand means to obtain the equilibrium transport flow 

considering socio-economic system of demand side and future transport systems of supply side. 

The transport model in this study aims to calculate the reduced travel time as the positive effect 
by road network improvement within transport market in consideration of reduced travel cost. 

The methodology of demand forecasting is based on the conventional four traditional steps, trip 

generation/attraction, trip distribution, modal split, and traffic assignment. The trip 

attraction/generation is firstly forecasted, then, future OD trip volume, modal split, and traffic 
assignment are calculated. Vehicle OD data is used for calculation because of the limitation of 

available data. Therefore, modal split step is skipped in this study. 

  The procedure of transport demand forecasting is shown in Figure 1. The trip 
generation/attraction model transforms the activities by type per zone estimated by the 

economic equilibrium model into trip generations and attractions, that is, the number of trips 

that originate in each zone and the number of trip ends in each zone respectively. The trip 
distribution model connects generations with attractions to produce a set of origin-destination 

trip matrices. The resulting OD trips by mode are then assigned to the different routes available 

in the network by the assignment model.  

  This study forecasts the OD trip rate by travel purpose considering the performance 
characteristics of each mode. Consequently the traffic assignment is calculated repeatedly in this 

paper. In the process of this calculation, the mode distribution rate by trip purpose is multiplied. 

Then the future traffic is assigned to reach equilibrium. In the last stage, the travel cost in the
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equilibrium state is estimated. This effect is fed back to the economic equilibrium model which 

estimates the socio-economic benefit brought by road network improvement considering 

location choice. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Procedure of Transport Demand Forecasting 

 

2.3 Trip Generation/Attraction Forecasting  

  The study utilizes data from the national road traffic census, 1999. The case study area is 

divided into 76 zones based on the definition in the census. Equation (1) is specified as the 
formulation of trip generation/attraction forecasting model for this case study. 

                              ä
=

Ø

+=
K

k

kiki XG
1

0 aa                                                                             (1) 

where 
Ø

iG : trip generation/attraction from/to zone i 

kaa,0 : parameters 

kiX : explanatory variable (the number of population or the number of workers in zone i). 
 

  The number of population and workers are verified as they significantly affect the trip 

generation/attraction from the result of correlation analysis. Consequently they are applied as 

explanatory variables in the model. Other factors related to trip generation/attraction are 

considered applying factor ik  as follows:  

                                 iii GkG
Ø

=                                                                                        (2) 

In equation (2), ik represents an adjustment factor which eliminates the gap in the actual and 

estimated trips. The estimation result of parameters is shown in Table 1. The figures in 

parentheses show t values. From the result, we observe that the parameters of the numbers of 

population and workers are statistically significant. 

 

location by zone
population etc.)

trip generation/attraction 
by trip objective

OD trip dis tribution
by trip objective,mode

link traffic ass ignment

OD travel cost

traffic distribution 

model

traffic assign-

ment model

link travel cost

travel cost by zone

trip generation/attraction 
model

land use and 
economic model

total trip generation
(by trip objective) control total

location by zone
population etc.)

trip generation/attraction 
by trip objective

OD trip dis tribution
by trip objective,mode

link traffic ass ignment

OD travel cost

traffic distribution 

model

traffic assign-

ment model

link travel cost

travel cost by zone

trip generation/attraction 
model

land use and 
economic model

total trip generation
(by trip objective) control total



64             Hirobata Y., Miyata Y., Shibusawa H., Regional Science Inquiry Journal, Vol. III (2), 2011, pp 61-75     

 

 

Table 1.  Result of Parameters Estimation: Trip Generation and Attraction 
 
 

trip objective constant term population workers R2 value 

trip 
generation 

Commuting 
2064.7 
(3.99) 

- 
0.370 
(9.17) 

0.539 

leisure/shopping 
460.8 
(0.84) 

0.215 
(7.89) 

0.136 
(3.12) 

0.680 

Business 
1298.7 
(1.98) 

0.176 
(5.38) 

0.281 
(5.37) 

0.659 

return home 
1811.4 

(1.95) 

0.419 

(10.7) 
- 0.615 

trip  
attraction 

Commuting 
926.5 
(2.06) 

0.244 
(12.8) 

- 0.696 

leisure/shopping 
877.0 
(1.71) 

0.247 
(9.64) 

0.032 
(0.78) 

0.684 

Business 
1208.9 
(1.85) 

0.194 
(5.92) 

0.254 
(4.84) 

0.660 

return home 
1694.3 
(1.90) 

0.266 
(5.96) 

0.314 
(4.40) 

0.644 

   Note: t values are in parentheses.    

 

2.4 Future OD Trip Forecasting: Linear Multiple Regression Model and Poisson 

Regression Model 
  At this point, the future OD trip associated with a change of travel condition is estimated by 

the gravity model mentioned below.  

                             )exp()()( ijjiij CAGkT gba=                                                                 (3) 

where 

ijT : number of OD trips between zone i and j 

iG : trip generation in zone i  

jA : trip attraction to zone j  

ijC : generalized travel time between zones i and j induced by adding the travel cost in terms of 

time which is obtained by dividing monetary travel cost by time value 

gba ,,,k : parameters. 

 

  In order to estimate the values of parameters in equation (3), we applied two methods; linear 
multiple regression method and Poisson regression method. Taking logarithm of the both sides 

in equation (3), the following linear multiple regression models is derived. 

                    ijjiij CAGkT gba +++= lnlnlnln                                                             (4) 

 

                                           k = e
 a 0

                                                                                 (5)
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The Poisson regression method is applied by assuming that the number of trips between i and j 

follows the Poisson distribution with expectation valueijl . In this method, the values of 

parameters are estimated by maximum likelihood method. 

( )( ) ( )
ijjiij CAGk gl

ba
exp=                                                  (6) 

The parameters are estimated applying the trip distribution. Table 2 shows the results of 

parameter estimations of both methods. Statistically significant results are obtained referring the 
t values, although the coefficients of correlation R

2
 are not so high for the linear multiple 

regression model. Therefore, these parameters are interpreted as expressing aggregate trend in 

the study area. Comparing the results among two methods, the results of Poisson regression 
model is more statistically significant. In addition, the effect of a decrease in traffic volume 

(valueg) indicated in Figure 2 is higher in the Poisson regression. It can be attributed to the fact 

that zones with zero trips are to be excluded in the process of estimation with linear regression. 
Considering the results, Poisson regression model is applied in the evaluation henceforth. In the 

study, two census data of the years 1999 and 2005 are utilized for parameter estimation. Table 3 

shows the estimation results of two period of time applying Poisson regression model. 

 

Table 2.  Parameter Estimation Result of OD Trip Model 

 

 
 

 

 
 

 

 

 
 

 

 
       

 

 
 k: constant, Ŭ: trip generation, ɓ: trip attraction, ɔ: generalized time, t: values are in parentheses 

 

 

 
 

 

 
 

 

 
 
 
 
 
 
 
 
 
Figure 2.  Effect of Travel Cost on Decrease in Traffic Volume 
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Table 3.  Parameter Estimation Result of Trip Distribution (1999 and 2005) 
 

 

 
 

 

 

 
 

 

 
 

   

              

 
 

 

Note: k: constant, Ŭ: trip generation, ɓ: trip attraction, ɔ: generalized time 

 

3. Land Use and Economic Sectors 

  In the previous sections, transportation models were emphasized. In turn, land use (location 
choice behavior) and economic sectors in our model are described referring to Muto et al (2004 

and 2006). 

  

3.1 Firms Behavior  
  Each firm is defined as per worker, that is, the number of workers in each firm is unity. Each 

firm in this study is assumed to input land, business trips, and labor, and produce single type 

commodities (composite commodity) maximizing its profit. The behavior of each firm is 
denoted as: 
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where    

Zi : output of a firm (numeraire good) 

Ri : land rent for business use    

Ai : input of business land  
Qi : generalized price of business trip     

Xi : input of business trip  

w : wage rate ( exogenous variable )    
Li : labor input ( = 1 )   

pij : commuting cost between zones i and j      

nij : the number of workers residing in zone j and working in zone i 

Ei : the number of workers in zone i   
m, ɓA, ɓX : technological parameters in a firm  

 

  In the formulation of the above, householdsô commuting costs are assumed to be paid by firms. 
Solving this profit maximization problem, demand functions in a firm for business land and 

business trip can be obtained as; 
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  These factor demand functions are substituted into the firmôs profit yielding the following 

profit function: 
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(11) 
  Subsequently the firmôs location choice probability for zone i is obtained by applying the Logit 

model.  
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where    
F

i
P : location choice probability of a firm for zone i    

Fq : Logit parameter in firmôs location choice behavior 
F
ig : adjustment parameter ( the number of workers in zone i is applied to this parameter.) 
F

i
p : maximized profit in a firm in zone i    

 

3.2 Households Behavior 
  Households are assumed to be holding the utility maximization behavior. Thus household 

behavior is specified as;   
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where 

zi : consumption of composite goods by a household in zone i (numeraire good) 
ai : area size of land used by a household in zone i   

xi : household trip per capita in zone i    

fi : leisure time of a household in zone i   
r i : land rent for residence in zone i     

qi : generalized price of a household trip in zone i       

w : wage rate ( exogenous variable )  

T : total time available of a household    
yi : dividend from firms to a household in zone i    

nij : the number of households residing in zone i and working in zone j   

tij : commuting time between zones i and j    
Ni : the number of households in zone i    
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Solving this utility maximization problem, the following demand functions for a household are 

derived, 
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Substituting these demand functions into the utility function, the indirect utility function of a 

household is obtained,  
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Finally householdôs location choice probability for zone i is calculated by applying the Logit 

model, 
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where 
H

iP : household location choice probability for zone i   
Hq : Logit parameter in household location choice behavior 
H
ig : adjustment parameter (the number of households in zone i is applied to this parameter)  
H
iv : indirect utility function in zone i     

 

3.3. Equilibrium Condition s     

  In the economic sectors mentioned above, we consider only the land market to be equilibrated 

fixing the commodity price and wage rate. The reason is that the size of the study area is small, 
so deriving full equilibrium model seemed unrealistic. Extension of the present model into a full 

equilibrium model is left as an important issue in the future studies. Thus the equilibrium 

conditions in the land markets are specified as follows:   

                               residential areas :  ii
S
i aNa =                                                                (21) 

                               business areas :   ii
S
i AEA =                                                                  (22) 

where  
S
ia : supply of residential area in zone i (fixed)     
S
iA : supply of business area in zone i (fixed)   

 

  The equilibrium demand for land in each zone is obtained through finding land rents which 

clear the conditions (21) and (22) by the Walras algorithm. 

 

3.4. Parameters in Firms 

  Parameters in firms and households must be estimated for the empirical study. However 
available data for parameter estimation is quite limited even in advanced country, since the area 

size of each zone is very small. So the IO table becomes the most significant data source in 

parameter calibration.  
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    In this subsection, first, let us explain parameters in firms. Equation (8) shows the technology 

of a firm being specified as a Cobb-Douglas production function with homogenous degree less 

than unity. One can add other production factors to equation (8) to transform it with 
homogenous degree of unity.   
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where 
Li : labor input of a firm in zone i ( = 1 ) 

Ki : input of other production factor in a firm in zone i 

  Eulerôs identity yields;  
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When the firm behaves to maximize its profit, the marginal productivity principle holds leading 
to; 

           iiiiiiiiKiLiXiAi KwLXQARZZZZPPZ hbbbb +++=+++= )(                        (25) 

where  
ɖi : price of other production factor 

P: price of composite good 

 
  The parameters, therefore, in the production function are obtained as follows: 

                       iiiXiiiA PZXQPZAR /   and   / == bb                                                        (26) 

  Assuming that w, Li, ɖi, and Ki are fixed, the efficiency parameter is calculated as follows: 
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  These parameters are estimated by employing Aichi prefectureôs IO table as presented in Table 
4. Finally, the Logit parameter in firmôs location probability is estimated by the maximum 

likelihood method, 
 
                       ɗ

F
 = 3.740Ĭ10

-9
,  t = 61.4,  R

2
 = 0.854                                                        (28) 

 
  Here the correlation coefficient R

2
 is derived from the regression analysis between the actual 

number of workers and the estimated one obtained by the Logit model. 

 
Table 4.  Parameters in Production Function 

efficiency 
parameter  m 

elasticity 
parameter  ɓA 

elasticity 
parameter  ɓX 

19818.465 0.016 0.086 

 

3.5 Parameters in Households 

  Transforming equations (15) to (18) yields; 
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  The right hand sides in equations (29) to (32) are observable, thus one can calculate the 
parameters in household utility function by employing Aichi prefectureôs IO table. The 

calibration results are shown in Table 5. 
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  Same as in the firmôs behavior, the Logit parameter in household location choice probability is 

estimated by the maximum likelihood method. 
 
                           ɗ

H
 = 2.345Ĭ10

-7
,  t = 22.6,  R

2
 = 0.988                                                   (33) 

 
  Here the correlation coefficient is derived from the regression analysis between the actual 

number of population and the estimated one obtained by the Logit model. 

 
Table 5. Parameters in Household Utility Function 

composite good  Ŭz land  Ŭa trip  Ŭx Leisure  Ŭf 

0.325 0.086 0.021 0.568 

 

4. Evaluation of Road Network Improvement 

4.1. Road Network Improvement Scenarios 
  Three scenarios are set up for the estimation of the benefit of road network improvement in the 

study area. Three scenarios assume that the network improvements are implemented gradually. 

They include road construction in national expressways, inter-regional highways, and a harbor 

road. Table 6 and Figures 3 to 5 illustrate the outlines of these scenarios. 
 

4.2. Result of Transport Userôs Surplus Evaluation 

  In this paper, the total travelersô surplus of 40 years after the improvement of road networks 
derived from the transport demand forecasting is evaluated. The total generalized cost and time 

in each scenario is calculated. Then, the benefit in transport and total surplus is calculated. The 

evaluation results in using two census data are showed in Figure 6. It is indicated that as the 
road networks are improved to higher level, the benefit will increase. But the marginal 

efficiency declines as the road network improvement proceeds to the final stage. 

 

Table 6.  Outline of Road Network Development Scenarios 
 
 Scenario 1 Scenario 2 Scenario 3 

national expressway 
Construction of new 
Tomei expressway 

Extension of new Tomei 
expressway 

Extension of San-En-
Nanshin 

Expressway 

inter-regional highway Extension of Road 23 
Increase in lanes 
of Road 259 

Increase in lanes of 
Road 23 

harbor road - 
Construction of Mikawa 
harbor road 

Increase in lanes of 
Mikawa harbor road 

number of link 2083 2124 2145 

number of node 1406 1431 1442 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

Figure 3.  Overview of Scenario 1 
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Figure 4.  Overview of Scenario 2 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Overview of Scenario 3 

 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 6.  Change in Transport Surplus 
 

4.3 Estimating the Economic Benefit by Zone  

  In turn, the study is ready to present the economic benefit by zone under the three scenarios. 

The economic benefit in each zone is defined by the equivalent variation (EV) plus land rent  
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paid to absentee landowners. EV is defined as an income to compensate a change in household 

indirect utility, and it can be specified as follows: 
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where   
H
iv : household indirect utility function 

A, B : indices expressing the states before and after a project, respectively   

ZCEVi : EV per capita in zone i  

 

  Since EV by zone is defined for a household, the benefit in each zone is obtained by 

multiplying the number of population in each zone by EV. Households change their residential 
places according to a change of transport networks in this model. Thus the benefit by zone 

differs depending on the number of population before or after a project. Therefore, if one takes 

the number of households before a project, a change in the number of households after the 
project is not taken into account at all. Conversely, if one takes the number of households after 

the project, the benefit may be overestimated or underestimated. To avoid this ambiguity, 

consideration of migration during the road construction is rational. Therefore we derive the 
benefit of a project as follows: 

                     )]()()([ tptt L

iiiBAi
ddZSNBNZSNB +=ñ­                                                      (35) 

  Formula (35) is expressed by line integral from the state without the project, A, to the state 

with the project, B. This line integral depends on the process of road construction, however, we 

assume that the roads are constructed being proportional to time. Thus an approximation of the 
integral (34) may be written as follows: 

                L

iiiiiii ZCEVANBNZCEVANZSNB pD+-+= ))()((
2

1
)(                                     (36) 

where    

Ni(A) and Ni(B) : the numbers of households before and after the project, respectively 
 

  This study employs formula (36) as definitions of the social benefit of the road construction in 

zone i. Following formula (36), the calculation results of the benefit by zone in Scenarios 1 to 3 
are graphically illustrated in Figures 7 to 9. 

  First of all, the total annual benefits in the three scenarios are estimated as 722 billion yen in 

Scenario 1, 1,133 billion yen in Scenario 2, and finally 1,602 billion yen in Scenario 3 with 
census 1999 data as presented in Table 7. On the other hand, they are 1,858 billion yen in 

Scenario 1, 4,100 billion yen in Scenario 2, and finally 5,700 billion yen in Scenario 3 with 

census 2005 data. As compared with the GRP in this region, it is estimated as about 8 trillion 

yen resulting in the fact that the impact ratios are 4.77%, 6.23%, and 6.69%, respectively. 
Taking into account that the environmental damage in GDP in Japan is estimated 1.5% to 2%, 

thus it can be said that this project has relatively higher efficiency. Calculating the benefit 

during 40 years with the social discount rate of 4%, it is 5,423 billion yen in Scenario 1, 7,510 
billion yen in Scenario 2, and 7,690 billion yen in Scenario 3 with census 1999 data. They are 

5,260 billion yen in Scenario 1, 7,360 billion yen in Scenario 2, and 8,500 billion yen in 

Scenario 3 with census 2005 data. Comparing these values with the saving of generalized costs 
is shown in Figure 6, the equilibrium benefits are more than double of the saved costs in the 

three scenarios in the calculation with census 2005.Moving back to benefit in each zone, 

benefits of the new Tomei expressway, which connects Tokyo and Nagoya, the bypath of 

national road 23 and Mikawa harbor road, which connect the east and west regions in 
Toyohashi, and San-En-Nanshin road, which connects the south area in Nagano prefecture and 

Toyohashi, are significant as shown in Figures 7 to 9. 
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Table 7.  Results of economic impacts evaluation of road network improvement 

scenario data annual benefits(yen) total annual benefit in 40 years(yen) 

scenario 1 
census 1999 722 billion 5,423 billion 

census 2005 1,858 billion 5,260 billion 

scenario 2 
census 1999 1,133 billion 7,510 billion 

census 2005 4,100 billion 7,360 billion 

scenario 3 
census 1999 1,602 billion 7,690 billion 

census 2005 5,700 billion 8,500 billion 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

Figure 7.  Economic Benefit in Scenario 1 

 
 
 
 
 
 
 

 

 
 

 

 

 

 

Figure 8.  Economic Benefit in Scenario 2 
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Figure 9.  Economic Benefit in Scenario 3 

 

5. Concluding Remarks 

  In this article, we have developed an integrated transportation and economic model for San-En 

region in Japan, and measured the economic impacts of road network improvement by zone 
based on the equivalent variation. From the evaluation results, even countryside in the study 

area has shown a possibility of future growth, if those zones would be linked to newly 

constructed roads. 

  Similar models have already been developed by other researchers, but the present model deals 
with much more complex road networks being appreciated as the first attempt for small zonesô 

transportation, land use, and economy as far as the authors know. The evaluation method 

proposed in this study can be applied to the appraisal of new infrastructure development which 
has a great impact on the region. The advantage is that the benefit in each zone is estimated and 

the results can be referred to secure equality in decision making process. However the market 

under consideration is only land rental market excepting commodity and labor markets. Thus 
area worth examining in the future is to consider internalization of these markets. 

  Finally this study is financially supported by the Grant-in-Aid for Scientific Research (A) of 

the Ministry of Education, the Government of Japan (No.19201010) 
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Abstract 
New social risks are key factors for social cohesion of local community and society. Currently 

new social risks which are caused by changes in a society appear more frequently than before. 

While previously the groups of underprivileged were counted in endangered groups, now the 
middle class can be affected as well. This report shows a spatial distribution of these risks. How 

to obtain this result is shown on a particular example of the city of Ostrava. This report seeks to 

establish future influence of industrial city cohesion. Mainly processes of industrialization and 

deindustrialization are examined in a detail, especially their effect on demo-social structure of 
the city.The results are based on the research of the project called ĂIndustrial society in 

a postindustrial cityñ under which there were large sociological research of Ostrava and a long 

term monitoring of statistical indicators carried out.All social problems lead to inability to 
retain basic residential standards. Social risk distribution is surveyed in Ostrava however the 

context of larger area (the Moravian-Silesian Region) is also taken into consideration. 

 
Key words: new social risks, excluded localities, spatial, sustainable development, city 

 

Introd uction 

Currently within the scope of the transition of an industrial society to the post-industrial, there is 
a significant polarization of territory and the growth of regional disparities. This leads to the 

transformation of existing social structures and ways of work, causing a decline in traditional 

areas of economy, traditional professions and traditional family roles. In the recent decades, also 
in Europe, we have been experiencing significant changes, the responsibility of the state is 

shifting to individual citizens and families, which however requires a change in the way of 

thinking within the society. An important strand in political science argues that trust in state 

institutions is in decline and work in sociology claims that citizens are becoming more 
independent, reflexive and keen to the responsibility for meeting their own needsôô (Tailor-

Gooby, Hastie [10]).  

These changes, however, bring along impacts on society, affecting more and more numerous 
groups, and unlike in the past, they affect also the middle class. In relation to these changes the 

groups, those are very probably going to feel the impact of social changes, and therefore will be 

in need of support to handle their actual situation, were defined.  
Through a gradual transformation of the social state, which was built on strong social 

interaction, we are being transformed to a state, which behaves under all circumstances 

economically, according to market rules and the ability to compete. We are leaving the society 

of the old social safety and insurance systems, which were guaranteed by the state to all those 
who worked, paid taxes and insurance all their lives. A diversified inequality of social classes is 

sinking ever deeper into the state of absolute incomparability in terms of ownership, power and 

social status. Until recently, the development of modern society was driven by an effort to come 
over the vast differences from the periods of feudalism or early capitalism, trying to substitute 

them with just slightly divesified incomparability. Success brought by this effort was the base 

for an open society theory and a basic presumption for the development of democracy. This 
situation lasted for more than a hundred years. An insurance system included a system of social 

protection related to an employment. A part of the financial benefits resulting from work was 

devoted, in the form of insurance, to a long-term maintaining of an individual and their entire 

families. Currently, the society is again divided into totally different and mutually incomparable 
social segments. Exceeding a certain threshold of incommensurability always leads to the 
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resignation of individuals as well as to unpredictable bursts of group rage. Huge differences in 

wealth point out at huge differences in the capability to influence the orientation of society, to 

interfere in other people's destiny and in the fate of the whole country. It turned out that the 
contemporary post-industrial society brought the hard reality of social incommensurability, 

poverty, homelessness, social insecurity in the middle of the most economically developed 

countries. (Keller [4]) 

RISK 

The idea of a risk has gradually become related with the area of social needs and fighting 

against poverty, thus being turned into a political issue under solution. The risk is generally 
related to the uncertain situations in the lives of people and to their actions and decisions. The 

risk is associated with the possibility, chance or probability of occurrence of some events that 

represent a result of human activities. Historically, the risk is associated with the loss of control 
of the people over the results of their actions, with ignoring the boundaries of their actual 

knowledge, with the loss of influence within the social environment in which they are located 

and with the disintegration of social structures in which they had traditionally lived. (Sirov§tka, 

Winkler [8]) 
The risk is statistically understood as a probability that the individual encounters an unexpected 

situation, against which they are not secured, for instance the unemployment, debt, family 

disintegration. Individuals within the statistical models are usually classified according to their 
age, education, gender, income and wealth, housing type and location. 

New social risks, as listed below, are determine according to Keller [4]: 

¶ The old risk was that for a shorter or longer period, people were unable to find a job, 

new social risk means that a person does so low-paid job that he and his family balance 

in the line leading to poverty. Working poverty. 

¶ Before, people were victims of unemployment due to an insufficient qualification. New 

social risk means that also those, who have invested to their qualification (up to the 

level of university degree) may be left jobless for a long period Unused skills. 

¶ Before, people grew old in poverty, in case they had not paid for the retirement. The 

new risk - people will grow old in poverty, even though they have worked all their life 
and they paid their retirement. Third age spent in poverty. 

¶ Before, sick people lived in poverty, in case they did not pay health insurance. New risk 

means that a sick person will live in poverty, even though they worked and paid 

insurance. Poor sick. 

¶ A single mother is not able to earn living for herself and a child in case she doesnËt 
work. The new risk - a woman is unable to make living for herself and a child even 

when she has a job. Single mothers. 

¶ The risk increases with the number of children in the family. In the past, people greatly 

reduced their standard of living with three or more children, today it happens with only 

one child. Families with more children. 

¶ A household is becoming insolvent, in case the people there are financially illiterate. 

The new risk ï a household is becoming insolvent, even if it is financially literate. 

(Household members become unemployed, divorced, ill etc.). Indebted households. 

¶ A family where parents are unemployed ends up in the ghetto. New risk ï even the 

family where the parents are employed may end up in the ghetto. Excluded and 
deprived localities.  

CITY 

This present state of society has influenced the structure of contemporary cities in recent years, 

and will bear an influence on their further development. The city is a dynamic socio-economic 

system, internally very heterogeneous. This heterogeneity is significantly reflected in the spati
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layout.. This is why the sociologists of the city often focus on the social morphology of urban 

settlements and they are looking for patterns in the distribution of the individual population 

components in these settlements. The organization and spatial distribution of social activities 
(functions) and related objects (buildings, networks, etc.) is also examined. (Musil [5]) 

The spatial distribution of the social risks in the city is the main topic of this paper, however, we 

cannot see it as new, because it was Charles Booth in 1885-1903, whose research was already 

focusing on Mapping London's Poverty. (Booth [1]). Also, in the beginning of the 20th century, 
the representative of Chicago School of Social Ecology Robert E. Park (1925), focused in his 

researches on the segregated areas, and he also introduced the concept of marginality in 

sociology, particularly within in the context of the neighborhood. There, the marginality was 
understood as the boundary separating the two culturally different worlds. Those who caused 

the main discrepancy were above all immigrants. At present, the marginality is rather 

understood the fact of living on the edge of the society. Another representative of the Chicago 

School Ernest W. Burgess (1925) developed the first sociological study of the spatial structure 
of the town, based on ecological principles. He described an expansion of the city as a process 

of differentiation, resulting in the spatial distribution of groups and individuals according to the 

nationality, occupation and other socioeconomic characteristics. "Differentiation according to 
natural and cultural groups gives the shape and character to a city (Burgess [2]). 

Socio-spatial structure is mainly determined by housing of residents, on the other hand 

availability of work becomes a key factor for functioning of cities in the actual world. The 
cities, or urban areas are being gradually abandoned by people but most of the jobs are created 

right in these areas. It is no coincidence that the socio-spatial differentiation of the city also 

affected the labor market, as the crisis of U.S. cities in the sixtieth of the 20th century, which 

was related to growth of poor ghettos with high rate of unemployment, s was one of the main 
reasons for creating a conception of labor markets segmentation (Cain [3]). Labor market 

segmentation is the process in which the separation of certain groups of professions or 

occupations is carried out, thus creating labor market segments, i.e. dividing the market into 
smaller internally homogeneous parts, which are, to a certain extent, independent on each other 

due to the existence of barriers. The barriers can have a geographic or professional character, 

they can depend on a relationship of an employee to the employer and in some cases, barrier can 
also be socio-demographic characteristics of the worker, such as race, gender or age. (TvrdĨ 

[11]) 

The evolution of cities in the twentieth century was significantly influenced by the Athens 

Charter adopted in 1933, which defined the primary functions of a city (dwelling, work, 
recreation and transportation connecting all its parts), i.e. the aspects determining the form of a 

city. 

OSTRAVA 

Ostrava is an atypical city with a polycentric structure created under an unconventional 

historical development. The discovery of coal in 1763 determined the industrial character of 
Ostrava. The expansion of Ostrava happened within the years 1830 ï 1880 when the agricultural 

villages barged into the industrial city. Coal utilization in modern metallurgy, energetic, 

chemical industry and transport supported economic development and stimulated the 

industrialization of unusual scale. The industrialization progressed so quickly that urbanization 
process was not able to adapt to this trend, falling behind the industrial interests. The expansion 

of mining brought residential fragmentation which slowed down the development of city-

creating activities and resulted into dividing the city into three centers. Along with the 
expansion of industry and mining, the population rate increased notably. This phenomenon 

stimulated the development of the construction in the housing sector where, besides private 

entrepreneurs, also participated owners of the mines and other industrialists who had built and 

later rented apartments to workers and officials.  These historical events, along with the 
construction of new residential areas for industry employees (Poruba, Hrabuvka, Vyskovice, 

Dubina,) still affect the actual character of the city. Housing and residential construction in the 
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area of Ostrava is now concentrated in peripheral rural municipalities and it is focusing on 

building new family houses. Thus, the actual density of residential units on the edge of the city 

becomes thicker. 

Transformation of Ostrava 

Since 1989, the process of deindustrialization of Ostrava has accelerated, nevertheless, certain 

characteristics could be monitored already in the previous period. This process is called 
deindustrialization and affects all industrial cities (Glasgow, Dortmund). All the mines of 

Ostrava were filled up (mining was stopped in the city in 1994) and heavy industry was 

gradually decreasing. The loss of social and economic prestige under the market economy 
conditions had a profound impact on unilaterally oriented city and the region. A low rate of 

tertiary sector in Ostrava was the cause of the low rate of civic facilities in the city center. The 

construction of the housing estates was gradually ceased, it continued only in the southern part 
of Ostrava. Since 1991, there has also been a decline in population, which is primarily caused 

by migration losses. The exit of the population is caused by both economic reasons (lack of job 

offers), which is reflected in the exit of mainly young and educated people especially to Prague 

or abroad, and by environmental problems associated mainly with the quality of air, which 
supports the trend of suburbanization of middle-class population.  

The impact of deindustrialization in Ostrava is not so dramatic, due to the reducing of 

employment rate of temporary residents, but also thanks to the process of re-industrialization 
(i.e. creating of jobs in the new industrial companies, which have come from abroad, or were 

created by updating of an obsolete technology). Actually, Ostrava begins to gain a character of 

agglomeration and one third of jobs from the Moravian-Silesian Region, is located there. 

Process of Deindustrialization 

In 1961 and 1970 more than half of the Ostrava population worked in industry, especially in the 

mining and processing coal. There was a long-term shift of jobs from industry to services in 
progress.  

Since 1989 the restructuring in two of the largest industry employers has taken place and it has 

led to significant decline of jobs. In 1989 there were 61 thousand workers in total in both plants, 
but nowadays there are 13 thousand employees in total in both of them.  

In 2001 the employment in industry declined to 26.8 % (in 1991 it was 43.7 %). 
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Fig. 1: Employment structure 

Employment Structure- number Employment Structure ï % 

  

 
Data source: The Czech Statistical Office ï Census 

The Spatial Distribution of Economic Activities 

Change in employment structure amended the distribution of economic activities in the city and 
it can prove that old industrial areas provide fewer jobs than before and the economic activity in 

the center is growing. Distribution of economic activities in industry may partially be identified 

through the spatial positioning of buildings in the city. Higher representation of industrial 
buildings is obvious in S-shaped stripe in the eastern part of the city (from Hrabova through 

Kuncice, Vitkovice, Marianske Hory, Privoz to Hrusov). See the following map. 
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Fig. 2: Distribution of the Industrial Buildings in the District of Ostrava in 2009 

 
 
Heavy industry has always played an important role in Ostrava. Its concentration in three main 

areas lying in the aforesaid S-shaped stripe (Kuncice, Vitkovice and Marianske Hory) is 

characteristic for the city. Light industry is evenly distributed al over the stripe, while in recent 
years there has been an evident and significant concentration of light industry enterprises in the 

southern part of that area, industrial zone Hrabova. 

Focusing on the distribution of the entrepreneurs throughout the city, measured by the amount 

of entrepreneurial activity, we can compare a similar spatial structure. The S-shaped stripe does 
not include Hrusov, but newly there were added urban districts of Ostrava - Moravska Ostrava 

and Hulvaky. Among those urban districts with the higher rate of entrepreneurial activity, where 

the construction of houses has rapidly increased in the recent period, belong Trebovice and 
Martinov.  
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Fig. 3: The Rate of Enterpreneurial Activity in the District of Ostrava in 2009 

 

Suburbanization of Economic Activities 

In Ostrava occurs, mainly in relation to the entry of foreign investors since the second half of 

the nineties, a significant transformation of the economic potential - First, there has been  the 

decline in heavy industry, on the other hand there is a we can see a development of commercial-
industrial zones along the main transport routes in suburban areas. It is called the 

suburbanization of economic activities, i.e. commercial suburbanization, when certain functions 

slowly move out of the city center to more peripheral locations or totally outside the city. 

Commercial suburbanization in Ostrava is obvious, considering the concentration of retail 
services in large retail shopping centers located primarily in the suburbs, the development of 

new industrial zones (Hrabova, Mosnov) and the location of warehouses and technology parks. 

Investors prefer locating their business on the Ăgreen fieldñ. Preparation of the so-called 
greenfield sites is technically, financially and time more favorable than the intensive 

regeneration of brownfield sites, which, however, often represent high development potential. 

This situation results in the negative influence on the development of the territory, because on 
the one hand, there are more demands for using agricultural land and on the other hand, the 

number of unused areas of brownfields is growing.  

Location of economic activities along the main routes brings along a growing demand for 

manpower exceeding its own resources results in decline in commuting to Ostrava, but 
simultaneously it is the reason of increased commuting out of the city, especially out of large 

housing estates. The trend of suburbanization of economic activity, an increased rate of 
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entrepreneurial activity, can also be perceptible in the peripheral parts of the city (Lhotka 

Petrkovice, Koblov, Hermanice) and adjacent areas (Vresina, Dolni Lhota, Horn² Lhota). 

 

Fig. 4: The Growth of the Entrepreneurs ï Self-employed in the District of Ostrava between 

1999 and 2009 

 

Population Progression 

There was a significant period of population growth between 1869 and 1970. The nineteen-

eighties were a period of stagnation for the city of Ostrava. 

There were the most inhabitants in Ostrava in 1990, with the population of more than 331 

thousand. Since this year, the city has been suffering from decline in its population, mainly 
because of massive closing of mines and heavy industry in the city and surrounding areas. In the 

nineteen- nineties Ostrava started losing in average 600 inhabitants per year, since the year 2000 

the loss has doubled and the city lost annually almost 1,200 inhabitants. In 2010, the population 
dropped to 306 thousand. (Ġotkovsky [9])  
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Fig. 5: Population Progression in Ostrava after 1970 

 
Data source: The Czech Statistical Office 

 

Since 1991 until these days, the city of Ostrava has lost 10% of its population, especially 
because of the migration. Compared to other cities going under the process of 

deindustrialization, the situation is not so bad. 

Age Structure of Population 

Age structure of population has changed within last 60 years dramatically. After 1950 there was 

an increase in the child component of the population at the age of 0-14. In 1950 this stake 

represented one fifth of the total population in Ostrava. The situation stayed the same until 
Census in 1991, then a decrease of population within 0-14 years started and in 2001 the value 

was under 16 % of total population. At the beginning of 2010 the stake of early age within the 

population was only 13.5 %. On the other hand, the proportion of a post-productive part of the 
population (over 64 years) has been increasing continuously, after 2005 there was even a change 

in the representation of both age groups and the number of the inhabitants above 64 is now 

higher than the number of the children of age lower than 15. 

 
Fig. 6: Process of the Population Aging in Ostrava after 1950 

 
Data source: The Czech Statistical Office 
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The elderly population is concentrated mainly in the west and northwest side of the city. It is 

determined by the deployment of residential buildings in the city. Housing estates built in the 

fifties are largely inhabited by the first inhabitants who have grown old there. Ostrava is 
threatened by the danger of the formation of Ăsenior ghettosñ, especially in localities of Poruba 

and Hrabuvka. The lowest age index is detectable in localities with high representation of gypsy 

people who have higher number of children than the general population. The neighborhood of 

Dubina is the very specific locality with the most concentrated housing estate in Ostrava and 
with younger population. Currently there is a big problem with increasing crime in Dubina. 

 

Fig. 7: Process of Aging in Ostrava in 2010 

 
Data source: MMO, made by IVAN 

 
 

Social Risks in Ostrava 

The analysis of the survey conducted in 2010 in Ostrava shows differences in spatial 

distribution of three social groups: entrepreneurs, unemployed and old age pensioners. The 

unemployed are those who are most spatially segregated. The survey also confirms that Ostrava 
is divided into the rich areas, the areas with medium levels of wealth and the poor localities. The 

highest differences in the spatial distribution are showed by groups with the highest and lowest 

incomes respectively, both residing in the different parts of the city. In the nineteen-sixties these 

groups were more "mixed" in the city area. (Musil, Ivan [6]) 
 

Often, the residential senior facilities are located close to the excluded areas in Ostrava which is 

usually explained by an unattractiveness of the site for housing construction before excluded 
area originates and that is why the area is chosen for the construction of the residential senior 

facilities. 
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There are the following indicators for the spatial representation of the social risks in the city of 

Ostrava: the unemployment and the number of job applicants, the debt for the housing rent, the 

system of assistance in material need, household incomes and housing costs. These indicators 
were chosen to provide picture on unemployment, the economic situation of population and 

dwelling situation. All the risk social groups (people with debt, families with low incomes, etc.) 

are threatened by homelessness that drives the all affected people beyond border to places from 

where it is very difficult to return to normal life.  

Unemployment  

The unemployment in the urban districts of Ostrava is distributed very unevenly. In the small 
peripheral urban districts we encounter relatively lower values.. On the other hand, the highest 

values of unemployment rate are detectable in the urban districts Vitkovice (25%), Silesian 

Ostrava (19%) and Michalkovice (18%). Other urban districts with higher unemployment rate 
are the Moravian Ostrava and Privoz, Radvanice and Bartovice, Marianske Hory and Hulvaky.  

Fig. 8: Number of the Job Applicants and the Unemployment Rate in the District of Ostrava 
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A Debt for Housing Rent 

A common social problem in the excluded areas is a high number of families in debt; they owe 

tens of thousands for rent and are objectively threatened by a court order to abandon the 

residential unit without any housing compensation. The most troubled urban districts with high 

numbers of people, who have debts for rent and services, are Hrusov, Hulvaky, Vitkovice and 
Kuncicky. In the urban district Ostrava-South, in the Jubilee Colony, due to revitalization of this 

urban district, these inhabitants have started moving to other locations, or urban districts, such 

as Cujkovova street in Z§breh, which may ultimately result in the transfer of problems and the 
emergence of new segregated sites. 

 

Fig. 9: Debt for Housing Rent / Inhabitant in the City of Ostrava in 2010 

 

The System of Assistance in Material Need (Benefits in Material Need) 

Another indicator for the district assessment is the number of benefits under the system of 

assistance in material need, which is regulated by Act No. 111/2006 Coll. on assistance in 

material need, as amended. As a modern system to assist those with insufficient income; it 
motivates them to strive actively in order to secure the resources they need to meet their living 

requirements. It is one of the means applied by the Czech Republic to reduce social exclusion. It 

is based on the principle that ñall people who work must be better off than those who are out of 
work or who avoid workñ. 

Benefits of assistance in material need are: 

Ʒ Allowance for Living  
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Ʒ Supplement for Housing 

Ʒ Extraordinary Immediate Assistance 

 

Fig. 10: Benefits in Material Need in the District of Ostrava in 2010 

 
 

 

 

 

 

 

 


